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Climate change and land cover and land use change are two interconnected 

phenomena that significantly impact each other and the environment. This study 

examines the reciprocal effects of these phenomena in the Golestan Province over 

the past two decades. The data used included satellite images of temperature, 

precipitation, vegetation index (NDVI), and land cover/use data for the years 2000 

and 2020. The findings revealed that 10.4% of the province’s land area has 

experienced land cover/use change, with barren land being the most affected. In 

contrast, sparse vegetation and forest cover showed the greatest increase in area. 

Long-term droughts and the Caspian Sea's water level reduction were identified as 

the primary drivers behind the conversion of water bodies to other land cover types. 

Climatically, there has been a significant increase in night-time temperatures across 

most areas of the province, particularly in the eastern half, central areas, and 

foothills. Conversely, a decrease in nighttime temperatures has been observed along 

the eastern coast owing to the Caspian Sea retreat, as well as a sporadic increase in 

daytime temperatures in certain areas. Additionally, a reduction in annual 

precipitation has been detected in the northern and eastern parts of the province, 

which are mainly classified as arid and semiarid regions. The analysis indicates that 

the correlation between nighttime temperature and land cover changes is of primary 

importance, while annual precipitation also plays a significant role in land cover 

changes to a lesser extent. This study provides evidence of the mutual influence 

between climate change and land cover in Golestan Province, indicating that 

drought, temperature rise, and changes in precipitation patterns have led to land-use 

changes, while land-use changes may also affect local climate patterns. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Climate change, one of the most critical environmental challenges, has had profound effects on 
ecosystems, natural vegetation, and biological resources in this region, with rising temperatures, 
reduced precipitation, and extreme weather events. Land use changes, which involve the conversion of 
forests, rangelands, and wetlands into agricultural and residential land, have also directly and 
indirectly affected local and regional climate patterns. These changes can alter temperature, 
precipitation, surface runoff, and albedo. Such transformations, particularly the formation of urban 
heat islands and increased flood risks, pose serious threats to ecosystems and human activities. This 
study aims to assess the interactions between climate change, land surface cover, and land-use changes 
in Golestan Province over the past two decades. 

 

DATA AND METHODS 
In this study, we utilized climate data, including temperature, precipitation, and the Normalized 
Difference Vegetation Index (NDVI), to examine land-use and surface-cover changes in Golestan 
Province over the period from 2000 to 2020. Land Surface Temperature (LST) data, consisting of 
night and day measurements with a spatial resolution of 1000 m, and NDVI data were extracted 
through Google Earth Engine satellite monitoring. Monthly precipitation data with a spatial resolution 
of 4000 m were gathered from the University of California database from 2001 to 2020. To validate 
these variables, synoptic station data from the Golestan Province were employed. 

To evaluate land surface cover changes, land use data were categorized into eight main classes: 
agricultural land, tree cover, mosaic tree-shrub and grassland-shrubland, grassland, sparse vegetation, 
urban areas, bare areas, and water bodies. The Change Detection tool in ArcGIS Pro 3.1 was utilized 
to analyze land-use changes by comparing surface-cover maps from 2000 to 2020 using the 
Categorical Change method, which revealed shifts in land-use categories. To analyze climate change 
trends, temporal and spatial data were converted into the netCDF format and analyzed using the Create 
Space Time Cube by Aggregating Points tool in the space-time pattern mining extension. The Mann-
Kendall statistic was applied to assess trend changes by calculating the difference between each pair of 
temporal observations, and based on the number of increasing or decreasing data points, the S statistic 
and variance were calculated. To determine the significance of the trend, the Z statistic was used with 
threshold values at 90%, 95%, and 99% confidence levels. 

 

RESULTS 
The results of this study indicate that Golestan Province has experienced significant changes in land 
cover and use over the past two decades. Approximately 10.4% of the province's area has undergone 
land-use changes, primarily involving reductions in barren land, surface water bodies, agricultural 
land, and shrublands, while sparse vegetation, tree cover, and urban areas have expanded. Notably, the 
conversion of 201.7 hectares of urban land to sparse vegetation reflects an increase in green spaces 
within residential areas. Climate analysis reveals an upward trend in nighttime temperatures across a 
substantial portion of the province, with over 70% of the area experiencing higher nighttime 
temperatures. This increase could lead to adverse effects on the vegetation cover and water resources. 
Additionally, a noticeable decrease in precipitation was observed, especially in the dry and semi-arid 
northern and eastern areas. The Normalized Difference Vegetation Index (NDVI) also indicated an 
upward trend in vegetation cover, particularly in the mountainous regions of the south and west of the 
province.  

 

 

 



Detection of the Interactions between Climate Change Impacts …. 107 

DISCUSSION AND CONCLUSION 
Overall, these findings underscore the complex relationship between climate change and land-use 
patterns. Climate change, through warming and decreased rainfall, has altered land-cover patterns, and 
land-use changes have also impacted the local microclimate. These results highlight the importance of 
comprehensive natural resource management in Golestan Province, emphasizing the need for strategic 
planning to mitigate the adverse effects of climate and human-induced changes in the region's 
ecosystem. 
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� $8$� -�����, �<8��" !�d ���6 5� E3�
 -���9:, $
���, �3 �S��,

