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13- Black and Werritty 
14- Burn 
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�: ��<� -���9

#)��� Y�� .	�� ��-O ����� 
�:E��J9 #�56 E�) ���Q �� U* }�: �	 %�!�9 � @)� �-�� ����� ��� ����� 
�:

	�-K� P�I�1�) �	 E�) 
�: %�)�!O�� B @)� �-O {��� 1�) 1�� �	 ��o�!"��i #��"�  I��" �	 ��K� 
�:

                                                      
1- Villarini 
2- Circular statistics 
3-Ye  
4-Collins 



  

  

  

  

145  --------------------------------------  '�*&� ��* �+ �,- ��.-�
 ��$�/0�1 2�+ 3* ����� #�	4
...  

 

E�) P�I� %�"� ���89 P�F�" h��*t-!*�H� ~�D" �� #H��I� 7����89 ���K B� �:/*����!� .  Y�CJ9 /*� #�l� s-:

���Q �� #<* %��!� B� 	������� B��K	�� BF�Q �	 E�) P�I� #�56 7����89 #*�)�!O	�-K� �� ����� 
�: -*-O 
�:

#" ��� 1�HO �	 E�) %����6 �-!*��6 ��X� g��	� %�<"� ������ ���Q �	 E�) P�I� 1�56 E��J9 �� .-O�� 
�:

��X� @*�*-" �E�) P�I� �=��N#" W:��6 E�) U3*� @*�*-" � #<�.��-�: /#<*=�.��-�: 
�: #<* /�!\H: .		��

�	 �Y�CJ9 /*� n*��� 	���� #�l� 	���" �� ��*	 B!�"�B*��9 
 � E��J9 #�����6 BCD!"AT�) 
� � /��$9 � B�)	 


-!� BF�Q
�: #<*=�.��-�: /�H: #".-O��  

  

���� �
 7�� ��
    

i)�-  �,����*pR�  ��)�p� ��>� 3  

 @Q�3" �� 	������� B��K	�� BF�Q10197  #*��6��8G 1�� /�� � ��K 
�*�	 #I�O A�!G M�� �	  ��" ��"���

54  � BG�	�	  � BC�I	56  � BG�	16  #*��6��8G ��� � #I�O BC�I	36  � BG�	34  � BC�I	37  � BG�	47 

���� B��K	�� BF�Q .@)� �-O  I�� #.�HO BC�I	���Q B� A�!G �� �g�9� B��K	�� BF�Q B� q�O � 1�HO �� 	���-

#" 	�-J" �<� B��K	�� BF�Q B� #��i A�!G �� � %�8"�	 �	��:�O ����� 
�: BF�Q /*� �	 .	�O33  ����3*�

BoJ. �m�-Q #�	 ��"� a�)��� B 	��	 	�G� 
��"��-�:BCD!" A� @�O �	 	�G�" B���.�) 
� %��3�� %��)� 
�

� 1�) �� g���" #��"� B*�N /�6�� �o� �	 �1351  �91396 �20  W��I� /9��"�	 k�� a�)��� .-*	�� A����� ����3*�

M�� �	 A���" �9 q�O �	 U�K BH�� �� BF�Q �� ���Q /*� �	 #�-���� /�����" � @)� ��8�" #��i 
�:287 

#��"E�9 �	 ��" �9 	���953 @)� ��8�" B��N dN �	 ��" #��"
���� . #�l� 
���� E�!G �  9�" �
����� 
�:

#" BF�Qk��� P�I� .-!O�� �� #F��� 
���� -*-O ���89 � a�3Q #)�!O /�"� 7T�<�9 ���H: B� -*-O 
�:

#" E�) 	��*� 
��� ��j E�)��N %-"� W:��6 L�) �W*	 #F��� B� E�!G�	 .	�O E<O 1 @�$I�" #*��6��8G BF�Q 

B��K	�� ������	� B� ���H: B<�O B:���� � ����3*�
�: 
��"��-�: %� %��� �	�	 �-O @)�.  

