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� �	�	�� ��� � ��! �	����� �	�	�� ��%&' �� �(	 �	 . #*��	��+ ,-' .( 
� �( �&� �  �� �	�� ��

/����(�� �� /�	 ����0 �� $� � 1(�(�� ���	�,	 2-�� 3�1$� � 2-�� ���� �  �4#� ��	#5 /��$* �� 6	#'

7�� . #8� 3�85	 	� 9�:���* �  �  ��8;' �#<$� �� ���	 ���=1� >' ����+ ��� 6 ��+ /��� �	�� 5�� ���

 �  ?�@ ��� ��� A1��	� ���B �<� �  9�5 /%5 �� ����=1� >' �	�	�� ��%&' ��	 . �	   #!� %C	 6�(�!

� �9D#' �( �E1�� �#@ �� (2-�� GHI � ���� 9�	�' �J�	 � ) 2-�� � �L' �����=1� �*�� �	�8� �M� �� ��	#'

#()1 �2001 ( .3�� �� /Q�� �$R ��EE&� �1�	� ��8� � �=1� �  ������(��� 9�81�	 6�(�! �  ��  � 3�$(� .��	

S:��2 )1987 ,-' W�E� �  ��� 9D#' �M� �$��� �  ��I �( �E� ���=1� �  X(�#' �	 �� �� #� ���� ����	 (

���� ��Y���� � Y(�#� .�� �� � �Z1�	 ����Z���� �  ��3 )1987��	��+ ,-' �&� �  	� ��� �#,� 3�81I	 ( ���

 ��+�� 5��  �(�� �� �� ���#<$� �� ���=1� �  3�81I	 X�	#' �	 � %C	 6�(�! �  2+ \M� A1��	� 6��� �#<$�

��	��+� 	#��� X(�#' X�	#' �	 � �Z1�	 �� X(�,� �	�	�� ��%&' �  �� /�	 ��] �� 9�: .�� �� � �Z1�	 5�� ��� ���

X(�#' X�	#' �� /�	 �(	 �� ^�� ���=1� �$R��*�I ����	  � 	#��� 6�8� �	 �X,	� ��$�  ��.�' � �L' �����=1�

/( ��&�  �H(	 _5�� �#0#� �(	 �� �$1�� (����� X(�#' ��)7�� �(	 �	 � �Z1�	 �  (���#�)  #* � ��4  �

 �6	��.8�2004(. a�#' ��� ����	 �	�� �LZ� X��'���.�	5 )1959 (.�( �B ��c�  �	�� ��	
�	 �LZ� X�	#'

3��  ���� �$R ��� A1�Q8�=1��� � �L'�   �$*��� 	#��� �� ���=1� >( X(�#' �$R "���' 6�.�	 �� ���

�  #!� �� ���=1� �$R X(�#' >( /��� �	�� 	� 9#%c� d%1;� ��+��. 1��� �(	 6 �� e�@�� �#<$� �� X�	#' ���

�LZ�6 ��* ��c��(	 �	 .��	 �	�� ���Z� 0�(� �	
�	 �LZ� X�	#' �����=1� �$R �g��� �� B���� �� �$1�� �	

X(�#' 6 �� 3�� �  �#B��#B ��(	
� �LZ� X�	#' .���� � ��� �� �h#������ �  ��(	
� �%8! �	 .���	  9D#' ���

� �i�+ X(�#' 2�;1�	 �  ��(j� e�Mc�	 �� 6	#'��*�I ��� ��=1� �  �	 k�� �� �c�#' ��1��	� ��1��� � ����1�	 �	

�+ �X(�#' ���B	�! 
�����*�I ��� �� �� � �	#� �  �LZ� X�	#' �	 � �Z1�	 ��$l8� . �� ���*	 �1��	� ��1��� � �	

� ��+��� *�� G�1�� �!	#� ��5-@	 � ���+  #Q� �(  #Q8� �.��� 	   	�c' �� 	�(� �*��8� S��I G� ��� -

./�	 ���+ mg�� �.�� �(	 �� � �*�� 
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- Yue  

2
- Raynal and Salas 

3
- Morris and Calise 

4- Favre    
5
- Sklar   

6
- Copula Functions 
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	(�  X�	#'��	�� � ��c��M� �  �����h#���� �#���% � �l�� � ��� 	#���1 )2003( 	 �	��( �H (> =1��  3����� 

C#'�d  ��� � ��* ��$$�7��� �� �  /5�� �� �LZ� X�	#' 9#iZ� 6+ �	 Y� .���* � �� ��.���$��� d%1;� 

