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�	����� ��  !� " #$%&'( �)*+,�%#-. /� 0*��( 12�3( 4���

 5,�%-.  $��� 6�� 7���8  #(  #�	 /#9+�:( 7�#!(� /#� %#;��

 *2 <�-=> 7�?-( , @A-$ BC2 "@A-$ �D��%2�E:F �� G� <

 5%H��� @I B'#$ ?-H ,@�#H�,� �	  #&-(���� ��#. B.��#� ��

 ( 	��$ .	�,I�� ����K( 7�?-( /#���  �	 , /#H�.�( @�#H�,� �	

 *2 L� �	 /HM�$�/(�H�� �	 ?-N�I <���#-�I �?#��""���,�K#� 

����%(LK=  +�$ "%-+*� "@I O�PQ� R.�� �)�H�S��T �I "

 $��� /��U�<�P$  &-(� ��� @I ��. 	��	 	�����)�"�"��,

��(. �	/��� (Base flow)  ��  V'( RN� 7���8/H�=	,� �	 �.

 ( W-!K� ��  ( �� 7I /� %.	 8 ��  #3��X� 7�*� @I 7�#�� ��#.

  &-(���� 	*#VH 	�%VQF)�"�
,��(.��  #=�� �#Y�	 �*#$ �� 

 ( /���  �	 /� %H	�	 7�KH 4-XXZ( 7�?#-( 4-#VN� ���#� %#H�*�

 @I /��U� [$*\( #� ?#-H  #&-(���� ��./	,� ��#�)�"�,��.(

�.]-��� /� ���	�\$� ,*CKH�	�^��$ $�&;���  ���	?-N�I %;�� "���$ "7��%H��( <�YKH�	 " 9-3_ E��&( <%!KH�	 


.�`-. *ab���,�K�	�'8 O���, "���	?-N�I , c�= �d�P2 <%!K.,e�  VQb 7��'� "

*: !-H,�\!+� �f� "O�3��!( g*`f( :m_ghanbarpour@yahoo.com  
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 #$��� ,  #�I 7A-#� W#-QZ� �	 /#���  �	 ��	�X( 4�� �� <,Ab

*2  !�)*+,�%-. 
$���<�. ( �-V.� ?h�2 ?-N�I �%;�� .

/� W-+	 <*ZH  5%-i-� <�� �'&� @�H�,� �	 /���  �	 ����K(

 �	 ^-F		�,I�� � �� <	�P\#$� 7�#��8 /#���  �	 B'$ @�#�	 �#. �

 #(  ��-V-#; , *-\��*�	�� %#;��)
(./#� �,� 4#�� /#\3+� W#-+	

 E-#$, j*:#$ �	 W#Vb �	 7I �	�k#\F� ,  #���8� ��	,%Z(

7�##!(� 	��	  �%##H� ����##� .O�##X-XZ� �	 4�����##&��,� ��##.

 ��  !-���5 4--9� �� , B-X\f#( @�#H�,� /#V��= , l,�#; /:XH

 L-!P���?8� 7�#��8 6��5,�%-. (Hydrograph separation) 

�$� /\��� /9$*� .�,� 4-� ��  #(  #!-���5 ��#. �,� 7�*#�

  #+,?H /=�; W-QZ�(Recession analysis) m�#H �� 6��5,�%#-.

 	��)n.(�,� 4�� /\3+� ?-H �. /� W-+	 6�o �#F, %#b , 	�#�� m

<�,	 �	  Y\$*-� , %#H��%H  H�%#&p  �����  HM*_  H�(� ��.

/� B\��*Y+� 7I ��8 �	%b ��.�,� O�*o /�L#-��(*�� ��#.

 /9$*� �$� /\���)�q.(�,�  X-XZ� �	  5A�) L#-!P� ��.

 �	%#b �#\Q-� L#-��(*�� �,� r�#$� �#� 7�#��8 6��5,�%-.

 #$� <	*#VH /f��X( B. �� ��  !�?-� g%( ,  \K5�� �)��.(�	

�	 ��  +*#3F W#��F s��#\H �#\Q-� �,� /#� <	�	 7�KH ^-XZ� 4��

  !�?-� g%( �� /f��X(/h���  #( /#� �� �,� 4#�� , %#&� �*#t&(

�$� <	*VH /-o*� �	����� %o�X(.

