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Abstract Article Info 

Background and objectives: Alongside with the progresss in satellite sensors, 

their role on obtaining information and study of the environmental events and 
phenomena have become increasingly important .  One of these precious data which 

is the basis for many planning and decision making in rangelands, is the above 

ground net primary production assements. The traditional method of estimating 

ANPP is clipping and weighing. The high cost, time compseation and difficulty in 

cliping are the limitations of the traditional method, which makes it extremely 

difficult and expensive to estimate the ANPP of large areas. Thus, the aim of this 

study was to estimate above ground net primary production (ANPP) using 

vegetation indices. 

Methodology: Sampling of vegetation was performed in rangelands of Sabalan 
elevations in Ardabil province in altitude ranges from 1500 to 3300 meters in 2016. 

Nine sites were selected in study area and in each site three 100 m transects were 

placed with 50 m interval. Along each transect 5 plots (1 square meter) with 20 m 

from each other was placed and in each plot, total production and life forms 

including shrubs, grasses and forbs ANPP were measured. The initial net production 

samples were placed in an oven at 70 ° C for 24 hours and then weighed to 

determine their dry weight. Furthermore, veg/etation indices including NDVI, 
PVI3, RVI and SAVI were calculated using data of Landsat 8 Operational Land 

Imager (OLI) images for 2015. Due to the fact that the maximum growth of 

vegetation in the region is in June, the images were also selected at the same time. 
Then using general additive model in software R, curve of relationship between 

ANPP and vegetation was analyzed in two way Individual and Combined data. 

Finally, ANPP was modeled using non-linear regression. 
Results: The application of generalized additive models for each of the vegetation 

indices with total ANPP and life forms separately shows that NDVI, PVI3 and RVI 

have a nonlinear relationship with total ANPP and life forms. However, the SAVI 

index has a linear relationship with the ANPP of total and grasses. Also, all 

vegetation indices have a significant relationship with ANPP. The ranking of 

vegetation indices affecting the ANPP based on the coefficient of determination 

shows that the most important and least important plant indices are SAVI and PVI3 

Article type: 

Research Full Paper 

 

 

Article history: 

Received: 02.22.2019 

Revised: 02.06.2019 

Accepted: 26.07.2019 

 

 

Keywords:  

Rangeland folage, 

production,  

Remote sensing data, 

NDVI,  

PVI3, 

RVI,  

SAVI 

 
 

 

 

Print ISSN: 2008-0891 

Online ISSN: 2676-5039 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

1.
1.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-1

1-
05

 ]
 

                             1 / 19

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.1.1.3
https://rangelandsrm.ir/article-1-630-fa.html


 

34 

 

for shrubs, and PVI3 and SAVI for grasses, forbs and total ANPP. In the present 

study, contrary to expectations, NDVI vegetation index, which has many 

applications in the vegetation studies and its increase indicates the presence of more 

vegetation in the region, in the generalized additive model and the combined study 

of vegetation index and ANPP show a nonsignificant relationship. Results showed 

that nonlinear regression significantly increased the accuracy of ANPP estimation 

using vegetation indices. The coefficient of determination for total ANPP (0.80) is 

more than shrubs (0.74), grasses (0.75), and forbs (0.56) and among the life forms, 

forbs have the lowest coefficient of determination.  
Conclusion: Based on the results, suitable vegetation index for estimate the ANPP 

of life forms are different. Also, ANPP estimation using vegetative indices at the 

total level is more accurate than life forms. According to the results, the OLI image 
and the use of nonlinear regression models were able to adequately estimate the 

ANPP in the study area. Therefore, if similar results are obtained in other areas of 

Ardabil, it will be possible to generalize the results and estimate this important 

ecological indicator with less time and cost. This tool can also be used to provide 

information on the amount of forage production and thus determine the stocking 

rate, as well as the degree of pasture degradation. 
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1692 "16 '26 38° "10 '49 47° 2005 "4/6 '25 38° "3/9 '49  47° 2673 "6/21 '20 38° "6/51 '50 47° 

1694 "9/15 '26 38° "9/10 '49 47° 2004 "3/6 '25 38° "1/10 '49 47° 2673 "7/21 '20 38° "9/50 '50 47° 

1694 "9/15 '26 38° "7/11 '49 47° 2004 "2/6 '25 38° "9/10 '49 47° 2673 "6/21 '20 38° "9/49 '50 47° 

1696 "8/15 '26 38° "5/12 '49 47° 2003 "6 '25 38° "7/11 '49 47° 2670 "22 '20 38° "2/49 '50 47° 

1699 "7/15 '26 38° "3/13 '49 47° 2001 "6 '25 38° "5/12 '49 47° 2670 "2/22 '20 38° "4/48 '50 47° 

1705 "1/14 '26 38° "14 '49 47° 1999 "8 '25  38° "3/9 '49  47° 2686 "8/20 '20 38° "4/47 '50 47° 

1706 "1/14 '26 38° "5/13 '49 47° 2000 "8 '25  38° "7/9 '49  47° 2686 "8/20 '20 38° "8/47 '50 47° 

1706 "8/13 '26 38° "4/13 '49 47° 1997 "1/8 '25  38° "5/10 '49 47° 2685 "7/20 '20 38° "6/48 '50 47° 

1705 "2/14 '26 38° "5/12 '49 47° 1994 "8 '25  38° "3/11 '49 47° 2686 "5/20 '20 38° "4/49 '50 47° 

1708 "2/14 '26 38° "6/11 '49 47° 1990 "1/8 '25  38° "1/12 '49 47° 2686 "6/20 '20 38° "2/50 '50 47° 

1712 "8/12 '26 38° "7/9 '49  47° 1996 "7/9 '25  38° "3/9 '49  47° 2704 "19 '20 38° "1/51 '50 47° 

1715 "2/12 '26 38° "4/10 '49 47° 1994 "9/9 '25  38° "2/10 '49 47° 2704 "2/19 '20 38° "3/50 '50 47° 

1718 "2/12 '26 38° "2/11 '49 47° 1990 "8/9 '25  38° "9/10 '49 47° 2701 "3/19 '20 38° "4/49 '50 47° 

1720 12 '26 38° "9/11 '49 47° 1985 "9/9 '25  38° "6/11 '49 47° 2700 "3/19 '20 38° "7/48 '50 47° 

1722 "8/11 '26 38° "7/12 '49 47° 1977 "1/10 '25 38° "9/12 '49 47° 2698 "4/19 '20 38° "8/47 '50 °47  

 ~L� [ %c  �?   P)H�
�O  

1779 "2/17 '27 °38 "7/30 '56 47° 2294 "6/52 '22 38° "7/31 '49 47° 2777 "8/43 '22 °38 "8/16 '49 °47  

1780 "2/17 '27 °38 "6/31 '56 47° 2294 "2/52 '22 38° "31 '49 47° 2776 "4/43 '22 38° "4/17 '49 47° 

1780 "1/17 '27 38° "6/32 '56 47° 2294 "8/51 '22 38° "3/30 '49 47° 2775 "9/42 '22 38° "18 '49 °47  

1780 "1/17 '27 38° "2/33 '56 47° 2294 "3/51 '22 38° "8/29 '49 47° 2775 "6/42 '22 38° "5/18 '49 °47  

1782 "1/17 '27 38° "34 '56 47° 2293 "9/50 '22 38° "2/29 '49 47° 2773 "42 '22 38° "2/19 '49 °47  

1790 "5/15 '27 38° "8/34 '56 47° 2312 "6/49 '22 38° "2/30 '49 47° 2767 "42 '22 38° "1/21 '49 47° 

1789 "6/15 '27 38° "4/34 '56 47° 2312 "8/49 '22 38° "5/30 '49 47° 2768 "5/42 '22 38° "2/20 '49 47° 

1789 "5/15 '27 38° "5/33 '56 47° 2311 "3/50 '22 38° "31 '49 47° 2770 "43 '22 38° "3/20 '49 47° 

