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 �
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��� �H< )Designe runoff coefficient( 

�� M���( �z
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 IBD�	
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 N?= ��)3 (��3/ ���\ �� E� � CR�      	H� gH�	7�� �	H
��� CH&�:� �0�	4� ���� E�	
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��� ��� ����� ��= . N?= ��)3 (     �H�� �	H
��� IHBD �� �	H
��� ��� ����� ��� 5�
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N?= )3 :(!�5�� �	
��� 
 -0��" �� ��I� >�0��  ����� � ��!" �� �	
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�
��
 	� �:3� �O6
�	�  N[��9 �� r	\ ������2  ^�� ��4
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 	( 6= ���O .

(�( M06��0	� 	( �0k	� 2�� M�� ��9	0 #�$
 �" S�) !�5�� �' g� �� M���( �\�� 2�6
�  �' ��� �806� � ��= *����q(

�67&� � ��h/ ���� �<	\ �� ���;< �	��( �� r	\ �� �" #�$
 !�5��  ����� 	
 � 	     � �" �H'�D �
	� �' ��� 	  ��

�B��
 �� !" #�$
  ���O. \ �� �\�� �� F0�5
 ��4� �� !6= ��� �<	�	
���   �� �" #�H$
 !�5�� Er	\ �� !" #�$
 �

�� !	3
 -0�59� *6= �� r	\ 6 � . 

  

  
  



 
������ �� 	��
�� ��� ����� ��
 ����� ��� � ������
 ���  ��  
��� 	! ���! ...  
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N :���;< �	��( EC :>6= A	[ � 5��( �	��(  �CC :>�2 F�&a �	��( >6= 

 N?=)4:( r	\ �� �" #�$
 N�9��/ )��\ S�) �O6=(  ^�� ��4
 M0�(��� 2��	
���  �\�� F0�5
 	(  

  
��	/ 2� �?0 �� I8� �	 ����
	�	�  �	 ��� � �	�����  �
	��" M���( E!��	� �" ���"�	
��� )Threshold rainfall (

 g0�� ��	
��� )Runoff coefficient (��� . ^�� ����� Er	\ ��R�� ���<� 	 �����	/ M0� M���( ���	
��� � ��64� E

r	\ �9	� � r	\ -=�/ EM��2 g�= EG�	� *6= 6
��� -4
 . M�� �?70� �H�� ���D �	��� � >2�6
�  ���" � �	H
��� 

���D -0��" �� ���Q ���	( ��( �� �	
��� g0�� E#�$
 �[�9 �� !" ��� N�R� �� 6 � .   E�H�	D �H�R	�� �� �pR  o�HQ� ��

G�	� EC&�:� �	   �
	��"�	
��� ���D ���� ��� �	   ���"�	
��� ��  >�2 F�&a �	��()CC (   gH�(�( �H�5/2   	H(5/3 

&��� ��� >6= A	[ � 5��( �	��( �� E)C ( g�(�( ��5/3  	(5/4 �&�� ���  ���;< �	��( �� �)N (  gH�(�( ��5/4   	H(5/5 

�&�� ��� 6= >�2 M��:( . � S�4�( �B��
 L	�� �� !��	� F0 ��7 �&�� ��� IBD �;h
 ��	
��� ���  ���"   �H� >6H=

 g�(�( �� G�	� N' IBD4/21 E7/35  �50 " ��� �� 6[�� 6�) N?=5.(  

 �' ��� �806�G�	�  �	  �
	��" A�[ �' !�5�� M0� 2� ��3���	
���  -:� �� 6= 6 ��:
�	
���  M0� � ��9�O ���Q

�;h
 �9	0 6 ��\ ��;8� E>�2 F�&a � A	[ � 5��( �	 �	��( �� �	[��\ 	  .  

