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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. 

 
  © The Author(s).                                                            DOR:  20.1001.1.20080891.1401.16.3.5.1   
      Publisher: Iranian Society for Range Management 

  

  

 

  

  

  

  

  

  

  

  

  

  

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

3.
5.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

5-
27

 ]
 

                             2 / 13

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.3.5.1
http://rangelandsrm.ir/article-1-1057-en.html


      
 

499 

 

  
 

  

 ���� ���	
 �� �
��� ����� ���� ����  ����� 	����� �� ��� ��� �! "	# $�%2   ���	
 :(���
 �)��*
)

 (�-� . /���	�0  

 
1��� ��2� 34	� (���5
*1 8	
 9/���	� :�2  

  

1  .�����	 
���
��  ���� ������� ��� �����  � �	! " ������� #$%	 �&�'%	 " ��  �������� (�	 �) �(�*) �+ (�*)' ,-�./ &���	 " 0 �"�1$

('%
' � '��' �0 �"�1$ 2
"%� " � �	!(�
'� .:4	��  sajadali@ut.ac.ir  

2  .��
6�*)'  �0�'6#���! " &�%	 
"%7  '6�./ &���	 " 0 �"�1$ 
��1� 8%+ �(�*)%9 
��1�'6 �,- .('%
' �6��!  

 

 ����
 ;��<=� ���->    

:����
 ?��  

 �	�$ 49��	–  ,1�":;  

  

  

@
���� A����  02/07/1400  

 :B��	�� A����22/04/1401  

 :C	�DE A����26/04/1401  

  

  

�F��:(���G (�.    

A+�B  �,���7 �B�; 0��  

 ��"6  ' �C�)  

 MSAVI2  �  

.4���� 4-DE  

 

  � ��!��:H�.  ,	 4F�GH ��9�� I�E6 ('#�	 J��-�  0�*)'� �6 4/��%	 (�KK�*	 " &�'%	 ('%
�	 4� ��'��

I�E6 J��-�
6'6  ' 
6�L*)' �4���� ��-DE M)��	 �'%�*)' ���N �6 .�
��� ,��
�B O�$  �C	 8'6 6'�-� %�  0��

,	 �"6  ' �C�)I�E6 6�"!%� 4� ��'��  4� 4��� �� 4F�GH ��9�� %�4�
#� �&�'%	 P�D) ,76%*�7  Q%N �(6�� %�


6'6 RB'6%� �6 6���	 �S�1	 %�
6 J��T�� " 6�
  (�	   ,)�%� I���� J
'  ' Q�� .��$ O�$ �,��	  0��

  41��  4�U�  (��	'  4F�GH  ��9�� '  
6�L*)'  ��  �"6   '  �C�)  A+�B  J
%*U�  J��-�  "  
6'6  0��  "  ,�'��	

 A+�B  ,���7 �B�; 0��NDVI  �SAVI  �MSAVI2  �DVI    "GCI    %
"�K�  '  �N�V 
�'���	0'    ��*�)2  

 .R)'  

C�� � ���
:�.  4���� 4�.B  ' 
6�L*)' �� 6'�-� 0�'6%�58    4-9�D	 6��	 4�D�	 �6 ,-�%	%*	 O
 4���� 4-DE


 '��' 0'%� J
 �� " &DE �"�  ' " �
6%7 RB'6%� 8%�  ' 
6�L*)' �� YZ) .�B 
6�L*)' 4F�GH ��9�� 0%�7  �'#F'

SNAP  A+�B  ,���7 �B�; 0��NDVI  �SAVI  �MSAVI2  �DVI    "GCI  8%�  ' 
6�L*)' �� .���B 6�C
'  �'#F'

ArcGIS 10.4  � �' �
�B RB'6%� 4���� ��-DE ,���	 R�-E�	 "A+�B 0��  �� " ���B ['%�*)' \�F 0��


6'6 (6�� ��	%� ]�%��)' Q%7��9�$ (�	 !  ' 
6�L*)'  ,)�%� 6��	 ��  
6�L*)' �� �U�! ^�'"� YZ) .RF%7 �'%E

 8%� �6 (��)%7�  '  �'#F'16Ver.SPSS    0'%� #�� 4��7��_ ,D+ (��)%7�  ' J��T�� .RF%7 �'%E ��G�� 6��	

A+�B J�� 4D�'� ,)�%�   ' ��	 6�C
' 0'%� .�B 
6�L*)' 4F�GH ��9�� " ,���7 0��70  
6'6 �N�6  0'%� " ��

   '  ��	 (�	 !30  �U�! �N�6  A+�B  '  .�B 
6�L*)') J��.� M
%b 0��2R  �D+ ��-�%	 J�����	 �c� " (

)Root mean square error= RMSE   ' 
6�L*)' �� R
�U� �6 .�B 
6�L*)' A+�B " ��	 J
%*U� e��*�' 0'%� (

 O�$ 4� " 
�B e��*�' ��	ArcGIS 10.4  " �B 4�U� ��*�� �6 8%7�G�$ M�V %� 4F�GH ��9�� ('#�	 41�� �


%U� ��  �6 ��9�� �'��	 �� 4F�GH ��9�� ,
�U� 41�� ���*�	 ,� (�	 !  ' 0%�758  �S;
 '��' 0��  
�B 0%�7

 .RF%7 �'%E ,��
 �' 6��	  

  :I����A+�B " 4F�GH ��9�� J�� 4D�'� ,)�%� 4� f��%	 2
�*�O� ,D+ (��)%7� �� ,���7 0��  (�1� 
%�g*	

A+�B 4�� 4$ 6'6  6��	 0��,�-	 4D�'� 
6�L*)' O� ,D+ (��)%7� ��	 .��6%$ �'%E%� ��9�� �� 0�'6  
%�g*	

  A+�B ��MSAVI2�D+ J
%*�$ " J��.� M
%b J
%*1�� �=0.68 and  2MSAVI2; R×8523.7-(Y= 649.3

RMSE= 16)     A+�B RE6 ('#�	 4$ 6'6 (�1� 2
�*� J��T�� .6'6 h�K*+' 6�+ 4� '�=0.66;  2DVI (R

RMSE =19)  A+�B 4� R.��=0.58; RMSE =22)  2NDVI (R    4-9�D	 6��	 4�D�	 �6 4F�GH ��9�� 6�"!%� �6

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

3.
5.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

5-
27

 ]
 

