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�
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5����� v�		8 �;��		/ .:		%� 1
�		=�#�%		$ *� �� >		��� 		
 1

 �"� R'���M�
   �� &�2$ �� 1�          � "	5�� �� !��	%= � Q�	5 R

6�     �� �����< � '�5���   ��$ @�,� � r�$�  -�� !A )  �?$

d.(  

�;?W�5 
        �	+,= x� ��� � '��H 1hh/du 5 �   � >	���;��/

�;<�"
    '��	H 1 _
�	$   ��	A      �	 s.�	 uike 5 �  >	���;��/

'�;�<   ����    �,�4	�           �	 !�;	��� '��	H �� �	PS,� B�	�=��

ljge    � �;� �,�25      '��	H �� !A  _
�	$   ��	A  Rike    �� �	;� 

�� zS		�		
���� B�		�=�� �. �		��1�+� �		PS,� 0��		 u/lhl 

��/�     � &�� �� �;2 !�	���   �	#*    �� !A ig/ieu � �/�    �	= �	;2

u/juk � �/�  -	�� �;2 . �	;25
  	� 1�       �	������ �	 {�	�� 

www.SID.ir



Arc
hi

ve
 o

f S
ID

&�-                        � 
/��� 0�� �%	�1� �12�� 3��)� ��4 ��5�� ,�6� �12�� �� 78�/ �� 

   � ���2�dj ./  ��[� ��?� �;��   � ���;4
 � 1�     �	 {�	�� 

   � �� !�P.�� �������
 /< '�+;��    �	 9,i/dj     �	 �	�?��;� 
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��� 		
PM= 1		� U�		� �		#*		� �E� � �		��		
� �� �� 

'�+;�
�  �#* # ��;����*   |}	� � 1�	��= �PS,� �� ����� 

�;�
   �;� � !A f
   PS,� 0�� �� f�  *�   	� ���$ �   Rb��	$ �

��<��  !�'��7;��,W  # � ���
  �P� ���� �
  -6�< ���� �� . ��

 �;����J 0�� �# ��^�� �H��� !�� � �^,
��� ��$:  

PM= ��^�� �H���-�� �
� N�$ � U�:  

  

 
  

  

  

  

  

  

  

  

  

 ����� ���	
 ���	 � ����� ���	���� ��  

  

# &���'(�) *�   

+�� ��,��  

 ���A �� /5 � ��� �'  �#* � �   �,�4�FM.�  *� ��H '  �#   >	2� 

��A*    � '�$ '�+;�
�  �#* � �  2�� ��� ��     � ���	$ ImH !�,

  |}�
   ���A ~�;4� '��� 9*   �5    �,�4	�  ��	�A '���*  �� 

��$�� ��$ �*/5 �� '�+;�
� �#"<� 
�$ '� .  

  

��% ��,��  

�����*  ���A b���� *   2?= *�� �w �     � �	# ��	�A � 	
 '�+;�

   � b���'�%  *��<   �� 0��  �#* +;��2# � S� � ��+. R
2;� 

  � ����= � 	
#�+;��  '�	%   *�	�<      �=��	 �	5 �	$ 
  �	X 1
 �

+;��2#�� � �� 
 '�+;�'�$ ��
-$�� .  

  

                                                 
 �� Index Flood Method 

��# ��,��  

  �'�%  �<*�    ���A ��  �	�   �	#*    �,�4	�  	FM.�  *�  	� � @E

.���  � �# ���
    � � '�+;�'�%  *��<   ��= &��� �� 
 �����6 >�  � 

 �		#��"6� ��		�* HYFA � SMADA  �� |		JO,
"		< 

�;%
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/"0 ��,��  

  �#
   �� 9��  �#*   �,�4�   '��� �-4<��  �#*   �� Z���;� 

 � �� 1�+���� � �  @E)Q2
 ( �P=�   �A � '��2� :    !��	 �	%

  ����  ���$ .   ���8� |}� '��A -��   �� �  Z��T   *���	T 

� � �=�� �.�"� �
� Q��L;�� �� !�� ���8� ����$.  