�,� ,	 �� /+�X( 4�� �	  �	 L-��(*�� L-!P� /#��� W(�#;

�,�  #QZ( WF�%##2 ��#.(Local minimum) �	%##b �##\Q-� ,

� \K#5�(Recursive digital filter) �#� u#Q\N( ]���#v �	w

@�#x @*#&8 �	 7,��#� ?#-N�I <�*2 �	 ��\(,�%-. <�Y\f�� 

�$� <%; <	�P\$� �*K� .QZ( WF�%2 �,� /�7�*#&b�#y ��

�� <	�$��,� 4�#.�yP� #-. z#-#( 6��5,�% %#;��)�q(,

� �,�-	%b �\Q�XZ� �	 -� /\;�5 O�X-���#F /#8*� 	�*( �\K 

�$� /\��5)�q"��"�
,��.(� �	�XZ� 4-�� W#o�2 s��\H ^

�,� �.�+,?H /=�; ?-+�HI s��\H �� �*{�(   $��� , #!-���5

 �X( 	�*( �'HI��$� /\��5 ���F /f.+�HI-yK#= /=�#; ?-5% �#� 

� /� /8*��4Y\fy; /{ +,?H /=�; �	  .-�8 6��5,�%��� 7�

 7�KH (	�� %.  (/� 7�*� 7�*&b 9( -������ �9�--l,�; /:XH 4

�	 ���X\f( @�H�,� /V��= , /-/� B	�� ��{)�q.(s��#\H /f��X(

 �,� �� Wo�2 �.���(*�� #-yP� z#-. z#-s��#\H �#� 6��5,�%

 /=�; ?-+�HI  $��� ,  +,?H ]#$�&( @�#N\H� ,  #!-���5 �#��4

�,� ��	 �� /+�X( 4��  Qo� 6%.# #( �	�#-5 .( 4#�� �	 #X#/+�

 �K#( B'$ @I  \�� /#� @�#H�,� W#� /#�  #&-(���� ��#. 7�*#&b

 |=�;  �	/���)BFI(,)Base Flow Index (  H�(� O��--U� ,

7I <�Y\f�� �	 �.���\(,�%-.(#�,� r�#$� �#�  #$��� 	�*

 --9�  ��N\H�#%�	�5 4.Z(#X( /3$�#	��#�	 � ��#�#=�; , /#|

�	 ���QZ� /#� 0*#��( O�#9+�:( �	 /#-/#X:&( W��#$-, @A

�8�7��.�#V9� , WF�%2 -<	�	 B<�*#2 /#� �#. �#.���#(I %#F�� 

�,�v�( %;��.

���� �,��	�

-�?	@� ���� -/@
� 

@*&8 �	 7I <�*2 ��� R; �� 7,��� ?-N�I <�*2 /9+�:( 4�� �	

  #3��X� �2�f#( /� *+�; W� <�Y\f�� WZ( �� 7���� @�x}~�~� 

�#$� <%#�	�5 @�N\H� E��( �\(*Q-� .<�*#2 4#�� s&#� ��  K#N� 

7�\#$� W(�#; �*K� 7�\$� "7�'P#o� "���#-\N� g�#Z(��'p ��#.

  ( W(�; �� r��� , 7�\$�*= "%V2���*� , /�*Q-Y'� 	*; .<�*2

 /H�=	,� <�*2 /� g�V; �� 7,��� ?-N�I <%#&��� ��. �� "�#� , 	,�

 /#H�=	,� <�*#2 /� @�x <�*#2 /#� S�#; �� "/#=�� , �	 ��#.

/H�=	,� , 	,� <%&��� ��. /H�=	,� <�*2 /� @*&8 �� "<�#.� ��.

  ( 	,%Z(  2��8 , Ab "7,��( 	*; . #�	 ��(I �� /9+�:( 4�� �	

 /H��,� 7���8 R; �	<�Y\f�� .7,��� ?-N�I <�*2 �	 ��\(,�%-

 ���(I <�,	 ���q+�$ /g�$ ����~� �� ���� �$� <%; <	�P\$� .

