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�7'�   

 (�)*�+� ,-%���./ �0�� ��� !����01!��2 ��� 34	0 52  5�15 5���7 	� 	8�2  � �	� 3:4 5� �;�� <� � 	8&�� �
�� 	8=" !> �� 5:?�� ���31000	8� �<0	� !���% B 4 �D�E� ��<8�� .(�4�0 �� F<<� B� � G�	%� �� ���� F<

 �:�=H� <" ,-% .30� F<  3-7 F��8I� �� ��� 5��-  �� 34�0 J K��<� � 58 �� ��/� F��8I�09  �� �;�� <�
 ���<� �8��<M� F<<� B�)!����0  ����./ �0�� ���2015(. ��-P � �	� !���%  ��	�Q�5 � � ,R:)� (��S

F�	8I�< �� F<&� <�:� F��8I� J�Q� � F��8I� �� ��� 5:�0� 5� 5" ��  �� 5" 30� �"�� � �	� (��S F<��=���� �
 5� ��� T�;� 	�0 �� ��� � B  !���% 	7�F��8I� UV�� <� ���" W4�� � F<��� ,R:)� F��8I� ���� �� � F<�>  Q��

30� F< . F��8I� �� ��� �30� F��8�� D�E�� �	�� ��/ �� !���% !�2 3*�� B� ���  �� 	8="7 �� 5���7 	� 	8� -

 �� 	8=" 5� !> �� 5:?�� ��� � �	� K�*� 5� �;�� <� � ���1000  	8�<0� �� !��� ,R:)� K�*� 5� Y�=)� ��% 5� .
�� ����� B� �� ��-P � �	� (��S���	" 	Z� G	? Q�� ��� 34	0 �� !� F<<� �� B� 5"  !���4 3M�!���% �	� ���

��� �6 58���  ��<��  )!����0  ����./ �0�� ���2012.(  

�� !�&� (�;�;M�<�� �B�2 ��&" 5:=/ �� ��0> �� ����I� ,%���  <)8I�!���% \������ 30� ���-P � �	� .
 ��� ��Q�� UP� �:4 ��53 58 ]� Y�0 � �� ���� <� �� B�2 Y�=  �� ��-P � �	� !���% ^��"	� �%Y�0 ���

1954  ��2006  !���% 5)0�� 5" 30� 58�� ���"<<  ��0> D	  ���  B��_=� � B��� F	" !<  `	� 5#�8�
3�*�)��� <<  a	b� �� !�I�� ���30� F��� B� !�	�� � !>� $���)7 �2009 30� !> 	����� (�)*�+� �0�	� .(

!���% \��� !�Q�� B	8&�� 5" ���� � !�8I"�� �!�	� F��<M��� � !�8I��� Y�%�� 5�������� �� ���-P � �	� ���
�� F<��&� c	4!���% B� ��P> !��� .��	�F�� ���\��� !�Q�� 5��&�� � �� � K��> ��� F�� Q�� �.�> � BV�d ���

!�8*<�� � ����) 30� F<�	� !���4 �e�d8 �2006 3-� (g� Q"	� �� �*�IH&� � ��-P � �	� T�-��� B��_=� .(
�% �� 155 �� !�&� 58 ]� Y�0 5�� �� 5" <��1960 �*�IH&� \��� � ��� !<  	� `	� �� �<)� 5� �580��� ���

� ���-P � �	� ������ \��� ��<)�!���H=� � �h�) 30� F�	" �<�� ��Q�9 �2012.(  

                                                      
1- World Meteorological Organization (WMO) 
2- 15 m-1 
3- 103 
4-Sand Storm (SA) 
5-Dust Haze (DU) 

6-Sand and dust storms(SDS) 

7-Mingyuan et al., 2009 
8-Goudi & Middelton 2006 
9- Wu et al,. 2012 
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� ���j� k�8��8*<�� � ���!���% \��� !�Q�� B	8&�� 5" 30� !> 	����� ! � �	� ������  �� 5�������� ��
� !�8I��� Y�%  �!�	� F��<M� ��!�8I"�� F<��&� c	4 ���� � ����	�. !���% B� ��P> !������ F�� � K��> ���

� �� F�� Q�� �.�> \��� !�Q�� 5��&�� ���d30� F<�	� !���4 �e�/ � !� )!�8*<�� � ����1 �2006(.  

0�	�� � � �� 	�7l�����  � �	� \��� �� !> T�-��� ���� �m� !�0�	� !�80� ��� ���> F��� �� �2004  ��2013 
	" n�� J=" ��#�$� *�=)��2 ��� !�&�� � � �� ���"���� ���� ��<)� 	���  � �	���� 5" ���� 	�7l�  B�

	�� �.*�0 ��� ���	 �Q��� 58 ��  30�� ��  Y�02008 ��	8&B ������  � �	���� �F< 5" <  �Y�0 B� 
J&�	�B ���> F��� Y�0� �<�"�	� 	Z� �� .30� F���� �
��� ��	8&B ������  � �	� �� ��������  Y�= 

*� 5� ^�	0 D	 �K �Q�H� � ���!��� !�8I�="	�� �m� !�0�	� !�80� c��/ � c	P � D	 � 30� F��� 
)= ����� �� �!�	� �1394 .(�Q��� <� �� !���� ��� o+0 3��%�	3 I;��U � 5������ c>�<��	  ���� �� ^�

���	� 5� !< � �!�	 �� 5� <�������"  <�" J=" ��-P � �	� 3Z:P)�!�	 � � ����	� �!1384 B��_=� .(
0�	�� 5&;���� 0�8����H � 3 � ���Q  !�"��� ����� !�&� �Q��� ��	�!� �� o+0 �� ��&��B � W4����# 

!���%�� ��	�  ���� � ��B � 5;+�����  )������<�1385( . `�	��� � 5����� p� 5�e�0% �� ��-P K� ���> F���� 
1367 �� 1387 �� �F��8I 0�8����J ��� !�&� ���Q-0 5" ����� \����  � �	� �� F�	=���� �Q-0 !�80	.  ����� 

