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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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EXTENDED  ABSTRACT 

INTRODUCTION 
Understanding the temporal and spatial trends of climate impacts and recognizing the factors 
influencing their occurrence is of great importance. The temporal and spatial variation of dust events is 
dependent on numerous climatic and terrestrial factors (Guan et al., 2017). In recent decades, global 
warming and climate change have caused an increase in temperature, a decrease in rainfall, and 
frequent droughts. Following the occurrence of these droughts, the dust phenomenon has also 
increased (Achakulwisut et al., 2018). Climatic characteristics and their dominant elements play an 
important role in the occurrence and distribution of phenomena (Mahdavi, 2018). Most studies related 
to the analysis of trends in climate variables have been based on Mann-Kendall tests and linear 
regression. Therefore, the main objectives of the present study are to use two methods, the Mantel test 
and the Geo-Detector index, to investigate the temporal and spatial changes of climate variables with 
an emphasis on the frequency of days with dust storms in the western half of Iran. 

 

MATERIALS AND METHODS 
To determine the correlation between climate variables with horizontal visibility, data on average 
temperature, precipitation, relative humidity, maximum speed and wind direction were used for the 
36-year statistical period (1987-2023). To investigate the climatic causes affecting these climate 
variables, monthly time series data of bivariate ENSO (BEST), Indian Ocean Dipole (IOD), QBO 
index and time series of North Atlantic Oscillation (NAO) index were used. The Mann-Kendall 
method and Sen's slope were used to investigate the temporal trends of selected climate variables. To 
analyze the linear relationship between climate variables and teleconnection data, the Mantel test (a 
widely used method for testing the linear correlation between two matrices) was used (Meng et al., 
2022; Yang et al., 2023). Finally, the factor detector was used to determine the contribution of 
teleconnection patterns to climate variables. 
 
RESULTS 
The results of determining the trends of temperature, precipitation, relative humidity, dust occurrence, 
maximum speed, and wind direction metrics for the statistical period 1987-2023 showed that the 
changes in correlation coefficients fluctuated greatly during the statistical period. The trend of dust 
occurrence correlation in many of the studied stations is almost in line with the trend of changes in 
climate variables, which indicates that climate changes are in line with these fluctuations in the 
selected stations in western Iran. The results of determining the trend using the nonparametric slope 
test showed that the precipitation parameter at Kangavar, Kermanshah, and Dezful stations has a 
decreasing trend, which can lead to a decrease in water resource storage and a decrease in river 
discharge. The existence of an upward trend in the temperature parameter for 53% of the study area 
can cause an increase in evaporation and transpiration, followed by a decrease in water resources and 
pressure on groundwater. Wind speed had the most significant relationship with the frequency of dust 
storms, and in 96.2% of the study area, it had the highest correlation coefficient with dust occurrence. 

 

CONCLUSION  

Since climate is affected by multiple parameters, climate change cannot be the result of only several 
specific components, and it is the effect of various parameters that causes climate change in a region. 
The findings of this study can help decision-makers in developing strategies and measures for 
sustainable water resource management, reducing and controlling the risks of dust, drought, and 
flooding, and discovering climate factors affecting changes in climate variables. 

 

 



Investigation of Changes in Climatic Indicators with an Emphasis …. 3 

REFERENCES 
References (in Persian) 
Mahdavi, M. (2018). Applied Hydrology. Tehran University Publications, first volume, pp 342. [In Persian]. 

References (in English) 
Achakulwisut, L., Mickley, J., Annenberg, S.C. (2018). Drought sensitivity of fine dust in the US Southwest: Implications for 
air quality and public health under future climate change. Environmental Research Letters, 13, pp 1-12. 
https://doi.org/10.1088/1748-9326/aabf20. 
Guan, Q., Sun, X., Yang, J., Pan, B., Zhao S., Wang, L. (2017). Dust storms in northern China: long-term spatiotemporal 

characteristics and climate controls. Journal of Climate, 30(17), pp 6683-6700. https://doi.org/10.1175/JCLI-D-16-0795.1. 
Meng, L., Xu, C., Wu, F., He, H. (2022). Microbial co-occurrence networks driven by low abundance microbial taxa during 
composting dominate lignocellulose degradation. Sci. Total Environ, 845, 157197. 
https://doi.org/10.1016/j.scitotenv.2022.157197. 
Yang, Q., Zhang, P., Li, X., Yang, S., Chao, X., Liu, H., Ba, S. (2023). Distribution patterns and community assembly 
processes of eukaryotic microorganisms along an altitudinal gradient in the middle reaches of the Yarlung Zangbo River. 
Water Res, 239, 120047. https://doi.org/10.1016/j.watres.2023.120047. 



 

��� ����� 	
��
� �� ��������� ������  ����15 ����� �49� 
 ������
�� 3 �#� �1405  

  

����� ��		
�� �
���� ��� ���	�� ��� ��	� ��� ��� � �������� ���  ��� !	��"  #�

$% �� ��� � &�� �� ���$��  

���% &'�
 (�� ����) *+,1 �-./ 01���2�2* 

1. ������	 
���	 
������ � ���� ��
�� ��
���	 ������  �!� "#$% ��&�����'�  

2.  ���
�
������ � ���� ��
�� ��
���	 ������  �!� "#$% ��&�����' �(7+89� �019:+;)  

 :>��:�Salahi@uma.ac.ir       6185-4826-0003-https://orcid.org/0000ORCID:   

  

�?�@� ���.��  �0�AB  

 :�?�@� C+;  

�	
��
 �?�@�  

  

��D:E ��:&)�: 01/11/1403 

 :F:��:� E:��D18/01/1404  

��D:E G
:H�  :26/01/1404  

��D:E ��	I;�  :22/06/1405  

  

�J�� :K0��L K�
   

1�
�
� ��	 '2��3�� �4��5�
 

��%6� ��7% ��� �3�89 ��	 :�;��  6�

 <�%6� �!��Mantel�3� �89 

Geo-Detector .  

�4 =!� �6�
%���5�
 :���;%�	 '2��3� <� >�2� 
  
?@% A%��B � 3�� 6� ���C 68��	  !� .C
� !��!�D
 

�8E �4 ;��! �9�F�G%��5�
 ��%6� - ��7%� 1�
�
� ��	 '2��3� %)�&���E �J� C ��! �K!�  ��%���  ��;�4

��6�!	 � (��  CM� � CB

 
N��;O �!��P��
�� !�%� �!��	 2023-1987  !�13 �8��&�J ��93  
P� 

�8<�
 K�! 6� ���S�
� �  ��	 !�%�	  E% - � � T�;���U 
!
  E
� <� V��4!� �  �  ��8;78
&  K�! � 

&�J�3�� :�<�

 W�4 �!�%89   �'$4�A �3� 
?� XY
 .C�
� !�
289 ��	 :�;��  A%�� !�� 6�QBO �

IOD �BEST  �NAO GD <�%6� 6� ���S�
� � � Mantel 9#�� K�! � ;� 	 ��
�����8 Geo-

Detector (GDM�! 
  (	 1�
�
� ��	 Z��  ��
  �
!
  ��� .;�81 '$4�A ��7% 5���
���  6� ���S�
� � 

� <�%6��U �
  E
	  �[  6�85 �W�� ;��! 9�F�G% �!�% 9�M: CO�J% 6� ;\!�8��  93� !� �!

1�
�
�  �  " �G% .��� <��� ��89��� ��	  E% <�%6� -   T�;���
��8E �4��5�
 �W��8�� ���� ��  !�

1�
�
� 9  ��  �4
4U � 9  V� 
%8��&�J ��	  A:

 '$4 .C
� T��6� � ���]�A &�J�3�� :�<�

  C �?

  �
��
��8E ��#%8
 �
^8U &�J�3��  �E �J� C ��!� 1�
�
� 93� �  � 9� �!�� ���� ��8E  V��4!�

�GD _G
 !� � ���  `�7�%	 001/0 �a3� .C
� !�����% ;\!���E   !� ��  CB

 
�%�!�:�E 

1�
�
�   ���
��8E <���� ��;D! !� �! [#� ��	 !��P��
�	  !� <� 5�
?� � 9����9/74  6� ;\!�

� 9�F�G% �!�% 9�M: CO�J%8�; %�  ������% 
  .	 ���81   !� �A��% <�%6� 6� A\�O�E 1�
�
� ��	 


!
  �!�%��  �
��8E &�J�3��  �E �3�89 ��	 :�;�� ����
� �  !�� 6��  9� C
� !�
2
  !��P��
�69 

9�4! .C
� 9��
�
  !� �! 9�M: CO�J% 6� ;\!� ;� 	 �4 
  UF�P A%��B��5�
 '2��3� �3� � 89  6�
!�7��

Geo-Detector A#�J% A%�B �IOD 9  �! ?b4 � 
4
  A%�B <���B�!�c�
 � [���
: !�8E �4��5�
 

�
����8 �3� .�89��� ��	 �8E �G%9�F %� ;���4 '2� A%��B =!� 9 �3� �4 
  9���5�
 ��
�%�!�: !�	 

��  �8���� ?b4�
 %� �;�!�c� ;�� d3�.  