@�� #���� B�6? /��0. #3 -�����, B8�E�
� ��?����� �4��� E8$Y, �� �]8� /��0 q���� ��8� � �   �C�YF �� 

���� ����3 �.�	
� -���9:, #3 )�,��65 ����=.  � �2023( �B�
L.  .����6 ) ����=.  �2024( ?� $�$<�C6@��-

8$D�� �� !W�, ���� E�� -$6 � ��V /8�U�� #3 ��
6 ��	�� ��8�@�� �$�. ��7 ) ����=.  �2022(  #� $
���8��

 �	Q� o�16�� #��J��� U�^3" #4�V �� �����8? @�H�� � B�6? ��3��� -�����,  B�RD�C��@ � 5��3 ������� �  �

$
��  �6�. �D8 ) ����=.  �2020 ( #� $�$<�C6 U�� �@Y, �� ��S� \F�
6 #3 q��U6 ?� ��3��� ����, �	Q� eY�

 /8�U������3�, ��6� @�� � �B�
L.  E�
� ����  �� ����6? � ��S3 ��6� \F�
6 B8� ��6 /8�U��� $ �. �3 #CD�26 

 �
����S�#� $� I^�6 ��$�3 �S� ��  \F�
6 5�����8�3 �	Q� E6�;  � ��� ) @�� B�6? X2� ��6� /8�U��

���=. � �2022 U�� ���S, �� �B�
L.  .( ��,W�3 �12� ��6� �� ��� /��0 ��$3 � ��C
Q ��3��� �3 \F�
6

5��=.  � ����6) $����� 2022(. ) 5��=.  � ����62022#� $���� ���� ( #6���3 ��$3 ��S� #C��, �8U� 

6 e��
6� $���, ��� B�6? X2� ��6� /8�U�� #3 ��
6 .�S���8@ ����=.  � �,��3) �2023 ����, #� $���� ���� (

#3 �4��� ��3��� ������ �3 ���<��6��d � ��<��6 ��F CO2 �6 ��9:, ���A�. 

x�F?�$6��0 ���8�  /��0 �3 ��	
� ����,�12����� � B�6? ��3��� ����� � q�4�6 ?� �=8 � �� y13���6  ��

.@�� ���
� ����� ) ����=.  � �6���2022 �� ��	
� ����, � �4��� ��3��� ����, #� $���� ���� ���S� X2� �� (

$
��  ���8? q�
, / �� �	Q� E6�;. #	.�?�  ���	
� ����, �� $6��0� ��� /��0 q�� �� ����, #3 .@�����F #�

���,9 ) ����=.  �2015 ����, (8� #��J��� #4�V �� � ��� /��0 eD�d q��.  ���J�� @.� #3 @6c�#� UY�  �

BS0 !" �3 ���?�� z�3 m�� ��� � a�, �,�$ $����.  `���10) ����=.  �2021 ( $�$<�C6E�
� ���8? q�
, � � 

$68#���� �� #3@�� / �� O�V �� 5��3 / �� � �6� /8�U�� E�D�. ��811 ) ����=.  �2019/ �� E�D� �(  /��0

��UH	; � ��� �� ���� �� � � RB� �� �=�J @3�F� �$� �� � 6 o�J� $
���.  ����, �� $6��0 ?� ��8� �=8

 ���	
�B�6? ��3��� �� ����, #3 .@�����F #� 5����6?�B � � #3 �;��? #3 ��
6 �.�	
� -�����, E�D�

E�
� ��?�8  #=8����8�) @�� �$� ���" !�
� ��12����=.  � �2017(. ?�x�F U8�3" #4�V �� 5��3 / �� ���8�

 ������B�6? ��3��� ����,  ��O�Y�� #3  #����) @�� �����=.  � �6?�2022 ���	
� ����, �S6 �� $6��0 #	.�?� .(

/," /8�U�� �?�� �  /��0 �� �6 �12� ��   �p��� B8� �3 .$��3) ����=.  � ���,2015#CD�26�3 ( /,"  �� �?��

                                                      
1 Sharma 
2 Girma 
3 Pal 
4 Akintuyi  
5 Mortey 
6 Sauer 
7 Wu 
8 Li  
9 Turner  
10 Nunes 
11 Yan 
12 Dissanayake 
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@6c8� #��J��� #4�V �#� $�$��� #���� B8� #3 ��	
� ����, ��9:, @1,� /," �?�� @��8 $ ��J /8�U�� � .  B8�

 �� #	{�6) ����=.  � ��$
=��2023�� (  �
�� ������  ��8�� #�V��$���.� $�a�,.  �B8��3�
3 ����, -��9� �3 #	3�<6

��	
� @8���4 ?� �=8�6 �4�V �G; ��  $��3 3)�B.���1 ����=.  �:2021(. �6 ����6 B8� #	.�?�  #3 ���, @8�8$6

B�6? ��3���� !" i3�
6 @8�8$6� ���?�� m�
�� ?� ���H���  ����S� @����6 #3 ���.� ����� #
�6? B8� �����F #�

 �Z� \YF) ����=.  � #=8����8�2017�3 ( ��S3 ��YS3 � �?����� /8�U�� �6 ��� E�
� E8$Y, ?� ���,  #3 i,��6 � � 

B�6?  �� $
� �����	� �;��?.  ��82) ����=.  �2019/��0 �!" i3�
6 @8�8$6 �3 $�$<�C6 (  �V��� � ��� �� 

 �B�
L.  .��.� O��
� �� ����� �� � ��?�3����=.  )2007(  �;��? �� ��� ���?�� m�
�� ?� ���H����3 #	3�<6 ���3 �� 

 ��	
� ����, �H
6 -��9��6 m?W $
���. , #3 m?W ��8�0 �� #� @�� X�4� -�����, -��9� / �� ���3��	
�  \8�F ?�

 ����?�� -�6�$
��6 �� �" $6��0 ���, ����=.  � p�Y;) ��� / �� �2022(.  �#CD�26 B8� �	Q� x$  �p��� B8� �3

