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	F&�%�� 5	%6��� �
W{� 
�0�� �	L� �F&�41� #�� �� �0&��   ��� 	%�

�� �����	� ���	!� ��	�� \0���= �*	�)Goovaerts, 2000 .(  
  
������
 ���������� ���
 ����  

    -�� �� �
!"� #�� �� �	
� �	�    ��� >�	* 
�
2&� D� ��	� ���
      -�� � ���1)� ?0
@��� � �+A	7 |�K        >�	%* 
�%
2&� �%0E �	%�

    #
F�	
� 	� 
�	' ?0
@��� � �G�	H ���� 	� ?0
@��� I?0
@�����-
      
�	6&'� -�	� #
1:� ���� �
2&� �)J�� �	� �����  . -�� #��  �� 	�

   �%+1G �� n%+&:� B�	0� �� >
M6�Goovaerts (1997)� Deutsch 
and Journel (1998) 
�* �	
� ��� .  �� ��M%&:� 	T0� \:� #�� ��

�}���-�� #�� �+A� �	��� �y��� 	�����.  
  �%� u�%; ����� ��  ��%*z(u) Iu =(x, y)    ���%� �%
2&� $�%)� I

  �)�	,�)  �����	� 	@0�� ��(     �G�	%H �%
2&� 	� ���H �F&�41� �� �*	� 
e(u)) 5	6��� 	@0�� �� (�� �	L����.  

  
�����
 �	���
!  

     ���1)� ?0
@��� -�� ��)OK (   �
2&� ���!�) ���%��	� (   �%� ��
       O'�&� D� �� 
�	6&'� 	� �	�/ ���� �,!�        ���	%!� �%,H �%��� ��%
�


������� 
�� #
1:� �,!� �/ �F�	�1� �� 
�* ��
� ��*)Isaaks
and Srivastava, 1989:(
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 <	�"1-���� 
���� �?@A ��B�/ 	 ������ �=����� 
��  

8�;&�� 	 �=����� C�� �($%D�� E��F  �G���H  
)�
���$�(  

'+��H  
)�
���$�(  �(5��  I��J�����*�   

)�
���$�(  
C�(����  

)�
���$�(  ��	�  

54/0  98/116  24  55/0  68/25  52/60  #�����;  
62/0  33/87  65/16  08/0  5/21  57/52  PLT4����
74/0  21/44  61/3  04/0-  67/11  73/22  ����H
68/0  65/48  3/6  33/0  08/12  4/24  �
�  
65/0  2/53  26/4  23/0  07/14  68/27  �����
58/0  49/67  8/9  22/0  22/17  19/35  ����T*
45/0  46/65  95/11  37/0-  53/15  81/41  �T�  
45/0  26/78  36/18  43/0-  28/18  51/53  �	�/
39/0  20/99  41/25  11/0-  48/18  89/61  �~/
45/0  66/92  93/21  71/0  56/17  19/52  ��
48/0  96/111  5/24  57/0  5/22  47/60  #1T�
53/0  84/131  63/26  59/0  47/27  29/67  �06'�
58/0  01/943  12/211  12/0  6/205  24/560  ��(	'  

  
 <	�"2-������ �=����� ������ C�� �($%D�� E���F K��&��   

���  C���	�L  )�MD����  ����A  ��&  �����  ����M�  �M�  !���  �N�  
�  C�M�  �.;/�  
#�����;  1  91/0  79/0  80/0  90/0  81/0  59/0  69/0  83/0  94/0  94/0  97/0  

T4����PL    1  93/0  90/0  92/0  93/0  81/0  85/0  84/0  85/0  90/0  91/0  
����H      1  93/0  88/0  93/0  88/0  89/0  79/0  72/0  78/0  79/0  
�
�        1  87/0  90/0  82/0  83/0  75/0  70/0  74/0  77/0  

�����          1  85/0  71/0  75/0  82/0  84/0  88/0  90/0  
����T*            1  88/0  92/0  86/0  80/  83/0  84/0  

��T              1  96/0  80/0  59/0  66/0  63/0  
�	�/                1  89/0  73/0  77/0  74/0  
�~/                  1  91/0  91/  87/0  
��                    1  98/0  97/0  

#1T�                      1  97/0  
�06'�                        1  

  
  �/ �� �� :)(ˆ uz           P%
)7�� �� �%
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�� #
1:� ���!� u I 
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OK   �%,!� �� �
2&� �� 
�* 
��� P4�� ���ui Iz(ui) �n(u)  ���%)�

