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Abstract Article Info 

Background and objectives: Primary Net Production (NPP) is a crucial 

component of the carbon cycle, key to carbon storage and evaluating ecosystem 
functions. Rainfall and temperature are essential elements in studying climatic 

stability in any region. Understanding temporal and spatial changes in NPP and its 

interaction with various climatic factors over the past decades has been central to 

global change studies. Advances in remote sensing data offer a cost-effective and 

accurate method to estimate NPP at landscape and regional scales 

Methodology: This study examined the trend of spatiotemporal changes in NPP 
under the influence of climatic factors (temperature and precipitation) from 2006 to 

2020 in Alborz province. NPP maps were extracted from the MOD17A3HGF 

product of MODIS, with annual and spatial resolutions of 500 meters. The Land 
Use/Land Cover (LULC) map for Alborz province was generated based on data 

from the Natural Resources and Watershed Management Organization of Iran, 

comprising nine categories: residential lands, water bodies, irrigated agricultural 
lands, rainfed agricultural lands, garden lands, good, medium, and poor rangelands, 

and lands without vegetation. The trend of NPP changes and its correlation with 

temperature and rainfall were investigated using the Mann-Kendall test and linear 

regression in TerrSet software's Earth Trends Modeler. Residential areas and water 

bodies were masked and excluded from correlation analysis. Finally, the average 

correlation coefficients of NPP with temperature and rainfall were classified. 

Results: The results indicated that rainfall decreased in 2008 and 2014, reducing 

NPP in various LULC types. Conversely, precipitation increased from 2017 to 

2020, leading to a rise in NPP in these LULC types. The temperature changes across 

different LULC types were not significant, resulting in a weak correlation between 
NPP and temperature. The highest NPP values were observed in irrigated 

agricultural lands, and the lowest in bare lands. NPP changes in most areas of 

Alborz province showed no trend; however, an increasing trend was noted in the 

northern and southern parts, while a decreasing trend was observed in the central 

parts. The correlation of NPP changes over time revealed a stronger positive 

correlation in the northern parts compared to the central and southern parts. The 

northern regions, especially the northwest, exhibited a higher intensity of NPP 
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change than the central and southern regions. In contrast, the eastern and most 

southern areas showed less change. 

Conclusion: Over the past 15 years, NPP in the central and southern parts of Alborz 
province has been more affected by annual rainfall than in the northern areas, due 

to the climatic and environmental conditions of the Alborz mountain range, which 

experience fewer climatic stresses than the southern regions. In contrast, NPP 

changes due to temperature showed the opposite results. The northern parts of the 

province were more affected by temperature changes than the southern parts. The 

high correlation between NPP and precipitation and the low correlation with 

temperature in the southern parts are related to the arid and semi-arid climate of 
these areas. Overall, NPP in Alborz province is generally influenced by climatic 

factors of rainfall and temperature. Conservation and restoration efforts should 

prioritize temperature and precipitation fluctuations as significant climatic factors. 
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  ���� �
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|�\&d(    .� ��  g.&��  �  ��e��  O�R�A� �   �  �  ����GR���
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���� 0� "��Y�� � ���$G!   ��L 
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  ."�� 0~� � �  �"�A� O�Rx�� H.�2&��"  2�� :2�(�0  ���W 
  

�'  ��$�J%
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���� �
"%�  )14 � 25 ( .  

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
03

.1
8.

2.
2.

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

24
-1

2-
04

 ]
 

                             5 / 18

https://dorl.net/dor/20.1001.1.20080891.1403.18.2.2.0
http://rangelandsrm.ir/article-1-1125-fa.html


 8��� &NOOO��OOO+18 8��)� &2 &1403   

  
 

189 

 

���"��  H�J%�  0�  0W&�  ��  	<�������  ���!NPP     �

3�
�T.  �  Ox#��  �  ��.�  ^��  �  �&W&�  ��%

���"�� O����P� "��  
���� �  Z%�45  <��   �  	
��"�� ���!

NPP  0A2B� 0� �Q X��� � �  ���.�  � K �� � ��� 
J�GL� ��%

  �� ���A�.� �� ���2������%  �Z[�. ����    �"�[�.MODIS  

 � ��  �2006  ��2020  "U m�[��.  