W!;�<�Y\f#�� , 7,��� ?-N�I <�*2 �-9F*( #-. ��#. ��\(,�%

  ( 7�KH �� ^-XZ� 4�� �	 <	�P\$� 	�*( %#.	 .<�*#2 ?#-N�I ��#.

 ##5e�, ��  ##$��� 	�*##( ��	�*##=��  �,�##P\(  ���5*##�?-� ��##.

 ( %&;�� ./#v*2 /#� 0*��( O�-h?8 W(�#; /#9+�:( 	�*#( ��#.

 ��\(,�%-. ��'.�Y\f�� l�P��� , �2�f( "/HM�$ @�H�,� [$*\(

 �	 g,%8��$� <%(I .7�V. /#H*5 g,%#8 �	 /#��<	�	 7�K#H 

�$� <%;"*#2 �2�f(<��#. �� }�� �#� 
���� , E#��(�\(*Q-� 
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��52(.���> -� c��1� Z	�d<2 -�?	@� ���� <�=�0 
	� 

u�	� <�*2 m�H 
�2�f( 

)E��( �\(*Q-�(

@�H�,� 4-YH�-(/HM�$ 

)/-H�� �� ]9!( �\((
<�Y\f�� l�P���)�\((

����\� ��� �/�����q 


���� �nnn �/�
� ��� 

�*+�; W� 
���� n/��� �qq 

�<%!.	 
qq �/�


q 

���\N( <�; ���� 
/

���q 

�Lx�( 
��� �/����q 

4-� �'HI l�P����qq  #8,�= �	 �#\( �	 7,��#� ?#-N�I <�*#2

 f##�� W##Z( *+�##; W##� ��\(,�%##-. <�Y\ �##���qq �	 �##\( 

/=�;�$ ��.*2��$� �-U\( <.<�*2 �tH ��  ��N\H� ?-N�I ��.

 ��\3fH �-9v, L� �	  ���5*�*� ,  V-QF� [���; ���#F  &YV. 

%H��	 .<�*2 /-Q� �	  H���#� B#�)� �.T #( B��#2  #��� %#;�� .

(4-YH�- /X:&( ���� 	,%2 �	��q  Q-(  ( �\( %;�� .,	B#� <�

  ( /V��= <�( 7��I �	 , l,�; <�( �-� �� �M*V9(  �I �	 /#� %���

 /���  �	 <�,	 4�� /H�=	,� �	 	*8*( @�H�,� <%Vb �#� �	 �� �.

 ( 	�-5 . �	 �Y�	 �*$ �� 7�#��8 /��� ��  '8*#� W#��F B'#$

 �	 �� 7���8 7�(� l*F,A-$@�� �	  (5	�- .l�#P��� 4-YH�#-(

 �	 /HM�$ @�H�,�<�*2 7�#V.  #$��� 	�*#( ��. �	 /#{ /#H*5

 g,%8��#$� <%; <	�	 7�KH "<��V#; <�*#2 �	 WF�%#2 �,

7I �D{�%2 g	�#9( ]#-��� /#� *+�#; W� <�Y\f�� WZ( �	�/�,

�/�~� Q-(  ( �\( %;��.

�	.12 3�14��5�� 6�78' 

, /���  �	 ���$�%8 %&���� W(�; /� 7���8 6��5,�%-. L-!P�

 B-X\f( @�H�,� �$� "@�#H�,� /#V��= , l,�#; /:XH  ��$�&; �� 

 ( m�CH� W��F B-X\f( %;�� ./:XH l,�; /:XH 7�#��8 /#� �$� ��

 /=�; , <	�� �%-�  K��?�� %H,��	*9o (Rising limb) /�*8,	
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�

 (  +�2 �	 "%�I B\���#Y+ /#� �#$�  H�(� �M*V9( /V��= /:XH /�

 +,?H /=�; (Falling limb) �(� ����� �	 W�%#3� �#$�� [= /� 7

 ( 	*; .