  P'� �F�	�1� 3	!� .���  �	��i
OK    �%� �4'	"� ��"0�    �%� �%����

       #�� #1J �� ��* ����; ?0
@��� |�	���� >7��R   �+A	R #
1:� ��
   ���� U���	�)� � 0)()(ˆ �� uZuZE OK.( ���   �	��i

OK 	�   >%R 
 
	F&'�)n+1 (�� P'�� ��� �,H ���	)��0�/:
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 )2(

�/ �� �� :� (ui, uj)�
� ���!�      ���	%!� P%6G `	%1� #
%� 	1��

2�

 I`�+)��    � ?%0
@��� |�	%���� ���� �0
1� ���� }����( U��J�
(ui, u) �
� ���!��� P
)7�� #
� 	1��

2� #
1:� ��u  �i   �%,!� #
%��

   �� 
�* ������ ���1��*	� .     #
%1:� #��&T� �� ���1)� ?0
@���  �%�
 U��� 	� �,H)BLUE(1�� N
�   �%0�	�)Journel and Huijbergts, 

1978(.  
  
�"� �#$�� %�&�
 ���  

��� -�� �� �%%���%%�)� �+%%A	; C)IDW ( N%%
��%%0�	� -�� 
    �� �
2&� D� ���!� I?0
@��� �,!�        I�%*	� 
�L� ������ ���1� �� ��

  �� 
�	6&'� 	� -��	@� 3	!� ��� ���,���) 1 (�� 
�� #
1:� ��%* .  	%�
������������������������������������������������������������
1- Best linear unbiased estimator 
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122      ����� 	 
����� ���������� !����2�
" #6 #!�$%��& 1391  

   ��� -�� #�� �� �� Q�	6� #��     �%,!� �%� �+%A	; �%� �G�� 	� 	T0� 	�
              3	%!� ���%0���= 
�"� �� �G�� ���� � ��T@� �,!� �� P4�� `�+)�

        �%� #
%
)� I#
%1:� ���� �,!� ��R ���%* .        3	%!� �%� U%
��� #��%�
D��N�           �� 
��� r	M&H� ��&1� ��� ����� 3	!� �� � �&L
� ��� ��-

��*.    ��� ���!�  )�i (   -�� ��IDW  �%� �4%'	"� ��� �,��� ��  ��%* 
)Lloyd, 2005(:  
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�      )3(  

   	@0�� ��Di   �+A	; i  
��	L� �,!� #
����     I#
%1:� ���� �,!� 	�   
�  ��� ����    � �+A	; ���n(u)  P%'� �F�	�%1� 3	!� ���)� .  #%�� �� 

    ���� �� �)�	,�2   �+A	; )   �+A	; B��� C��)� -�� (    Q	%)�	,� �� ��
����%%&� ���%%��	� P%%'� �%%�)Goovaerts, 2000; Lloyd, 2005 (

�� 
�	6&'�����.  
  

'�()��
 �� ���� �	���
!
�*�
 ��+�
 ���  
    � I���1)� ?0
@��� $^H ��    �� u�; 
�	' ?0
@��� �  ���%�

 
��� #
F�	
�    �*	� 	&��� � `�+)� 	� .    #
F�	
� 	� 
�	' ?0
@��� -��-
    �
2&� �)J�� �	�)SKlm (         �/ �� �%� P%'� 
�	' ?0
@��� �K��

     �� 	&��� �
x ��� `�+)� #
F�	
� �%*	� .         -�� #%�� �%F�� Q�	%4K �%�
#
F�	
�    �� ���	6&� �	�)    �%�1� �
2&� C	'� �� (  �	�%1� ���F  �	%�

�� �<� �� #
1:� �0�/�; �� n+&:� ��
�Goovaerts, 1997):(  
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i
iSKi
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SKSKlm

umuzu

umuz

�
  )4(  

#
F�	
�   �)J�� �	�)(ˆ umSK ��      �%,��� D%� C	'� �� �0����
����� �4'	"� ��1� �
2&� � �+A� �
2&� #
� �,H ���
'���:  

)(ˆˆ))(()(ˆ 10 ueaauefumSK 
��   )5(
� �/ �� �%%� ��
%%'��� U��%%J �0â � 1â -���%%� �%%��m �� 

        
��� �%K�1@� #
� �� ���4K ���
'��� OH #��&T�     � ���%��	� �	%�
 
	F&��� 5	6���    
�* 
��� �	�)   	@0�� ��32 
	F&���  ( �� �4'	"������ .

