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l)� - ����  5�
V�# EW:  

 �/+ 2�&+ 43 ]/j�+ ()�>�����>�) �,�� iU� ���G � (&�+) K�#�����X� n�s@� 	 7^3 %, A&3��7 3�� �U�N+ �

7��l� �/+ 2�&+ � �>,&+�  A�L A��NCEP/NCAR  	&@ ��1000  �500  ���>+ !�>s@ �3 )�>�����>�5/2 × 

5/2  ���+	 !�>s@ � ���0 4L��7� 4�'�� 
��� A&3  A��+� A1363  �@1392 )1986 �@ 2013 
&:3 (4�G&1 
�� 

 �� .5�	��&� 
��  A��� ��:9,
� ��35'�� �� �  A��00  06  12  �18  &3&3 4� �\�	5/3  5/9  5/15 � 5/22 

43 0�5 ,�&  5���&3� 
�� �� �&, 43 4�&�,�+ A�,�� [��L 	 4� �,����6&9 �,�����  g�� 4>�� [Y� 43 .

4��1 D��3 ��6� [Y#+ � 
�&� 5�&$ 
�� 4������  ���3 �+ ��  ��
���N+ ��  A10  �@50 4L��  �\�B� �&' A

 �40-  �@80 4L��  �0&� )�b AW�@�. 
��  :K>�) 5�1.(  

  

 UH�1: �H�� GQ#���G�� 5  5��)�L���E�  

 &W� �� q&� �� ����6&9 �,����� A&34�G&1 :��1 K�#�����X� n�s@� (���+ ��&34,�#B� 5�� 43 5Y#� �   A

 t���3 4��B� ��624�6�, A�� &3 K�#�����X� n�s@� ��� %�����+ (  A��&3���+4,�#B� 5�� � �  �, &3&3 �� A

� �2� &3 &�+ �C 	 &�B��+ gH$ � {�jo A����6&9 �+�B@ c�� q&� .���3 &�+�/� �B�,� ) ��j@ �@��Y' 43

�+ ���� � A�H1 A����6&9 � �,�+&1 {�jo A����6&9 	 A��,	  43 .(��H1k��Y'  ��� 43 q&� %, &�,�

 A����6&9,��# ) .5#� (�,�+&1 
�6 � �>�+��,� 
�643 ,% @&@�[ &3A &� !, ���3�,� 	  ����) ) �+ 
 	�� � 

5'�� �,
�  (���3�b)  �&'� &?L�,��G  ��s@n �K�#�����X  %�����+ 4IU�+ A ��� ��s@n �K�#�����X &+2� 

��6&9A &+)2� B��4� A ��s@n �K�#�����X� 5�� 43 ().�+ A&3 4� 5� &�� 43 c	e)��&�)�� ��    )�+&� A��

1460)�� �� � 4#�Y� A�� 1464 
�,� 
�,� 5'�� � 
�+  	�� !�>s@ 43 ���3 ���3  4� 
�� 
��,�� %, .(�,�&1 KC�$

A���� ��� ��� ��6 �� � A��6&9 2�&+ �1l,�   ��,��j#+).5G&1 �&0 ����6&9 A�j3 A��1391 :25(  

&3A 4Y��N+ A ��� 4IU�+ A ��s@n �K�#�����X �I+� ���  ��2�&+ B��4� A ��s@n �K�#�����X  �5�� �#B�,4 A 

 ��43 !B� 4U3� )A1�2:�� 4Y��N+ (  
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)1 (  ∇� = �	
�
 �̂ + �	

�� �̂     

)2 (  |∇z| = ����
���� + ����

����
  

43 %,  [�@&@%�����+ 	��� %, 9 ��� 43  ���'��� 4IU�+ A �W�+� ��. &3A 4Y��N+ A ��� 4IU�+ A %�����+ 

���#�� �+� H1���
  	�B�)  ���L� &� 4�6�, 43 �  �	� ���'&� 4�6�, �N\� +� ����. 4������ %�����+ 

4IU�+ A ��� ��s@n �K�#�����X ) 4U3� ],&b 	3�4�+ 4Y��N+ ( .��&1  

)3 (  ����� = �
∑  !"#$ "

∑ %&'&(� |∇�|&  

)4 (  %& = �
� (cos ∅- + ∅.)  