���h#���� .�* �1��B ��� �� *�#g�2 � 6	��.8� )2006 ��%&' (�	�	�� �  =1���� �n�	�I ��-2 �GHI  �� 	�

.�� #8� 6��� �LZ� X�	#' �	 � �Z1�	  o�	h� ��o$3 )2006( �	  X��'�LZ� 	��� J	�;1�	 �#'(X �  =1����  �n�	�I

��-2_�GHI GHI_� ��� 9�	�'  �n�	�I��-2_ ��� 9�	�' � �Z1�	 �� ��. ���-(�� � ����8(�B4 )2006 (

� 2-�� ���=1� �$R �	�	�� ��%&' .�� #8� \(��' ���=1� �$R �LZ� X�	#' �	 � �Z1�	 �� 	 	#������ �  � ����5 

)2004 (=1� �� �LZ���� 	�� 	�� ����  ��1������� 6��#@��� � �  � �� ��� �1��B��	.  o�	h� ��o$ 

)b2007( �LZ� X��' �	 �Q��B - ��B#�  � 	#����LZ� 8*�	��� 	��� c'��� �#'(X �� =1���� �I�n�	 

�!(6�_GHI_��� � ���  /�B��� @�* � �Z1�	 .�� #8� o�	h6 ) 6	��.8� �2011 � ��I X(�,� ��%&' �	�� (

� ���� �� ��#I �  �i�+ >(h#������ ��1���#A$B � � � .�� #8� � �Z1�	 �LZ� X�	#' �	 ��R 3�	7 )2012 �� (

��:�� �n�	�I �  ���* 2-�� ���=1� �  �	�	�� ��%&'_GHI � 2-�� GHI_ X�	#' �	 � �Z1�	 �� ��� 9�	�'

o�� .�$1�	 �� ���8*�	 �LZ�8 ) 6	��.8� �2009 ���� �� ,-' �&� �  ��� �M� 
����+ �	�� �LZ� X�	#' �	 (

��$� .�� #8� � �Z1�	9 � ) 6	��.8�2013�� ( � �Z1�	 �	 � 	 ��� �  15�� /Q4 ��* �  �  ���� �� �  ��	 6�8�+ 

	9	�, �� ��%&' �	�	�� ��� >( ���=1� �  /� :�� � ��(�� �&� ,-' ���� �� %C	 �� #8� � ��$l8� �� � �Z1�	 

�	 X�	#' �LZ� ���8*�	 9	�,	 �� ��%&' ����+ �  ���=1� � �� 6�(�! /� :�� �&� ,-' �� #8� .#g��10  �

) 6	��.8�20126�(�! ,-' �&� �  ��8;' �	�� ( �	 ���X8! 3�� �� �  �LZ� X��' ���5 ��� � �(�1.( 
� 

 � ��$�) �* � �Z1�	 X8! 3�� �	 aE� ��EE&� �(�� ��E�E&' �  �� '�#C �  �� �� � �Z1�	 ��A1�(	

6	��.8�2013 6	��.8� � #g��* q2006.( �c�11 � 6	��.8� )2015 (�	�4	 ��� 	� ���i� �  �	�	�� ���� ��* � 

��� 7��� � ��$l8� ���� 	�(� ��  � 3������ �M� ��� �$R �� ���=1� S��	 #' ���8*�	 ��� �LZ� �  

#'12 >�	��13 � 6#1(-�14  �#� 	 .�� 	  �	�, ���� � /��.�	���.�15 )20152-�� ( �LZ� �� 	� ,-' �&� ���

                                                      
1
- De Michele and Salvadori, 

2- Shiau 
3
- Zhang and Singh 

4
- Grimaldi and Serinaldi 

5- Salvadori and Michele 
6
- Zhang 

7
- Reddy and Ganguli 

8
- Wang  

9- Bender  
10

- Kao  
11

- Saad  
12

- Nested  
13- Frank  
14

- Clayton  
15

- Schulte and Schumann 
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#! ���=1� ��1 �LZ� �  	� �LZ� X�	#' /�%��, r(�1� .�� 	  �	�, ����  �#� 1Z! �����#�� � X(�#' X�	#' 

��*�I�	 �� . 	  6��� 	� �i�+ A1��	� ��1��� sZI �� ����=1�2 ) 6	��.8� �2016 �	�� 	� �#B Q���' 3�� (

o��R ( ��A1�(	 �	�� .(h#������ �M� ���=1� �  
����+3 �#B Q���' 3�� �	 �i�+ .�� 	   �i$��� 	� ��R � 4 

