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Given the increasing demand for groundwater resources due to population growth 

and agricultural and industrial activities, declining water levels in aquifers have 

heightened concerns about land subsidence. Consequently, the Tasuj Plain, as one of 

the plains in the Urmia Lake basin, is experiencing a gradual decline in groundwater 

levels, making it essential to assess subsidence and evaluate its potential to mitigate 

future hazards. To this end, the ALPRIFT framework -comprising seven layers of 

parameters influencing subsidence- was used to map the aquifer's subsidence 

potential. The subsidence potential index was classified into three categories: low, 

moderate, and high. To adapt ALPRIFT to the study area, some parameters were 

modified (removed or added), resulting in a revised subsidence potential index 

termed DIFA. The DIFA index was categorized into two classes: low and moderate. 

Subsequently, using Sentinel-1 satellite imagery, the average annual subsidence rate 

from 2016 to 2022 was estimated at 3.4 cm, showing a significant correlation with 

groundwater levels during the 2016–2022 water year and the revised subsidence 

potential (DIFA). To further refine the DIFA method and address its uncertainties, 

artificial intelligence techniques—fuzzy logic (Sugeno and Mamdani) and artificial 

neural networks (ANN)—were employed. The correlation coefficients between the 

results from ALPRIFT, DIFA, DIFA-SL (Sugeno Logic), DIFA-ML (Mamdani 

Logic), DIFA-ANN, and radar-derived subsidence data were 0.17, 0.32, 0.86, 0.84, 

and 0.86, respectively. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
The dry and semi-arid climate on one hand, and the pressure on groundwater resources for agricultural 
development on the other, have in numerous cases led to land subsidence. Given the threats and 
destructive effects of land subsidence on water and soil resources, the necessity of managing this 
phenomenon and preventing its expansion is considered a key element in the country's sustainable 
development (Amighpey and Arabi, 2024). The phenomenon of land subsidence is defined by 
UNESCO as the collapse or sinking of the ground surface occurring on a large scale (Poland, 1984). 
Land subsidence is a geological phenomenon that causes a slow, vertical sinking of the ground surface 
(Hu et al., 2009). The main causes of land subsidence are the extraction of fluids, compaction of strata, 
and reduction in the thickness of rock and soil layers. The weight of the overlying layers causes 
compaction and a reduction in thickness, ultimately leading to subsidence, which can have natural or 
anthropogenic origins. 

In various parts of the world, methods such as radar interferometry, numerical methods, or overlay 
methods of effective layers have been used to identify and measure land subsidence. Salehi et al. 
(1392/2013), in order to determine the area of influence and estimate the amount of land subsidence in 
the southern Mahyar plain, used interferometry as a reliable method for measuring ground surface 
changes with very high accuracy, extensive coverage, and high spatial resolution. In that research, the 
maximum subsidence rate was calculated using ENVISAT radar images over the period 2003-2006 as 
8.2 cm, and the results indicated a lowering of the ground surface following a drop in the water table 
at a constant rate (Salehi et al., 2013). 

The Tasuj plain, as one of the plains in the Lake Urmia basin, relies on groundwater as its major water 
source. In recent years, numerous reports of subsidence effects have been presented from this area. In 
countries with arid and semi-arid climates like Iran, groundwater extraction increases annually due to 
growing population needs. As groundwater is extracted and the water table in the aquifer drops, the 
likelihood of subsidence in the plains also increases, which further heightens the necessity of 
identifying vulnerable and subsidence-prone areas in order to manage the quantity and location of 
groundwater extraction. Considering the critical condition of groundwater in the plains around Lake 
Urmia and the occurrence of subsidence in these plains in recent years, investigating this phenomenon 
in the Tasuj plain also seems essential. Therefore, in the present study, the subsidence potential of the 
study area was assessed using the ALPRIFT framework, and to modify it, some parameters were 
removed and added, and for the first time, a modified subsidence potential termed DIFA was 
introduced. On the other hand, to improve the modified DIFA potential method and address its 
uncertainty, artificial intelligence methods such as fuzzy logic (Sugeno and Mamdani) and artificial 
neural networks were used. Furthermore, to analyze the vertical displacement of the ground surface in 
the plain and validate the obtained subsidence potential, the Interferometric Synthetic Aperture Radar 
(InSAR) method was employed. 

 

DATA AND METHODOLOGY  

Study Area 
The Tasuj study area is located in the west of East Azerbaijan province, bounded to the north by the 
Marand area, to the west by the Salmas area, and to the east by the Shabestar-Soofian area. The area of 
the Tasuj study region is approximately 587.17 square kilometers, and the extent of the Tasuj plain is 
288.5 square kilometers. The maximum and minimum elevations relative to the mean sea level are 
1502 meters and 1268 meters, respectively. The location of the study area is provided in Figure 1. 
According to the De Martonne classification, the climate of the study area is semi-arid and cold. 
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Figure 1: Geographic location of the Tasuj Plain (Case study) 

 

Investigating Subsidence Vulnerability Potential Using ALPRIFT  
The ALPRIFT framework was first used in the Shabestar plain by Nadiri et al. (2018), inspired by the 
DRASTIC method (Aller et al., 1987) (Habibi, 2013). This method is a quantitative operational 
framework for assessing vulnerability potential to subsidence in aquifers, based on the rating and 
weighting (PCSM) method (Nadiri et al., 2017a, b, c). ALPRIFT comprises seven layers effective in 
causing subsidence in the study area: Aquifer media (A), Land use (L), Pumping (P), Recharge (R), 
Thickness of Alluvium (I), distance from Fault (F), and decline in groundwater level (T). 

Investigating Subsidence Vulnerability Potential Using DIFA  
The DIFA framework, based on ALPRIFT, will be examined for the first time in this study. The 
objective of this framework is to remove and add some parameters influencing ground surface 
displacement and subsidence, and to modify the ALPRIFT framework to suit the study area. Its 
parameters include: Decline in water level (D), Impact of Unsaturated zone thickness (I), distance 
from Fault (F), and Aquifer media (A). The difference between this framework and ALPRIFT is the 
removal of similar parameters such as pumping rate, land use, and recharge, and the replacement of 
the alluvium thickness impact with the unsaturated zone thickness impact. To prepare the modified 
subsidence potential map via overlay, the same process as ALPRIFT will be followed, ultimately 
resulting in a zonation map of the area's vulnerability. 

Calculating Subsidence Using Sentinel-1 Satellite Radar Imagery 

Sentinel, as a constellation of multiple satellites spaced 180 degrees apart, images the entire Earth 
every 6 days. As the first satellite in the European Space Agency's five-satellite Copernicus series, it 
images the planet day and night, in all weather conditions, using the C-band, and with 4 imaging 
modes it also achieves a spatial resolution of less than 10 meters. Further details on the processing 
method will be provided. 

Optimizing the Modified Subsidence Potential (DIFA) with Artificial Neural Network (ANN)  

The results and evaluation of the performance of optimizing DIFA with an Artificial Neural Network 
(ANN) are presented in Table 4. 
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Table 4: Performance evaluation results of DIFA optimization with Sugeno, Mamdani, and artificial neural network 
methods 

Model Type Evaluation 
Criteria Phase 

ANN ML  FL 
0.27 
0.9 
0.81 

0.27 
0.89 
0.8 

0.2 
0.91 
0.82 

RMSE 
R 
R2 

Test 

0.11 
0.91 
0.83 

0.1 
0.92 
0.84 

0.1 
0.92 
0.85 

RMSE 
R 
R2 

Train 

0.86 0.84 0.86 R2 with RADAR 

 

RESULTS AND DISCUSSION 

Based on the integrated ALPRIFT map, the subsidence vulnerability index in the Tasuj plain was 
calculated to range between 94 and 180, and its validation with radar-measured subsidence yielded a 
correlation coefficient of R² = 0.17. According to the ALPRIFT overlay map, the highest potential is 
observed in the western parts of the plain. However, based on the final modified vulnerability index 
(DIFA) map, the values of this index range from 43 to 116. 

The correlation coefficients obtained between each of these methods and the radar-measured 
subsidence are R²_FL = 0.86, R²_ML = 0.84, and R²_ANN = 0.86, respectively. This indicates that all 
three methods provided acceptable results. However, the fuzzy logic and artificial neural network 
methods showed better results compared to the Mamdani method, although there is not a significant 
numerical difference between them. 

 

CONCLUSION  

This study modified the ALPRIFT subsidence assessment framework by reducing overlapping 
parameters to create the DIFA framework. Validation using InSAR-derived subsidence data (2016-
2022) for the Tasuj plain showed DIFA (R²=0.32) outperformed ALPRIFT (R²=0.17). Further 
optimization of DIFA using AI methods (Fuzzy Logic and Artificial Neural Networks) significantly 
improved correlation, with the Fuzzy Logic model achieving the highest accuracy (R²=0.86). Spatial 
analysis identified the highest subsidence potential in central areas (due to groundwater over-
extraction) and western/northwestern zones (due to fine-grained clay/silt soils). The findings provide a 
robust tool for guiding sustainable groundwater management and targeted irrigation strategies in 
vulnerable regions. 

 

REFERENCES  

References [in Persian] 
Amighpey, M., Arabi, S. (2024). Studying Land Subsidence in Iran Caused by Groundwater Over-Extraction by Preparing 
the Comprehensive Subsidence Map of the Country. Iran-Water Resources Research, 19(5):145-156. [In Persian] 
Habibi, M.H.G. (2013). Application of Artificial Intelligence Methods for Predicting Groundwater Levels in Hadishahr Plain, 
M.Sc. Thesis, University of Tabriz. [In Persian] 
Khodabandeh, A.A., Amini-Fazl, A. (1993). Geological Map of Tasuj Quadrangle (1:100,000), Geological Survey of Iran. 
[In Persian] 
Salehi, R., Ghafouri, M., Lashkaripour, G.H., Dehghani, M. (2013). Evaluation of Land Subsidence in South Mahyar Plain 
Using Radar Interferometry, Iranian Journal of Irrigation and Water Engineering, 3(11). [In Persian] 
Zandi, R., Farzinkia, R., Shafiei, N. (2019). Land Subsidence and Radar Interferometry, Satellite Publications. [In Persian] 

 
References [in English] 
Hu, B., Zhou, J., Wang, J., Chen, Z., Dongqi, Wang. (2009). Risk assessment of land subsidence at Tianjin coaltal erea in 
China. Environmental Earth Sciences, 59(2):269-276.  
Poland, J.F. (1984). Guidebook to Studies of Land Subsidence Due to Groundwater Withdrawal, United Nations Educational, 
Scientific and Cultural Organization, UNESCO. 



���  ��� � 	�
� �
�� ����� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

Aller, L., Bennett, T., Lehr, J., Petty, R. (1987). DRASTIC: a standardized system for evaluating groundwater pollution using 
hydrogeologic settings. US EPA, Robert S. Kerr Environmental Research Laboratory, 85(2). 
Nadiri, A.A., Gharekhan, M., Khatib, R., Sadeghfam, S., Asghari Moghaddam, A. (2017). Groundwater vulnerability indices 
conditioned by Supervised Intelligence Committee Machine (SICM). Science of the Total Environment, 574, 691–706. 
Nadiri, A.A., Gharekhani, M., Khatibi, R., Asghari Moghaddam, A. (2017)b. Assessment of groundwater vulnerability using 
a supervised committee to combine fuzzy logic and models. Environmental Science and Pollution Research, 24(9), 8562-
8577. 
Nadiri, A.A., Sedghi, Z., Khatibi, R., Gharekhani, M. (2017) c. Mapping vulnerability of multiple aquifers using multiple 
models and fuzzy logic to objectively derive model structures. Science of the Total Environment, 593-594, 75-90. 
Nadiri, A.A., Taheri, Z., Khatibi, R., Barzegari, G., Dideban, K. (2018). Introducing a new framework for mapping 
subsidence vulnerability indices (SVIs). Sci Total Environ. 628:1043–1057.  



