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In this research, 23 soil samples with specific geographical characteristics 

were collected to investigate and monitor salinity changes in the region. Using 

the Sentinel-2 and Landsat-8 sensors, seven vegetation cover indices and five 

salinity indices were examined and evaluated in the GEE environment, 

resulting in a total of 240 outputs from the two sensors. To assess the modeled 

values, several statistical indices including root mean square error (RMSE), 

coefficient of determination (R2), normalized root mean square error 

(NRMSE), and percent bias (PBIAS) were utilized. The results indicated that 

the SI-2 index exhibited the highest correlation with the measured salinity 

values in the region, with an R2 value of 0.91, demonstrating its accuracy in 

estimating salinity levels. In the next step, a multiple regression model was 

employed to investigate the mean values of measured ECe (electrical 

conductivity of the saturation extract) and the vegetation indices GDVI (Green 

Difference Vegetation Index) and CRSI (Crop Salt Stress Index) obtained 

from the Sentinel-2 sensor, which showed the highest correlation with the 

salinity data. The results demonstrated that the two-variable regression model 

achieved a satisfactory accuracy with an R2 value of 0.84 and a PBIAS value 

of 0.01 in producing a salinity map of the area. Therefore, this model can be 

utilized as a cost-effective approach for salinity mapping in the region with 

minimal ground-based data. Furthermore, the investigation of the impact of 

constructing a barrier drain in the area revealed that the construction of a 

barrier drain within a distance of 250 meters had a significant effect of 

approximately 40 percent in controlling salinity. It was able to prevent a 

substantial increase in salinity levels in the region. Therefore, if a barrier drain 

is not constructed in the area, salinity progression in the upstream agricultural 

lands could significantly escalate. 
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Figure 1. Geographical location of Qazvin Plain in the study area 
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Table 1. Spectral specifications of Sentinel-2 and Landsat-8 sensors 
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 30 443 Coastal/Aerosol B1 10/20 490 Blue (B) B2 

30 483 Blue (B) B2 10/20 560 Green (G) B3 
30 560 Green (G) B3 10/20 665 Red (R) B4 
30 660 Red (R) B4 20 705 Red edge (RE1) B5 
30 865 Near infrared (NIR) B5 20 740 Red edge (RE2) B6 
30 1650 SWIR 1 B6 20 783 Red edge (RE3) B7 
30 2220 SWIR 2 B7 10 842 Near infrared (NIR) B8 
15 640 Panchromatic B8 20 865 Narrow near infrared (NIRN) B8a 
30 1375 Cirrus B9 20 1610 Short wave infrared (SWIR1) B11 

     20 2190  Short wave infrared (SWIR2) B12 
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Table 2. Indicators used in forecasting and preparation of soil salinity  
Reference Value Formulation Index 

(Scudiero et al., 2014a) (-1,1) ���� = ���	
×
�
��×��
��	
×
����×��. Canopy Response Salinity Index 

(Huete et al., n.d.) (-1,1) ��� = � × �	



�	
���×

��×���. Enhanced Vegetation Index 

Gitelson et al. 
(1996) 

(0,1) ���� = �	

����×��

��
�	
�����×��

��. 

Green Atmospherically 
Resistant Vegetation Index 

(Wu et al., 2014) (-1,1) ����� = �	
�

�
�	
��
�. Generalized Difference 

Vegetation Index 
(Khan et al., 2005) (-1,1) NDSI== �

�	
�

�
��	
�. Normalized Difference Salinity Index 
(Rouse Jr et al., 1973) (-1,1) ���� = ��	


�

��	
�
�. 
Normalized Difference 
Vegetation Index 

(Aldakheel et al., 2005) (0,1) �� = �� × ���. . Salinity Index 
(Wang et al., 2019) (-1,1) ��� = !"	
#

$%

!"	
#�
$%
. Normalized Difference Index 

(Khan et al., 2005) (0,1) ��1 = �' × ���. . Salinity Index SI1 
(Khan et al., 2005) (0,1) ��2 = ����� + �� + ����. . Salinity Index SI2 
(Khan and Abbas, 2007) (0,1) ��3 = ����� × ������. . Salinity Index SI3 
(Nicolas and Walter, 2006) (0,1) ��5 = �����
�

� . Salinity Index SI5 

g (2.5), c1 (6.0), c2 (7.5), l (1.0), γ (0.9). 