                             3 / 13

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.3.5.1
http://rangelandsrm.ir/article-1-1057-en.html


 

500 

 

  "6 ^�F �(��)%7�  ��b"%L	 J*F%7 %i�  �6 ��  4$ 6'6 (�1�  4��7��_ ,D+ (��)%7� 2
�*�  .R)'  %*1��

  A+�BGCI    "MSAVI2  ,	� �D+ ��-�%	 J�����	 �c� " J��.� M
%b ('#�	 " 6�B ��	 6�'" ��'��  J�

A+�B  A+�B �� 
%�g*	 O� ,D+ (��)%7� ��	 �� %�'%� 4���� ��-DE �6 4F�GH ��9�� ('#�	 " 06"�" 0��

MSAVI2    �6 4F�GH ��9��) ,�'���1	 f��� J�� 4$ 6'6 (�1� ,� (�	 ! 2
�*� .6��58    06�"!%� f��� " (�S;

  %j��*	 ,����� ��9��)58  B �� 
%�g*	 O� ,D+ (��)%7� ��	 �6 (�S;  A+�MSAVI2,�-	 �"�L� �  �'6

  kD) �605/0    �� %�'%� 4F�GH ��9�� %l$'�V " ^)�*	 ��E'�V ,
�U� 41�� �6 .6�'�� 6��" �N�610  �220    "

475  4� ��*�� �6 8%7�G�$ .�	! R)6  

�2��� :(	�#    O� ,D+ (��)%7� " 4��7��_ (��)%7� ��	 J��.� M
%b " RE6 ('#�	 4��
'  4� 4�����

  
%�g*	
6'6 J�� 4$ 6'6 (�1� R�6��*)' ,� (�	 ! 2
�*� J��T�� " 6�� %�'%�  
�B 6�C
' ��	 " ,�'���1	 0��

  A+�B  ' 
6�L*)' ��MSAVI2  ,�-	 �"�L�,	 6�U�1�; �RB'�� 6��" �'6  &�'%	 �6 ��9�� 6�"!%� 0'%� 6�B

4��� .6�B 
6�L*)' A+�B J
'  ' 8%7 O1+  

  :������,9�H  06���	 �e!%)  �.m  Q.  (���%�  �1401.   4��� &�'%	 �6 4F�GH ��9�� 41�� 4�U�  ��*�) %
"�K�  ' 
6�L*)' �� 8%7 O1+2    &�'%	 :06��	 4-9�D	)

(��*L� (�*)%UB �&�%	 .16)3 :(497 -509.  

  

 DOR: 20.1001.1.20080891.1401.16.3.5.1 
	0��('%
' 0�'�-�%	 ,�GH J�C�' :              © (�7���
��      

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

3.
5.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

5-
27

 ]
 

                             4 / 13

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.3.5.1
http://rangelandsrm.ir/article-1-1057-en.html


���� ���	
 �� �
��� ����� ���� ����  ����� 	����� �� ��� ��� �! "	# $�%2  /...1��� 34	� (���5
  � /���	�    

  
 

501 

 

 �
��
  

  ��1$ �6 " ��*�� ,H��*	 0��6%$��$ 0'�'6 &�'%	

  %i�   '  �U�!  �,*�
  ^��	  0��6%$��$  %�  
"SH  p�  �	


:
" 
��
�� 0'�'6 06�K*E') ��*�� 0'19  " 4F�GH ��9�� .(

  &�'%	 06�K*E' 0��6%$��$ J
%*�U	  ' ,q"�'6 (����7R)' 

)19    "8,	  4F�GH  ��9��  I�E6  ('#�	  J��-�  .(  4�  ��'��

  J��-�  0�*)'�  �6  �4/��%	  (�KK�*	  "  &�'%	  ('%
�	

I�E6  (�	�) O
 �6 ,
'%_ �KF O
 0'%�  �C	 8'6 6'�-� %�

 �  ,��
�B  O�$  �A�1	  ,F%H �'%�*)'  ���N  �6  .�
��


6'6  '  
6�L*)' �4���� ��-DE M)��	  �"6  ' �C�) 0��

,	I�E6 6�"!%� 4� ��'��  ,76%*�7 4� 4��� �� 4F�GH ��9�� %�

4�
#� �&�'%	 P�D) J��T�� " 6�
  (�	  Q%N �(6��  %�

 
6'6 RB'6%� �6 6���	 �S�1	 %�
6 O�$ �,��	  0��

  06�
  (����	 "%�
'  ' .��$ J
' 0'%� �"6  ' �C�) pGH  '


6%$ 
6�L*)' ��i�	) ��'1  �4  �6  �7  �14  �18  �24  �28  �30  �

35  �36    "374-9�D	 �6 .(  " R)��9 %
"�K�  ' 
6�L*)' �� 0'

  A+�B  ��9��  ��NDVI  �	�H  "  "  M�B  ,D��	  0��

  6�"!%� ��"�	6 #���! 
 �V &�'%	 �6 4F�GH ('#�	 �,7�����

) �B19  (��� �U�! .(
6'6  ' 
6�L*)' 4$ ��*B'6  �C�) 0��

 �6 .R)'  ��L	  &�'%	 4F�GH  ��9��  ('#�	  6�"!%�  �6  �"6  '

   ' ��9'%*)' #9" �"�)��� R9�
' e%r &�'%	 �6 %�
6 I����

20    
6�L*)' R)��9 %
"�K�  ' �N�V �"6  ' �C�) A+�B

A+�B  4$  �B  (���  " %
"�K�   '  �N�V  ,�
#�F���  0��

	 6�"!%� �6 R)��9  ,���7 �B�; �N�6 " 4F�GH ��9�� ('#�

) 6�� ��L	2  A+�B  ' 
6�L*)' �� �%�
6 ,)�%� �6 .(NDVI 

 �6  '�  O1+  4F�GH  ��9��  ('#�	  ,�'��	  0�'6%�  4����  "

) ��6%$ 6�"!%� 4
%�C��5 s�� 4�D�	 �6 %�
6 I���� �6 .(


6'6   '  
6�L*)'  ��  0���*��  "  ���	��U_ (�*)'  6��N  0��

  " ,�'��	23    %
"�K�  ' �N�V ,���7 A+�BIRS LISS 

III  )  �B  6�"!%�  &�'%	  ��9��  ('#�	36 �6  �J��T��  .(

4-9�D	   ' 
6�L*)' �� 0'20    %
"�K�  ' �N�V A+�B+ETM  

A+�B � �' J�� ,���)%7� ^�'"�  ' 
6�L*)' "  R)�� 0��

('#�	 4-9�D	 4� �,�'��	 ��-9�D	  ' �N�V ('#�	 �� 
�	! 