  ��1I'� :9�'2 C

: E�� Of\ � 93��� ,h���) . ;�%�
  ,1405
!
  .(� �4��5�
 1�
�
� ��	 '2��3� �b4 � �; �3� 
?� � !��P � �
� 
 89 ��	 

:�;�� <� 
  !�� 6� � �
P !� ��8<�
 .$% 5�
��i%�j ����� �15 )49 �(24 -1   

 

  
© <��;�J8�� /�;�J8��  

DOI:  10.22111/jneh.2025.50874.2096  
 :���;                     <��Jk�'  � <��J�
 ��&����  



�� ��������� ������  ����15 ����� �49
 ����� ��
�� 3 �#� �1405     5  

��0@�  

 ;��! lM� � =�!��5���
�� ��%6� ��7% �� :���;%��	 '2��3� ?b4 A%��B CD��� ��!�c�
 <� >�2� 
  ;�3�6!� 6� ��	 

J �!�	  � C
� !��!�D
 ����
�� F����C ��%6� - ��7%� '2� !�3�
: A%��B 9  V�
�% !��P��
� ��;D!�3� %6 ���� 

<���) C
�1  �<�!�73� �2017��
�%�!�: .(	 '2��3�  !��;B�2 m� 9  ��  <�7% � <�%68A 68��	 �% <��
�� ;���  9�

� 8; �4 ��$���5�
 <� �
M  �  � 5�;���% `�
� 
  �� ;�%	 � 6���� ��	 !�%�	 �
����8 %) ;����
�J	2� 2019 .(

�� 9�� ��	 D��
 ;:8�; �%
�8[ ��M�� ���
�� �� ��	 �������8 �W�� 9  
��%8[ ;�!�  [��� �5!�
O 9�!���  �

d�D F�
� ��	 :� :!�� 9  .C
� �;�d�D ��;D! T���� F�
� ��	 ;: !
7%8�; � !��P��
��W 68��  C
� �;�

�F���k�)85�J3  �<�!�73� �2018(. �
 �� 8E� �8�n� ��	 '2��3� 3M% [#� <� UF�P 
\��B ��  � [���
: !�

:��;8[ ;:8�; ��	 
�
�� % �
��� �3�8; �;M%)	� 1397.(  

9'3�6� [��n:	�� Z���� %6 !� �;��9� �4 ;��!��5�
 1�
�
� ��	 '2��3� <� 
?� � <���� 
  ��  �!��P��
� 	�� [��n:

���4�
�%4 )2002 (C
�  9�ZfB� 6 5!�
O 9�!� �
�8��� 6 CB

8��  ��  ��
� K!�  [���8j  	�
  	;B�J%

<���� >�2� % l��
� !��P��
� 	��� ;�� 5;� � [8�;�: . E8�<����  �� !�E�k 	��F�&��%  j8�
� 6� 
?b�% �3�'2�

��  CB

 AN% �  =�D C ��! !�;#% ���  C
�)�F5 <�!�73� �� 2004 E8� 9G �! .(<���� ��  !�9���8 	�� ��6  �

) <�!�73�2010� (� !�%� �!��	 )2007-1954 (	�
   T�3�k�E ���% � `�7�% K!�  �  � `�7�% �%� �   !�� �� 

 <�8�3� ��J� C ��! �  �! �S�% 9G �! E�k T�3� !� �CD�
 )% o���7 <�!�73� �� 2010 � `�7�% 9G �! ���� .(

 <���3�� _G
 !� !�����%99  <� ��  !��P��
� E�  ;\!�<�73'74  [��n: 6� A\�O 	���!���
� K!�  � �&���<�8 

) <�!�73� �2008 (�
!
  !� .C
�  	���p9 ) <�!�73� �2023���� ;��! ���� (�  !�����
��  9^�O !��P��
�

!�48l  T�
 6�1989  �42021  .;�
! 5��?� 9 ��:�� 5��F�G% !�10 ) <�!�73� �2020�3� (89 ��	 
� K!� 8E  	;��!

3�� _G
 !��<�� 95  ;\!�	�
  �%
�
 9��D��! 9^�O� �� <��� ;�� �
P�.  

!� � AD��8<�
  �
M%� ) <�!�73� �1394 ( � 
!
 �   9G �!�E 1�
�
� ��	 '2��3� C ��! �5!�
O 9�!�) �J��� 

! >�2� � (��  
N��;O CM� � CB

 �K!� 8���
�W	  �  <��
6�D <��
� K�!

�!�<� GD�  �<� ��3� ;� <�W�%

�&�J�3� �� P 6��
 .C
� 9���� [8�W�� h
� 9   E8�1�
�
� ��  !� �
!
 6!��F���	 ) <�!�73� �1402 ( �m�4 	�
 

�� <�8!�%6��  T�
1379  �41399  E8
���  K!�W� .��� <��� �m�4 E8� 	W�
% C3J2 !� �! 5�
���4 E8
��� 

 E�  �&�J�3� <�W�%����
�� ��6�!	 1�
�
� � !��P��
� ��	 '2��3�  !��8��&�J ��	 F� ���6��6!��& C�;��� �  <��
�

 <��

F�� ) �!��2014 -2000E% <�%6� �  (  - T�;��11 Y
� ��E%
  	���!���
� 6�!�q��	 ��2 <�!�73� � !�#

                                                      
1- Guan 
2- Mistry 
3- Achakulwisut 
4- Masatoshi 
5- Li 
6- Gu 
7- Fengmei 
8- Fengjin 
9- Zhou 
10- Gupta 
11- Man Kendall 



6   '��2� ND����� O1'��) �
K �%���� LPD �2�0 ��; �Q� � ���R���S �2:� �
K...  

)1398(  <��
� !� .C
��i  � T�$%!�Mk�!�	 A�'$4 �4��5�
  K!� E% <�%6� �  - � � T�;���U E
1 ��  �!��

)2015-1986 () ��;� <��� �! 	!�����% ;��!�!�8E <�!�73� �� 1395.(  <� �  6�J3���i � 9^�O K!�  � �%��W 

K�D!�;� ) 	!�%� �!�� ��1391 -1370 5��F�G% !� () <�!�73� � 	!�q�2 	�r4
%1397 E% <�%6� �  (-  T�;��

 <���3�� _G
 !� �! 	!�����% ;��!99 � ;\!�[8�3  � �86!� !� <�%6� E8� <�!�� 9��� 9  � ����4��5�
  
N��;O


 � 9^�O 9�m�
 � 9��6�! K!� 8W  9D
��� 6� � ) �!��2019-1959 () ��;� [8�3� �! �qi�% ;��! � ;���JO

�!�73� �<1401 .(9  �!���
K�! 	  	��3i4�E  
� U��

�! � E
�<� GD�  �!�� �� � ��� <�
�
D <��
� !�

)1397-1354(  � K!�  	�
 �%�	  A2�;O 
8�
 9  C�J� �! 	
���  5�
���41�
�
�  ��) C
� ���3� �!��
 ���8<�  �

<�!�73�� 1400.(  �GD <��

�! K�!�� 
2 [��n: !�� ) <�!�73� �1401 ( 	�
 �%�	 � 
N��;O � A2�;O8<�
 

�� ) �!��2016-1987  (�
��8E ��U ��	 �W��8�� 	�
  �!  <��J �4 � !�M  Aq���� <��� . E��a3� K�! E8�

9  <���B  [��n: !� ;%�!�� ���� d8 !��� ) <�!�73� � !�SP1403 (�
!
  CM� �4��5�
 ��%6� ��7% ��  T�3�O�

� K!�  >�2�8<�
 !�%� �!�� T�� !�	 )1394 -1349 ( �!�%C�
� !�
2 ���S�
�. �
JD	 !]� �	 )1401(  �  ���S�
�

 6�<�%6� 	�� E% - �;��T �: �� C ��! s�� 9^�O !��� T�
 	�� 1395 -1364  �<� �%� 9� ;��
�	  ���9�  !�

�W�� ;��! <��J �4 � !�M  Aq�8�� ���� ;��! <��J%6 !� K!�  ��  .C
� 9����
  5�
���4 �
!�3�89 ��	 ;O	  �%�

� K!�  �8<�
  T�
 6�13951  �42020 
�%�!�:�� <�%6� � ) <�!�73� � �F�3� [��n: !� E%
�Y
� 	1403 	�
  (

��&�J8� 
N�� .��� <��� �! �%� [8�W�� �  ��
3� K!�  [��� ��  

 ��46�  !�� 6� ;���: 	���&F����
��� �� l8
�
� C� ��&8�� � 	�� t��%� !�  ��%� 
  � ���  ��
�J� �;B�2 �� ��

 !c� 
�J% �K!� <���� �� U�
 E8;  .C
� !�c�
?� ���
� �
�J� !� ���� ��! ��i
 � ��&8�� �<� ��  ��;D! u��F�P

 �8��� 	���&F� � �;B�2  U��% �!%� ;���  9�9  5!�\ l� <�%6  v! 	
4!�� �
�J� !�%� ;���.  97�8� 9  K
&� � 

 6� !�� 6� ;���: 	���&F��8�n� ���� 	 ;�  !� �8����
��!� � 	%� ;���   �O��� 93� �3�'2� w�O 6� 97�8� C'B 9  �

 .;��J� l� 9  9�J ���6�8E �! ���&F� E8� V��4!� �8�
��� �%� ;���4  .;��  ;�S% 	
SJ34� 
\��B <��% 9G �! 
�JS4 !�

 �����
� lM� �E��a3� �! s'�i% ���%6 9'O
% !� ����;D!CO�! 
4  ����6 t
�) ;8�3�1392.(  

 9'3�6� 5!�\ 5��F�G% 9��
�!� E8� �9��%6  [��n:��E2 )2022% (� ;��   9��
? :�;�� 2� !�� 6��`���  � Z�!�

 T�3� UG2 �! 	W�
% 	��
� !��P��
� <���� C�F��� 
 
!
 � �
�  �� 97�8� �8 �T�
 2016 -1971  !� h�
B

��#F�	3 ) <�!�73� �2021 (�W� V��4!�87�  �! �E ENSO F��� � �C ��	  !��P��
�;���� <���. 8 !�9��� �� 	�64  �

) <�!�73�202498�3� ( �� 	NAO � ENSO  
?�A �2 M��4 <��� �;�8� !�M  �� E�k T�3� !��P��
� C�F��� 
  �! �

 .���<���� �� !��P��
� 	�8��&�J ��T�
 �� <�
8� �
P ���� � �
P 	  	��2022-1987  !�
!
 � �� 	

E�� C

: 9�'2  ) �Of\ � h��1402 
&���  (�2 V��4!�	  `�7�% � <�S�% 6�� !�� #�J% V��4!� ��l  <� 6�� !�

 C�N%98�3� �  NAO ��  .) <�!�73� � !��;�%�1403 E�  9G �! (<���� ��;�k �  �! <�%
� <��
� !��P��
� 	 98�3� E8

 �!�� T�� !� !�� 6� ;���:2017-1988  	
8c:
�?b4 E8
���  
&���  18��� .;��
� �
!
 �8��&�J �� � !��� �<�%
� 	

d � 
M�  98�3� 6�AO  [��n: !� .�� E�� C

: 9�'2  ) <�!�73� � h��1403 
�?b4 �
!
  (<�%W3� 98�3� �� 	

                                                      
1- Sen’s Slope Estimator Nonparametric Method 
2- Xin 

3- Al-Qadi 
4- Xu 



�� ��������� ������  ����15 ����� �49
 ����� ��
�� 3 �#� �1405     7  

ENSO �IOD �QBO   <�
�� 
 <���� �� 	) �!�� T�� !� <�
8� � 
P 93�� !��P��
�2022-1987 6�� ��� <��� (

 �

ENSO  �S�% 6�� � QBO .�!�� !��P��
� [8�W�� 
  �! 
�?b4 E8
���   


  Z���� x ��% !�
% `�
�% ��;�� <��4 !�8C��  �
�� 4��F�G%� %6 !� 9��9� i�4�y 1�
�
� ;��! ��	 '2��3� 

CJ�� �: 
 89 <�%6� ��	 :��
�%�!�	 ;283�  <�kE% – T�;�� � �

�!<� GD� C
� ���  !���
�  9  ����
� �  �

 �E���: [��n: 	���!���
�k [#���
  �;��� <�k !�� 6� ;���: 	���&F�NAO �ENSO �IOD �QBO   >�2� 
 

<���� ��[��n: E8� !� �
&8� 	�
 6� .C
� �;� l'J% � 6
$% <�
8� �
P 93�� !��P��
� 	  �� �M�4'� V��4!��  � 

8d 
^8U &�J�3�� 
!
 �  ���%6 A�'$4 � V��4!� E8� � �86!� � �;�–  9��4 �!�% 
�3� <�
8� AD�� !� <� ���7%

 �E8�
 ��  .C
� 9��
� !�
2
!
  zD� ��	 :���E % �!� <��4  �86!�� 
!
  !��� !� ���;8� E8�� K�! �� ;%�!�� 

�3� � A�% <�%6�89 Geo-Detector CJ���  � CD��� �  �4:�[  ��9%��
  9  !�� 6� ;���: 	���&F� 
?� �  � 	W8!

[�: ���M  	��
�! !� .C��8 C
� !��P��
� >�2� Z�&�� !� ��;%��: C8
8;% ���   ���'\� {�;���  E8� [��n: A%��

 6� ���S�
�CM� K�! �� E8� 
!
 � 5���
�� "�2� ��%6� - ��7%� 1�
�
� ��	 '2��3�  ��a3��E �
!
  ��
��
4
 

98�3� 
?�  	�! 
  !�� 6� ;���: 	��<� �� �b4 � �; 9���� W8! �
!
  
  1�
�
� E8� V��4!� 
4 98�3� � �� 
  �� ����
�� 

��6�!	 <���� �  Z|�4 ��	 � !� !��P��
��93 � �
P8<�
 C
�  !��P��
� ��;D! ��� yi�% �4 �
��  
?b�% Z�;� 6�

1�
�
�  ���&F� � �3�'2�.C
� !�� 6� ;���: 	  

  

���� �
    

 ���0�� �)�����?�U� ��+�  

� !�8E � �[��n:8��&�J ��	 ;3�8; ��93 � �
P8<�
  A%�� 9�13 �8��&�J � �<��
6�D <��
� !� x2��8Zf  �����%
� �

 �!�% CJ�[��n: !�
2  �Z�� .C
� 9��
���&8�� � [���
: �8��&�J ��	  A7� !� 9�F�G% �!�%1 .C
� �;� ��!��  

  
 >A�1 :�,:��V )��N,���: � F1L��
 �:��VI9 �
K ��?�U� ��+� .:x��% <��;�!�&�  

��L H��  

!� CM�8C�� ���� ��	 9  �
������  !�}�%!�7�� % <��3�<�W� 1�
�
� E�  �&�J�3�  � �3�'2� 	��<����  	��

 �!��P��
�% 
�%�!�: 1�:�&���E 9  ��  CM� � CB

 
N��;O ���J� C ��! �K!�  ��%�F��A �8�S	  �
��8E  !� [#�

��;D! ��&�J8� !��P��
� <���� 	�� Ui��% �
 	 T�
 	�� %�!�	 37 ) 9F�
2023 -1987 (;� �;8W�
 .  9  Z6m



8   '��2� ND����� O1'��) �
K �%���� LPD �2�0 ��; �Q� � ���R���S �2:� �
K...  

 9� C
� 	!����8��6�!	 <���� �  Z|�4 ��	 !��P��
�  �[��n: E8� !�6� ���� ��	 �8; #���  6� 
�3�1000  
�%� 

��;�	 ���	   
^�O�<� �;��� ) !��P��
� <���� ��;D!6  �49  �30  �435(  98m�:�;� ;��  9� �  6�! T�� !�8  !� 

�;8� x3� CB�
 9
 
� 9'\�� 9  �
������ <�%6�
 !� ���  �% 	!�� ;��� �E8�
 ��  .
�  6� �78 <� !� 9� 6�!