���� �0�h�  � S�	�( >6= G��5O ]0	�
 �b0� 	� S�4�( M0� ]0	�
 .� �4�4�( �� g0�� ��64�	
���   M�H�13/0   	H(

32/0  g�= ����5/0  E6[��36/0  	(45/0  g�= ����5  � 6[��26/0  	(44/0   g�H= ����10    6H= G��5HO 6H[�� 

)Sharma, 1986( .�0	;<	;< ��50 !��	?�  � )1390( ��R	�� ��     �	HB0� �
	�H�" E68H3� �� �� �	H
���  ��4  �H&��  �H�� 

I  E6
��' G��5O ��R	�� �� M�7@  2� ��\ !����O� N�&�( L	�� �� �b0� ��40 >��� ���� ���D �	     �	H��� 	H� �0	 

120 - 100  g0�� ��64� E���R L� r	\ 	� ���� ����	
���   M��53/0   	H(58/0   �
	�H�" � �	H
���  M�H� 1/2   	H(2/3 

�&�� ��� 6�" ��� �� )Boers, 1994( . g0�� �' ��' G��5O �0�� E!��� �� �4�4�( �<�	
���     �:H� r	H\ ���H�

� �O6
�	� !�5�� L	�� �� ���;<  M�� E���D >2�6
�6  	(77  � �H�� >��� ��q�� 6[��    g0�H� lH���� �	H
���   ���H�

���D   �	 25 E50  �75 ��� � ����� � g�(�(9/55 E6/37  �7/21 � 6[�� �6�" ��� )Oweis, 1994(I  E   M�H7@ ��

��R	�� �� �b0����D g�	7� �D	h� E 	   �H���� F@�' �)Small Basins ( ��150-20  �H��  � �H���    gH�	7� >2�6H
�

���D I�
 �	  >�0��  ��)Semicircular Bunds ( o	�= �� ��5-2  ���)150-20 ���� ��� ( G��5O6= )Oweis, 1994( .

	��= )Sharma, 1986( >��= ��� �� �4�4�( �� � �	����� C&�:� �	  ��� ���D �� !��	� �" ���"  	H   FH@�' �

 �
	��" �' 6��� �B��
 M06� E!	���67  ���	
��� � C�
 ��  g0���	
��� 60��O ����� �� .  

  



������  
��� ��#�! ��� ���  

  
>�2 F�&a �	��( >6=  

���  ���6� �= ��)1(  	()4(   NH�)

   �
	�H�" 2� ��H3�� 	0 ��	h� �
�2�� �O6
�	� 	� �	 2�� ��6�( E�
��	� �	 2�� ��6�( L	�� �� � ���6� M0� 	� S�	�� � 6=

  �j'�6HD � �	
��� �j'�6D �0�	4�  g0�H�

   �H?70� �H� ���( 	�   �7�H3�� � �H7��'

 	� ����� �0�	4� M0� l���� ��H� 6 ��\. 

     �H���� gH�(�( �H� �H��57/0 E35/0 E22/0  �14/0 

2 E4 E6  �8 �&��    �H���� gH�(�( �� ���

6  �8 �&�� � �� ���  �8H= ���D �4�7

26/0 E18/0  �14/0    6H0��O G��5HO

 !	B0	��#" E�?�� !	���8= �Z:&0��Q�=  

 ���� G�	� N'
 

 �j'�6D�	
���  
�&�� ���  

 g0�� �j'�6D
�	
��� �
	�R	�  

150  58/0 
89  50/0 
104  56/0 
101  62/0 
108  61/0 
126  58/0 
80  45/0 
163  66/0 
157  63/0 
100  60/0 
142  59/0 
75  54/0 
145  65/0 
158  61/0 
86  52/0 
61  37/0 

129  57/0 
116  57/0 

�
��

� �
�

� 
	


 
�� 

�
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�
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N :���;< �	��( EC :>6= A	[ � 5��( �	��(  �CC: >�2 F�&a �	��(

 N?=)5:(  IBD �;h
�	
��� G�	� IBD N' �� 

  

 g0�� �j'�6D M���( �����	
���  G�	� �
	��" ���� �
k	�2E 4 E6  �8 �&�� ���

   �
	�H�" 2� ��H3�� 	0 ��	h� �
�2�� �O6
�	� 	� �	 2�� ��6�( E�
��	� �	 2�� ��6�( L	�� �� � ���6� M0� 	� S�	�� � 6=

 �
	�R	� G�	� N' E)202 �&�� ��� ( �	 2�� ���� G�	� N' �NgE   �j'�6HD � �	
��� �j'�6D �0�	4�

MSRC ( F�?$( ��17 60��O M���( >��� l���� � M���( �	� .   �H?70� �H� ���( 	�

 g�(�( �� ������ �$[ ��64� MSRC  g0�� �pR E����	
��� �<  	� �����

 G�	H� �
	��" ���� �
	�R	� �	
��� g0�� �j'�6D 2 E4 E6  �8  �H&��      �H���� gH�(�( �H� �H��

 	(4 ( G�	� �
	��" ���� �< �	
��� g0�� L	�� M0� �� �2

07/0 6= M���( .G�	� ���� �< �	
��� g0��  �	 2 E4 E6

 G�	� l���� 	� �0��� g&D22  	� ����� �R	�220 �&��  g�(�( �� �������� 37/0 E26

 .(  

 g0�� �j'�6D�	
���  G�	� �
	��" ���� �
k	�2 �&�� ��� �4�7� ��  !	B0	��#" E�?�� !	���8= �Z:&0�

 �	 2�� ��6�(
�
��	�  

 �	 2�� ��6�(
Ng 

�
	�R	� G�	� N'  
T1 

 ���� G�	� N'
 �	 2��Ng 

82  38  258  226  
72  27  177  143  
57  27  185  158  
52  21  163  143  
63  22  176  152  
66  34  218  194  
83  28  177  136  
66  24  245  211  
73  32  249  221  
62  18  166  136  
84  33  241  208  
54  17  140  109  
74  23  221  191  
81  36  257  230  
71  24  167  134  
90  23  164  107  
69  34  227  197  
71  27  202  170  
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 g0�� �j'�6D M���( ����

   �
	�H�" 2� ��H3�� 	0 ��	h� �
�2�� �O6
�	� 	� �	 2�� ��6�( E�
��	� �	 2�� ��6�( L	�� �� � ���6� M0� 	� S�	�� � 6=

G�	� )Ng( �
	�R	� G�	� N' E

 �
	�R	� �	
���)MSRC

 g0���	
���  g�(�( ��

 G�	H� �
	��" ���� �
	�R	� �	
��� g0�� �j'�6D

 6�" ��6�) ��6�1  	(

28/0 E17/0 E11/0  �07

 G�	� l���� 	� �0��� g&D

)Oweis et al., 2012 .(
  

 ��6�)1 :( g0�� �j'�6D

 �	��)��2   �	 2�� ��6�(

76-1375  
77-1376  
78-1377  
79-1378  
80-1379  
81-1380  
82-1381  
83-1382  
84-1383  
85-1384  
86-1385  
87-1386  
88-1387  
89-1388  
90-1389  
91-1390  
92-1391  

l����  



 
������ �� 	��
�� ��� ����� ��
 ����� ��� � ������
 ���  ��  
��� 	! ���! ...  
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 ��6�)2 :(�j'�6D  g0���	
���  G�	� �
	��" ���� �
k	�4 �&�� ��� �4�7� ��  !	B0	��#" E�?�� !	���8= �Z:&0��Q�=  

�)��2 �	�   �	 2�� ��6�(

�
��	�  

�	 2�� ��6�(  

  
 Ng 

�
	�R	� G�	� N'  
T1  
 

���� G�	� N'  

  

  �	 2��Ng 

 �j'�6D�	
���  

�&�� ���  

 g0�� �j'�6D

�	
��� �
	�R	�  

76-1375  82  20 258  167 87 34/0  
77-1376  72  14 177  100 44 25/0  
78-1377  57  16 185  124 60 33/0  
79-1378  52  14 163  117 61 38/0  
80-1379  63  13 176  123 71 40/0  
81-1380  66  17 218  137 69 32/0  
82-1381  83  12 177  87 39 22/0  
83-1382  66  17 245  188 120 49/0  
84-1383  73  20 249  182 102 41/0  
85-1384  62  11 166  113 69 42/0  
86-1385  84  19 241  162 86 36/0  
87-1386  54  9 140  83 47 33/0  
88-1387  74  14 221  158 102 46/0  
89-1388  81  22 257  185 97 38/0  
90-1389  71  11 167  95 51 31/0  
91-1390  90  9 164  67 31 19/0  
92-1391  69  19 227  152 76 34/0  

l����  71  15 202  132 71 35/0  

  
 ��6�)3 :( g0�� �j'�6D���	
�  G�	� �
	��" ���� �
k	�6 �&�� ��� �4�7� ��  !	B0	��#" E�?�� !	���8= �Z:&0��Q�=  

�)��2 �	�   �	 2�� ��6�(

�
��	�  

 �	 2�� ��6�(
Ng 

�
	�R	� G�	� N'  
T1 

 ���� G�	� N'