790                                        ������ � 	� 
���
�� ���� ������ ����� � ����1402 

2- 4- 	
����! ��,4�  

1� �*��:� ���*
�� ��S��3�� 
��	���C�� 
� ��D 	�6Sentinel-2  �Landsat-8  �*��:� ��1� E�� ���� �
���� 
� 	�!�

P/�D 	���$H 
� ����!� 	���� 	�6�!"��!  ) �J/ I�$��� �YMRMSE#(  !!$H [*�Z R
2 3���� 1�*�   !"��!� ��D

 �J/ ����NRMSE � ��� �W��!� 	PBIAS��!$� u��U�� � x��*��� # !"��!� # ���QR��  E�� ��D  
� 	���$H 1


 �� )� a�� V����1J��� 	�6 )1(  �H)3(  .E�� ��D ���� )���  

 1J���1  (                                                                          
2

2 1

0.5
2 2 0.5

1 1

( )( )

( ) [ ( ) ]

n

i ii

n n

i ii i

o o P P
R

o o P P



 

 
  

  
   
  



 

  

 1J���2  (                                                                                                    
2

1
( )

1

n

i ii
o p

RMSE
n







  

 1J���3(                                                                                                  1

1

( )
100

n

i ii

n

ii

o p
PBIAS

o











  

 #V����  *� ��Oi �!"��!  ECe #Pi  8 ���:� 1�!B �!�� ��D 1��'� XU� �� 3�� �!�	 ���� ���D� �P �!"��!  

 �*��:� 1&����.E�� �Z*[   !!$H�!�"�� �!)�+ 6 3�'R]� �"R5%'�!)� � )��� �� 1R�� ����6�  �*��:�R
2  1� _*�+�

�� )��� _* ��� �6�1� 3�� 1
 ��/� ���*x�� Z�H �� I��6���!l �� �6�. a6  !�^ ��:�*� RMSE #NRMSE  �

PBIAS �+�*_  #�QW 1� 
� )���8!B �!�� ,�!j 3�� .E�� 1� 1M�H ��  *�  1
���� ���$HED���� ��!�
 	�6  �� ��D

�����] ����
 �
�� _* �
���� 16�� _*E�� ��D 	�!�.  �Y(1� ��S�� j!,� ���������6�� �*��NH ���'H 
� #v�Z�� �H 	�

P/�D ����� � E%c )���� 1
 ����
 �
�� �� �� q�RO� 	�61$(�J�����  ��R�� �� ��S��  !'6 1� �D ���QR�� #��RD��

����s� P/�D #�*��NH ���'H_^�
 ��!$� u��U�� � x��*��� # !"��!� x�� � 1%��U� �S��� 	�6t�+� �  *�H  *�H

  *� 
� P/�D �6 	��� ���:�20 ���� � �*��:� x�� � 1%��U� �*�NH �� ��!�
 	�6��*.�*��� 15*�:� �"*  

  

3 -  56� � 7����  

 *� 1� 1M�H ���QR�� ���C�� �� 
� B6�78  *� �� 1
   !� y�%H�� � ����� 1� ��R�� �� �Y( #E�� ��DP/�D  *� �6 )�+!� �

)� 
� _* �6 �"R5%'6 �6 )���!8 �"R5%'6 [*�Z V��H �*��:� ��ECe # �� 1R/���8��D .)�'6 ��& 1
 ��) X�D2 (�!+ 

X��, E�� 1S]r��"R5%'6 x*�H�� ����'� #  )����� �6� 1
  P/�DCRSI  �"R5%'6 [*�Z ��85/0 - B!�  )�+!�  *�H

 ���:� �� �� �"R5%'6EC �
����	�!�  ���:� B*�+L� [M�� P/�D  *� ���:� B6�
 #E�� 1RD�� ��DECe  
� �$� .�D �6��/

 P/�DCRSI  P/�DGDVI  urR/� ����R%5� B!� #�'
  �*��:� �� �� �"R5%'6 )�+!�  *�HECe ���
��	�!�  1RD�� ��D

 *� X*k� 
� ��* 1
 E��  P/�D 1
CRSI �� ���� �����/�� 	�Hk�� �"R5%'6 
����� 	�R� �� ����� _!�QH 1� )��H 	�6

RGB  ���C��Sentinel-2  .��
 ���D�1� �
��&P/�D ���'H #� �6�!� 	�6����� ��D  �"R5%'6 )�+!� 
���R%5�  �%����

 ��6�78 �� .����� �����/��Scudiero et al. )20141:J�� �� (1:J�� ���*
�� 1� �!��Q!(�
 �� 	� �� F�/ 	��D 	� 
� ���QR��

P/�D)� B6�78 
� XW�] T*�R� 1
 ��R/���8 �6�!� BD�8 	�6 �6"R5%'6� B!� 	�H �!  P/�D �� GDVI  �CRSI 

� BD�8!6�� ���� � �6	 ��D	 )� 1:J��.��� )��� �6  ��C�� ����� �� )��� 1:J�� �� ��DP/�D  !� �� �6� 	�6

����� ��D  P/�DEVI  #�"R5%'6 )�+!� ��67/0 - P/�D �*�� 1� E%5�a
 �"R5%'6 
� �6  �� E�� ���� �����/�� 	�H

 *� 1� 1M�H  P/�D 1
EVI 1� ��S��  a
��H ������!)�+ � aC] � a
��H!)�6� ]��& � ��D  B6�
 X*k� 
� ��* E��

�� �"R5%'6 )�+!�1� ����H 1��'� � j&��� �� �6�!� BD�8 ��M� ��� X!(� 	�6����� ��D B!� ��*
 #�D�� 1��'� �H 	�6



)��%��6 2 7$�� �-�� �#8� 9�: �� �
�;.5� )� <:�8 �3� =8#+ >�3�6 2 ... ����� / ���� ���� 2 ���	
 ��
����  791 

����� ��D  ��6�78 �� E�� ���� �6�!� BD�8 �,�L �R] � q!$Z �6�!� BD�8 a
��H 
� 1
 E�� ���� �:&��� ��Zhang 

et al. )2015P/�D  *� 	k�� �"R5%'6 1� (  ���C�� 
� ���QR�� k�� �"R5%'6  *� X*k� 
� ��* ��� #����
 ���D�

MODIS I��,��  ����� _!�QH250  ��� ��� �R�� 
� ���QR��*  � BD�8 P/�D!6�� ) �Hk�� o�Z� ��10 (�R�  E��  �'�

Z�H 1�!l $Z ����'�!q  P/�D  *� ��*
 	��D �� j&��� ��.��
 _'
  ����U� 1� 1M�H �� 1���� ��1$(�J�����  ����� 1�

P/�D 
� ���QR�� �� F�/ 	��D P/�D .�D 1R/���8 q�RO� 	��D 	�63�� �� �Q�RO� 	��D 	�6 �!/� 	�6�H!1 ��D 

B6�78 1� 1M�H �� ��� #E�� 	�6��C�� ��D  T*�R� j%& .�D 1R/���8 P/�D T�8 ����� 1� B6�78  *� ��1� E�� ����  
�

 P/�D #�"R5%'6 x*�H�� ����'� SI-2 ��91/0=R
2 B!� �
���� 	��D �*��:� �� �� �"R5%'6 )�+!�  *�H	�!�  1:J�� �� ��D

a6 E�� 1:J�� �� 	��D )�+!� ������ �� P/�D  *� E,� 
� )��� 1
 ED�� D �*��  !�^P/� )�+!� 
� +!� 	��D 	�6

�� )� a�� X*k� 
� ��* 1
 ����� �����/�� �%���� �"R5%'6 1:J�� �� k�� 	��D lJ� 
� �D�� ����H1$(�J�����  .�D��  
 

 
Figure 2. Correlation matrix diagram of different estimated indicators and ECe values measured by Sentinel-2 
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Figure 3. Scatter plot of vegetation indices estimated from Landsat-8 versus measured salinity values  
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Table 3. Regression models to evaluate soil salinity in the study area 

PBIAS (%) NRMSE RMSE(ds/m) R2(-) Equation Model  
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SENTINEL-2 

0.01 0.28 5.16 79.84 ��, .,/0 = 28.30 3 15.5���� 3 49.2���� 2 

0.26 0.52 8.27 57.31 ��, .,/0 = 46.28 3 5.4���� 3 158.3���� 3 Landsat-8 
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Figure 4. Scatter plot of measured salinity data (ECe mean) versus predicted salinity data (ECe predicted) with 

regression models  
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Figure 5. Soil salinity map based on the regression models introduced by the Sentinel-2 sensor 
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Figure 6. Soil salinity map in the years 2013 and 2022 and analysis of salinity changes in the period 2013-2022 using 

Landsat-8 sensor 
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Table 4. The trend of changes in salinity in the study area over a period of 10 years 

Change 
Area (ha) 

Level-Salinity 
2023 2013 

-1609.09 1832.197 3441.284 0-2 
1814.966 8150.414 6335.448 2-4 
1004.097 9591.37 8587.273 4-6 
3278.338 10834.52 7556.182 6-8 
7774.61 18573.67 10799.06 8-10 
-540.94 19715.52 20255.86 10-12 
4171.37 19282.14 15110.77 12-14 
-15895.2 12170.49 28065.73 16> 
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