!��P��
� 	��;�	   h�S4��;���  6� 
�3� 9  �#�� ;8� �1000 
�%  �;

 9  6�! <�  <���� �  ��
3� 6�! <���B

!��P��
�	  9�D��� � ;��M�!�8C  ����%
�  � 9�
�$% ����;D! E8� ��;�49  <���B  !��P��
� 9����% �����
�T�

� 

.;� 9��
� 
}� !� 

CM� 
!
 � �� A'B�����8 � C�: !� ��#F� 8E 1�
�
� ��	 '2��3�� ���� ��	 

	 ��%6�  9����% 98�3���%����
 

)BEST�
 !� (��;�
 2� ~W� ���
���� �� �	 9�
�$% CM�  �3� 9��!� �) �J�� 98ENSO( � 98�3��G2�� CF�O� 

)IOD�3� �(89 QBO �: 6�8��& �8��
��� https://psl.noaa.gov/data/climateindices/list 

 �	 ��%6� 3��89  <�
��

F�3� X'��� )NAO�: 6� (8��& i�4�y '2��3� '% <�%6�
� ��  `!�� 9  �
�� !� ����www.cdc.noaa.gov.htm 

�
� C���
 8; .98�3� E8� ��i��� <� C�3�� 9  K
&� �  ��  	���!���
� �� <�
8� � 
P 93�� !��P��
� ��;D! !� ��

[��n: 6� A\�O  .C
� 9��
� 5!�\ E���: 	���
 	 �#%89Jc:8
 ���� <��  ��	 1�
�
� 9  V� 
% ��	 '2��3�  � 

:!������;�� ����   	����6�!	 <���� �  Z|�4 ��	 !��P��
� �9  ��  CM� � CB

 ���J� C ��! �K!�  ��%�  5!�\

���%� � 9�
�$% 9����% 6�
	 ���� � ;�  9G �! �  " �G% ��1 6�
�!�;���
�	 ��3$%) ;�;�	  �<�!�73� �1394.(  

)1 (  Z
�������

�
  

 9G �! !� 9�m�  �z �3�'2� 1�
�
� �;��!�;���
� �
3� �X
 1�
�
� E�&���%  ���%
� 	�
  �3�'2� 	��X�  �3�'2� 1�
�
�

 �!�� T�� !� 
}��!�% 6�!	!�%�  �δ .C
� 
}��!�% ��% !���% 6� {�
$�� 

  

0;�� >���D  

 E% d8
�%�!�:�� � �7���
� <�%6�- ) E% j
�4 �;� � T�;��19454 XY
 � () T�;�� j
�1975 	�
  .C��8 jJ  (

 <��3� E��!9���
�  d8 !���! !� ���M��� [M� �8 ;��!	

  ���%6%� <��4 <�%6� E8� 6� ��3� ���S�
�.  E��a3�

8 ��2�� U�� �!��
  CM�d ;��!  	

 !���%6 E
 U�� d8
�%�!�:�� K�! 6� ���S�
� �%� ;���4  U
��% K�! d8

A�4 j
�4 �;� � K�! E8� 9� ;�� 1 )1950 XY
 � 9��!� (9  
��9' ) E
1968 .C
� �;� ���� K
�J� � 9�
�4 (

�6�;�� 	���GD 9  C�J� � ;�!�;� ���� T�%
� x86�4 9  	6��� K�! �� E8�  � ;��J�� `�JO ������!�� V�#� � 	
��

�m�� ;��! 6� 	
�M  E�3i4� 5;% �� � �����% 9��! 	��) ;���2  �<�!�73� �2023 E% K�! 6� [��n: E8� !� .( - 

 	�
  E
 U�� � T�;������ E���4 ���%6 	��;��!-  ���7%1�
�
�  Ui��% �3�'2� 	�����% <�W�% �  <� <��  !��

 9�m�
 ���%6 	

 !�E8� 
  ��fB .;� ���S�
�� E% K�! 6� -  �!�%� !�;#% 9�
�$% 	�
  T�;��Z  W�� 9� ;� ���S�
�

� !� <Z > 0  � ��8�W�� ;��!Z < 0   !� ����� ;��!���� �� �% <��� �! 
�� � ;��|Z| ≥ 1/96  ;�� �  ���% E8� 9 

 <���3�� _G
 ;��! E8� 9�95% �% ��!��
  �! o���) ;��3  �<�!�73� �2021.( |Z| ≥ 2/58  �|Z| ≥ 3/29   _G


                                                      
1- Til 
2- Dai 
3- Wang 



�� ��������� ������  ����15 ����� �49
 ����� ��
�� 3 �#� �1405     9  

 <���3��99 �% <��� �! ;\!� ��) ;��1  �<�!�73� �20229  XY
 .( 5!�\ �W�� 
4  E���4 	�
  � >�� �;��! CM�

 
���4 <�%69  W�� !��P��
� ���� !� !�� ��
  ;�;�  �8� ��� yi�% 9F�
;�k 	��;��! E8� 6� ���S�
� �  �4

��&�J8�  	��Ui��% A �2 
�?b4 C$4 M��4� 1�
�
� E8� 6� �
�D �8 ;��J� !��P��
� ��;D! !� ��  

  

�D>I1� X+�YZ � X+'��
 �VI9��
 >��2  

98W�4 o����) C
� ��
���% 6� 9B�3�% �� E�  �GD 9G �! �
!
  	�
  18�! K�! d8 <�

�: �&�J�3� A�'$4�3 

 �<�!�73� �2019  �2021o��
 �4  �<�!�73� �2019 .(1�
�
� E�  V��4!� <�%6� E8� 6� ���S�
� �   �3�'2� 	��l��  

CM� .C�
� !�
2 A�'$4 �!�%  � �
!
 � �86!�  �3�'2� 1�
�
� [� E�  �GD V��4!�8�;��� ���� �   6� ;���: 	��

Z�  !� �
 !��
: ���! 9� A��% <�%6� 6� !�� 
���� C
� X8
4�% �� E�  �GD �&�J�3� [8�%6� 	�
 �  ���S�
�

o�%) ;�5  �<�!�73� �2022 �<�!�73� � o��8 �2023 Z6m .( 9 	!����8  C
� 9� � �&�J�3� U8�
^ 9�
�$%

Z
� j�$% !� ��!���3� l�

4  !�W��R ;� Z����C
� �.  

 

 H��Geo-Detector  

K�!Geo-Detector (GDM)�  � �8�
��� 	�
  9� C
� �F;%���S�
� 5��S4 6� ��	 �% ���S�
� �8����
��  ���

 �<�!�73� � o���)2017�6�;�� K�! d8 x2��!� .( X��8!�� A�'$4 Z�MS% 6� 9� C
� ���M� 	
�� (ANOVA)  	�
 

 y�i�49#�� ���&3��� 	�  A'B � ��
� ���S�
�9�8! 	�  _�^�4 �! <��%  �<�!�73� � o���) ;��2010 �2016  �

2022
���% 
�� 9� Z�MS% E8� 9  .(  A#�J%)X (9�J �� 
���% � )Y(  ���7% x86�4 �8 ���%6 	

 !� �! �qi�% l}�

 <��� ��DE8�
 ��  �;��� �J �� 
���% 9 Y9  A �2 !�� M��4�  A#�J% 
���% 6� 
?b�%X  �<�!�73� � o���) ��  ;���D

2016� 	�6  �<�!�73� �20239  .( 5!��B �8
& �� !�8E � 
  �
� K�!8E  
�� 9� C
�8d ?b4 A#�J% A%�B�
 

A �2 M��4�  
 8d ��%�
 6�4 �;��  9���� 9�J ��8x �r��8 <�  �� ;8�  W���� � o���) ;��  l� 9 ��%7 �2012 6� .(

 6�
!�7�� � �78p�F��� 6�
!�7�� �A%��4 6�
!�7�� �(!�����) A%�B 6�
!�7�� :C
� �;� A�7�4 6�
!�7�� >�� !�Mk

<�!�73� � o���) 
GD �2016� .( lM
 � l8�
� ���S�
� ��D �!��% s�� 	�
  !����� 6�
!�7�� 6� �% �9�F�G% E8� !