 �3 �4��� ��3���/�12� /��0 -�����, `=;�3 �8 �4��� ��3���/�12� /��0 �3 ��	
� ����, $6��0 �8���
�


� ����,.@�� ���3 #���R ����	� ����� �� ��	  

 

����E
��
 G�� � �
  

����  � 5��3 ��6� �.�	
� �� ����6 ���� �� E6�� / �]0 B8� �� ���H������6 �� ) � ��� /��0 IJ��NDVI( 

#�����3 � ����6 B8� �6�., �� |�Y8�<, �4��� ��3���/B�6? �12� /��0 �B�
L.  � /8�0 ?� �$����� �6 ��   ��

�6  ?� �#CD�26 B8� �� .$��3���� ��  ���6" B�6? X2� ��6� �$�3  � ��� /��0 IJ�� B�
L.  � ?�� � e� ���3

)NDVI( `8��6 ���� �64 -�$
�3  ���=6 T�=H,1000 #3 B�
L.  � ���6  ��6 -��Q-  O�� ?� O��2000  �,

2020 ���� B8� .$8��� !�^��� E��� #��6�� !� ?� �   B���� }��5 �$� ���6" ��Z
6 B8� ���3 #� �$~� ?� ���H��� �3

 @��8�����8$ �)�k�� ����=.  � �2022(�6 5��3 #3 N�3�6 ���� B�6�� . ����H�D�� ������� ���8�0 >��, #� $��36 

-�$
�3  T�=H,4000  ���6#3 -��Q  O�� ?� #�� �62001  �,2020  ���6" /�
� ���� B8� .@�� �$� ��?� �3 ��

����6 $��3 � �YG; #=Y� \�H	,  �� 5��3 ���3 U6�
<C,�e �C
�� ��6?7   T�=H, -�$
�34000  #�S, ��6 @�� �$� 

���)8B ����=.  � �2020(���� ?� �5��3 � �6� �� ����6 ��
���Y�;� ���3 �B�
L.  .  �� 10  T��0�
�� �����8�

� U�� ����	� ����� X2� �� ���� ���
���  ��6?��$� ���H�� � ���� B�6�� �@8�S���  / �]0 B8� �� #� ��

#3 ��Z
6  ���6? ���� ���3 �4��� ��3���/B�6? �12� /��0 -�����, �3�8?��2000  �2020 -�$
�3  T�=H,300 

`=���0�� ���8�0 ���68  �� ��4��� ��3���/�12� /��0 -�����, #
�S3 �3�8?�� ���3 �#6��� �� .�8��.� ���H���

#	V�6  E6�� #� $� ���� E�	<, pc� @�  #3 �4��� /��0 #�<� O���3���� �  e���, ���J�� /��0 ��;��? �

@J�� - e���, ��H	; /��0 � #L�J��#,�3 ��?  �8�3 �4��� �� �����=� \F�
6 ��� ����, �3 � ��� /��0 ���UH	; �

 �@8�S��� �6 �3 �� �� �3" #
S0  ��U3� ?� -�����, I�^�, ����3 ���3 �#6��� �� .����Change Detection  5�� �3

                                                      
1 Bjorkman 
2 Yan 
3 Land Surface Temperature (LST) 
4 MODIS satellite 
5 Google Earth Engine 
6 https://chrsdata.eng.uci.edu 
7 The Precipitation Estimation from Remotely Sensed Information using Artificial Neural Networks - Dynamic Infrared Rain 
Rate near real-time (PDIR-Now)  
8 https://cds.climate.copernicus.eu 
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Categorical Change  >�16 ��Arcgis pro 3.1  ��3���/B�6? �12� /��0 ���� B8� m���� ���3 .$� #���� ��S3

O�� �4���  �� 2000  �2020 $
���� ���
 #�8�<6 ���6 u3 ���3 �6� �.�	
� �� ����6 -�����, $��� ���� ���H��� �3

m�� ?�  ��U��ArcGisPro� ���� ��  �Z����6 �� eD�
 ���J�� ���6? � ���=6 #3 E8����  netcdf  E8$Y,  `_� � $�$�

 ��U3� ?� ���H��� �3Create Space Time Cube By Aggregating Points #��U�� �� mining Space time pattern 

8T eC=6 ���=6 � ���6? #=Y� ��  -�����, $��� p��� B8� �3 .$� ���8� �  ��) pc�bin( �eC=6 #3 -��Q  N�<�

6 5��.�� $��� � �@8�S��� ��<6 $���8� bin �F ��O ��6? ��6" ?� ���H��� �3 ��=6 �  ��� Mann-Kendall ���"�3 

�6 .��� �� 5�� O�$
=
6� �$�3� xc�J� B�3 �  T8 ?� -�$ ��6 �3 m�., -�$ ��6 `0 �"?� #Y��16  �$� � ��6���0 S 

\3�26 #23�� �8? #3@�� �6 $8" )<��
����=.  � #6�� 2024(:  

  

)1 (  S = ∑ ∑ sgn�x	 − x��
	����
�����  

#� n ��$C, -�$ ��6 ��� � xj � xk #3e�,�, ���� ��  jm� � km� ��� �6 $
��3. i3�, sgn U�� #3 -��Q �8? 