�Q�� <���&� 30� 58 �� )�� 	.� �`���H� ��1388(. B��_=� ��
� K�:M� ���H� � ��� !���% ���<"  � �	�
��� ������ B������ 5" ��� !�&� �!�	� ��  � �	����  ����> F��� �% !�	� D	  c��/ � D	  ����� ��

1987  ��2006� 62 ��� 30� F���  B������ �� a��	� 5� !�<��� � K��� 5"183  �140  ��� �� <�/	�� �9  5� ���
a��	�� �� �� �����	� B	8=" � B	8&��  <�� 58 ���F��Q�:4 � F��� q	�)1390 .( ��
� K�:M�- �����3  �	� ������

<� !��� ��	� ��-� �� !�	�� � ��� !�;�� r0�� !�	� �� ��� � 	� 5000  � �	���� !���4 5� 	8����  ��38 
 n�� �� J�8����0 F��8I�!���s�H)� 5:?�� ���4 !�&� K��� F��8I� ���  ��165 ������ ��<)� B	8&�� ���  �	�

30���� �� ��� � �!�	�� � ��� !�;��)1391 .(�=�:�� 	Z� �� ����� ��  �!�	� D	  c��/ � D	  	t"� !<  K<-�
!�:H�0 � ���> ��&�	� 3u�="�� � !�8I�� �� 3��%� !��� 30� �� K�*� 5� ����	� Q"�	� 5� ��  (� �&8P� ��Q��

�� J=" B  � ��� !���% 5� ��� 3"	� �� `v�� �!�8I��� �� B��� o+0 �� ��/<�" )���#�:4�1382 Ke� 5" (
�� �� !> F<��" <<&��<� �� ��� ��	2 �a0����� 3&" n�� !��� w�0 F	.� � x��	� �� 3	<� �� ��� ����	�

 ������:� �&���) �	� `�� �� 30�e�� !�8���2014.(  

u/�� �� � �	� F<<� \��� �����	� � \�m�� 3�=�� 5� 5��8I��� B8�	� 	Z� �� `<4 � ��� ��
� ���– ����� 
F��� ,�;M� B� �� �!��"�� F<  `�#�� (�)*�+� 5�:" �� ����� � K�:M���
� ���� -  ����� ��� � �	� ������ ��

                                                      
1-Goudi & Middelton,. 2006 

2- Ordinary Kriging 

3- Spatial-Temporal 
4-Inverse Distance Weighting (IDW) 
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!�	� ��	  ����� u<� 30� 58�	� ��	� 	Z� ��Z8�� K�:M� B� �� .�����  5" ���% !�=�F��� �� 	� � !��� Y�% ��
!> B8�	� ��	� 3�)��� aI��0<�:�� ��
� �� ��� ��
� ��8I-=� ����� - ����� <�8I� ���� 3u�=" ��<;� ����

 `�:)���������� � �	� ��  ��!�H� ��!��� � �� (�<��&� s�0� 	� F��b*� ���5)*�+� ���� 5;+�� �� �� !���
 B��)��	"F��� K�:M� � 5Q#� . �����
�-  �����K�:M� �/�	� k�8� �	���" � 5����</ (��? 5� �� ����� ���

Y<�!�<�2 ��
� ��� �=� 	Z� 5� �;+�� �� k�8� 30� BH=� � <0� ���% !�=� 3E� <�� �]* �< �� F�	=� �+�
F��� (<� <�:� 5)*�+� 5� �0�� ��� � c> 5"�� �0�� ��� ��������	� ��
� `v�� ��8I���-  �����F�����  <�:� ��

u<� <�� Q�� (<� ��� � K�:M� �� �]* .�	�� ��	� 	Z� � �	� ������ ������� u<� ��8I��� !�����	� 	Z� ��
� ���
����8I��� �� `v����� ���� ,��� k�8�5���	� 3./ �	��� 5V��� �Q� .<�� 5���� B� �� B8�	� 	Z� �� `<4�����*� 

��
� - x=/ � (�)*�+� �� �����F��� ���> ���3Z:P 10 a)H� 	8� �� !�	H��1  �� Y�02009  !�&� ����� ��
!��� ��. �� 5"��� ��
� y��	? �����8I�< ��8I-=� �z	� 	E? �.�> �� ����� ��� ���� �  <�� 5" �*�� ��

!��� n�� J !���4 5���
� ���-  �� ������ B� ���
� (�	���� �� `��=� ������ (�	���� �]* .<��  F<� �����
 5" <���������*� <&b� ��-.� �� ����� � ��
� )!�	�� � 	*�	�2 �2009.(  

 F��� 5��� B� K�:M�n�� �	����" 5� `Q:8I� ��F<�_�� ���!> �� F<�> 30� 5� k�8� � 	� T�-�80� 5� 	#�� ��
 ���� �� 	� ,��� �����*���
�-����� F��� �:)�I�) 30� !�	�� ��1394.( !���	� ����	���" ��/� �� �  K�*� 5�

Y<� ��<�_��U8���*� ��-=" � ��+� �� a0��� ���� (�)*� {	%�&��j� ����  ����	���� ��	� �	-8)� Y<�
 ��
�–  ����� |	)�� 30� F<&�� (�� � 	�	-��� )3 �2004 .(��  �	�� G	%Y�=)� ��% 5�  �� 5" ���)*�+�
F��<� ��
� - ����� 58�	� (��? Y<� 5� 30�}�~8�� ��<M� !��� J �� �*� !�H� <)h� �� ���0  .30� 58��

�]*  5� ��
� Y<� J rI�F������ ��
�–  �����Y<� �� ����E8� k�8���
� ��� -  .���� �����5���� B� ��� 
 ����	���� Y<���
�– ����� �� F��/�����I=��� 50<�� �� <�� !��� � �
� $��/	" ��	� � |	)� <)h� 50 �� �	
) ��  F��E80�!�	�� � �=I-�4 �2017.( ��8I-=� 5/�� �� 	��;� B�� �� ����� � ��
� ��� � �	� ������ �� 

� K�:M� �!�	� ��	  ,%��� ���!��� �� ����J=" �� 5" 30� ���j� B� `�#�� �� G<� ��*��8� ��� 58I� ���
���Q�� `	�  gstat �!�	�� � �=I-�)2017 �(Spacetime  �!�	�� � �=I-�)2017 (�SP   �!�	�� � �=I-�)2017(� 

Raster )�/ (	���5 �2016( �spdep !�	�� � <�����)6 �2017 � (R Google Maps 	_V�*)7 �2016 (��  r�M�
`	�  ���Q��R8 (�	���� `v�� �0�	� 5� ��
� -����� !> �����	��.  