       �
2&� 
�* 
�� #
1:� ���!� Q��A #�� ��    �1� �,!� D� ��  ��
� ��
  
�L�)  �,!�u (��           � ���
%'��� #
%1:� D%� 5�%1@� Q��M� �����

 �,!� �� 
��	1
7	� ���!� 
�	' ?0
@��� #
1:�u Ir(u)���� �	
� I:  

�
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�
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1
)()())(()(ˆ

un

i
i

SK
iSKlm uruuefuz �   )6(  

    �/ �� ��r(ui)        �%,!� �� 
�%�	1
7	� ���!� ui     � 
��%� )(uSK
i� 

    ���	!� �� �&;	� r	M&H� �����  �� 
��	1
7	�       
	F&%'� >%R 	%� �� �*	�
�� �4'	"� 
�	' ?0
@��� Q(�	)� ����(Goovaerts, 1997):
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�   )7(  

  �/ �� �� :CR(h)   
��	1
7	� |�	������ B�	�     �)J�� #
F�	
� �� 	�
R(u) = Z(u)-m(u)�� �*	�.  

  
�,��- .)�� �� �	���
!  

  ��	L�SKlm      ?%0
@��� -�� �� I       �G�	%H �%��� 	%�)KED ( ��
          
�	6&%'� �%
��� �%
2&� �)J�� #
F�	
� �4'	"� ���� ��1� Q	K^m�

     
��� ��� 
�	' ?0
@��� |w' 
�*�� `	@�� �+A	R 
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7	� �	�-
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�/ �� �%%%� :)()(ˆ)(ˆ)(ˆ 10 ueuauaumKED 
� . Q�	%%%6�
     	� -�� #�� �+A�SKlm       �� �� P'� #�� ��      U���%J �%���0â  � 

1â             �%� P%'�� ?%0
@��� �&�
' �� >!&�� � �	� D� 	T0�    �� �%0�/
 -�� �� �%%� ��	%%RKED ��
%%'��� U���%%J )(ˆ0 ua � )(ˆ1 ua 

             >%H�� �� ?%0
@��� Q(�	)� 
	F&'� >R ���m �� � ���A Q��M�
 * ��   �� �4'	"� �F�	�1� 5	)����� .         #
%� �%,��� �%F�� Q�	%4K ��

  �+A� �
2&� � ��1� �
2&�)   ���%��	� � 5	%6��� 	%@0�� �� (   Q��%A �%�
 �%� ��	���� �)J��  ���%�)Goovaerts, 1997 .( #
%1:� �%�KED 

�� �� ��1)� ��m     �%� �	%
� �%�� �%,��� Q��A  ���%�Waekerngel 
2003):(  
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 �/ �� ��KED
0� � KED

1��� #�}����( �&���	= ���0*	�.  
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!�!  
  ?0
@�����)COK ( �� �K��        �� �%� P%'� 
�
2&� �0E ?0
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             �%� 
�	6&%'� �+%A� �
2&� �&T� #
1:� ���� ��1� Q	K^m� �� �/-
���� .               �%� P%'� ��	%�� �%� 3�%��� �&L
� -�� #�� �� 
�	6&'� P�N�

            �%*	� C�&'� �� ��1� �
2&� �� P4�� ��&1� ���)� �� �+A� �
2&� .
#
1:�        ��1� �
2&� D� �� ��	�� ?0
@����� ��)  �� 	@0�� �� 5	%6� (

     �+A� �
2&� �� 
�^K)�����	� (         �	%
� �%�� �%,��� ��	,� �*	� ��G��
�� ����)Isaaks and Srivastava, 1989(:   
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  �/ �� �� :�i   �wj � �   U
������        ���	%!� �%� 
�* 
��� P4�� �	�

��	L� 3	!� �� ��1� � �+A� �	��
2&� ��ui � uj ���*	�.  

 �
%%� N
�	%%�/ �%%
!"� #%%�� �� ̀ �%%� �� 
�	6&%%'� 	%%� 	%%1��

2� ��N%%;�
GS+(Robertson, 2000)P;�� `	@��  .�	
� ����  �� ��	%�GS+ � 

GSLIB(Deutsch and Journel, 1998)����� 
�	6&'� .  
  