E3�
 #Y��16 @��:  

)2 (  sgn�x	 − x�� = �+1       for �x	 − x�� > 00           for �x	 − x�� = 0−1       for �x	 − x�� < 0 

�� #	V�6 $C3 #Y��16 `��8��� S >��, �=8 ?� >3��� �8? #Y��16 �6 ���:  

)3 (  Var�S� = 
�
���� 
�!��∑ "�"���� "�!�#$%&�'           for n > 10  

)4(  ()*�+� = ,�,���� ,�!���, �!��'           -.* / < 10  

#� n �  m x�C6 ��$C, O�Y�� �8�  @�� #� �� �S�" E
�$V T8 ���� ����=, ���� ����. t U�� �����3 ������� ���� ��  

5?���3 ���=8 �� T8 #D�Y�� �6 $��3 � @8�S��� U�� ���6" Z #3 T.� �=8 ?� >3��� �8? ���^��� �6 ���:  

)4 (  0 = 1��2345�1�       -.* + > 0  

  Z = 0      for S = 0  

  0 = 1��2345�1�       -.* + < 0 

�3 ��� �� #
6�� ��6?" �$��� #�4�� �HQ �� �,��Q  #���8A0 �6 ��� #� N�� �8? ���
�3 $��3:  

)5 (  |Z| < Z8/  

#� a X2� �
C6 ���� @�� #� ���3 ��6?" �Z��� #���� �6 ��� � Za ���6" i8?�, O�6�� ���$����� �� X2� 

�
C6 ���� a  �6 $��3 #� �3 #��, #3 �� #
6�� ���3 ���6?" a/2 ���H��� �6 ��� B8� @�� ���"��8 #3 m?W #�YD� .

 eD�
 �� O�$
=
6 5�� #3 #�<� #8W ����J7 ) #<YFbin�6 (  � �� �� $��� /8�.� ���3 �H
6 �8��<6 #� $��3

�6 ���� �� ��8�U�� $��� U�� @Y[6 �) #<YF �3 $��� ��$3 E� �� .$ 0 �3 �� ��//8�U�� $��� �(1±  X2� ��90 �%

2±  �395 � %3±  �399E3�
 ��
�.F� %  I�^�,@��.  
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T�Q � U:�H(  

V�H8�W V�HK� +��L ��RK E�6
 �����PA  

���.� E=� 1�  O�� �� ���3 �� ����	� ����� �4��� ��3���/�12� /��0 #�<�2000  �2020 �6 ���� $ �. 

��.  �6 �$ ��6 #���F ���� w�G�J� @;��? #3 ����	� ����� �4��� @C�� B8����3 ��Z����6 O�� �� �  �� 

 8#��� $���� ���
 �8�3 �4��� �$C3 #	V�6 �� � @��. O�$� \3�26 1 �6 I^�6  �F �� #� ���20  �O��0٫35٪  ?�

 ��;��? �4���0٫51٪ #,�3 ?�  ���UH	; � ��?4٫17٪  �4��� ?��S��� � �8�38@ 0٫42٪ #
S0 ?�  �3" �� )�UJ #	.�?�( 

/ ��  8#��� @�� .D�V��� #� 1٫51٪  ���J�� �4��� #30٫38٪  � #L�J�� � @J�� e���, #32٫74٪  /��0 #3

 � T
, � ���0٫81٪ ���U�� ��S� \F�
6 #3  @�� �$�. 

  
 =>�15�K �,��� "�Q��J / ��RK E�6
 :  "�
2000  �2020  

  

 5�%11 5�K +�Q �,��� "�Q��J � ��RK E�6
 �HY�8� %Z�� �8:�'�:2000  �2020 V�H8�W V�HK�  

VALUE "�Q��JE�6
/  5�K2000  5�K2020 ���PA  

۱ ����L 44�57 44�22 0�35 - 
۲ �H[�� E�6
 13�32 14�83 1�51 

۳  �\H[�� � C[�� 0�J�A 2�01 2�39 0�38 

۴ �A6Q ��]^�� � ��L 16�17 15�66 0�51 - 

۵ _9A �
��W E�6
 0�62 3�36 2�74 

۶ "�`� N��9� 0�2 1�01 0�81 

۷ �:�Q N��9� 21�7 17�53 4�17 - 

۸ �9`
 �QM "�
 1�42 1 0�42 - 

  

#8U�, p��� �3 -��Q -�����, E�	1,�O�� B�3 ����� �4��� ��3��� �� #����  �� 2000  �,2020 �10٫4  ?� $Q��

 q�� �� ����, ��R� ����� @V��6@�� �$� B�6? /��0. B�
L. � O�$� \YF 2 �6 I^�6  B8� �F #� ���

#3 ��V��6 ����, B8����3 ����� �3 �8�3 \F�
6 �� e�,�,78977 #,�3 ����=   �3 ��UH	; � ��?49375  �4��� ����= 

 �3 �;��?28420  �3 ��J�� /��0 ����= 12271  �3 #L�J�� � @J�� e���, ����= 11152 #
S0 ����=   �3" �� 

 �39438  �3 T
, � ��� /��0 ����= 1325  �3 ��S� \F�
6 � ���= 202 /��0 #3 ���=   �� 

��3���/�12� E8$Y, ��8� ��   @�� �$�. #3  �#��.� ���
;30203٫97  �T
, � ��� /��0 #3 �8�3 �4��� ?� ���= 
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28892٫89 #,�3 #3 ���=   � ��UH	; � ��?12233٫43 �S� \F�
6 #3 ���= @�� #���8����, �. B�
L. �  @V��6

#,�3 �4���  ��U�6 #3 T
, � ��� /��0 #3 ��UH	; � ��?13679٫81  ��U�6 #3 �;��? ����= 13474٫45  ����= 

 ��U�6 #3 ��J�� /��010670٫7  ��U�6 #3  #L�J�� � @J�� e���, � ���= 10528٫86 E8$Y, ���=  @�� �$�. 