  4$  6'6  (�1�  �U�!  2
�*�  .�B  4*+'6%;  (��9�/  &�'%	  ��9��

A+�B  "  RL�  "  2�;  0������  0��IR1  �MIRV2    "

VNIR2  ,�-	 ,�*�.�� ��9�� ('#�	 ��) ��*B'6 0�'63  .(

   '  
6�L*)'  ��  &�'%	  �B�;  ��9��  ('#�	  4-9�D	 ��i�	 4�

A+�B  %
"�K�   '  �N�V  �"6   '  �C�)  0��+ETM   "

,9���1+  A+�B  SPI    ,/  �$'%	  ,������  I/��	  �6

��) 0��2009  ��2018 ) �B 4*+'6%;17 4-9�D	 (! �6 .(

  6'6 (�1� 2
�*� ��B 
6�L*)' ,F6�K� ���� (��)%7�  ' 4$

 A+�B  ' 
6�L*)' 4$ARVI    ,��U� ��	 O
  ' 
6�L*)' "

  et�� Q'%/' &�'%	 ,����� �6 .6�'��  ,
��$ (����7 0'%�

 " ���	��U_ ��+�g_ A+�B "6 0���*��NDVI  "SAVI  

  ,���7 �B�; �N�6 6�"!%� 0'%� R)��9 %
"�K�  ' �N�V

)  ���B  4�
��	11  A+�B  6'6  (�1�  �U�!  I����  2
�*�  .(

SAVI    A+�B 4�  R.��NDVI    �B�; �N�6 6�"!%� �6

  %
"�K�   '  
6�L*)'  ��  %�
6  I����  �6  .6�'6  0%�%�  ,���7

  6�"!%�  &�'%	 �6 ��9��  ('#�	  R)��9)  �B20 (!  2
�*�  .(

  A+�B 4$ 6'6 (�1� I����ARVI  M)��	  A+�B J
%�

� .6��4,)�%� 2
�*� ,G$ ��/  4$ 6'6 (�1� 
�B 8�C�' 0��

  A+�B  ' 
6�L*)' t�� �B�; �N�6 0'�'6 &�'%	 �6NDVI  

A+�B  '  
6�L*)'  J�
�;  �B�;  p$'%�  ��  &�'%	  �6  " 0��

��L	  u�+  e�� ��  k��K�  M
%b  0'�'6,	  %�)  �B��13  �

16  �26    "29  A+�B   '  
�B  8�C�'  �������  �6  .(

MSAVI2   .R)' 
�B 
6�L*)' %*�$  


�'���	  %
"�K�   '  
6�L*)'  0�*)'�  �6 4�  4���  0'

  "  ,��	  �,���	  RE6  
 '��'  ��  4-9�D	  Q��  J��  M)���

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

  �"%	  .R)'  pU	  �����  �M)��	  �6  4$  6'6  (�1�  &���	


6'6  ' 06�
  ��-9�D	  ��9�� ('#�	 6�"!%� 0'%� R)��9 0��

  J
' (6�� M)��	 pr%�GH .R)' 
�B 
6�L*)' ,-�%	 4F�GH

�B�; 0'%� %
"�K�  
 '��' ��96 4� �t�� p$'%� �� ,-�%	 0��

��� �6 R�9 u�+ 6��" " %
"�K� J
' 6�
  ,���	   ' ,
��

����;) ��12,�� �(  ,
'��$ p$ �B�; �� &�'%	 �6 ���'��

  �� %
"�K�  ' 
6�L*)' R)' 8 t J
'%���� .��B�� 4*B'6 ,��+

 6�"!%� �6 #�� ���*�) %
"�K� %�i� %*U� ,���	 O��L� 
 '��'

  .6%�7 �'%E (�	 ! 6��	 (! 41�� 4�U� " 4F�GH ��9��  


6'6   '  (��$��  m%7'  ,�%r  e���  I/��	  �6  0��

  ���*�)2  +�B "A h�K�� �"6  ' �C�) ]G*�	 0��

  
6�L*)' �p$ p$'%� ��  " 8%7 O1+ 4��� I/��	 &�'%	 �6

 ������� " ��HS/' 6�.� 4� 4��� �� J��T�� .R)' 
�1�

  O
v�9�$' �"�L� 4� 4��� �� " 4-9�D	 6��	 4�D�	 �6 &	��

 
��1
"� %�
6 �� 4-9�D	 6��	 4�D�	 J��  �
�B 4-9�D	 0��

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

3.
5.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

5-
27

 ]
 

                             5 / 13

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.3.5.1
http://rangelandsrm.ir/article-1-1057-en.html


 ���� 9�LLL�	LLL
16 ����0 93 91401                                                                                                             
  

 

502 

 

�  J
'  8�C�'  8"#9 ,	  0�"%b  I���  J
'  Q��  'c9  .�B��

M)��	 J��-� " 4F�GH ��9�� 41�� 4�U� I����  A+�B J
%�

4��� &�'%	 �6 (! ('#�	 6�"!%� 0'%� �"6  ' �C�)  O1+


�'���	 %
"�K�  ' 
6�L*)' �� 8%7    ���*�)2   4� ���E ��96

 0%*	�
6'� O��L� ���E " M)��	 ,���	 " ,��	  O��L�

��C�%�r J��T�� " �U�! (6�� 0R)' .  

  

C�� �  ���
 �.  