  

/1) ��,��  

���$% �!$�� 2�� 2�3����# � �$ *�3�%45�, *���6   

  ��
  LA '��H 9� � R"� 1�+���� � �    	�/;L� ����8 � �� 

    � �� �5 ���� {��=���   �%�A !�:%�  1
�= ���8    �� '�;�<   '��	H 

?4=�  ���  �#� . � ��
    	� �S�� 0�� 1�  	� �E�  �	%,=   �	 

'�;�< ,�$ �;6�< �F� ��.  

  

/78� ��,��  

  ����M��<�
�  *�#  � ���� � �� ��*    	� �	S�� �  1�+��	�� 

   � �� �w '��H
      ��<� �.���� � ���= � �/H�� 1�   {�	�� !�

  �Q2
R '�;�< ��H '  �#    �	��6 �� ��    ���	� & �	�  :�	#� 	� � 

1�+����� ���H �' �# Q2
 -�� �� �
A.  

  

/71� ��,��  

  �9#�
��$%  ���   �"�1�$;
<�  ��      �1=�5�$ 4��% �=$ 

�;� %���  

  �'�%  *��<  ,M,� �� �    �.���� � ��  �#*  �  H�� �� ��  *� R

�� �� �		F� ���		� -4		<�� '���*		,M,� � � '��		 !�"		�� 

QQT 2
 		,M,� �� �� �� � '���A -		�� 		
 1!�"		�� �� �� 

�� 1�+����        @�X -�# �/H�� �� '�$ ����M� ��    :�	,5

� �=�� ���$ ����M� �F� ���� -4<�� '��� � �.  

  

#��� &��� >�4��?7��".�   

� ��		
 �		� �		 0�� 1*� 
 		� 0�� �		?,� Rb��		$ �

�<�
�  *�#    �� '��H ��� 1�+���� � �   :�� @E 	$��  	 R� 1

                                                 
 

�� Multiple Regression Method 

�<�
�  *�# 6 �"
?�  /�� � �2� ��H '  �#  � � �    �	
� �	��'  *� 

��<�� �;6�< !��� ��$ .  

/5 ��� ��� 
� Z��T � C��� 1
�� �#��� �:  

 
),....,,( ZCBAfQ

zcba

T
=                     )jad(  

  

����@ ���#��� � >�4��?7��".  

A �%�6?7� >%�$ ��7B$�� �  

  �'�%  *��<   5 !���A �� I��<�2.�a 2	���  I���� �	�   !��	= 

*��8  7;� !�� �       	��� �� �	F� ���	� ��  ��	5  .    zS	� �	<�

�		,�� *��� �� �		;<�" !A ek/e7;� �		$� 		����� ��		"� �* 

��=
 >*��8 �� �$�.  

  

A!( /� �>%�9�   

  �'�%  *��<    '���A �� �VIF    �<� �5 !�"��      �� �	;25 !A de 

 R�$��7;� 1��#�*S� :# �P;�� ����� ���� � .  

  

A %�9�%�% 4 �����0   

 ��� ����'  �#�
 � �  �*��8   � �/T�6 �  	
  � �� �� 	�+���   �	5 1

���' �# .  

   ��$ ���� Z��T ��
   � C��X�6  *�# ��   ���A ��M. ��*  � 

PS,��     ��<� �S�� ��^�� � ��^� ���� � � 7;� !��   �;�	�� �

7;� ���#�* �P;�� �� :�$�.  

  

� &����9���  

# 0�����
 OL �� ���$ ��� �$�:  

    ��	H &�� OL ��'   �	#*      �	��� ���	�   �	 �	
�J 
 	?�  �� 

0�� �		#*		,+2# !�		��A � �� �		 		
�		P= �		P�� �		,W �� :

�����4 .��  �#* FM. �  *� .�� �      � �P�� �# �� ���'�%  *��< 

  ��
  9���8 �P= 
��      5�= :# � � '�$ ������;�� R� � �� ���4

  �=
   ���� �5�� 0��"< 9�   ��	 Z�� *      -	�� �	P�� !A 

A
� .    �P= ���8 ��� OL ��
��     	� R'�	$ ������;�� �  	
 9

                                                 
 

�� Variance Inflation Factor 
 

�� Hybrid Method 
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  NET���  ��$ .   � ���?= �# �� �
�J �# 
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� @��,= ���A �� �PS,� �
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�� &�� ��'�% *��<# 0�� �� ���
� Z��T � �
-�� �.  