��� ����"�����
 �������  
-���	%%
� �	%%�� ��	%%�   -�� �� 
�	6&%%'� 	%%� 
�%%* 
��%%� �	%%�

>%%�	!&� �@0%%'�	4&K�1 )Isaaks and Srivastava, 1989( ���%%�
   � ��	����  �0&;�� ���7 ���	!�.         >�	%* 
�%* 
�	6&%'� ��	���� �	��	
)�

 	%%,H Q	%%)��� #
F�	%%
� �o%%G)2RMSE ( 	%%,H $��%%"�� #
F�	%%
� �
)3MBE (����� :
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ii uzuz

n
RMSE
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2ˆ1  )12(  
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i
ii uzuz

n
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1
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 �� �� �/ :  )( iuz   � )(ˆ iuz        #
%1:� � �%)7�� ���	!� U
��� �� 

   ���%��	� 
�* 
��     �%,!� �� ui   �n      �%� Q���	L%� >%� ���%)�  �%*	� .
RMSE     � P7� $�)� MBE    �� -�� $��"�� $�)� 	��* .  #��%&T�
  I-��    �� P'� �*��      ���%!� #��%&1� �����RMSE     � 
��%� MBE 

 �6A �� D��N� �/�*	�.  
  

OJ� 	 P��$�  
 
��� >
+"�            �+%A� �%+R�� �� >�	%* �)�	,� #�� �� �����	� �	�

���*	� .     �
%� >
+"� >�	* ��� �+R��        �%0�/�; `�� �%+R�� � 	%1��

2�
�*	� �� #
1:�.  

  
  

������������������������������������������������������������
1- Cross validation 
2- Root mean square error
3- Mean bias error

/�) 4�#56��)
��*6  
 � ��  � �)�	,� #��    
	F&��� �� ����� P+K ���	� �	�   �
%� �� �@0'-

 �	�1� �	1��

2�         P%'� 
�%* 
�	6&'� �����	� #
1:� �0�/�; �� ��� .
  �
� U
��� #���     �	�%1� �%��@� �	%1��

2�  
��� ��%�    ���%��	� �	%�

    ����� �4'	"� ��(	' � ��	�	� . 
��� �� ��<� ��� #��&T� |w' �	�
�
�&'� 	� 	1��

2� 
��	1
7	� Q	)��� 5�1@� >7��R �	
)� �� 
�	6)GS+:

Robertson, 2000 (�* 
��� -���� . �
%� ���1� ���0K ��  �	%1��

2�
                � 
	%� ����%H ���%��	� ���%� 
�* 
��� -���� ��� #��&T� � ���@�

     >�* �� ��(	' �����	�2    P'� 
�* 
��� �	L�  . ��� Q	M:L� �	�
     
��� �
+� ���� 
�* 
��� -����    ���G �� 	�3    P%'� 
�* �y���  .  #%��

   -�� O%%'�� ��(	%%' � �%%�	�	� ���%%��	� ���/�%%� ���%%� Q	M%%:L�
�� ���7 
�	6&'� ���� ���1)� ?0
@�����
�.  

     �%� 
��	L%� �� ���,�	1�  
��� ���%�       � �%�	�	� ���%��	� �	%�
         �������H�� �!,0� �,' �� ��(	� ��	�� �F&�41� �� �F1� ��(	' .

  0� �(	� ���	!�      ���G �� ��	�� �	&H	' U'	3  �	L� ��   �%A�� 
�0��
                P%'� �/ �	&H	%' ���%� \%:� �%� |�	%���� ����	&H	' \:� �(	�

    ���� 5�J�� #�� �� P�(� .   �
� �	&H	' �;�m ��     ��	%1� ���%� 	1��

2�

����� P
)4� ���� ��� �� 	��0� .   O%'�� �%� �%!
!"� ��Lloyd 

(2005)A ��	�	� �����	� ��� �� N
�   
	%� �%_�� �� P;��o= Q��  	%�
  � ���� ����    �
� ��� #��&T� ���0K   �%���� �;�)� 	1��

2� .  #��%&T�

�
� ��� �
!"� �� �&K	' � ��(	' �	1��

2�Shoji and Kitaura 
(2007)     P'� 
��� ���� ��� N
�  .
	�       ����� �06%'� � #�����%; �	�

  �
� ��	&'/ �_���R �� 	1��

2�     	%� �F�	L%� �� �0*	�     |�	%���� ���%� (

���   �����	� �	�)    �����	� �_���R ���!� #
0a1� � (  
	� #�� ����  	%�
��  �*	�)  ���G2 .(  �
� �
W{� 5	)*    �� 	%�	1��

2�7/46     ���%� �&��%+
� 

   	� 
	��
�4/98       P%'� �%
2&� 
	��T� ���� �&��+
�  .     �
%� �
W{%� 5	)%*-
   �%)�	,� �� ��(	%' � ��	�	� �����	� �	1��

2�Goovaerts (2000) 

 ���R30  �%�/ P%'�� �&��+
�  .Shoji and Kitaura (2006)  5	)%* 
  �
%� �
W{�          ���%R �� ��(	%' ���%��	� �	%1��

2�130   � 160   �&��%+
� 


��� -��N����.  
   �
� �)� �+R�� ��       
	F&�%�� 5	%6��� �%��@� �	%1��

2�    �
%� � 	%�-

     
��� � 5	6��� ���@� >�	!&� �	1��

2�   %�	�	� �����	� �	�    ��(	%' � �
           �/ �%� ��%<� ��%� #��&T� � 
�* �4'	"� N
�      �%* 
��� -���%� 	%� .