  

E�� � ���+��  

 � PL+ �-��P+ ���+  

 ��2�  ���.�  �  H*�$�  ��41/5125   0�  ����  ���&G��

 'C&� ��&�R����� ���.� <���	    
���Y��PW ���"b�  �50  

  � 0W �10    �� 03�L�51    � 0W �30    � 
L�U >&� 03�L�

35    � 0W �28    �� 03�L�36    � 0W �30   
2�JU ��R 03�L�  

�  H.�  �"U �L��  ���� ���2�  O�R�A� �  j&�W  �  ) 1#U

1HU� .(�% � 0�GW	j&�W  � ���.� <�� ��% �� �� D�GL� 

'�( � �� K �� ��J� �� 200 �
G����  � >�. H.�.    � jQ

  K �� <������ � >"��� ���2� ���.� ��&%250  �
G�   � ���

  ����� O�R�A� �  � K �� � H.� >�. 0�O &\    y��H.� .

  1���� � ���$�� �(���  � 03M�� <��  � K �� ���� �q��"*
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  r�( H��h� ��b2 0� 03M�� <�� ."%�

  
%��!  ZU&5  ��F�  D�  ���k  ��  
J�GL�  �  
Y��!&5&�
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%��!  0�&!

0� 200    0�  �"U  
��.��U  
G\�  ��%��!  ��   �&��(  ;�W

���� 
�k 
%��! ZU&5 �"�%�H.� )22.(  

  

  
 '9�1 �-��P+ ���+ 8���Q+ #�C���? B-R�+ :  

  

 �S��� ���� � #����H  

�� �� 0�3�
h� � ZU&5 � �  )LULC= Land Use 

Land Cover(  �����. g.&� �"U 0��� 0�3� �� ���2� ���.�  

�����   
����   �  � ���T�Q    1#U) "U 0���  	�����2.(    ��

  ^�.�  	0�3� <��9  1��U 03��  :
h� �  	
�&#$�  0��5  �Q
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 '9�2����� ��	
� �S��� ���� � #����H �T � :  

  

  �% "\ � � H*�$��� �� 0�3� �� 03�� ZU&5 � �  

h� �
    >�"W  �)1(  �"U �� �Q    .H.� >�"W <�� ^�.� �� 

) �����  0�  X&��� H*�$� <������66/85   � ��&�  ("\ �

) 
�Q 0��5 0� X&��� H*�$� <���J�55/0.H.� (  

  

U��? 1 �� �7 B"�2+ :����H# S��� ���� ��  ��  ��	
�

�����  

 (%) B"�2+  B"�2+(�	+�*H) #����H 
��

Y�  

97/14 16/767 � ����� �Q 
 1 

67/1 66/85 h� �
 k�� 
 2 

71/7 75/394 
! ZU&5 ��"��%�  


 �� ��J� ZU&5)10  ("\ � 
3 

78/0 17/40 � ����� �� D 4 

41/15 06/790  ���� j&(  5 

32 /38 22/1964  ���� g.&�� 6 

51/16 71/845  ���� ��3Y 7 

08/4 24/209 h� �
 �&#$� 
 8 

55 /0 44/28  �Q 0��5 
 9 

100 41/5125  �JW 10  

  

N)?$�� #  8�����  

���� ) ���� ����NPP (  

NPP  G\� ��W� ��  
0(�C    <���  ���� D�$�.&��  �

H.�   ����  �  �"�%�����  ��H$ZU&5  ��&�  !�%�
     �

  �M.� ���  ���<   H�.�  )28 0��� ���� Z%�45 <��  � .(

 0�3�  ��%NPP  >&db�  ��  	MOD17A3HGF    �"�[�.

MODIS   '�#A�  O "L  �� ��  >&db�  <��  ."U  ���A�.�

  
��#�500  ) H.� 0�e�. O &\ 0� � ���17  "*�� .(NPP  

) >�.  � ���� ���  � m�! �h�* 02�3�  �1-y/2-g/m .H.� (  

8��� �)*R� #�� 

  )�3b�  <��   � ��  
J�GL�  O���.&�  "��  
. ��  ����

  O�Rx��11    0h&* y���� � 1(��  � '��5&��. ����$��

  >x(  � 0���2�. K �� � ��� O�Rx�� ."U ���A�.� 
���2�M�

>�.  ��%2006    ��2020  ����$��  ��  
.��U�&%  ��%

����$�� O�dT�� � H��L&� ."U +��T�.� '��5&��. ��%

 1#U  � _���� 0�)1(  >�"W � )2( .H.� �"U 0~� �  
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U��?  2 :� ��,\T+�8�]	2��# 
�L�����  

 S��    ����$�� m��   
���Y��PW ��R  >&�  
���Y��PW   (�� � �M. �� ���) p�A� �   ����$�� p&�  

1   ����C "59 '43 °35  "00 '10 °15  1215  '��5&��.  