                                                      
1- Particulate Matter, pm�� 
2-Gräler et al,2009 
3-Schabenberger, O., Gotway, C. 2004 
4- Pebesma,et al, 2017 
5 - RobertJ,2016 
6- Bivand, R. er al. 2017. 
7- Loecher, M. 2016. 
24-R Development Core Team. 2011 
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���� �� /�� ���  
:�*�)��_D (�QC� :k&� 

 B�� a��	� 5� 5)*�+� ���� F��<M�50  ��65  Y�% 5/�� � �����	�/25  ��42  D	  �� �����	�/ z	4 5/��
!�80� K��  5" 30� F<  x��� !�	��Q � !��	" �!�8I2�:� � !�8I�0 �����/ !�0�	� ���m� !�0�	� ��� ��

 KH ) �� 1F��8I� 3�)��� .( KH  �� 5)*�+� ���� ���2 .30� F<�>  

  

  
 c8 1
�&�?� ��C� 
'?A� :                               c8 2�&�?� ��C� >�� ��V��*� (�QC� :
  

  

�� !�&� �"�� � �	� ������ B������K��� F��8I� 5" <��  ��83 (	~� � ��� �� ���>42  �� ����" ����25  � ���
 �� ����.�21 F��8I� � B	8&�� ����� ��� �� ��.��2 � U� �5�	&� �<�/	�� ���2  !�/	�0 � ^-% �	= �" ���� ��3 

����  B	8="��<)� 58 �� ����> F��� Y�% �� �� ��� � �	� ������ <��) F��=  KH 3(  

  

  
 c8 3 >���B ���� �� 
E�&�G H�@ � ��I >��;�� ��7�� <VE�� :01/01/1951  (*�_&31/12/2016  
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0� J�HE� 5� � 5)*�+� ���� F��<M� �� 5���*�0 ��� � �	� ������ ��<)� B������ �0�	�!�8 ��&" ��	  ���
�� !�&� 5� !> �:" <��� ��� �30� �<<  (���0�� ����� ����> F��� �% �� ��� � �	� ������ 52 	�� �<��

u<  5� 	��� ��.*�0 �� }�~� KH ) 30� ��Q�� Y�� �� (4.(  

  
 c8 4
E�&�G H�@ � ��I >��;�� ��7�� <VE�� :  ���� �����B> 01/01/1951  (*�_&31/12/2016 �C�J �Q�  >�� ���G� X84� 
�  

  

`- �*�U) ���@�G - :�� ���� �E��;  

 ���> �� ,�;M� B� ��" ��� 34	015 	8&�� � 	8�"  �" �� 	8=" �;�� <�1000 	8�" B  !���% !���4 5� a��	� 5� 
��� � �	� !���% �  ����> F�����1/1/1987  ��31/3/2017  �� 5����� (��? 5�57 �8I� .30� F<  F��E80� F�

��
� ^	��� �� ^�0-  �����M×N  ��)�� 5�57×11047  � <  58��0F��� ��8I-=� � Yg;80� �0�	� ���� ��
!���� !���> �� ��
� ��8I-=� ��	� .3�	� ��	�1!��� � !�8��)1 �2010 (3I� !�� �� ����� ��8I-=� ��	� �2 

                                                      
1- Moran̓s index 
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�")	�Vs����� � �3 �20155" <  F��E80� ( �/�	� 	��;� F��� ��	� ��� !�&� ��� � �	� !���% � B  !���% ���
 !���=%� o+0 �� 5"5/0 ��)� <?��F��� � ���.<�8I� 58I��� �� ����� �$��/	" \�� B��)� 3./4 F��� Q�� ��

F��� �� �?�� UZ� 52 !��2 .3�	� ��	� �0�	� ����F��� ���  F<� ������) <�8I� <��� ����� ����5���>	� �]* �(  U��
����	����6  !>U� a�p� ��2� � ������7 �0�	�") .<  <����8 �1993 � 3��7 �s��;� ��Q� (�	���� <�� 	�� !��� 5� .(

 3�)��� �� K;8I��, �  U0� �B������ W�� �� (�������) <��� ��/� ��b&� 3./ �]* .(B������ �����)< ��
�	�
, �
� |:8b� (�./ �� ��	  -  ��M�) ��	Px�*�=  � ( -  ��M�) ����/y)!��� � (tF��� 5" <  `�#�� ( ����� ��

��
� $��/	" 5#�8� �� .<���� `�� 5-�	� \�� �� ����� - �*�=)� �����9  c�b8�� ��� � �	� ������ ���>	� ��	�
.<�	� 

��	� !�I=�10 ��	� !�I=��� �11 F���� 3�	� ��	� �0�	� ���� Q�� �� ����	���� 5&;�12  ��	� .<  U�0	� Q�� !>
 �����	���� U�� B��)��8./	�P `��	� �� �	� !�I=� �13  ���	� �($*)h ) K?� U� 5� �� 5+;� �� 5" ����	�

�� <�"( �� �
� �� �8./ 	� �� !> 	�Z� ��	����	� <���� � 5" �%�;� q�� �� r;� ����	���� U�� 5-0�M� �� 	�� ���
 ���	�h !> ��� �8./ �����	���� U�� �� !> �< �� 58 ����	� ���:)� � B�)� ��<8�� �� � <����  � ��� ��I�)
G	   �B<*�1391.(  U0� 5)*�+� ���� F��<M� �� |:8b� 3./ <�2 �� ����	���� U�� ���	� !�I=� �0�	� ��	�

�� �� ��	� !�I=� ��.�> 3��-  5� 5/�� �� 5" < � D�M0�) ��� ��b&� !��� ��80��	014 �1989 U�� U0� .(
 (�./ `�=� �� ����	����) K?��� �� Y�t� ��	�5 5/�� (�� ��� �30� 	�� !��� �	�� U�� 5�h� U0� �� F��E80� �� !���

����	����15B �� U�=~� �5u/�� � 	�B������ B��_=� � ��	� !�I=��� ���� �� �	�  !�H� 	� �� ����	���� U��
3�	� .� U0� ���-� ���	� r0�� �����	���� U�� 5-0�M� �� 5+;� 3E/ 	� 5" 30� (��? B� 5� �<)h� �� !g� Bh 

�� �<�� T�-��� U� 5� <��" . B����	�  �� ��Z�� .���� �� ,�� �� ���	� 5��� � ���	� ���Q� ��j� �� ������	� `�=� <����
 3-t� ��0 �������	� (��? 5� �,�� ��M�x � ��) �30� ��5�� 3-t� ��0 �� ���� 	���� �<)h� �� ���	� 5" ��

 ��M�x �� �� ���0) ���80��	0 � D�M0�1989.(  

                                                                                                                                                                      
1- Gaetan, C & Guyon, X. 2010. 
2- Rand Test 
3- Caeiro, F.& Mateus, A. 2015. 
4- Stationary 
5- Non Stationary 
6- Semi- Variogram 
7 - Bies 
8- Cressie, N. 1993 
9- Spatial – Temporal Ordinary Kriging 
10- Isotropy 
11- An Isotropy 
12- Variogram Map 
13- Lag 
14- Isaak, E.H., and Srivastar, R.M. 1989 
15- Semi - Variogram Surface 
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:30� ��	�	� 	� r���� B�	����  

)1 (   	� = |ℎ| ��� � 

)2(  � = |ℎ|���	�	  

 �r���� B� ��h  � ���	� ���Q�θ  ��M� 3-t� ��0 �� ���	� 5���x  ��j� B�=� �� ���	� B� U0� ��	� Y�� .30� ��
���	� ��.8�� 5" <  F��E80�1  ��  �� ��	)� �?�� $�� ��)!�	�� � ��8 ���2 �2005.( 5�h� B� 	�� )5ME? ��-4-

�� 30� 5� �<)h��� ��g� ���  F��� 5���� ���� � �� `�� `�=� ��	� (�<)h� 50 ���	� J �� ��h� �!g� 5" <> U�� 5�
�� F<���� ����	������  .��Z8�� ���	� !�I=� (��?�� � ����	���� U�� 5�h� U0� �� �� B� �� �� 	� �� ���	� ���

<> 30� 5� �<4 J �.�� �<�	_� 5" �8./ .5" 30��)� !�<� ��	� !�I=� �:" ��% 5�  � F��<�� 5� ����	���� U��
 3./h !�0> a/�� ��	� !�I=� z	� .< �� 58 �<� ��8I�Y<� !<  	��� ����	���� U�� ���>	� ���0��  � ���

Y<� �� F��E80� �z	� B� ���	�	� `<4 (��? �� ��
� ��8��0 ���>	� !<  a0����� a/�� �	� !�I=� ���
F��� K�:M� �� K?�� k�8� 3R�� ���" 3�.� �� � !�<�� ��
� ��� - ���5:=/ �� �� ����� ���� �� 

 �F���<=M�)1391��
� ^	��� �� �� e�� !�� �� 	��;� G]� 3./ ^�0 .( -  �����M×N �*��	� x��� ��3  ��
��� \��� x��� 5" ���% 5� <  F��E80� J � 	E? B�� Y�=8�� ���>	�:�� 30�	��	� ���-P � �	� ��� 

)3(   X~B(P),P=(X=1)  

 ��z	� {Z	s, ��; sϵℝ�, tϵℝ}  �{!	s, ��; sϵℝ�, tϵℝ}  5�a��	�����~� !�<�� �4  �;�� <� � ��� 34	0 �� 	���8�
 ��<;� B8�	�	Z� �� �� .< ��1000  �15 	��;� �� ��	��8� B� �0  �1 :(��? 5�  

)4(   	"#s$, �%& = ' 1 					Z#s$, �%& ≥ 15	or	Y#s$, �%& < 1000
			0 				Z#s$, �%& < 15	0�	!#s$, �%& ≥ 1000  

 ����~� !�<�� ��{I	s, ��, sϵℝ�, tϵℝ}  �F���<=M�) <  |	)�1391 �� 	8=" �;�� <� ��	� a��	� 5� !> �� 5" (
1000  ��� 34	0 �� �15  ��	H� G]� 3./ .<  ��Z�� �	E? 	���&� 	��;� 	�0 ��	� � J 	���&� 	8&�� � 	8�
F<<� 54�=#� �� ��� �� U� !��=� �b&� �� ������><� �� �H �F< ^	��� �a��	� B<� .3&� ��Z�� ��
��
� - .<�	� q�	b80� ��� � �	� ������ 	���&� �����  

 ���	�x  �y F��������	�/ (�~8b� U8I�0 (��? �� �� ��5 ���./ s�H)� ����"	� 	�~� U8I�0 �6  .<  5�.�
F��� 	��;� G]� �� ^�0 �����;E� F< 7 �F��� KH ��1 5��> !���4 3M� 2Sp data �� sg"STF3 �=I-�)4 �

2012� (5STFDF �=I-�)6 �2013:<  58��0 	� 5+��� 5� 5/�� �� (  

                                                      
1- Variogram Tail 
2- Iwashita, F.,et al. 2005 
3- Bernoulli distribution 
4- Random Field 
5- Degrees Minutes Seconds (DMS) 
6- Universal Transverse Mercator (UTM) 
7- NA 
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)5(  23#�
, �%		&; �
 = #�
,4
		&; � = 1,2,… , �; 7 = 1,2,… , 89  

 5" ^<�� !> ��i  ^<�� � F<��&� (3�)���)!�H� F��=  5�j .���� F�� � !��� F��=  5�  

 ����	���� U�� ^�0��
� -��	#� �����7  5+��� J=" ��6 5� :<�> 30�  

)6(   γ;	h,m� = �
�=>,? ∑ 	Z	s$, �
� − Z	sB, �%���=>,?  