1787 "5/15 '27 38° "7/32 '56 47° 2310 "7/50 '22 38° "7/31 '49 47° 2771 "5/43 '22 38° "8/19 '49 47° 

1787 "4/15 '27 38° "9/31 '56 47° 2311 "1/51 '22 38° "3/32 '49 47° 2770 "9/43 '22 38° "2/19 '49 47° 

1793 "9/13 '27 38° "5/31 '56 47° 2322 "2/50 '22 38° "8/33 '49 47° 2715 "7/46 '22 38° "9/18 '49 47° 

1793 "14 '27 38° "3/32 '56 47° 2329 "50 '22 38° "33 '49 47° 2716 "1/46 '22 38° "4/19 '49 47° 

1793 "1/14 '27 38° "33 '56 47° 2330 "4/49 '22 38° "5/32 '49 47° 2716 "8/45 '22 38° "2/19 '49 47° 

1794 "2/14 '27 38° "9/33 '56 47° 2333 "49 '22 38° "1/32 '49 47° 2718 "5/45 '22 38° "5/20 '49 47° 

1795 "3/14 '27 38° "6/34 '56 47° 2332 "5/48 '22 38° "6/31 '49 47° 2719 "1/45 '22 38° "3/21 '49 47° 

 �2 ��� _�  ��Z���8�c  ��� O  

1979 "5/55 '55 47° "6/41 '25 38° 2574 "2/47 '21 38° "3/13 '49 47° 3126  "6/44 '18 38° "6/25 '50 47° 

1980 "3/56 '55 47° "6/41 '25 38° 2572 "4/45 '21 38° "14 '49 47° 3130 "4/44 '18 38° "25 '50 47° 

1979 "1/57 '55 47° "6/41 '25 38° 2571 "7/47 '21 38° "8/14 '49 47° 3131 "2/44 '18 38° "1/24 '50 47° 

1982 "9/57 '55 47° "5/41 '25 38° 2569 "9/47 '21 38° "5/15 '49 47° 3131  "44 '18 38° "2/23 '50 47° 

1982 "7/58 '55 47° "5/41 '25 38° 2567 "2/48 '21 38° "3/16 '49 47° 3133 "7/43 '18 38° "7/22 '50 47° 

2000 "1/59 '55 47° "8/39 '25 38° 2583 "9/46 '21 38° "5/17 '49 47° 3140 "9/41 '18 38° "21 '50 47° 

1998 "6/58 '55 47° "8/39 '25 38° 2585 "8/46 '21 38° "1/17 '49 47° 3144 "9/41 '18 38° "7/21 '50 47° 

1997 "9/57 '55 47° "9/39 '25 38° 2585 "5/46 '21 38° "3/16 '49 47° 3146 "42 '18 38° "5/22 '50 47° 

1996 "1/57 '55 47° "40 '25 38° 2587 "2/46 '21 38° "5/15 '49 47° 3147 "42 '18 38° "4/23 '50 47° 

1996 "4/56 '55 47° "1/40 '25 38° 2588 "1/46 '21 38° "8/14 '49 47° 3146 "42 '18 38° "2/24 '50 47° 

2020 "2/56 '55 47° "2/38 '25 38° 2605 "4/44 '21 38° "6/14 '49 47° 3172 "5/40 '18 38° "1/25 '50 47° 

2022 "1/57 '55 47° "3/38 '25 38° 2607 "7/44 '21 38° "4/15 '49 47° 3172 "3/40 '18 38° "2/24 '50 47° 

2020  "9/57 '55 47° "2/38 '25 38° 2603 "45 '21 38° "2/16 '49 47° 3175 "2/40 '18 38° "3/23 '50 47° 

2019 "7/58 '55 47° "3/38 '25 38° 2600 "3/45 '21 38° "8/16 '49 47° 3175 "2/40 '18 38° "7/22 '50 47° 

2018 "5/59 '55 47° "2/38 '25 38° 2599 "6/45 '21 38° "6/17 '49 47° 3177 "9/39 '18 38° "8/21 '50 47° 

    

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

1.
1.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-1

1-
05

 ]
 

                             8 / 19

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.1.1.3
https://rangelandsrm.ir/article-1-630-fa.html


��� ���� 	
 ���
��
 �� ���� ��
�� ���	 ��� ����
 ���� ����� �	��"#��  ��#  ... / ��'(�   �
!�>'# �  

  
 

41 

 

 �4��2� F	
��H E�H  

�(%	%2OLI     G2(%?8    7�� �  �W�$  ;��  /�$   �

�-@�& ��#:� k� �  I��*H� ���Y� 42(%6 ����2�
#�? � � 6

  7�
������� 7�)W� K�(Y ��#:� & *��� 4� / %!�2 G#1�

  '�8    4� G��12   P��' IO�A 
�:� o�^�� 4	��� �� & G��

G2�  �(O  )20  � 6 �-  �)�r�?�%H  ��!?�  4�  4Z��   �  .(

  � �' �4? 2(%c & 4? 1)�  (O� 
e��(9  � � �*N6) ��� ��
c

Q6 & (� 6 �-  �(%	%2 
�& R� �
�� & ���� IO�A �(� P�%c

OLI    G2(%?8    �� )�  u�g&   �30    ��� �  ��
�  
��23  

  ���
81394    
�1�)167  o��� �33 = +��� 4"? T� ��
� (

  .(O� !�1��  a 2�
�  / 2  P��  ��  �-(�� �  P�!� ��  � 6

� 4�T%� �� ��Z�� 7��A�%�2 4"? T� ���3/347 ���� 
��

  .G2�  4�?&� U? 8 (�?��  ���(�� GO��
� �$ �����
8 ��  

  / 2 � �1395  �'�(������6 � 
�& R� .(O �
�-  �� W�2�  � ��

  '�16  )  �%��'  /
�%� 4T��GPS   & (UTM    &WGS 84  

�Z
� P��'  4� G2(%? 
�& R� 4)%�� 4� 4Z��  � .(O K��^

�(O  / �
�  7�
������� &  7�H�
-�A��  K ���R�  �(��

  w1� '� �� W�2�  � �
W1N��ATCOR  ��  �
���*H�  ERDAS 

IMAGINE 2015   .(O � 	��  

���� "#��  ��#  

U8 O � 	�� '� \(6 4� G2� �, �6 �- IO�A � 6

�-@�&  �8
�R8  
�b�  �6 �-  IO�A  � 6  ; �  K �^�

  �6 �-  IO�A  (^��   �  �
�  ST2  �_����  �IO�A

I�A& �%��  4� .��O �� �'����$ ��� U8 O� 6 IO�A 

�6 �- 4� &� 4�2� U8 O� 6  (%� � ��#1�RVI �NDVI  �

TVI U8 O &� 6 4�^ H (%� � ��PVI �SAVI �MSAVI  �

TSAVI  �WDVI  Q�1�� ��) ��O32�1)�A .( 6  �   
�� ��

o��+� IO�A ��6 �- d�T8  � M�O� 6 o��+�  ��

��.(�' 2 7� �� U8 O ��#1�  � I��*H� ��(�� IO�A 

�6 �- d�T8 4� (� � �&� � �7��*�  *�
Y �� N� �(�A 

��(%%�.  U8 O �� 4� �? 9 ��4�^ H � 6�� �1)�A 6  � 

IO�A I��  �6 �-
� '� w8 | 8 4�^ H ��  ��  .(�
�-

8 O  &�  
g 9  �����UNDVI   )Normalized 

difference vegetation index  (  &RVI  )Ratio 

vegetation index  ( U8 O '�  & ��#1� � 6SAVI   )-soil

vegetation index additive  (  &PVI3  )Perpendicular 

vegetation index  ( U8 O '�4�^ H � 6  .(�(O = +��� ��

4�Z��   ��    U8 �O  Q��  �
�h�A
�is��  4��NDVI    '�

K �^�R8  IO�A K �"? T� �� �
Z� �� G?�:2 & 4�T%�  

  �6 �-P��  .����  �� �'  �
�� � U8 O  4����%� �)�  '�

P�
��
�� �
A U8 O� 6 IO�A �6 �- ��(���� ��$ %� 

��   4������ IO�A  ��#���
� �(%�16 
�:� 7�)W� (%� .