 !�� 6� ;���: 	���&F� (A#�J% 	��
���%) !�c�
�?b4 ��#F�  !�1�
�
� 	�� �3�'2� (9�J �� 	��
���%) C�3� j
�4 �

 	!�%�q !�;#% .;� ���� <��� q <��� 6�
!�7�� !����� !� <�W�% 	�;B !�;#% �;���  
���% � C
� <��  A#�J%X� 

9�J �� 
���% Y �% _�^�4 �! �!�� �! <� !����� 9� ;�� � !�;#% E8
4m�  q d3� �6�;�� .C
� �'\� �;���  	!�%� 	
��

q ) 9G �! � 2�% <��  ( ��� o��p)8  �<�!�73� �2022<! �9  �<�!�73� �2024.(  

                                                      
1- Wu 
2- Mantel test 
3- Huang 
4- Song 
5- Meng 
6- Wei 
7- Wang and Hu 
8- Zhang 
9- Ren 



10   '��2� ND����� O1'��) �
K �%���� LPD �2�0 ��; �Q� � ���R���S �2:� �
K...  

)2 (  q � 1 �
∑ �� �

!"
�#$

� !
  

 9G �! !�m�  h <��� 9#�� �;��� ;� 	  A#�J% 
���% E��4!�: �8X  9�J �� 
���% �8 �Y  .C
�Nh  �N 9  U�4
4

<���  98m 	��;O�� ��;�4 �;��� h .C
� ���;$% A� �σ&  �σ'
& 9 <��� U�4
4  9�J �� 
���% X��8!�� �;���Y  !�

 98mj  � C
� ���;$% A�. �
�8;� ) A7� !� [��n:2.C
� �;� ���� <��� (  

  

  
 >A�2F
��
 K��; 0;�� : .x��%<��;�!�&� :  

  

�I;:O [�2 � 

ND����� X��Y - O1'��) �� 0;�� �
K �%����  

CM� �
���[��
 � �8 <�8
� ��	 ����� 8� �W��8�� 1�
�
� ��	 '2��3� � !�8��&�J ��	  K�! �� 6� !��� �
P


�%�!�:��8d � �;����!��
 �U E% � E
  - �
� ���S�
� T�;��8; . T�;�1 ��;��!	 GD� ��� �81 !�%�	 K�! 	�� 

E%  - � � T�;���U 
� E  A7�3 ��W  ;��!����
��  �� E% 	���% 
 -  T�;���
 	 ����
��  !��P��
� �!�[8�3 

%� ;�� . <�%6� 6� 9��
�
 E% - �
  T�;��	 ����
��  !��P��
�8d '� ;��!� �W��8��  T�
 6�1987  �42023  !�

�8��&�J ��	 Zf
� �<��J  �6���� � ��
P �� �8�Zf '
;�J% � ���] A:

 �!��&�� �<�
'�� �W%
M%�!�<�3  ;��! 9�%�� � 

9#G�% �	  �E 46/0  �424/3 �% � �!�� ����&���E 9#G�% �	 %�<�W �4��5�
 �;���8 � !�8��&�J ��	 Ui��%  �  
 �
 

!�;#% 67/1 C
�. ����
�� 	�� �W��8� �� !�8��&�J  ���] A:

 !��J A �2  9��4 !�;#% 9� ���� 6� � ��� Z <� 

�!W  
4  �;B 6�58/2  <���3�� _G
 !� 	���\ ;��! ���� �CJ�99  9��
8c: ��&�J8� E8� !� ;\!�%� ��� !� .

 A �#%�8��&�J ��	 sF�i% 6�
 �����%
� � T��6� �
M���% !;�  �<��� � 8 � 9����d '� ;��!� �����  ;��! 9�%�� �  �!

9#G�% �	  �E 26/0  �406/1  [8�3� 9 9���c� ;�� � %�&���E �4��5�
 <� �� �  
 �
  60/0  .C
� ;��! U�� E8
��� 

 !�;#% �  T��6� !�Z  6� 
�3�96/1  <���3�� _G
 !� �F�W� ;��! ���� 9� �!�� ����95  <� !� ;\!�9  ���!� 



�� ��������� ������  ����15 ����� �49
 ����� ��
�� 3 �#� �1405     11  

% A �2C
� �;���
 .� ��  CM� � CB
�W � !�8E �8��&�J �� ���� ;��!� % <��� �!� ;�� ����
� ;���3� ��  �!��P��
�

� !� ��  CM� � CB

 C�N% ;��!8��&�J A �2 ���] A:

 
� 9��4 �E8�
 ��  .C%� <��4 �W�� 9� CS�8[  [��� �

����
�� ��6�!	 � !� !��P��
� �  Z|�48��&�J �� �W�� �  o���3�8[  ��  CM� � CB

 [��� � �E8�
 ��  .C
� ��� 

.C
� 6�
!�� !��P��
� ��;D! !�M% !� ��  CB

 [���  

%�&���E  T�
 6� �%�1987  �42023  �
��8E  �6�;��4 5�
����
  �!	 �8��&�J	�� ���� ;��!) T��6��A:

 � (  

�W�� ;��!) ���]8��% <��� (� ;���Ei
 
&8� 9  .  5�
���4 9  K
&� � v! ����  ��T�
 ��	 D��
�  [��� �!���
�

%�&���E � !� K!�  � �%�8��&�J ��	  T��6� � �����%
� �!��&�� �<��� �� 1�
�
� E8� E�&���% [8�W��  �� !�

�8��&�J ��	 Zf
� � ���] A:

 �W%
M%�! �<��J  �6����  �
P �� ��%  ;���49  5!�\ �4��
 '2��l d�D � F�
�  ;�� .

l� �J��  l� !��8��&�J �� 9  W� �8��&�J ��	 CJ� ��
3� ;��! !� ���\ �  T��6� � �����%
� �% 9� l��
� ;���4 -

 [���! �;���9�M: 6� l� ��	  �� 7�D 9 � ��  .;�� �8E 9���8 A\�O 	���;� �% <��  ;��� � 9���� ��	 �!81 

%� ;����4 '��
� 5�8<� : �!�[  ��� �3�8;�� F�� �
 	 
!�<; ! 9 8W �4��5�
 ����  �� ;8��9  �!���
	  K�!E
 

J �!�  �!�� ;�� .  

 <�%6� �  !��P��
� 5�
���4 ;��! �
!
  18���3i4�E 
�  ;��! jD C�N% U�� !�;#% E8
���  ��� [8�3� �E
 U��

 �;�
��
 !��8��&�J �� ��4!��B 9  .C
� ���] A:

 � <��J  	85  ;\!��8��&�J ��  _G
 !� C�N% ;��!5  � ;\!�

15  ;\!��8��&�J ��  _G
 E8� !� �! �S�% ;��!9���� ;��<�8
� E8
4;8;� .  ��&�J8� !� ��  CM� 	�
  �S�% 	��

 �!�%� �  <��� � Z �  
 �
 1 - %� ;��  . � ���] A:

 !� ��  CM� 	�
  	���\ ;��! E8
4;8;� A �#% !�

 <�3�'
;�J%9 4
4�U  !�;#% � Z  �  
 �
 8/5  �8/2 ) C
� �;���% A �2 T�;�1.( 3�� _G
�C �8E 89���  ;��! � 

 �E  9�m�
 E% <�%6� 	�
 -  T�;��
#48u�� .�!�� C# �G%  

 7�0,1:  0;��F� O1'��)  ����%� 7+� �� K���Z ����2023 -1987 K��2 ��VI9:� X��:� ]�R ^�I1� K�
. :x��% <��;�!�&�  

(� ����Z- 7�01LZ (' ^�� 

 � �
�

!��P 

C ��! K!�  �%�  CM�

��  

 CB



��  

 � �
�

!��P 

C ��! K!�  �%�  CM�

��  

 CB



��  

��VI9:�  

26/0 - 33/0 72/0 89/0 - 51/0 - 41/0 - 11/0 -  09/0 001/0 16/0 - 00/1 - 03/0 - X���2Z 

10/1 76/0 44/1 13/0 22/0 08/0 - 12/0 31/0 001/0 09/0 40/1 01/0  Y�+
� 
*43/2 67/1 87/1 49/1 92/1 70/1 31/0 44/0 001/0 29/0 00/3 10/0  X�I92 

48/0 - 24/0 84/1 52/0 - 31/0 - 72/0 - 04/0 -  17/0 001/0 04/0 - 03/0 03/0 -  �#	
�� �012 

58/1 49/1 12/1 36/1 49/1 53/1 001/0  001/0 001/0 001/0 001/0 001/0  _.'�  ��2Z

]�R 

65/1 *22/2 **58/2  52/1 *56/2 **60/2 0/03 22/0 001/0 12/0 07/0 01/0  _.:� 

06/1 - 86/1 - 52/0 - 83/1 - 90/1 - *13/2 - 20/0 61/0 001/0 44/0 8/2 07/0  7+)Y� 
*35/2 **66/2 88/1 *03/2 *90/2 *07/2 001/0  21/3 001/0 001/0 001/0 001/0 `��#��� 

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

63/0 - 92/0 - 89/0 - 65/0 - 76/0 - 86/0 - 001/0 001/0 001/0 001/0 001/0 001/0  ��	;���L 

52/0 *48/2 37/0 - 04/0 - 18/0 26/0 001/0 25/0 001/0 001/0 001/0 001/0 ���V1L 
**24/3 12/1 *35/2 **88/2 **93/2 **19/3 30/0  001/0 001/0 51/0 81/5 16/0  ]�
a >
�' 

46/0 04/0 25/0 46/0 - 35/0 - 42/0 - 20/0 61/0 001/0 44/0 8/2 07/0  X����'0�9� 



12   '��2� ND����� O1'��) �
K �%���� LPD �2�0 ��; �Q� � ���R���S �2:� �
K...  