Φ1 4�6�, )�B� 	 
���H1 ��+ �,��G&?L �&'  � g�� AΦ2 4�6�, ���L 	 
���H1 ��+ �,��G&?L �&'  A

 .5� g��|∇Z|44�6�, K�#�����X� n�s@� ��� ��I+  Ai 
&��� ���� c  K�&� A3 ×  3  .5�  

  

a - ���� �L��� 5�
:   

 	 7^3 %, ��
�� A�� ���+ �3 D��3 
�� �3�,43 1����& A2939 
�� %, .�� 
��s�� 
���#, )�� A��3 	 ��

1338 �@  )�� A�:��1392 )1960  �@2013
&:3 �3 ( =���,&� D�� 	 A&�143 ���' ���+ 4��:3 D�� �3�,

43 5�� 
�+� ��
�� ���>+ !�>s@ .  ��14×14  5� &�+�/�� 
�� 4����� �b�&^+ &,�M@ 4��+�� �� 4� &�&� � ��

 �3 �&,8289 �+ 
����� K#>�� 
�� 4������ .��� �� ����j3 8289 ×  19724  4���+	 &3  &3 ��>+ � ��&U� A��

���� A�� 4�G&1 A�L ��� �&0 �����+ ��,&G .��
�� �3�, ��3	 	 
��s�� �3 ��4+��&3 ��,# [/�+ �c��� 
��  5�

K>�)2.(  
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 UH�2��6�",� OQA�� :  5�
�# ��A ��+� ��$. �� ���� ��6,� 5  5�
��J� ,#��  


&:3 �3 7��l� %,  43  �U�N+ 43 ���&1 �&>,�� 	 A&�1`&^��  ��� &3 &�1&G D��3 �3 ch�@ A��	��

43 .5� 4�6�&� �&, 43 �\�I�� A����6&9 5�� ��W�+  &�#+  `&^�� 43 ��3 �� t7��l� g�� 43 �3�,

 � ��� A����6&9`��6 
�� �+ 	,4�&�  �&, 434�6�&� 
�� .5�  ��&�#+ %,  A��6&9 A��&�#+ )�M$ 	 w�

 �3 � (��,�� � 	�S� <,��@) 5�1 <,��@ 43 K,�Y@5�� ��  &� 4���9 4� �� ���&3 ��&�#+ 	 !,&�  <,��@ %���

 �&, &3 k��s�+ A��	�� �� ��Y' ��+	 )�b �� ��6&9EF@��H1&  ���G &,��I+ `&^�� 43 4+� �� .5� 
��3

4�#� �� A2�&+ A &� ,! ��	�� 	A 4�:� � ����3 A��	�� %��j@ 43 c�� 4/$&+ �� .�� 4�6�&� &EF�+  5N@ A

�� 7��� D�� ���+ %, 	 !,&� %��j@ A&3 .�,�&1 c�0 ��  f&U+ {/�^+ ��IIN+ J��@ �@��s�+ A�����j+ � ��

5� 4��1  A	�� &o�$ 7��l� �� 4�43 ���' ���3 	�� �21&3,
� 
�� �/�+ !, D��3 A�� 4� 5�  &���3 �, &�+

7�� 4����� %, .���3  2�� &@43 ���4/  ��IIN+ �6&3
��s�����+ 4�G&1�&0  � A2,2' 43 ��� n�L� )��+ A&3 .5�

/'�
�2 )1393.( 4�:� 
&:3 �3 7��� 5N@ A R�C �6�� 	 A&�1 %,	 .�,�&1 ��^�� ��  R�C ��25 43  ���'