 �!> �� 5"C;	ℎ,D���
����� 	���� U�� :-������EF,GF��� q�� ��<)� :      ���
� 5:�?�� �� 5�" <�8�I� ����h  �
 ����� 5:?��m F<  x���.<�� B��_=��	�, �� �����	�/ 3�)��� �� �0�	� ���� 	��8� :�  !��� �t .30�  

	+� 5:?��� +8I��K %�M��  F��<M�����  � 5-0�M� �5)*�+�5:?�� 	t"�<�8  5+��� �� !>7 �	� 5-0�M�<.  

)7( D/3=B  

�� U� x��� J=" 5� ^�0������	� �� �� `�<" 	���������	 ��
��– 5� �����HE��J .<�> 30� 5�  30� 	"S 5� `�e
 5"γ;	h, . �  �γ;	. , D� U������	���� 5� ����9  ��
� - .30� �����  

Y<��0�� ���10��=�� �11��	" �12!���=.0 �13�+� �14K�I�� �15 !	8�� �16 Y<� B	8=.� ����	���� U�� ���
5� �� �������	���� U�� F��� n��	� ��	� 5" <�8I��0	�") <�<  F��E80� ��17 �1993Y<� ^�0 .( ���� 	���� ���

Y<� �� ��
���
� ��	#� ���� 	���� � <�<  a�"	� ����� ���� 	���� ��� -F��� ����� .<  58��0 ��
Y<� a�"	� 5:�0� 5� ��n����� ��	m18�)=/ � -��	m19J	8� �20�)=/ J	8� �21  �)=/ J	8� �

F��022 :<  `�#�� 	� r���� �� F��E80� �� �  

                                                                                                                                                                      
1- Data fram 
2 - Spatial Temporal Data 
3- Spatial Temporal Function 
4- Pebesma.E,2012 
5 - Spatial Temporal Function Data Fram 
6- Pebesma.E, 2013 
7- Empirical Spatial – TemporalSemi- Variogram 
8- Cut off 
9 MarginalVariogram 
10- Gaussian 
11- Exponential 
12- Spherical 
13- Parabolic 
14- Line 
15- Bessel 
16- Mattern 
17- Cressie, N. 1993 
18- Product 
19- Product-sum 
20- Metric 
21- Sum-metric 
22- Simple sum-metric 
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)8(   γ	h,D� = IJ	0�IK	0� − IJ	ℎ�IK	D�  

)9(   γ	h,D� = k#IJ	0�IG	0� − IJ	ℎ�IK	D�& + IK	0� + IJ	0� − 	IK	D� + IJ	ℎ��  

)10(   γ	h,D� = γBNO$P#Qh� + 	R.D��&  

)11(   γ	h,D� = γP	m� + γS	h� + γBNO$P#Qh� + 	R.D��& 

)12(   γ	h,D� = nugget. I{m > 0, ℎ > 0} + γP	m� + γS	h� + γBNO$P#Qh� + 	R.D��&  

 !> �� 5"IJ	. �  �IK	. � 5� �� `�	�����" a��	� 5���1 � 30� ����� � ��
�γJ	. ��γK	. �  a��	� 5�
5� ������	���� B������ �����	���� U�� Y<� B	8.� B��)� ��	� 	8&�� 5*�� ��Z�� 5� ^�0 .30� ����� � ��
� ��

��+� (�)�	� ��]#�2  ��
� ����	����– Y<� n��	� �� ^� .<  5-0�M� ����� ��	Z� ����	���� |:8b� ���
)γ;	h,m��E80� �� (:<  5-0�M� 	� 5+��� �� F�  

)13(   YZ[ = \\]
^ 

 !> �� 5"k  ��<)�$�*��� ��
�- �+� (�)�	� ��]#� � 30� �����3 :30� 	� (��? 5�  

)14(   	SSE = ∑ ∑ {γ	h,m� − γ;	h,m�a }�	b  

�� Y<� B	8.� ^�0 ����	���� 5" <  c�b8�� ���� ��� � ���>	� 3./ �+� (�)�	� ��]#� B������ B	8="  50
�<)h�4 Y<���� .<�<  U�0	� 	]� J�HE� 	�P � 	]� J�HE� ��� ��	� ����12  U8I�0 s�0� 	� F<�> ���

 (��? 5� �����	�/ (�~8b�5�����  ��
� 5���� 5" ��� !�&� �/�	� Y<� B	8.� ��+� ^����� .<  `�#��
!> �� 5" ��� ��<M� !> 	��;� 5+��� �� F��E80� �� 	���&� $��#	" ���>	�:  

)15(   n = N × T   

,8&� �� !�	" 5��=" 3./ �F���<=M�) <�> 30� 5� 	� r���� �	��1391:(  

)16(   E	I	s�, t�� − [I	s�, t��]∗��  

)17(   [I	s�, ���]∗ = E#I	s�, ���i	n�& = P#Z	s�, ��� ≥ 15	or	Y	s�, ��� < 1000i	n�& 

 (��-4 �!> �� 5"E	I	s�, ���|	n�� ��Z8�� ���� ��<;� �I	s�, ���  B8 �� ���8�� �� T	  ��n  ��<;�
	I	sk , �l��	I	sk , �lm���...�	I	s�, ���  � �	� ��� Y�=8�� (��? 5� $��#	" ���>	� 5" 30��)� !�<� B� .30�

) F<��&� <��� 3�)��� ��	� $��#	" �80�� B� �� .��� <���� ���-Ps�, ��<�> 30� 5� 	� (��? 5� ( 
 �F���<=M�)1391:(  

)18(   [I	s�, ���]∗ = ∑ ∑ λ#s$, �%&I#s$, �%&=$o�p%o�  

                                                      
1- Marginal Covarigram 
2- MSE 
3- SSE 
4- Wireframe 
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 �!> �� 5"λ#s$, �%& �� $��#	" a�	m) < ��!�	�� � K���1 �2015F��� ,�E:� 3./ 3�.� �� � ( ��
� ���
 -  �� �����F��<M� ��� ������ J� J� �5)*�+� ���� s�0� 	� �+� ^����� 	��;� F�	=� 5� F<  ���� U8I�0

���./ s�H)� ����"	� 	�~� <�<  (g� 5;+�� 3�)m� �� �-�:")���2 �2013(.  

  

��E*l m�� �  

k&� - ���� �*�E��:��  

 �����M� �� (�<��&�(�~8b� x  �y  �t  KH  �� ��� � �	� !���% � B  !���% ��	�5  5� `�e .30� F<  5V���
F��� $�� 	���� �30� 	"S 	��;� �� 	���� 5:�0� 5� ��y .30� F<�> ��/� 5� F��� 5" 30� B� 	����� KH  B� ��

 	��;� �� J ��� �� �?�� <��� ������	s$, t$� 3./ �� ���x  �y  �t �]* .<�8I�� F����� � F��� ���� ��!���  	�
F��� �����
� K�:M� �� - )�	" �����x z	4 ������	�/time !��� �y �($�� (�	����)Z (	��8� ��<4 ��<;�.  

  
c8 5:  � <  ��)C� >�� ���� �� �*�E�� �G���H�@ � ��I ��)C�  

  

`- :>��I �����  

 KH  ��6 5�h�   (�./ `�=� �� ������	���� U�� �����=� B� 5/�� �� .30� F<  F��� !�&� ��
� �������	���� U��
��)� (��E� � F��� ,-+�� U� 	� y�-	;� 5� 3-I� ����U� F��� ��	� !�I=� �� B� �� .<���<� !��� �� �� ��

.3�	]�  

                                                      
1- Hengel, T,et.al, 2015 
2- Kilibarda.M,2013 
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 c8 6�*�U) ��VE�_� >��I ����� �G��� :  

  

n - �*�U) ��VE�_� ���B�� - :�E��;  

��
� ��	#� ���� 	���� -�����CJ	hS�  5:?�� ��450 �	8��:�"1 �� !�&� �� � 58 �� ���)? 	�0 ����� 5" <��
$�*2 �� F<� �0�IM� (���0�� ���.8�� ��� .�� K�*� F��8I� U" ��<)� !> F<=4 ��� ���� 5;+�� �� �0�� ���

�=� |;0 5� ���� 	���� B� .30� 5)*�+�5���� ����� � <0�3 .30� ��e�%  

����� ��	#� ���� 	����CP	hP�  ����� 5:?�� ��12 ���4sg" �� SP �� !�&�F��� 5���� 5" <�� 3I�� ��e�% ���
 �� �5  5� !��� !> �� � F��� 58I��� U� 5� ���<)��� (�	���� � F����=� F<� ����Q� �����	���� �� 	� �� .��  	�

�VQ/ 5��80> !���5 5)+� 	7� ����6 �� c�IM� Y<� n��	� ��	� ���� r�	 .��  

Y<� ^�0 ��+� ���	" ��0�� ���K�I�� F��� n��	� ����� ����	���� � ��
� ��	#� ����	���� 5� ��=� � !	�8�� �
	���� ��	� K�I�� Y<� 5" <   KH ) ��
� ����7!	�8�� Y<� � ( ����" a	m ��7  	��	�1,9 ����	���� ��	�  �����

 KH )8.<�8 �� �� n��	� B	8.� ( 

                                                      
1- CUT OFF=450 
2- Lags 
3- Reng 
4- CUT OFF=12 
5- Partial Sill (psill) 
6- Nugget Effect 
7- Kappa 
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 c8 7 :�*�U) ��VE �_� >��� co�p� F7�                           c8 8 : F7��E��; ��VE�_� >��� ���q�  

  

 ��	#� � ��
� ��	#� Y<� �� 5� 5u/�� ������� KH )�<)h� 50����	���� Y<� �9 KH ) !> 5�h� � (10 U�0	� (
�� !�&� \�m�� B� .< F��� 5" <��.<�8I� 58I��� ���
� 3./ �� U� � ����� 3./ �� U� ��  

  
 c8 9: >7�r� 
G ��VE �_�                                   c8 10��VE �_� 
*�� :  

�-  �E >;�G F7��*�U) ��VE�_�-:�E��;  
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1- Keyhole Markup Language 
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1- X,Y Coordinate 



  

  

  

  

214  -----------------------------------  /� 0	�1�2� 34��*5 61*7�� ���
 8��� ���9� �8�$*+ � ���$+��1398  

 

s��A�  
���&" �0�� ��� !����0 ���> 34	0  �� �;��<� � ���1/1/1951  3��*31/3/2017. 

������<� ") Y�=1381 .(0�	�� :M� ��K 0�8����H� �� !���%�  3 � �� 50���Q- ;M� 5���:~� �!�"����(�; ��	�/����  F��= 81 �
 �?58 -43.  