  �)��*
 ���
 ��*�
  

�  4��
'  4�  4���  ��4  ,�$  ,G�+  I/��	  ,-�./  ��/

4���� 8���� �6 4$ 6�'6 6��"  ,���7 �B�; %l$'�V 0�'6%�

  R
�H� ("�� 
�B ��9�� 4F�GH  ' 8'6 t��-	 " ��*�� '�'6 '�

,	  
6�L*)'  ,
'%_  ��N' 0'�'6  4$  O
�����B  &�%	  ���$

  &�%	 J
' .�
6%7 e��*�' 4-9�D	 0'%� R)' 0�'�-�%	 P%/

   �$ RV��	 ��7/844   (�*)%UB ,�%r ���B �6 ���*��

  ,E%B  ��/  J��  ���*L�358339    ��362743    w%H  "

  ,9��B3496721    ��3492804    ��B)  6�'6  �'%E1  .(

  J��  %i�  6��	  P%/ ,H�L��'  
6"��	368    ��466    "  %*	

  %�'%�  4-9�D	  6��	  4�D�	  x�L��'  ^)�*	415    .R)'  %*	

  0�'�-�%	 P%/ 
6"��	 RV��	6/684    �6 ,���	 " ��*��

  
6�	  0'%�'  41��2  �  ,-�./ &���	4���l*�	  ('��H �6  �

  ,ES1E  &�'%	  y#�  4�D�	  &�'%	  .R)'  
�B  4*F%7  %i�

,	 e���	.���B  

  

  

  
 �-01: � /�����% /���� � �-� . /���	�0 �� �)��*
 ���
 ��*�
 @�)Q�
   ����� ;�)*Q B�G�	E  

  

��R���� (��4 �.  

 ������ (	�# 1����
  

  0'%�
 '��'�0��	!  �"�  m�)'  %�  ��9��  0%�7  58  

,-�%	  %*	  O
 4����  4-DE    ��/ �6  4$14  R���'%�   4�

  �N'�F300   �B 
6�L*)' ����
6%7 %�*�	 p�  ' %*	    ��B)

1 ( "�B RB'6%�  ��� 6��	 ��HS/'  .  

  kD) �� �S; ('%
' �6 
�B 8�C�' ��-9�D	75/0   %*	

  0'%� '� &�%	
 '��'  4��� 4�D�	 0����G)'%7 �6 ��9�� 0%�7

) 4Z� 
"'%	 ,Z*)'154-9�D	 J��T�� " ( 
 '��' 0%�
6 0

  �S;5/0    ��1  4���  I/��	  0'%�  '�  %*	  6�U�1�;  ,Z*)'


6'6) ��'20) ('����� " ,$���_ x'�  .(2013  6'�-� (40 

  z��  ,���7  �B�;  ,)�%�  0'%�  '�  ,-�%	  %*	  O
  �S;

Bromus tomentellus    ,���+  ��-9�D	  .��6'6  6�U�1�;

  '� ����G)'%7 ��9�� ,)�%� 0'%�  ��� 6��	 �S; kD)18/0  

  ��65/0  
6%$ (��� &�%	 %*	) ��'22  �32    "34  �� J
'%���� .(

  ,)�%� 6��	 4�D�	 �6 M9�r 4��7 4��
' 4� 4���(��	��7 

 4�D�	  kD)  �6  ,.)��	  ��$'%;  {�.
%��  "  6��  49���


��*B'6  ��-9�D	 " ,KK�� e��C� m�)' %� J��T�� " �

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

3.
5.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

5-
27

 ]
 

                             6 / 13

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.3.5.1
http://rangelandsrm.ir/article-1-1057-en.html


���� ���	
 �� �
��� ����� ���� ����  ����� 	����� �� ��� ��� �! "	# $�%2  /...1��� 34	� (���5
  � /���	�    

  
 

503 

 


 '��' 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    4
t

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

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

4���� 4�.B �6 ����;  8"6 .���B '%�' J�	  0"� %� 0�'6%�


6��;  4��
'4����  f���  0 �)   "� �6 �
��  4N%H �6 0�'6%�

4���� 0�D+ �� �6�B 8�C�' Q�N {S	�$ 0'�� " ,��*F!%� 0�'6

 4� %l$'�V4   .�)%� %*	  

 kD)  ' x�L��' ('#�	 �6 6�
  QS*+' 6�.� 4� 4�����

  �6  ,���7  �B�;  x���  �6  6"��	  �����  �'%��g�  "  �
�6

R���'%� �N'�F �4-9�D	 6��	 4�D�	  ��300   e��*�'  %*	


 '��'  0'%�  .�B  4�  �	�$  �B�  (�	  �6 4F�GH  ��9��  0%�7

  4-�'%	  4-9�D	  6��	  4�D�	  R�-E�	  '�*�'  �6  "  �B

  �B�; �N�6 YZ) .�B RB'6�
 4���� 4-DE %� ,
��F'%g�

 J��-� 0'%� J
 �� " &DE �"�  ' .�B 
6  J���� ,���7

  ����H 4$ 8'6 0'%_ ���E 4F�GH 8��� " �B 
6�L*)' ��9��

,*��) O
  ' ��6�� 49���
  " �
6%7 &DE J�	  kD) 0%*	

 R$�; �6$ O1+ ��i�	 4� 0cr�$ 0��
 '��' " (6% 0%�7

  .�B 
6'6 �'%E �U�! ( "  

�)��*
 ���
 ��*�
 S��Q�  

 4�D�	 p�GE' x�� " ,
'�� " e! R�-b" ,)�%� 0'%�

  
��*�
' �P%/ 4�D�	 
��*�
' J
%*�
6#� ,)��B'�� ��	!  '

  0��	! 
�"6 0'%� (���G)�C�	 O�*;���)1370    ��1398 


6'6  ��G��  .�B  
6�L*)'  "  e!  0��  4$  6'6  (�1�  ,
'��

06  ��)  
�	  J
%�6%)  ^)�*	  ��  
�	1/13    ,*��)  4��6

  ^)�*	  ��  
�	%��  ��)  
�	  J
%*	%7  �6'%755/38    4��6

,*��)  4�t�)  ��'%V  4��6  ^)�*	  "  6'%76/25   4��6

,*��) "#� 4�D�	 p�GE' J���	"6 �"� m�)' %� .6�� 6'%7

 ��B) R)' 8%7 O1+ 4��� p�GE'2 
�"6 ��/ " ( ,�1+

  4� O
6#� 4-9�D	 6��	 4�D�	 �66   .6�� 
�	  

  

  

  
 �-02:  �)��*
 ���
 ��*�
 $�
	��	T
4 ������  

���� ��� �� B2�� (�.  