  

  
 >A�3 :��VI9:� �� ���R���S �2 _b+D K�
Y�� �;����) �;c�' �����ND  7�' Y� X��:� ]�R K�
1987  �D2023 .:x��% <��;�!�&�  

 

 �;�A� �����NDO1'��) K�
 ����%�  

) A7�4;��! ( 1�
�
� �8�r� x86�4 � ��	 �3�'2� �&�J8� !�� 	�� �
������ �! Ui��%  T�
 6�1987  �42023 

�[8�3 �% �% �;���% A7� " �G% .;�� ���� ��  CB

 
}�6��  m�  >��4 �  "���%��&�J8� !�  <��
6�D <��
� 	��

�;� W�
3�% �'� CF�O !� .;��� 4/61 ��&�J8� ;\!� ) ��7  (�!�%W�� ;��! ��8� ��  CB

 !�9����  E8� 6� 9� ;��!�;#% 

 ��;O4/38  ;\!� <�; ��%� !��	 ����   �%� �&�J�3� !� !�����%23  ;\!� CO�J% �;��3�2�  !�G
<���3�� �� 

95  �99 A �2 ;\!�  .C
� 9}Of% �<� 
  <�W�� !�5  ��&�J8� <�8
� 
&8� ;��!CM� !�  ���  �F�W��  E8�

����
��  ;8;: 	���;%�  !�7/30 % ;\!� ;2�� CO�J!�����% 	 !� �6/7  ;\!� 9�M: <���3�� _G
 !� �! 	!�����%



�� ��������� ������  ����15 ����� �49
 ����� ��
�� 3 �#� �1405     13  

95 � ;\!� [8�3�%  .;�� 1�
�
� 	�
  	���\ <�8
� ��  CM� !� 9#G�%A%�� 4/38  ;\!� ���  E�3� �  
 �
  �

 W�� !�;#%
�
 C
� ��
� 	
Y
 �! �F�W�� � ��� !� �F�W� ;��! 9� 5��S4 E8� �  �  ���&�J8 v
� 	!�����% �\�D

����� ��
3�� �F�O!� 9� 23  ;\!�9�M: CO�J% 
�
 	���\ �  9 
�4 �! !�����%9���� !� .;�� �
!
   �%� 5�
���4

 ����� ;��! �!�% 9��4� <�;  �%� !�����%	 	�
  [� ) ��&�J8�1/46 A �2 (;\!� �F�O!� .C
� �;���%  9�7/53 

��&�J8� ;\!� ;��! l� �� 9���� �! ���N%  �M�4 <�W�% E8� 6� 9� ;��3/15 3�� _G
 !� ;\!��<�� 95  � (W%
M%�!)99 

 !�����% (���] A:

) ;\!����  �: 
  .;��89 9���8 E8� 1�
�
� !� 	���\ 5���
�� �	!�%� 	��  U�
 �3�'2� 	��

d�D 	����;8�! �����
� ��8�6�  � �%
� ��F�
�M�!�8C j8�
� ���8� 9  
��% d�D �% 
4  !� .��� �
�� �8��&�J ��	 

 ���� 9�M:  [��n:�!�% T�3�O����\ ;��!	  !� ���7% 5�
���4
�%�!�:  K!�  � �%� 	�%� [8�W�� � C
� 
��� 

 !� ��86<� �� 9#G�% !� 
���  l�'2� 
���4 ��;D! ����  !�M� �9��� ��	 <���
� 9�D����� .C
� �W�� CM�8��  
�%�!�:

 C ��! � K!� �8��&�J ����;O � 5/61  ;\!� K!�  	�
  �! 9�M: CO�J% 6�� ��;O 8/53  ;\!� 	�
  �! C ��!

 ��J� 
  !�%� ���
 .
�
 ���� E8� �  �  
 �
  ����� 23  ;\!� !� �
�J� CO�J% 6� � K!� 3/15  	�
  ;\!�

.C
� ���  C ��! � �  Z|�4 	��6�! �����
� 	���\ ;��! !� !��P��
1/46 ��&�J8� ;\!� �;� W�
3�% ��   6� 9� C
�

��;O <�W�% E8� 23 ��&�J8� ;\!�  ��� ���  ��
3� 	!�����% �  �� 8E T�O  !�7/30 ;\!� [��n: �!�% 9�M: CO�J% 

CM� � �F�W��� 9���  	!�����% ���;� [8�3� �! �\�D�'� CF�O !� .C
�� �%  !� ��
���% 93� 9� CS� <��4M:9� 

 �!�%[��n:  6�	�&F�  9  C�J� 	
���  ��8�W��<�8
�  ������% 	�
�: ;���.  

  

 
 >A�4: O1'��) �;c�' �����ND 0;�� �:�d) e:Y+D �
K ���%� .�:x��% <��;�!�&�  



14   '��2� ND����� O1'��) �
K �%���� LPD �2�0 ��; �Q� � ���R���S �2:� �
K...  

 A7�5  ���n8�x86�4 [���
: � 1�
�
� 9�m�
 
8��#% E�&���% �8�r� �� �% <��� �!  .;�� !� A7� �  " �G%

	��
�%�!�: !��P��
� �����
��  
N��;O ��  CM� � CB

 [8�W�� �8����
�� �
B �  o���3� ���� 9  T�3� 6�

.C
� !�7�� uf%��  �
&8� <��  9 ��&�J8� ��  CB

 E�&���% E8
4m�  6���� � <��� � 	�� �  �! 7/6 �? 
  
�%9�� � ��;�4 

13  !��P��
� 6�! ��q�D� ��D 9 ���� ;�� E8� .�8��&�J ��  !��J� C ��! � �%�� 	�%� E�&���% �  W�� 9/20  9�!�

���
� ��
�  �26 ;\!�  
&8� 6� C ��!�8��&�J ��  C#�
9��
� ;��A �#% !� . ��&�J8�  	�� !� x2�� �����%
� <��
�


�3�8E  �! E�&���%�% A%��  �;���9  9��� �9� 	 Zf
� !� ��J� C ��! � �%� E�&���% � �9  ���] A:

 � �
P �-

 �  
 �
  U�4
47/1 ����
 9�!�  � ��
�3 �% ;\!� ;�� . C3J2 
  ��fB K!�  <�W�% �%� ��	  
���  !� � ���

C3J2 ��	  9  C�J� �! 	
4m�  E�&���% l� �F�3�9�M: ��	 �% [8�3� � 
P T�3� � �2
� ����  .;�� 98�: 
 

9���8 �� �% %�34 E�&���% 9� CS� <��4 �
�%�!�: 93� <��% 6� � C
� ���  [��� T�O !� T�3� C3
 9  ���� 6� ��

��  CM� � CB

 ��
���% !���6�
	 �8�n �   �����
� ��;D!.C
� 9���� !��P��
�  

 

  
 >A�5: Y+D:e ;�A�� ��V;��( O1'��) �;c�' �
K �%���� .:x��% <��;�!�&� 

 



�� ��������� ������  ����15 ����� �49
 ����� ��
�� 3 �#� �1405     15  

O1'��) (�2 �VI9��
 �
K �%���� ��� Y� 0;+�
 K�
+V?� �2  

9%��
  !8W C8
8;% 9��%6 !� 	<�
$  ��  .C
� <� !� ���� 5!�M% E���� ;�%6���J �!�	 � 6�8E 5!�M%  
  ��`�
� 


�T��& ��	 :�;�� ���&F� � !�� 6�	 ��
�� A �2:�[  ��� <� 6� �;%�
  A �2 �� �
��  �  �!��3� CD��� E8� � C
�

���� �O !� 	!��J  	�� .CJ� A%�74 TA7� !�  	��6  �7 C
�! C3
 93�� � �A7� E�  <�

�: �&�J�3�

1�
�
� ��	 �k 93�� � �3�'2� W��  V��4!� <�W�% E�  E8�1�
�
� ��  �!�Mk  !�� 6� ;���: 	�&F� 	���% 
  A��% <�%6�

 .C
��:89 !8W	 �8E  <�%6�	��
�%�!�: 9  C�J� 
�%�!�: d8 
���  	!�c�
?� s�� 	�
  8 .C
� ���  
&8�!���� 

�%  9� ���jD k�E �� <��  �! C�N% V��4!� {�\ V�GD � �S�% V��4!� �% ���98W�4 .;  <��% �&�J�3� A�'$4�

1�
�
� �� ��&�J8� 93� 	�
  �<�

�: 	���% 
  #% E8
���  ��
8��  �%� �  ��J� C ��! E�  �! �&�J�3� ��
� �!��
 

9� C
� �7�% �&�J�3� U8�
^ �  E�  `72/0  �4 ���] A:

 !�96/0  !� V��4!� E8� � ���  ��
3� W%
M%�! !�

��&�J8� �%�34  <���3�� _G
 !� ��001/0  ;\!���% !��J � !�� C
� d�D �G�$% <�
�� E8� <��%!� 9� ��F�
 

<� ��  K
�J� �
!
  ��;��
  .C
� E�%6 ����� [��: !� 
���4 � �8�6 ��
� �����
� E�  �&�J�3� 
8�
 �  !��P

1�
�
� ��	 ��&�J8� 	�
  ��3�'2� 9  ��  CM� 	�
  �! �&�J�3� !�;#% E8
���  Zf8� � <��� � 	�� !�;#% �  U�4
4

36/0  �23/0 �% <��� % E8� 9� ;��!�;# 9  �&�J�3�  � ���  l�#�J% 5!�\ �M�4 <���3�� _G
 !� <��� � !�05/0 

 ;\!�Zf
� !� .C
� !�����% 
P �� � <��J  � � W�� �
��8E �
^8U &�J�3� ��%� �  !��P��
� E�  (C�N% V��4!�)  �

C ��! (�S�% V��4!�) A �2  C
� �;���%  9�Zf
� !�  �� 
� �
P �� � 
�%�!�: <��J  !� � 
�%�!�: _G
 !� C ��!

 <���3��05/0  ;\!� 6���� !� � ��  CB

 �  !��P��
� 
M���% !;�  !� .C
� !�����% � CB

 
  ��fB ���] A:



�  ��  K!�  W��  `�7�% �&�J�3� U8�
^ !�;#% E8
��� �% �;���% ���  
M���% !;�  !� 9� 	!�����% �  _G
 !�

 <���3��05/0 C
� �;� �!��
  ;\!�. F�O!�� 9� ��&�J8�  	��<�
'��� '
;�J%�<�3  W%
M%�! � E�  !��P��
� � 

 ��  CB

 �&�J�3� E8
���  �!�% <��� ;���  <� !�;#% 9� !�'
;�J%�<�3  <���3�� _G
 !� ��D 	!�����% � 

01/0  V��4!� <�
'�� !� � ���  ;\!�9   5!�\� C�N%  W%
M%�! !�A7� 9  �S�%  �  
 �
  �52/0 �%  !� .;�� 

�8��&�J ��	 9  ��  CB

 �  �&�J�3� E8
���  !��&�� � �����%
� 9  �%� � `�7�% 5!�\  5!�\ �!�� ���� l�#�J%

 �����%
� !� 9� �%� � ��  CB

 	�
 9  �  
 �
  U�4
436/0  �33/0  <���3�� _G
 !� � ��� 05/0 ��%� !��  � C
�

9  !��&�� !� U�4
4 �  
 �
 11/0  �27/0  .C
� ���  !�����% <�;  � ��&�J8� !��P��
� ��;D! 9� C
� �F�O !� E8�

 93� �  T��6�1�
�
� 3� �� ��
� �!��
  �! �S��^ !��J  �&�J�.C
�  

�% <��� A��% <�%6� 18��� 9� ;�� ��&�J8� ) �&�J�3� !�;#% E8
���  9� �8���$�% � V�GD� o�!
:  9  C�J� 
4

�
8
 ��
�%�!�:98�3� !�Mk � ��  CB

 
���% �  �! (  !�� 6� ;���:QBO� IOD �BEST � NAO ;�!��  �<��� � A%��

] A:

 �<�
'��9  V��4!� E8� 9� C
� !��&�� � ���  <���3�� _G
 !� !��&�� � <��� � !� � ���  l�#�J% 5!�\

05/0 ��&�J8� E8� !� �E8�
 ��  .C
� !�����% (W�
 o�!) ;\!�  !�� 6� ;���: 	���&F� 	!�c�
?� ��CB

 
   �� 

9  ��^� .C
� yi�% ��&�J8� 	�
  �! �&�J�3� U8�
^ !�;#% E8
���  W�� ��  CM�  	��Zf
� �� �  ��
P !;� 


M���% 9  9  ���] A:

 � 6���� � `�7�% 5!�\  <��� 	!�����% <�;  � l�#�J% 5!�\%� ;�� !� �%� 
�%�!�: .

��&�J8� !� 9� �!�� l�#�J% �&�J�3� T��6� � W%
M%�! �<��J  �Zf8� �<��� � 	��  <���3�� _G
 !� <��J  � Zf8�

01/0  <���3�� _G
 !� T��6� � W%
M%�! !� � ([S�  o�!) ;\!�05/0 �% <��� 9� C
� !�����% ;\!�  �  ;��

98�3� C�F��� [8�W�� �% ���W�� 5!�
O 9�!� <�W�% 
  �;���8 	��  U8�
^ E8
���  �K!�  
�%�!�: 	�
  .���



16   '��2� ND����� O1'��) �
K �%���� LPD �2�0 ��; �Q� � ���R���S �2:� �
K...  

��&�J8� !� C�N% A7� 9  �&�J�3� �% �;���% �����%
� � W%
M%�! �Zf8� 	�� 9  W%
M%�! � Zf8� !� 9� ��� U�4
4

_G
 �   <���3��05/0  �001/0 ���% ;\!� (�!6 o�!)  !� ��J� C ��! .C
� !��Zf
� �� �  �Zf8� �T��6� ��
P

 ��q�D� ��D 9  �! �&�J�3� U8�
^ 
8��#% E8
���  <��J  � W%
M%�!���� ;�� ^ E8� 9�9  U8�
  ���  C�N% 5!�\

 _G
 !� W%
M%�! � Zf8� !� �001/0  _G
 !� <��J  � ;\!�05/0 ���% <���� ��;D! �����
� E�  .C
� !��  	��

��&�J8� !� �&�J�3� !�;#% E8
���  �!�� 6� ;���: 	���&F� �  !��P��
�  �<��J  �<�3�'
;�J% �6���� �<��� � 	��

����] A:

 � W%
M%�! ���%
�<�
'�� � !��&�� ��� 9  <�
'�� � !��&�� ������%
� !� V��4!� E8� 9� �!�� ����  5!�\

��&�J8� �2�  !� � ���  `�7�%  <���3�� _G
 !� ���] A:

 !� � C
� l�#�J% ��01/0  _G
 !� W%
M%�! �05/0 

�% �E8�
 ��  .C
� !�����% ;\!�   !� !�� 6� ;���: 	���&F� 9� C�
� 9���� <��41�
�
� E8� E�  
  �! 
�?b4 E8
���  ��

9���� !��P��
� �����
� ����
��  ���&F� E8� C�F��� [��� � [8�W�� 9� C
� >�^�% E8� [i  �B�;4 � ;��

9  9��� � 	���% !�� .C
� 9���c� 
?� !��P��
� 	��6�! ��;�4 
   
  

  
 >A�6: �:`�D O1'��) (�2 X+'��
 �VI9��
 >���D� �
K �:`�D � ����%� X+�YZ >���D� Mantel O1'��) (�2 �
K  � ����%��:��;  K�


&�.� .��� Y� 0;+�
  K�
"
*
" �"**

"  �"***
" �1�� �2 �� K��� fU' �� ^�D�Dp<0/05 �p<0/01  �p<0/001 �� X�	; 0
�. :x��% <��;�!�&�  