�Km�� ��� !�	� c	4 ) `	"� �-8#� � ��=M� ��<�1384 �� �.�> ��&8�� ��� ��j� � ��-P � �	� (��S 3 ��	� ,%��� �0�	� .(
 F��� ��)�-% x���� �� ��<���0 � ���j� ��� F������ 	��~� n���	� �� F��E80� �� !�8I�0 5;+�� ��� !���%18 F��=  �67 �? �

33-25.  
= ������� 0���P�	� ��	�= <.� 5���� ��) U0�;*���� ��<=��	��� ��:4<=M� ��<0�1394( :M��K � � �� T�-�������  ��<)� \��� �

������ �m� !�0�	� !�80� ��-P � �	�� 0 �� F��E80� ���U8I ��	�/ (�4g%���� ��� �� �#�0 �.  (�4g%� 5����0 � ��� �� �#�0
��	�/��� -% x���� ���)�� ? �!�8I�� �`��.2 F��=  �U&  F��� �44-33  

) .�:4 ������:� �&���2015 �� !�	.� ���I�� `�:4 F��&��� .(������ � !����� �� ��-P � �	� (��S (�	7� ���� �� ,�;M� Fd�	� .(
.!�	.� �s�<� 3�	� �H Q� `�:4 F��&��� �� ���H=� 

:)�I�� F��� ����<4�I� �5I�E K
E*������	�.� � �m	*�<-4 BIM� �F��� �:)��I� �1394� ��0 Y<�� �� `v������	��
E-�����  n���
���� 5)*�+� 5������ &b�� 	&� �!�8I:� !�80� ��5 �� ���j��  F��� ���� � c> 3��E�22 F��=  �1 �	�� � ���	� ��?269-251.  

�	I��� ��=M� .0�	�� ���x ��=4�  �� ��-P � �	�� ����� �� !���% ���5�� �� F��E80� �� NAAPS 0 5;+�� ���!�8I ��!�	 ���.2�B 
� F	��"�B ::=*�� ��	�/�  �`g0� !�./ !�����!�8I2�:� � !�8I�0 F��&���) � �!�<���!�	 .25/01/1389 �(1389. 

�	I�� ��=M� )1387(	�7l� �(� M��+� �� !�0�� ��"�<��� � 5�������<��	 ����� ��� 120 0 F�����!�8I ;M� 5���:~��(�; 
��	�/����  F���23�  F��= 4  �����)91( �? �48-19. 

)<=M� �B<*� G	  � 	�?� �:4 ���� ��I�1380�!�	.� F��&��� (���&8�� .���&8"� ��� F��� K�:M� .( ��2  5ME? .Y��997. 

I��B 0 F�����m�< )1376(� ������ 120 0 F�����!�8I ;M� 5���:~��(�; ��	�/��� �F��= 46 �? �127-102. 

) .UZ4� ��	E?1392.!�	� c	P c��/ ���-P � �	� ��� !���% ��-P x���� ��0��  .( ��!� �< �� �0�� ��" 5��� ��	�/��  U�:�� ��	�
.�+�M� �Q� 5���	� �� F<H&��� ����I�� `�:4 F��&��� .<.&� �0��	�  

����#�:4 Y�:.� �1382���� `��� F��&��� (���&8�� �!�	� ����� c> � ��2  �U#��221.  
q	� F���� �	.2�� :4 ��F��Q)F	%�� �1390.( :M��K �����  ����H� � �� ��� � �	� ��� !���%!�	. 	&�5 � 5���	�Q� ��> ��  ��
�

 F��=  �U��Q��� F����J  �? ���.�84 -65. 

���<=M� F�#��� �m�<=M�)<�#�<�0 ���"�	�� �B�I�<=M� �!���=)� �1393(� :M��K �� !���%� 0� ��-P � �	� !�8�Q ��-� 	�� 
��0 Y<�� ��� �<4�� 	&�5 ��	�/�� M� (�	%�b� ��+��  �? �!�8I�� �U������ F��= 83-67.  

) BIM� �F���<=M�1394.`�� ��2 �s�<� 3��	� F��&��� (���&8�� .!> ����	���" � ��
� ���> .(416.  
�� 	.��� �n��� � `���H� �) ��1388(� 0�	�� ���>� <�F< ��� :M� � ��-P � �	��K ��*�� ����� n���  !�80	.  �� ����-P � �	�

	&� ����Q-05 =:4� - �&��j� ��	�/ B=#����� ��!�	 </ F����<  F��=  �U8E� Y�022�� ��Q �? �104-83  
Bivand, R. Altman, M. Anselin, L. et al (2017). Spatial Dependense Weighting Schemes statistics and Model. Package 
ʽspdep̓. R Development Core Team. 2017. Version 0.7-4. URL: http:// github.com/r-spatial/spdep/ 
DeCesare, L. Myers, D.Posab(2001). D. Estimating and modeling space 
time correlation structures. Statistics & Probability Letters. Volume 51, Number 1, pp. 9-14. 
Caeiro, F. Mateus, A. (2015). Testing Randomness in R. Package ʽrand tests̓. R Development Core Team. 2015. Version 1.0. 
Cressie, N. (1993). Statistics for Spatial Data, Revised Edition. New York, John Wiley. 
Dehghanpour, A.R. Halabian, A.H. Fallahpour M. (2014). Spatial and Temporal Analysis of Dusty Days in Iran. 
International Journal of Advanced Biological and Biomedical Research, Volume 2, Issue 4, PP. 1195- 1206. 
Gaetan, C. Guyon, X. (2010). Spatial Statistics and Modeling. Springer New York Dordrecht Heidelberg London. pp. 166. 
Goudi, A. Middelton NJ. (2006), Desert Dust in The Global System. Springer, Heidelberg. pp.1-90. 



  

  

  

  

215   --------------------------------------  ;*< +*�� ����� "�9�=	� >�� ?1��� �
 @�  � 
�,�...  