X(�#' ���c' �	����*�I ����	 X(�#'� �� �� � �Z1�	 ��� �����=1� �� 	� ��� �����=1� /Z! 9D#' ��81I	 ���

r(�1� .�� ��+ /��� �LZ� X�	#' S��	 6���  	  �� �(
H' � ��%&' �  ���=1� .(h#������ � ��	#' kE� ��4#� 

�  3�1$� � k��� �	�M� *�� �	 ��� 	� �Z(	 .�$� 6	�� 5 � 6	��.8� )2016 (�LZ� �	 �	�� 
����+ �	�	�� ��� 

�  ���=1� �  �	�#� ���� �� �0#I � �Z1�	 �� �� .X(�#' �  ���=1� Bt(� ��� �LZ� 7�� S��	 �� ��� �1��� 

�* .r(�1� 6���  	  �� �LZ� � ��	#' �� 6	#$5 >( �	
�	 e�Mc�	 �(j� �	�� ��#�� X(�#'��� ��*�I �	 >' ���=1� 

� �g	�	 ��5-@	 ��Z� �	�� k��� � 3�1$� �M� ���! 6�* ��� � �Z1�	  #*. �8&�) �	 	�� � �#�1391 (��	�	� 

��� =1� ����� 	� �� � �Z1�	 �	 X�	#' �LZ� � 	#��� /�-� ����  �#�  �	�,) $��&�	�Q5 .�� 	 1391  ����� (

6�(�! ���=1� �$R �	�	�� ��%&' �  	� �LZ� X�	#'� ��(�  
�;�+ ��#I �  G� ��� . 	  �	�, ����  �#� �


6����Q5 � ) 6	��.8�1393( ��%&'��� 9	#' �����=1� 2-�� 	� �� � �Z1�	 �	 X�	#' �LZ� 9�H�	 �� 	  � X(�#'��� 

��*�I�	 �	 6��� X(�#'��� ��1�	��� � ��1�	����� ��(
B�� ���*. ) 6	��.8� � 8�I�1393 �LZ� X�	#' �	 (

�1��� ��%&' �	�� ���8*�	/�B��� ���  ��$l8� � �� �� � �Z1�	 ��� �����=1� ��� A1��	� � 9	#' ���

.�� 	  �	�, ����  �#� 	� ��� �����=1� 

  

6�(�! ,-' �&� �  J�	 �  ��8;' �	�� M� �#���B� 3�� >( 6	#$5 �� �LZ� X��' �	 k��t� �(	 �    �u� �u�

6�(�! �	 � �Z1�	 ./�	 ��* � �Z1�	 /� :�� ���7�� 	�(� 3�81I	 9	#'  /u�%��,   ��+�u�  u�	�	��  ��u� 	�  �	   �u�	 

 ��+�� X(�#' 3�81I	 9	#' �� kE� ���	 �  �(	 7��  �	   �u�  � �Z1u�	 �	     ��u�=1� �u$R Xu(�#' Xu�	#'  �u�  /u%5 �  

�1��B�<� X�	#' X(�#'��� ��*�I�	 6��.( (	��� �#%M�  �	��. X�	#' �(	���$� �LZ�  �u�  9�u5  /( ��u&�  2�u;1�	 

X(�#'��� ��*�I�� �	 �g	�	 ���.�	� �'.�$$�  ��+�� 	� �-�� �  �$�	#  

  

���� �D 1�� ��D    

e%� -���� � 
&E>� �(���
�%�E� ��=� G�D  

��, ��#I�(� '�c��M� �EM$� ��#I /c�� .�*�� � ���� 
�;�+ ��#I ��v 3�8* �  � �������� 6�1�	 �  X,	� #�

 �<�  �#�5354 ���Z'�	 � � #� X��� �1�#%� a�#1� 6+ �	 \M� �(� ���  	�+  ��I 1200 �1� ./�	   ��$l8�

                                                      
1
- Joe  

2
- Fan  

3- Yichang 
4
- Gaussian 

5
- Duan 
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 ��#I �� �  7��� a�#1�25/446 �18�%�� �  ��#I �(	 ./�	 � ��&� 3#@��� (���	�=! 46 �!�  � 22 �E�,  

�' 47 �!�  � ��� ^�5��� (���	�=! 34 �!�  �' 34 �!�  � 55 �E�,  �	�, �1��B /�	. �	 �(�18i� 