  

 NJ 1+��O>� : �$��,��MY �Z>I ���]��� �����F�F �6 ����
 �J�  3� �
��6H � ��4QW$�3�
 3�Q���B�
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k-  N�C ��P, _]�   

�	�	 ��i� �	BoJ. �m�-Q #�	 
�:����3*� B���.�) 
� 	�G�" 
��"��-�: 
�: A� @�O �� 	������� BF�Q �	

BCD!"����3*� � -O 
���  HG %��3�� %��)� 
�B�Q�" �	 .-*	�� suQ %�!�H�� E��I ��i 
�: 
��� -$� 
20 

 1�) �� g���" 
��"� ���	 U* �L��!" ����3*�1351  �91396  
��� 
��"� VI��� 
��)��� � -O B�6�� �o� �	

 �: ��"� E�H<9����3*� 	�S�)� ��.-O ����� #��3�H: k�� �� �  

VK�O �����)� 
��� ����3*� �: �	 � 1�) �: �	 E�) P�I� %�"� %�"� .-*	�� V��" #�56 E��J9 ;���" 
�:

#" E�) P�� /��$9 
��� �	�) � WX" VK�O U* �P�I���") -O��1  �%���<H: �1999k�� .( ��"� �� #!��" 
�:

#�XG2 U* 
�!�" -�S" 
��� %�"� E��J9 P�I� E�) #"����� � %�����G�") -O��3 �1996�*	��" ]4 �1975 /*� �	 .(

#" B�)�J" E�) 	�-*�� �: 
��� �@XG ��	�� %��!� B� B�j�) ��� #�	 P�I� �*��9 k�� /*� B*��� /��$9 
��� .	�O

BD��� �� ��	��#" �	�S�)� �*� 
 �%��) 	�O1996a	��\*� ]5 �1994 (  

)1(   θ	 = �J	Date�	 � ������ 																						0 ≤ θ	 ≤ 2π  

 :q�6 BD��� �	θ	 ��-C" B*��� )�� L3Q %�*	�� (
��� �*��9 	�-*�� E�) i .@)�J Date   E�) P�I� ���i #" 1�) �	 -

 /�� %� ��-C" B -O��1  ��� B� ?���")1  �9 (/*	���6365  ��� B� ?���")29 .@)� ��8�" (-!S)�  

#" L�9�9 /*-� �*��9 %��9	�-K� P�I� P�I� %�"� /�����" /�!\H: � 	�	 M*�H� #<�6��� 7��l B� �� E�) 
�:

 �%��) 	� B�)�J" �*� h���� �� �	�S�)� �� �� E�)1996 .(  

)2 (  x� = �
�∑ cos 	�θ	��

	$�   

)3(   y� = �
�∑ sin 	�θ	��

	$�   

B x�  �y� ��	�� ��� � 1�� /�����" L�9�9 B�B� ?���" 
�: n  7�5��" ��J" U* 
�� �� E�)#" %��� 1�Q .-:	

#"B*��� ��-C" %��9 E�) P�I� �*��9 /�����" 
�)θ� ( �� :	� B�)�J" �*� 7��l B�  

)4(   θ� = tan(� �)*+�� 																							for	x� ≥ 0   

)5(   θ� = tan(� �)*+�� + π 															for	x� < 0   

 dv)θ� #"-���9 ) 1�) ��� ���HO B� �����	 �*� 1�"�6 �� �	�S�)� ��1  �9365 ( %�"� /�����" ������ B 	�O E*-�9

#" BF�Q U* 
��� 1�) �	 E�) P�I� .-O��  

)6(   MDF = θ� 	�����   

#" ��o��� 	��BF�Q
�:  ��-C" ��MDF #�>*� 
���	 �B���" /*� � -!O�� #X���" #6����*��6 � #<*=�.��-�: 
�:

E�) 	��" �	 � BF�Q ���-�� B� ��-C" �%��) 	��	 #��3� BF�Q #*��6��8G EJ" B� s�� A�t �� #O�� 
�:1997 .(

                                                      
1- Merz 
2- Directional statistic  
3- Magilligan and Graber 
4- Mardia 
5- Richards 
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����3*� 
-!�:��� 
��� .-*	�� �	�S�)� #$��� @3<O k�� �� E�) P�I� %�"� �o� �� �:B!�X� k�� 
��)

d<!G1BC�� 
��� k�� /*� .@)� #$��� @3<O ?�C� k�� B� ��X�" ]�	�	 
-!� 
��� � @)� �-O #Q��� �:

��"BC�� �	 �XO��� �� #*�_6 ~�� /*��X� %	� V
-!�B� 1-" /*� .	��	 	���� ;���" 
�:  EI�-Q B� 1���	

B� .@)� BC�� %�H: /�����" �� BC�� �: �	 ���$" s��J�� %-��)� B� k�� /*� ���*	 7����  d��*��� M:� 1���	

BC�� /�� d��*��� %-��)� �m�-Q B� � BC�� �	���� � �:" �:#BC�� a�)� %� �� � -O��#" B`��� �� 	�K 
-!�-:	 

 �d<!G)1967.(   

 %�"� /�����" B�)�J" �� ��T�P�I� #��"� 7����89 �E�)  n	�-K� /�����" 1�Q E�) ��� #"-���9 BD��� �� �*� 


 �%��) 	�O B�)�J"1997.(  

)7(   r̅ = 4x�� + y��																													0 ≤ r̅ ≤ 1	  

 /*���-C"  /��0  �91 #" ���89 ��-C" B -!0 E�) P�I� �*��9 @K��!<*  *��9 #!$*) %	�� #�56 �-� ������ �	 �:

��-C" B #.�Q �	 @)� (1�) 1�� ��H9 1 �-!:	 %�����H9 ��H9 #!$*) -*-O %	�� #�56 
 E�)�: �	  ��� U*

#" (1�) �	 V��"-O��.   

BC�� U* �	#`�G 
-!� ��-C" �9r̅ �� #" B�)	 B) �	 %��9r̅ 	< 0.3  �0.3 ≤ 	 r	* ≤ 0.7  �r̅ 	> 0.7  B 	�	 ���I

r̅ 	< 0.3  %��� �-!:	 	�*� 7����89 1�56 	�G� � ;���" E�) P�I� � 1�) �	 �	 B���� #�56 ��-C"  @)� ;�$F

/*� #9���� B� 	�*� ��H9 �-� B�)	 �m�-Q P�I� B�j�) E�) �	 �� U* E56 x�K #" %���-:	 . 	��" /*� d<�

 B 
��� B� @)� ���I�� ���r̅ 	> 0.7 #" %���B -!:	 E56 #l�K 	�G� 	��	 B �m� E�)�m�-Q 
�: B�j�)  �	

y� %� #"-:	 .��-C" 0.3 ≤ 	 r	* ≤ 0.7 �-!:	 %��� ���#" /���!�� h*��O U* 
 .-O��  

��"���N #"�H9 Y�CJ9 /*� �	 E��I �� j�� �	 �-O �t 
�:r̅ � MDF  �	����3*� �� ��- �: 	��" � -O B�)�J" �:

 E�) P�I� ��� �o� �� %�!�9 B�Ou� �� E�) #�56 7����89 #)��� ��o!" B� /�!\H: .@6�� ���I E��J9 � B*��9

 g���" 
��"� ���	 E �%�"� #� �	�	�	
�: BoJ. �m�-Q) 
�48 ���	 B) B� (1�) 
16  � -O W�3C9 B.�)

@6�� ���I #)��� 	��"��"���N . ���	 B� ���	 �: �� �X�� 7����89 � -*	�� B�)�J" ���	 �: 
��� E�) %	�� #�56 
�:

.@6�� ���I E��J9 B*��9 	��" -$�  

  

�Q,�$�
3 e�*�.   

#�����6 P�I� 	�-K�BF�Q B�C� B� @�3� 	������� ����� BF�Q �	 #�T�) 
�: .@)� ����� %��3�� %��)� �	 �:

AT�) #)��� 
�:#" %��� 	������� BF�Q �	 �-O @�pAT�) �-H� P�I� E56 �-!:	 �%��3��9 �	 L�9�9 B� �:

@)� ��*�N � ��X�  1�) �� E�I �9 (%���� P�� �� k��� P�I� #N �	) B���3"� AT�) 	�-K� B @)� #.�Q �	 /*�1397 

-N P�I� E56 � %�"� ��*	 7���$� .@)� �	�* BC��) W ���3� 	������� �	 �-O �	��3� 1�) 1�� �	 AT�) �-*

@)� .Y�CJ9 /*� �	 ��"���N �*	�C"����3*� 
��� E�) %	�� #�56 	����� 
��� �-O B�)�J" 
�: �	 	�G�" 
�:

                                                      
1- Jenks 
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 1�-G �	 	������� B��K	�� BF�Q1  �*	�C" /*��H .@)� �-O B`���r̅ ����3*� B� ?���" E�9 � M<�.�� ��H9 
�:

#" 	���#" %��� � -O���	�	 B -:	BoJ. �m�-Q #�	 
�: E56 U* �	 � �	�� �-!��N 1�) ;���"  I��" �	 
�

����3*� %� E��C" �	 .@)� ;�$F ���3� E�) %	�� #�56 BG�	 � �	��S�� q�S9� x�K q� � #�I��I �%��.�) Bi�� 
�:

��-C" �� L�9�9 B� TI 
�:82/0 �74/0 �58/0  %���" /*�����r̅ -�	�� ���	 ��  P�I� �*��9 
j�� W��9 �� %��� B

BoJ. �m�-Q E�)����3*� /*� �	 E�) %	�� #�56 %���" � @)� x�K #�56 �	 
�#" 
�I �:.-O��  /�!Z �o!�

#"BK�O�) �	 B -)� %	�� #�56 BG�	 (@)	 /�`�N) #�l� B:���� �	 � /�`�N %	�� #�56 BG�	 (@)	j��) �:

@)j�� #� @.�Q �	 .15� %����3*� E � 
���	 	������� B��K	�� BF�Q 
�:r̅ 	< 0.3 #" %��� B -!�3: -:	

	�-*�� 
��� P�I� %�"� �	 #l�K Wo�����3*� /*� �	 E�) 
�: 1�) 1�� ��H9 �	 E�) P�I� %�"� � 	��-� 	�G� �:

#H� � @)� �-O �	��3�AT�) �-H� B #�56 %��9/��$9 �� -O�� �	��6� q�S9� %� �	 �:  	�-Q hC6 �"� .	�10 %

����3*� 
���	 �:r̅ 	> 0.7 #"����3*� /*� .-O�� /�*�N �	 �: /�*�N ��� � BF�Q @)	 -) @)	 �� �-O ��-Q� 
�:

�-O  I�� 	������� #�l� BK�O 
�� BoJ. �m�-Q #�	 P�I� %�"� B @)� /<H" �/*����!� .-��  ��p|9 @J9 �X�� �	 
�

-) #H�o!9 MC� ���I �:����3*� #C��" .-O�� B�6�� 	�-Q) -l�	 /*����� B BF�Q 
�:75 x�5�K� 	�K B� �� (%

#" 
���	 �-!:	0.3 ≤ 	 r	* ≤ 0.7 #"%��� B -!O���-!:		�-*�� P�I� %�"� B<!*� #!$* @)� /���!�� h*��O 
 
�:

BoJ. �m�-Q E�)���	 �	 
�) #)��� 	��" 
48 �-O M�N 1�) 1�� ��H9 �	 B� (1�)  x�K E56 U* �	 B� �

	�-*�� P�I� %�"�  I�� �	 .@)� �	��6� q�S9��-O �-!��N E56 B) �* �	 �U* �	 h)��" ��� B� �: #�����6 �� B -��

W: BF�Q �	 �-O @�p P�I� .	��	 #���K  

B� ��� #�� B� �o� #" -)� B BG�	 #�56 %	�� E�) )%���" ��H9 %�"� P�I� #�	 �m�-Q BoJ. 
� (�	 BF�Q 

	������� B��K	�� @J9 ��p|9 ���9 @�$I�" #*��6��8G � ���-�� ���Q 
�: �����  -O�� ./*��H %���" #�56 %	�� �	 

BF�Q 
�: �� ���-�� h)��" � UZ� � ��9-H�  I�� �	 BH�� #I�O BF�Q �-:��" #" 	�O ./*� BF�Q �: @J9 ��p|9 

W*=� #O��� BCD!" � ���-�� UZ� ��X�� �j�H$" M!�� #<*=�.��-�: #��X��� � #Ho!"�� -���	 .�	 �E��C" ����3*�  -


�: �� ���Q ����� ����3� ���� �* �  I�� �	 @H3I 
�: #��i BF�Q 	������� �� �o� %�"� P�I� E�) M!�� Wo!"  -


