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1- Vang 
2- Bouma 
3- Valiantzas 
4- Autocorrelation 
5- Hot Spot 
6- Vaclin 
7- Gupta 
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1- Double rings 
2- Surfer 
3- Hot Spot Analysis
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��' �� 0���� .�1��� ��@,��A ��9)� ��� �Gi (d) �2�`2�� N�5O) �1�� �\3��� (�5-.  

)1(  Gi�d�= ∑ ���(d)��j

∑ ��j
			 ≠ �     

) �`2�� ��1 
(��(d)  
�	��� 6�� {	��� �2 d3�,)�f	 �`K1 �� ��5O �� f	 .�52 ���5$ �CO �	  �� �W1 ��5�

��O�� �$��) �d�`K1 ���2 ( i �	�81 �� .�52 ���5$ �CO N�5O T	� ��t �� 
�-�2 �G �`K1 �� e�\�� 4�5$ �2 ��

6�� ;8< �O�' � �CO�2 ��) �`2�� N�5O2. 3� (  

)2(  � = � ��(d)
j≠i

 

 ) �`2�� �� �8I�3 0�1��8- �I�8M1�8� ;8< �O�' ( xj ��O�� =�9- �� ��  3� �	��� �d �`K1 �� �i .�,):� y~�

2 y�[�8� ;8< �O�' �:� ��/� ��  3� ��B � xj  �5$ T)��* �W1 �� 6��2 ��xi �� 4��A � T�I1��� .�-�2

�`K1 �i�`2�� f8� �2 y~�) ���3  �4�� �\3��� (.�5-  

)3(  �̅ = ∑ ��
�� − 1� 

)4(  ����� = ∑ ����
�� − 1� − [�̅���]� 

 4��AGi �`2�� f8� �2 )5. 3� �\3��� �2�� (  

)5(  ������ = ��� − 1 − ��
�� − 1���� − 2�  �����̅���!

�
 

 �	��K�G  �G*  ����� �I8M �	�S ��Wi/(n-1) �\3��� � ��	��� ����1�)3� 6� 4��A y�� �.�15-  

)6(  ��"� = ∑ ��(d)��j − ��̅���
����#$%�� − 1�&'( − ��)/�� − 2�+

'
�
	 , 	 ≠ � 

�`K1 �5$ 6�� �*� i ) �5- �)��* �W1 �� �CO� ≠ 00���� 
( 0�- ����1�)3� G* �`2�� f8� �2 )6�2 (��  3�.�	�  

)7(  �∗�"� = ∑ ��(d)��j − �∗�̅
����#$%�&'∗ ( − �∗�)/�� − 2�+

'
�
	 , 	 = � 

�`2�� �� ���6  �7
�∗ = � + � 
&' = ∑ ����  6� �� ��j≠i  �&'∗ = ∑ ����  6� �� �� j=i  ��̅  ��� �2 -
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���2 ���� �)@2 � �	�3�,-  �9�5� �1581 e�K1�)����A Q,���A �5I�� � �����2#�$ �� &� B5C1 �2 �(5� ��� � ����� 

K1�-  ���6�
 �� 4�� ���� ������ ���  .�)/� e�K1 �� ��	>AB5C1 {p3 .�- 0��C)3� �9��`� ��5� �!��� ��

�`K1 ��K1 � Z/�� ��K1 �� &R�3 �2 ^�:' e�K1 &R�3 � B5C1 e�\�� �2 �<5 �2 �)	�@1 .�	��* ��@ 6� �� ��

 � J�),�  @< �K`,����1�2�7	� .�- Z/��  

 


�*�+��2 Y)�-  

) J��<1 ����)����A () J��< � �����2�*+	� T�2 �I):\8� ( 6��1 �� #�$ �2 &� ��	>AB5C1 �2 �(5� �!��� ���

��.���  ���2 ����9� N����] d	�!�:	�K� �*+	� N����] �O�� �2 e52�� N����] d	�! T	�)��2 . 3��

 07	�I,3)42/3(  �/�/ ��	>A���] T	�)8� �)72/0( ��$ �� &� ��	>AB5C1 ����' .�-�2 #�1/3  6� �i���' �

5/34 �)1�3 �2 �I):\8� d	��! T	�)8� . 3� #�$ �)	�	�� � ��B ����,	��� �� �(�)� �� 0�52  M�3 �� �)�

) #�$ f��32/0�2 .���� ��r)$� (�� �W1 ;	�5 �� f�� ��(� y�M �� �-�1 �I):\8� d	�! 6�52 T�	�A 
�3�

#�$ �� 
#�$ >��,���2 .���� �3��2  � ��� �2 �K):� ��])� �2 �):2�� �����])� T�2 �I):\8� ���K� T	�)

�*+	��2 ��� 0��� � �/�/ ��� �	��K� �2 d��87/0  �85/0  J�8)'� _`3 �� ��  3�1 �,9� �O���� ���.�-�2  

 O�;]1�>?+� 2���C 2��������7 :O;� �� �L��� 2��@�A �� HC 2�+67IJ84 2"�V 

�>?+�  2���C 2��
W�  

(%) 

��V  

(%) 

B�  

(%) 

�E+�3FV  

(%) 

P	�	-  

(%) 

�(C ����  

(%) 

g�C  

(%) 

2�+67IJ84  

 Cm.h-1 

W34�� 87/32 98/32 15/34 59/9 51/0 71/1 17 53/13 

PQ�;X  10  19  7  1/4  28/0  17/0  8/4  1/3  

�tM�;X  59  45  59  3/6  68/0  23/4  2/34  5/34  

���a- u+�L 39/2 04/1 86/2 42/3 72/0 78/0 28/3 99/2 

�3(J= 01/0- 16/0- 11/0- 1/0 34/0 - 03/0 - 59/0 87/0 

�>;�M 49/0- 38/0- 55/0- 97/0- 54/0 69/0- 35/0- 84/0 

  

�2 ��� T2��6�8)$�3 �� QK1 � ��	� 0+	� _`3 ����T��9 QK1 #�$ >��,� ;	�5 � ���3 �2 &� B5C1 �� 0�,,�

�� �C	� #�$^��* � U1�) �,�1 
2004 .(�*+	� �	�3 �2 �:	�K� �� ��	>AB5C1 �2 T- �O�� �I):\8� � 0�52 [�2 ��

�,9� �O�� f	 J�8)'� _`3 �� ���2 �M�:� %	��- �  -�� >��,� ��g	� �� T- N��B QK1 6� ���� ��  3� ���

6��� Q���� #�$ �2 &� B5C1�� &R�3 � &�-�� >��,� Q��� �� ����M 6�8)$�3 ��g	� 6��2 ^� .�-�2?� �  -

6�����)  3� ��	>AB5C1 6�-2  
6����8� �1983 _`3 �� #�$ �2 &� ��	>AB5C1 � ^� �O�� T�2 �I):\8� .(

                                                      
1- Jang and Grass 
2- Kazman 
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 J�8)'�5 �,9� �O���� ��	>AB5C1 Q	�7�� �M�2 6�8)$�3 �� ^�  ��- 7�1 ���S �� . :�1 ���J�' T	� �2 .�5- 

^� QK1#�$ �� �C,� �W1 �� �c  \i� �W1 �� �c ���5� ����,9� ��(� �9��`� � #�$ �2 &� B5C1  M�3 �� ����

.����1 

 O�;]2: �>?+� "� �A�  W  !JV�7 �3����� u+��L@�A 
  HC IJ84 � @�A 2�� 

 W� ��V B� �E+�3FV P	�	- �(C ���� g�C 

 
  HC IJ84

@�A 

W� 1        

��V 
**99/0- 1       

B� 
**86/0 - 

*41/0 - 1      

�E+�3FV 047/0 - 24/0- 16/0 1     

P	�	- 
**84/0 - 112/0 

**72/0 092/0 1    

�(C ���� 
**86/0 - 11/0- 

**73/0 057/0 
**98/0 1   

g�C 12/0- 092/0 048/0 025/0 15/0 11/0 1  

 
  HC IJ84

@�A 

**74/0 
**79/0 

*4/0 
**84/0 

**87/0 
**85/0 *32/0 1 

**  O���X� nZV � � �3�����01/0 �*  O���X� nZV �� �3�����05/0  

 

m+��4 w�  �  

�2��� �5W,��� 5r	�� 05�1 �� T-�� �Q,���A �5 �	; ����	 �*+	� #�$ ��� ���9��`� ��5� �!���  0���� ��*G 

0��C)3� �):� .�-��� 1���� 0����� ������	 �-5$ �2  [�2� �):�0����� ��3 ������	 �-5$ �2 �A�	T  �� ���2

�)����A �(5� ���#�$ �2 &� ��	>AB5C1 �2  ��_`3 ,9������ 90  6��1 �O���� ��-) ���2(. ) ��-2 -  (.��

�� 6��1 �� #�$ ��� 0��� �O�� �	��� �I):\8� �5$ �5I�� N���] 8:� �� .��� &5,< � 7��� ��� &�t

 
�K`,�2/11 2 � 0�52  \i� �I):\8� �5$ �5I�� ����� �!��� �� �O��  \i� ��� ��� ���� �5$ q��S� e�K1 �

���� �S�,� T	� ��  \i� �I):\8��5$ . 3� ��� ��� �O�� �	��K� T	�[�2 ����� �� ��� �2 �1�5 Q-5A ����

 .�-�2 [�2  	�	�� _`3 ������� �S�,� �� � d3�,� ����* #�$ �� ��� 0��� ?@� ;\,� ��	�K2���* ��51�< � �

0�52 �2 ��2 n	��45/)3� � �K),� T��� � �� ��	s5�5�2 � �	��8�- N����] ���* . �5\@2 �M�2 ��� 0��� Q	�7��

Z$�-  �I	� �	��8�- � ��	7�� ��� 7�1�� �5- Q	�7�� � #�$ ����l �5r/� 6�� Q��� �M�2 ��� ��5� .

�� #�$ �2 &� B5C1  M�3 �� Q��� �� &R�3 �`$ � Q��� �� &Ĥ1��� 6�7�� � �5-.��� 2  8:� �� T	��2�,

 
6����8� � ^�5:�2  3� ?� &R�3 N��`$ � ��	� #�$ �2 &� B5C1 �K`,� &�t &5,< � �7���1970  T�,c 7�1

�g�)10�581 4��7* &R�3 Q��� � ��� T2�� Q	�7�� ��5� �� �� �� T�,V8� .�1�5/8  �5I�� ����� �!��� �� �O��
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Q/2 �� � 0�52 �C,� �I):\8� �5$ t J�8- ���6��1 �� 0�- ;��� �K`,� w�- &5,< � &�?� �5�' 0�,��-

�� �'�51 T	� �� ��� 0��� ���K� T	�  ����* Q-5A �K� � �!��� T�	�A  	�	�� �	5� 7�1 �1���� N�K�K� �� �,-�2

 . 3� �S�,� T	� ��3/81 �,9� �5I�� ���� 7�1 �!��� �� �O��'�51 T	� �� #�$ ��� 0��� Q,���A � 0�52 ���� �

�2 3� ����r N�5O'�51 �� .�  � f�$1��8f�$  QL-5A ?��� ��*����  ?� d�t�
 3�  7	�' ���:� T	�

. 3� &R�3 J�),� ��  �8�� 

) ��-2 - �� 6��1 �� #�$ �/�/ �O�� �	��� �I):\8� �5$ �5I�� N���] (& &5,< � �7���  8:� �� .���

 
���-3/11 �-5$ �5I�� ���� �5$ q��S� e�K1 �2 � 0�52  \i� ��� ��� ����� �9��`� ��5� �!��� �� �O��  ��

 J��<)  3� �'�51 T	� �� �/�/ �O�� �[�2 �	��K� 0�,�� 6��1 ��  3� 0���  \i�3 ��K1 ^�3� �2 .( Q,���A

 �5I��
��� ��� ����� �� �)'�:�  �@2��� �5I�� ����� 7�1 �/�/ ���2 0�52 ��� 0��� �O�� �W1 ��  \i� ��� ���

�� 6��1 �� �-�2�2  3� �/�/ �O�� � ��� 0��� T�2 
?�K):� �`2�� 0�,����5S 
#�$ ��� 0��� Q	�7�� �2 ��

) J��< ^�3� �2 . 3� �)��	 Q	�7�� 7�1 �/�/28)'� _`3 �� �/�/ � ��� 0��� T�2 7�1 ( J�99  �O��

�,9� �I):\8�.���� �5<�  \i� � ���  

) ��-2 - �� 6��1 �� #�$ T- �O�� �	��� �I):\8� �5$ �5I�� N���] (� 8:� �� .���  
&�t J�8- ���

 
w�- &5,< � w�- J�8-1/13 �-5$ �5I�� ���� �5$ q��S� e�K1 �2 � 0�52 ��� ��� ����� �!��� �� �O��  ��

�� T	� �	5� �� ����� T- ���K� T	�[�2 ����� e�K1 T	� ��  3� d�`�  ��K1 .�,-�2 �5I�� Q,���A ��� ��� ���2

��K1 qR$ �2 T- �,9� �  \i� �I):\8� ?� �2 �� �/�/ � ��� 0��� ��� �C,� �I):\8� f	 ����� �,)-�� ���

�� �2 � 0�52  ��2 .�)/� N��B �� ��	 T- .�-�2 �  ���*+	���� 3� #�$ ?@��� ��   �� � ��])� �1��� �W1  �W1

 ���	�A ��' � �1����I1  ���l �� #�$  ��2 . 3��2 ��(� �	5�2� � #�$ �2 &� B5C1 
&� ���� ���� �	�73

 
6�	���3 � ��C9<)2003 T�8V8� .(1/9  �� �)��2 e�K1 T	� Q,���A �� �52 ��3 ��� ����� 7�1 �!��� �� �O��

Q/2 �t &5,< � �7��� ����� �9��`� ��5� �!��� �2 ) J��< ^�3� �2 T�,V8� .�-�22 � ��� 0��� �2 T- �O�� (

 J�8)'� _`3 �� �C,� �I):\8� ����� �/�/1  �� . 3� �O��8/77  �����,9� �I):\8��5$ �5I�� 7�1 �O��

.��1 0�����  

) ��-2 - �� 6��1 ��  ��3 �O�� �	��� �I):\8� �5$ �5I�� N���] (�Q/2 �� .���  J�8- 
&�t J�8- ���

 �9��`� ��5� �!��� w�- &5,< � w�-5/11  ���� �5$ q��S� e�K1 �2 � 0�52 ��� ��� ����� �!��� �� �O��

�-5$ �5I�� 6��1 �� ����  \i� ��Q/2 T	� ��  ��3 �O�� �[�2 �	��K� 0�,���� ��  .�-�2 �5I�� ��� ��� ���2

2 T- �O�� �,1�� 7�1  ��3 �O�� Q,���A �I):\8� ����� �� 0�52 �/�/ � ��� 0��� ��� ��� �5I�� qR$ �

�*+	� T	� .�1�52 ����,9� �  \i� .�1���1 6� Q,���A �2 ���(� 0��t � �)	�	�� ���5M � 0�52 #�$ ��B ���

 T�,V8�3/11 Q/2 �� �)��2 e�K1 T	� Q,���A �� �1�52 ��3 ��� �5I�� ����� �!��� �� �O�� - 
J�8- ��� J�8

�� �9��`� ��5� �!��� &5,< � w�- T�	�A 0�,�� 6��1 � �-�2 �  3� �'�51 T	� ��  ��3 �O�� �	��K� T	�

) ����� � ��8�� %35 �g�)1 T	� . 3� ����� ��5� � #�$ =51 �� N��C2006 �� . 3� 0�- 4��7* 7�1 (2/77 

.��1 0����� �����,9� �5I�� �15* x�� �!��� �� �O��  
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 P<�2:  2J3(� KFM��7_�� 
<(  2�� �>?+�@�A 
  HC IJ84 �R�V :� x��V :� xW� :y xP	�	- :H x�(C ���� KFM��7 :j(� �@�A 2��  



  

  

  

  

120  -----------------------------------  �� #�;?�@� -!5�$A B?$��
  ����8 ���D0 
22 4��(�� 
1398  

 

 O�;]3 qA�� "� P9�X 2J3(� K�J7 ��- �X��� ;9�� :_�� 
<( 

J3(� hJ4  
K�J7 ;9��  

W�  ��V  �(C ����  P	�	-  @�A �� HC IJ84  

 �3������JA�+�U*  nZV �� �8F�99;9��  6/4  4/10  9/6  4/6  8/6  

�+�U* �3������JA  nZV �� �8F�95;9��  1/5  2/3  3/4  9/4  7/4  

�+�U* �3������JA  nZV �� �8F�90;9��  4/3  7/3  -  -  -  

�F�� J3(� ;Q�*2���  8/77  4/62  3/81  7/78  2/80  

�+�U* �3������JA ��t�  nZV ��99;9��  7/2  6/9  8/3  9/3  3/2  

�+�U* �3������JA ��t�  nZV ��95;9��  8/4  4/7  1/4  4/4  9/4  

�+�U* �3������JA ��t�  nZV ��90;9��  6/1  3/3  6/1  8/1  1/1  

  

) ��-2- #�$ �� &� ��	>AB5C1 ���2 ��� ��� �5I�� N���] (� �� 6��1 ��.��� 5/11 Q/2 �� �!��� �� �O��-

 ����7��� 6��1 �� 0�52 ��� ��� ����� &�t &5,< �Q/2 T	� �� #�$ �2 &� ��	>AB5C1 �[�2 �	��K� 0�,�� ��

 . 3� �9��`� ��5� �!��� �� �2  \:1 �5I�� Q,���A��� ���  ���2 � ��� 0��� �2 e52�� #�$ �2 &� ��	>AB5C1

 �� 0�52  \i� �I):\8� � 6�:�	 �\	�K �1��� �5I�� ����� �/�/6��1 . 3� ����,9� � ?�K):� �`2�� 0�,��3/8 

�� ��3 ��� ����� �!��� �O�� Q/2 �� �)��2 e�K1 T	� Q,���A �� �,-�2  �9��`� ��5� �!��� w�- � J�8- ���

�� ?� � �-�2 T�,V8� . 3� 0�- ;��� �'�51 T	� �� #�$ �� &� B5C1 �	��K� T	�2/80  �5I�� ���� �!��� �O��

.�52 �����,9� #�$ �2 &� B5C1 ��K� T	� �� ��2��� 
 ��2 �,1�� ���9)� ���5M �2 

T���  	�	��  
��� ��5�

�/�/  �I):2 -�� ) 
6����8� � �� %35 ��2008. 3� 0�- 4��7* 7�1 ( 

  


��42�>  

�3��2  ����)����A �2 �(5� :	� �����2��� ���L2 #�$ �LL2 &� B5LC1�`���
 &� h,�@2  	�	��),� 
 Q/A � J�

&R�3  3� ����!�1581 e�K1 �� 6� T�8/ � �1��� �3��2 �>� . . 3� ����! 0��1 �����2�$�- �� ��	  �� ���

�	��� ���� �-� J�' �*+	� �*�,���A �3��2 � 
�`��� ����� . 3� �	��� �I):\8��5$����� ��� �����	 

Q��+A �� �2 %\�� ���#�$ �2 &� B5C1
 7g ���L2	�L �� ���L  ��L�5I��Q,���A ����	  L3� 0�L�1 0��C)L3� .