2   
��J( m��� ��!���Y "00 '25'10 °35  "00 '10 °15  2/990  '��5&��.  

3   ����� '��Y&~]  "48 '44 °35  "12 '23 °15  6/1418   '��5&��.  

4   (���Q���) �����  "35 '41 °35  "33 '18 °15  8/1190   '��5&��.  

5  ����JU  �����  "56 47 °35  "70 29  °15  1/1549   '��5&��.  

6   �����% "24 '00 °63  "48 '44 °15  1613  '��5&��.  

7  +�� "35 '84 °35  "14 '57 °15  5/1312  '��5&��.  

8   0��� ���. "00 '13 °63  "00 '19 °15  2165  '��5&��.  

9   0�x� DG�� "00 '27 °63  "59 '28 °15  2/1629  '��5&��.  

10  ��%� <��&� "00 '46 °35  "00 '04 °15  1282  '��5&��.  

11  <��L "09 '19 °63  "21 '01 °15  2/1279  '��5&��.  

 ̂  Q� E�� 

  ����d�NPP    
���� ����  � � ���2� ���.�  �2020 -

2006    "��  
. �� ���� � "U 0���P���O��    >&�  � �Q

<�  �&��Q  ��  	�Q  ��  D�GL�  ��`a�  �  ����-  _��h  	>�"��

  <��  0�  ."U  ���A�.�  O����P�  _�U  �  �&.��5  
��$�J%

 &F��  ��  >"���  "��  ��.� <   ��  ETM  )Earth Trends 

Modeler (  �  �Y� m��TerrSet "U ���A�.� .  

 1+ ��+�$ - U��LH 

 �&��Q <�-  02���� ^�.� �� >�"��1  
� 0�.�b� :�&U  

) 02����1 (  

                                                                                                   

� � ∑ ∑ ������	� 
 	�����������  
  �Q  � 0�  ����3�ix    �jx   ����  	H.� 
2�&�� ��%n    >&�

  02���� _���� 0� �� H�xR ���� � H.� 
���� ��.2    1��L

.H.� 0�.�b�  

) 02����2 (  

�����	� 
 	�� �
⎩⎪
⎨
⎪⎧�1        �!�    �	� 
 	�� � 0 

0           �!�    �	� 
 	�� � 0

1        �!�    �	� 
 	�� � 0 ⎭⎪

⎬
⎪⎫

 

  <������E(S)    ;��� �� �Var (S)    � ��QS  0� _���� 

��� 
� H.� 0�  ."�Q  

) 02����3  (  
!��� � 0 

) 02����4  (  

  
    "#$��� � �

�% &��� 
 1��2� � 5� 
 ∑ )*�)* 
 1��2)* �+,��5�- 

  0�pt  ��"�� 02�������� �%p   <���  �"3�p ��"�� ����3� 

02����.H.�  �% vW m��  � >&��Y  �&Y '� 1�"�� ���� 

02���� ��  ����^�$* ��% � ��Q .H.� � �"���.� �"U  �&��Q

ZM �� 0M��  ��� 
� H.� 0� ."�Q  

) 02����5 (  
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0                   �!�   � � 0

05�
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  H�q�  �"3�ZM  
A��  �"3� � 
���Y� "��  	ZM  	

 
�%��  "��   
�  ����  �  ����  >&�   �<��IJ%  ."%� 

  �M. 0���.Q���
<� �&��Q   � � ��-  "\ � n�5  >�"��


� ."U��  

��
�Q+  ����� `� �]	2�)�  

 	�&.��5 
��$�J% 0M��  �� ���A�.� �� 0G*�� <��  �

  O����P� 
��$�J% _��hNPP    ."U 0�.�b� ���� "*��  �  

) 02����6  (  

6 � ∑ �78�7̅��:8�:;�<8=>
?∑ �78�7̅�@<8=> ∑ �:8�:;�@<8=>

          

