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Migration is a form of geographical or spatial mobility of a population that takes 

place between two geographical units. Research shows that environmental 

hazards such as wind speed, drought, and floods affect regional migration. The 

average annual wind speed in the Sistan region shows that from 1989 to the end 

of 2018, the wind speed increased by approximately 4.7 meters per second. The 

results of the data prediction showed that wind speed has a significant effect on 

rural population migration in the Sistan region. According to the census of 1335, 

the rural population increased from 92% to 56% in 1395, The calculation of the 

coefficient of determination shows that 85% of the decrease in rural population 

was related to wind speed and its results ،Predicted values show that from 1398 

the rural population will reach 55.39%, in 1399 to 54.88% and in 1400 and 1401 

to 54.32% and 53.22%, respectively. Also, during the predicted years, i.e. from 

1398 to 1401, 96% of the cause of rural migration was related to wind speed and 

its destructive effects, and 4% of it was related to other migration factors, the 

output shows that the coefficient of variable t statistic is equal to 2.507 in the 

positive model. This indicates that with increasing wind speed, rural migration 

also increases, which indicates the criticality of the region. Therefore, in the 

coming years, we have to wait for the evacuation of a larger percentage of the 

rural population in the Sistan region, and to solve this problem, control measures 

must be taken regarding the consequences of wind speeds and population 

stabilization. 
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�� '3/3  M@%) 9�� � % ���,�� ��+ 9:
� ��,�� 
+ '���N 
+ 
��6.(  

  

 
D1�6 Q
- ��O@%7� �� ��H �6��.�A 9��A N�O6���: 

� $!&�
�*� ����  *���D ���&�� G��
� 
`��� �� + *	����� 9�EF� � ��+ 9:
 .� ��,�� 
+ 'f 
. '&  9:
�

*� ���,�� ��+�EF�  R�� D� ��% '1K!� *	����� 9*� '���& �������*��
B+ ^�Y�� G	� .��
 �� '1K!� ���+

*� ���� M@%) �
�� =��R �Dq =��� S� l�j( G	� ��  	�+ �  .�7.(  

  

y = 0.1729x + 8.866

R² = 0.7054
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D1�7 �7�@A�� 9���+'M�� � ��H �6��.�A 9��A ;(?��
:  


G	�
+�!+  *	����� 9�EF� *�.�&  ��� '+ '��C �+����8 =�
N� *��
+ 
������ '1K!�.��
� -� D� '?R�H -��;<

 
������ '1K!� *	����� 9�EF� =
��>� �� ��+ 9:
�+'��+ nF& '.�
� -�-��,��1 spdep  ���+)2  
����@F. �

2022(  G�?���) �3 
2003
(  �tseries *�?��
C)4 
��
�	� �2020 
(maptools  ���+)5 � 
��
�	�2022 
( -�
+ ���

 ���D) D� *���D *���;F.Run Test 	��&)�6 
_��C�� � 2015(
 ���� *��@� *���+�� 9>� ���D) D� �.Moran  

 ���+)7 
��
�	� �2021 (�
� nF& �+ ���,��R  *	��� ����
�� -���) r�� D� ���b��� �+ �- *���D8  '+ '��C �+

'����� ���� ���+n��y � ��0) ��+ 9:
� -�.9
2021( �����	� nF& �+ ���)
+ ��+ 9:
� ���I� -�. � �F�;�)  %


0�
�10 
2017(���� D� ���b��� �+ ���,F. ��� ..$�� ��+ 9:
� -�+*!�*���D ����
�� nF& �+ � %
   R��

 ��� �C ������ '1K!� *	����� 9�EF�1401  G	� ��$�� $.�/� 	�
� *!�+.  

  

���� �O@%��
�5S�
11    

�� G��EC -�
+���� *���+�� ��, *���;F. ��( k+�C D� �. % ���b���. $�� 9�?+�S w
� G	��+���� *!�� �� �. � ��

*� �
K� �� �>�) *���D �� H�  !& ���� 
 %�;� ��
S
+ w
� G	� 'L��!f.$�� 9�?+�S ���`!� G�F. '+ . ��� � *!�+ 


$�� 9>���B� � *	����� 9�EF�  R�� *!�+ ���� *���;F.�.
 i(�% � *���;F.��( k+�C D�   Z	
Y

;F.������ G�+ *�   % ���b��� 
	D 'K+�� D� *���D 
�(�C �+ �.��f � 
	�
&)12
2008(: 

                                                      
1 - Package 
2 - Bivand 
3 - Anselin 
4 - Trapletti 
5 - Bivand 
6 - Caeiro, F. Mateus 
7 - Bivand 
8 - Spatio-temporal regression. 