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

+,- �,.�� /0�12� 3� 4��5�
�%6 �5%7�8 *$�!  ---- *$�+� 8 ----- 8 -------- - ----  

  

����� ��	
��
 
���� �� ��	�
�� 	� ���� ��� ������� ���� �	�� � 

����!	" �# Sentinel-1  $�% �	&% 'DIFA (���" )�! ��  

�:�� $
�� ;��<�)1 8�>?� �>?�� @�A�2* 

1. ������� 	
��� �
����������� �� ���� ��	�
�� 	�� �� ����!�" 	��!�" �!#�	  

2. �� ���� ��	� ���
$�
�� 	�� �� ����!�" 	��!�" �!#�	 (E
F�� *����
�)  

 :�%+��moghaddam@tabrizu.ac.ir       094x-5984-0002-https://orcid.org/0000ORCID:   

  

���A� 4�-I5�  *�%J�  

 :���A� "
�  

 ���A��/0�12  

  

$�&�( $!�	K�:  --/ --/ -- 

 :L����� (�$�& --/ --/ --  

$�&�( M2�N�  : --/ --/ --  

$�&�( $�/O��  : --/ --/ --  

  

*P�� :��%,  ��0   

'��
(
)  �*'���	+DIFA �

ALPRIFT),��� � �-$.� 

Sentinel-1/�� � ��-0�. .  

�"+� 23 24�� �3!5 � 67 83�-� �� 9��0�!�	
-. ( ��. �"+�!5 :;4
* ��:+ �
* ��� �������  �


:-<.� #��=37 �� 67 >?$ 5��� �3 ��	 � ��. �� �( ���3��!�� � �� .*$� ��@ #��-A �� *'���	+!� �� 

� B�'� *@�
" 23  #��-�!C. *@� ��¬��� �� 2D�E!2A� ����
2 23 ��
) ��� 5���!�. >?$  67

�!��	
-.� $�	3 � *'���	+ ���7	3. '��
(
) �	3 *'���	+� ���4
	� � F�	G�=� ��!#�¬��3  �� #7

7!���- ��	D� � 	H� 23. �3 .�$�!�  6�A��IA �� ���J
$� �3 ��H-�ALPRIFT K *J� )��@ 2�!2 

��	
����( ��� � *'���	+ 	3 	LM�.¬��@�3 '��
( 2�N�
) 2-I( #��=37 *'���	+¬��-3  O,�@ .�@

'��
(
) � � P$�
� �Q� ����R� �� �� *'���	+!�� 23¬*$� ��7 .*I4 ST<� ALPRIFT,	3 �. 

��	
����( ���  � 9UE 2:��?� ���� 2N?-� �3 V$�-
� #7!�  #��-� �3 � �@ 2+�D�DIFA '��
(
) 

�4 *'���	+!�� '��
( ST?<� 23
) 23 O,�@ .�@ 2���� ��@ ST<� *'���	+  �� ���7 *$�DIFA 

'N� P$�
� � Q� WT� �� ��
Q �-3� 3 �:3 2�E	� �� .�@XC� �� ���J
$� �¬��� �������¬�� 

Sentinel-1G �� *'���	+ �. Y�$¬��� 2022 -201623 � � ��G
 ��
�  2�K�$4/3 
��$.  	
�

�	� ���7	3!�  
'�;� 2�. ����-:�� � 67 ��	� �3!��	
-. 37 Y�$. 2022-2016 '��
( �
) 	+*'��� 

'��
( /�� ���I3 *I4 2���� �� .*@�� ��@ ST<�
) :?` ��� � O`��� 8+� � ��@ ST<�
*  �� #7

/�� ��� /�� ��-0�. ��+ a?-�� ���;� � �-4�$).�0� 2C�@ � (. ��-0�.  
'�;� .�@ ���J
$�. 

23 /�� �� ���7 *$� ��� ALPRIFT �DIFA �DIFA-SL �DIFA-ML  �DIFA-ANN  �3

�
�!d <�E) ����� *'���	+ ��� �	� 23
V 17/0 �32/0 �86/0 �84/0  �86/0 �. �@�3.  

  !��O)�g��� �.������, ��� : ) ��� �.������, ��� � g��� �.������, ���1400 .2��N� #��-� .(R� F�	G�=�
P �G
:. � -- ) -- �( ----   

 

  
© #���-'!�� /��-'!��  

DOI:  000000000000000000000000000  
 :����                     #�
'A��3 � #�
'
$ �� ����  



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

���A�  

�� Y�$ ��� ,�
	 ��	 �. ��.! F�	?, �� 5���  �� 67 >?$��A ��� �	I3 ���	3�  �5!�"+�  *@��	3 �� 67 83�-�

�!��	
- .*�'� 23 Ui�!2� �!��� ��@ *$�QI� �� .C! �
�� *'���	+ . 5��A �!	�  aG�-� �� .C!���������
� ���

2;
� � j�, .-
��	!� 67 >?$ �!�@ *+� �� k���;� 2� *$� #�I4 j�, .� .@��  �� ��!�( �!� �#�	!� �� .��@

*@� �� ���
'3 23 2
���� 2A�!�� 2D�E ��� .3 *@��	3 )
�� *$� ��@ �!��� ������� ��	3 .-
��	!� 67 2!��. 

 FK�"� 5����4�� 3 9��0�. ��!2 R?$ 67 83�-�. � �!��	
-.�  l��E����$� $�-I�. �� 	3 ����� 

5C�� ��� �<�. ���4 �
	�  	
'3 �� m�J� ��2��,��� ��  23#��=37 ��� �"+�!5 D���. �*� 32 �!�n FK�0R� �3 

67 	3� � �� � K�3� 37 ��� � V$�-��� *��
��� R<
> o��3 2
@U� 2�� �-A �� ���!� :D�
* ��	R3. ��  83�-�

*@� 	p�� �� 67��� 23 �*$� ��@ ���� ��G� 2� � 67 >?$!��	
-. #��=37 V�q� ����� 23 ���� QI�  ��G

 �����G. ,� Y�$ �-A
	 $
	 ��"�. �� .*$� 2
@��5� 67 ��	� >?$ �!��	
-. *@� � F�	L� ��!#� ��3 �!��� 

� 5��� � 2
@��
J
* �� *'���	+ � 67
�  ��V4�� �	�!�� *$�.  � j�, Q
�`� 23 24�� �3 "
� #�	!� �
��	$

.-
��	!� 67 83�-� 	3 ���+ � �$ j! �� j�, 2
;� 23  ��A� ���:
� ����� �� ��$ 	 !� �� ������� 2:$�� ��H-�

 �!� *!	!�� ��"� �r�, � 67 83�-� 	3 �
�� *'���	+ 6	=� ��L7 � F��!�I� 23 24�� �3 .*$� ��@ �
�� *'���	+

.� 6�'R� ���� ���!�( 2:$�� �� ��
�� �	�� #7 /	
'� �� �	
���4 � ��!�( ��@ )Amighpey and Arabi, 

2024(. 23 �C'��! P$�� �
�� *'���	+ ��!�( *$� ��@ s!	:� �
�� >?$ ��	
'� *'�� �! /"!��	+ #��-� 

)Poland, 1984.( �
�� ��!�( �!� �
!�( �.
,�-@ 23 �� �
�� >?$ ���;� � .�!��� �
+� ���� Y���� )Hu et al., 

2009( 2!K Q��	� �.-
��	!� FK�
$ B�	, �� k���;� �  � .3�$� ���#7 *��=D 5��� .� .@�� ��  #�� .��@

2!K .� Q��` *'�� *!�I� �� � .��	�+ V4�� ��UJ-� ���+ 5��� �3 ��	;� �.��`�+ ��� .� �-!7	+ �!� .��	�  �����

B�	=
$� Y�
$ Q�E 23 #7 #�"
� � �@�3 2
@�� .��'�� �! .:
�G t�-� 2!K Q��	� *
�3�` � ��@ .`�3 ���  �����

 �� .���� . 
'3#��=37 �� ���
'3  ����� *�
$ �! 2$�� ��@ �W� F��m �
3 U+�-� ��u+ �� .-
��	!� 67 ��v;( ���

.� 23 67 B�	=
$� ��@�3 .
�
$ �! .$� 2���"!� F�3�$� ���E #��=37 2� .�� -� .��@ Q��	� )
��  �!� �K�3 �	!U(

2!K .��	�+ o��3 ����� .� Q��` *'�� ���!� 2�

� �� � �� ��@ )Zandi et al., 2019(. 

/�� �.��I4 >?$ �� ),��� 2�;4 �� .J�
=� ��� Y�� ������� .�-$ /�� � ���� ���$ Q� ��� 2!K .��@�(  ���

23 �
�� *'���	+ 5!�( � .!�$�-@ ��	3 	LM� ��@ 2
+	� ��� ) #���C;� � .R��< .���1392 ( 	!��0� �� ���J
$� �3

������ ENVISAT 3�-4 ��
I� *@� �� ���3 .G �� *'���	+ 	p���E x	� �.2003  ��2006  ���E2/8 .
��$  	
�

*$� ���� x� .3�
'!� >?$ *+� �3 �� ;� � *3�L k�
�'� .
�	$ �3 �
�� >?$ *+� 2� ����� #��� � ���	� 2�$�R�. 

Liosis ) #���C;� �2018 (�	I3 �3 	!��0� �� �	
� ENVISAT� ALOS � Sentinel-1A 23 �  �	
����j
-C� ��� 

DInSAR � SBAS)3�` *'���	+ �  2N?-� �� �� .I4��Y� #���  /���	( d!�
� .���	� .!�$�-@ .3	� ��R
� F�����

����  ���3 �� *'���	+ x	� 2� ��� #��� ��2003  ��2010 	3 	!��0� W�$� ENVISAT � ALOS  2318 .
��$  	
�

.� Y�$ �� ���� 2� .��E �� ��$� ��� Sentinel-1 E ���E .�R� *'���	+ 	p���10 .
��$  .*$� ��	� *�L �� 	
�

23 �� .-
��	!� 67 >?$ 5��� �5��n( �!� );
R� #��-� �	� .+	:� ��!�( �!� .�<� )��� �!	�. 

5��n( "
� #�	!� �� V
$7 O,�@ � *'���	+ .$�	3 23 ���:
� ��� 2
,��	( #7 �	!U(  #���C;� � �	`�3 .���

)2024 (� ���J
$� �32C�@ � .-@������ .�0� ��� (CNNs) 2@�, �	���� �� �  O,�@ �#�
$	�� � ��-3



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

V
$7 *'���	+ �	!U( )SVI( Y�� "!	�� #��=37 �� �� Y�� �� 	� 2� ��� #��� d!�
� .���	� ���$ CNN  2'!�N� ��

2!�( /�� �3 ALPRIFT.-R-� W�$�	3 �	�K�3 *`� � ROC 	!��N� � AUC .� 2���� �-�� )AUC  2@�, Y��  ��-3

87/0  #�
$	�� Y�� �83/0.(  ��q�� ��
-y;�15 	!�0� SAR ������� �� ALOS-2 PALSAR-2 2!K �3 ��� 

ALPRIFT*,�$ ��C@7 �	
�
3 *`� �3 �� *'���	+ .��	R3 {�N� � .!�u+ ���� �� �. 

