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Understanding changes in climate and the factors affecting their occurrence is of 
great importance. In this study, the trend of spatiotemporal changes in the 
parameters of average temperature, precipitation, relative humidity, number of 
dust days, maximum speed, and wind direction from 1987-2023 at 13 stations in 
the western half of Iran was investigated using Mann-Kendall statistical methods 
and Sen's slope, and their relationship with each other was analyzed using the 
Pearson correlation method. Using the Mantel linear test and the Geo-Detector 
(GDM) geographical classification method, the effects of teleconnection indices, 
including QBO, IOD, BEST, and NAO, on the aforementioned parameters were 
investigated. The results of the spatial fluctuation analysis using Sen's slope test 
showed that more than 85 percent of the area of the study area had an increasing 
trend in all parameters. The Mann–Kendall test showed that the highest increase 
and decrease in the parameters were related to the Sarpol-e-Zahab and Dezful 
stations, respectively. Pearson correlation analysis showed that the highest values 
of the correlation coefficients were between relative humidity and all parameters, 
which was inverse and significant at the 0.001% error level. Among the 
parameters, wind speed played the greatest role in the occurrence of dust storms, 
and its effects were observed in 74.9% of the study area. According to the results 
of the Mantel test, among the parameters studied, the highest correlation of the 
teleconnection indices with dust frequency was established, covering 69% of the 
study area. Ranking of the dominant factors on climate change with the geo-
detector index identified the independent factor IOD as the superior and 
influential factor in the distribution of these changes. The findings of this study 
can help understand the climatic factors that influence changes in climate 
parameters. 
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4�=� X(��� )NAO�2 @� (/��' i�>�{ (<��=� (& B�&@��� ��  a"	� 3! ���� "	 ����www.cdc.noaa.gov.htm 
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 ;����� 3! V�!�& ��
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��! �=�(<� 
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���# �$+2%  

 K& f/��&�"�2�� � �A����� B�&@�- ) K& j��> �.�!� +�.�
1945) +�.�
 j��> XY� � (1975 
��! .I��/ j-! (

 B	�=� K��"3�����  f/ "���" "	 ���N��� [N� �/ .��"
��  ���&@&� B��> B�&@� K/� @� 	�=� �	�T���. =� K��b

/ � <�� U�� 	"���! IN�f .��"  
�� "	��&@ K� U�� f/��&�"�2�� M�" @� �	�T��� �&� .���>  U���& M�" f/

G�> j��> �.�!� M�" K/� 3
 .��!1 )1950 XY� � 3��"� (3! ���3( ) K�1968 .I�� �.� �	�	 M��-� � 3 ��> (

 3! 
@��� M�" �	 K/��@�.�� 
���LJ 3! I�-� � .�"�.� �	�	 +�&�� z/@�>  � .��-�� a�-P �	����"�	 V�$� � 
���

�p�� .��" @� 
��N! K�=i>� ?.& �� �& 3��"� ���� 
�	) .��	2  �B�"�A=� �2023 K& M�" @� [��12 K/� "	 .(- 

                                                      
1- Til 

2- Dai 
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��.��" -  ���A&;�����  �=�(<� 
�� Ui��&�� & B�W�& �  B� B	�! "�	

 3�p�� ���&@ 
�� "	K/� �! ��mH ..� �	�T���� K& M�" @� -  �"�&� "�.$& 3���%& 
��! +�.�
Z  3
 .� �	�T��� W��

� "	 BZ > 0  � ��/�W�� .��"Z < 0   "	 ����
 .��"�	�	 �� �& B��� �" ��� � .�	|Z| ≥ 1/96  .��!�  �� & K/� 3!