  U8 OSAVI   � 6
i� | 8 4%��' & G��$� | 8   ��Z��

  U8 O ��NDVI  �� I6 � ��(6�   &    ��$ %� M2 %�  G2�

  U8 O �� .G2� Q� & 7%� IO�A 4�PVI   w8 M��
g

4� | 8  4�H� � � �(O    4%��' | 8 �W%� K�
i�  �� ���8 4�

  \h9���
�     � �6 �- IO�A 7�)W� �, ��G�^    ��X �

�� K��^.�
�-  

 ��
� X�J(� � �43S��#  

Q�N"�  �"NZ /(� '�  �� W�2�   �  �(���  �� ��Z&  4�H �

  P��  �T8
�f  4T���ANPP  U8 O  �8
�  &  �6 �-  � 6

4�  ��Z��  �T8
�f  �����  '�  _`2  &  �2�
� ��b%�

/(� .(O �� W�2� 4�?&� U? 8 (�?�� �' 2  

"Y'7 ���  ̀ �'Y�  ��C�4  

/(� �"NZ  Q�N"�7�  4�H �  /(� �
���� A � ���� & 

w1� /(�� 6 Q�N"� �T84�H � ���(O �   �� \L8
� /(� 

�T8 Q�N"�4� 4�H � �� �, 4T��� P�� � 6
�x�� �%��#� & 

�2 A 4� 4T���  4��2&  4z��� �����O ���� 6 �%�%�  �)O 

�2 A �� �� P��"��(%%� P��'�&� P�� /(�4�   6 � Z   /(�

������ .(����� ���� �%"� � 6
���� A j� �� �(�, G2� 4� 

'� /(� P�
�A �N�  d #%�2���O.  �� /(� �"NZ 

Q�N"�4�H � J
H 
� P�� G2� 
�x��  4� �2 AY   ����� 

�"�'�� '� ����� 8 �� �� N�4� (O �  '� ��
$ �� � (���A(g)   

4� � 6
�x��   �!
�A)j(X   �R�� ����O.  /(�� 6 �"NZ 

Q�N"�4�H � 4�K��^ 
�' � ��  ��:��O  

 


p

j
xj j

fg
1

)()( 

 
  �, �� 4�jf  & ���N6 & ���"� � �"����  6jx    � 6
�x��

I�A4� .(%�16 �(%%� �%��  � 8 ��$jf  ���� �&� '�   � &  6

V&�  '�  �� W�2� ����N�  ��' 2���N6  &  V'�
�  ��#:�  � 6

��  ��&,
�  I%��
A/(�  ��   6' 2���N6  ��Z&  .��O  � 6

Q�N"� �"NZ  ����� & 4�*	� �� /(� P�� �� ���� M#2 4�H �

����  P�� �T8
�f 4T��� ��
� U+
� & �)�r�?��� � 6

) (���� o��+� � 6
�x��2K #2 �� .(    I+� P�� 4� d��
�

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

1.
1.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-1

1-
05

 ]
 

                             9 / 19

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.1.1.3
https://rangelandsrm.ir/article-1-630-fa.html


 �!�� +�WWW��WWW�16 �!�'� +1  +1401                                                                                                           
  

 

42 

 

�
� '� �� W�2�  �  �� �, ��*H�R3.5.1    4�Y �?� &mgcv   � 	��

 .(O  

 "����$ ����� !  

/(�� 6 �����2
-� 7�  4T��� �T8  � �T8
�f '� 


�x�� 7� 4�1��& & 7�  � (%c 
�x�� ���1� � 	�� ��(%%�.  

4�4��2& 7� 4T��� ����2
-� ������  � ���"� 
�� �� ���� 

� 6
�x�� ����1� ��(�� 
�x�� 4�1��& ��   P�� �� .�' P�N+�

4� �2, ����� '�  �����  )Peak( ��- �   )Rationa(4� -(%c � 

)Polynomial(�)O �Z�� �   )Waveform(  & �(�z�N!�2 �

 �
���� A (%c & 7� �� � P�(%c �� O ��8 4� �N��� !?

��(��O   �� ����� P�� 4� d��
� KX� "� .(O �� W�2�/&(Z  

)3(    ��  I+�  P��  4�  d��
�  K #2 ��  .G2�  �(O  4z���

�
� ��*H�SigmaPlot12   .(O � 	��  

��� "��4	!
  

I�A  G�^/(�  �%��  �� �'��  � 6� �"�  ��
$  '�   6

  �� O  T8K "�
� P�!� �� 4
��   T8  )RMSE(  P�!� �� �

 T8  ��T��  )  �#1�MARE  �(   T8  \�
���  P�!� ��

)MBE M�
g & �(P��#� )2R () GH
- K��^12(.    

  

���7 3: �� ���
��
 �!�� "����$ ��
������ � ����
 ���� ����� ���
! "�!�� !�aT� "#��  ��#  

 �� � ]��   �� � 4?� "� 

 �
���� A � :c �2�- 4� �2,  ))(5.0exp( 2

b

xx
ayy o

o


 

 ]�� �
���� A 42  ��- &�  )1/()( cxbxay   

 �
���� A � :c �)O �Z��  )
2

sin( c
b

x
ayy o 


  

 ��2 4Z�� 4� -(%c  32 cxbxaxyy o  

 �
���� A 42 �(�z�N!�2  ))exp(1/(
b

xx
ay o

 

 7� ]�� �
���� A &� �N��� !?  ))(ln(0 xabsayy  

 L4��)  

  �
�&� � 6 �
H '� 7� 
6 (�?�� ��(��  � w#�
� j� ��

/&(Z �� )4( 4� .G2� �(O 4z����
�-� � /(�� 6 �"NZ 

Q�N"�4�H � ��
� 
6 7� U8 O  '�  (�?��  &  �6 �-  � 6

4�  �
�&�  �
H  &  ��  4�?&�  U? 8K��^  ���
W�� � 
� 

��U8 O 4� (6�  �6 �- � 6NDVI  �PVI3    &RVI   �����

T8
�f 4T����
H & �� (�?��  � �   �� .(%�16 �
�&� � 6

  U8 OSAVI   ����� � ��(%- & �� 4�?&� U? 8 (�?��  �

 �)O)  G2�  �T8  4T���� 6  2    &3Q6  .(4N6  P�%c  

U8 O�%"�  4T���  �����  �6 �-  � 6  U? 8  (�?��   �  ���

  /&(Z)  (%�16  4�?&�54#��  .(�(%� U8 O�6 �-  � 6 

  � 
�  P��#�  M�
g a 2�
�  4�?&�  U? 8 (�?��  
�  ��h-
i�

��G�N6�  � 4� (6� G�N6� Q� & P�
�  �6 �- U8 O P�
�

4�  4���  ��
�  M��
�SAVI    &PVI3P:A  �� ��(%-  �  � -
�

  �� & �W��PVI3   &SAVI  .(%�16   

  

  

���7 4: %�C ����� !
�&� !� "64�! ��#X(��)�') ��# �!
���  

 4��N� � )� ����
�  P:A�W�� �
�   � ��(%-  4��� 6  

 [ %c ~L�  599  591  771  

 4�
A  434  1283  0  

 ��� _��2  486  428  483  

��!#�� K���  398  827  644  

 �?  355  816  835  

��Z���8�c  444  1455  436  

 ��� ��&
�O �2  408  1011  538  

 P)H�
�O  611  1901  418  

 ��� O  238  1029  56  

 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

1.
1.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-1

1-
05

 ]
 

                            10 / 19

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.1.1.3
https://rangelandsrm.ir/article-1-630-fa.html


��� ���� 	
 ���
��
 �� ���� ��
�� ���	 ��� ����
 ���� ����� �	��"#��  ��#  ... / ��'(�   �
!�>'# �  

  
 

43 

 