) #���C;� � �	!��2022 ( O,�@ �	I�!��� *@� �� *'���	+ ��!�( *!	!�� 9�� �3 "
�V
$7  *'���	+ �	!U(

j
��-!� )DSVI(  �� ���J
$� �3 *'���	+ )
'��
( 2�N� ��
3� :�@ ����� 2�E	� 2$ �� 5��n( �!� .����� 2:$�� ��

6�A��A ALPRIFT 2-
I3 � #�� ���$ 2����-A Y�� a!	G �� �� )IMM(  �3 .-
��	!� 67 >?$ Xv$ g�!�	� 2
I�

Y�� GMDH 5
( d!�
� *!�I� �� � �@ .-
3 2�N� �� �!�	� V
�	� �
�
( 2�E	� �� V
$7 j
��-!� ���  �	!U(

��@ �
��� *'���	+. ) ��N� �	i<� � 6�	 -$ ����1404 .'��	J-� 2��N� j! ��  ('��
(
)  *@� *'���	+

),��� �� ���J
$� �3 B�'� �-$. ��0�!	 ������� �� Sentinel-1�  6�A ��IA �ALPRIFT  �� .����� ��	` .$�	3 ����

 �� 2��N� �!�7  2� ��@ ���J
$� *@� *���	+ )
'��
( .$�	3 *I4 	
����(3  �3 ��!� .��@�v;� ��	
����( �!� �� ��

 .���@ .;� 6�'R� .�N'� 	
����( � �-
@�� 	 !� ���	
����(Q!	�  � ����Matsuoka )2020 ( 	!��0� �� ���J
$� �3

������ X-band ������� ��� COSMO-SkyMed j
-C� �SBAS InSAR �� "!	�� �	I@ 	3�:� � �
�� *'���	+ �

Y�$ .G  ���2017  ��2018 �!� P, ��
$�� �� *'���	+ x	� �
 ��
� 2� ��� #��� d!�
� .���	� 5!�( (LOS) 

 2N?-� ��2  ���E "!	�� 	I@20 .�
� #�;
,�$ �� .I4�� )3�` 5=3 � *$� Y�$ �� 	
� �:� � �� �� �	I@ 	3

����� ��	` ���+ 	?, |	:�. 

#�IJ<� *@� ��-��;E� "
� ���,	3 ) #���C;� � �
-32024 (���� )
�R� �3 ��� Sentinel-1  ���3 .G2015  ��2022 �

 �
3 �� *'���	+ 2�K�$ �
 ��
�25  ��45 .
��$  /��"� 	
����	� 2�K�$ �
 ��
� 2� �@ *�L .��E �� ���N� �!� .

 23 2G�3	� #��=37 �� .-
��	!� 67 >?$ *+�230 .
��$ .� 	
� 2
+�! .�
$�  2?3�� 	3 	 !� ��3 5��n( �!� ���

�	� �
�t� *'���	+ x	� � .-
��	!� 67 >?$ �!�@ *+� �
3 ����-:� � Q
N
'�. 

 Y�$ �� #���C;� � .C��1402 .3�!��� ��	3  j
-C� �� �������	� 6	q ��� 2�"�� aG�-� �� �
�� *'���	+

),���  �3 .���	� ���J
$� ������ .�-$ .���� ���3 �� .��:��?� 2N?-� �� ������ 	!�0� B�� /���	(11/11/2017  ��

30/11/2017  ��!� *I4 9T, �� *'���	+ .!��3�4 P$�
�3/16 -  �1/33 - .
��$   	
�23 ��7 *$�  �� 2�

�� 2:��?� ���� 2N?-� �� .���7K�3 .!��3�4 x	� P$�
� �
-y;� .*$� ��@ ������ .�'� {�?, ��
$5/17  �

5/34 .
��$   ������� �!� ��
$�� �� � Y�$ �� 	
��@ )<�E . 

/����� ���� ����
�. �
" �	3� Y�� ��$� �(!�� *'���	+ 23 ��� 2
+� ���  2�3
	
� 	3 �(!2 D	+
F� ���$ 

��--� �� �-3 ��@ ���� �
�!d 2�<�E *`� ;�. 2
@�� � -y;�
� ����� ��� :?`
* K�3.! �-
'� )Naderi, 2018(. 

� ��!� Y�$ �� �� ��� ,�
	 �	3� (
5 3
-. $7
V U(!	�  23 *�'� *@�*'���	+ /�� �� ��� ��-0� /��. 

 ��@ ���J
$�*$� )Nadiri et al., 2013; Nadiri et al., 2022 .(�!� /�� �� *�'� 23 /�� ��� ��`. :?` ��� ��
* 

 	
;������,	3 ���3 � aG�-� �� |	:� K�3 *`� �3 	?,.! �$�-@.! �. ��@ .-y;�
� *`� �	4�� 2���	3 ��� 

��!	!
. �	3� ���4
	� �� }�`� �!� �(!�� �� �"+�!5 �. ��� .  

*@� 23 B�'� #��-� !C.  ��*@� ��� �� 2D�E!2A� ����
2 *$�  2�67 �!��	
-. �� ��;� 83�-� 67 ���� ���J
$� 

��  *@� �!��. �@�3 Y�$ �� .*$� ��@ 2���� #7 �� *'���	+ ��L7 �� ���:
� F�@��"� 	
,� ��� �� �������  �3



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

 Q
�`�� � j�,
2; � �-��� j�,!#�	 *@��	3 �� 67 ��� �!��	
-. 	� 2��$ .

:;4 ��
� 5!�"+� 23 24�� �3 �"+�!5 

�. !�3� .�3 *@��	3 �� 67 ��� �!��	
-.  #��=37 �� 67 >?$ 5��� �3Y�;
E� *'���	+ �� *@� �� �
" �"+�!5 

�. !�3� 2� �!� 	�� ��"� �$�-@.! aG�-� $7
V U(!	 23 �� *'���	+ �:
'� � �� ��H-�!	!*  )R� � ���N�*@��	3 

67 �!��	
-. �� 3
5 �� (
5 �"+�!5 �. ��� .�3 24�� 23 �	@!P ��	R3. 67 ��� �!��	
-. *@� ��� �� 9�	G�!2A� 

����
2 �( ���,� �!�� *'���	+ G ��. Y�$ ��� ,�
	 �� �!� *@� $�	3 ��. �!� �(!��  *@� ��B�'� �
" ��	D� 

23 � 	H�. .�$�  �U�2-I( *`� ���I3 9�� �3 �	D�E 5��n( �� 6�A��A �B�'� *@� �� ��-3 DIFA 23  j! #��-�

ST<� 2='�  � ��@.�R� ���$ �� ��@ ALPRIFT Q� ���	
����( �6�A��A �!� �� .�@ ���� 2:$��  ���	C� �! 	
Lt�

��� 	3 2��q ��	3 Xv$ .�!�	� 2+�D� }��@�	
q 2N?-� *��=D 	
Lt� 	
����( � 9UE *
:?` Q� /�� ���  �� �.��@�(

j
-C� ���J
$� (.��-0� .�0� 2C�@ � ���+ a?-�) .��-0� /�� ��� � �
-y;� ����  *'���	+ .:`�� ���

	!��0� �� )<�E Sentinel-1  "
�23 d!�
� .�-$���
�� ��	3 �@ 2
+	� ���. 

  

*!�! �0 N�$ � �0    

�7���� !$
� �A���  

�R���� ��:��?�. B�'� �3�m7 #�
$� 6	q ��!#�� `	@. � 23 Y�;@ �� �R���� � 23 6	q �� � ��	�R����  � W�;�$

23 ~	@ �� ����R� 	
'�@ -
+�<#� �R��� �. ��	���:��?� ����R� *E�'� .. ���E B�'� 17/587 �
	
��� 83	� 

 �B�'� *@� *:$� 3�	3 	5/288 �
	
��� .*$� 83	�  �!�� >?$ P$�
� ��	� 23 *�'� }�J��� �!	
;� � �!	
�
3

23  V
�	�1502  �1268 .� 	
�  )C@ �� 2:��?� ���� 2N?-� *
:`�� .�@�31 .*$� ��@ 2����  23 6�-4 �� 2N?-�

 .*$� ��@ ���R� W�;�$ 23 6	q �� � 	
'�@ 23 ~	@ �� ���
� F���J��� ���	� ����R� 23 Y�;@ �� �2
���� 2A�!��

/"!� 2�K�$ P$�
� #�"
�  B�'� �� 
'!� �� ��4 ���7/232 .�
�  .���� ���3 Y�G �� Y�$ �� 	
�1358–1379 

 .*$� ��@ /��"�2;
� ������� 23 24�� �3 2:��?� ���� 2N?-� Q
�`�  .*$� �	$ � j�, �� 2D�E F��	E 24�� �

 �
3 B�'� �� 
'!�11-  �33 .
��$ 24�� .� 	
i
� ��	� �@�3.   

 
 �J�1(�&�7���� !$
�) Q
�& 	�! ���%K��># 	%7�
� :  



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

�%�� �7���� !$
� �A��� �)���  

� 23 24�� �3 F��< F�:��?  2�N� V'E	3 2
+	�1:100000 )Khodabandeh and Amini-Fazl, 1993� ( 

#�� ��-3 ��� �
�� �
�� #�� �	
,�3 Y�;@ 2���� �� B�'� .��:��?� ����R� �#�	!� �� .
,�$  �"�	� #�	!� .
,�$

B�--$ .C
��
C� #�� �-#�4	
$ � �
�� �E�� 6�-4 �	��� .
,�$ -#��!�3�m7 ��	` ���� .23  �� ����$ }�-� .�� ��G

�-$ .�<� ��	� 2$ 	� � *$� ��!� 2N?-� �!� .� ������ .���	�� � �!�m7 �.3�$� ���  �	
'� �� � ��@

 .����� #�;-,� 	D�E �I� �� �!	����	(������$ �#��	�� ��@ 2N?-� 23 �$ 	����	(!� 	�����!� Y�;@�� ~	@ 

2D�E �"��	3 ����� .( T;� 2� � �!� �-$.� )
C�� �� 2N?- .( �!� .�-�� 2��;�� )��@ �-$ �-$ ��  ���

���� � .C
��C� �.�!	=�  .�-
'� .���	�� �m�J� ���������$ �3�$� .�� #���� �������(
j 23 �:3 2N?-��� �!�� 

�. ���@ .	p�� �!� ������$ ��R��� �
�������������� *
;�� �� k�<�0, #7 �� .!2� ����R��� )'� B�'� @�E��
2 

*@� ��	` ����� � ��
C�
�" #�@ #7 �� �� 	L� ���+ 5��� �� �{�3	� 23 �)'� o��3 U(m�J�!	 �#7 �� ��@ *$� .