�9 B�O�	 -�� .B��.� MC� #H�o!9 -)�: B 
�� BK�O #�l� B��K	�� ��-Q� �-O -�� � �	 @XG %�*�G �� q�O B� 

A�i �� 	�-$9 �X�� �	��6� #" �	�O ��� %�*�O BG�9 @)� .���Q 
�: ����� #���" )�� �o� ���-�� � EJ" 
������I �	 

BF�Q 	������� B��K	�� (M!�� #!���!�� )����3� #�56 (-���	 B B�3� B� ���-�� � EJ" 
������I �X�� BG�	 #�56 

%	�� �X�� ��8�" @)�.  
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 [�BY1�Q���� :��4QW$� 3��6 N�C L�>6 ��P, 3�
 ���� �� �����F�F ���]��� �Z>I 3�Q���B�
 3�
48 �)�C  

x y 9: MDF r̅ ��4QW$�  

٠�٧ ٠�٣١ ٠�٣٣۵ ۴٠ ٣�٧٨�۴۵ B)�����  1  

٠�۵۴ ٠�٢ ٠�٢١۴ ١۴٠ �١٨�۵٨ TI q� 2  

١٩ ٠�٣٣ ٠�٢٧ ٠�٧٧�۶٠�٨٢ ٧  Bi��%��.�) 3  

٠�۵۶ ٠�٠ ٠�٠٣۶ ٢�٧۴ ٠�۵۶ 	�����5� 4  

٠�٠۶ -  ١�٧ ٠�٣٠۶ ٠�٣٠ ١٠٢�٧ 	��� #C9 5  

٠�١۵ -  ٠�٢۴ ٢�١۴ ١٢۴٠�٢٩ �٢ �H9 6  

٠�۴۵ ٠ ٠�٣٣�۶٣ ٣۶٠ �٨٨�۵٧ ����!9 7  

٠�٢٠ -  ٠�٣۴ ١٢٢�٨ ٢�١١۴ ٠�٣٩ %�O�I #G�Q 8  

٠�٣۴ ٠�٧٣ ٠�٣١ ۴٢�٨۶ ٠�۴۶ %��"�� 9  

٠�٣۵ ٠�٨٣ ٠�٣٩ ۴٠ ٨�٧٠�۵٣ E�!*�� 10  

٠�٣۵ ٠�١۵ ٠�۴٢٣ ٠�۵٠�٣٨ ١ %���� -)  11  

٠�٧٢ ٠�٣٢ ٠�٣٧ ۴٠ ٢�٠٣�۴٩ �"�) 12  

٠�٢ ٠�٢١۵ ٠�٨٧ ۵٠�۶٠�٣٣ ٩ 	�����O 13  

٠�۶۴ ٠ ٠�٣٧�۵٣٠�٨ ٣۵ ٠�٧۴ #�I��I 14  

٠�۵٠�٢ ٠�١٣ ٢۵ ١۴�٨۵ ٠�۵۴ 1��	�� 15  
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Abstract  
Identifying the seasonal behavior of flood events and their changes over time in watersheds provide useful 
insights for a better understanding of flood processes, planning water projects, and managing flood risks. 
Directional statistics provide a good basis for determining the similarity between flood occurrence times and is 
useful for flood seasonality analysis. This method was applied to a set of 20 river gauge stations in the 
Gorganrud River Basin, located in the North of Iran, with a 48-year recording period, to identify the seasonality 
of flood occurrences as well as their variations. Two indices namely MDF and r which indicate the average time 
of flood occurrence and the uniformity of their occurrence date during the year (degree of seasonality), were 
calculated for the maximum instantaneous flow data, respectively. Also, in order to examine long-term changes 
in flood seasonality, the recording period of the maximum flow data was divided into three 16-year intervals 
representing the distant past, near past, and the present time and then the indices were calculated for each 
interval. The results show that the average time of flood occurrence in the Gorganrud River Basin is in springs 
and summers. Also, the majority of the stations (about 75%) have r values between 0.3 and 0.7, which indicates 
an intermediate degree of seasonality meaning that the time of occurrence of the events spreads over one, two or 
three seasons. Analysis of long-term changes in flood seasonality shows that the average time of flood events in 
the Gorganrud River Basin has not changed significantly from the past. The degree of seasonality, however, has 
decreased compared to the past period. A mixture of different flood generation processes such as snowmelt and 
summer or fall rainfalls and the combined influence of geographical location and the size of watersheds can be 
the possible reasons for the reduction in flood seasonality in this basin.  

 
Keywords: Maximum instantaneous discharge, Flood seasonality, Directional statistics, Flood generation 
process, the Gorganrud River Basin. 
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