  (�	  "  ,���7  �B�;  �	�$  �B�  4�  4���  ��


 '��'  Q�� 4� (��)� 0'%�  ���9��  0%�7
6'6 I����  0��

  ��*�)2    #
�)  ���;  
 '��'  ��10    }
���  �6  %*	

07/05/2020    R
�)  'USGS.org   
6'6 .���B 6�G�'6  0��

�4  "  
6��  0%L���'  �����K�  O
  kD)  �6  
�	!  R)6

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

3.
5.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

5-
27

 ]
 

                             7 / 13

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.3.5.1
http://rangelandsrm.ir/article-1-1057-en.html


 ���� 9�LLL�	LLL
16 ����0 93 91401                                                                                                             
  

 

504 

 

  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��	

A+�B J��  4D�'�  0'%�  #��  4��7��_  ,D+  "  ,���7  0��

   ' ��	 6�C
' 0'%� .�B 
6�L*)' ��9��70  
6'6 �N�6  " ��

   ' ��	 (�	 ! 0'%�30  N�6   ' YZ) .�B 
6�L*)' �U�! �

A+�B ) J��.� M
%b 0��2R  �D+ ��-�%	 J�����	 �c� " (

)Root mean square error= RMSE  J
%*U� e��*�' 0'%� (


%U� �� " �B 
6�L*)' ��	 41�� ��*�	 ,� (�	 !  ' 0%�7

 �6  J��T��  .RF%7  �'%E  ,��
 �'  6��	  4F�GH  ��9��  ,
�U�

  ' 
6�L*)' �� R
�U�ArcGIS 10.4   4F�GH ��9�� ('#�	 41��

.�B 4�U� ��*�� %� �6 8%7�G�$ M�V %�  

  

  

 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 

  

 I����  

��*�
 1.��# B0�E 1��	!  

  z��  4$  6'6  (�1�  ,���7  �B�;  R�-b"  ,)�%�

O
�����B  &�%	  M9�r  ,���7  Stipa capensis - 

Astragalus glaucacanthus  ,	  [�� �N�6 J�����	 .�B��

  &�%	 J
' �$ �B�;33    R�-b" " �B 
6  J���� �N�6

4��7   '  .�B  ,��
 �'  R��~  (!  �
'%7  "  ]�-b  &�%	  0��

,	  
'%��  ('��(��	��7  Y��   '  49���
  0��Hordeum �

Bromus  �Vulpia     '  "(��	��7  ,	  49�)��_ ('��

4�Hordeum bulbosum   �Poa bulbosa    "Hyparrhenia 

hirta  4��7  ' .6%$ 
��B' 4�D�	 �6 6���	 0' 4T*+�6 0��

,	 4��7 4� ('��Ziziphus nummularia   .6%$ 
��B'  

  

W%�0  X�!  Y!���  1��	!  �����  �  1.��#  B0�E  (�.

 �
���  

  � �' ('#�	 J�� 
6�) ,D+ (��)%7� ��G�� 2
�*�

A+�B ��-DE �6 4F�GH ��9�� ('#�	 �� 
6�L*)' 6��	 0��

  O
) �"�� �6 ,-�%	%*	2  (�1� 2
�*� .R)' 
�B (��� (

,	A+�B 4�� 4$ ��6,�-	 4D�'� ��9�� �� ��  " ���'6 �'6

,	  ��	 .��%�7 �'%E 
6�L*)' 6��	 ��9�� 6�"!%� 0'%� ���'��

  A+�B ��  
�B 6�C
'MSAVI2  %b �� M
  .�J��  68/0    "

�c�  	J�����  �D+ ��-�%	 0  19  %*U�J
  '%� ��	0   6�"!%�

9����  	,  " �B��A+�B �� 
�B 6�C
' ��	  GCI  %b ��M
 

.�J��  52/0    "�c�  	J�����  �D+  ��-�%	0  23   J
%*�$

,	  '�'6  '�  ��9��  6�"!%�  �6  R�N (��)%7�  4D�'�)  �B��

 
���B8  �"�� �62  .(  

  

  

  

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

3.
5.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

5-
27

 ]
 

                             8 / 13

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.3.5.1
http://rangelandsrm.ir/article-1-1057-en.html


���� ���	
 �� �
��� ����� ���� ����  ����� 	����� �� ��� ��� �! "	# $�%2  /...1��� 34	� (���5
  � /���	�    

  
 

505 

 

  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)' 
�B 6�C
' (

  ��  %�'%�  4F�GH  ��9��  �E'�V  4$10   "  ��*��  �6  8%7�G�$

  (!  %l$'�V475    ^)�*	  .R)'  4F�GH  ��*��  �6  8%7�G�$

 #�� 4F�GH ��9��220   .6�� ��*�� �6 8%7�G�$  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

3.
5.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

5-
27

 ]
 

                             9 / 13

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.3.5.1
http://rangelandsrm.ir/article-1-1057-en.html


 ���� 9�LLL�	LLL
16 ����0 93 91401                                                                                                             
  

 

506 

 

  
 �-03:   ��������
 ����� ��0 ���4	! �
���  W%�0 �� ��� ��� �!MSAVI2 

  

  � `5!�2��� (	�#  

  &�%	 
6"��	 �6 4$ 6'6 (�1� ,���7 �B�; 4-9�D	

,� 
6�L*)' " 8'6 0'%_ ��1F �
'#F' %~' %� O
�����B 4
"�

  4G��  ' M)��	�� ,�
v�9�$' ^
'%B �&�%	  ' �KF  ' [��+ "

  QcV  �H��  
%�r  "  t��  0�	6  �M)��	  u�+  J*B'��

4��7  �'��	) 4�D�	 u'���B�+ " e�r%	 0��  �6 p$ ,G�+

M-N I/��	,	 p1_ 4� ��.-9'4��7 �
'#F' " (6��+  0��

4�  R)'  
�B  49���
  "  e�r%	��4��7  J
'  4�
���  0��

O

6%$  ��gB'  '�  ,-�)"  4N%H  49�)4��7  6��"  .��'  0��

4T*+�6  "  ,*+�6  kD)  �6  s��G$  "  O�G	�  ����	  0'