���7 5: L4��) F	
�� ��� "Y'7 `�'Y���C�4 B�/) �� �# b4 	
 ������ "#��  ��# ��
�
)
 <!�Z  

 �
�&� �
H   �6 �- U8 O  4Z�� ���',  /(�  p-value (^�� \�
���  4�Z��  �(O   �(O ��("� P��#� M�
g  

4���  

NDVI 36/5  00/0  00/25  22/0  

RVI 19/6  00/0  03/26  23/0  

SAVI 69/7  00/0  00/29  25/0  

PVI3 08/3  00/0  90/15  14/0  

 � ��(%-  

NDVI 27/8  00/0  00/40  37/0  

RVI 79/7  00/0  03/39  36/0  

SAVI 42/7  00/0  90/24  21/0  

PVI3  83/6  00/0  20/42  40/0  

P:A �W�� � -
�  

NDVI 29/6  00/0  00/24  20/0  

RVI 58/7  00/0  40/26  23/0  

SAVI 87/6  00/0  30/21  17/0  

PVI3 24/7  00/0  40/28  25/0  

 �� 4�?&� U? 8 (�?��  

NDVI 31/8  00/0  50/36  33/0  

RVI 78/7  00/0  40/36  36/0  

SAVI 13/7  00/0  00/21  16/0  

PVI3 27/6  00/0  20/42  40/0  

  

��
��

  

    

��
��

  

    

  

 X>�2���� ����
 ���� ����� ���
! : � �#���� �� �����T �� "�!�� �!�� "#��  ��# "&C
 !�(� .��
�
)
 <!�Z

���� �4��&� �����) D��H ��]�� ��c)��� �4��&� ��! �� 	��!
�'# ���� ��d�� ���'5 !�(� � "#��  E��H ��#

"� ��6) 
! (���	 ��� ����
 ������ e)! ���� f� � _�&) .�#�<�H ��T#� ��6) g�����)�') ��#�  �4��&� � �!
��

�� ��6) ���� f� 9
�=
 e)! ���/K�� ����(� .B�
 ��� B�d ����
 ���� ����� ��T�'=
 �JZ�C ��)95   �Z!�

.B�
 ��� "T�� E�H �4��&� 9
�=
 

0.2 0.3 0.4 0.5 0.6

-6
-4

-2
0

2
4

RVI

s
(R

V
I,
4
.7

8
)

0.2 0.3 0.4 0.5 0.6 0.7

-6
-4

-2
0

2
4

NDVI

s
(N

D
V

I,
5
)

-0.40 -0.35 -0.30 -0.25 -0.20

-4
-2

0
2

4

PVI3

s
(P

V
I3

,2
.6

)

0.2 0.3 0.4 0.5

-6
-4

-2
0

2
4

SAVI

s
(S

A
V

I,
6
.3

7
)

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

1.
1.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-1

1-
05

 ]
 

                            11 / 19

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.1.1.3
https://rangelandsrm.ir/article-1-630-fa.html


 �!�� +�WWW��WWW�16 �!�'� +1  +1401                                                                                                           
  

 

44 

 

�
��

��
T 

  

    

�
��

��
T 

  

    
 ��
�
X>� 2  

  

 �
hH

 "

J

5 
�

� 
��

  

    

 �
hH

 "

J

5 
�

� 
��

  

    

  

 X>�3 ���� ����� ���
! :�hH ����
���� �� XK � "
J5 �� ���� "�!�� �!�� "#��  ��# ��
�
)
 <�Z  

 

0.2 0.3 0.4 0.5 0.6

-3
-2

-1
0

1
2

3

RVI

s
(R

V
I,
7
.4

4
)

0.2 0.3 0.4 0.5 0.6 0.7

-3
-2

-1
0

1
2

3

NDVI

s
(N

D
V

I,
7
.7

4
)

-0.40 -0.35 -0.30 -0.25 -0.20

-3
-2

-1
0

1
2

PVI3

s
(P

V
I3

,5
.3

9
)

0.2 0.3 0.4 0.5

-3
-2

-1
0

1
2

SAVI

s
(S

A
V

I,
1
)

0.2 0.3 0.4 0.5 0.6

-2
-1

0
1

2

RVI

s
(R

V
I,
5
.3

5
)

0.2 0.3 0.4 0.5 0.6 0.7

-2
-1

0
1

2

NDVI

s
(N

D
V
I,
5
.6

8
)

-0.40 -0.35 -0.30 -0.25 -0.20

-2
-1

0
1

2

PVI3

s
(P

V
I3

,4
.8

8
)

0.2 0.3 0.4 0.5

-2
-1

0
1

2

SAVI

s
(S

A
V

I,
5
.7

3
)

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

1.
1.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-1

1-
05

 ]
 

                            12 / 19

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.1.1.3
https://rangelandsrm.ir/article-1-630-fa.html


��� ���� 	
 ���
��
 �� ���� ��
�� ���	 ��� ����
 ���� ����� �	��"#��  ��#  ... / ��'(�   �
!�>'# �  

  
 

45 

 

X
K

  

    

X
K

  

    
 ��
�
 X>�3  

  

4�M2 %�  = +���  ��b%�  ��
�  �6 �-  U8 O  P�
�

/(�U8 O  4T���  �4�?&�  U? 8  (�?��  �' 2  (�?��  &   6

4�  4�?&�  U? 8  *��  �"NZ  K��^� 6����N�  .(O  �2�
� 

�^ 9  '� /(� Q�N"�  �"NZ4�H � ��
� � 6
�x��  P��"�

�(O 4�K��^ ���
W�� �#��
� & � 
� ��(6� 4� \L�8� 

�� Y �:Z�� �)O �� �%�%�  �2 A ��Z& ����.  Q6P�%c  �� 

�%"�  ��R8����  ���("�  '� � 6
�x�� �(O P��"� *�� 

K& W���Z& �� 6 U8 O �8
� & ����  � 6 K��  ̂4� �6 �-

�%"� 4T��� ���
W�� �? 9 �� (���� 4�?&� U? 8 (�?��  � ����

4� 4�U8 O 
� 2  � � ���� K��^�, 
�i � �6 �- � 6   6

�%"�) /&(Z a 2�
� .G1�� ���6  & P��#� M�
g ��(�� & (

�%"�/(� ��
� ����� 4��� �' 2  U8 O '�  6SAVI   ��
� &

P:A �� ��(%-  & �W�� � -
�  U8 O '� ��PVI3    �� W�2�

U8 O '� �� W�2�  � 4� ��� � 
� j� �� .(O  & �6 �- � 6

 .���� ��Z& 4�?&� U? 8 (�?�� �&�,
� � )�� �T8 ���2
-�  

  

0.2 0.3 0.4 0.5 0.6

-2
-1

0
1

RVI

s
(R

V
I,
7
.4

8
)

0.2 0.3 0.4 0.5 0.6 0.7

-2
-1

0
1

NDVI

s
(N

D
V

I,
7
.7

3
)

-0.40 -0.35 -0.30 -0.25 -0.20

-2
.0

-1
.0

0
.0

1
.0

PVI3

s
(P

V
I3

,5
.6

5
)

0.2 0.3 0.4 0.5

-2
.0

-1
.0

0
.0

1
.0

SAVI

s
(S

A
V

I,
1
)

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

1.
1.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-1

1-
05

 ]
 

                            13 / 19

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.1.1.3
https://rangelandsrm.ir/article-1-630-fa.html


 �!�� +�WWW��WWW�16 �!�'� +1  +1401                                                                                                           
  

 

46 

 

    

    
 X>�4: %�C � XK ����
 ���� ����� D��H "T(T����� �� "64�! ��#  �4��&� "&C
 !�(� .���
�� <�Z �� "�!�� �!�� "#��  ��#

����  
! (���	 ��� ����
 ���� �����) D��H ��]�� ��c)��� �4��&� ��! �� 	��!
�'# ���� ��d�� ���'5 !�(� � "#��  E��H ��#