  <�� 
��$�J% _��h  �"3�1-    ��1  
� ���P�  0� "��

1  m"R 
��� 0�  �A\ 	1��� H�q�  
��$�J% ����� 0�  +

  � 
��$�J% �&W�1-    .H.� 1��� 
A�� 
��$�J% 
��� 0�

0�3�  
��$�J%  1�Gb�  ����  ��% NPP  	K ��  �  ���  ��

 0�Y�! �F�  � � �"U '.�� 
�Q  0��5  � 
�&#$� )����

  ."�����  �H�  �<�����  �h_�  ��$�J%
   0�3�  ��%NPP  

 ��0�3�  ��%  � ���K ��  >�"W ^�.� ��3 03���"��   ."U  
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 U��?3� �7 : �L�# �S`�  ]	2�)�� ���
� )12 (  

r  03��  r   03��  

8/0-  ��1 -   A�� ���� 
G�( 
  1  ��8/0   ���� 
G�( H�q�  

6/0-  ��8/0-   ���� 
A��  8/0  ��6/0  H�q�  ����  

4/0-  ��6/0-   g.&�� 
A��  6/0  ��4/0  H�q�  g.&��  

2/0-  ��4/0 -   D� 
A��  4/0  ��2/0  H�q�  D�  

0  ��2/0 -   D� 
G�( 
A��  2/0  ��0  H�q�  D� 
G�(  

  

aK���*Q��'  
����� P� �  

[� 0�  
M(  �&�.�!  1�Gb���
  ����  "��&��U0� ���.

 .�&U ���A�.� O����P� "��    O����P� "��  g( _�U _��h

NPP   02���� �� ���A�.� ��7 ."U 0�.�b�  

) 02����7  (  

                                                                                                

�AB*C � � ∑ 78:8D ∑ 78 ∑ :88=><8=><8=><
� ∑ 78@�8=>< E∑ 788=>< F@  

iX  � iY    � 0�$��� ��P�� � 13�$� ��P�� ����3� _���� 0�

  >�.i    � H.� m�n  .H.� 0�2�M� � �� >&�  � �% >�. ��"�� 

0� &�    _�U �!� 	
G�z ���   O����P� "��  	"U�� �A\ ��
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  �!�  0�
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  0�$��� ��P��  � 
�����P� "��  	�A\ _�U  � � H.� 
2��

.� �"� �&W�  

 1#U  � )�3b� m�[�� 1*���)3(   .H.� �"U �� �Q  

  

  
 '9�3 E�� '"��+ ����)� : Q�  ̂  

  

 J��	�  

 ����� ����NPP 

  1#U)4(  ����  K ��  1#U 	)5 (  ����  �&%  1#U � 

)6 (  <������  NPP    �  ��� ����%  SG�T�  ���.�     � ���2�

>�.
�  ����  �  SG�T�  ��%����  0�  0W&�  ��  ."%�  ��%

>�.  � 	
J�GL� ��%2008  �2014   0� H�$� K �� ����

>�.  ��% ����  
� ���� �  ���J� ����  �� ��� <�J% ."%�

  ���� �� NPP  ��� ��  �  SG�T� ��%�  ��<   >�.  �% �`�

 ��� �� 0J%  � �Q ���� � 0�U�V!  .H.� 0�Y�� Z%�� �%

 >�.   �  K ��  ����  <��IJ%  ��%2017    ��2020   "�� 

  ���� ��  �� p&h&� <�� 0� HU�� 
���Y�NPP    �V!�`�

>�.  <��   �  �Q  "��  �  ��&���� ��   �  �% SG�T�  ��%

��� ��  � ��� O����P� ���� .H.� �"U 
���Y�   � � �%

>�.
J�  ����  �  ����J�C  O��A�  SG�T�  ��%  ."%�

J% ��� ��   �  0�2��  :2�(  "�2&�  ����  <������  <��I
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h� �  � �Q <���J� � 
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 '9�4#����H �� E��� ��a+ : ����� ��	
� Y*	\+ #��  

  

  
 '9�5 :�+�# ��� #����H �� ����� ��	
� Y*	\+ #��  

 

 
 '9�6 1]��+ :NPP #����H �� ����� ��	
� Y*	\+ #��  

  

>�"W )3 (  O�dT��NPP  �� ��  ���%� SG�T�   � 


�  ����
�  �"��  0�   &M��J%  ."%�  
G�   &�  0�  	�&U

   �"3� <������NPP    <������ ��) 
�Q �� ���� ��� ��  �

294/0)  ZU&5  ��"�  
h� �   �  �Q  <���J�  �  (082/0  (

  D��  �� ����  ��� ��   �  O����P�  0����  <������  .H.�

)099/0)  g.&��  �����  � �Q <���J� �  (043/0 .H.�  (

  
h� �   �  <������  0�  H�$�  O����P�  <������  <��IJ%
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�Q  �� ����026/0  �Q  <���J�  0�  >�*   �  �  H.�  (
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