,	 (�1� P%/ 
6"��	4N%H J
'  ��64*Bc7 �6 ��� 0' 4

�  �"6  ('��_ 4  ,���7  �B�;  0'�'6  "  %C1	 &�%	  ���N

4�  4$  R)'  
6��  ,��.�'  "  (�*+�6  &DE  %~'  �6  2
���

4T*+�6,� 
6�L*)' " ��  %��F ,���7 �B�; �&�%	  ' 4
"�

 .R)' 4*F%7 �'%E ,�D) �
�)%F %�~�� R�� 4�D�	 " 
�B

A+�B  "  ��9��  J��  4D�'�  ,)�%�  4�  f��%	  2
�*�  0��

1� ,���7 A+�B 4�� 4$ 6'6 (� 4D�'� 
6�L*)' 6��	 0��

,�-	  �A+�B  J
%*U�  ,9"  ���6%$  �'%E%�  ��9��  ��  0�'6

  A+�BMSAVI2    .6��  A+�B  ' 06�
  (����	NDVI  

  6�"!%� 0'%�  4F�GH ��9��
6%$ 
6�L*)') ��'1  �2  �5  �17  �19  

  "24  .(  J��.�  M
%b  ('#�	  %b�V  I����  �6  �	'NDVI 

A+�B  4�  R.��  MSAVI2  ]�-b%�   �c�  �'��	  "

  %�t��  (! 0�D+ ��-�%	 J������	pU	  '  .6��  �
t6 J
%�

,	 2
�*�  J
'  �6  A+�B J
'  ]-b 4�  ('�� I/��	  &�'%	

4���p$  �B�;  ��  O1+ p$'%�    u�+  e�� ��  0'�'6  "

Y; 6%$  
��B'  4��	 �    2
�*�  ��  4$��G+  ��;)1997  (  "

) ('����� " 8�9��' ��2005� 4$ (A+�B �*B'6 (��  0��

  0'�'6  ,VSN' M
%bY; u�+ e�� ��  4��	   6�"!%� 0'%�

  J�
�;  �B�;  p$'%�  ��  I/��	  �6  ,���7  �B�;  p$'%�

,	 M)��	  ���B�� .6�'6 ,�'���� "6 4�
��	 4� ,����� �6

  A+�BNDVI    "SAVI   &�'%	 �6 R)��9 %
"�K�  ' �N�V

  0���*�� " ���	��U_ �6 ��+�g_ et�� Q'%/'  �B 4*+'6%;

)11 4��	  u�+ %~' ���$ ��96 4� 6'6 (�1� �U�! 2
�*� .(

  A+�B �6SAVI 4�  R.��  0%�t��  ,
��'��  A+�B J
'  �

  A+�BNDVI  4$ %b�V I���� 2
�*� �� 4$ �6�'6     (�1�

  A+�B 6'6SAVI    A+�B 4� R.��NDVI   J��.� M
%b

  "  4�
�  I����  2
�*�  .6�'6  ,�'����  �RB'6  0%�t��

'�����)  (2012  A+�B  4$  6'6  (�1�  (NDVI   M
%b

) 6�'6 ,���7 �$ ��9�� ('#�	 �� ,��
�; J��.�15/0=2R  �(

)  6�'6  ,�'����  I����  J
'  2
�*�  ��  4$58/0=2R  2
�*�  .(

 ('�����  "  ,����  (��G)  I����  2
�*�  ��  %b�V  I����

)2018  �B�;  �N�6  6�"!%�  �6  4$  ��*B'6  (���  4$  (

  A+�B �,���7NDVI    A+�B 4� R.��SAVI    ,�*�.��

)  ('�����  "  �6%;  2
�*�  "  �6�'6  0%*U�2017  (���  4$  (

  A+�B  ��*B'6RVI    A+�B  4�  R.��SAVI    4�  R.��

0  6�"!%��'%	  
6��  �"�L�  J
'  .6�'6  �"�L�  �6�'6  0%�%�  &

,	  "  4-9�D	  6��	  I/��	  ,���7  �B�;  x��  4�  ��'��

  u�+ e�� �� �6 4$ ,���7 �B�; �N�6 �"�L� J��T��

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

3.
5.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

5-
27

 ]
 

                            10 / 13

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.3.5.1
http://rangelandsrm.ir/article-1-1057-en.html


���� ���	
 �� �
��� ����� ���� ����  ����� 	����� �� ��� ��� �! "	# $�%2  /...1��� 34	� (���5
  � /���	�    

  
 

507 

 

  2
�*� .�B�� ^.�%	 �%�
6 �'c7 %~�� �	'�H " R)' %~�	 4��	 

) ('����� " 0�'��� I���� 2
�*� �� I���� J
'2013  4$ (

A+�B  ,)�%�  �6  0��,�*.	4�  �"6   '  �C�)  %� ��i�	

4��� " O1+ I/��	 �6 ,���7 �B�; �N�6 6�"!%�  O1+

 A+�B ���*B'6 (���SAVI )78/0=2R  A+�B 4� R.�� (

NDVI  )77/0 =2R  .6�'6 ,�'���� �6�'6 0%�t�� ,�*�.�� (

) (����� " 8�9��' ��2005  I/��	 �6 4$ ��6%$ (��� #�� (

4��� " O1+  A+�B O1+SAVI2  )36/0=2R 4� R.�� (

  A+�BNDVI  )25/0=2R  �������  2
�*�  .6�'6  0%�%�  (

,	  ��$��  
�B  ,)�%�  �B�;  p$'%�  6�"!%�  0'%�  4$  ��$

 u�+  %~'  0'�'6  &�'%	  �6  4F�GH  ��9��  ('#�	  "  ,���7

Y;4��	 A+�B  '  �
��  0' �����K� M
'%b 0'�'6  0��

Y; u�+ %~'4��	 A+�B 4G��  ' 0'  4H��C	 0��SAVI  

  .6�'6 ,�'���� %b�V I���� 2
�*� �� 4$ 6�B 
6�L*)'  

  I/��	  �6  4$  6'6  (�1�  I����  J
'  2
�*�  J��T��

4���  A+�B RE6 ('#�	 8%7 O1+DVI    A+�B 4� R.��

NDVI    2
�*� �� 4$ �6�'6 0%�%� 4F�GH ��9�� 6�"!%� ��i�	 4�

)  ('�����  "  0 '%�B  I����2010 4�
��	  4�  4$  (

BA+�  ,���7  �B�;  0 �) ���  �6  �"6   '  �C�)  0��

4��� " O1+ I/��	  .6�'6 ,�'���� ���6�� 4*+'6%; O1+

,E��)') ('����� " 
6' 2020A+�B ,)�%� �� #�� (  0��

 6�"!%� �6 R)��9 %
"�K�  ' �N�V �"6  ' �C�) ]G*�	

  4��  4��
'  pr%�GH  ��*B'6  (���  &�'%	  m�	���  ('#�	

A+�B  �.
%��  �� m�	���  ('#�	  ��  ,.)��	  ,�*�.��

  A+�B ,9" ��*B'6SAVI    A+�B 4� R.��NDVI   0'�'6

 ,�'���� I���� J
' 2
�*� �� 4$ �6�� 0%*1�� ,�*�.��

 RE6 ('#�	 4��
' 4� 4��� �� " I���� J
' 2
�*� %���� .6�'6

 (��)%7� " 4��7��_ ,D+ (��)%7� ��	 J��.� M
%b "