"� ��6))! ���� f� � _�&) .�#��� e<�H ��T#� ��6) g�����)�') ��# ����(� .B�
 ��� B�d ����
 ���� ����� �4��&� � �!
���

 ��T�'=
 �JZ�C ��T#� ��6) ���� f� 9
�=
 e)! ���/K��95  .B�
 ��� "T�� E�H �4��&� 9
�=
 �Z!�  

  

���7 6: ��)4L F	
�� ���  Y'7" 'Y��`4��C� �� ���� ���
�� <!�Z �� "�!�� �!�� "#��  ��#  

 �
�&� �
H    NDVI RVI SAVI PVI3  

4���  
 /(� ���', 4Z��  1  1  94/5  1  

p-value 78/0  72/0  05/0  71/0  

 � ��(%-  
 /(� ���', 4Z��  84/4  1  1  05/4  

p-value 09/0  81/0  89/0  00/0  

P:A �W�� � -
�  
 /(� ���', 4Z��  1  1  14/4  90/5  

p-value 90/0  82/0  21/0  03/0  

 �� (�?��  
 /(� ���', 4Z��  1  63/3  1  93/4  

p-value  71/0  26/0  75/0  00/0  

  

  

0.2 0.4 0.6

-5
0

0
5
0

گن��دميان

NDVI

s
(N

D
V

I,
1
)

0.2 0.4 0.6

-5
0

0
5
0

گن��دميان

RVI

s
(R

V
I,

3
.1

8
)

0.2 0.4

-5
0

0
5
0

گن��دميان

SAVI

s
(S

A
V

I,
1
)

-0.40 -0.30 -0.20

-5
0

0
5
0

گن��دميان

PVI3

s
(P

V
I3

,4
.3

4
)

0.2 0.4 0.6

-2
0

0
2
0

بوته

NDVI

s
(N

D
V

I,
1
)

0.2 0.4 0.6

-2
0

0
2
0

بوته

RVI

s
(R

V
I,

1
)

0.2 0.4

-2
0

0
2
0

بوته

SAVI

s
(S

A
V

I,
1
)

-0.40 -0.30 -0.20

-2
0

0
2
0

بوته

PVI3

s
(P

V
I3

,1
)

0.2 0.4 0.6

-6
0

-2
0

2
0

 کل

NDVI

s
(N

D
V

I,
1
)

0.2 0.4 0.6

-6
0

-2
0

2
0

 کل

RVI

s
(R

V
I,

1
)

0.2 0.4

-6
0

-2
0

2
0

 کل

SAVI

s
(S

A
V

I,
1
)

-0.40 -0.30 -0.20

-6
0

-2
0

2
0

 کل

PVI3

s
(P

V
I3

,5
.6

2
)

0.2 0.4 0.6

-2
0

0

 په�ن برگ��ان

NDVI

s
(N

D
V

I,
1
)

0.2 0.4 0.6

-2
0

0

 په�ن برگ��ان

RVI

s
(R

V
I,

1
)

0.2 0.4

-2
0

0

 په�ن برگ��ان

SAVI

s
(S

A
V

I,
1
)

-0.40 -0.30 -0.20

-2
0

0

 په�ن برگ��ان

PVI3

s
(P

V
I3

,1
)

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

1.
1.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-1

1-
05

 ]
 

                            14 / 19

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.1.1.3
https://rangelandsrm.ir/article-1-630-fa.html


��� ���� 	
 ���
��
 �� ���� ��
�� ���	 ��� ����
 ���� ����� �	��"#��  ��#  ... / ��'(�   �
!�>'# �  

  
 

47 

 

����  ��
�  / �
�  ��
�  �����  P��  �� '�  (�?��  � 6

  Q��� !? P�� ����2
-� 4T��� & (O �� W�2� Q��� !?ANPP  

/(� j� �� .(O ��
Y
� �6 �- U8 O &  4� ��� � 
� �' 2

 4� �T8
�f ���2
-�  G�^ I��*H� k� � �:Z�� �� Y ��$

  ��&,
�ANPP  U8 O '� �� W�2�  �  G2� �(O �6 �- � 6

  /&(Z)7  ��(��  / e�  ��
�  .(2R  4���  ��
�  '�   624/0    4�

74/0   (�?�� ��
� P��#� M�
g ��*�� .G2� 4�H � I��*H�

I��  ���
H  '�  
��
H  � ��  '�  &  G2�  �
�&�  � 6  � 6

P:A  �
�&�Q�  �W��  � -
�  ��  P��#�  M�
g  ��(��  P�
�

.(����  
  

 ���77: ���%�C � XK ����
 ���� ����� �!�i�� ��#���� 	
 ���
��
 �� "64�! ��#"TY� "#��  ��#  "Y'7 ��� ���	i !� !
�

`�'Y� ��C�4 

  /(� 4T��� ]�� 
  M�
g

 P��#� 
p-

value 
RMSE MBE MARE 

3
SAVI*9068.1763

2
SAVI*6917.1693SAVI*1210.5282470.15Yshrubs    �T8 
�f 74/0  05/0  97/297  61/22  10/1  

SAVI042.5381.0Yshrubs   �T8 24/0  17/0  75/314  89/136  53/1  

)6326.2
1975.0

3PVI*238.6
sin(*6749.05328.2Ygrasses    �T8 
�f 75/0  05/0  28/374  40/79  39/0  

3PVI908.0030.3Ygrasses   �T8 01/0  76/0  16/642  43/269  30/1  

)3PVI*7603.2(1

)3PVI*6448.7(7298.2
Yforbs




   �T8 
�f 56/0  05/0  62/131  49/19  24/0  

3PVI738.1166.2Yforbs   �T8 25/0  16/0  27/189  71/39  35/0  

))
0116.0

3005.3PVI
(*5exp(*2856.23159.3Y 2

total


   �T8 
�f 80/0  03/0  38/504  40/70  22/0  

3PVI452.0273.3Ytotal   �T8 00/0  80/0  98/850  81/249  65/0  

Y�
H ��
� P��' ST2 4�?&� U? 8 (�?�� ��(�� � N6  � �2 A 
�x�� :) 4���  �
�&� � 6shrubs) � N�(%- �(grassses P:A �() �W�� � -
�forbs) �� & (total   .(SAVI    &PVI3 :

 U8 O .��&� '� I	%2 �6 �- � 6  

  

�S��) � j(� ���   

 �  4Z��  4)%�� 4�  �2
�2�  4�   
e��  �$ %�   �� �16��  

4� �L#2 (%� � ��X�  �)�*�H   &  ���%��  ���O�  �G2�   I	%2 

'�  ���  �&�  M�f�   :%�  ���  �����  I+�� 6  �-�*�  '�  ST2  

 V&� �� .G2� P��'/(� �&� '� I	%2 � 6�� 6 4� ��
� 

P�N+�  ��*�� _���� 4z��� �(O(��  ��N� 
� 4#2 �� 

U8 O�6 �- � 6 (�����2� 4�  � �� W�2� '� P��  U8 O 6 

&  � J
H 7� ]�� �� � ��T8    � �N��� !?�� N� � 6
���� A 

�� � 4#2 �� & ��*�� _���� P�N+� ��' �� ����� �� .��O


g 9 � b��� \L8 
� U8 O �6 �- IO�ANDVI � 4�  ��

4%��' K "? T� IO�A �6 �- � 6�
�� � ����  ���&�
H & 

I��*H� 
�� �� �, 
!� �� ��Z& IO�A I��  �6 �-
� �� 

4�T%� )  G2�24Q�N"�  �"NZ  /(�  ��  �(�H � �2�
�  &  4

 U8 O 4T��� � ����  & �6 �- � 6ANPP  �%"� 4T��� ����

��  4�01�  P��  .��(�  � 
�  ��4�  (����  �6 �-  IO�A  ��?�

 �� .(O � 4�T%� w2��� j�  K ����� �8
� � 
� ���G2� � 

4�   P��U8 O  4����%� �)� '� P�
��
�� �
A U8 O� 6 

IO�A �6 �-   ����$ %� 4�  ����� IO�A ��#���
� 

)IO�A  4�  ��$ %� �6 �- I�� '� 60 (^�� (O �  &

 o�$ U�+
�� 6 | 8 � )�� 
�hA (6��+�   (����(%�16 

�� 4z��� �
�:� �2 A) (%�15) 7%�#? & |��� .(2001  �� (

U8 O &  �
�  ST2 U8 O 4T���  �2�
�  &  �6 �-  � 6

)  ��� )N6  &  /�
A2017  &  �6 �-  _����H  �2�
�  ��  (

U8 O  G2(� �� ����� P��  � 4� 
� �	� �� �6 �- � 6

(%�H ���  &  ���&,  4�   �� ����  I�A�%��  U8 O  
� 2  � 6

 �6 �-  I�� 
�  '�  NDVI  ��  �-@�&  ��&,
�� 6  IO�A  

 �6 �- G2�.   