 @V��6 #3 �;��? �4��� ?� ��3��� ����, B8����3 �B8� �3 ��c;24374٫5  #���� -��Q ��J�� �4��� #3 ���= 

 B�
L.  .@��4863٫73  ��;��? #3 ��J�� �4��� ?� ���= 4925٫07  �  #L�J�� � @J�� e���, �4��� #3 ���= 

2482٫39 #,�3 #3 ���=  ����, ��UH	; � ��? � ��� ?� .@�� #���8 ���88386٫72  � @J�� e���, �4��� ?� ���= 

#,�3 #3  #L�J��  � ��UH	; � ��?1558٫46 E8$Y, T
, � ��� /��0 #3 ���=   @�� �$�. #3 #��, �3   /��0 e��
,

@D�V #3 E8$Y, ���3���/�12� #a��� O�$� \YF ��8� ��  E3�
 ����6 #	.�?� .@�� -��H�6 �$�  #3 N�3�6 �#��,

�� ��S� \F�
6 #
�6? B8� �� #� @201٫7 E8$Y, T
, � ��� /��0 #3 ���=   @�� �$�. #3 -��Y;  �� ���8�

���$16 5���� UY� ���� ����=�6 ��   @�� #���8. T8 ?� ����	� ����� ��  T�J #3 #��, �3 x�F �D��  �� 

��W�F � ������ �UJ ��8�� !" X2� / �� ��8� x�F ?� � -$6 �) @�� �$� eY�J�����  ������=.  2023 (

#
S0 ?� #�  O��C6 �3" �� 2787٫31  ��8�3 \F�
6 #3 ���= 2485٫05 #,�3 #3 ���=   ���UH	; � ��?1740٫05  #3 ���= 

� T
, � ��� /��0  @8�S���1375٫65  .@�� �$� E8$Y, �;��? �4��� #3 E=� p��� �3 �q�.�6��2  �$ ��6

�6 O�� #��� �� @C�� / �� B8����3 #� ��� #3 `_� � �8�3 �4��� #3 N�3�6!" #3 N�3�6 e�,�,  ��12� �� 

B�6? #,�3 ��;��? ��  #3 @C�� /8�U�� B8����3 �E3�<6 �� .@�� � ��UH	; � � ��? � ��� /��0 #3 N�3�6 e�,�,

 �4��� � ��S� \F�
6 ���J�� /��0 �T
, #L�J�� � @J�� e���,@�� ���3.  

 5�%12�RK E�6
 �����PA �8:�'�: 5�K �,��� "�Q��J/�1992 �Q C�8(2020  

c:�� E�6
/"�Q��J 1 2 3 4 5 6 7 8 

1 ����L 
 

4863�73 53�28 13474�45 156�21 0 4497�71 1375�65 

2 �H[�� E�6
 24374�5 
 

218�04 10670�7 22�59 0 1536�01 187�61 

3 
 C[�� 0�J�A

 �\H[�� � 
350�21 4925�07 

 
10528�86 128�62 0 592�15 88�62 

4 
�A6Q  � ��L

��]^�� 
1153�05 2482�39 8386�72 

 
980�1 0 

28892�8

9 
2485�05 

5 
 �
��W E�6


&J 
742�44 0 1558�46 13679�81 

 
201�7 

30203�9

7 
1740�05 

6 "�`� N��9� 1175�37 0 12�83 336�58 15�28 
 

12233�4

3 
773�87 

7 �:�Q N��9� 432�87 0 907�78 601�53 22�68 0 
 

2787�31 

8 �9`
 �QM "�
 191�92 0 15�17 83�56 0 0 1020�89 
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 =>�2 5�K �,��� "�Q��J/��RK E�6
 @�6(� C�K� E
�J � E:�]D� �8:�'� :2000  �Q C�8(2020  

  

 �K��Q�����PA �^$f� �
����)� "  

L��:Q�� ��V�] ��� � G��Q NQ�RA" �L�%(�W��"Q �%��+ �%9�9K �����
 � �Q:��gH8�
" K�9��6
� 

O�$� 3�  \.; o�J ��6� �3 `8��6 ���� �6 B�6? X2� #��?�� ��6� #�8�<65 �����  �� ���610  �����8�

�6 ���� �� ����	� ����� T��0�
�� �����8� ���6" ���� .$ � ���� �,�$ ��6 ��  (OBC) �3 .@�� -��H�6 ���� 

E3�
 #23�� T8 �B8� �
C6 � O�Y
  ��6� B�3 ������� �6 #3 .���� ���� � ����8� ��6� � �� ���F �6 �$ ��6 #� ��� 

R2 � Adjusted R2  @�C
�6 m�., ��  �B�
L.  .$���� ���
 xc�J� B8��.� �3 � X2� B8�,W�3 �� � ����8� �� 

�6 ���� �2J B�����6 �8��<6 B8��.� #� $ � RMSE � MSE #3 #��?�� e�,�,1٫356  �1٫838 �����8� ��  U��$
3

#3 �S�" �8��<6 B8����3 � e�,�,6٫836  �61٫2 ����6 �����8� �� @�� #_,. ���,�� B�3��� ���C6 ��" �3 ��c; (Dw) 

#3 5�� ?� �=8 ���
; �
�3 B�3 ����3�� I�^�, ��  �$��6 O$6 ��  ���� ��������� ��   #23�� ���� �$
 �

�
C6 �������� �����8� B�3 ���� 
6�� .@�� � ����6 �����8� �� �" ��$; # 3 #_,B� 0٫9  �,1٫825 �6  #3 m?W .$��

���"��8 ���� #��?�� ��6� �@���
�6 �����8� �� #� @�� ���� �6 ��  �.� �$ ��6 �����
C6 #23�� ������8� � ��  ���

�6 �" E8W� #	.�?� #� u��� ����� �����8� ���6" ���� ���3 ��,�� #3 ���, � @D�V �� �6� �8��<6 B8��.� �#��Y

��2J MSE � RMSE #3 e�,�,1٫148  �1٫071 ����6 �����8� �� #3 �" �8��<6 B8����3 � #_, e�,�,1٫979  �

1٫407 ���  �����8� �� �6 �$ ��6 ����� ��3" ���6" �B�
L.  .��� Dw �6 ����  �� �" ��$<6 B8��.� #� $ �

#L
8�  O��C6 ���30٫99 �	; �� �" B8����3 �  O��C6 O�����3"1٫755 ���� $ ��� �q�.�6�� .@��  ���� �$
 �

�
C6 #23��  \.; ��6� B�3 ����5 ����� B�6? X2� ��6� �3 o�J ���6 (LST) @��.  O�$� \3�264 �8���� �

���� �6 5��3 �����8� @�C
�6 �3 ��  T��0�
�� �� �6 I^�6 ����  ?� #�10  ������8�6 �8� �� �����
C6 #23�� ����

�6 ���� ���� �6 � � ����8� @�C
�6 B�3 #23�� ���3 B�8�0 E8W� #	.�?� .$
 �� �6  � ����G, @� �6 #3 ���,

�3 .��� ����� 5��3 ����6 $8$� ���=6 ��8A0����, B8�  �����8� �� ����� �	; ��  ���  ������ �O�����3"  ��3"

����6 �#Dc� ������ 
3 � #_,�
C6 #23�� B.��, �$ �6 �$ ��6 ����6 �� B8� B�3 ���� ���. 
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 5�%13h�[ "��� �Q (i:��� ���6
��) +��L jRK �(�L�� "��� NQ�RA : �:��gH8 �
 �K�9��6
 " 

Station LST R² Adjusted R² MSE RMSE DW p-value 

56HJ ��QM ���  e� 0٫974 0٫974 1٫24 1٫12 1٫7 0٫070 

?�� 0٫99 0٫98 3٫479 1٫86 1٫186 0,000** 

]W�%9Q  e� 0٫97 0٫974 1٫687 1٫299 1٫343 0٫001** 

?�� 0٫971 0٫971 1٫838 1٫36 1٫093 0,000** 

k���J%�9W 
e� 0٫979 0٫979 1٫44 1٫206 1٫672 0,000** 

?�� 0٫967 0٫967 4٫939 2٫222 1٫24 0,000** 

V�W�W 
e� 0٫974 0٫974 1٫698 1٫303 1٫142 0,000** 

?�� 0٫99 0٫99 4٫773 2٫18 1٫023 0,000** 

(��QM &��
) V�W�W 
e� 0٫97 0٫969 1٫979 1٫407 1٫1 0,000** 

?�� 0٫97 0٫97 4٫122 2٫03 1٫202 0,000** 

V��Q �\9:�  e� 0٫983 0٫982 1٫49 1٫208 0٫99 0,000** 

?�� 0٫974 0٫974 0٫013 2٫239 1٫091 0,000** 

(��W���D) �$-J 
e� 0٫978 0٫978 1٫4 1٫183 1٫41 0,000** 

?�� 0٫966 0٫96 4٫32 2٫086 1٫31 0,000** 

�lA ����� 
e� 0٫983 0٫983 1٫148 1٫071 1٫312 0,000** 

?�� 0٫964 0٫964 6٫836 2٫61 0٫98 0,000** 

C��69�� 
e� 0٫974 0٫974 1٫303 1٫141 1٫394 0٫003** 

?�� 0٫99 0٫99 2٫702 1٫644 1٫82 0٫217 

+�J�A�%9Q  e� 0٫978 0٫978 1 1٫24 1٫214 0,000** 

?�� 0٫961 0٫961 3٫216 1٫793 0٫73 0,000** 

 %٩۵ی در سطح بيش از دار یمعن **

  

 5�%14 G��Q NQ�RA :���6
�� � G��Q �Q "�:��gH8 �
�K�9��6
 "  

Station R² Adjusted R² MSE RMSE DW p-value 

56HJ ��QM ��� 0٫2 0٫2 4٫324 21٫338 1٫679 0٫019** 

]W�%9Q 0٫178 0٫168 333٫399 18٫29 1٫7 0٫131 

k���J%�9W 0٫244 0٫241 346٫274 18٫608 1٫93 0٫362 

V�W�W 0٫19 0٫192 476٫163 21٫821 1٫74 0٫03** 

(��QM &��
) V�W�W 0٫16 0٫1 1٫914 22٫403 1٫1 0٫001** 

V��Q �\9:�  0٫276 0٫268 144٫284 12٫012 2٫141 0٫71 

(��W���D) �$-J 0٫234 0٫23 36٫41 19٫119 1٫7 0٫048** 

�lA ����� 0٫261 0٫28 270٫147 16٫436 1٫7 0٫01** 

C��69�� 0٫282 0٫273 324٫221 18٫006 1٫663 0٫067 

+�J�A�%9Q 0٫171 0٫166 363٫333 19٫061 1٫62 0٫014** 

 %٩۵ی در سطح بيش از دار یمعن **

 %(�������PA  +��L jRK "���V�H8�W V�HK� ��  

���.� E=� 3 �6 ���� ������ #��Y� ��6� -�����, #
6�� #� $ � #3 |W�.C6 q�4�6 B8� .@�� #��?�� ��6� ?� �, -

@�� #��?�� ��6� �3 ��3 � �3� /��0 �$����J /3�, ����3 ��9:, E�D�u �D�V�� ���Jn ��6�� B�6? �e� �� #�  �$�

#3 �� ?�� O�F ��  ,�$8� �6 @�� ?� �.� @��8�� �$����J /3�, ��8� � $ � $
�.  $��� �E=� \3�26 �E� ��

�
C6 ��8�U�� E3�
 /^3 �� #��Y� ��6� �� ���� #3 ������ �
�� #.�� ?� �S��, #8�_ �� � �U��6 \F�
6 �� �]8�  ��

�6 �$ ��6 ���.  �� �UJ ��8�� !" X2� ��8�$, / �� #3 #��, �3 ���8� x�F ?� �F20  \F�
6 �#��A� O��

$
��  �6� �� �� $��� $ �� e� m��
  �� �
�� EV���.  �E� ���6 ���� #��?�� ��6� $��� #�<�  #� $ �
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#3 �6� /8�U��  �� B�
L.  � �UJ �
�� EV��� ��D�.� ?�6 �� ������ �3�d #.�� �� ����3 � @J��
=8��d ��F

#8�_ �� � �U��6 �V��� �� ��  @�� ����.  

YF���.� O�$� \  5  ��$V �e� O�F ��72٫63  �F �� ����� @V��6 ?� $Q��20  $��� $ �� #��A� O��

�
C6 ��8�U��  �6� ���)  ��
�.F� ��2� �390٪ �95٪  �99٪ �S
, � @�� ���3 (1٫15 u@�� #���� �6� / �� $Q�� 

 �� ><� �?�� O�F �� �6�28٫45 �$ ��6 ��8�U�� $��� ����� @V��6 ?� $Q�� �6 ��� .�D�V��  #�71٫55  ?� $Q��

�.� ���� �� �Q�J $��� ��  ?�� O�F �� ����� @V��6 $ �. 

 
 =>�3�	'( :  "��� �����PA %(�� "�
) �(�L��LST_Day � () �(���LST_Night) V�H8�W V�HK� (2022-2000(  

  

 5�%15 V�HK� �(��� � �(�L�� "��� �HY�8� �����PA %(�� V�9���� jRK :) V�H8�W2022-2000(  

id Trend Bin Night(hc) Day(hc) Night(%) Day(%) 

١ Down Trend - 99% Confidence 24278 2023 1�15 0�1 
٢ Down Trend - 95% Confidence 3035 1517 0�14 0�07 

٣ Down Trend - 90% Confidence 2023 0 0�1 0 

۴ No Significant Trend 546264 1501720 25�97 71�39 

۵ Up Trend - 90% Confidence 328264 264028 15�6 12�55 

۶ Up Trend - 95% Confidence 778426 228622 37 10�87 

٧ Up Trend - 99% Confidence 421332 105712 20�03 5�03 

  

 %(�������PA V�H8�W V�HK� �� G��Q  

���.� E=�  4  ����� �� #�W�� 5��3 -�����, $��� #�<� �F ����	�20 �6 ���� �� #��A� O�� $ �. ��.   #���F

�6 �$ ��6 #�<� ��  \F�
6 B8� .@�� ���3 #���6 5��3 �� �� $��� �3 ����� �
�� � �D�.� #.�� �Z;� /^3 ����

#3  5��3 O�� O�F �� �	���F���.� �6 @��8�� $

�u B8��3�
3 �6  ���� �� �� �� $��� #� �V��� ����3 @H� ���,

�6 �6 !��16 ����	� ����� T�J \F�
6 �U� �$
 � $���. ���.� O�$� \3�26 �q�.�6��  6� 62�18 $Q��  ?�

 ��
�.F� X2� �3 ����	� ����� @V��690 �95  �99 �6 ����0 5��3 �� �� $��� ?� �$Q�� $
� .�D�V��  #�

37�82 �.� ���� �� �G^�6 $��� ����� @V��6 ?� $Q�� $ �. 
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 =>�4 �	'( :) V�H8�W V�HK� G��Q �����PA %(��2022-2000(  

  

 5�%16) V�H8�W V�HK� G��Q �HY�8� �����PA %(�� V�9���� jRK :2022-2000(  

id Trend Bin Percipitataion(hc) Percipitataion(%) 

١ Down Trend - 99% Confidence 353554 16�81 
٢ Down Trend - 95% Confidence 627192 29�81 

٣ Down Trend - 90% Confidence 327253 15�56 

۴ No Significant Trend 795624 37�82 

۵ Up Trend - 90% Confidence 0 0 

۶ Up Trend - 95% Confidence 0 0 

٧ Up Trend - 99% Confidence 0 0 

  

 %(�������PA m[�� NDVI 

���.� E=�  5  � ��� /��0 IJ�� -�����, $��� /
���0 #�<�#3 �� �6 ���� #�W�� B�����6 -��Q $ �. 