�L3��2 �L2 �9��`� T	� ��  �1��5I�� N����]��� �5$  �	��� �I):\8��)����A   @< #�$ �2 &� B5C1 �2 �(5� ���

&R�3 ��g	� �9):� �'�51 �	�3�,- �5LW,� T	� ���2 .�- �)$���A 4�� �� ��� ������� ���  �3��2 ���2

 Q,���A �	��� ���5I��0��� ��L� Z/�� e�K1 �� 07	�I,3 � ^� 
 ��3 
T- 
��� 0��� 
�/�/ �!��� �� 0�-

�- 0��C)3��� �LO�' n	�L)1 . ��� ��� ���� N��LLL��] �LLL� ��� 6�LLL�1 �5$  �	�LL�� �I)L:\8� 0��� �O��

#�$ �2 &� B5C1 � �/�/ �O�� 
���  �2 �5I��2��� J�8)'� _`3 ��  \i� �	��� �I):\8� �5$ ����� � �99 

 �!��� �2�t &5,< � �7��� �S�,� �� �O���L� ���L�A�L,��)����A ���2 . ���8- �!��� �� ��/2 0�- ��B ���
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��K1 ���- &5,< � �2�t �5�>� ���  ����� �5I���5$ �	�L�� �I)L:\8� �C,�  L3���K1 �� .  �2 e52�� ���

 � T- �O�� N��O5r$ �7< ��  ��3B�� #�$ ���� ����A �1��� ��	>A���] �� �@1� Q,���A � �,-�2 �2 � �,�

�)����A qR$ �1�� .����1 �*+	� �� T	� �2 �1��,c ��(� �)	�	�� � ������� N���8M 
#�$ ��� 0��� � �/�/ ���

���� �C,� �  \i� �I):\8� �5$ ���5I�����r R��� N�5O �2 0�- �� T	� ���2 �I):\8� ���5I�� .�52 �

�*+	� {�M R��� �*+	��� � 0�52 �I	� ���Q/2 �� �� ��  ��* �g�)1 6�5 ��(� �9��`� ��5� 0����� �� �	��
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Abstract  
Soil properties at the lands lot scale is a process that effects on infiltration rates, which can lead to an increased 
stormwater runoff. Sustainable land management for runoff controls requires reliable information on the spatial 
distribution of soil infiltration rate. The traditional method of soil analysis and interpretation are laborious, time-
consuming, hence becoming expensive. Therefore spatial analysis of infiltration rate is necessary for the 
determination of susceptible areas for surface runoff. The purpose of this study was to propose alternative 
approaches in searching for infiltration rate and surface runoff hotspots. The study was conducted on an 
agricultural field at Khodafarin, East Azarbaijan province, Iran. It is with 675500 to 692500 longitudinal 
coordinates and 4332500 to 4349000 latitude coordinates. To arrive at the goal of this research, 88 sample points 
were selected with using a geographic information system and considering the Soil distribution pattern and land 
utilization. Infiltration rate data was collected from double rings method with 3 replicated at each point. Soil 
samples were obtained from each point and then sent to soil analyzed laboratory to determine physical and 
chemical properties. Kriging method was used for the interpolation of the study area. Finally, soil properties 
distribution layer expended in Arc GIS software that analyzing hot spot surface runoff hazard. The significant 
correlation of infiltration rate with soil parameter including porosity, sand, silt, and organic content. Overall, at 
wide distances of case study lands organic material and porosity were assessed effectively to water permeability 
into the soil and other measured parameters due to statistics were without specified spatial distribution. The 
results showed that Simulation generates equally likely sets of values for a variable, which are consistent with 
available in-situ measurements. The information on spatial sampling density and hotspot pattern could be useful 
for long-term monitoring and assessment.  
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