+ ��/U+ R�C4j\�U+ A&3 4� �,�&1 ��^�� [Y� %,�3 R�C %, 5G&1 �&0 
��s�����  D��3 ���3 &�1&G A

�+ !, 5#,�3 
�� %�,�� c��:9 ) ��%�,�� �$gH$ ( �+ 4�:� �6�� %, ��� &3 .�,�&1  	 7�3 4� A5  �C��

�+ 4�G&1 &W� �� ����3 	�� ���3 4��� D��3 �&, 5$�#+ ���   %,&3 .  �� �2042  4/$&+ %, �b �� ����3 	��

A&3 4Y��N+A C�@ k�M^�+�s� 
�� + t��rB� �������% 3�#$�  j+ g&N�� �� ?@ [,&o��k& c�C �  �� 43

 ��W�+4X� A &,�M@A io� &@ � %��� &@ 1&G D��3 	�&  �&,5� 
�� 4�G&1 &W� ��.  
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  m�# � f,��4  

�6&9 &�#+ �� �&, 4� �� [Y� 43D2,� ��6� �� 4�&�,�+ A�,�� 7I� � ��� �&0 4���+���6 A���  �� A�L A��

4��+�� &�� )�M$ 	 w� &o�$ 7��l� ��  5� 4L�@ ��6 )�I�� A��6&9 A��  ���&G ���&3 43  �&, 43 4�G�,


��� )�b �� �&, �� D��3 ��6�  A��+� A4j\�U+���+ K,� f&� 43 �� x,��� 4� �� 4�6�&�  t5#�  

Un+ :`�,� b ���  
�+ &Y+��;�10  � ��6&915 ��6&9 4��+��A   
�+ ��&Y�� 77  � ��6&940 ��6&9 4��+��A 

.5� 
�� �&, ���  
�+ ��&Y+�� ��&G� ����6&9A )�I��  43 4�G�,,�& 125  ��6&9 �37 4��+�� A ��6&9 A

.5� &3 ,% �� ���   2�,�� KMG 
�+ �3 &Y��40 4��+��  �3 A2�9�� gu�6 �3 &Y+�� 
�+ %��rB�  A��6&9 A37 

 4��+��3�&��,% 4��+�� A ��6&9A  ��s�,4�G�  43,�& 
�� ��M�6 ��6 43 � �� 3 ��&��,% ��&G� ��6&9 A��


�����  
�+ 43 ]/j�+ �&, 43�3 &Y+�� 125  &3 ���#+	 KMG 43 ��� !,�2� �3 J,&� %, ��  .5#� ��6&9

�+ 
��2G ����6&9 ���&G .���  

 ���&G [�@&@ 43 &Y+��;� 
�+ �� �&, &3 �H1&E 53�E A��6&9 4��+�� 4�k��Y' ��  :	1 -   4�&�,�+ A�,�� 2�&+2- 

  �� �\�$ � K�#��3 - 7�3 .�� �\�$ � ��/���3 &G %,&@  4�&�,�+ A�,�� 2�&+ ��^+ &Y+��;� �� ����6&9 ���


����e�3 A�	�3 J,&� %, �� .5�  �,�� %, m&� A�� &3 4�&�,�+ A�,�� ��&G A4�G&1�&0 4��� �  �,e�3 A��	&@ A

�+ 7��� � �&, �� D��3 ��6� J,&� �&, A�� &3 A&�1�&0 �3 �L  .��� �� �\�$ � ��/���3  K�#��  43 2��

4/C�G [Y�   �&, 	 ��,	 ���#3 AA�H1&�EF@ ��  ��7��� ,4�G� �+ &sC 43 �,  !,&� &Y�� �� .���4��+�� 	 �� A

5�j0�+ 	 A��6&9  4�&�,�+ A�,�� �� �s/�^+ A��43 ��
��B� 5�&$ �&, A �+ 4� ��  k��s�+ J,&� ����@

�+�� %,. .��,�B� ���, �&, �� � ����34�  ��k��Y' ��  :	1 -   �� �\�$ � ��/���32 -   w��@3 -   K�#��4 -  2�&+