+�B   '  
6�L*)'  ��  
6�)  ,D+  AMSAVI2    4�  �6��  %�'%�

,	 6�U�1�; �%*1�� ,*V'� " R9�U) RU� 6�"!%� �6 6�B

  A+�B   '  4��1	  R�-b"  ��  &�'%	  �6  4F�GH  ��9��  ('#�	

MSAVI2   .6�B 
6�L*)'  

  ����; O� #$%	  ' I���� J
' �6 4��
' 4� 4��� ��

4�,	 6�U�1�; ��B 
6�L*)' 0�'6%� 4���� f��� ('��H  6�B

7�G� RU� 4�����; e�� �� �+'��  ' 0%�  �6 Q'%/' 0��

 ^)�*	   '  0�-�  ��-9�D	  �6  �����;  
�B  R.~  e�� ��

  e�� ��9  )  ����;3×3  �  (����;4  ����;  e�� ��  ('��H

  #$%	 �6 J��T�� .6�B 4*F%7 %i� �6 0#$%	9    �����;

  4���� ��-DE �� ��9�� ('#�	1   ^)�*	 " RB'6%� ,-�%	 %*	

4� �U�!('#�	 ('��H   4*F%7 %i� �6 0#$%	 ����; �6 ��9��

,	  6�U�1�;  J��T��  .6�B %~'  
��
!  �������  �6  6�B

4�.B  ' 
6�L*)'  �6 ,D��	 �	'�H " ,H��K	 ,.KH 0��


6'6 �� I�LG�A+�B " ,�'��	 0��  �6 �"6  ' �C�) 0��

  ,)�%� 6��	 4F�GH ��9�� ('#�	 6�"!%� RE6 0����' 0�*)'�

  .��%�7 �'%E  

  

  
References 
1. Amies, A.C., J.R. Dymond, J.D. Shepherd, D. Pairman, C. Hoogendoorn, M. Sabetizade & S.E. Belliss, 2021. 

National mapping of New Zealand pasture productivity using temporal sentinel-2 data. Remote Sensing, 13: 
1481. https://doi.org/10.3390/rs13081481. 

2. Arzani, H., 1994. Some aspects of estimating short term and long term rangeland carrying capacity in the 
western division of New South Wales, Ph.D. Thesis, University of N. S. W., Australia, 308 pp.  

3. Arzani, H., S.Z. Hoseini & Kh. Mirakhorlou, 2014. Application of LANDSAT ETM+ images for estimating 
vegetation production and cover in Taleghan rangelands. Iranian journal of Range and Desert Research,  
21(1): 24-31. (In Persian) 

4. Boutton, T.W., & L.L. Tieszen, 1983. Estimation of plant biomass by spectral reflectance in an east African 
grassland. Journal Range Management, 36(2): 213-216.  

5. Brouce, K.W., D. Issa, D.P. Rex, A.H. John, C.R. Bradley & G. Morris Southward, 1995. Satellite-based 
herbaceous biomass estimates in the pastoral zone of Niger. Journal of Range Management, 48(2): 159-164. 

6. Di Bella, C., R. Faivre, F. Ruget, B. Seguin, M. Guérif, B. Combal, M. Weiss & C. Rebella, 2004. Remote 
sensing capabilities to estimate pasture production in France. International Journal of Remote Sensing, 
25(23): 5359-5372:  

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

3.
5.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

5-
27

 ]
 

                            11 / 13

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.3.5.1
http://rangelandsrm.ir/article-1-1057-en.html


 ���� 9�LLL�	LLL
16 ����0 93 91401                                                                                                             
  

 

508 

 

7. Eshghizadeh, M. & Y. Esmaeilian, 2020. Evaluation possibility of rangelands biomass estimation using 
Landsat 8 satellite data. Iranian Journal of Range and Desert Research, 27(2): 159- 176. (In Persian) 

8. Frahnak, M. & F. Movahed, 1997. Rangeland and biomass modelling in Zanjan mountains, Iran, Case study, 
ITC, Enchede. 63p.  

9. Gitelson, A.A., A. Vina, V. Ciganda, D.C. Rundquist & T.J. Arkebauer, 2005. Remote estimation of canopy 
chlorophyll content in crops. Geophysical Research Letters, 32: L08403. doi: 10.1029/2005GL022688. 

10. Ghorbani, A., F. Dadjou, M. Moameri, A. Biswas, 2020. Estimating aboveground net primary production 
(ANPP) using Landsat 8-based indices: A case study from Hir-Neur rangelands, Iran. Rangeland Ecology & 
Management, 73(5): 649-657 

11. Imani, J., A. Ebrahimi, B. Gholinejad & P. Tahmasebi, 2018. Comparison of NDVI and SAVI in three plant 
communities with different sampling intensity (Case Study: Choghakhour Lake Rangelands in Charmahal & 
Bakhtiari). Iranian Journal of Range and Desert Research, 25(1): 152-169. (In Persian) 

12.  Jabari, S., S. Jamalaldin, R. Jafari & S. Soltani, 2016. Application of AWIFS digital data to determine 
vegetation cover (Case Study: Semirom-Isfahan). Journal of Rangeland, 9(4): 333-343. (In Persian) 

13. Javzandulam, T., R. Tateishi & T. Sanjaa, 2005. Analysis of vegetation indices for monitoring vegetation 
degradation in semi-arid and arid areas of Mongolia. International Journal of Environmental Studies, 62(2): 
215- 225. (In Persian) 

14. Jianlong, L., L. Tiangang & C. Quangong, 1998. Estimating grassland yields using remote sensing and GIS 
technologies in China. New Zealand Journal of Agricultural Research, 41: 31-38. 