 ��� Q	M:L�        ���%G �� �%� ���o� �	�4        �� P%'� 
�%���� �%y��� 
  � �����	� #
1:��         �%� ���%7 
�	6&'� ���� ?0
@����� -�� �+
'�-

��
� .  >�*3 �
�       �
%� � 5	%6��� ���@� �	1��

2�    �%J�K �	%1��

2�
   � � 5	6��� ���@�               	%� 
��%1� �� ��(	%' ���%��	� � 
	%� ����%H �����	

      �� �	L� 
�* 
��� -���� ��� #��&T���� .    
��	L%� �%� ���,�	1�
��  
��� �E��� ����       �0&�%� ���H ��	�� �F&�41� ����� 5	6��� �	�

  �),7 �W� ���  �
� �4�� ��    �
� �� P4�� 5	6��� �	1��

2�  �	%�	1��

2�
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  P'� �&��N� �����	� . �m ��   
��� �F&�41� �0��� �;    P'� �&1� N
� 	�
 � ��{       �
� �
W	� �0��� �&1� ���	!� �� �/ �
W      #
%� >%�	!&� �	%�	1��

2�

    
��� ���� �����	� � 5	6���   n+&:� �	�)  ���G4 (     ���	%!� �%� P4��


��� ���� �/ ��	0&� �)7�� �	�) ���G3 (�� 
�����*.  
  

  
 '��2-� Q� ���,& 
������R&)S��� ( ��� ���� ����� 
	�� <�� 	)�$�� TA (��B�/ 	 �������A �=�����  

  
 <	�"3- <�� U�VW�� )
	�� (Q����B�/ 	 ������ �=����� 
��������R&

��	�  �*X+ �Y�
�  
)�
��Z��� �$�(  

���$/�  
)�
��Z��� �$�(  

��Y[& 8�*�  
)�$��
��(   ����� ��$A�/ E/�.&(%)  FC��D& E��

#�����;  4  785  8/64  5/99  759/0  
PLT4����1  1/526  3/55  8/99  84/0  

����H1/0  1/159  5/52  9/99  827/0  
�
�  1/0  9/165  7/46  9/99  652/0  

�����1/0  2/232  1/67  100  772/0  
����T*1  3/324  4/48  7/99  787/0  

�T�  1/0  7/312  4/98  100  963/0  
�	�/1  8/414  9/82  8/99  981/0  
�~/8  8/398  1/65  98  810/0  
��18  3/373  69  2/95  757/0  

#1T�1  7/619  2/68  8/99  888/0  
�06'�1  882  8/59  9/99  814/0  
��(	'  100  49390  7/58  8/99  722/0  

  

  
 '��3-Q��  
������R&)'���$� ( ���,&)S��� ( ��� ���� ����� <�� C��$M� 	)�$�� TA (��($%�� 8�;&�� ��)45�(�������A �=����� #- 8�;&��)> (

��B�/ �=����� 	- 8�;&��)](  

n��]�

��(	' 
	�����H
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 <	�"4- <�� U�VW�� )
	�� (Q�� <�� 	 8�;&�� 
������R&)
	�� (Q�� ������ �=����� �F�_ 
������R&)��B�/(-8�;&��  

��R$�  �*X+ �Y�
�  ���$/�  ��Y[& 8�*�  
)�$��
��(   ����� ��$A�/ E/�.&(%)  C��D& E��F

5	6���  3700  24870  4/42  1/85  618/0  
#�����;-5	6���  1  2281  8/43  100  606/0  

PLT4����-5	6���1  2349  8/44  100  660/0  
����H-5	6���1  1533  4/44  9/99  725/0  
�
�-5	6���  1  1434  3/41  9/99  6/0  

�����-5	6���1  1553  8/45  9/99  745/0  
T*����-5	6���1  1790  3/41  9/99  681/0  

�T�-5	6���  1  1401  5/47  9/99  66/0  
�	�/-5	6���1  1630  2/44  9/99  605/0  
�~/-5	6���1  1362  8/43  9/99  591/0  
��-5	6���1  1342  41  9/99  598/0  