  4�&�,�+ A�,��5 -  %�G&1&W� �� �3 .4�&�,�+ A�,�� m&�4��+�� ��  
�+�� �&, 43 5Y#��:�� 5�j0�+ � ���&G �


��� )�b �� &Y�� , �� D��3 A��	�� ��6� ���&G 7,2G ��W�� &W����+ A��+� A�B� �& &Y+�� 
�+ ��  .���


���  A��+� A4j\�U+���+   37  �&, 43 A��6&9 4��+��
�����  5�k��Y' ��  :	1 )�I�� �3 ��/���3 �\�$ (10 

  ��6&92 �3 w��@ (5   ��6&93 ��j@ �3 �� �\�$ � K�#�� (8   ��6&94 �3 4�&�,�+ A�,�� 2�&+ (8  ��6&9 5  (

&�,�+ A�,�� m&� �3 4�6 4��+��  .��6&9  4�&�,�+ A�,�� m&� 	 4�G&1 kF�� A4� &@&E�+,% 4��+��  43 A���� A

 � &�1&G D��3 �3 ch�@ A��	�� Ae�3 ���&G ��W�� 4� 5� 
�� )�I�� �&, 43 ��6&9 ���� ��j@ 5� �&,

)�I�� A��6&9 ���&G %,&���3 &�,� A�� 	 .�	�� �+ �s��+ �G�,4��+�� 43 ]/j�+ �&, 43 4  	 4�G&1 kF�� A

 A�L&3 �&, &3 (&sC ��$) A2�9�� ���#3 &�EF@ �&, 	 A��� [Y� 43 4��+�� %, 4� 5#� �� �\�$ � ��/���3

�+ .��H1  

 K>� ��� &33 �+ 
�+&:+ K,� �@ ��,&:� K,� �3 g��M+ 4� &Y+��;� 
�+ �� 4����+ ���&G %,&�B� t���3

 A��6&9 A��&�#+y� 
�� .5�  
�+ %, �b �����&G 4����+  &3&3 A��6&9 4��+�� A15 �+ ���+ %,&���3 .���3

 )�� �� D��3 ���&G2009  ���&G �33 43	�� n�0� .5� 4�����  4�&�,�+ A�,�� m&� 	 ���,&L ��� 
�+ %, ��

�,&L 4����3 K�\� 43 &Y+��;� �� .5� 4�G&�� kF��� D��3 ��6� 4�&�,�+ A�,�� 2�&+ 	 4�G&1 k��� A��  A��

)�� 43 ]/j�+ 2�� 
�+ %, �� ���&G �2�+ %,&�B� .5#�� ��W�� 	 ��� �&, �� ���N+  A��1986 �@ 2005  �

2007  2008  �2010 �) ��3� K,� �@ &:+ K,� �3 g��M+ &Y�� 
�+ .5#� 	�� &sC ���&G A�� 4� 5� K,
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.5#� (�&, 2�,�� ��  
�+ %,40 )�I�� �&, 43 4�&�,�+ A�� 	 ��,&L  %, ���+ 	 .5� 4�G�,40 4��+��  A

)�I�� A��6&9 4��+�� 7� �&, 43 4�G�,  ���&G 7��� K�\� 43 .5� 4��1 	�S� 4�&�,�+ m&� 	 A��6&9 A

��,&L  A��
��	�S�   4�&�,�+ A�,�� m&� 	ae�B�$ D��3 
�+ %, �b ��  A��y� 
��  	 ����&L,�� �� 4� 5� �,

�+ kF�� 4�&�,�+ m&� 	 4����3 .�&�1  )�� �� &Y�� 
�+ �� ���&G A2012  �3��&G� 10  4����� n�0� 43	��

.5� )�� 43 ]/j�+ 2�� 
�+ %, �� ���&G 4��B�  A��1986  1989 1994  1996  �@2000  2002  �@2004  