���� �� ��� ��	  �0#I ��, �#� ��+�	� � x�� � �$*�� �� �	 ��5�Z'�	 �$%� S�B	� �8�R�� �1��B � ��8' 6��+ 

9�H�	�� �� ���� �� ��, #� i1$� � ��#*. ���� ����� � x�� �	 ��+�	� ���* ��� ���� �� ��, #� �  2#$!  ��v 

k;� �
��� 6�1��i* �������� � �  �EM$� W��� /*����� 6�(�! �  �� ���	  �&� ��A1�(	 ��1������ �� �$i� 

��, ��A1�(	 �	 �Q,)� �A(�.( �� (6�1�v������#��. ��A1�(	� �Z1�	  �#� ��1������ ���  /�c,#� � �i�+ (�8��! �

��, 
�;�+ ��#I #�?�@ �(	 �  ) 3��! � 1 �.* � (1  ./�	 ��* � ��+  

  
 Z�8L1: ���A��)� ��U	�
�%�E� ��=� G�D  

 

  
<9�1 :��R M	@H � =W �B�9� '�R=���A��)� � =;) ���B���I ���;� �� KR�� 
�%�E� ��=� G�����8D G�D1-  g��@H h�F2-  PH��

�� gi3-  � ��@H '�W4- ��R(����`�@  

��$l8� ���C#L� ���� �	�B#(
�� >( �0#I �� aE� �#M� G�E1�� �� G(h� �+ �0#I )�	 �%8! 2��	�� 

������� (GHI 2-�� ��*� �� k(���� y�� �4	 � � �	jB �.%� �#M� G�E1����v � �� ��4�' �� 2+ � �	#� /�c0� 

�h#�#�	 � k*#� ���B 
�� �� �6	
� � �(� G(h� �+ �0#I 	� /&' ��4�' �	�, � �� . ��$l8� ��B+ �� 

��A��)� ����� ��A��)� ^�B 

 

 

 


B�F��� ^�B ��U�	�  � =W 'W���

 M)�@H 

(Km 2) 

 Z�;

b;�+  Z=�

�)�(��[L 

 j�?

�)�(��[L 

 kE;  � l�4+��

 �)��)m(  

1  ��+ S�� x�� 2+ 44 z �47 ' 30 z �34 ' 1338 1468 1353 

2 x�� 2+�  #� ��, 47 z �47 ' 33 � z34 ' 1290 1260 1332 

3  ��+ /HI ��+�	� 00 z �47 ' 29 z �34 ' 1300 1325 1331 

4 6�1�v�� ��, #� ��, 15 z �47 ' 14 z �34 ' 1380 5265 1332 
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���C#L� �	�B#(
�� >( �0#I ���	#' �(#L' {�1Q�� E�,  �	  ����� 8� � Z�� G1��� �h#������ 6+ ��#I 

/��� �� . � 	�c' �� �(	 �	 �	 �(�18i� ���C#L� �	�B#(
�� ��#I 3��! �  � �Q��&�)2( � ��+ *�� /�	.  

  
Z�8L 2��U	�� : �(��S=)M( 
N=W M)�@H 
B�F��� ��R =;  

��8&�  8W�� ������3 e)�� 

٣/٢ --- S#���	�B "(�0 1 

٣٥/١٦٣ km 3 �c� ��M1�� 3#@ 2 

٨٢/١٤ km 3 �c� ��M1�� ^�5 3 

٠٢/١١ -- ^�5 �� 3#@ /Q�� 4 

٠٠/٢٤٦٠ m �0#I ��Z'�	 �(�' :�� 5 

٠٠/١٢٦٠ m �	 �(�' ��(���0#I ��Z' 6 

٣٨/٢ % �0#I a�#1� "�* 7 

٠٠/١٥٢ km %C	 ��	��+ 3#@ 8 

٠٠/١٣١٢ m ��	��+ ��Z'�	 �(�' :�� 9 

٠٣/٠ % %C	 ��	��+ ��� a�#1� "�* 10 

٤٣/٤٩ hr   7��) 
��8' 6���scs( 11 

	 � (� E&'�m � 	  ��*#|8� 9�5 ���  ����A1�(	 ���� 	  ��8.' �	 �c� �� �+ ��3�� �� ���1358  �1379  ��$��

��A1�(	 ��	��� �  ���+ �(#M' � ��8.' �	�� /�	 ��] 6�(�* .�*� 	  ��8.' �	�� ./�	 ��* �85 �(� ?�* �� �� -

/HI ��A1�(	 ���2+ ��A1�(	 �� ��A1�(	 �(	 .( 
� �� �!#' ��  ��+��, H$� ���+ �	 �6+ ��� �$%� ���+ � 6�1�v��

��, ��A1�(	���A1�(	 ��	��� ���+ ���+ ��8.' �#<$� �� Y|� � �* � �Z1�	 ���+ �(#M' �	�� 6�1�v� �	 �A(  ���

��#I ��� A1�Q8� � 6#���B� 7��) 3��! �  .�* � �Z1�	 �	#H8� ���3� 	  �� W#��� ����+ ���C#L� ( ���

�Z�� � $A8� ���� �	�� ���E� �(	 �  ./�	 ��* � ��+ � �Z1�	  �#�� 	  /9�! 6#��+ �	 � ��6	� � d5�}� /�'

) /�	 ��* � �Z1�	 �� 	
�%5,1387.(  

  

Z�8L3: ���� G���H ��5=UF���4�;� ��=� G�D  

  


U	����A��)� G���H G�D�D  

��A��)� ^�B�D  

��R����`�@ '�WH��@ PH��i�� h�F��@H 

CAB��  20/171  31/88  48/47  14/32  

���� m���B� 22/136 68/75 08/37 31/22 


>�@ 61/496 316  92/123 05/92 


>�I 60/39 30/28 80/7 62/7 

���[+ J)�N 79/0 85/0  78/0 69/0 

�A%=: J)�N 41/1 18/2 99/0 06/1 
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P-<U4� K@�+  

�#' �	�	  �� /�	 X(�#' X��' >( ��LZ� X��'(X ��� ��*�I] �%C�� �� /�	#$.( ���=1� >( �	0�1./�	 [ 	��� d 

=1��� � �L'{ }1,..., dX X� 6	#' �#' X��'(X c8H' 
1,..., dX XH 	� �	 � �Z1�	 �� >( 	�� ./��� �LZ�� 

=1������ � �L' ���1�# d �c��{ }1,..., dX X  ��X(�#' X�	#'��� *�I��	�( ) 
jj X ju F x= 1,..,j d=, 

���.�	 6���  ��  	 (> �I	� �LZ�  
1,..., dU UC  ��#C ��) �M�	�1(  �	   #!�    .  

) �M�	�1(  
1 1

1 1
1 1 ,..., 1,..., ( ,..., ) ( ( )... ( ))

dd d X X X Xd d
CU U U U H F U F U− −=  

�LZ�   
1,..., dU UC �	 1*�A�[ ],

d−∞ ∞  ��[ ]0,1
d � �*�� . ����=1� �B	1( ,..., )dY Y ��*�I X(�#' X�	#' ��  �	  

 �	#;� 1( ,..., )dG G  ��#C �� �LZ� �� ��* �1��� 9	#' X(�#' X�	#' �) �M�	�2( : #* �1��B �<� �   

) �M�	�2(  
1 1 1 1,..., ( ,..., ) ( ( ),..., ( ))d d d d

CY Y Y Y C G y G y=  

 �����=1� ��� A1��	� ����1�	���1( ,..., )dY Y  �LZ� ����1�	��� �� �i$'c   ��u��1�	��� �H�1� �  � �1*	  A1��

X(�#' ����1�	��� �	 �E1�� A1��	���*�I ���� �	 �uLZ�  �� �(	 �	 � .�$*��
1,..., dU UC        ��u� W�uQ'�	 �u� auE�

 W#��� ����=1��  #* � A1��	� ��1��� �	 ���� 0�(� Bt(� >( � 6��� 	� ���� �$�.  

� 	#��� �	�	  �LZ� X��' �	 � 	�c' �� /�	 � �c1� ���6+ �� a�#' ��%�1 )2007(  6�����* ��	 6��� �(	 �  .

  ����� �(�1��� �	�	  ���8*�	 �LZ� X�	#'{�C#L� �h#������ 9#%5 �  �  (��	#' 
�� ��	 �(	 ���  .�$*��

 k*#�A1�Q8�� 	  Z$� � /Qn�  ��  �H(	 /�#i� �6+ ��  �LZ� X��' �	 � 	#��� �(	  �(�  	�c' ��$l8� �

� �  .�* � �Z1�	 m�E&' �(	 �  X�	#' �(	 �	 ���  �(	 �� .�*�� 3��! )4( ��� �	 X�	#' �LZ� ���8*�	 Gi� 

� ��+ ��* /�	 .9�: �� ��] /�	 �� �1�	��� "��$1� �LZ� X��' �� A1�Q8� 6��� /Z! � 	  �� '���= �  .�$� 

  

  

  

  

  

  