U8 O� 6 w8 | 8 �� W�2� �(O �� P��  �����

)SAVI    &PVI3�� ( 41� �� U8 O  �� 6 RVI & NDVI 

�!�1#N6 ��I�
� '�  4�?&�  U? 8  (�?��  4%��'  �� ��8 

� 
� U8 O  �
�'  .(����  (%�16  M�O  � %#�  
�  4�  � 6

4�K(O G��  
�i � �x��
� 6 �� %O&� �� 4%��' ; � IO�A 

 �6 �- ��
Y ����(    & �� 2 %O � �� IO�A �6 �- ���
��x� & 

4�  4�M#2 | 8 
� �&�   �,   6/ N�� ����
-  P�� w2�� �

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

1.
1.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-1

1-
05

 ]
 

                            15 / 19

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.1.1.3
https://rangelandsrm.ir/article-1-630-fa.html


 �!�� +�WWW��WWW�16 �!�'� +1  +1401                                                                                                           
  

 

48 

 

U8 O 6 �)
�   4� 4"? T� ���� 4�T%� �� &� P�� '� .G2�

4� �G2� � �' �!%2 �-�' �&
�  �  ��
N6  �&
� 
�i �  ��?�

�-�'U8 O ���� = �' � 
� �!%2 � 6  4� �� Y M�O � 6

���#� �6 �- IO�A �� 2 %OU8 O 4� �? 9 �� .(��  �� 6

  (%� �PVI  & U8 O ��("� �(O | 8  )SAVI4�  ( �� 

4�9 � �&� � *�
Y �z
� & *�
Y ��Z& (�����  �G� 
�i � 

K �^�R8 | 8 ��
Y  �N�(�
�-   )28   � 
� x� 4	��� P�� .(

) ��� )N6 & �
�� j� ��2016U8 O 4� G2� (� 6 w8 

�� �� | 8 41� �� U8 O  �� 6 SR   & NDVI   ��&,
� ��

U8 O ST2 �
� �, .(��
� �� �'��  (�W�  (��
� � ��   6

�?� 4��� �� 4�01� P�� �����  �� Q��
� w2��� ����� 6 

4�  ��8��  ��
N6 IO�A �W�� 7
8 o� �(O  �!%Z & 

��h-
i�  ���#� = �' � �| 8 ST2 �	�1Z �
�. 