 B���=�� `L� .��" K/� 3
95% �& �	"���! �" q���) .�
1  �B�"�A=� �2021.( |Z| ≥ 2/58  �|Z| ≥ 3/29   `L�

 B���=��99 �& B��� �" .]"	 ��) .�	2  �B�"�A=� �20223! XY� .( ?"�] �W�� �>  K�� > 
��! � D�� �.��" IN�

 ����> B�&@"	 �	�� �	�	3! W�� "��Q "�
 �	�! .�.� > �/� 	�� {i�& 34��.�k 
��.��" K/� @� �	�T��� �! �

��'�-/�  
��Ui��& G!�< ��Ed> I%> N��>� ;����� K/� @� �	�� 	�.J" "	 �����J �/ .��-� "��Q  

  

�J�� &
�MN � &
(�$1 �KJ��*/ �$+2%3  

3/W�>  @� 3H�=�& �	 K�! �LJ 3L!�" ��"�! 
��! ;/�" M�" f/ B����2 �'�-�=� G�(%>�q����) I�� ������&4 

 �B�"�A=� �2019  �2021q��� g5  �B�"�A=� �2019 .(;����� K�! V��>"� B�&@� K/� @� �	�T��� �!  �=�(<� 
��o��! 

IN� .I��� "��< G�(%> 	"�&  � ��"�!�!�/@"�  �=�(<� ;����� [� K�! �LJ V��>"�/�.�	� �	�	 �!  @� .���2 
��

�2 ���" 3
 G��& B�&@� @� "�	Z�! "	 	�!"�
 ����� I�� X/�>�& �	 K�! �LJ �'�-�=� [/�&@� 
��!�  �	�T���

q�&) .�6  �B�"�A=� �2022 �B�"�A=� � q��/ g2023 3! Z@p .(
"��	�/  I�� 3
 � �'�-�=� U/��_ 3���%&

Z�� j�%& "	 ��"�	�=� o���>  "�W��R .� Z����I�� �.  

 

 H�#Geo-Detector  

M�"Geo-Detector (GDM)�  � �/����� 
��! 3
 I�� �4.&�	�T��� ?��T> @� ��
 �& �	�T��� �/�������  	��

 �B�"�A=� � q���)2017�@�.�� M�" f/ z<��"	 .( X��/"�� G�(%> Z�NT& @� 3
 I�� ���N� 
��� (ANOVA)  
��!

 {�i�>3$�� ���'=��� 
�  G(H � �	�
 �	�T���3�/" 
�  `�_�> �" B��& �"�A=� � q���) .�	 �B2010 �2016  �

2022 G$�-& ����& ��� 3
 Z�NT& K/� 3! .()X (3�-!�� ����& � )Y(  ���A& z/@�> �/ ���&@ 
�� "	 �" �si�& o��
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2016g 
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�"�A�� �("��
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B�"�A=� � q���) �LJ �2016 oN� � o/	�
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�� @��"�A�� @� �& �3 4�L& K/� "	 .(

                                                      
1- Wang 

2- Wu 

3- Mantel test 

4- Huang 

5- Song 

6- Meng 

7- Wei 

8- Wang and Hu 
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15  .]"	�/��'�- ��  `L� K/� "	 �" �T�& .��"3���	 .��B�/�� K/�>./.� .  ��'�-/� "	 	�! IN� 
��! �T�& 
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 B�=�(�.�-&3!>�>�U  "�.$& �!Z  �! �!��!8/5  �8/2 ) I�� �.���& G!�< +�.�1.( =�� `L��I �/K /3���  .��" �!

!�K  3�p��K& B�&@� 
��! -  +�.�
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 R��"1:  ���#F� P�(��<  �*$+�� R
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26/0 - 33/0 72/0 89/0 - 51/0 - 41/0 - 11/0 -  09/0 001/0 16/0 - 00/1 - 03/0 - &� ��N 

10/1 76/0 44/1 13/0 22/0 08/0 - 12/0 31/0 001/0 09/0 40/1 01/0  M�
/� 
*43/2 67/1 87/1 49/1 92/1 70/1 31/0 44/0 001/0 29/0 00/3 10/0  &�J�� 

48/0 - 24/0 84/1 52/0 - 31/0 - 72/0 - 04/0 -  17/0 001/0 04/0 - 03/0 03/0 -   #�����./�� 
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58/1 49/1 12/1 36/1 49/1 53/1 001/0  001/0 001/0 001/0 001/0 001/0  Y?(�   ��N