  

  

  

 

                                                      
1  Nelsen  
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�8LZ4�;8���� <U4� K@�=+  � �F�@ :  

 
P_Z8�<W ��)�=A%� � G���H G�D  

 #<$� �� �LZ� �#���B� 3�� � ��A1�(	 ��� �#���B� 3�� >( ��   ��+�� ���(�� � /� :�� ��� /��� /� 

�	�, �� Y|� � ��+��Q* �( �E� 6 	  �( �E� ��#���B� �M�	� �  �LZ� X��' �	 �C�I /� :�� �( �E� ��* ����

��(�� �  �M�	�) .�* �C�I /� 3I m�E&' �  �� �M� ���=1� �$R 6#���B� 3�� %� �.* ( � �� ��� �� �0�

� 6��� 	� �/�	 ��* .��  

) �M�	�3(  4 1 2 3* * *X a X b X c X= + +% % % %
  

 

3�� �(�� ��$l8�o��R � #g��) �$1�� �(� �	�, �	 m�E&' �(	 �  � �Z1�	  �#� ���5 �2012(  

) �M�	�4(  
4 3X X=% %  

) �M�	�5(  4 1 2 3X X X X= + +% % % %  

) �M�	�6(  4 1 2 3*X X X w X= + +% % % %  

�M�	� �  ���3 �4 �5  �6  �����=1�2 1X ،X% %  �3X%  ��Qu* �( �E�         �	 >u( �u� �	�u� �uLZ� Xu�	#' �	 ��u* ���u�

��A1�(	� /� :�� ��� ��=1� � �$*��4X% ��(�� ��A1�(	� �	 �C�I /�   u� /u� :�� �( �E  .�u*��a  �b � c 

 .�$*�� � ���=1� �$R M� 6#���B� �M�	� "(	�0�  ��* ��c� 3��  �M�	�)4�� ( �!#' �� >( 
��(�'  ��A1u�(	 

�� ��A1�(	 ��(���.�� �EM$� �  /�  /��� �(+� �� �  �H$(	  ���8* ��A1�(	3 >( 
��(�' ��A1�(	 �� ��A1�(	 

                                                      
1- Clayton 
2- Frank 
3- Gumbel 
4- Joe 
5
- Kao and Chang 

���8�� ������3 G  

( )θ ∈
  

8%=� K@�+  

( )φ
  

��[�� 8>: <U4� K@�+ 

 1 ( )nC u
 

^�B 

[ ) { }1, \ 0− ∞ 1
( 1)t θ

θ
− −

 

1

1 2( 1)nu u u nθ θ θ θ−− − −+ +…+ − +
  

QI�=�)1 

( ) { }, \ 0−∞ ∞
 1

1

te
ln

e

θ

θ

−

−

−−
−  

( )( )1 2

1

1 1 ( 1)1
(1

( 1)

nu u u

n

e e e
ln

e

θ θ θ

θθ

− − −

− −

− − … −
− +

− 

nB��(2 

[ )1,∞
 ( )lnt θ−

 ( ) ( ) ( )
1

1 2 nexp lnu lnu lnu
θθ θ θ      

− − + − +…+ −  
<���S3 

[ )1,∞
 

[1 (1 ) ]ln t θ− − −
 ( ) 1

1

1 {1 (1 1 )}
n

i
i

u
θ θ

=

− − − −∏ 

=L4 
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��(�� ���8* /� 4�.�*�� �  �H�1� �( �E� �  J�	 �i$' �� �!#' �� �( �E� ��Q* ��* ����  �uC�I �	  �uLZ�   �u�

�� �!#' �(�1.( 
�  ��A1�(	 ���8* )3 (/��� ��(+.  

 �M�	� 3��5 �   ��+�� �#<$� �������� �� /�	 ��* ^�� ���A1�(	 �  �  �( �E� 3�81I	 ��� �� /� :�� ���

��(�� �  3�81I	 �( �E� � /�	 � �1�	 ��Z'	 6��
8� �#@	 /�  X8! ���Q* �5#8H� /� :�� �( �E� ��* ����

� �C�I �LZ� X��' a�#' �M�	� 3�� . #*6 �� ���Z' �(	 �� /�	 9�  3�� �$��8�  �� �!#' �� ��� ���5 >(

 �M�	�) �� �!#' �� �.�� d%1;� m@�$�7� �1��B �<� �  (. #*  

)�M�	�7(  3 4

3

S S
W

S

+=  

��3S �(� /I��� /� :�� ��A1�(	 �� W#��� ��#I ���8*3  ��A1�(	 �� ��A1�(	 �(�1.( 
� /I��� �<� �	 �� /�	

��(��� / ��*�� . 4S ��(�� ��A1�(	 �� W#��� ��#I�(� /I��� ���8* /� 4  ./�	�  �.* 2 ��%&' G1(�#A�	 

3��� ��+ ���R#%� "��, �  �� ��* /�	. 