#1T�-5	6���1  1888  4/45  9/99  658/0  
�06'�-5	6���1  2396  2/43  100  599/0  
��(	'-6���5	  10  20950  8/43  100  669/0  

  

�
�  
��	1
7	� ���@� �	1��

2�      �%,H ��
%'��� ��%� �� 	�)  #
%�
 �����	� � 5	6��� (����� �4'	"� N
� . �
%� ��� #��&T� |w'  	%1��

2�

 �/ ��       ��� #�� Q	M:L� �� �* 
��� -���� 	�     ���%G �� 	�5   
�%�/ 
P'� .      ���%��	� ���/�� ���� Q	M:L� #�� ��  �	� �	%�     ��(	%' � �%�	

-�� O'���	�KED � SKlm �%� 
�	6&'�  ���%� . �
%�  �	%1��

2�
     
��	1
7	� ��<� ��� #��&T� � ���@�         � 
	%� ����%H ���%��	� ���� 	�

 >�* �� ��(	'4P'� 
�* 
��� �	L� .  
              ���	%!� ��	%�� \0���%= ��� 5	6��� �� ��
W{� � ��&0� P+K ��

   �
%� I���� �����	�   %�	1
7	� �	%1��

2�
�          >�%* ����� 
	%� �%� �� 	%�
  �
� 	� �T�	L� 
��� �	1��

2�   �� 
	� �/ 	� ��	0&� �+A� �	�  �%*	�) ��

 
��� `	1�       �� P
)4� ���� ��� �� �� �� 	� �%00� .(  #%�� 	%�    �%W� �	%R
�),7    ��� �
W{� 5	)* � ��   Q�	6� ����� ���o� �	�  �0&�%� ��	� .  �%�

   �
� ���	!� �	_� ���0K  � 3���� �	1��

2� 
��� �    
	%�����H �)7�� �	�
)  >�*2) n�� (( �
� �     
	%�����H 
��	1
7	� �	1��

2�)   >�%*4)  n%�� ((

 �� �	L�      �
%� �� �� �0E �� ���        �	&H	%' D%� ����� 	%1��

2�)  ��%�
���� (   �),7 �W� ��� �0&��    �
� �
W{� 5	)* � ��    �F��%�� 	� 	�	1��

2�

�0��	6&� .       ���G �� ���	!� 	� �+� ��,�3   � 5 �%� 
��	L�    �%� ���%�
�
� 
��	1
7	� �	�	1��

2�          �%&1� ��	%�� �	&H	%' U'	0� ����� 	�)  �%W�

�),7  �&��N� �4�� �� (  
��� �� P4��  �� �)7�� �	� �0%*	� .   �%;�m ��
�
� �
W{� 5	)*
��	1
7	� �	�	1��

2�P'� �&��N� 	� .  

  

 <	�"5- <�� U�VW�� )
	�� (Q��<�� �� ������+�� 
������R&��B�/ 	 ������ �=����� 
��� �XA !��/�=�   

��	�  �*X+ �Y�
�  
)�
��Z��� �$�(  

���$/�  
)�
��Z��� �$�(  

��Y[& 8�*�  
)�$��
��(   ����� ��$A�/ E/�.&(%)  C��D& E��F

#�����;  46  6/579  4/75  1/92  739/0  
PLT4����1/49  3/311  2/71  2/84  769/0  

����H6/12  56/72  4/101  6/82  888/0  
�
�  15  8/87  7/74  9/82  771/0  

�����6/3  138  9/82  4/97  723/0  
����T*5/37  3/203  1/69  6/81  831/0  

�T�  1  9/323  1/165  7/99  944/0  
�	�/7  2/358  3/120  98  903/0  
�~/20  5/325  3/70  9/93  724/0  
��19  9/300  6/74  7/93  796/0  

#1T�25  6/478  9/75  8/94  828/0  
�06'�57  8/661  2/71  4/91  8/0  
��(	'  1950  32570  9/70  94  914/0  
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 '��4-Q��  ���,& 
������R&)S��� ( ��� ���� ����� <�� C��$M� 	)�$�� TA ( 	 �������A �=����� �� S���� �XA !��/�=� <�� �� ������+��

 ��B�/
  

�;.)��� '��<6  
�	
�  � �����	� ��	�      -�� O%'�� ��(	%' � ��	�	  ��� �	%�  �%��

         	%� ?0
@��� I?0
@����� I���1)� ?0
@��� I�+A	; B��� C��)�
      #
F�	
� 	� 
�	' ?0
@��� � �G�	H ����     Q��%A �
2&� �)J�� �	�

P;�� .    �L%!� ���1� ���0K ��           � 
	%�����H ���%��	� �%� 3�%��� �	%�
       >�%* �� ��(	%' �����	�5       P%'� 
�%* 
��� �	L%�  .   ���%�  �%'���

��}�� -�� �	� �	
� �	�   �L!� I
�* 
�	6&'� ��	�      
�%* �%
��� �	%�
          P%;�� ���7 ���	!� ���� ���	� �<� �� -�� �� O'�� .  ���,�	%1�

  �� �<R^� �� �L!� ����   �����	� �	�)   ��(	%' � 
	�����H (    �%� �%�
     >�* �� ���1� ���0K5           ���	%6&� �	%T
�}�� ����� P%'� 
�%* �y��� 

���0*	� .�	!� �L!� ��      
��� �� ���� �+A	R �	�)  ��(	' � 
	�����H (
      -�� �+� ��m �� �� ��� �	L�  �	�OK   � COK     \���%
= �� >�	1� 

  �L!� �� ��&L
�         �	%�� P
)7�� �� 5�J�� #�� �� ����� 
�* �
��� �	�
 P�
� ��M&� .�L!�    -�� O'�� 
�* �
��� �	�  �	�KED   � SKlm 

       �;����%=�� Q��

2� ��	L� ��m ��          
�	6&%'� #
%1:� �%0�/�; �� �%� ��

��� � ����   �� �	L� s�J�    �� �<� �� � �0��      �%)7�� >�* �� �� �'�

   ���&���N� �����	� ��	�� B���� .      �� �+A	R �L!� �;�m ��IDW  3	!� 
     -�� ��	' �� �� V:L� �� 
�* ��
� ���1��� �	L� 	���� . �� ��E

  ��}�� �� ���  �	�IDW         $��%m� �� �%� P'� #��   
��� >%"�  �	%�
�F&�G�� �)7���� �
��� �� ��	� �0�)Lloyd, 2005.(  ��	%�� B����

    �L!� �� �����	� �0
1:� ���	!�       >7��R ��	L� ��m �� 
�* �
��� �	�
                  �� �� �/ �_���%R � ��	1%* �R��%� �� �� ��(	%' � 
	�����H �����	�

     �7�* ]�0G � ]�0G)
	�����H (    �7�* ]�0G �)��(	' (  �%� �	L�-
�0�� .        \
%= ���%��	� �1�N�	� ���	!� #�� ��G� 	�      O%'�� 
�%* �%0
�
-��  Q�	6� In+&:� �	�     �%���� �%� 	� ��	� .      -�	%� �_���%R ���	%!�

  -�� O'�� �0
1:�   �	%�SKlm   � KED        ���	%!� �� �%&��N� �	
�%� 
   -�� ��	%' O%'�� ��	%0&� P%'	� .Wackernagel (2003)  �� N%
� 

      �m	!� �� �� ��� �	L� ��H �)�	,�          
�	6&%'� ���%� �%�1� �%
2&� �� 

)5	6��� (     -�� I�%*	� `�+)� 3	!� �)7�� 5	6��� �� �&��N�KED  ���	%!� 
    �L!� �� �� �����	� �_���R      ���%��	� �_���%R �� �&��N� 
�* �
��� �	�


����%%� P%%'�� �%%)7�� �	%%����/ . 3	%%!� Q�	%%6&� ���%%)� �� 
�	6&%%'�
   \
= �� N
� �F�	�1�   ��	� �_���R ���!� �0
�  �L!� �� ���   �%
��� �	�

 P'� ��N��
W	� 
�*)Lloyd, 2002 .( �F�	�1� 3	!� ���)� �+� ��,�
 �	%
� P7� �� I#
1:� �� 
�* ]	:&��    �0&�%� �W�%� ��	%�)Lloyd, 

2005 .(   �L!� �)�	,� #�� ��       -�� O%'�� 
�* �
��� �	�IDW2   �%� 
     C	'� �� 
�1K ��m10    �L!� � �F�	�1� �,!�     O'�� 
�* �
��� �	�

-��      C	'� �� �_���R ?0
@��� �	�20    P'� 
��� �F�	�1� �,!�  .
   ����� ]	:&�� >�	!&� ��	���� S�	&� C	'��� �F�	�1� 3	!� ���)� #�� .

   >�* ��6  �0T= �����	�      -�� O'�� 
�* ��0�OK   ]�%m�� ���� -
     >M; �� 
	� #���)      ���%G �� ��* 5�G�1 (      P%'� 
�%* 
��� �	L%� .