V�W 

65/1 *22/2 **58/2  52/1 *56/2 **60/2 0/03 22/0 001/0 12/0 07/0 01/0  Y?�� 

06/1 - 86/1 - 52/0 - 83/1 - 90/1 - *13/2 - 20/0 61/0 001/0 44/0 8/2 07/0  R
<M  
*35/2 **66/2 88/1 *03/2 *90/2 *07/2 001/0  21/3 001/0 001/0 001/0 001/0 Z�����# 

70/1 *30/2 31/1 20/1 62/1 54/1 0/06 25/0 001/0 12/0 43/1 0/03 &��+/  

63/0 - 92/0 - 89/0 - 65/0 - 76/0 - 86/0 - 001/0 001/0 001/0 001/0 001/0 001/0  )�.����� 

52/0 *48/2 37/0 - 04/0 - 18/0 26/0 001/0 25/0 001/0 001/0 001/0 001/0 #��K�� 
**24/3 12/1 *35/2 **88/2 **93/2 **19/3 30/0  001/0 001/0 51/0 81/5 16/0  V�/[ �1�( 
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�� "�Nk K�! "	 3
 I�� �N/.! ���.�	�/ 
"��
��  K/����! 3


;����� �! �" ��Ed> I
"��& � 	"�	 ��  G$�-& G&�H I�� �(]� �.��
IOD �& .��!� 3! 3��� �
  � Zm/� "	 G&�H K/� 3


Zm�� G!�< ��Ed> ��Q 	�!� I�� 3���	 3�-!�� 
������& 3=� �! �N��>. �b=��K�  � B��-! "	 M"�! ��&�"�2 �!

(�.�-&�B�= �	�� 	�.J" �� "��Q/��'�- ��
 "�	�� & �! �����&�
 � W&�N&�"
 =�� `L� "	�B�� 05/0  "	 "��'�
 �

=�� `L��B�� 001/0 I�� �	�! "�e��E�. ��!��!/K� � "	/K ����� ��H���/� �����	� ;�����  
	�/@ .P �> ��&� .���> 

 @� �.&��! I4�J	IOD ..��!  

 R��"2:  �$de%���*� BEST P�(��< �� �/� .�(#��  #
� f+J
� :z��& B��.�"�'�  
q –statistic value 

"��Q � 	�� I!��" M"�! �&	 	�! IN�  IH��	�! ��'�-/�  
**95/0  1 *80/0 1 1 99/0 B�	�!� X1 

99/0 1 78/0 1 98/0 1  @���� X2 

*89/0 1 52/0 1 96/0 98/0  B��-! X3 

98/0  1 64/0 1 99/0 1  �N���& ".�! X4 

51/0 61/0 30/0 61/0 56/0 59/0  Zm/� X5 

42/0  63/0 37/0 63/0 50/0 62/0  Zm�� ��Q 	�!� X6 

63/0 68/0 43/0 68/0 68/0 68/0  +��@	 X7 

17/0  48/0 14/0 48/0 43/0 30/0 W&�N&�" X8 

63/0 67/0 33/0 67/0 62/0 63/0  B��(�	  X9 

69/0 88/0 67/0 88/0 86/0 84/0  �����&�
 X10 

67/0 92/0 59/0 92/0 67/0 *83/0 "��'�
 X11 

42/0 47/0 38/0 51/0 51/0 51/0  ���^ G2��  X12 

99/0 1 57/0 1 1 99/0  B�=�(�.�-& X13 

                                 ��6� *** � ** 7* �� �#� c�( #  X$%�% 05/0 701/0  �001/0 .��J�/  

  

 R��"3:  �$de%���*� NAO P�(��< �� �/� .�(#��  #
� f+J
� :z��& B��.�"�'�  
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q –statistic value 