2008  �2013 .5#� 	�� &sC ���&G A�� 4� 5�  4� 5� �� &����3 ��I+ %,��� ,!  D��3 �&, q�I� 	

.5� ��� K,� �@ ��3� K,� �3 g��M+ &Y+�� 
�+ .5� 
�&>� 43&�@ � A&�1&G  ��,%  
�+37 4��+��  A��6&9 A

)�I�� �+ ��/���3 A�� 	 �&, 43 4�G�,���3  �� 4�&�,�+ A�,�� m&� ��\�,5  �&0 c��:9+� 1��&  7� ���&G �3)

 � (��,&L�����4�  K>� 43 4L�@ �3 .5#�� ��W�� 	 ��� 
�+ %, �� .� D��3 n�0� ��W��4 K�U�#+ 	 !,&�  A��

)�� 	 !,&� �� D��3 ��6� &����3 ���B� �� ��L�+  A����&3���+��I+ 
�+ %, �b ��  5� �K�U�#+ %, &,  ��

 (���&G)7��� ,4�G� 4����3 .5�  )�� 43 q�3&+ 
�+ %, �b �� ���&G A2013  ���&G �323 4��B� .5#� 	��  A

)�� � ���&G  A��1986  1993  1995  1999  �@2002  �2010 
�� ��M�6 ��6 43  .����I+,& ,% ��&G� �� 

�+ 	�� &sC �3 &3&33��3 .���3)�� �b �� %,&  ���H+ A����� ,! .5� 4���� &�1&G D��3 �&, q�I� 	  

  

 UH�3�4����+ ���E�4 : ��GC� 5��# `�,� Un+ �� 9��# ME� ���� 5 5���F )1986-2013(  

:J��"�7 Un+  
�+ �b �� &Y+���188  � ��6&955 4��+�� 
�� ���� ��� A��6&9 A ���&G 4,��� �� t��

����6&9   43226 4��+�� � 43 A��6&9 A��84 ���+  A����6&9 ���&G 4,��G 
�+ �� t5� 4��� 7,2G

)�I�� 4��+�� 4� 5� �\�$ �� %,  5#� 4,��� 
�+ �2�+ ��B� 43 �&, 43 4�G�,  43 
�+ %, �� A��s� A��6&9 A��

 �2�+52  4��+��7��� ,4�G� 4��+�� %,&���3 ��� %, &3 .5� A  � &Y+��� 
�+ �� �&, 43 4�G�, ��s� A��6&9


�+ �3 g��M+ A��6&9 ���&G %,&���3 .5#� 4,��G � 4,��� A��  


�+ �b ��  4,��� A��
��� ��  A��+� A4j\�U+���+ )1986 -2013)�I�� A����6&9  (  �C�6 q�I� 	 �&, 43 4�G�,

 4� 4�G&1 kF�� 4�&�,�+ A�,�� 	��@��Y' 	�0 : 4L�@ �3 .K�#�� �\�$ � ����, A�,��  ��/���3 �\�$  w/b ����
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 A�,�� m&� 	 ��6&9 )�I�� 4>�, 434�&�,�+ 
����e�3 A�	�3 )�I�� �3 
&B�  5#� �&, &3 ��&G A�����4�  �b ��

 .��� �&, D��3 ��6� �� � A�H1&�EF@ %,&���3
�+ �� ��A ��G,4 A 
��� A ��+� A 4��+��  �3 ���H+ A��

4��� �&, &3 � �@��s�+ A�H1&�EF@  4,��� 
�+ ��rB� �@��s�+ A��F��+&� %,  ����F��+&� k��Y' ��  t	

 ����6&9 %,&���3 
�+ %, �b �� .4�&�,�+ A�,�� m&�  4�&�,�+ A�,�� 2�&+  K�#��  w��@  �� �\�$ � ��/���3