��3S �(� /I��� /� :�� ��A1�(	 �� W#��� ��#I ���8*3 ( 
� /I��� �<� �	 �� /�	 ��A1�(	 �� ��A1�(	 �(�1.

��(��/�  ��*�� . 4S ��(�� ��A1�(	 �� W#��� ��#I�(� /I��� ���8* /� 4  ./�	�  �.* 2 ��%&' G1(�#A�	 

3��� ��+ ���R#%� "��, �  �� ��* /�	. 
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<9�2 :Z8� <��+ ��)�=A%�  ��D 
%�� Y�� �)��&�  � 
�� �@� �)��&� �8� G �;  

  

o�@ � d)��B  

"��$� 2�;1�	6�(�! ,-' �&� �  J�	 �   ��+�� �#<$� �� 3�� �(�'��(�E� ��(��	 �� ���� �� ��;�' �	�� �	

/�%��,/( ��&� � ��3�� ��� . �	  ��;1�	 ��� ,-' �&� �  J�	 �  ��8;' �	�� 7�� ��iR k;� �(	 � 

(�!6��#' ��* ���� #(��$� �� S��	�� 3�	 3�� �� �* � �Z1�	 ��o��R � #g�� a1 )2012(  3�� � �$*�� �

 �	�, ����  �#� �� /�	 �LZ� �#���B� 3�� �A( �X(�#' . ��B) 3��! �  ��* � 	  7�	�� ���5�LZ� � ( -

) 3��! �  3�� �� �	�� ��* � �Z1�	 ���6./�	 ��* � ��+ (  

  

  

                                                      
1
- Kao and Chang 
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Z�8L5K) =+ :Z8� 
@ �8� ���� 1 ��@ G�D���� G��@ �D���� � 
%�� G�D
�� G�DY�� �8� G �;  

Z8� K) =+�8� ���� 1 ��@ G�D  Z8� 
@

�8� G �; 
�� 

K) =+�8� ���� 1 ��@ G�D 

Z8� 
@ 

n)�MB��A��)� C)�+  
kumuraswamy Log logestic  

K�L Pearson 6  Log-pearson3  

�B � <��? Dagum  burr  

<U4� �=;�S� Log-pearson3    Dagum 

  

Z�8L6���� 
@ ���� 1 ��@ ��[�� 
; <U4�  :Y�� �@� G�D  

�����D)m3/s(  <U4� K@�+ ������3( )θ  

J�	 �  �Q��B  481/1 

  

 3�� a�#' ��* � � ��8;' �( �E� /&C ���� �#<$� ���j! ��M� ��� ��c��� ��A����1 ���c' "(�0 �2  ���

� 	  �	 �C�I ��* � � ��8;' � '	����� �( �E� �Q��&� J�	 ���) 3��! �  �� �( �B7(  �� ./�	 ��* � ��+

6 #Q� 3���� �� �!#'  �( �E� ��� A1�Q8� 6	
�� ���� �	�� �7�	�� (#.� 6#��+ �� /(�$5 �� ��(��	  �#� r(�1�

��8;' � '	�����#g�' A1�Q8� "(�0 �	 ��* � �.�* � �Z1�	 ����|�	�� � 3	�$�  

  
Z�8L7 J)�N��A����D J)�N����@�� CAB�� �2L G�EF����8B�� J)�N �)��&� :=V�+C��c;��� J)�N � Z�8>I   

Z8� 2

R 

( )2 /

RMSE

m s
 

Spearman Rho Kendall's 
Tau 

n)�MB�+��A��)� C)  240/0  703/185  550/0  511/0  

�B � <��? 396/0  526/111  804/0  664/0  

K�L 535/0  300/95  812/0  670/0  

�=;�S� 711/0  387/79  872/0  671/0  

  

 3�� �	 >( �� �	�� k$�	�� �	 #8� � ��* � � ��8;' � '	����� �( �E� �	 #8� �(	 �� 6�
�	�.* �  �� 3  �4 

�	 ��* � ��+./  

  

                                                      
1- RMSE (Root-Mean-Square-Error) 
2- (Coefficient of determination) 
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<9�3:   �B=;�S� 
E@��  � ���4�;� �@ <U4� Z8� p>I��3 (P� �8� ��  C�	+ �)��&�(e%� ���=�B  