�
�� 2�N�  )C@ �� 2:��?� ���� 2N?-� .$�-@2  .*$� ��@ ����7  

 
 �J�2�%�� �/A� : �7���� !$
� �A��� �)���  �/A� �� R��O��1:100000 )Khodabandeh and Amini-Fazl, 1993(  

�7���� !$
� �A��� �P
�
TP�$�%0  

 *@� #��=37B�'� 2D�E	!� �� � � ;��� � ���7 }�� ��  .*$� 2
���� 2A�!�� ���	37 2D�E *E�'�!" B�'� 178 

�
83	�	
���
+	37 *@� 2� �. ���E 2N?-� 118 �
83	�	
��� �. �@�3�$� .C�� F�3
) �	J$ ��-�� )��@  ��@

G��=� � W� �2$�� .�3 *�'� ��� i
�

	 �. �@�3"�	� 2N?-� �� .� ���E �� *@�. B�'� F�3�$�  *��=D

)3�` I4��. 2��� � 2
@�� �� �-3 �#7 �� Q�  �*$� V$�-��!�	3�-3 	D!V �3�`
* Y�N
�� �3K 2
E�� �!� ��  o��3

)3�` Q�E B�	=
$�  2D�E	!� �!� .*$� ��@ .-
��	!� 67 �� .I4���`�+ 2��,��� ;��� .���3 � �-A!� 2��,��� 



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

�0+ .�� F���J��� @�E
2  �*@� 2;�A	$ �. �
��	 � 6����� �� .!�� �� Y�0+ 37	( .���� *@� �. �;�!��- 2� �� 

�I�!* �� ��!2A� ����
2 �=�
2 �. ���@ )C@ �� 2:��?� ���� 2N?-� 67 83�-� 2�N� .3  .*$� ��@ ����7  

 
 �J�3�7���� !$
� �A��� ;V W���� �/A� :  

*!�!  �0  

X%)V �%���O2 �)$���� *!��O)� �� 	�/���K ���M2ALPRIFT  

6�A��A ALPRIFT �

'=� ) #���C;� � �	!�� P$�� ��32018 �3 6�A��A �!� .�@ .+	:� 	
'�@ *@� �� (

��I�� /�� �� �	
� DRASTIC )Aller et al., 1987 (2��� �	���� 2!�( 	3 � #�� � .�� .�� )1PCSM(  ��@ .E�	G

23 � *$� V
$7 )
'��
( .3�!��� ��	3 .;� � .�;� ��"3� j! #��-� #��=37 �	!U(  23 *�'� ��23 �
�� *'���	+  ���

.� ��� )Nadiri et al., 2017a, b, c.( 

	v�7!*J )��@ K *J�!2 	LM� � ��!��� *'���	+ � 2:��?� ���� 2N?-� ��. �@�3R� :
P #��=372)A�( 	3���� 

D���.3)L �(��v;(4)P( Ui�!25 )R *��=D �(*+	376)I �(2�<�+ �� )'�7 )F (� *+� >?$ 67 �!��	
-.8 )T �� .( �!�

2!K �� j! 	� ��
3� �/�� 2��� �� ���J
$� �3 � 2N?-� .�R� P!�	@ 23 24�� �3 ��  ��) O=�� ���1  ��10 P
R� �� (

.!�
+�	i4 F��TG� Q
'
$ (ArcGIS) .� 2
I�  .���@2��� ��� #��� 	�K�3  5!�"+� �� 	
����( #7 	
�
3 	
Lt� ��-��

2!K �!� Xv$ .*$� *'���	+ )
'��
( 3 ��#�� � �

:� ��� ) #���C;� � �	!�� P$�� ��@2018#��� 2� (  ��-��

                                                      
1 - Point Count System Model 
2 - Aquifer media 
3 - Land use 
4 - Pumping of groundwater 
5 - Recharge 
6 - Impact of alluvium thickness 
7 - Fault distance 
8 - Water table decline 



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

#��) *$� 2!K 	� .�'� *
;��  �
3 ��1  ��5 Q� 	 !�C! �3 �(��	
i
� .� ���� .��@�(  )
'��
( .!�I� 2�N� �� ���@

V
$7 ��	� 2
I� *'���	+ �	!U(. *I4 I�
2 2�N� O,�@ '��
(
) *'���	+ �� 2?3�� 1 ���J
$� �. ��@:  

)1 (  SVI = ArAw + LrLw + PrPw + RrRw + IrIw + FrFw + TrTw 

X!��� �2?3�� �!� �� ��� r � w 23  	3 #7 	
Lt� #�"
� W�$�	3 	
����( 	� 2��� .�-
'� 2!K 	� #�� � 2��� 9	:� V
�	�

.�n!� �
+	� 	H� �� �3 � *'���	+ }�`� .� �

:� 2N?-� .C!���������
� ���  ���@23 2���  2��� 2� ��1  �!	
;�

 2��� �10 V
$7 )
'��
( �!	
�
3 .� #��� �� �	!U( 2!K #�� .��� #7 .�'� *
;�� 	 ��
3 "
� ��  �3 2'!�N� �� ��

��@ �

:� �
�
( F�:��?� � .$�-@��� F��u` a!	G �� � *$� ��	
����( 	!�$ ��� )Nadiri et al., 2018.(  F�
�"4

3 {�3	� #�� � 2��� Y��4 �� 2!K 	� 21 *$� ��@ 2����.  

 

X%)V �%���O2 �)$�� �� *!��O)� �� 	�/���K ���M2DIFA 

 6�A��IADIFA  �!� �� 9�� .*+	� ����, ��	` .$�	3 ���� 2:��?� �!� �� *J!	v�7 	3 .-
�� � ��3 �
��� ��	3

 .,	3 #�	� 2+�D� � 9UE 6�A��IA���	
����(  ST<� � #7 *'���	+ � �
�� >?$ .!��3�4 �� ��U�	
Lt�

.� 2:��?� ���� 2N?-� �3 V$�-
� *J!	v�7 6�A��IA ) 67 >?$ *+� )��@ #7 ���	
����( .�@�3D *��=D 	
Lt� �(

) }��@�	
q 2N?-�I) )'� �� 2�<�+ �(F) #��=37 P
R� � (A 9UE *J!	v�7 �3 6�A��IA �!� F��J� .*$� (

 ���	
����( *+	37 *��=D �3 }��@�	
q *��=D 	
Lt� .-!" !�4 � 2!Ui� �.D��� �	3��� ���v;( x	� )p� .I3���

.� 23 ��@ ST<� *'���	+ )
'��
( 2�N� 2
I� *I4 .�@�3 Q� F��<  );� *J!	v�7 �-��;� "
� .��@�(� �I���!* 

2�N� 2-I(�-3� $7
VU(!	� 2N?-� �!��� ����, �@ .*I4 I�
2 2�N� O,�@ '��
(
) *'���	+ ��@ ST<� �� 

2?3�� 2 ���J
$� �. ��@:  

)2 (  SVI(corrected) = DrDw + IrIw + FrFw + ArAw 

  

 ~�+ 2?3�� �� 2�SVI(corrected) ) ��@ ST<� *'���	+ )
'��
()DIFA �((D  �(67 >?$ *+�)I  *��=D 	
Lt�)

 �(}��@�	
q 2N?-�F  � ()'� �� 2�<�+)A .� (#��=37 P
R�)  .�@�32��� #�� � ��� {�3	� 23 	� 	
����( �� Y��4 2 

#��� ���� ��@ *$�. ) )'� �� 2�<�+ ���	
����(F) 67 >?$ *+� � (D2��� Y��4 	3 .-
�� (  /�� ���	
����( .��

) *J!	v�7Nadiri et al., 2018.� (  .�@�3  

  

  

  

  

  

  

  

 E��#1��&$ :  � '�� 0!� Y
��� �� @�� �0 �� �O��$�2 �0� N�$ �Z�V�	� )Nadiri et al., 2018(  



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

  

 E��#2��&$ :  '�� � 0!� �O��$�2 �� @�� �0 �� Y
��� �0�  N�$DIFA  

) .-
��	!� 67 >?$ *+�m(  }��@�	
q 2N?-� *��=D 	
Lt�  )'� 2�<�+ 
(km)  

#��=37 P
R� 

2���  ����R�  2���  ����R�  2���  ����R�  2��� ����R� 

1  

2  

3  

4  

5  

6  

7  

8  

9  

10  

5/2 -0/0  

9/5 -0/0  

4/9 -1/0  

4 -2/1  

7/2 -2  

5/7 -3/2  

4/5 -4/3  

4/4 -5/4  

<4/5 

1  

2  

3  

4  

5  

6  

7  

8  

9  

10  

0 -10  

10 -20  

20 -30  

30 -40  

40 -50  

50 -60  

60 -70  

70 -80  

80 -90  

90 -100  

  

10  

8  

6  

4  

2  

1  

0 -1  

1 -2  

2 -3  

3 -4  

4 -5  

<5  

8 -10  

8 -9  

6 -8 

3 -5  

2 -3  

1 -3  

8 -10  

  

W�  

*�
$  

.
$��� F�3�$� ��@  

2$��  

Y��	�  

�-$ }���� ��  

��@ �
$� .�7 r�, }�� 	� 

5  3  1  5  

 ��%O�) *$�
0�� �$�!�$ ����[& �� 	�/���K ��)�3�-1   

 �� ���J
$� /	
'� �3������� ���  2�� �� ������1990),��� j
-C� � ������ .�-$ (InSAR) 23  �� .C! #��-�

a
`�  �!	���7��� � �!	�.!��3�4 5!�( ��	3 ����"3� ��!�( �� .@�� �
�� >?$ ��� �
�� s�
=� ���  �� �.
,�-@

������� .*$� ��@ 2
,�-@ �*'���	+ 2�;4 Sentinel-123 � ������� 2��H-� �� .�=3 #��-�  #����$ W�C
�	(�� ��

 ��v;( x	�

)cm/yr(  

.D��� �	3���  #��=37 P
R�  2!Ui� x	�  

)cm/yr(  

2�<�+ �� )'� 

)km(  

 *��=D*+	37 

)m/day(  

 67 >?$ *+�

) .-
��	!�m(  

2���  ����R�  2���  ����R�  2���  ����R�  2���  ����R�  2���  ����R�  2���  ����R�  2���  ����R�  

1  

2  

  

3  

4  

5  

6  

7  

8  

9  

10  

>1000/0  

500/0 -

1000/0  

01/005 -

0/0  

5/01 -0/0  

5 -1/0  

1 -5  

5 -20  

20 -40  

40 -65  

<65  

9 -

10  

  

7 -9  

6 -9  

4 -8  

3 -4  

1 -3  

1  

 � #�:�

 83�-�

.4�	=
$�  

�������  

 �� 
,�$

�$  

.��C'�  

)N� � );E  

j�,  

	!�3 �
��  

8 -

10  

8 -9  

  

6 -8  

  

3 -5  

2 -3  

1 -3  

8 -

10  

  

W�  

*�
$  

 F�3�$�

.
$��� ��@  

2$��  

Y��	�  

}���� 

�-$ ��  

 }�� 	�

 .�7 r�,

��@ �
$�  

10  

9  

7  

5  

3  

1  

0 -4  

4 -9  

9 -14  

14 -19  

19 -24  

<24  

10  

8  

6  

4  

2  

1  

0 -1  

1 -2  

2 -3  

3 -4  

4 -5  

5>  

1  

2  

3  

4  

5  

6  

7  

8  

9  

10  

0 -25  

25 -55  

55 -90  

90 -

130  

130 -

175  

175 -

225  

225 -

280  

280 -

304  

304 -

405  

405>  

1  

2  

3  

4  

5  

6  

7  

8  

9  

10  

2/0 -

5/2 -0/0  

9/5 -0/0  

4/9 -1/0  

4 -2/1  

7/2 -2  

5/7 -3/2  

4/5 -4/3  

4/4 -5/4  

<4/5  

1  2  3  4  5  3  5  

��	
����( #��  



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

 ������� �!�-A )��@ ��(��� .!�u+.� �@�3  2�<�+ �3 2�180 	 !�C! 23 *�'� 24�� ��	` ���� �� 2
+	�   #�C�� �

 .���� ���� �3 �� �
�� >?$ )� �� ����	3	!�0�6  Q��	+ ������	� ���d-( �	$ �� �u� �

'=� ������� �!� .  2���

������� 23 W�C
�	(�� ��� .� ��;@ �	I3 �3 � ��� ���3 �� �	
�C2���@ ����	3	!�0� *
�3�` �  P!�	@ ��;� �� � ����

 .!��� � 67�
-y;� .���� ��Sentinel-1   �� 	
;� .��C� j
CJ� #��� �s�
=� ����	3	!�0� *��E ��IA #��3 ���� �3

10 .� 2���� "
� �� 	
� 23 {�3	� F�
�"4 �2���� �� .��� ���� /���	( ��R� �@ ����, >!	�� ������� �!� ���.  