15. Karami, P., Gh. Heshmati, & M. Mesdaghi, 2002. Determination of optimal plot shape and size for estimation 
of forage production at semi-steppe grasslands of northeastern of Golestan province. Agricaltural Science 
and Natural Resources, 9(2): 41-47. 

16. Khalilpour, S.A., 1977. Range land biomass mapping in Damavand, Iran. A case study with GIS and satellite 
imagery, ITC, Enschede.84p. (In Persian) 

17. Lang, M., M. Hamid & B. Tychon, 2021. Estimation of rangeland production in the arid oriental region 
(Morocco) combining remote sensing vegetation and rainfall indices: Challenges and lessons learned. 
Remote sensing. 13(2093): 1-25.    

18. Liu, H., R.A. Dahlgren, R.E. Larsen, S.M. Devine, L.M. Roche, A.T, O’Geen, A.J.Y. Wong, S. Covello & 
Y. Jin, 2019. Estimating rangeland forage production using remote sensing data from a small unmanned 
aerial system (sUAS) and planet scope satellite. Remote Sensing, 11: 595.    

19. Mirakhorlo, Kh., & S. Hosseini, 2006. Estimating rangelands yield using remote sensing data (Case study: 
Damavand region of Iran). Iranian journal of Range and Desert Research, 13(2): 127-138. (In Persian). 

20. Moghaddam, M.R., & J. Ghorbani Pashakolaee, 2001. A comparison of different plot size and shapes 
efficiency to estimate of standing crop in steppe, high-steppe and semi-steppe region of Iran. Iranian natural 
rescores, 54(2): 191-204. 

21. Nanzad, L., J. Zhang, G. Batdelger, T.P. Pangali Sharma, U.A. Koju, J. Wang & M. Nabil, 2021. Analyzing 
NPP response of different rangeland types to climatic parameters over Mongolia. Agronomy, 11: 647.    

22. Papnastasis, V.P., 1977. Optimum size and shape of quadrate for sampling herbage in grassland of Northern 
Greece. Range Management, 30: 445-448. 

23. Pordel, F., A. Ebrahimi & Z. Azizi, 2017. Evaluating spatio-temporal phytomass changes using vegetation 
index derived from landsat 8 (Case study: Mrajan rangeland, Boroujen). Journal of Rangeland, 11(2): 166- 
178. (In Persian) 

24. Reeves, M.C., B.B. Hanberry, H. Wilmer, N.E. Kaplan & W.K. Lauenroth, 2020. An Assessment of 
production trends on the great plains from 1984 to 2017. Rangeland Ecology and Management, 78: 165-179.     

25. Qi, J., A. Chehbouni, A.R. Huete & Y.H. Kerr, 1994. Modified soil adjusted vegetation index (MSAVI). 
Remote Sensing Environment, 48: 119-126.  

26. . Rahdari, V., A. Soffianian, S.J. Khajaldin & S.M.  Najfabdai, 2013. Identification of satellite image ability 
for vegetation cover crown percentage mapping in arid and semi_arid region (Case study: Mouteh wild life 
sanctuary). Journal of Environmental Science and Technology (JEST), 4(4): 43-54. (In Persian) 

27. Richardson, A.J., & C. Weigand, 1977. “Distinguishing vegetation from soil background information. 
Photogrammetric Engineering and Remote Sensing, 43(12): 1541-1552. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

3.
5.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

5-
27

 ]
 

                            12 / 13

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.3.5.1
http://rangelandsrm.ir/article-1-1057-en.html


���� ���	
 �� �
��� ����� ���� ����  ����� 	����� �� ��� ��� �! "	# $�%2  /...1��� 34	� (���5
  � /���	�    

  
 

509 

 

28. Salmanbayati, T., Z. Hosseini, A. Rashtian & H. Alirezaee, 2018. Comparing the accuracy of different 
vegetation cover sampling methods in remote sensing indices (Case study: Abbas Abad Hamedan). Journal 
of Rangeland, 12(2): 169- 179. (In Persian) 

29. Shirazi, M., G.H. Zehtabian & H.R. Matinfar, 2010. Survey of capability of remote sensing indices for 
enhancement of land cover in arid areas (Case study: Najmabad). Iranian journal of Range and Desert 
Research, 17(2): 256- 275. (In Persian) 

30. Théau, J., É. Lauzier-Hudon, L. Aubé & N. Devillers, 2021. Estimation of forage biomass and vegetation 
cover in grasslands using UAV imagery. PLoS ONE, 16(1): e0245784.    

31. Tucker, C.J., C. Vanpraet, E. Boerwinkel & A. Gaston, 1983. Satellite remote sensing of total dry matter 
production in the Senegalese Sahel. Remote Sensing of Environment, 13: 461-474. 

32. Van Dyne, G., M.G. Wogel & H.G. Fisser, 1963. Influence of small plot size and shape on range-herbage 
production estimates. Ecology, 44: 746-759. 

33. Washington-Allen, R.A., N.E. West, R.D. Ramsey & R.A. Efroymson, 2006. A protocol for retrospective 
remote sensing-based ecological monitoring of rangelands. Rangeland Ecology and Management, 59: 19-29. 

34. Wiegert, R.G., 1962. The selection of an optimum quadrate size for sampling the standing crop of grasses 
and forbs. Ecology, 43: 125-129. 

35. Zare Chahouki, M.A., F. Khojasteh, M. Yousefi, A. Farsodan & M. Shafizadeh Nasrabadi, 2013. Evaluation 
of different plot shape, size, and number for sampling in middle Taleghan rangelands. Watershed 
Management Research (Pajouhesh & Sazandegi), 99: 127-138. 

36. Zarine, A., A. Sadi Broujeni & M. Naderi Khourasegani, 2012. Estimation of rangeland production using 
IRS LISS III satellite data Case study: Tang Sayad region, Chaharmahal and Bakhtiari province. Iranian 
Journal of Remote Sensing & GIS, 3(4): 63-80. (In Persian) 

37. Zhang, D., J. Rademacher, J. Chen, T. Crow, M. Bresee, J.L. Moine & S.R. Ryu, 2004. Estimating 
aboveground biomass using landsat 7 ETM+ data across a managed landscape in northern Wisconsin, USA. 
Remote Sensing of Environment, 93: 402–411. 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

3.
5.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

5-
27

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            13 / 13

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.3.5.1
http://rangelandsrm.ir/article-1-1057-en.html
http://www.tcpdf.org