�� ��������� ������  ����15 ����� �49
 ����� ��
�� 3 �#� �1405     17  

  

  
 >A�7 :�:`�D O1'��) (�2 X+'��
 �VI9��
 >���D� �
K �:`�D � ����%� X+�YZ >���D� Mantel O1'��) (�2 �
K  � ����%��:��;  K�


&�.� .��� Y� 0;+�
  K�
"
*
" �"**

"  �"***
" �1�� �2 �� K��� fU' �� ^�D�Dp<0/05 �p<0/01 � p<0/001 �� X�	; 0
�. :x��% <��;�!�&�  

 ��QPD�:��; O1'��) �� ��� Y� 0;+�
 K�
 �
K ����%�  

 Z�;� 97�8� �!�% !� 
���  _�^�4 	�
 98�3� 1�
�
� 
  !�� 6� ;���: ��	 ;�!�� 
?� �3�'2��  6�98�3�  6�
!�7��

l8�
� ���S�
� !��74���p  A7� !� �8  	�
  d89��3� 1�
�
� 6�  ��)!��P��
� �  Z|�4 	��6�! �����
�(  E�  V��4!�

 �  ��!�����1�
�
� �� 9��4 �  .C
� �;� ��!�� ��&�J8� !� 
�?b4 	��!����� y�i�4 18��� 9   A%��B �Ui��% 	��



18   '��2� ND����� O1'��) �
K �%���� LPD �2�0 ��; �Q� � ���R���S �2:� �
K...  


���% <��
 
  
?@% 	;�'�	��  �C ��! �K!�  ��%�) �!��P��
�5!��B (�
� � ��  CM� � CB

  	��!����� 6� ;��

NAO �QBO �BEST  �IOD  9�T�;� !� ��	 )2  �45���� <��� (   9'\�O 18��� UJO
  .C
� �;�98�3� BEST 

��&�J8� !��P��
� �����
� !� �M�4  � <�3�'
;�J% � 6���� 	�� 
�%�!�: ��  CB

 !� �! C�!��% E8
���  !��&��

 	!�%� 
}�6� 9� C
� 9����	�
   <���3�� _G
 !� <��J  � !��&��05/0 	�
  �  <���3�� _G
 !� 6����01/0 

 .;��J� !�����%98�3� NAO  W��A �2 
�?b4 <��� � !� �M��4  !��P��
� �����
� � ��  CB

 
  ��&�J8� <�3�'
;�J%

 <���3�� _G
 !�001/0  <���3�� _G
 !� 
M���% !;�  � �����%
� !� � 9����01/0  �05/0  
  !�����% 5�
�?b4

 .C
� 9���� !��P��
� �8�r� 	���&F�98�3� QBO  �� 9  C�J�98�3� 1�
�
� 
  	
���  5�
�?b4 
&8� ��	  �3�'2�

��&�J8� ��&�J8� �;�
��
 !� !��P��
� 	�! 
  <� 5�
�?b4 9� 9���� �� <��� � 	�� � <�3�'
;�J% � <��J  	!�����% � 

 <���3�� _G
 !�001/0 �%  !;�  � <��J  !��P��
� � <��J  � 6���� ��  CM� 	�! 
  E��a3� A%�B E8� .;�� 

 <���3�� _G
 !� 
M���%01/0 ��  !�c�
�?b4.C
� �  

 6�
!�7�� CJ4 6� A\�O 18��� 9  9��4 � A%�B !����� !�Mk E�  !� 9� C
� �M8;  ���;���8 	!�����  E8
���  9�

1�
�
� 
  �! 
�?b4 C�!��% � �!�� ��  A#�J% A%�B C
� �'\� �;���IOD �% ;�� � 9  9��� �	  � Zf8� !� A%�B E8� 9�

Zf
� A �2 
�?b4 �
P �� � 3� 
  �M��4C
� 9���� 9�J �� 	��
���% 9. �a3��E�  � <��J  !� K!�  
�%�!�: 
 

'
;�J%�<�3 � !��P��
� ��;D! �8��&�J ��	 !�����% �  �����%
� � W%
M%�!	 3�� _G
 !��<�� 05/0  !� !��&�� �

3�� _G
�<�� 001/0 C
� ���  !�c�
?�. �
 �� 8E� � !�8E ��
�� �
B���8� ���
��� 1�
�
�  �4 �� 	��86 ;O%� ;���4 

 6� �;%�
  CF�D�IOD .;��   

  

 7�0,2:  ��QPD�:��; BEST O1'��) �2 �
K .�'��2 ��+� g�I�� :x��% <��;�!�&�  
q –statistic value 

!��P � �
� C ��! K!�  �%� ��  CM� ��  CB

 ��&�J8�  
**95/0  1 *80/0 1 1 99/0 <��� � X1 

99/0 1 78/0 1 98/0 1  6���� X2 

*89/0 1 52/0 1 96/0 98/0  <��J  X3 

98/0  1 64/0 1 99/0 1  
M���% !;�  X4 

51/0 61/0 30/0 61/0 56/0 59/0  Zf8� X5 

42/0  63/0 37/0 63/0 50/0 62/0  Zf
� �
P �� � X6 

63/0 68/0 43/0 68/0 68/0 68/0  T��6� X7 

17/0  48/0 14/0 48/0 43/0 30/0 W%
M%�! X8 

63/0 67/0 33/0 67/0 62/0 63/0  <�
'��  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  ���] A:

  X12 

99/0 1 57/0 1 1 99/0  <�3�'
;�J% X13 

                                 �1�� *** � ** �*  K����2fU' �� ^�D�D 05/0 �01/0  �001/0 .01I9
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 ��VI9:�  

99/0  1 84/0 1 1 99/0  X���2Z 

99/0 1 62/0 1 98/0 1  Y�+
� 

98/0 1 73/0 1 95/0 97/0  X�I92 
**99/0  1 77/0 1 98/0  1  �#	
�� �012 

51/0 81/0 23/0 81/0 76/0 80/0  _.:� 

35/0  50/0 31/0 50/0 43/0 50/0  _.'� ]�R ��2Z 

50/0 46/0 45/0 64/0 63/0 64/0  7+)Y� 

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

63/0 66/0 37/0 66/0 57/0 60/0  X���
� 
*71/0 89/0 54/0 89/0 80/0 80/0  ��	;���L 

58/0 92/0 38/0 92/0 84/0 85/0 ���V1L 

27/0  30/0 23/0 35/0 28/0 35/0  ]�
a >
�' 
***97/0 1 81/0 1  1 *80/0  X����'0�9� 

                                                   �1�� *** � ** �* �2 K��� ^�D�D05/0 �01/0  �001/0 .01I9
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!��P � �
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98/0  1 52/0 1 1 ***91/0 X���2Z 

99/0 1 58/0 1 **88/0 1  Y�+
� 
**81/0 1 35/0 1 **83/0 ***90/0  X�I92 
**83/0  1 49/0 1 97/0 1  �#	
�� �012 

45/0 63/0 18/0 63/0 48/0 55/0  _.:� 

37/0  64/0 14/0 64/0 5/0 64/0  _.'� ]�R ��2Z 

60/0 67/0 45/0 67/0 67/0 67/0  7+)Y� 

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

64/0 74/0 41/0 74/0 68/0 68/0  X���
� 

59/0 78/0 41/0 78/0 60/0 67/0  ��	;���L 

76/0 96/0 49/0 96/0 91/0 81/0 ���V1L 

61/0  68/0 48/0 70/0 61/0 70/0  ]�
a >
�' 

97/0 1 46/0 1 1 ***97/0  X����'0�9� 
                                                    �1�� *** � ** �* �2 K���fU' �� ^�D�D 05/0 �01/0  �001/0 .01I9
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85/0  1 99/0 1 1 1 X���2Z 

86/0 1 99/0 1 99/0 1  Y�+
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98/0  1 99/0 1 1 1  �#	
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*99/0 *99/0 *99/0 *99/0 *99/0 *99/0 _.'� ]�R ��2Z 

48/0 48/0 04/0 48/0 48/0 48/0  7+)Y� 
*99/0 99/0 99/0 99/0 99/0 99/0 `��#��� 

99/0 99/0 99/0 99/0 99/0 99/0 X���
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*99/0 99/0 *99/0 99/0 99/0 99/0 ��	;���L 

***99/0 99/0 99/0 99/0 99/0 99/0 ���V1L 

99/0 99/0 99/0 99/0 99/0 99/0 ]�
a >
�' 

98/0 1 *99/0 1 1 1  X����'0�9� 

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