�,� /� �	%9\( ��. O�X-XZ� �	 6��5,�%-. L-!P� �*t&(

 �#$� /#\��5 ���#F <	�P\$� 	�*( , /9$*� /\;�5 ./#+�X( 4#�� �	

/� B-X\f#( @�H�,� RN� ,	 /� 7���8 6��5,�%-. L-!P� �*t&(

  \K5�� �	%b �\Q-� L-��(*�� �,� ,	 �� /���  �	 ,]���#v ��

 �\Q-�n/q"n
�/q"n�/q,n��/q<	�P\$�  QZ( WF�%2 �,� ,

%�	�5 .�	%#b �#\Q-� �,�  \K#5�� , W#-QZ� ���#� ��#$�$� /#�

 g�&Y-$ ���	�� g�&Y-$ ���$�%8 %&���� , �. �� M�� GH���� �� �.

 �$� /\��� /9$*� 4-��� GH����"[#$*� ��#� 4-+,� L#( , 7�#��H

7�.�()��(/�6��5,�%-. L-!P� �*t&( 7���8�/�$� /\�� ���:

]1[k k k k
( )f .f (y y )− −
+ α

= α + −1 1
1
2

7I �	 /�kfB-X\f( @�H�,� �	 7�(�km� "ky"W#� @�#H�,�,

α]��v , �\Q-� )k k(y y )−− 1(�� <%#; �#\Q-� /���  �	 ��%X(

  ( 7�KH %.	 ./:����<	�	 �,� ��� /$  #( g�Vb� �. 	*#; .4�%#�

 <	�	 ��$ ��%\�� �� g,� /3��( �	 /{ Wy; m,	 /#3��( , �'\H� �� �.

 �� , g,� �V$ /� <	�	 4��=I �� Gyb����#'\H� �#� �%#\�� �� m*$ 

/� �*{�( /:���  #( <	�#� ��{ #;	*.� ���#y� 	�%#9� R��?#�� 1#b�

m�H  ( /Qo�2  &Z&(  5%; 	*; .<	�	 ��#$ ��'\H� �� �{�2 �#.

 /� <	�	 4-+,� /� ��#:= /#H*5 �#. 7	�#{ 6�#_�� , g�\&{ �*t&(

 ���#F ��8� 	�*( /� g,� /3��( �	  +�V\2�  #( 5	�#- . #$��� ��#.

 7�KH <%; m�CH� (	���%Vb �\Q-� ]��v /� %. 4-� �/��#� ��/�

�--U� (%&�)�q(.

�#$� /#\��5 ���F <	�P\$� 	�*( ^-XZ� 4�� �	 /� �Y�	 �,�

  (  QZ( WF�%2 �,� %;�� .<%!K#.,e� [$*� /� �,� 4�� �	

 �$� /\��� /9$*� �)*+,�%-.)�(�	  #�	 ��	�#X( WF�%#2 �%\�� "

��?C(  H�(� E_�X( g*_� ( 4--9� <�,� 	*; .%#9� /#Q2�( �	

 /� �'HI "��	�X( 4�� 4-� �	��/��%#9� , W#3F ��	�#X( �� �\V� ����

�$�" ( @�N\H� %H*; ./�  ��N\H� ��	�X( 4��  #+�\&� 0�#XH 7�*&b

 �*��#( 0�#XH 7	�� Wo, �� 7���8 /���  �	 , <%; /\��5 �tH �	

 4-� ��.�,� /V. ���� g�\&� 0�XH  #:=  ��� 7,�	 �� <	�P\$� ��

	�,I��  ( 	*#;)�q.(/#� �,� 4#�� <	�#$ ��  #y� 7�*#&b 4��#�

�,� /#� 7I 	�#yQVb , <	*#� 6��5,�%-. z-yP� z-��(*�� ��.