 

��%�� *�� \I?� 	�/���K �%���O2 N�$ ���)  

�� �!� �	3 5��n(� I3
2-��$�  6�A��IADIFA � 5��� ��� :?`
* ��	
����(� �	LM� �� �
#� ����� #������ 

/���� � Y����� I3
2-��$/�� � .��-0�� �� �� �0� 2C�@. ��-0�. )(ANN  a?-� ���+� )�-4�$1  �

.���;�2 (���J
$� ��@ *$�. a?-� ��+�3 !� ����� ��+� ���-+� �4!�� �	3� �4!" !-. �
�-���� !j $
Q
' 23 

�!D�
F� (
y
�� � (
�2
+	� �	3� E�	G. � Y����$� �3 	!��N� .��3� � 5��� �	+ �	�, *$�  2��	3� ���
� ��3 

P$�� ��'+�	( J?�.���� �� Y�$ 1965 S	?� �	�!� )Zadeh, 1965� �� .(!� 23 /���4� �
�� 23 F��TG� `�
a 

�.#��� 	G ��!a E�	G. Y����.!� Y	
-���--���� ���,��3� �� $
Q
'  ����� ��23 ��!*+� ������� QI�� ��	�  ��

 �-���
3#7�� �� 23 *��E��� ���$	� � 	�	LM� �� �	4� 23 ��� ��	�3 .W�$� a?-� ��+� 	3 �(!2 2��;����� ��+� ���
$� 

*$� � -y;�
� 	H�!2 $T�
j 2��;���� �� Q�� �!D�
F� �� P'3 ���� *$� � �u�!* 24�� �-3� ��@ �� 2���� 

�.��� .23 �!� �	�
V 2� !j 	0-� �� ��4��. � 2� �kT��� �u� !j 2��;�� �@�3 .�� �!� ������ *!�u� �u��� 

2��;�� �� a!	G 83�� X(u) O=�� �. ��@ 2� X 	 ��!�;� j! �u� O=�� � u :3��. ��+� *$� 2� 24�� 

*!�u� X �� 2��;�� 2G�3	� �� �

:� �.�-� � ���N� #7 �
3 	J< � j! *$�  2?3��)3.(  

)3 (  � = ���. � �	
��

 ∈ �}          ,         X	0,1�  

�	3� Y����$� �3 a?-� ��+� �3!� ��
3� ������� ����� 23F��< 83��� �u�!* #��� ���� ����@ Xv$ �3 ���J
$� �� 

���`
� ��+� 83��� �u�!* �� 23 ������� 4�	,. P��	� *,�$ .a?-� ��+� �� 	G!a ��	 �;�� ��+� 23 ��� 2
+	� 

�.���@ 2� W�$�	3 ���`
� 	��...��� �7 ����� �.�
�	 .a?-� ��+� )��@ 2$ /�� ��$�K ���;�. � �-4�$ *$� 

)Sugeno, 1985 .(/�� 23 �-4�$ � .���;� ��� ��	
'� ��G 23 .$�-I� ���� �� �	� .� ��	3 ���  .��@���;� /��. 

�
��  2H+�E 23� #��� F��$�R� �!��� �� ����. �$ /��4 	���7��� �- ���3( #7 �3��� �
y
��. 	
;�� ���� �

23 ��G!2C �3 /�� ��� I3
2- ��$� 3�, 23. *$� �����$ ��)!	#���C;� � �� 1392( . F��J� .�<�/��  ������;�. 

�$ �4 �� �-.4�	, #��!�� *$�  �� 2����;� /��. 32 F��< ��+ �-4�$ /�� �� .�� �F��< 23 ��N�!	 *3�L 

3
#� �. ���@ 8!	$ �-4�$ �� F��$�R� � V$�-� � 	�  .*$� .���;� �� 	�2��;����� ��+� 23 ��
) �
@�� ���	�� 

QI�� � ���!�. 3
� ���	�� 	:�!s ���@ V$�-�	�!� /�� �	3� 8+� ���?,� ��'��. � ���
* ��� :?`
* �� 

$
Q
'�� �.�-@�3 )Calvo et al., 2009, Tayfu et al., 2014.(  

.
�0� 2C�@ ! .��-0�j $
Q
' G� 	 @���	(F��T ���� �� 23 2� �-
'� ���� F��< ���	` 2
+	� �	C�;� � ���� 

�@
2 
�0� 2C�@. ) ����� #�'�� "i�Hopfield, 1982(2!K 2$ )��@ #7 .�� ��
,�$ .  � #�I-( �! .��
� ������ �

                                                      
1 - Sugeno 
2 - Mamdani 
3 - Fuzzy Logic 



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

.4�	, Y�N
�� 2!K j! ���� 2!K .*$� 2
I� � ��-�� 5
( 	!��N� )��@ .4�	, 2!K � ���� ��--�  P$�� ��@ .-
3

�	� )��@ 2� Q� .��I-( 2!K � Y�� .4�	, � 2C�@  .*$� /���	( )R� �@�3 .� 	 @���	( ��� ���:�!K2 ��� 

� #�I-( ���:� 	� �� �	�!j  ��!K2 ��� 7�;:� #K ���J
$� �3 k :� �?,� #���7 /�� ��

� �. ��@�	� . ��!K �2 ��� 

23 2C�@ �� ����� ���� .�-
'� {����� �� )��� ��G� ��� i
� �� *$� �C;� �	�	�
��	� ����! �� 4�	,. 

�	� ��� �!	  .��@ )<�E ���� �	�	�� !j ��� 83�� #7 23 2� *$� 	 �;� 83��!) 	� � 2
J�. ��@. )C@) 4 .(

 "
� .4�	, 2?3�� a�G4 2�$�R� �. ��@ ��)!	 �#���C;� � �1392( .  

)4 (  (�) = 1/1+exp(−��)  

  
 �J�4��^ !�J,+- �� �J%&�+� :  �-
�[� �%�[- �J�� _,O
� ��0ANN  

 �	3� I3
2- ��$� DIFA �3 /����� /�� ��-0��. O,�@ '��
(
) *'���	+ ST<�  ��@)DIFA (�� ��
3� �3!� �3 

Y��	+ �!	 ST<� ��;� � Xv$ 23 7	+!�- I3
2-��$� 2���� ��� :  

)5 (  CSVI = 	����������� �!"#

	$���!"# 
∗  	NSV�'  

CSVI #�����-�� O,�@ $7
VU(!	� *'���	+ R0�
> ��@ �	SVI()**+(,+-�./0 	p���E  O,�@ ���N�

�*'���	+ 	NSV�./0  	p���E���N� *'���	+ 	G �� ��@ ���7	3!a INSAR  �	NSV�'  �� )<�E *'���	+ ���N�

INSAR �.�@�3.  

  

�OK�� �0� `%A3&  

�%�& �/A� ^�� �0� !�$��  N�$ 	���Z�V  

V
$7 )
'��
( 2�N� 2
I� ��	3 6�A��IA �3 *'���	+ �	!U(	v�7!�*J  �3 	LM� 	
����( *J�2������ (
��I-� �

#���C;� � �	!�� )Nadiri et al., 2018 (�� R�
P �	���"+� r�7 �� 2�����.� WT��-3� �I� �� �!*  #�� �3

(
��I-�#���C;� � �	!�� � )Nadiri et al., 2018 (Q���@�(. ����� *+	�.  

1- R�
P #��=37 )A :()
C�� F�3�$� *+�3 � X-4 )3�` 	
Lt� #��=37 ��-�� V
$7 )
'��
( 	3 .I4��  *�'� �	!U(

23 23 *�
$ � W� �-��� 2���"!� F�3�$� .���� *'���	+  Q
CR� V!	D � j

$K�	
q ��
+� ��
!�( �	!U(m�J� )
��

 Q
CR� ��A� �.-
��	!� 67 >?$ *+� F��< �� �K�3*��	3 	!U(�� .� QI� �� .C! �-!7	+ �!� � ���@  )���� �!	�

23 �
�� *'���	+ ���!� .� ��;@ K �� �W�$� �!� 	3 .���#��� ����� �� X( �#��=37 P
R� 2! 2��� F�3�$� �.3�!  "!�



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

V
$7 )
'��
( �!	
�
3) 2��� �!	
�
3 *@�� F�3�$� � (�	!U(  ��, 23 �� 2��� �!	
;� 2$�� � �@ �-��� 2���

.� ��0
,�  Y��4) �-��1(  � )C@)5A- .(  

2-	3���� D���. )L :(!�"+� 	3 	LM� )���� 2�;4 �� "
� .D��� �	3���V
$7 )
'��
( 5  ��;@ 23 *'���	+ �	!U(

.�  23 .D��� V��q �	3��� �2:��?� ���� 2N?-� �� .���*
��:+ ��� 23 2� ���� ��0
,� �������  *@��	3 )
��

�	3��� 	!�$ #�
� �� �� 2��� �!	
�
3 �.-
��	!� 67 ��	
'�  �	3��� 2�N� �W�$� �!� 	3 .*$� ��	� *+�!�� ��

� ���J
$� �3 .D���2��� � �

:� ���  Y��4 �� ��@1 �	� �� ��"+� ArcMap 2N�G �!�	� 2
I� � ��-3 ))C@ 5-B .(  

3-�
#�" ��v;( )P :(.3 ��v;(  .��	�+ � .C
����
� ���+ 5��� �67 >?$ *+� ���!� a!	G �� .-
��	!� 67 2!��

2!K Q��	� 23 	�-� �F��m �
3 U+�-� ��u+  *'���	+ *!�I� �� � .3�$� ���.� �
�� 23 .��@  2A	� �	 !� F����

V
$7 )
'��
( ��@�3 	
�
3 2N?-� j! �� ��v;( F�@ .� 5!�"+� "
� *'���	+ 23 *�'� �	!U(  	3 .XC:��3 � �3�!

���� �
 ��
� �� ���J
$� �3 ��v;( 2!K 2�N� �W�$� �!� Y�$ ���  ���1396  ��1401 2��� Y�;�� �3 � �

:� ���  ��@

 Y��4 ��1 �� �#��� a!	G �	� �� .3�! ��"+� ArcMap �!�	� 2
I� ))C@ C -5  .(  

4-Ui�!2 )R :( �� ��������3 5N� ���v;( 9T,	3 �#��=37 2!Ui�5!�"+�  2A	� 2� �-:� �!� 23 .���� *'���	+ )
'��
(

V
$7 	?, ��@�3 	
�
3 2!Ui� #�"
� .� 5��� *'���	+ 23 *�'� 2N?-� �	!U( �� �W�$� �!� 	3 .�3�! 6�A��A 

ALPRIFTV
$7 )
'��
( �!	
�
3) 2��� �!	
�
3 	
;� 2!Ui� �  *+�!�� �� 2��� �!	
;� 	
�
3 2!Ui� � (�	!U(

.�  Y��4) �-�1(. 

�(�C'
( ���I-�
( /�� �� 2!Ui� 2!K 2
I� ��	3 �5��n( �!� �� )Piscopo, 2001(  2$ �/�� �!� �� .�@ ���J
$�

 � r�, �	!U(m�J� �/��3 	
����(23 V
@ �<�� .� 2
+	� 	H� �� 2!Ui� #�"
� 	3 	LM� )���� #��-� 2��� .���@  ���

 Y��4 �� ��	
����( �!� �� j! 	� 23 {�3	�3  2������@ 2��� a!	G �� 2!Ui� 2!K �*!�I� �� .*$� Q� � ��-3  .��@�(

 2?3�� �� ���J
$� �3 � 2!K 2$ �!�6 �!�	� 2�$�R� ))C@ 5 -D.(  

E��# 3: ��&$���� M>&�� 2%
2
J�)Piscopo, 2001( 

��M>& a�� b�c ���M2d
�� X%� N$�� 

����R�  2���  ����R�  2���   V
@ ����R� 

(%)  
2���  ����R�)mm(  2
��  

11-13  

9-11  

7-9  

5-7  

3-5  

10  

8  

5  

3  

1  

��!�  

��!� �� P$�
�  

P$�
�  

Q�  

Q� .�
,  

5  

4  

3  

2  

1  

2<  

2-10  

10-33  

33>  

4  

3  

2  

1  

580>  

700-850  

500-700  

500<  

4  

3  

2  

1  

  

 - *��=D*+	37 )I :( >?$ �� *+	37 *��=D�
�� .� )��@ �� 	
'3 �-$ ��  )
'��
( �3 .;
N
'� 2?3�� � ��@

 �� 67 *@��	3 F��< �� � 2
+�! 5!�"+� F�3�$� 	3 ����� #�� ��@�3 	
�
3 *��=D �!� 2A	� .���� *'���	+

2!K Q��	� � )C@ 	

i� �#��=37 .� �	
�
3 F�@ �� .� K�3 �� *'���	+ 	?, 2�

� �� 2� �3�! W�$� �!� 	3 .�	3 �

6�A��A �� ALPRIFTV
$7 )
'��
( �!	
�
3) 2��� �!	
�
3 	
�
3 *��=D �3 F�3�$� �  �3 F�3�$� � (�	!U(

.� *+�!�� �� 2��� �!	
;� 	
;� *��=D  Y��4) �--�1(. 