9 - Liu, L & Zhang 
10 - Pebesma & Gräler 
11 -Autocorrelation horizontal data. 
12 - Cryer & Chan 
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�� = ∑ (�� − �	)(���� − �	)��
���∑ (�� − �	)���
�  

 �)�� '&��  ���D �� *	����� 9�EF�  R�� �� 1�� 
�   � *���D 
�(�C� ���� hIH   .9�� �.  

  

���� �7�@%7��
1  

h>� *	���	�C G	
�
�!& ���&��&���� � !!'& 9�� '�@� G	� 
����+ � 9�� �. ���� D� ':�FI�
	D 
. G�+ d+��� �.

 '��C �� +��
S 9�ES�� '+ 9�ES�� �� '?R�� 9b�  	�+ �I!	� �� . ��F+ *S�+ ���@	 
��� �� [�1� G��
�

(��, ��, … . , ��)  �(��, ��, … . , ��)  -��� ��n '+ - E+R p	
EC 
	D =��*� FB�) ��%  
���D1394(:  

  

‖�‖ = �(�� − ��)� + (�� − ��)� + ⋯ + (�� − ��)� 

  

���� k	D�C '& *C��R ���) '?R�� '+ �>!C �. ) �.‖�‖�) *��@� 9�ES�� '�  %�+ '�%�� *���+ ( ���� 
�.  ���� -�.

���	� 'E0�K� ���� *	���	� *��
+ -�
+ . !��.��+ 9:
� -�.'+ -���) w
� 
R
	D =�� ��  FB�)  % '��
� 
`�

 
���D1394(:  

���� !���� ���	� �.H0  :  

���� : !��. ���	� �.H1  

�!+G	�
+
  
{���� -�
+ ��  H�� '�	� h�FEC ���D) D� *	���	� *��
+ -�
+��,� '+ ����
�� � �  % p	
EC 
	D =��R

 
���D  FB�)1394(:  

∆��,� = ����,��� + ��,� ∆��,� = ��,� − ���,��� 

:�) �� '&  

��,� 
{����  ���D ���  9�ES�� ��   
�� 9�ES�� n	�,� 9�ES�� �+ �����	� '+ �����	� G	
C� *C��R�� .9�� '&

���,���  � � ��*!E� q�+ %�+ ���
 *	���	� w
�  	OC�*�  .��%  

  

�7�T: F5�A�U� 456 N���" ,��H V�: F5�-I -�6��- 

 9>�*	��� ����
�� ^�� G��EC - ���� -�
+ *���D.$�� '� 
��+ 9:
� -���� w

� 
`��� . % '��*C��R& '

$�� *��FC�w
 D�  %�+ ��
S
+ �.�K( =�E+
� G	
�F& 
����)
+2 �� �*C��R$�� D� �� &
. '&w
�  %�;� ��
S
+ �.

*	��� ����
�� D� - h�FEC *���D'���	3 *� ���b��� � � rD�
+ -�
+����@F. � G�?���) ��%1 
2010(.  

                                                      
1 -Stationary data.   

2 -Ordinary Least Square. 
3 -Generalized Linear Model .  
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:��� w
�  

���
� ���D) :�.�K( ���+  

���
� ���D) ��I�� 9>�A��� ���D) D� �.�K( ���+- �
+2  % ���b��� A���)  
�
+ �1978����) nF& '+ ��� .( -

X2 �K( �� 1� |K� �� *��
B+ '1K!� �� �.95 -��D) '���  �+ %dF=n-2  �α  �	2/α  �� � nF& '+t -  9�������

 '�Y
�$.�/�  % p	
EC 
	D �
% '+:  

: β = 0 H0  

≠ 0 β   :H1  

 : ��� w
�  

:�.�K( *���;F. � :  

G	� �� �.�K( ^�� *���;F. *��
+ 9>� $.�/� n�+��)  % ���b��� ���C�� G�+��� ���D) D�3 
2017 '�Y
� � (

G	 + $.�/��� =��R: % '��
� 
`�  

H0: β = 0  

≠ 0 β   :H1  

��� w
�:  

 :�K( ���	��� *���F.  


