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Abstract Article Info 

Background and objectives: Determination of the exact rangelands forage 
production could be of great help to rangeland managers in sake of proper stocking 
rate. With implementing proper sampling design, remote sensing data could be used 
to estimate forage production due to the extent of rangelands areas, cost, time 
consumption and other problems in field data gathering. The objectives of this study 
were to select the best model and the best remote sensing index in order to map 
forage production using field data and vegetation indices of NDVI, SAVI, 
MSAVI2, DVI and GCI extracted from satellite images of Sentinel 2.  
Methodology: A sampling network with a total of 58 plots (1×1 meters) were 
established in the studied area and cut and weight method was used to measure 
forage production. Then, vegetation indices of NDVI, SAVI, MSAVI2, DVI and 
GCI were created with SNAP software. The values of the mentioned indices were 
extracted from the location of the plots, using the ArcGIS 10.4 software. The 
normality of the data was checked by the Kolmogorov Smirnov test. Then their 
relationships were analyzed with regression in SPSS 16 software. Also, multiple 
linear regression was used to investigate the relationship between plant indicators 
and forage production. The train model was created by 70% of the total plots and 
30% of the data were used to test the model. Coefficient of determination (R2) and 
root mean square error (RMSE) were used to select the best model and index. 
Finally, the selected model was used to create the map of forage production 
(Kg/hec), using ArcGIS 10.4. The values of final map as the estimated data and a 
total of 58 plots as observed data were evaluated by independent t-test. 
Results: The results related to the relationship between forage production and plant 
indices with univariate linear regression showed that all tested indices had a 
significant relationship with forage production. The univariate linear regression 
model with MSAVI2 index had the highest coefficient of determination and the 
lowest RMSE (Y= 649.3-8523.7×MSAVI2; R2= 0.68 and RMSE= 16). The results 
also showed that the accuracy of the DVI index (R2= 0.66; RMSE= 19) was higher 
than the NDVI index (R2= 0.58; RMSE= 22) for estimating forage production in 
studied area. By applying the assumptions of multivariate linear regression model, 
only two indices of GCI and MSAVI2 were included in the model, and the amount 
of R2 and RMSE were the same as univariate linear model with MSAVI2 index. 
The results of independent t-test indicated that there were not significant differences 
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between observed data and the ones estimated by selected model (p<0.05). The 
minimum, mean and maximum of forage production in the final map were 10, 220 
and 475 kg/hec., respectively.  
Conclusion: According to the equality of the root mean square error and the 
coefficient of determination of the multiple and linear regression models and also 
the results of independent t-test that indicated no significant difference between 
observed and estimated forage production, we suggest using the MSAVI2 index to 
estimate forage production in warm semi-arid rangelands.  

Cite this article: Alimahmoodi Sarab, S., F. Tarnian, 2022. Mapping Forage Production in Warm Semi-Arid 
Rangelands Using Sentile-2 Images (Case Study: Haftkel Rangelands). Journal of Rangeland, 16(2): 497-509. 
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M)��	 J��-� " 4F�GH ��9�� 41�� 4�U� I����  A+�B J%�
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  '� ����G)'%7 ��9�� ,)�%� 0'%�  ��� 6��	 �S; kD)18/0  
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 '��' 0'%� &�%	 %*	 O kD) �J�1�;  %i� �6 ��9�� 0%�7

   ' �N�V 0��	! #�9��! 2�*� .�B 4*F%756    %*	 O �S;


���$����  #��  ,-�%	   0�D+  4$  R)'  x�b�	  J'


 '��'  �S;  
 '��'  ��  ��9��  0%�71    
6��  J��;  ,-�%	  %*	

 .R)'  