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

���� �� ���J
$� �3 *+	37 *��=D 2!K  ���	
��"
( �K �����4��#��� �*+	37 *��=D B�	=
$� �  Xv$ � .3�!

2���  .��2N�G � �	� �� ��-3 ��"+� ArcMap �!�	� 2
I�. ))C@ 5-E .(  

6 - 2�<�+ �� )'� )F :(23 � .C
��
C� F��	E )'� *
��:+ �n!�  *'���	+ }�`� 	3 	LM� .:
�G )���� 2�;4 �� ��

23 �
�� .� ��;@ *@�� F�3�$� .!��3�4 .���� . 
'C@ ���
�� �� 2���"!� � 2���  �)'� P$�� ��@���!� ���

.� )'� �� 	���� aG�-� �W�$� �!� 	3 .�-� �!��� �� *'���	+ �-!7	+ �����  *'���	+ ��	3 �	
;� )
'��
( ��

6�A��A �� .XC:��3 � ����� ALPRIFT �!	
;� ������ ��	` )'� �� 	
���
� d-( �� 5
3 2�<�+ �� 2� .NG�-� �

 2���) 2���1 (.� *+�!�� ��  Y��4) �--�1(. � �� 2�<�+ 2!K��"3� �� ���J
$� �3 )' Euclidean Distance �	� �� ��"+� 

ArcGIS �!�	� 2
I� 	
���
� V'E 	3 � ))C@ 5 -F .(  

 7 - *+� >?$ 67 �!��	
-. )T :(*@��	3 � .��'C�, �-��� .����� �� .@�� .-
��	!� 67 >?$ *+� .3 ���  �2!��

.� 5!�"+� �� F�3�$� 	3 ���� 	LM� 5-� 2!K Q��	� V4�� a!	G �!� �� � ��� .� �
�� *'���	+ }�`� � ��  .��@

2?3�� .-
��	!� 67 >?$ *+� #�"
� �3 *'���	+ 23 ����� Q
N
'� �� 2��� 3 *+� 2A	� 2� �� )
'��
( ��@�3 	
�


V
$7  	�K�3 "
� *'���	+ 23 *�'� �	!U(����,  9T
,� 2�$�R� �3 .-
��	!� 67 >?$ *+� 2!K �W�$� �!� 	3 .��3

Y�$ �
3 67 >?$  ���1396  ��1402#��� � 2��� Xv$ � .3�! 2N�G � .��  Y��4 W�$� 	3 ��-31 �	� �� ��"+� 

ArcMap ��!�	� 2
I ))C@ 5-G.(  

 
 �J�5 :!�$�� ^���0� :�Z�V�	� 13� (%6 8'�

�V 2��$� (� f�$��8 3 8P�Z+2 (4M>& (�8� 5(  	��
f8	K��V 6(  8��h �� �,?�K7 (	K� 

j�) ����O��  

�%�& �/A� ^�� �0� !�$��  N�$) *�� \I?� 	�/���K �%���O2DIFA      (  

1- 67 >?$ *+� ) .-
��	!�D 6�A��A �� 2!K �!� :(DIFA  	
����( �-���T  ��ALPRIFT  ��@ B�� #�� � 2��� �3

 Y��4 ��1  �2  )C@) �!�	� 2
I�6A- .(  



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

2- ) }��@� 	
q #�� *��=D 	
Lt�I >?$ 23 j!�"� }��@� 2N?-� >?$ 2� .NG�-� �� }��@�	
q #�� *��=D :(

 �� 	J< 	3�	3 k��!	N� *$� �
��100  .NG�-� �� 	
�.� 	
i
� �*$� �
!�( .3�
'!� >?$ 2� #�� � 2��� .�@�3  .��

 Y��4 a3�?�2  )C@) *$� 2
+	� F��<6B-.(  

3- #�� � 2��� �� ��I�� �3 "
� )'� �� 2�<�+  /�� .��ALPRIFT  Y���4 a3�?� �1  �2 �!�	� 2
I�  )C@)6C-  .(  

4- R�
P #��=37 )A :(X-4 K!2 ��� C��
)  ��-�� �� ��4�� /�� �-��;�ALPRIFT �K �� 23 ���JE ���  *$�

Xv$ � ��7 K!2 R�
P #��=37  �� �:3#��� !3�.� a�G Y��4 2 23 F�3�$� 2��� �!" 3
	
�!� 2��� � F�3�$� 

2��� *@�� �-��� �@ � 2$�� �.. .	
;�!� 2��� *+�! ��0
,�  )C@)6D-  .(  

 
 �J�6 :!�$�� ^�� �0� DIFA 1 (;V j�) 	K� ��%�����8 2( "���� �%k '�� 	��
f �%:l&8 3 8��h �� �,?�K (43� (%6 '�

�V  

 ��%O�) ����[& �� 	�/���K !$�V��1  

	!��0� �� �B�'� *@� �� *'���	+ #�"
� 2�$�R� ��	3 SLC ������� Sentinel-1  �5��n( �!� �� .�@ ���J
$�60 

<�+ �3 ������ 	!�0� *J4 .�!	N� .���� 2�36 5@ ���3 .G ���  2��$2016  ��2022  s!	:� �� X( .�!�	� /���	(

 �	!��0� ����� F��TG�*J4 23 	!��0� F��< Master � Slave �	� P
R� �� ��"+� SNAP Q� 	!�0� .���@ .��@�( 

Master 23 	!�0� � �@ 6�=
�� �	
��!��� � .$�-� ��-�� #��-� Slave  a
�?� #7 �3 5��� ��	3 .�@ ����

��
$� �� �	!�0� �� �
3 �	
��!��� F�+T
,� S-1 Enhance Spectral Diversity �	I3 �3 Xv$ .�!�	� ���J
$�  �	
�

��"3� �� Interferogram Formation }�J��� .��`� Y�� 6�=
�� � SRTM 1 Sec HGT ��+ �� .+�	��(�� F�	L� �

��� � ��+ 	!�0� �� � �@ 9UE .�,��� �� .
+�!�� � .��$�� Y�- 
$ �
3 ��+ 9T
,� ���+ 	!�0� .�!�	� �
��� .'�	

.� #��� .� #�
3 �� 	!�0� �� �
3 . 
'�;� #�"
� .'�	��� 	!�0� 2� .��E �� ����  j!�"� .'�	��� 	!��N� .�-�

 �� 	�K�3 �! j! 236/0#��� � *$� F��$�R� �K�3 *`� ��-��. 



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

2A��vC! �� X( �2���� �� $.`�3 .+�	��(�� ����?, 9UE � ��� 	
�
+ ������ Goldstein  .�@ Y�;�� ��+ 	!�0� ��� 	3

��"3� �� ���J
$� �3 Xv$ Phase to Displacement �	!��N�  *R< .3�!��� ��	3 .�!�	� B�	=
$� �
�� >?$ .!��3�4

�C� 2'!�N� a!	G �� �� �@ 2+�D� .!��3�4 2!K 23 "
� .'�	��� 	!�0� �d!�
�.!��3�4 ���
�� �.� 2�$�R� ���  ��@

��"3� �3 )<�E 	!�0� �*!�I� �� .��@ .$�	3 Range-Doppler Terrain Correcting  23 � �@ >
R0� .$�-� 	H� ��

*�	+ TIFF P
R� �� 	!�0� �!� .�@ 2
+	� .4�	, ArcMap Q� 2N?-� .��J��� .��`� Y�� 2�N� �3  .��@�(

� *'���	+ .!�I� 2�N� � �!�	� )C@) �@ 2
I8(. 

*!�! ���) !$����O)�  �0  

�	3� 3 ��
� ��N� s�
=� 2-��� #�	3!	 ��� � ����!) ��N�!	  23������ �� 3
�  � 	J<!�j 7	+!�- ��$������
$�� 

���� ��  �� ���J
$� �3  2?3��7  :*+	� �����  

)7 (  �1
2 = 3453647

3689:3647
  

��  ~�+ 2?3��Xi ���� i  ���Xmin  �Xmax �	� 23
V 	
;�!� 3 �
	
�!� ���� ���N� �� ��1
2  ��� �����
$� ��@ 

�. �-@�3.  

X%)V �/A� �%�&  	���Z�V �� 	�/���K ���M2  

 )C@) *'���	+ 	3 	LM� .���TG� 2!K *J� 2
I� �� X(5 (#�� Y�;�� � �

:� ���  Y��4 �� ��@12!K �!� �  �3 ��

 2?3�� �� ���J
$�1 Q� V
$7 )
'��
( O,�@ 2�N� � ���@ ���� .��@�( *'���	+ �	!U( (SVI)  B�'� *@� ��	3

�!�	� 2
I� ) )C@10A-.(  �
3 2:��?� ���� ����R� �� O,�@ �!� ���N�94  ��180  W�$� 	3 � ��3 	
i
�

2N�G Q
'N� ��!� � P$�
� �Q� 2
$� 2$ 23 �#���C;� � �	!�� ���I-�
( ��-3 �@ ��-3. 


� �� k���;� F�3�$� �aG�-� �!� �� .*$� "�	;
� *@� .3	q .E��� �� *'���	+ )
'��
( �!	
�
3 2� ��� #��� d!�

 .E��� �)3�N� �� .*$� ������� k����q "
� .D��� �	3��� � �-
'� .$� }���"�	� 23 .`	@ �  )
'��
( V
�	�

� ���
�� .3�!��� ��	3 .����� #��� �� Q� �� P$�
� *'���	+O,�@ �
3 . 
'�;� V!	D �)<�E 2�N ALPRIFT 

B�	=
$� *'���	+ .:`�� 	!��N� � ������ 	!��0� �� ��@ Sentinel-1  �3 	3�	3 . 
'�;� �!� .�@ 2�$�R�17/0  23

#��� 2� ��7 *$� 6�A��A s
:D �	C�;� ��-�� ALPRIFT  .!�I� 2�N� .*$� B�'� *@� .�R� P!�	@ ��

 �� *'���	+ )
'��
() )C@10A-( *$� ��@ 2����. 