  

)jal(                             .....CBAaQ
dcb

T
=                      

  

  !A �� �5QT
 � �    �� -4<�� '��� � �  R1a��"���  R-�[ 

A. B. C .... �KL4�  �#*  /�� �P;�� �2�   � 6�"
 	?�   ���	� 

'�		% *�		�< � '��		H �� b. c. d .... 		�.��� �		#*		��<� � !�

��  �,$� .  ���]�^�A    �5      	� @��	,= C	��� �      �	P�� �	# �� �

  ����M���  ��$ -��  :w dee � 
'�+;�a  � &�� � FM. �  *� 

.���     � ���� �P�� �# �� ����   � �= -�� ���    !�� � �� 	
��   �	 

�� dee�$��� �.�� .  

���,
  1 � �,  � �S�� 
  ��,�4� ��2$ P�� �   	#�  '�	
"<� * 

 -�� �PS,��� �
A:  

  

)jak(                         
100
Nj f≤   

  

  !A �� �5 j   �,�4���2$ �P��  *�#   � N f
   B�2^�  ��2	$ 

���'  �#* '�+;�
�  �#* '�
"<� ��  �$� .��+��� ��� 1�  zS� 

 �P�� �# �� '��H �,�� �S�� 
 -�� ��� �
A:  

  

)jau(         

              
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡∑ ∑= = =

gh
ALog

AntiLogA

g
i

h
k ijk

i

1 1             

  

    !A �� �5Ai
 � �+��� ��� 1�         �	P�� �� '��	H zS	� i  � 

Aijk
 ��		 '��		H zS		� *� 		
 '�+;�j		P�� ��  �i �� � 

�
'�+;�a &�� k �� �$�.  

f .....j . g.  d =i ��2$ �P�� *�#� g .....j . g.  d=j 

��2		$ '�+;�		
� �		#* �		P�� �� ��		��� i � h .....j . g.  

d=k ��2$ &�� �#*� 
 '�+;�j  �P�� ��i �� �$� .  

1�;�L�   ��6 �� �/H�� 
  ���	?= �,*  ��	 *  �K	L4�   zS	� 

     !��5 ������;�� � '��H��  �#*  FM. Q�� �  *� .�� �  ��� ��	�A 

��  ��$ .���  � �S�� 
  �P= � ��:   	� �# �       '��	H zS	� �	 

  R�������  �#* .�� �  � ������;�� �������4 . !�"	�� b  ��	 * 

.�� ���?=� &���� �d �;6�< �F� �� �� ��$:  

  

)jah(                                             
A

Q
S b

ijk
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=    

  

!A �� �5:  

Sijk
�� ������;�� Q�� k� �� 
�+;� 'j �P�� �� � i.   

Qijk
� �.�� Q�� � ���k��� 
 '�+;�j �P�� �� � i .   

Aijk
 � �+��� ��� 1�   zS� k  � �� 
  '�+;�j  � �    �P�� �i 

�� �$�.  

!�"�� Sti
) ��      -4	<�� '��� � @Et (       �	 �	P�� �	# ��

 ,M,� 0���� �# *  � @��,= �   � ���   �	#*    ������;	�� Q�� 

 � '�$
   � �'�%  *��<   �� 
   ��= &�	��6 9 	
  	�^= >� �=  �	� 1

�� ��$.  

*��    !���A -�� !�"�� � �   '��� �� Q��     -4	<�� t  �� 

   �P�� �#��  -�
� !�"�� Sti
     �� '��A -��  �	�,   �	S�� 

�
� ��,5 ������;�� ��:.    

  

)jai(                                       )(ASQ i

b

titi
= 

  

!A �� �5:  

Q
ti

� �� � -4<�� '��� � @Et �P�� �� i.  

Sti
� � �P�� ������;�� Q�� i -4<�� '��� �� t.  