  

   
<9�4:  Z8�  � ���4�;� �@ <U4� Z8� p>I��3 (P� �8� ��  C�	+ �)��&� (e%� ���=�B��A��)� C)��9)�MB � �B � <��? �K�L G�D  

  

Z� 3�� �	 �C�I /�B��� ���  �( �E�3��! �  �#���B� �M�	� �� �!#' �� �L )8( ./�	 ��* � ��+  

  
Z�8L8�=;�S� 
E@��  � ���4�;� �@ <U4� Z8�  � <5�W '�S �@ ���� : 

200 100 50 25 10 5 2 ���� '�S �@ (year)  

729/1279 709/1021 036/804 865/620  836/422 138/300 14/163 Y�� �@� (m3/s)  
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�1��(A���� m�E&' ��� �� #�8� �� �1*	  �#Q, ���, {�1Q�� r(�1� X8! �M�	� �	 � �Z1�	 �� �LZ� 3�� �� /�	 6+ �

o�� ) ��EE&� �(�� r(�1�1  �6	��.8� �2009o��R � #g�� q2 �2012 ��$� �3  �6	��.8� �2013� (�*�� � �(	 ��

� 	  ��� �� aE� %C	 
��8' �0�I 3�� �  �� /�	 ����0 �1.� �(	 ��] 3�I� ��:�� J�	 �  ��� ��4�' � �*��

8� �1��B �<� �  ��#I �	�B#(
�� ���C#L� �	 >( ��� �(�1.( 
� � ��� ���5 �M�	� �	 � �Z1�	 ��$l8� . #*

�o��R � #g��) ��EE&� �A(  ��E�E&' �  � m�E&' �(	 �  ��A1�(	2012(  ��4�' /&' ��� ���5 3�� ��  	  6���

�.%85 d%1;� ��	#5� 6���  #� �	 '��Z1�   /I��� �� �� 	� ��A1�(	 >( /I��� aE�  �� /%5 �(	 �� q�� 

��(�� ��A1�(	� >( 
� /� � ��4�' ��� ���5 �  	� �*�� �	�B#(
�� ���C#L� �� /�	 $c� �(	 �� �� .�� 

�0#I �(� �(��8� �1��B �<� �  ��' �.�� �EM$� >( �  aE� �H�1� �  . #*� #� /I��� ��4�' /& �(	 �	 � ��

8� /����� S��	 �� �� ��A1�(	 �(�1.( 
� 3�� ��$l8� . #* �1��B �<� �  \�&C 7�� >( 6	#$5 �� 6	#'

� ,-' �&� ��A1�(	 �� ��A1�(	 �(�1.( 
�8� ��� ��#I J�	 �  ��8;' �	�� (�i$' ��  �#� �(	 �� �*�� -

�Z�#� 	�(� �*��	 >( �� �����A1�(	 � �E1�� � � #� �	jB ��4�' ��A(  �� .( ���=' � �$1�� W�Q'�	 �  �A(�.( �� ��

8� G� �	.�$*�� 7�� �A(  �� /Q�� �#���B� �M�	� �	 � �Z1�	 �� �LZ� 3�� � �#� �c��M� �   	  6��� r(�1� -
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Abstract  
Flood is known as one of the most devastating natural hazards which cause great damages to human societies, 
municipal, industrial and agricultural centers. Flood estimation in confluence points of rivers– for being the 
location for many infrastructures – due to economic and environmental matters receives a great importance. It is 
possible to estimate the flooding likelihood by examining the number of floods with specified return period. In 
this study, according to the statistical data of peak flows between 1358 to 1379 Hijri-Shamsi in the basin of the 
Qarah-Soo in Kermanshah Province, annual peak flows were estimated using copula in four models of 1) 
regression 2) summation 3) weight factor and 4) the nearest stations. For this, first, homogeneity and data quality 
were investigated. The probability distributions were fit to the data series and with regard to marginal 
distribution functions of upstream stations, joint distribution function at the confluence was obtained by the 
Archimedean copula functions. Based on the best copula function for upstream stations, Gumbel copula function 
was selected. Results showed that copula function in the form of regression was superior to the other models 
with a coefficient of determination equals to 0.711, RMSE equals to 79.387, Kendall's tau correlation coefficient 
equals to 0.872 and Spearman Rho coefficient equals to 0.677. Eventually, discharge amounts for different return 
periods were calculated according to the selected model. 
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