 	��%H  Y\f� �-. 7���8 �9-3_ .�,� 4#�� u9v 0�XH ��  y�

4�� ���(,?+ �,� 4�� �� /Qo�2 /C-\H <��*V. /{ �$ W#{ �� �\V{ 

 VH 7���8 ���%Vb /{ 	*;���; �	 , ?#-� �*H 6��5,�%-. /{  :

 %;��  �A-$"W��F  \+�2 4-&p �$� ��t\H� .( 4�� �	 /� /+�X �*t&(

]##$�&( |-NK##� 7�##��8 6��5,�%##-. L##-!P� �,� 4��##� ��

 $��� �	  5%-!K#= /=�#; ?-+�#HI ,  !-���5 ��. <�*#2 ��#.
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 /H��,�nQ7I �� %9� �,� /H��,�  �	 ,nQ +1�Y�%!� W��X( �	

 4-��� , <%; B-$��  #( R;*� �� 0�XH /V. /�  := 4��� %#.	"

/� &b��%X( 7�*k #( /\��5 �tH �	  5%-!K#= �#��� /#� 	*#;

*2�<@*fZ( (#;	*./#+	�9( 6��5,�%#-.  #+,?H /=�#; /#�

 ( ��� O�*o %;��:

]
[t
bQ Q .k= 0

/�bQ #�	 "/#��� Q0�� 7�#��8 �	,�, ��%#X( " /#�k�#��� 

,  5%-!K=t�$� 7�(� .6��5,�%-. �%\�� /#� @�#H�,� ��#.

 /#� 7�#(� ,  V\���#Y+ 7�#��8 7I �	 /�  V\���Y+ /V-H O�*o

 B-#$�� �#$� g�(�H O�*o  #( #;%H* ./#V��=, l,�#; 0�#XH

 -!K#= �#��� �#--U��� <	�P\#$� �#�  Z:$ @�H�,�  5%)k(�#�

 |NK(  V\���Y+ /V-H  &Z&( ��'3-; (;%H* .�	 �,� 4#��

 �	��� 	�%9� /� 	��*( ]Qx� /#9+�:( 	�*#( ��\(,�%-. <�Y\f��

 %;�� <%; @�N\H� �$�  QVb �-x .4�����#&� 	����#��,� ��#.

 L##-��(*�� 6��5,�%##-. L##-!P� ��,�##v ##( %##;�� ./f##��X(

�,� ��. /� /=�#; W#-QZ� s��#\H �#� ^#-XZ� 4#�� �	 /\�� ��� 

6��5,�%##-.  ##+,?H 7*##(�I ,	 [##$*� 4-YH�##-( ^##Q:(�##:= 

(Mean Absolute Error) (MAE) ,O�#9��( 4-YH�#-( �,�C(

�:= (Root Mean Square Error) (RMSE)<%; m�CH� �$� :

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.1

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

18
 ]

 

                             4 / 10

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.44.1.1
https://jcpp.iut.ac.ir/article-1-865-fa.html


,�� -&.	/� 1� 
	�05�� 6�78' 9	�� 1� -.	: ��� ����	.12 3�14��... 

�

]�[
n

i
ˆMAE [z(xi) z(xi)]

n =
= −∑

1

1

]�[
n

i

ˆRMSE [z(xi) z(xi)]
n

=

= −∑
2

1

1

7I �	 /�: nO�%.�K( 	�%9� 

: z(xi)<%.�K##( ��	�##X( <%##;  ##&Z&( W##-QZ� �� W##o�2 

 5%-!K= 

ˆ: z(xi)��	�X( 	�,I�� �,� �� <	�P\#$� �� <%; L#-��(*�� ��#.

�$�.

PQ	!���-.	: 
|=�;  �	 /� �$� %9� 7,%� �3fH L� /��� �� 4-+,� �[$*�
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�#$� /#\��� /#V��= 7I �	 B-X\f#( @�H�,� /�  +,?H /=�; �	
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 �$� <%; m�CH� <%H,� .W!;)~Tu+�(4--9� <*ZH u:b /:XH
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 �,� �	 7I 4--9�  YH*Yp 6��5,�%-. L-!P� L-��(*�� ��.

/� ��#-9( �� �Y�	  !� 7�*&b ���#F <	�P\#$� 	�*#( /f#��X( ��#.

���5 .W!;)~T@(�,� �� L#� �. 	�!QVb L#-!P� ��#.

 L#� �	 ��  +,?H /=�; u:b /:XH ^-F	 4--9� �	 6��5,�%-.

  ( 7�KH /H*VH /9F�, %#.	 .7�#V. /#H*5 W!#; �	 /#� )~T@(
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�	 u:b /:XH |-NK�  #+,?H /=�#; W#-QZ� s��#\H �� /f��X( 
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