7;��   �;��� �Q
ti

     ��6 �� �/H�� �# �� 
  ���	?= �,* 7=  	�� �

�� �= �,?�w ���+,# ��.�� b � !�"����� -�[ .  
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 �� �H���* ��6 
     !��� ���� � �,b  �	 �,�  	
  �� � �	S�� 1

  �.����)jah (   ��	�A �	�   ��	$  !A �    � ��	� 	
 ��6 1
    ���	?= �	,

��  ��$   �5 !�"�� b  ��$ -�[  .�   &�2�� ���   ��.�� b  |J 

  ��
  9
      -	�[ ���?= �� � �	�   ��	$ .   �	� �	*     zS	� �	��8 

,V2#� � 1�   �� !��;�KL4�  �#* � 
�+* � �  "'�%  *��< ��5  .

�
 =�= 1�  ��6 �5 �
 ���?= �,*    &���6 �� )jad (   � '�$ ���A

 � ��
   -.�H 1*�� �= ��   ��.�� 1C �+
� �KL4�  �#   �� -�[ 

;6�< �F� ��� ��$.  

�P=� �, :*      H�� �	,W �	 �PS,�  	� �J R� 	
  # 0�� ���� 	
 �

�� �$�� &�T� � 
 '�$ �;6�< �F� �� ��� ��$:  

a   # 0�� �����
  �-��  :w j H�� �    1	+2# � *��	 /M=  	� �

PS,�� *�� �� ���� @E�-�� ��.  

a *�� #�J �    !�� �� "
�� �;� 
     � �� '�	�A -�� f 	
  0�� 1

  	� �� dee   �	F,� �	 � �.�	�  �"	6� �
  -	�� O &�	�  �	#* 

J���%,4* -��  :w dee� 
 '�+;�– '��� &��  �	
� ��� �� 

H�� �#� �F� ���� ��� �$�. 

a *�� �P= �: �,*   �PS,�    ���� ����   H��	� �	�   1	+2# 

�� �� !��;�<�
� *�#6 �"
?�LA '��H � "-6�< '�%.  

   ��F,� �O,
"<  /T� ����8 �      	� �	 �[�	� �  	� �  �� @E

  �PS,�  ����  ����  �'�%  *��<   ��  �	
"^= /M=  	�  /��	8 �� R

    �� �[�� ����8��   �	#*  	� �E�    ��	H �� �� '   �	#   bL4	� 

��     :�	,5        7;� !��	,8 �	 �	%�A �� �� �	#�* ���� *    &�	� �	 

#���
� '�% ��+��
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������ ������ ����

���� ���� �� �������� � ��  
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 $�� ��  *� 
    	/5 !��	,8 9�  ��	 *  	
  9 �	8�2^�  �� 

0��  �#* � 
X��   �� �5 -�� * J �    !��	5 �� *�	,��2#  	 � 1

 �� ���		�		
� ��		? �		8�2^� 9		���� .�		 I�		#���* �� 

-�.��6  �#* PM= �=�P� J �   !�� �  
�     ���	5 �	5 -�� 1�  �� 9

    �� ����� ����
   �8�2^� 9�,��2#   � 
    �,;�	# Z��	�;� � .

�
  �;% ��F,� 1
   R0�� 1'�%  *��<   �, �P�� �� * �  -	� .

0��  �#* "^= 
 $�� ��  *�   �, �P�� �28 *    � �� '�%  *��< 

 ��&�		��6 �		#*� 
		X�� ��		^�� �		� �		#� . �		28 �		 '�E		8

�P�� �,*  "^= �� 
  �$���  *� )�;�E5 (��* J �     �	 !��	 

*�,��2#   ����� � �# �
"*  �� � 
�
 � -�  "'�%  *��< ��   ��	$ .

���,
 � 1�   "^= �5 -�< !��;
 $�� ��  *� .�T� � �= 
  0�� 1

��* ���A� *�,��2# �# � �� ���6� 1
-�� �8�2^� 9 .  
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  �'�%  *��<     � ��m	^� 0�� ��  	�+���   �	# �	S� >	�� 1� � 

��+���  �#�S� I��M�� 1� �;� 
  f&��  �#*  ��� ���� �    �	5 �� 
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 �P� �+
  ����    :�,5 ���,� �=  �	=
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�� RMSE 

 

�� MBE 
 

�� Estimation Data 
 

�� Observation Data 
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��			�A ����A >			2� �			 -��			� *��� ' �			#*			� �E� 