+-
�.q � q����)  % ���b��� G��� r�
+ ���D) D� ,�� �.�K( ���	��� *���F. -�4 
2009 '�Y
� � ($.�/�  ��

*��
B+ |K� 95 % p	
EC 
	D �
% '+ %:  

H0: β = 0  

≠ 0  β  :H1  

  

�7�T: F5�A�U� W7��G  -  :�6��-  

�(�� F5�-I��� ����I) F5�A�U� W7��G F�5Ht(  

*	��� ����
�� M�?BC�� -  *���D���� ����
�� d( Z�% G	� �� . 	�
� ���D) ,�� ��+ 9:
� -�. ���D) $.�/�

'+R�� =��R �� 1� �+ '�
8*!E� *��
+ -�
+ ��� . % ��I�� 
b�
���� D� n	
. Z�% -��M1��� -�. '�Y
� 


'+ -���)�
� G��EC 
	D =��R����@F. � -��F�����)  	5 
2012:( 

: β = 0 H0  
≠ 0    β   :H1  

                                                                                                                                                                      
1 - Anselin & etc 
2 - Jarque & Bera 
3 - Verbeek  
4 - Maddala & Lahiri 
5 - Montgomery & etc 
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'�Y
�H0  *!E� 'K+�� '& 9��!E� G	 +��� G�+ -���
�  G�!LF. .��� � ���� '��+�� � M1���H1 ����� � !.

*!E� 'K+�� n	 ��������� G�+ �� 
�� 
-���) '�Y
� G	� *��
+ -�
+ .9�� '��+�� � M1���  
�  ���� '��+��  


 ����) 
 %�+� ���� Z	
Y -�
+ �� M1���  
�  *!E	 � '+R*� ';��B� 
	D =����%: 

t = β#
$ MSE∑ (x) − x	)*+)
,

 

 �� '&�- 
���� =� .��� �. x  � 9�� ���+�.  �MSE  '+ 
	D 'K+�� D�*� 9��  	):  

MSE = ∑ (y) − y01)*+)
,n − k − 1  

�. = ∑ �-(�- − �	)��-
�∑ (�- − �	)��-
�  

 'K+�� G	� �� '&K 
���� �� EC.*� M1��� -�+
���� �  %� t  k	D�C -����t  -��D) '��� �+n − k − 1   .9��

*C��R��& D� ����) G	� ��F�H� '05/0 F&
 %�+ 
�  
���� 
+ M1��� 
���� 
�NOC � : 
+ *!;� 
bR w
�� '��+�� �

*!E� 'K+�� � � %'��+�� � M1��� 
���� G�+ ��� *� ��
S r
	x� ����.�
��  

  

�(�� F5�-I�������I)F5�A�U� �S �.���� F�5HF(  

����!E� ���D) ��+ !f ����
�� '0��E� ��������� '�.��+ 9:
� -�
 'K+��  	�;������ � '��+�� 
���� ���� -  


 Z	�
Y ��FC  	�+ �  %�+ '�%�� ���� M1�������.
'0��E� �� M1��� -� �+ 
bR �+ 
+�
+ '0��E� � � G�%�� �+ . %

��h�FjC ��B� � �
���� !f ����
�'+ -
� 
����@F. � -��F�����)  % p	
EC 
	D =��R2012(:  

H7: B, = B* = ⋯ = B: = 0 H, = B) ≠ 0            i = 1,2, …. 
)�) D� *@	 MS� H '&    (9�� 
bR 
�< �.  

 
��y ����
 ����
�� '0��E� ��  ����) ���D) 
	D 'K+�� D� ���b��� �+  %�+ �DqF *� ��I����%:   

F = MSRMSE 

 �) �� '&MSR  �MSE '+ =� .��� �� EC 
�� �  !��. �K( =�E+
� G������ � ����
�� =�E+
� G������ Z�C
Cn 

���� �� EC �
 M1��� -�.k '+ 
	D 'K+�� D�  !%�+*� 9��  !	). 

MSE = ∑ (y) − y01 )*+)
,n − k − 1  

MSR = ∑ (y01 − y	)*+)
, k  

  ����)F  k	D�C -����F  -��D) '��� �+k  �n-k-1  ��!�F8� |K� �� 
�� .9��95 ����) 
%F ';��B� '0��E� D� � %

��,+ ����
�� �� 1� D� 
CF '+�9� %�+ ����) D� � �)
  w
�H0  w
� =��R G	� 
�< �� � � % ��H1   '��
	x�

*�.��%  
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N���" W7�G1  

�q�FE� n	 � � \�J��� -�
+ ���E�  ����
��&� � 
	�� D� 
�>+ '.  
���� Z�H 
+ �� '��+��  
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���C �

*� ���� M1����
 .  ���� [�;C�� D� �) �� 1� '& 9�� G��EC Z	
Y D� ���b���x,y  *���;F. Z	
Y ��xI� D� �

'+�*� 9� 	)���� ����
�� G��;C =� S ���+ -�
+ =��R 
. �� .-�. K+�� D� ��+ 9:
�
	D '  9�� � % ���b���

 
����@F. � -��F�����)2012(:  

R* = ∑ (y01 − y	)*+)
,∑ (y) − y	)*+)
,  

 �) �� '&�-  � .���i  D� ��y 
�A1 ���)
+ �� 1� � %�-   ��	  .��� G������ D� =�y  .9��  

 

�7�T: F5�A�U� -�6��-  

 G	� ��$.�/�  $�� -�
+ �� *!�+ *	����� 9�EF�  R���� D� ��������+ 9:
� -�.  % ���b���.  ��+ 9:
� � �+�

*	��� ����
�� nF& �+  - ���� D� *F�FEC '& *���D.'+  !��. *���D -
� � *	��� -�  % p	
EC 
	D =��R

*?@	�)2  
����@F. �2019(:   

{ZD,E, s × t ∈ S × T} 
�!++G	�
 $�� 9>� ��+ 9:
� *!�+ �����	���. � ������ '1K!� -��) ���I� 
�� .�D 
�� !;>� :M��% =
j� � ��+)

*	��� *����
�� � � ����
��  - '+ �) *���D % p	
EC 
	D =��R 
���D  FB�)1394:(  

zD,E = β7 + β,zDL,E�, + β*zD,E�, + βMxD + βNyD + εD,E 
 �) �� '&��,�  ���D �� ��+ 9:
�t  9�ES�� ���  
�� n	�,� 9�ES�� �����	� '+ �����	� G	
C 9�ES�� �+� 
��   �

��     � *	����
�� w
: � ��8��,�  .9�� �.�K( '?F� 

��$�� 9>� 9	�>� ��� �C ������ '1K!� *	����� 9�EF�  R�� *!�+1401  : 'K+�� D� *���D *����
�� � � D�  

ME = β7 + β,WSE + εE 
 �) �� '&  % ���b���M�  ���D �� =
��>�t  �WSE  ���D �� ��+ 9:
��  ��� 
f�0) 9�� �K( '?F�3 
2016 .(  

 

�@:�7 ,�
 ;
��
  

���� �O@%��
 �5S �A��H�
  

 ��+ 9:
� '���0�� G������ *���;F. ��( k+�C*� ���� ������ '1K!� �� ^�
% D�� �� D� *���+�� G	� '& .�

 �C � � %10  .���� '���� D��*� ���� '�0�� *��
+ 
G	�
+�!+�����  .. 9�?+�S �$�� . ���� *!�+ ��( ����F�

                                                      
1 -coefficient of determination. 
2 - Wikle 
3
 - Loecher 
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 D1�8 ��H �6��.�A 9��A �O@%��
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���� �7�@%7��
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&���� � !!.���� ���D ��8 � 9�� �.*� iJ�� �� �	� �+ . !& 
+ 'f ��!f 
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���� ���D ��8���+ �.���� G������ � ���	��� �� h�	�,��`!� G	 + .��% ��I	� -
���C  	�;� �. *	���	� *��
+ -�
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����� '�	� h�FEC ���D) D� ��+ 9:
� -�.�F8� |K� ��  H� ��!95
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+ '&  % ���b��� % ��,�  � � ��
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+ ��� ���� ����
� �.
P -  D� �� 1�05/0 9�� 
�F&. D�G	�*� ����FC *	���	� ���C���� * �� �.


 �� � �� *	���	� ���D) Q	��� .9�
	x�1 .9�� � �)  

 [�'+1���� �7�@%7� F5�-I :�
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P-F5�-I ��'/�  16 -10×2<  16 -10×2<  16 -10×2<  16 -10×2<  16 -10×2<  
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� G��EC -�
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�� -�K( ���+ ���� ���D) D� ������ '1K!� *	����� =
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� -�.

A��� -  % ���b��� �
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�F& %05/0 9��
  ��( �.�K( 'I��� ��

 �� � �� �) Q	��� . !��. '��;F.3  .9�� � �)  

 [�'+37�@6 :���� ,��H F5%"�� N�H��� F5�-I _�7�@A�� ��+�^� 'M�� � ��H 9��A ,�
  

F5%"�� N�H��� ����I  P-��'/�  ���@6 

473/0  001/0   . !��. '��;F. ��( �.�K(  

  

�
�ES `6�7��� �6�%�
 V�:  

*���F. w
� ���� -�
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