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k� :� P���0K���2$& ���� ]�����& ���� �kxy : ����� ���	���&���&
�& �0K���2$& 	���.  

'$� '��DDD��(� ��� �%
DDD���&� ��1 : ��������!� ���
                ���� ��	�0& �	����2$& :��� .��	E ��G�� \�� P�T�K<& �����

�UT   ��G�& ��	�    �& p�1 �   �UT ���        ����	& �T��K<& �����!� �	�
          ��� � 	����2$& ��	0& ��	$8�	� P�T�K<& @	<��& M4�f ���    `	8�f

�K�  ����* .   ��KO .��&GWR    M�	�& �� �UT      P�T��K<& �����!� �	�
           .�� ��	�0& ��	$8�	� ���� ����� �� �* ��	��
)13( .  ��	$8��	�

  �& �	�� ��	0&    ���� �� ���           � 	����2$& :��� H��� :�K%
 	� ���!
       ��& @�	�+
 �U�� MC& �� �#C&     ����)12( .  ���GWR     :�1 \�� 

    �� �� .� �<=�& �����!�     ���<& ���(        � �T��K<& ������!� ���
��   ��� �� ��	+$� �      .� ��� ��6)� ��	0& �	� .GWR     M0��& ��� 

  �UT �� �-	$8�	�              �	���	&* �<�=�& ��	���3 	�� �������!� ��	��
               ��G�� ��� ���� �<�=�& �	����2$& :�� H��� �6�	C& � �����

��     �& �6#9 ��	!�3 @��A  ��� .       ���� ��� :��K%
 �<=�& �	��$&�	[
�&      M�C& �� �����
   	��     � ]	��� �     ����� �����
 �������! .  ^>7���
�UT             "��A�
 ��� � ������!� �T�	<& \� �� 5�K<& �����!� �	�

     �& ��4�� 	���2$& :�� �#� H���     P�����GWR    ��	�0& @	�O>(    �
 �& ��T�
             ��& �	��� � 	���2$& H��� :�� ��	0& @���2
 �� ���   ���� .

������������������������������������������������������������
1 -GWR: Geographically weighted regression 
 

 ���� :���	��       M�#C
 :� � ��� ��T�
 �	�   j�� 	�    "�A�
 �� ���#� 
�& ��	� 	���2$& :�� ��	0& ��	$8���9 ��8+
 �  ���)12( .  

GWR              \�� �$7���0���9 ��	���� ���� ��#KO � ��+& ���� 
  .� �$8�� ��2$& .         ����*�1 �	$7	�� ��� �&	U�� ��	0& �$7��0���9

�UT         ��& ����2
 ���� ��	��       ��& ���3�� ����   ���* .GWR   @?�	�<& 
��	!�3     	�& 	� � �    �$8�� � M�$8& �	���2$& .��        M�7� �� ��� �

   ��� \�)�#A	1 (  ����[ �� �   �& ��4     �& M�0�
 ����!   ���� .   � M0��
                ���<
 � �#�A	1 P���	� �	��)[ ��� PM��� Z�� ��� ��	� �	�)[ ����

����[           �& �$1�! �a� �� ����� ���O �� ���	� H��
 	�   ���� .GWR 
    � ��	!�3 ������!� �T�	<& \�     ��� ���	�& �� ���       �S���� �	�3

   �& ��T�
 P�T�	<& \�         ��& � �	�0& :� :���	�� P���        ���	��& 	�
 ����
 �� �$&�	[          ���� ����2
 ��	�1�23 �	h1 �� �$���[ @��A .     � \�� ���

                 �� MK$��& @��	��& � @�	�+$& ��� \�� � ��	+$�� 	�� @?�	<&
 ��� Z�KS&    �& �S��� 	�  ��� .  ��!� �T�	<& ��L  ��� ����      ���9 ���(

          j�[ �$&�	[ \� {T P.� ��� �S��� ���	�& �� ��� M�$8&   :��
   ���& P��	!�3Z   � R2      ��& �6�	C& ���	�& �� ���    ����� .  @	��-�3