/5�� '�+;�
�  �#*   "5�� ���.� �PS,� *   �����  �	$    bL4	� � 

   �5 �$��2$ gq � 
 # '�+;���;����*     ���� ���� �PS,� �� 

 ���� �w*  � ���A � Q�� � �    ��	$ � '�� @E
  	,6 C�    �	F� �� 

#�Y�.���*    ���� �� ��  �,	$� R
 	,��  	���� �� |	J �  R�	� 

�#�,* 6��M�� �  ��^� � * F,= �  �� '�,,5 :
     ����	� ���	� !�

) &���d.(  

 ��� �� �X� � ��� -'  �#    ���A &�� ��M. �� *    !A b���� � 

��2$ q � 
      �	 &�	� ��M. � R'�+;��     ��	�A '��� :	5 ��*  � 

����         < ��	? �� �	��,� -�� � -MT  	��*  �	;� 
  R�	%�A f  �� 

 .�� -��%6��  '�+;�
�   �	#*      �	��� ���	�      �� � �	$ Im	H

�%�
  -��2$ ge � 
 �� '�+;��   �J � '���� 	
    ��	�A ~�;4	� �* 

ge &�		� �� �.�		� djul �		= djij ���		� R�		��� �		���� �� 

�����*�S= � 
���A �*�,;6�< ����  .  

   �PS,� ��   ���� ����j � 
 E?�� '�+;�
  	� R��   ~��� � ��

����*		� ��		�A � 		��E�  �		5 �		��� �		��5 �		 Z��		T 

'�+;�
�  �#*    ��	 �	,�� *      ��	H ��	�A *��	��� '   �	#*   b��	� 

'�% *��<���$  .  

  

+,��-�&��. /
� � 01$�� /��2  

  ����� �� |J* ��� '  �#* � �E� '�+;�
�   �	#*     �	 Rb��	� 

�J
 ���� ��   ~�;4� ge     ���= � R�.�� �  
�  ��= �5 1
 ���A >* 

���'  �#   �� �2# '�+;�
�  #�  �	 �       ��= �� � '��	 _	/;L� �� 	
 >


���?�     � ������ ������� '�%  *��<       �"	6� ��	� �� Hyfa  � 

 � ���;4<�+���   �� I��M�� -��� 1�  R�� ���A �� ��= 
  ��	�A >* 

  ���� � ���,�� O,
"<        �	 |}	� � �$  �	
�J ��=  	
>  �	#* 

���A*'��A -�� -�� .  

  �= � �������  1��  �#*   �,�4�FM.�  *� ��H '  �#    �	  �	
�J 

  '���-4<��  �#*   _/;L� g  Rk  Rde  Rgk  Rke   � dee  �.�	�  

�$  �,�� �5 * ��� '  �#*  �
� ��� � �  �P� � @E
   �	;� � ��
 f

&�� �# -6�< ����.  
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���  ���  

��	
�  
��  ��	
�  
��  

����� ���� 

)���� �����	�(  

 ��� �� ���!�
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Abstract 
One of the most appropriate approaches for flood forecasting is using peak discharge data of 

hydrometric stations in each region. However, lack of such stations or short duration of data in most 
parts of the country, make it necessary to use some alternative methods in order to estimate the flood 
discharge properly. One of these approaches is regional flood analysis method that in a region using 
observation discharge data in separate points, it calculates relevant regional flood models. These 
approaches give us possibility at a region without gauging station with similar and homogenous 
hydrological condition to estimate flood discharge for different return periods with acceptable 
accuracy. In this research three methods of regional flood analysis including index flood, multivariate 
regression and hybrid method were considered in 20 watersheds of central Alborz region. After taking 
into account, the hypothesis and limitations of each method, the results were compared with observed 
flood discharges using RMSE and MBE. Considering the hypothesis and validation of multiple 
regression model indicated it is not appropriate. Finally Index Flood method in return periods of 2, 5 
and 10 years and hybrid method in return periods of 50 and 100 years proved higher accuracy in the 
whole region and no difference between these two methods in return period of 25 were shown.      
 
Keywords: Regional flood analysis, Index flood, Multivariate regression, Hybrid method, Central 

Alborz 
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