X%)V �/A� �%�& �� 	�/���K ���M2DIFA  

 .�
'��
( /�� s
:D �$�( 23 24�� �3ALPRIFT 2!K �	H� ���� ����R� ��  � .D��� �	3��� ���v;( x	� ���

 }�;�� �� .�!�	� 2+�D� }��@�	
q P
R� *��=D 2!K � 9UE *+	37 *��=D4  )
'��
( 5!�"+� �� 	LM� 2!K

'���	+ Y��4 24�� �3 *2 2!K �  )C@ ���6 23  6�A��A F��<DIFA 2-I(  .!�I� 2�N� 23 24�� �3 .�@ ��-3

V
$7 O,�@  ����R� �� �	!U(43  ��116 23 Q
'N� a3�?� 2� ��7 *$� ��-3  Q� WT� �� �� #���C;� � �	!��

.� Q
'N� P$�
� � 2-I( 2�N� 23 24�� �3 .��@  ��-3DIFA  )
'��
( �!	
�
3V
$7  �.��;@ .E��� �� �	!U(

Y�;@ .� �"�	� � .3	q  23 *�'� �	
I3 . 
'�;� 2� �@�3ALPRIFT  V!	D .���� ������ *'���	+ �3

) . 
'�;�R223 ( *R< �� ���7 *$�  ������ *'���	+ �3 2�N� �!� .�-$32/0 #��� 2� ���3  �!� ST<� ��-��

 �� ��@ ���!� F�	

i� �3 . 
'�;�ALPRIFT *$� )C@) 10B-  .(  



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

��%�� ) *�� \I?� 	�/���K �%���O2 ���)DIFA����+� � 
�#�) �� (  

 ��	3 5��n( �!� ��I32-
 ���$ ��+ a?-� /�� �3��  23*I4 ����3. 3	
�
 �?, �<�� �� 	
;��  �-4�$ �� �

23 �� ���J
$� )
�� �3 #��� �Y�� .4�	, �� *!�u� 83��K ���� )
�R� �� *
:?` ��� �3 �� �3 .���;� �� �K ���J
$�

���� ��@� ��� ��!  Y����IA �<� 	
����(. DIFA  � 2
+	� 	H� ��4�	,. � Y��"
  2?3�� a�G5 .�@ 2�$�R�  ��

2���� ���� ���$�����
$� ��	3��� ���� ��;�� 4�	, � ��. ��  2?3�� W�$�	37  ���3 23j! � 	J< �@ ���� Y�N
���� .

80 ���� �� �<�� 23 �� /���7 ���� #��-� )Train(  �20 #7 �� �<�� 23 �� ���7 ���� #��-�5! )Test(  2
+	� 	H� ��

 .���@ �� ���J
$� �32@�, /�� ��$� ����. �	3� 2
$� �-3� ���� ��+ Y�� ���-4�$ � .���;� /�� �� 	� ��	3 � 

.�@ �	4�  d!�
�R ) �?, F�:3	� �
 ��
� 2�!� �RMSE� 5!���7 )E�	� ��	3 ( 2-
I3 *I4 /���7  ���+ �3 ���$

 V
�	� 23 �-4�$91/0 �2/0  �92/0 �1/0 23 .���;� ���+ ��	3 �  V
�	�89/0   �27/0  �92/0 �1/0 23  .��7 *$�

/�� �� ���� 	� �� ��@ )<�E .4�	, 2-
I3 ���  �� ���$ArcMap #��� 2�N� � .3�!  ���DIFA-SL  �DIFA-

ML )C@) )C@ a3�?� 10C-)C@ � 10D-2-I( ( 2�N� �
3 . 
'�;� V!	D .���@ ��-3 V
$7 ���  �	!U(

2-
I3 *'���	+ ��@ 23 ������ *'���	+ 2�N� �3 .���;� � �-4�$ ���+ �   V
�	�86/0  �84/0 23  �!� �� .��7 *$�

 �! ��@ ST<� *'���	+ )
'��
( 	
�
3 ���I3 .!����� �Q� 9T
,� �3 �-4�$ ���+ 2�E	�DIFA � 2
@�� �� d!�
� .*$

2-
I3 �� 2�E	� �!� �	C�;� .3�!���  Y��4 �� ���$4   .*$� ��!�	� 2����  

��%�� ) *�� \I?� 	�/���K �%���O2 ���)DIFA) �-
�[� ��[- �J�� �� (ANN(  

2-
I3 �	C�;� .3�!��� � d!�
�  ���$DIFA ) .��-0� .�0� 2C�@ �3ANN Y��4 �� (4  *I4 .*$� ��@ ����7

2-
I3 �3 ���$ ���� ���$�����
$� ��	3 .��` /�� �� �-��;� "
� /�� �!���� ���� ��;�� 4�	, � ��. �� a3�?�  2?3��

7  ���3 23j! � 	J< �@ ���� Y�N
����. 80 ���� �� �<��  � 5!���7 ��	3 ����� ���20 #7 �� �<��  /���7 ��	3 ��

 2?3�� a3�?� "
� Y�� .4�	, .�@ ��45  d!�
� .�@ 2�$�R�R  �RMSE  /���7 ��	3 V
�	� 2391/0  �11/0 �

 5!���7 ��	3 �
-y;�27/0  �9/0 23  V!	D .��7 *$�. 
'�;�  �� )<�E .4�	, 2�N�DIFA-ANN  2�N� �3

 ������ *'���	+86/0  . 
'�;� V!	D �3 .���-A 9T
,� 2� �@ )<�EDIFA-SL  � ����� ������ *'���	+ �3

�I3 *I4 �� .��'C! d!�
� ��!	N� 2�N� ��DIFA )C@) )C@ �� .����� 2���� 10E- .4�	, 2�N� (DIFA-ANN 

 .*$� ��@ ����7  

E��# 4m��O� : �����$� !�J,+- ��%��  ���)DIFA N�$ �� �-
�[� ��[- �J�� � ����+� 8
�#�) ��0  

E�� "
�  �����$� $�%7� �,n�� 
ANN ML  FL 
0.27 0.27 0.2 RMSE 

L����V 0.9 0.89 0.91 R 

0.81 0.8 0.82 R2 
0.11 0.1 0.1 RMSE  

N�
�V 0.91 0.92 0.92 R 
0.83 0.84 0.85 R2 
0.86 0.84 0.86 R2 with RADAR 

�O��m o3� � 

V
$7 )
'��
( .$�	3 9�� �3 5��n( �!� ��  �3 2� �@ ���J
$� *J!	v�7 /�� �� B�'� *@� *'���	+ �	!U(

)
'��
( �!� s
:D �	C�;� #�@ )<�E  9UE 2N?-� ��
� V'E 	3 ��	
����( �� ����:� �	H� ���� 2N?-� ��	3 .3�!



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

V
$7 )
'��
( #��-� �3 ��!�4 6�A��A .�!�	� 2+�D� � ST<� �	!U( ) ��@DIFA �67 >?$ *+� 	
����( ��IA �3 (

2-I( #��=37 P
R� � )'� �� 2�<�+ �}��@�	
q #�� *��=D 	
Lt�  a
`� � 	
�
3 .$�	3 ��	3 2���� �� .�@ ��-3

V
$7 �!�4 6�A��A �	C�;� .3�!��� � 2N?-� *'���	+ ),��� �� �	!U( ) ������ .�-$Insar .�!�	� ���J
$� (

2-
I3 *I4 �
-y;� $ ���DIFA 2-
I3 /�� 2$ �#7 *
:?` 5!�"+� � �?, �<�� 5��� �  ��-4�$ ���+ ���$

 *J!	v�7 .N
J�� 2�N� W�$�	3 .*+	� ��	` ���J
$� ���� .��-0� .�0� 2C�@ � .���;� ���+V
$7 O,�@  �	!U(

 �
3 B�'� *@� �� *'���	+94  ��180 �@ 2�$�R� *R< 2�

� � 	D ������ *'���	+ �3 #7 .�-$ V!

) . 
'�;�R2 = 0.17 (17/0 Q� 2�N� a3�?� .��;� )<�E ��  .��@�(ALPRIFT  .3	q .E��� �� )
'��
( �!	
�
3

.� ������ *@�  ��� .��@V
$7 O,�@ .!�I� 2�N� W�$�	3 �	!U( ) ��@ ST<�DIFA( �
3 O,�@ �!� 	!��N� �

43  ��116 *$� 	
i
�. 2-I( 2�N� ��-3  DIFA  #������ Y�;@ �.��;@ aG�-� 2�  )
'��
( �!	
�
3 �"�	� � .3	q

V
$7 �3 2'!�N� �� O,�@ �!� � ����� �� �	!U( ALPRIFT  ���� �3 �	
�
3 .���=;�  #��� ������ *'���	+ ���

.� ���. *R< d!�
� ���� �� ���J
$� �3 2�N� �!� .�-$ . 
'�;� V!	D ������� *'���	+ ��� (R2)  Y��:�32/0 

�� ��Y�� �� F�	

i� Y�;�� �� X( . 
'�;� ���I3 �� .��E 2� ��� #� ALPRIFT  .� �@�3 ������ 	!��0� .

)-

-$ -1  .���� ���� ��	32022 -2016 �	� ��  ��"+�Snap ),���  F�	

i� �
 ��
� Y�$ 	� ��	3 2� �@ .�-$

 )C@) 2����� *'���	+7?� ���� 2��$ 5@ ���� ��	3 8;�� .!��3�4 Xv$ � ( )C@) �!�	� 2�$�R� 2:��8 .(

 .���� ���3 �� .-
��	!� 67 ��	� F�	

i� �3 ������ *'���	+2016-2022  . 
'�;� V!	D46/0 )46/0=R2 (

#��� 2� �@ )<�E .� �� �!� �
3 �����-:� . 
'�;� ��-��  )C@) �@�39 23 24�� �3 .!��3�4 x	� �!	
�
3 .(

2�N� 23 ������ ���  )C@) ���7 *$�7 (Y�$ ��	3  ���2019 -2018  �2022 -2021  ��	� *+� �3 2� *$�

67  )C@ �� .-
��	!�8 2!K � r�, X-4 #�A .J�
=� .����� 23 *'���	+ .���� *N3�?� k��!	N�  �)'� ���-3

*
��:+ 	!�$ � .-
��	!� 67 >?$ 5���  .$�	3 )���� �!� �
+	� 	H� �� �3 B�'� *@� �� .���� .��'�� ���

� )
'��
( .�@ )
�R� ������ *'���	+  

 2�N� 23 24�� �3  5=3 ������ *'���	+ .3�-4 � .3	q .E��� �� .!�� V
$7 )
'��
( 2�N� � �"�	� � .`	@  �	!U(

) ��@ ST<�DIFA5=3 ( .E��� �� .!�� Y�;@ �.��;@ �!	
�
3 �"�	� � .3	q  ���N� �!	
�
3 � .!��3�4 x	�

.� #��� �� )
'��
(  �!� �� .���2�N� 23 24�� �3 aG�-�  )C@ ���6 Y�;@ � .3	q .E��� 2!K X-4  ���3 W� .3	q

.� ��!� .E��� �!� �� "
� 67 >?$ *+� .*$� ��	� #��-A �� �� *'���	+ )
'��
( 2
E�� �!� �� "
� )'� �  �@�3

( � }��@�	
q 2N?-� *��=D 23 24�� �3 .+	G �� ��� *$� ��@ *'���	+ j'!� 5!�"+� V�$ 2� F�	

i� .��-��	

) )C@ 2�N� �� #76-B 2�N� �� �� ��, 	
Lt� #�-y;� .�� ��	� Q� )
'��
( �!� ���N� � F�@ �� .;� (DIFA 

 2�N� �3 2?3�� �� .*$� ��	� #�!�;�*'���	+ .� "
� ������ 2�N� 2'!�N� �3 �� ��	
����( �!� *
;�� � 	
Lt� #���  ��

5=3 2�N� �!� a3�?� .�	� ������ ��.� #��� �� ���;� .!��3�4 x	� �!	
�
3 �"�	� �  2C-!� 23 24�� �3 2� ���

2��� X-4 2��� ��!	N� � 2$�� ��-3 �	I3 � 67 B	=
$� � *$� *@�� *E�� ����	3  �!� �� *'���	+ �!�	3�-3 *$� 	�

5=3 �� 2� ��?��;� .*$� 2
4�� )3�` *'���	+ )
'��
( #��3 K�3 � .E��� 2��N� s�
=� ���  8+� *I4 ��@ ���@�

V
$7 )
'��
( � ��	
����( ���I3 � *
:?` ��� /�� �� ��@ ST<� �	!U(  �-��� .��-0� /�� ���$ 2-
I3 ���

���+ ���+ ��-4�$ .�0� 2C�@ � .���;� 2�N� 2� �@ ���J
$� .��-0� 2-
I3 ��� 23 ��@  �!��-� �3 V
�	�DIFA-FL �

DIFA-ML  �DIFA-ANN ��@ .+	:� � .���23 . 
'�; 23 ������ *'���	+ �3 ���� 	� �� ���7 *$�  V
�	�R2
FL= 



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

0.86 �R2
ML= 0.84  �R2

ANN=0.86 .� #��� 2� �@�3  .����� 2���� .���` )3�` d!�
� /�� 2$ 	� 2� *$� �!� ��-��

/�� ��� .�0� 2C�@ � ���+ a?-� ��� 2A	� ����� #��� �� �	
I3 2�

� .���;� /�� 23 *�'� .��-0�  F��J�

2�N� .������ Q��3 ���!� ���� )
'��
( ���  )C@ �� .3�!10  .*$� ��@ ����7  

 
 �J�7E�) p%J�& �� ���0�� �%<��%� 	�/���K �/A� :  �� _,O
� ��02016-2022  

  

 
 �J�8�7���� !$
� �A��� �$�!�$ 	�/���K �/A� :  



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

 
 �J�9�7���� '��� 4�� $! ��%����� ;V ���& 4��%%>& � 	�/���K � ��%����� ;V ���& �%� �<O��+0 $�!
+� :  

  

 
 �J�10�/A� : �/A� � 	�/���K ���M2 X%)V �%���O2 ��0 ��%�� ��0 *�� 



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

�.%O�  ��%h  

 6�A��IA �� ��@ ���!� F�	

i� � ��	
����( 5��� �3 2� ��� #��� 5��n( �!� d!�
�ALPRIFT  6�A��A 2���� �

DIFA .� )
'��
( 23 #���  � )
'��
( �23��� 	
L�� �3 ���	
����( ��4� �U� .�	� ��
( *$� *
:`�� 23 j!�"� .3�!

V
$7 O,�@ ���( #7 	
L�� .:`�� �E �� 	�K�3 �� �	!U(.� #��� 	
� *R< *I4 .��� 6�A��IA .�-$  ���

ALPRIFT   �DIFA  2��$ 5@ ����  ��	3 2:��?� �!� .�@ ���J
$� ��@ .�-$ ),��� ������ *'���	+ ��

)2022-2016*R< d!�
� .*+	� ����� B�'� *@� ��	3 ( 6�A��IA .�-$  ��	3 ������ *'���	+ �3 ��

ALPRIFT   �DIFA  V
�	� 2317/0  �32/0  6�A��IA );� �� .��7 *$� 23 DIFA  �� �	
�
3 . 
'�;� V!	D

 d!�
� ���I3 � *
:?` ��� 8+� ��	3 .��� 2����DIFA /�� ��  � (.���;� � �-4�$) ���+ a?-� .��-0� /�� ���

.�0� 2C�@ 23 . 
'�;� V!	D .�@ ���J
$� .��-0�   ��	3 V
�	�DIFA-FL �DIFA-ML  �DIFA-ANN  ��86/0 

 �3)RMSE=  �(48/0  �3)RMSE=  � (68/0  �3)RMSE= .� .*+�! ���I3 ( /�� 2� *J� #��� 2-
I3 ���  ���� ���$

2
@�� �� ���I3 ��	3 ��K .!����� ���J
$� V
$7 )
'��
( �!	
�
3 }�;�� �� .���  .E��� �� *'���	+ � �	!U(

.3 B�	=
$� *�� 23 �"�	� 67 >?$ *+� � *@��	3 2!�� 3 � .-
��	!�5=  "!� *�� 23 .3	q Y�;@ � .3	q ���

2��� #��3  �-
'� *�
$ � W� X-4 �� ���;� 2� ��-323 Q�A .� 5��n( �!� .���=
� Q
;0� m�=�� �� �����  ���

�	I3 �� 	
I3 .
!	!�� /�� ��	4� � .-
��	!� 67 �� ����	3 23 � �!�� ��� �
�� � F�q�3 ���
37 2+	<  ������� ���

G�=� 23 24�� �3 .�-C3 .��!�@ j;� �2!�� �!� 2���� 23 24�� �3 #7 �!��� � ��@ ���!� �	  

  

W����  

7�
� .(g2��0:� � .3	�� ./��
$ )1402( .�	I3 �� .@�� #�	!� �� �
�� *'���	+ 2:��?� 67 �� �E �� 5
3 ����	3  2
I� �3 .-
��	!� ���

 .���� *'���	+ 8��4 2�N�5��n( #�	!� 67 83�-� *!	!�� 2��� �19)5:(145-156 .  

.�
�E.�'E �;R� � )1392/�� �	3��� .( 5
( �� .��-0� /�� ��� #�!�( �	I�!��� *@� �� .-
��	!� 67 >?$ .-
3  .$�-@��� 2���

 ."!	�� �� ���� ��@�� 

��, ��-3 g	��� .�� �.-
�� )0+� W���) .1372�
�� 2�N� .( B�'� /����IA .$�-@ (1:100,000)�
�� #����$ � -@ F�+��
�� � .$�

 .���� .��:�  

����g#�;E� � �!�	+ �
�g23�3� � .:
J@� �2;�) .1398),��� � �
�� *'���	+ .( .������� F����
�� ������� .�-$ 146. � 

.R��< g�D� ����Jq� g�;=� �	C�� ��( g�D	�Tq � .��N��Q!	�) .1392 �� ���J
$� �3 .3�-4 ��
I� *@� �� �
�� *'���	+ .$�	3 .(

),���  ������� .�-$67 � ���
37 .$�-I� .���n( .;�� 2��� �3)11 .(  

C��.� g#�;E� ���,!#� �r"I� g�'E	i<�� ,��	��C$�	$ ��
<) .1402������ .(  �
	� �� *'���	+ ���N�
� -C� �� ���J
$� �3
j  ),���

�-$. ���������� 2:��?� )� .(������	� 6	q ��� 2�"�� aG�-� :R� F�	G�=�
P �G
:.� 12)38 �(23-30.  

�	!�� � gالله��?���N� �	i<���I�� �.���
+ g��	
� ��	N�� g	i<� �) .1392Y�� 2:$�� .( .!���	� �
;=� ��	3 .��-0� /�� .�
�	� ��� 

 .B�'� *@� ����� 2:��?� :#��=375��n(  2���#�	!� 67 83�-� *!	!�� �9)1.(  

���� 	L �6�	 -$!�g  	i<��  ��N�� 	i<�) .1404 .($�	3. '��
(
) �-$ ),��� �� ���J
$� �3 B�'� *@� *'���	+. ��0�!	 ��������� 

1-Sentinel  6�A��IA �ALPRIFT� ;I�
� 3 X��	J-�
���;��. ���-+ 2:$��� $�-I�. �� � #�:� �����
�$�-@.#�	I��� 
https://civilica.com/doc/2442643      

Ahmadi Benia, F., Entezari, M., Sadeghi, A., Salehi, A. (2024). Quantifying land subsidence and its nexus with groundwater 
depletion in Isfahan-Borkhar plain: An integrated approach using radar interferometry and spatial bivariate relationships. 
Remote Sensing Applications: Society and Environment, 35, 101248. https://doi.org/10.1016/j.rsase.2024.101248. 
Aller, L., Bennett, T., Lehr, J., Petty, R. (1987). DRASTIC: a standardized system for evaluating groundwater pollution using 
hydrogeologic settings. US EPA, Robert S. Kerr Environmental Research Laboratory, 85(2). 



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

Bagheri, A., Sadeghfam, S., Karimzadeh, S., Nadiri, A.A. (2024). Subsidence vulnerability indexing using convolutional 
neural networks based on clustering and regression modeling strategies. Groundwater for Sustainable Development, 25, 
101180. 
Hopfield, J.J. (1982). Neutral networks and physical systems with emergent collective computational abilities. Proc. Natl. 
Acad. Sci. USA, 79, 2554-2558. 
Hu, B., Zhou, J., Wang, J., Chen, Z., Dongqi, Wang. (2009). Risk assessment of land subsidence at Tianjin coaltal erea in 
China. Environmental Earth Sciences, 59(2):269-276.  
Karimzadeh, S., Matsuoka, M. (2020). Remote Sensing X-Band SAR Data for Land Subsidence and Pavement Monitoring. 
Sensors, 20, 4751. doi:10.3390/s20174751 
Liosis, N., Marpua, P.R., Pavlopoulosb, K., Ouardac, T.B.M.J. (2018). Ground subsidence monitoring with SAR 
interferometry techniques in the rural area of Al Wagan, UAE. Remote Sensing of Environment, 216, 276–288. 
https://doi.org/10.1016/j.rse.2018.07.001. 
Naderi, K., Nadiri, A.A., Asghari Moghaddam, A., Kurd, M. (2018). A new method to identify and determine areas at risk of 
subsidence (case study: Selmas plain aquifer). Ecohydrology, 1(5):85-97. 
Nadiri, A., Asghari Moghaddam, A., Abghari, H., Fijani, E. (2013). Development of Hybrid Artificial Intelligence Models 
for Estimating Aquifer Transmissivity: A Case Study of the Tasuj Plain. Iran Water Resources Research, 9(1). [In Persian] 
Nadiri, A.A., Gharekhan, M., Khatib, R., Sadeghfam, S., Asghari Moghaddam, A. (2017)a. Groundwater vulnerability 
indices conditioned by Supervised Intelligence Committee Machine (SICM). Science of the Total Environment, 574, 691–
706. 
Nadiri, A.A., Gharekhani, M., Khatibi, R., Asghari Moghaddam, A. (2017)b. Assessment of groundwater vulnerability using 
supervised committee to combine fuzzy logic models. Environmental Science and Pollution Research, 24(9), 8562-8577. 
Nadiri, A.A., Habibi, I., Gharekhani, M., Sadeghfam, S., Barzegar, R. (2022). Introducing dynamic land subsidence index 
based on the ALPRIFT framework using artificial intelligence techniques. Earth Science Informatics, 
https://doi.org/10.1007/s12145-021-00760-w 
Nadiri, A.A., Sedghi, Z., Khatibi, R., Gharekhani, M. (2017) c. Mapping vulnerability of multiple aquifers using multiple 
models and fuzzy logic to objectively derive model structures. Science of the Total Environment, 593-594, 75-90. 
Nadiri, A.A., Khatibi, R., Khalifi, P., Feizizadeh, B. (2020) A study of subsidence hotspots by mapping vulnerability indices 
through innovatory ‘ALPRIFT’ using artificial intelligence at two levels. Bulletin of Engineering Geology and the 
Environment, 79(8):3989–4003. 
Nadiri, A.A., Taheri, Z., Khatibi, R., Barzegari, G., Dideban, K. (2018). Introducing a new framework for mapping 
subsidence vulnerability indices (SVIs). Sci Total Environ, 628:1043–1057. 
Piscopo, G. (2001). Groundwater vulnerability map, explanatory notes, Castlereagh Catchment, NSW, Department of Land 
and Water Conservation, Australia. 
Poland, J.F. (1984). Guidebook to Studies of Land Subsidence Due to Groundwater Withdrawal, United Nations Educational, 
Scientific and Cultural Organization, UNESCO. 
Sugeno, M. (1985). An introductory survey of fuzzy control. Information Sciences, Elsevier Science Inc. 36 (1-2), 59-83. 
Tayfur, G., Nadiri, A.A., Asghari Moghadam, A. (2014). Supervised Intelligent Committee Machine method for hydraulic 
conductivity estimation. Water Resources Management. 28:1173–1184. doi:10.1007/s11269-014-0553-y. 
Zadeh LA (1965). Fuzzy sets. Information and Control. 8:338-353.  
 