��.  �6 �$ ��6 #���F #3 ������ �3�d #.�� � �3�
� �V��� �� IJ�� B8� ���� ���$16 �� U��.�6 ��F  �� 

���� ��8�U�� $��� ��UJ ��8�� �
�� EV��� B�
L.  � ?�YD� ����� ��. �  ����� �V��� �8�� �� ���8� x�F ?� 

 �  � ��8�U�� $���  #3 �� �� $��� �6 �$8� �$
���0 � �aU� �	�J -��Q ���. ���.� O�$� \3�26 �E� ��  7 �

84٫4 �.� ���� �� �Q�J $��� IJ�� B8� ���3 ����� X2� ?� $Q�� $ �u �D�V��  #�12٫36  ����� X2� ?� $Q��

 �� �S
, � ��8�U�� $���3٫25 �6 �$ ��6 �� �� $��� ����� X2� ?� $Q�� ���. 
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 =>�:5  m[�� �����PA %(�� �	'(NDVI ) V�H8�W V�HK�2022-2000(  

  

: 5�%17  �HY�8� �����PA %(�� V�9���� jRKNDVI ) V�H8�W V�HK�2022-2000(  

id Trend Bin NDVI(hc) NDVI(%) 

١ Down Trend - 99% Confidence 12139  0�58 
٢ Down Trend - 95% Confidence 32877 1�56 

٣ Down Trend - 90% Confidence 23267 1�11 

۴ No Significant Trend 1775358 84�4 

۵ Up Trend - 90% Confidence 52603 2�5 

۶ Up Trend - 95% Confidence 103689 4�93 

٧ Up Trend - 99% Confidence ١٠٣۶٨٩ ۴�٩٣ 

 

 �Q ����)� �����PA N�^�AE�6
 ��RK  

���8� 	1,�E �,��-�� � /��0 IJ��� �� )NDVI���� ( �$
 � � -��H, � � �, $��� �� ?��3��-�� 12� /��0� 

O�$� p��� �3 .@�� t	�^6 \F�
6 ��  ���.�8� �� $��� �� NDVI 3���� 4��� ��� ;��?� )64�7٪��J�� �( 

)14٪ #L�J�� � @J�� e���, �()8�5٪8�3 � (� )6�2٪�6 �$ ��6 ( ���� .8B ��/  6� $���, ���� �, ?���-�� 

�3���� 4���� �3��� #3� � � ������ ?����� #C��, $
��6� �S� �� 
L.  ��B YF i3�
6 ?� @����� ���H����C� 

.$��3 �� �U�� $��� �E3�<68�� NDVI #3 �8�] #
S0 �� � � 3"� )42�1٪�;��? �( )34�4٪ �(� /��0� ��  T
,

)7�3٪#,�3 �( ) ��UH	; � ��?4�9٪ #L�J�� � @J�� e���, �()4�6٪��J�� � ( )4�2٪8� .@�� �$ ��6 E3�
 (B 

�U��8/ �  �� |W�.�V��#� ���HV -�6�$
��� V���� 4����  �#3 #=
8� �8#
S0 �3 N�Y,�� �� w�GJe<; �3" ��  �
���

����	� ����� !�d �� �UJ ��8�� .@�� ?� ��� �8��� �, $�����-�� � 5��3�U E3�
 / ��S��,� 6 ���� ��� $ � .

3����8B 4��� �� 5��3 / ��� �38� )74�4٪ #L�J�� � @J�� e���, �()10�9٪#
S0 �( ��  3"� )6�5٪#,�3 �(  � ��?

) ��UH	;3�5٪�4��� � ( ;��?� )2�4٪�6 �$ ��6 ( ���� .8B 6 5��3 �� / ��� $���, $S,8$� $�� ��3� 

�������� �  � /��0 �� �� �8B  $��3 \F�
6/D�R #3 � � � ?8@� 16�2� .$�U3 B6��  `=;�3 �6� ��8�U�� $���

�6 ���� �12� /��0 -�����, �� #��Y� ��6�  �3 �8�3 �4��� �� -�����, B8����3 #� $ �54�9%  �3 �;��? �
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27�8% �6 �$ ��6  �3 #L�J�� � @J�� e���, ��" ?� `0 .���8�5%  �3 ��J�� �5�2%  .$���� ���
�D�V��#� 

#,�3 �� -�����, T
, � ��� /��0 ���UH	; � ��? � #
S0 @C�� B8��.� #3 �6 ���� -�����, B8� .$��  ��9:, �$
 �

/��0 �8�� �� �" ��9:, #� �D�V �� �@�� �;��? � �8�3 �4��� �3 #��Y� ��6� ����3 @�� ���3 ��.� �12� �� . 

�6 �$8� ���.� @Y�� �3 #��?�� ��6� �� @D�V B�.  ��� /��0 ?� ��C3 �� ��V �  �4��� $
��6 �12� �� 

�6 �$8� #��?�� � #��Y� ��6� �� #� �,��H, .@�� ���� E.; -��H�6 �;��?  ��V��6 @�. � #� @�� B8� �� ���

�6 ��8? �	�J X2� /��0 E8$Y, �� #��Y�  �3 e� �� �12� /��0 ���3 ��V��6 -��H, ���8� x�F ?� � $��3

 @�� �" ?� ���V ?���6 O��
� $����J ��<��6 /3�, >��, |W�.C6 #��?�� /3�, #� �6 �E� �� .���  #� @H� ���,

 @D�V U�� m�� #	V�6 �� � ���� ���
 @�. � #��� B8�,W�3 �� �12� /��0 -�����, �6��.  �� #��Y� ��6�

E3�
 /<� 5��3 �� �� �6 �?�3 �12� /��0 -�����, �� �� �D�Y
  .$
�8�U�� $��� �6���  #��Y� ��6��  ��6?  �3

�6 �H8� �S6 `3 ��<� ��12� /��0 -�����, .$
�  �$ ��6 ���.� -$� �3 #��?�� ��6� ���6 �� �$8$0 B8�
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NDVI Percipitataion LSTNight LSTDay NDVI Percipitataion LSTNight LSTDay 
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�8�3 \F�
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��J�� /��0 302 1478٫68 7٫67 1 388٫42 0 6014٫6 1769٫32 
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#
S0 �3" ��  82٫34 6448 69٫84 0٫93 3932٫22 0 33٫82 9246٫11 
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