�
H �j� ��  a 2�  
� G:Z'�  Q6 o��+� �
�&�  � 6

U8 O  � �!�1#N6 ��*��  �6 �- U8 O Q6 & �6 �- � 6

  (�?��  ��&,
�  ��b%�  4�  M2 %��,  K& W��  
!�()�   �   6

�
H  P��  K& W�  ��?�  4�  X N�9�  4�01�  P��  .(%�16  � 6

��(�� G:Z '� o��+� �
�&� �=, � N�8 2 ��(�� �/��2 

���H&
�� � N�8 2 � �- & �-@�&� 6  7�r�?�H��� (%� � 

]�� ; � ��6 �- IO�A �
� �)O & *�� ]�%� �� G�? "H  � 6

��1�' 4� 
	%� G� :� �� 4� G2�    = �' � ��(�� �� K& W�

�� �6 �- IO�A '�) ��O19 (�?�� 4� ��� � 
�  � j� �� .(

 4��� 4�?&� U? 8�%"� �!�1#N6  6 U8 O  � ����SAVI  

�%"�  .������� �(O   U8 OSAVI   � M�
g P��#� X � 

G� )9 '� �, ���� 4� | 8 4%��' Q:2 ��X � = �' �  �� 

G#i �(O ����.  '� 4� �� 	�, &� (� � 3 & 4 �� P�� U8 O 

 ���9 ����� 7�
6 P��
� %� '� P�� 4�)   6(� ���?� a )"�� 

IO�A �6 �- ��&(��  �� �&� � *�
Y  7��*� & =hZ 

4��(!��� 6  ^�R8  �6 �- ��H&
�� �� ��&(�� �W�$ 

(*�
Y G��� Y IO�A P�N+� �6 �-  �� .(���� P��  4�01�  �� 

������ P�� 4��- 4�Z�� �
� 4� � �' ����
�
��R� �� T� 

� � ���
8  � ���� & 4Z��  � 4� �� �16�� ����  4�T%�   ����

�4"? T� 4��� 6 4���$ �� � (O� ��
)� & | 8 IO�A ����� 

��� � �N�(O �.  '� P�� &� U8 O� 6 �&
- | 8  w8 

= �' � | 8 4%��' �� I6 � ���� & �� ���� ���8 ��&,
� �� 


�� �� Q� IO�A 4��� �6 �- 4�O�� ��) (��28(.  Q6 P�%c

 U8 O 4� ��� � 
� j� ��PVI3  �%"� 4T���  (�?��  � ����

 &  4%��'  j� ��   �  
� x�  4�  ����  � ��(%-  4�?&�  U? 8

)  ��� )N62013 �,  .G2�  ( P��  '�  4�  (����  � 
�   6

U8 O  U8 O �2�
� ���� �6 �- � 6DVI  I��  & P�
�

  U8 OPVI  Q�  M�
g P�
��%"� �!�1#N6 (�?��  � �� ���

P:A (�?�� .���� � ��(%-  U8 O  � �W�� � -
�PVI3   4T���

�%"�P�� A  �,  P��#�  M�
g   ��  ����  ����  
� 2  '�  
�

�
H)  ��� )N6  &  4%��'  .G2�  �
�&�  � 62013  ��  *��  (

P:A � 6 �- (�?��  4� (���� � 
� ��8 �����  �W�� �
�

4�  7�  ��6   �  ���1�  ��$U8 O  '�  ����  �6 �-  � 6

�%"� �!�1#N6 �2�
� �, .G2� 4�O�(� ���  (��
� � ��  6

  (O� �RH ��(��� �� � 6 �- '� �&
- P�� (�?�� X N�9� 4�

 �, �*�%2��H G�? "H & ���� P�� A�'�(�� 4�  6  G2� ���#� ��

  �� �
Y 4"? T� �� 4� �? 9 �� .(%� G#i (����� �(%	%2 4�

)  ��� )N6  &2017��*��  ( M�
g �!�1#N6  P�� (�?�� 

P:A�W��  � -
� & U8 O � 6 �6 �- ��  �  41� �� 

�)O� 6 I�� 
!�� �
�&�
� ���� G2�. �,  (��
� � ��  6

P:A IO�A 4�� �' �� �W�� �
�  ����
�
��R� *#2 ���� 

& '� 
b� �'�(�� & 4�&�' P�H
- ��
Y �
� 6 �&� 4Y 2  *�� 4� 

'� �-@�&� 6 P:AG2�  � -
� �� 41� ��  � � ��(%- & 

 4��� 6 4� ��H�(�
� & �, �'�(�� 6 *��  ��*�
� 4� 
b� ���(2� 

4�P�N6 ��?� P�� �
�&�  �)O 4�1���� G2� = �' � 

I���
� �� 41� ��  � �&
-
!�� � 6 4�O�� (O � & w��&� 

�%"��
����  �  U8 O  � 6 4#2 �� �(O '� 
�& R� 

����6 ��� � 
�   .(%6�  

  ��&,
�  4�  ���  � 
�  
g 9  �����   j� ��ANPP     �

U8 O '� �� W�2��
H '� 
�:� �� ST2 �� �6 �- � 6  � 6

) ��� )N6 & 4%��' j� ��   �  
� x� 4� G2�  �
�&�2013 (

�, .G2�  P��#� M�
g ���� X � 4� 4Z��  � 4� (��
� � ��  6

�  ��  4�?&�  U? 8  (�?���
H  4�  G#1  
b�  4�  �
�&�  � 6

��I�� G�"TY �(� 4� (2�  �� (�?�� P�N+� ��
� �
�

��  4�  �����  ��Z&4�  (�����'�(��  � T8  G��  (�?��  �
�-

 4���4���  (�?��  �
�'  �(O �  (O�  �RH  ]&
O  ��   6  ��   6

  & G2� |(�� � ��(%- 
�b� 
!�� � 6 �- (�?��  � 41� ��

Q�  *��  
R�+�  ��(��  P�N6 ��
Y  �(%	%2  J
"�  ��  
�

��) ��� )N6 & �� �� � N�2 ����� .�
�-2018  ��� � 
� (

U8 O  &  ��  �6 �-  IO�A  (^��  P��  4�  �6 �-  � 6

 �
H  4�  G#1�Q�  �!�1#N6  �
�&�  � 6 .����  ��Z&  �
�

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

1.
1.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-1

1-
05

 ]
 

                            16 / 19

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.1.1.3
https://rangelandsrm.ir/article-1-630-fa.html


��� ���� 	
 ���
��
 �� ���� ��
�� ���	 ��� ����
 ���� ����� �	��"#��  ��#  ... / ��'(�   �
!�>'# �  

  
 

49 

 

�,  
b�  a 2�
����  4�  �� �'   6  4�  o��+�  �6 �-  � 6

�� �2�
�  	)� K��^
H ]�%� ��?� 4� (��O  & �
�&� �

4��-  ]����  �W�$  \L�8�  k� �  4�  �6 �-  � 6  ���
-

U8 O �!�1#N6�� I6 � �� IO�A  (^�� &  6  .(� �

 4�?&� U? 8 (�?�� ��&,
� M2 %� U8 O 
g 9 ����� ��

P:A  � � �� & G2� ���� �� 4� 
� � ��(%- & �W�� � -
�

) ��� )N6 & �� �
Y2017U8 O *�� (  ��&,
� M2 %� � 6

��  P:A 4� 
�G�� .G2� ���� �W�� � -
� P�� 
�� ��(���� 

IO�A ���
� (O � 4"? T� ���� 4�T%� 4� } �(N� �(�O�A 

'�  4��-� 6 P:A & � ��(%-4� G2� �W�� � -
� 4��-��  4�

P:A �� ��(%-4��� & �W�� � -
�4�  6  M��
�50/44  �39/38  

 &09/17 �� �� O �� �6 �- IO�A '� (^����O .(  

 ��� )N6  &  �� �
Y   �  
g 9  �����  j� ��  41� ��

)2017  '� �� W�2�  �  6��&,
� & � 	�� 4�T%� P�N6 �� 4� (

��  � 
�  G2�  4�H
-  K��^  �T8  ���2
-�  4�  (6�

  4�T%�  ��   6��&,
�  G�^ I��*H�  4�  �T8
�f  ���2
-�

 (�?��  P��  P��#�  M�
g  .G2�  ��
�  7N�  4"? T�  ����

  4�?&�  U? 8 4���P:A  �� ��(%-  � 6  ��  ��  &  �W��  � -
�

  M��
� 4� 
g 9 �����74/0  �75/0  �56/0    &80/0    �� &

) ��� )N6 & �� �
Y �����2017   (14/0  �23/0  �29/0    &

14/0  ) ��� )N6 & ��? .G2�20064� (  _���� �&�,
� ��b%�

U8 O '� �� W�2�  � �6 �- �6 �- � 6RVI �SAVI  �DVI   

  &NDVI  /(� '� �� W�2� �T8
�f & �T8 ����2
-� � 6

�,  j� ��  .(��
�4�  4�  ���  � 
�   6��$  ����  /(�� 6  

�T8
�f  
�:�  '�  /(� � 6  �T8  �N�  �� �(%%�  
-�  4c  4N6  

 �,  6  ��(%����  ��(��   a ����  ��   �  '� �� W�2�  U8 O  � 6

 �6 �-    �   �?�#Y  �� Y  G�^  I�A�%��  (%%� .  Q6  P�%c

������  4	����-��N� �
 �� 
b� P�H
- � 6
�x�� � ���� 

U8 O  4"? T�  P��  ��  4�  �%��#��(%�16  �6 �-  � 6 

 o�^��  S��^�
� U8 O  d #���  '�  &   6ANPP   4z��� 

��4� .(6�Q�N"� /(� �� 4� ���$4� �"N	� 4�H �  K��^

 4N6 ����
W��  U8 O 4T��� ����� �2�
� ���� �6 �- � 6

�%"�   �  ����ANPP   � ����  G? 9  ��  4�  �? 9  ��  (����

U8 O �8
��%"� 4T���  6 .(���(� � 
� �� ����  

4�  ��� ��$I6&@A �
g 9 G��� Y 
��R� (%	%2 OLI 

4�
� ��b%���&, �� (�� � �� 4�?&� U? 8 (�?��(%� . � 4Z�� 

j� �� 4� 4� G2� �(�, P�� '� ������  
��R� OLI �� W�2� & 

'� /(�� 6 ����2
-� (%�1���� �T8
�f 4�  ��(�� �#2 %� 

ANPP   �� I6&@A  4�T%�  �� ��&,
� (%%� .'� P��&� �� 

K��^ j� ��  M1� 4� 
� �� 
!�� �$ %� ������� � )�� 

j� �� Q�N"� 4%��' & ��&,
� P�� U8 O �)�r�?��� Q:�    �

\
^ � �' & q%�*6 Q�
� Q6�
H (6��8 (O.  Q6'� P�%c P�� 

�� ��*������ G:Z P��s� K �L$� '� ��*�� (�?�� 4H��� & 

�� G�H
t  P��"�  4	��� & ��*�� ��� �� P�� ��� � & 

Q6P�%c  ��*�� ���
� M�
+� �� W�2�  .�
�  

 �>6� � �4�&�  

P��  �����  �? � G� N9  �  I6&@A G�& "�  ��& %H &  

  �������  ����  � !
���P�(�  .G2�  �(O  � 	�� 4��2��

� -(%1��� '� G� N9 P�� �� ���*!2 `2 G�& "�(%%� .  

  

  
References 
1. Abdolalizadeh, Z., A. Ghorbani, R. Mostafazadeh & M. Moameri, 2020. Rangeland canopy cover estimation 

using Landsat OLI data and vegetation indices in Sabalan rangelands, Iran. Arabian Journal of Geosciences, 

13: 245.  
2. Alavi, S.J., Z. Nouri & Gh. Zahedi Amiri, 2017. The response curve of beech tree (Fagus orientalis Lipsky.) 

in relation to environmental variables using generalized additive model. Wood and Forest Science and 
Technology, 24 (1): 29-42. (In Persian) 

3. Aliabadi, K. & A. Entezari., 2013. Estimation of physical parameter (biomass) of vegetation using remote 

sensing data. Iranian Journal of Arid Regions Geographic Studies, 15(4): 23-33. (In Persian) 
4. An, N., K.P. Price & J.M. Blair, 2013. Estimating above-ground net primary productivity of the tallgrass 

prairie ecosystem of the Central Great Plains using AVHRR NDVI. International Journal of Remote 
Sensing, 34(11): 3717-3735. 