"��Q � 	�� I!��" M"�! �&	 	�! IN� 	�! IH�� )�KJ���  

99/0  1 84/0 1 1 99/0  &� ��N 

99/0 1 62/0 1 98/0 1  M�
/� 

98/0 1 73/0 1 95/0 97/0  &�J�� 
**99/0  1 77/0 1 98/0  1  ��./�� #��� 

51/0 81/0 23/0 81/0 76/0 80/0  Y?�� 

35/0  50/0 31/0 50/0 43/0 50/0  Y?(� V�W  ��N 

50/0 46/0 45/0 64/0 63/0 64/0  R
<M  

44/0  54/0 39/0 54/0 53/0 45/0 Z�����# 

63/0 66/0 37/0 66/0 57/0 60/0  &��+/  
*71/0 89/0 54/0 89/0 80/0 80/0  )�.����� 

58/0 92/0 38/0 92/0 84/0 85/0 #��K�� 

27/0  30/0 23/0 35/0 28/0 35/0  V�/[ �1�( 
***97/0 1 81/0 1  1 *80/0  &�*$+(�-�� 

                                                   ��6� *** � ** 7* �� �#�  X$%�%05/0 701/0  �001/0 .��J�/  

  

 R��"4:  �$de%���*� QBO P�(��< �� �/� .�(#��  #
� f+J
� :z��& B��.�"�'�  
q –statistic value 

"��Q � 	�� I!��" M"�! �&	 	�! IN� 	�! IH�� )�KJ���  

98/0  1 52/0 1 1 ***91/0 &� ��N 

99/0 1 58/0 1 **88/0 1  M�
/� 
**81/0 1 35/0 1 **83/0 ***90/0  &�J�� 
**83/0  1 49/0 1 97/0 1  ��./�� #��� 

45/0 63/0 18/0 63/0 48/0 55/0  Y?�� 

37/0  64/0 14/0 64/0 5/0 64/0  Y?(� V�W  ��N 

60/0 67/0 45/0 67/0 67/0 67/0  R
<M  

29/0  44/0 08/0 44/0 36/0 39/0  Z�����# 

64/0 74/0 41/0 74/0 68/0 68/0  &��+/  

59/0 78/0 41/0 78/0 60/0 67/0  )�.����� 

76/0 96/0 49/0 96/0 91/0 81/0 #��K�� 

61/0  68/0 48/0 70/0 61/0 70/0  V�/[ �1�( 

97/0 1 46/0 1 1 ***97/0  &�*$+(�-�� 
                                                    ��6� *** � ** 7* �� �#� c�( #  X$%�% 05/0 701/0  �001/0 .��J�/  

  

  

 R��"5:  �$de%���*� IOD P�(��< �� �/� .�(#��  #
� f+J
� :z��& B��.�"�'�  



  

���  ��� � 	�
� �
����� ����� �� ������� ���� .� �� 	�  !�"#�$� ���  �
��

#�% &����' .	(� )#�*� �  

 
 

q –statistic value 

"��Q � 	�� I!��" M"�! �&	 	�! IN� 	�! IH�� )�KJ���  

85/0  1 99/0 1 1 1 &� ��N 

86/0 1 99/0 1 99/0 1  M�
/� 

99/0 1 *99/0 1 99/0 1  &�J�� 

98/0  1 99/0 1 1 1  ��./�� #��� 
*99/0 *99/0 *99/0 *99/0 *99/0 *99/0 Y?�� 
*99/0 *99/0 *99/0 *99/0 *99/0 *99/0 Y?(� V�W  ��N 

48/0 48/0 04/0 48/0 48/0 48/0  R
<M  
*99/0 99/0 99/0 99/0 99/0 99/0 Z�����# 

99/0 99/0 99/0 99/0 99/0 99/0 &��+/  
*99/0 99/0 *99/0 99/0 99/0 99/0 )�.����� 

***99/0 99/0 99/0 99/0 99/0 99/0 #��K�� 

99/0 99/0 99/0 99/0 99/0 99/0 V�/[ �1�( 

98/0 1 *99/0 1 1 1  &�*$+(�-�� 

                                           ���� *** � ** 	* 
� �
����� 
� ����� 05/0 	01/0  �001/0 .�����  

 

 
 �D�8 : �$de%���*� �  M� ��
$1 ��/� �\ �� Y]
% ��/M�# ������< �� #)�KJ��� #��W  ��/.&���� V�W �*$� B��.�"�'� :z��&  

�-$J�  ��$\  
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