 M&	�GWR ��	0K� � _	)U����	1 H��
 )10(.� ��� �-� :  
M�#C
           \� 	� ��2$& \� :�� �G�� �����UT ��� ������!� �	�

 ��L 	� H��� '�	G& �U�� ��2$&5 � 6�& ��	+$�  ��� .  
) 5  (   
) 6    (                               
yi���� ��	�    .��<4�& �� ��� ��	�i ����& P �o   P|��6& � p��O�ik 

 	� .� ����kth�� �<=�& �$&�	[   ith  P.�<4�&XiK ����� �	�� kth 
   M�$8& ��2$&  ��ith     � .��<4�& n        .�� ��#64 .��<4�& �U�	���  . ���

          �� @��	�& � \� �� �� ��� ��� u	n$7GWR     \�� B	� �� 
 ���	�& ���& �� �#A	1 5��
 I�	
i.� .   

�����!� ��UT ����  ��	�1�23 GWR���K� ��	0& .�<4�&  	�
   �& �a� �� �       �& � �	0& :� � ���!        :��K%
 �	���$&�	[ 	�
 ���  �� �

�� ��� <=�& @��A���� ���2
  . �UT \� GWR�& �� ���
   @���A
 �G��7 ��� �$��� )10(:  

) 7  (           
 ����(ui , vi) @	n$%& i�& �	�� � .�<4�& :�&   P����0 (ui , vi) 

  � �k (ui , vi)    ���� ���� ��� :��K%
 �	��$&�	[i   .��<4�& :��& 
* ���	�& �� ��$8�    ��& ����2
 .��<4�& 	�� 	)�  ���� . xik � �i  ;��
�$� 

�	���2$& �� 	G7 ���& � M�$8&  .�<4�&i�&  ���	�.  
           M4��f B	�� �� �G7 ���2$& ��L �����!� ��UT �	��$&�	[

��  �T�K<& @	<��&  N��
	& @��A8�& ��� :�K%
   ���)10(:  
) 8       (                                      
X     � @��	�& N��
	& Y    .�� }�	[ ����  .    �� 	���$&�	[GWR   	�� 

�� ���� I�	
 \� � ��	+$�  �G�� @��A9�& ��� :�K%
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) 9 (
 W(ui , vi)���  ��� `	%$� ��	� �� �� ���(  �G�� �� �� ��	)�* ��

 \���� �<T	G&���&         F�
 �
��� ]	�� �� .68� ��$8� �
     ��� ��$���� ��E
���	� �$�� ,�	$� .  
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�   �+
D%: ��      � .�4� ��	����
 ��� �	�6$O  ���� �	��  � ��	������  �S����	6$O &  M��	�$)�1{��f (

  ��	+$���.   :� ���                 ��G�� \�� �	�� ��� ��� .�� B	�� :� �� 
���	�&       �*��� �����& ��	S& ]	�� ��� � �* ��� � ��� ^{f � ��

���               ]	��� ���#� ���� � �����!�� �#64 MC& �� �<4� ���& NQ� P
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 ��� ,�	$�    ���� "#$%& �	�          	�� '��C
 :� �� �<T	G& ���& ��	�

       ��	��� M�	�$& �S���	6$O :1 � ��	+$�     .�1�! ��4 �8�	�& ���& � .
  ���� �	G7 ���&   �� ��	�           � ���� ���	��& ���	�& :�� ^>$7 @��A

 �UT ���	�&            ��	���� �	��	�<& �6�	C& ��� 	
 �� �6�	C& ��� ��	�
          :�U�	�& � 	G7 @	<��& ��{S& ���� P;�� �	G7 :�U�	�& M&	� 	G7

   ��� ��	+$� '#G& �	G7 .    � �G�� ���4�� 	� :��yK�   :��� ������!
     �UT ���	�& � ��� ���	�& ���	�&        :��� �U$86K� ;��= P��� ��	�

    �6�	C& ��� ��2$& �$���� :� ����  .         5���3 �� ������ :�� ,�	$�1 
.� ��� �A>7 .��� ����� �T	�& :� �� ��� ���& ��:  

'���     �D������ �+
%    ��D��� � :        M�� �� � ��	�� ����&
   :� �� �
	<T	G& ��G�&   �#K3 ��L �G�� \� ���4�� 	� ���    :��� �

     �	U$8� ��	�1�23 p�O � 5�( @	n$%&        �	U$8�� ��	�� 	�� 	�    P	��
����   �& ��	�  ��� .    �& �	�� ����� :� ,�	$�       ����& �� ���RMSE 

  j�[ �	G7 ��     �& �	�� � ����    ��#K3��L ��3�� j��1 	� ���  � �
          � �U$8�6K� ;���= � �$1	� j�	� �� �� \�     ��#K3 ���L ��G�   �

  �& ��[ j��1    ���)  5��32    M0� � 2 .(  ���� ��� :�     :�� �� ��	�
������������������������������������������������������������
1 -MAE: Mean absolute error 
2 - Mean biases error 
3 - Root mean square error 

 ��� M�   ���� �	�     :�-	[ .4� � ��	�    .� ����7�� ��
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� �0K� �$&�	[ ��� .T	7�
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 8���2-��� 
7= �+
%$� G%
2#  '��� I�2J� �
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%  


7= �+
%$� �
��
���9���* K%�� 6�0  ��
L2= 4�@"
�06

 �� ��, ��� 46
=� �
���&2�
'��� �+
%  RMSEMAEMBER2

GP1 ��	�  8/358 2/295  6/1  23/0  
GP2 ��	�  4/261  1/218  1/0-  59/0  �#K3��L  @	3�� 	� ����� �1 P2 � 3 
GP3 ��	�  6/251  3/204  4/1-  62/0  
LPI1 ��	�  9/193  8/147  7/6-  77/0  
LPI2 ��	�  6/220  7/137  9/9  71/0  �#K3��L � @	3�� 	� �<=�& 1 P2 � 3 
LPI3 ��	�  9/207  9/160  9/6-  74/0  

:�>�Q� RBF ��	�  1/192  8/144  4/7  78/0  
�#A	1 N0O ��� IDW ��	�  4/194  4/138  6  77/0  
�T�K<& R��S��� OK ��	�  1/178  9/132  4/1  81/0  

���R��S�� CO_Kriging ��	�+Z	+
�  1/188  8/141  5/3  79/0  
GWR_Z ��	�+Z	+
�  2/150  3/115  5/6-  86/0  

GWR_ZD ��	�+Z	+
�+	��� � �#A	1  1/147  1/113  6/3-  87/0  
GWR_ZA ��	�+Z	+
� +	��� .K�  5/213  9/172  9/15-  72/0  ��	�1�23 �� ��� �����!� 

GWR_ZDA ��	�+Z	+
� +#A	1	��� .K� � �  7/177  6/137  9/2  81/0  
  

 8���3-�06 �$�+ G%
2#  N�(�%�� I�2J� �
�  
�
2=
� '��+ !#
%��) �P

��75 �(
 �#
2�R) �� �
2=
� !#
%��+ '��+ !#
%��

�
2=
�(
 �
2=
� N
�F2� �
���

�#
��
 K%��
9���* N�(�%�� �06

C0C0+CC/(C0+C)R2

Spherical 79/0 56/3 77/0 57/0 
Exponential 73/0  5/3  79/0  58/0  

Linear 8/0  6/3  78/0  56/0  
Linear to Sill 8/0  62/3  78/0  56/0  

Gaussian 99/0  75/3  74/0  44/0  
    
  ���GWR           ��2$& ��� �� � 	���2$& ��7 .�<4�& @�E 	)�
 �� 
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Abstract

So far several methods have been developed for mapping and interpolation of isohyets.one of the recently 
accepted methods is geographically weighting regression which is suitable for evaluation of spatial heterogeneity 
of dependent variable by using local regressions. In order to evaluate annually precipitation spatial variation, this 
study was conducted in Gilan province which precipitation is distributed non-uniform due to different 
environmental conditions. The results of geographically weighting regression method were compared with 
another interpolation methods including global polynomial, local polynomial, inverse distance weighting (IDW), 
spiline, kriging and co-kriging and . In this study, average of 20 years annually precipitation data of 185 
meteorological observations over Gilan Province and its neighboring stations  was used for modeling of spatial 
distribution variations of mean annual precipitation by using other variables like elevation and position of points 
to the sea level. Cross validation technique was used to assessment accuracy of each interpolation methods. The 
result showed that geographically weighting regression method had minimum error with RMSE=147 and had 
significant difference with the kriging method which was in the second rank with RMSE=187. Finally the best 
method for mapping isohyets in Gilan province is geographically weighting regression method. 
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