 �
� �0E�� 
	� �	1��

2�        �0&�%� �
4* �F���� �� ���o� �	�)  ���%G
3(     �L!� �� �����	� ��	�� B���� I   Q�	6� ����� �+A	R �	� �� ��	�-

  
	� �� i�0*	�         ]�0G �R��� �� �����	� #��&L
� �06'� � #�����; �	�
        
	� �� �� ����A �� P'� 
��� �� �7�*      �� 
�^K �~/ � ����T* �	�

      �x ]�0G � ]�0G �R��� I�
R	� #��         ���%��	� ��	%�� ���	%!� N%
� ��

��� P;	������ .  

 �L!� ���	!�            ���%� �� �� ��%
6� Q	%K^m� �%E��� �����	� �	�
��}��     �	
� -�� �� ��6� �M"0� �	�  �� ����; ��	�      ��%G� 	%� �%0�

          P�%
� �;	%� �����	� ���/�� -�� #��&T� #

)� ���� #�� .  #����	%0�
   �	
� -�� S0= ���+1K  �* 
�	6&'� ��	�      >%�	!&� ��	���� -�� O'�� 

   P;�� ���7 �'��� ���� .        �� �%� �����	� #
1:� >�	!&� ��	���� S�	&�

  ���G6          -�� ��� �G�� �� �� ��� �	L� P'� 
�* �y���   #
%�� �	�-
           �� �<� �� #
1:� �0�/�; �� �� �
2&� ��	�� Q��

2� �� ��	�/  �%��
�

        �+A	; B��� C��)� -�� �� P4�� ��&L
� P7� �����    #
%1:� �� 
                 �� 
�%* 
��	L%� 3	%!� � �	%�/ �7	; �,!� #
� �+A	; C	'��� 	T0� ��

    �� `	@�� �,!� �/ �F�	�1� �� I����0*	� .     P'�� S�	&� 	� �@
&� #��


	�����H��(	'
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   Q	%)�	,� �� 
�%�/Goovaerts (2000) ILloyd (2005) � Moral 
(2010)  ���� P!�	,�  .    -�� #
� �� �;�m ��  #
%�� �	�   -�� ��	%�/

COK ����  
	�      �T� 	� PLT4���� �	�)  
	%�����H N@�(   -�� IKED 
     -�� � 
	�����H ����OK   
	� ��	' ����       ��(	%' �����	� ���� � 	�

   ���!� #��&1�RMSE   ����� ���� ��  .       $��%"�� ���%!� #��&1� �;�m ��
)MBE (  
��� ��	1� ����     -�� �� �+)&� 	�COK   P%'� 
���  .  `�%K

     � �� �����	� #
1:� P7� ��4T�
	        �%+K #�����%; 	%� �	%�/ �	�  �%x�
      �� �� 5	6��� ��1� �
2&� �� 
�	6&'�    P���� ��� >�(� �� ���� .  >%�	K

 �� ���        
��� #
%� �F&�%41� U��J ���� #
�	= �����     � 5	%6��� �	%�
  
	� �� �����	�    �*	� ���o� �	�)     ���G �� ��* 5�G�2 .(   �+� ��m ��

 
��� ����     �� �&1� �F&�41� U��J �� ��	� 5/0 
���    
�	6&%'� IP'�
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Assessing the effect of incorporating a digital elevation model (DEM) into the 
estimation of annual and monthly rainfall in Golestan province 

Masoomeh Delbari1*, Peyman Afrasiab1 and Samane Jahani2

Abstract
Many hydrological models require high resolution rainfall data. The aim of this paper was to interpolate 

annual and monthly rainfall in Golestan province from sparse point data. To do this the methods, which make 
use of secondary variables (e.g. a digital elevation model, DEM) for rainfall estimation were compared with 
those, which do not make use of such information in estimation. The methods applied included univariate 
interpolation algorithms such as inverse square distance and ordinary kiriging and multivariate geostatistical 
algorithms such as cokriging, kriging with an external drift and simple kriging with varying local means. The 
performance of each interpolator was assessed through examination of mapped estimates of rainfall and cross-
validation. It was concluded that cokriging provides the most accurate estimates of rainfall for May to October 
except June which was best estimated using kiriging with an external drift judging by the cross-validation 
estimation error summary statistics. For other periods ordinary kriging yielded more accurate rainfall predictions 
than other interpolators. The worst algorithm was inverse square distance that ignores both the elevation and 
rainfall records at neighboring stations. Relative nugget effect of semivariograms and correlation between 
rainfall and elevation affected the performance of different methods. For instance, ordinary kriging outperformed 
other technique when the correlation between rainfall and elevation was less than 0.5. 

Keywords: Rainfall, Multivariate geostatistics, Kriging, DEM  
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