 �	 2��Ng 

 �j'�6D�	
���  

�&�� ���  

 g0�� �j'�6D

�	
��� �
	�R	�  

76-1375  82  14 258  136 52 20/0  
77-1376  72  5 177  53 23 13/0  
78-1377  57  11 185  99 33 18/0  
79-1378  52  7 163  80 38 23/0  
80-1379  63  12 176  119 47 27/0  
81-1380  66  11 218  106 40 18/0  
82-1381  83  4 177  45 21 12/0  
83-1382  66  11 245  157 91 37/0  
84-1383  73  14 249  151 67 27/0  
85-1384  62  9 166  103 49 29/0  
86-1385  84  12 241  126 54 22/0  
87-1386  54  7 140  71 29 21/0  
88-1387  74  11 221  142 76 35/0  
89-1388  81  13 257  135 57 22/0  
90-1389  71  5 167  68 38 23/0  
91-1390  90  5 164  47 17 10/0  
92-1391  69  13 227  123 45 20/0  

l����  71  10 202  104 46 22/0  
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 ��6�)4 :( g0�� �j'�6D�	
���  G�	� �
	��" ���� �
k	�8 �&�� ��� �4�7� ��  !	B0	��#" E�?�� !	���8= �Z:&0��Q�=  

�)��2 �	�   �	 2�� ��6�(

�
��	�  

 �	 2�� ��6�(
Ng 

 G�	� N'

�
	�R	�  
T1 

 ���� G�	� N'

 �	 2��Ng 

 �j'�6D�	
���  

�&�� ���  

 g0�� �j'�6D

�	
��� �
	�R	�  

76-1375  82  10 258  107 27 10/0  
77-1376  72  3 177  38 14 08/0  
78-1377  57  4 185  48 16 09/0  
79-1378  52  4 163  58 26 16/0  
80-1379  63  7 176  84 28 16/0  
81-1380  66  5 218  63 23 11/0  
82-1381  83  3 177  38 14 08/0  
83-1382  66  6 245  122 74 30/0  
84-1383  73  9 249  117 45 18/0  
85-1384  62  7 166  88 32 19/0  
86-1385  84  5 241  74 34 14/0  
87-1386  54  3 140  42 18 13/0  
88-1387  74  9 221  128 56 25/0  
89-1388  81  5 257  77 37 14/0  
90-1389  71  4 167  60 28 17/0  
91-1390  90  3 164  33 9 05/0  
92-1391  69  6 227  74 26 11/0  

l����  71  5 202  74 30 14/0  

  
�B��
 �	873�/ � ���O*�  

>��� 	� S�	�� >6
2 � �0���O 6[�� ES�4�( ]0	�
 � 	   �	8
 �
	�  ��6D - �./ M0� �� 	 100  ��H� 6[�� .  �R	HD ��

 �6��� ��	��" 	� � M�)��2 l0��= �� �') 2� -��10 �)��2 �	� �� �;(�� (     �H0���O 6H[�� E�H4�7� !	H�  ��60-40 

>2�6
� 6[�� 6= ���O . ��� �	� ��)1380 ( 	( �&[� �\	= 6=� !�5��70 ��
	� ��� >2�6
� 6= ���O .    6H=� !�5H�� 	H��

 �6��� ��	��" 	� � M�)��2 l0��= �� �&[� �\	=40-20 ��
	� ��� >2�6
� 60��O ���O .  

 N�&�( 	�17  �4�7� G�	� �R	�)1392-1375 (  g0�H� �j'�6D �	H
���      G�	H� �
	�H�" ���H� �
k	H�2 E4 E6  �8 

�&�� ���  g�(�( ��57/0 E35/0 E22/0  �14/0 6�" ��6� . g0���	
���  �H�� � �	����� l0��= ���� �<  �" ���"

 G�	� �
	��" �' ��	b7  E!��	�2 E4 E6  �8 �&�� ���  g�(�( �� ���28/0 E17/0 E11/0  �07/0  6H�" ��6� .  M�b
	H��

 G�	�17  	� ����� �4�7� �R	�202 �&�� ���  ��� �'4/84 E3/65 E3/51  �4/36    2� ��H3�� gH�(�( �� N' G�	� 2� 6[��

2 E4 E6  �8 �&�� ��� ��� >���.   

�� �z
 �� M�)��2 �0�06� 	� l0��= �h0	4� � S�4�( ]0	�
 L	�� ��     2	H�
 M��	H( �H;7� 	87( �' �0	B
" 2� �' 6��

��� �	
��� � G�	� E!	�\�� ��" - 	' � ���7' �pR E��� >6= ���"     �H34
 E�H�:;( *	H$&( >.0� �� 6�$� ��a A�	��

 �pR E���� !	�\�� 6=� ������� �� �6�&'I8� ��	�� � M0�(       �H�:;( ��H�7' - �.H/ MH0� �� *	H�&�) M0�( SH0�< 2� 

!�&0	
  ���� �' ��� >��� !	�\�� �	/ �� ���pO�	
���   ^�H� 2� ��:;( *��[ �� �" }��\ 	�� E�h�� �� G�	� 2� �=	


� �� r	\�� ��6� ��' .  ^�H� >2�6
� N�	= - �./ M0� 2� N[	D ��[�( N�	Q � �(�� �	��( �	H
��� 7×7   �H�� +  ��H�

�	
���  ���&/ 2� >�	$��� �� 2	�
 !�6� � >6= >�2 F�&a � 5��() E�&'�(1383 ( ���D N?= M�� �(�	$( � ��� �	H
��� 

��&�	Q ����� -0��" �@ �O� E���6
 ���� ��(�� � 	  ��� �0	 � .  - 	H' S0�< 2� E>6= >�2 F�&a � 5��( �	
��� ���

��� >��� -:���� E�	
��� I8� -0�59� � #�$
 I8� .   �H�� 6H�'�( ���H� �	�h� ��:;( ���7' �&�h�    �H)��2 *	H�&�) �

N�� EL�  N�	= C&) ���7' E!	�\�� �	/ ��	'  ��� �� 2�  �	 �	
���  *	9" ���7' � !	�\�� �	/ �) P�' �&�� 2�

�$��30� 6 (���O P	B
� 60	� . ��6�� �" ��	7� �� ������ *��[ �� � M�)��2 l0��= �� ��� �806�) ��D�"  	H  �
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 � M�0	/ ��$�' 	��	h/ 	  (          ��H[�( !	�Hh�	( ��H< �� ��	H��" �H;(�� �� �j'�6HD 	H( FH0 �H�	
�� EFh0� - 	' ����

�� ���O  .  

  

 ��	7�  

1- o E�&'�(. �. )1386(. �?) ����� \�� N��R�>��= �� �;h
 I0� P��	� !	�   �H�� CH&�:� �	    �	H����� � ���"

���D �� !��	� �"  F@�' �	 (MCWH) !	B0	��#" �4�7� �� �Q�= .      �Hh��� �(	H4�4�( �H< �0	H8
 G��5HO

I0� *	4�4�(.  

2- o E�&'�( . �. )1393(. >�8� ��;8� �� �#	� �/�� �0"�	' ����� �
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Abstract 
In order to investigate the roles of water harvesting patterns in water saving and increasing rain water 

productivity under micro catchment water harvesting systems, a field experiment was conducted in East 
Azarbaijan in the northwest of Iran during 1999-2006. The treatments included two MCWH patterns 
(small basins and semi-circular bunds), three catchment sizes (25m2; 49m2 and 81m2), three runoff area 
treatments (Natural, cleared and smoothed, wetting and compacting) and two infiltration areas (Natural, 
soil mixed with polymer at a rate of 1kg/tree) for two new almond varieties. Polymer had no significant 
effect on water holding. Although the small basin with (9×9), runoff area compacted and use of polymer 
gave better results in survival, the growth and productivity of almond, the treatment with small basin 
(7×7) with compaction and without polymer can be recommended based on an economic analysis. 
Threshold runoffs were measured to be 2.5-3.5, 3.5-4.5 and 4.5-5.5 mm for natural, cleaned and 
smoothed, cleaned, wetted and compacted condite, respectively. Seventeen-year (1996-2013) average 
rainfall is equal to 202 mm, which shows that 84.4, 65.3, 51.3 and 36.4 of the total precipitation were 
more than 2, 4, 6 and 8 mm,  respectively. Maximum rainfall runoff coefficient for threshold rain of 2, 4, 
6 and 8 mm, was obtained to be 0.57, 0.35, 0.22 and 0.14, respectively. The design runoff coefficient for 
threshold rain of 2, 4, 6 and 8 mm, was obtained to be 0.28, 0.17, 0.11 and 0.07, respectively. 
Determination of threshold runoff has a major role in the success of water harvesting system design. 
Keywords: Design runoff coefficient, Rain, Threshold runoff, Threshold rain, Water harvesting systems.  
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