5. Arzani, H. & M. Abedi., 2015. Rangeland evaluation: Vegetation Measurement, Tehran University Press, 

305 p. (In Persian) 
6. Borge, N.H. & E. Leblanc., 2001. Comparing prediction power and stability of broadband and hyper spectral 

vegetation indices for estimation of green leaf area index and canopy chlorophyll density. Journal  Remote 

Sensing of Environment, 76: 156-172. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

1.
1.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-1

1-
05

 ]
 

                            17 / 19

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.1.1.3
https://rangelandsrm.ir/article-1-630-fa.html


 �!�� +�WWW��WWW�16 �!�'� +1  +1401                                                                                                           
  

 

50 

 

7. Dadjou, F., A Ghorbani, M. Moameri & M. Bidarlord, 2018. Effects of temperature and rainfall on the 

aboveground net primary production of Hir and Neur rangelands in Ardabil province. Iranian journal of 

Range and Desert Research, 25(3): 577-593.  
8. Deka, J., J.Y. Yumnam, P. Mahanta & O.P. Tripathi, 2015. Improvement in estimation of above ground 

biomass of Albizia lebbeck using fraction reflectance of landsat TM data. Journal Plant and Environment, 
1(1): 99-105. 

9. Eisfelder, C., C. Kuenzer & S. Dech, 2012. Derivation of biomass information for semi-arid areas using 
remote sensing data. International Journal of Remote Sensing, 33(9): 2937–2984. 

10. Eisfelder, C., C. Kuenzer, S. Dech & M.F. Buchroithner, 2013. Comparison of two remote sensing-based 

models for regional net primary productivity estimation-A case study in semi-arid central Kazakhstan. J. 
IEEE Journal on Selected Topics in Earth Observation and Remote Sensing, 6(4): 1843-1856. 

11. Eisfelder, C., I. Klein, M. Niklaus & C. Kuenzer, 2014. Net primary productivity in Kazakhstan, its spatio-

temporal patterns and relation to meteorological variables. Journal of Arid Environment, 103: 17-30. 
12. Elshorbagy A., G. Corzo, S. Srinivasulu & D. Solomatine, 2009. Experimental investigation of the predictive 

capabilities of soft computing techniques in hydrology. Centre for Advanced Numerical Simulation 
(CANSIM). Department of Civil & Geological Engineering, University of Saskatchewan, Saskatoon, SK, 
CANADA. 

13. Freeman, K., K. Girma, D. Arnall, R. Mullen, K. Martin, R. Teal & W. Raun, 2007. Byplant prediction of 
corn forage biomass and nitrogen uptake at various growth stages using remote sensing and plant height. 
Agronomy Journal, 99: 530−536. 

14. George, M.R., W.A. Williams, N.K. Mcdougald, W.J. Clawson & A.H. Murphy  RPHY, 1989. Predicting 
peak standing crop on annual range using weather variables. Journal of Range Management, 42(6): 508-513. 

15. Ghaemi, M., H. Sanaei Nejad, A. Astaraie & P. Mirhoseini, 2010. Investigation and comparison of different 
vegetation indices using satellite imagery ETM for vegetation studies in Neyshabur Plain, Razavi Khorasan. 
Iranian Journal of Field Crops Research, 8(1): 127-137. (In Persian) 

16. Ghorbani, A., A. Pournemati & M. Panahandeh, 2017. Estimating and mapping Sabalan rangelands 
aboveground phytomass using Landsat-8 images. Iranian Journal of Range and Desert Research, 24(1): 165-
180. (In Persian) 

17. Ghorbani, A., F. Dadjoo, M. Moameri, M. Bidar Lord & K. Hashemi Majd, 2018. Investigating the 

relationships between net primary production with physiographic factors in Hir and Neur rangelands in 

Ardabil province. Journal of Rangeland, 12(1): 73-88. (In Persian) 

18. 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: 649-57. 

19. Hadian, F., R. Jaffari, H. Bashari & S. Soltani, 2012. Evaluation of diferent groups of vegetation idices in the 

study of rangelands aggregation. Journal of Rangeland, 5: 420-425. (In Persian) 

20. Kumar, L., P. Sinha, S. Taylor & A.F. Alqurashi, 2015. Review of the use of remote sensing for biomass 

estimation to support renewable energy generation. Journal of Applied Remote Sensing, 9(1): 097696. 

21. Liu, W., W. Gao, Z. Gao & X. Wang, 2006. Correlation analysis between the biomass of oasis ecosystem 

and the vegetation index at Fukang. In Remote Sensing and Modeling of Ecosystems for Sustainability III, 

6298:  62982. 

22. Ma, W.H., J.Y. Fang, Y.H. Yang & A. Mohammat, 2010. Biomass carbon stocks and their changes in 

northern China's grasslands during 1982-2006. Journal of Science China Life Sciences, 53(7): 841-850. 

23. Masemola, C., M. Cho & A. Ramoelo, 2016. Comparison of Landsat 8 OLI and Landsat 7 ETM + for 
estimating Grassland LAI using model inversion and spectral indices: case study of Mpumalanga, South 
Africa. International Journal of Remote Sensing, 37(18): 4401-4419. 

24. Miri, N.A., A. Darvishsefat, N. Zargham & Z. Shakeri, 2016. Estimation of leaf area index in Zagros forests 
using Landsat 8 data. Iranian Journal of Forest, 9(1): 29-42. (In Persian) 

25. 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. 

26. Rayegani, B., Gh. Zehtabian, H. Azarnivand, S.K. alavipanah & S.J.  Khajeddin, 2015. LADA method 
Performance evaluation on soil degradation assessment in the East of Esfahan. Journal of Range and 
Watershed Management, 68(1): 109-129. (In Persian) 

27. Salman bayati, T., Z. Hoseini Rashtian & A. Alirezaee, 2018. Comparison of accuracy of different sampling 
methods for vegetation cover percentage in remote sensing studies (case study: Abas Abad rangelands of 
Hamadan). Journal of Rangeland, 12(2): 169-179. (In Persian) 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

1.
1.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-1

1-
05

 ]
 

                            18 / 19

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.1.1.3
https://rangelandsrm.ir/article-1-630-fa.html


��� ���� 	
 ���
��
 �� ���� ��
�� ���	 ��� ����
 ���� ����� �	��"#��  ��#  ... / ��'(�   �
!�>'# �  

  
 

51 

 

28. Sanaei Nejad, H., A. Astaraie, P. Mirhoseini & A. Keshavarzi, 2009. Using Satellite Images for Vegetation 

Studies (Comparison of Different Vegetation Indices -Case Study of Neishabour Area). Fifth National 
Congress on Agricultural Machinery engineering and Mechanization, Mashhad. (In Persian) 

29. Sharifi, J., A. Ghorbani, M. Fayaz & P. Ashory. 2016. Vegetation types and plant life forms in alpine 

rangelands Sabalan in Ardabil. Iranian Journal Natural Ecosystems of Iran, 7(2): 65-75. (In Persian) 
30. Solaimani, K., F. Shokrian, R, Tamartash & M. Banihashemi, 2015. Determination of vegetative forms using 

LISSIII data in Nojmeh rangeland. Journal of Range and Desert Research, 22(3): 455-465. (In Persian) 

31. Xu, B., X. Yang, W. Tao, Z. Qin, H. Liu, J. Miao & Y. Bi, 2008. MODIS-based remote sensing monitoring 
of grass production in China. International Journal of Remote Senseing, 29(17): 5313−5327. 

32. Xue, J. & B. Su., 2017. Significant Remote Sensing Vegetation Indices: A Review of Developments and 
Applications. Sensors, 10: 1-17. 

33. Zarineh, E., M. Naderi Khorasgani & E. Asadi Borujeni, 2013. Estimating the rangeland vegetation cover of 

Tange Sayyad Region (Chaharmahal-oBakhtiary Province) using IRS LISS-III data. Journal of 

Environmental Studies, 38(1): 117-130. (In Persian) 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

1.
1.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-1

1-
05

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            19 / 19

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.1.1.3
https://rangelandsrm.ir/article-1-630-fa.html
http://www.tcpdf.org