 
Gräler, B. Rehr, M. Gerharz, L. pebesma, E. (2013). Spatio- Temporal Analysis and interpolation of PM10 measurements in 
Europe for 2009. Institute for Geo-Information (IfGI), University of Münster, Germany. pp.33. 
Hengl, T.Roudier, P.Beaudette, D. Pebesma, E (2015). PlotKML: Scientific Visualization of Spatio-Temporal Data. Journal 
of Statistical Software., Volume 63, Issue 5. http://www.jstatsoft.org/ Institute for Geoinformatics University of M¨unster, 
Germany. 
Isaak, E.H. Srivastar R.M. (1989). An Introduction to Applied Geostatistics. OxfordUniv. Press, Oxford. P.561. 
Iwashtia, F. Monteiro, R.C. Landim, P.M. (2005). An Alternative method for calculating variogram surfaces using polar 
coordinates Computers & Geosciences. Volume 31, Number 6, pp. 801- 803. 
Kilibarda, M (2013). A PlotGoogleMaps Tutorial. University of Belgrade, Faculty of Civil Engineering, Department of 
Geodesy and Geoinformatics, Bulevar kralja Aleksandra,73, 11000 Belgrade, Serbia.3.pp. 14 
Loecher, M. 2016. Overlays on Static Maps. Package ʽR Google Maps̓. R Development Core Team. 2016. Version 1.0.4.1. 
Mateus, A. Caeiro, F. (2014). ʺAn R Implementation Of Several randomness Testsʺ. Faculaded de ciencias e Tecnologia & 
CMA - Universidade Nova de Lisboa. International Conference of Comutational Methods in Science An Engineering. 
ICCMSE 2014.pp. 531- 534. 
Miri, A. Ahmadi, H. Ghanbari, A. Moghaddam Nia, A. (2007). Dust Storms Impact on Air Pollution and Public Health under 
Hot and Dry Climate. International Journal of Energy and Environment, Volume 1, Number 2, pp. 101-105. 
Mingyuan, DU. Seiichiro, Y. Hiroyuki, D. Zhibao, SH. Yanbo, SH(2009). Relationship between the Climate Change and 
Dust Storm Occurrence in China. Journal of Arid Land Studies. Volume 1, Number 1. Pp. 149- 152. 
Pebesma, E., (2012), spacetime: Spatio-Temporal Data in R, Journal of Statistical Software, Volume 51, Issue 7. 
http://www.jstatsoft.org/ 
Pebesma, E. Spatial and Spatio-Temporal Geostatistical Modelling, Prediction and Simulation. ‘gstat’Package. R 
Development Core Team. 2017. Version 1.1-5. URL https://github.com/edzer/gstat/ 
Pebesma, E. Gräler, B. Gottfried, T. Hijmans, R. (2017). Classes and Methods for Spatio-Temporal Data. spacetime’Package. 
R Development Core Team... Version 1.2-1. URL http://github.com/edzer/spacetime. 
Pebesma, E. Gräler, B. Gottfried, T. Hijmans R. (2017). Classes and Methods for Spatio-Temporal Data. sp’Package. R 
Development Core Team. Version 1.2-5. URL https://github.com/edzer/sp/ https://edzer.github.io/sp 
Pebsema, E, Bivand, R. Classes and Methods for Spatial Data. Version 1.2-5. Package ‘sp’. June 29, 2017 URL 
https://github.com/edzer/sp/ https://edzer.github.io/sp/ 
Pebesma, E. Gräler, B. (2017). Introduction to Spatio-Temporal Variography. ifgi 
Institute for Geoinformatics University of Münster. 
Pebesma, E. Gräler., B. (2017). Spatial and Spatio-Temporal Geostatistical Modelling, Prediction and Simulation. Version 
1.1-5. URL https://github.com/edzer/gstat/. 
Robert J. Hijmans. (2017).Geographic Data Analysis and Modeling.‘Raster’Package.R Development Core Team. Version 
2.5-8.URL http://cran.r-project.org/package=raster 
Schabenberger, O. Gotway, c. (2004). Statistical methods for spatial data analysis. Chapman and Hall, Boca Raton.R 
Development Core Team. 2011. R: A language and environment for statistical computing. 
Wu J, Zhao L, Zheng Y, Lü A. 2012. Regional differences in the relationship between climatic factors, vegetation, land 
surface conditions, and dust weather in China̛s Beijing- Tianjin sand Source Region. Natural hazards, 62(1): 31-44. 

 

  
  



 

 

 
  ------------ ---------------------- - - -------------------  Journal of Natural Environmental Hazards, Vol.08, Issue 20,  Summer 2019 

 
 

Probability of SDS Days Prediction in Iran’s Eastern Region 
Using Spatio-Temporal Indicator Kriging method 

 

Ahmad Hosseini*1, Bohloul Alijani 2, Yadollah Waghei3 
 

Received: 24-12-2017 Accepted: 10-04-2018 

 
 

Abstract  
One of the most important environmental challenges in the Middle East and Iran in recent years is the increasing 
SDS phenomenon. In order to forecast the probability of SDS days, wind speed and Horizontal view data in the 
eastern regions of Iran was investigated using Kriging method of Spatial-Temporal indicator, and R software, in 
which indicators one and zero were considered for an SDS and for a day without SDS, respectively. Then the SP 
Data array (Spatial Temporal Data) was constructed with a combination of the matrix and vector in the STFDF 
class (Spatial Temporal Function Data Frame), and STF class (Spatial Temporal Function). After fitting all the 
separable and non-separable models, the sum metric variogram with the least average of the sum of squares was 
selected as the best model for fitting data. The output of the model showed that the data enjoy a spatial-temporal 
dependence to 5 days, so from the last day of the statistical period we can forecast the probability of occurrence 
of the SDS day for the next 5 days. On the first forecast able day, i.e. 2017/04/01, the critical points of Sarakhs 
and Fariman stations in Razavi Khorasan province with a probability of 16 and 20 percent, respectively, Zabol, 
Zahak, Mirjawa, Nosrat Abad, Zahedan and Khash stations in Sistan and Baluchestan province with 17, 13.13, 
19.24 and 17 percent, respectively, and finally Abarkuh, Bafgh and Behabad stations in Yazd province with 20, 
16 and 35 percent, respectively, enjoyed the highest probability of occurrence of SDS days.  

 
Keywords: Spatial-Temporal Variogram, Predict, SDS Days, Eastern Region of Iran, Kriging Indicator, Sand 
and Dust Storm(SDS), Region, Indicator Kriging Method, SDS. 
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