	  �6
 '��'  4�  f��%	  ��-9�D  kD)  J'  ��9��  0%�7


 '��' 6��	 {����H ����; 
 '��' �� '� 0%�7900   ,-�%	 %*	

  "500  4� (��)%7� �t6�-	  ' 
6�L*)' �� '� ,-�%	 %*	  p�

4*+�)  ^.�%	)  ��'3  �10  �11    "21  I����  2�*�  %����  .(

)114���� kD) 4_%� ��6%$ (��� 4$ (�V'" kD) 4� 0%�7  

4����  kD)  �'#F'  ��  ��B��  %*1��  (����;  O)  0�'6%�

   '  4����  4-DE1×1    4�  %*	2×2    6�C'  06�  %��g�  %*	

,��� �6�B4,	 %i�4���� ��B �)�  0����� R���' 0�'6%�

 ��B  %b�V  I����  �6  .6�'6  ��9��  6�"!%�  ��-9�D	  �6

4����  0�'6%�01/0    4�  4���  ��  .�B 4*F%7 %i�  �6 ����;

  J'  �,���7  �B�;  ^'%B  J��T��  "  J�1�;  ��-9�D	

4���� ��B .�B 
6'6 A��1� M)��	 4�D�	 0'%� 0�'6%�  


6'6 RB'6%�   ' 
6�L*)' �� ,�'��	 0��GPS Garmin 

  ��±3    
��B' 4*�� "6 4� ��� 6��	 J' �6 .�B RB'6%� %*	

   ' 
6�L*)' �� '�*�' 4���� ��-DE 4��' �"' .6�BGIS    4t

*)�A+�B � ������  ' ,� 0%  6�C' ,���7 �B�; 0��

4D��  4t  4�  
�B  %�  0#$%	  f���  ��K*�	 "  ��.�  0'

4���� 4�.B �6 ����;  8"6 .���B '%�' J�	  0"� %� 0�'6%�
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4���� 0�D+ �� �6�B 8�C�' Q�N {S	�$ 0'�� " ,��*F!%� 0�'6
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  4�"#F'   '  
6�L*)'  ��  0%L���'  �����K�Sen2cor    �6

8%��'#F'  SNAP     ' 
6�L*)' �� YZ) .�B ���H' �U�! 0"�%�

8%��'#F'  SNAP  A+�B  0��NDVI  �SAVI  �MSAVI2  �

DVI  "GCI   �"��) ���B 6�C'1.(  

���� U����4�.  

 4F�GH  ��9��  ('#�	  �4����  ��-DE  RB'6%�   '  Y;

   ' 
6�L*)' �� .�B 4.)��	 4���� 4-DE %� �6 O1+8%��'#F' 

GIS  �  ��-DE  ,���	  R�-E�	  " �
�B  RB'6%�  4���

 � �'A+�B 0�� 0��NDVI �SAVI �MSAVI2 �DVI   "

GCI    Q%7��9�$  (�	 !   '  
6�L*)'  ��  "  ���B  ['%�*)'

 
6'6  (6��  ��	%�  ]�%��)'  .RF%7  �'%E  ,)�%�  6��	  ��

  �6  (��)%7�   '  
6�L*)'  ��  �U�!  ^�'"�  �YZ) 8%� �'#F'  

 Ver.16SPSS    (��)%7�  ' J��T�� .��*F%7 �'%E ��G�� 6��	
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 V��R1: W%�0  ��� ��� ���
 (�.  

4D�'�  &.�	   A+�B  4D�'�   A+�B ,�GH 8��  

1 31  NDVI (NIR-Red) /(NIR+Red) 
Normalized difference 

vegetation index 
2 33 SAVI (NIR– Red)/( NIR +Red+L)(1+L)  Soil adjusted vegetation index 

3 25 MSAVI2 (1/2)*(2*(nir+1)-sqrt(2 nir+1)* (2 nir+1)* (2 nir+1)-8*(nir*r))) 
Modify soil adjusted vegetation 

index 
4 27 DVI  A*NIR-Red  Difference vegetation index 
5 9 GCI GCI = (NIR) / (Green) – 1 Green Chlorophyll Index 
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  V��R2-  ����� 	����
 X�! 1*% 1����	#� Y!���������C��� � ��0 (	�# W%�0 (�. ��� �� B2�� (�.  

 (��)%7� ��	 4D�'�  J��.� M%b RMSE (kg/hec)   ,�-	 kD)) 0�'605/0(  

1 05/481+NDVI×5/4318-=Y 58/0=2R 22  001/0 

2  8/611+SAVI×7/7269-=Y 66/0=2R 20  002/0 

3  3/649+MSAVI2×7/8523-=Y  68/0=2R 19  0001/0 

4  9/728+DVI×4/12668-=Y 66/0=2R 19  003/0 

5  17/713+GCI×67/1261-=Y 52/0=2R 23  003/0 

  J��  4��7��_  ,D+  (��)%7�   '  
6�L*)'  2�*�

A+�B) �"'�� �6 ��9�� ('#�	 " ,���7 �B�; 0��5-3 (

  0��%�g*	  J��  ,�*�.��  ��G��  2�*�  .R)'  
�B  4'�'

  (�1�  ��*�	)  ,D+  p�  M%b  ('#�	  4$  6'6VIF  (

A+�B  0��SAVI     "DVI     '  %*1��10    "�'��	  Sig  

  A+�BNDVI     '  %*1��05/0    ��	  6�'"  J'%����  �6��

) 4D�'�  .���1�11� ,�U� ��	 (4 (��)%7�  '  
�	! R)6

 ,	 (�1� '� 4��7��_ ,D+  J��.� M%b �� 4$ ��668/0    "

  0�D+ ��-�%	 J�����	 �c�19  ,�-	 ,	 �'6  �"��) �B��

5  .(  
  

 V��R3: ���#��> 1*% /���	#� [������ ��U2� V��R  

 �����   ��-�%	 x��C	   06' ! 4��6   ��-�%	 J�����	  F  ,�-	 kD)) 0�'605/0(  

 (��)%7� 05/126204 2 02/63102 69/29 000/0 

 
�����E��  62/59122 28 05/2111 -  -  

�$  67/185326 30 - -  -  

  

 V��R4:  ���#��> 1*% /���	#� �� �.	�\�
 @��.� ]��	^  

4D�'�  �����  
 
�1� 6�'���*)' M'%b   
�B 6�'���*)' M'%b  

t  
 ,�-	 kD) 0�'6

)05/0(  

  p� M%b

,D+  

 J���"6 R��

 (���'" M'%b   ���-	 0�D+   �*�  

11 

R��~ �'��	 71/655  51/103 - 33/6 000/0 -  

6/1  MSAVI2 86/8319 -  20/2376 80/0- 50/3- 000/0 1/4 

GCI  47/39 - 71/400 02/0- 09/0- 04/0 1/4 

  

 V��R5:  ��0 ���4	! � 1���.��
 ����
 X�! ���#��> 1*% /���	#� �*!�� I����  

 4��7��_ ,D+ (��)%7� 4D�'�  2R  RMSE  )kg/ha (  

GCI×4/39- MSAVI2×8/8319-  17/655=Y 68/0  19  

  4��' 4� 4��� �� " ��	 ,7��T�;  ' 0%�7�G� 0'%�

  �D+ ��-�%	 J�����	 �c� J��T�� " J��.� M%b �'��	

  A+�B �� 
�B 6�C' ��	 �6MSAVI2   �� %�'%� M��%� 4�

68/0    "19  ) ��	 J'  ' �6��8) �"�� �6 (2  6�C' 0'%� (

�B  
6�L*)'  4F�GH  ��9��  41��    ��B)3  (�	 !  2�*�  .(t  

,	  (�1� 06�"!%�  f���  "  ,�'���1	  f���  J��  4$  ��6

,�-	 �"�L�  ���	 ^)��  kD) �6 �'605/0   6��"  �N�6

) ��B .6�'��3  �� 4$ ��6 ,	 (�1� '� 4F�GH ��9�� 41�� (

) ��	  ' 
6�L*)'8  6'6 (�1� 41�� J' .R)' 
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