�B� � 4�&�,�+ A�,�� m&� 	�� %,&  &�#+ ��,	 A�H1&�EF@ [Y� 43 .5� 4��1 	�S� �� �\�$ � K�#�� 	 ��

�+ �&, &3 4�&�,�+ A�,�� m&� 	 4�G&1 kF��  D��3 ��6� ���&G 2�� 
�+ %, �b �� 4� ��B� q�Y��� ��@

K3�0 4L�@  4��+��  5� &Y+��� 
�+ �3 g��M+ 4� ���#+	 KMG 	 
�+ %�+�� �� .���3 �
��B� ��s� �&, 43 4� �,�  ��

��@��Y'   A�,�� m&�  4�&�,�+ A�,�� 2�&+  �� �\�$ � w��@  ����, A�,�� � K�#��  �� �\�$ � ��/���3 t	

�+ 43&�@ � 2�,�� KMG �� &Y+�� 
�+ ��rB� �U,&� 2�� 
�+ %, .4�&�,�+  m&� 
�+ %, �� 4� k��s@ %, �3  �,�B�

4�&�,�+ A�,�� 4Y@� ��  c�� A&W�	 �+ �&0 �&, 43 �\�I�� A����6&9 ��j@  .�&�143 3��� �,&�  ���+	 43 J,&�

+	�3� ) ��&1 ��M�6 ��6 43 � �2�+ %,&���3 4�&�,�+ A�,�� m&� 	 �\�I�� A����6&9 4� (4,��G � 4,���


�� .��  

D��3 ��6� ���&G ���&3 	 KC�$ x,��� 3 
&B� A����6&9 ��|$ �)�� 	 !, &� ���#+	 KMG �� ��  K>� �� ��

4 �+ 4,��� 
�+ �b �� K>� %, ]Yb &3 .5� 
�+� �����) ������ 4Y� ��,&G !, ��@–��,2G  ��,2G–

���&G �� � (�����  )�� �� ��6� ���&G %,&���3 
�+ %, �b �� .��B� 
����+ ��2011  5� 4����� n�0� 43

4�  ���&G17  ���+ 	 .5� 
�� ��M�6 ��6 43 � 	��84 4,��� )�b �� 4� A��6&9 4��+�� A��&3���+ ��� �


�� �&, 
�����6 t��32 %,	 .5� 
��3 (����6&9 )�I�� ��>+ %,&@�H1&�EF@) 4�&�,�+ A�,�� m&�  4��+�� ��

 ��  
�+ %, �� D��3 ��6� Ae�3 ���&G ��L�.� %��rB� t5#�� ��W�� 	 ��� ����  ���&G %, �2�+ %,&@

 )�� 43 ]/j�+2004 4,��� �b �� .5#��B� 
����+ ���� �� A&�1&G D��3 ��� )�� %, A 4,��G 
�+ �� .���

.5#� ��s� K,� �@ %B:3 K,� �3 g��M+ 4� �+ D��3 ���&G %,&���3 4��H1 
�+ ��rB� 2�� 4,��G �b �� ]/j

 )�� 432011  �3 &3&3 ���&G %, ��I+ 4� 5�21  	��5#� 
�+ %, �b �� .52  A��6&9 4��+��43 �� �&, A

4�G�, ��,&L��,&L K+�� A�H1&E %,&���3 4� t��  %, ���+ 	 t���� �&, ��� 4�&�,�+ m&� 	 4� 5� �,��52 

 ��6&915 �� ��M�6 4�&�,�+ m&� 43 4��+�� .�%,&�B� )�� �� 
�+ %, ���&G �2�+  A��1995  1999  

2000  �2002 �+ 
�,� 5� 
��3 	�� &sC �3 &3&3 4� )�� %, �b �� .���  4,��G 
�+ �� A&�1&G D��3 ��� 2�� ��

�B� 
����+ K,� �@ ��� K,� �3 g��M+ &Y+��� 
�+ .����A 
�+ �+4��+�� ���&G %,&���3 .���3 � A��6&9 A�

)�I�� 4IU�+ 	  4�G�,  4�&�,�+ A�,�� ��/���3 A43 ��4Y@� �� 4�&�,�+ A�,�� m&� � 5� 
��3 ��,&L �� �&, A A

 ���&G �3 c��14   ��,&L4�G&1�&0  t5#�� ��W�� 	 ��� J,&� %, .5�4�&9 ��,&L ���&G %,&���3  A��

)�I�� , 43 4�&�,�+ m&� 	 4�G�, 4,��� 
�+ ��  �&n�0� 43 �+ D��3 ��6� [Y� 2�� &+ %�B� � ������  �� ��,	 A��

)�� �� ���&G %,&���3 .5� 
�+ %, �b  A��1987 � 2012  ���&G �318   	��y� 
��  �� ���&G %,&�B� .5�

)�� �b  A��1995  1996  1999  �2004 n�0� 43  %, &,��I+ .5� 4�������&G� �� �+ 	�� &sC �3 &3&3 .���3

 5� �� 	 ���$ &,��I+ %,4� )�� �b ��  ���H+ A����� ,!  .5� 4���� A&�1&G D��3 �&, q�I� 	  
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 UH�4�4����+ : ��GC� J��"�7 Un+ 9��# 5��# ME� ���� 5 5���F )1986 -2013(  

 K>�5 4����+ ���&G 4��+�� � ����3 A��	�� A A��6&9 A�� 
�+ �� A����&3���+�+ &,�M@ 43 � �  .���

��B� ��b  4���7 &@  4����3  �� 
��� 2��	��6&9 4,��� 
�+ �� �,B� ��4�  y� &Y+��;� 
�+ �� �,	��6&9

�+ �+ 
��2G ����6&9 ���&G &3 4,��� �@ &Y+��;� 	  ���  .���%,&���3 )�I�� A����6&9 ���&G  �&, 43 4�G�,

4��+�� %, �2�+ %,&�B� .5#� 4,��� 
�+ 43 ]/j�+  !, �� .5#� &Y+��;� 
�+ A&3 A��6&9 A�����4� 1�& �/� A

 :K+�� [�@&@ 43 ��&�#+ ���&G %,&���31 -   4,��� 
�+2-   &Y+���3 -   4,��G4 -   &Y��5-  � &Y+��6-  &Y+��;�

.5� 

 
 UH�5�4�
�� �4����+ ���E�4 : ) ����# 5�
7�� � �
GQC�I 51986-2013( 

 K>�6 �+ &,�M@ 43 &�1&G D��3 ��6� ��+	 �� � J,&�  �� .���w� +	�4� D��3 ��6� ���&G 4�I� %, A  A��

�/�+ !, &3&3 �, 7�3 �2�+ ��N�+ � K#>�� &� A&3  &�+ K#>�� &� D��3 %�����+ &����� ��  A��+� 
��� �b ��

�+ �&, �� 	 �&, 	 �Ib��+  4�I� 43 4L�@ �3 .����3 7^3  �&S )�B�  )�B� :4/BL  A�� �&, �&S 	 �,��



  

  

  

  

170  -------------------  ��� 	�
�� ����� �� ��������� ������ � � ��! �"�# � �#�$%   �&� �"'(� �1400  

 
D��3 � ����6&9 &���3 &�EF@ 	 ���� J,&� %, .���#� D��3 Ae�3 %�����+ � ���&G  ]b��+ %, �� 56��>, A��

 m&� � m&� )�B� ]b��+ .5� %�3 ���&G A�� �&,235  -260  .5#� 	��4L�@ �3  %�,�� %�����+ � ���&G 43

4���� 4� �$�� %, �� D��3  A����6&9 A�H1&�EF@ A.� ��@ D��3 ��6� [Y� 5�  	 ]b��+ %, �� .� A��

  .5� 
��3 �&, 

���� �,��4/BL	$�� ��rB� �U,&� 2�� �2,  ��:sC  A2�&+  .0 t � ���#�� � �&, m&� � m&� )�B� �

 k��s@ %, .��� � �&, q�I� &�,� �3 k��s�+ au+�� �U,&� ���#9�/3�3,% k��C  �&, 	 4IU�+ %, �� t4� 5�

  .� ���#3 ���&G3�% 60–85  .5� 
��3 	����L��3  %, �� n�0� ���&G 43 D��3 %�����+ 5Y#� .� ���#3 ���&G

 4� 5� �� 	 ���$ J,&� %, .5� ��,	 4IU�+�� D��3 ��6� �&, 	 4IU�+ %,  ��W�� 	 ��� �3u�� A��

3 �, 7�3 D��3 ��6� ���&G 4�&9 .5� 
�� ���� � ��6 A&@��$ K>� 43 J,&� ��+&� m&� A&3 .5#�� &3&

�/�+ !,  ���$ Ae�3 (a�Y,&I@) %�����+ n�0� &�,� [��L 	 � 
���� ��6 %>B+ �$ %,&�B� 43 4IU�+ %, �� &�+5 

�/�+ D��3 n�0� J,&� �&, 	 7^3 %, �� &�+  � �3u�� A��3�7 �	�7 �+ �,��@  D��3 .� ���&G 4�&9  ���

�/�+ !, 	 &���3 �, &3&3 &�+ � !, �� �:�@ 	 ���� K#>�� %, �� D��3 Ae�3 %�����+ � �&, 	 ���N+ K#>�

�+ 4IU�+ %, �� e�3 a��Y#� D��3 ��6��+ .�&G D��3 ���3 �3u�� A&3 � 4��+	 J,&� %, .���3 .���  

  
 UH�6���� o, 7� O�# �, �#��# 9��# ��GC� �4����+ �	*4 : )  ���p �7��Q �(�	*4  9��# @�64��� 5���� �#  �Q�Q�)  �����J�` �
(  
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 K>�7 �B�,7 
����   ����6&9 ���&G  D��3 k&��?@ ���� A4�:� �C��  5� i�o�@ 43 c	e) D��3 &�EF@ 5N@ A

 4�4�:� �� 
�,��� ���B� �� �C�� !, 	 &�B� A4�G&1 
�� ���+ D��3 ���B� ��� &3 .5#� (  ����@ !, ��@

��,2G)- D��3 ��6� ���&G  D��3 ��I+ �� A��+� 
��� K6� �� � (������� � 4�:� D��3 &�EF@ 5N@ A


��� �� �,�:�� )�� 4� ��  D��3 ��6� ���&G ���B� 43 4L�@ �3 .��B� 
����+  A4j\�U+���+  ��23 ��:L

y� 
�� � 5� )�I�� �&, 43 ��6&9 A��,	 ��j@  2�� D��3 �2�+ ��B� 43 4� 5� 4�G�,2G,7 ,4�G�  �� %, .5�

 �,�:�� )�� 4� �� D��3 &�EF@ 5N@ 4�:� 4� 5� �\�$7��� 
��� ���3 43 .5� 
�� ����  &@�3,% 4�  �2�+

 ��I+ �,�:�� )�� 4� �b �� 
�&� ��s� A����6&9K3�0 :L�@�3 � &EF�+ � �&, 	 �B� ���#3 �C�� �\�  5� 
�

 )�� A&3 J,&� %, .5� 
�&�1999  
�&� ��s� �&, 43 4,��� 
�+ �b �� JIG � .� ���#3 ����6&9 �2�+ 4�

 )�� ���B� ��� &3 .5� m��C 2�� 5�1999)�I�� A����6&9 �2�+ %,&�B� A�� 4�  %,&�B� � �&, 43 4�G�,

 D��34�:� �2�+  5�  .5� 
�� ��M�6 ��6 43 � A��,	 ��I+ D��3 &�EF@ 5N@ A 

4�:� A&3 %>B+ 5\�$ %,&�:3 ���H+ ���B� ]Yb &3  )�� �� D��3 &�EF@ 5N@ A2004  �35 4�:� �C��  5N@ A

 &�EF@y� 
��  )�$ �� D��3 �2�+ � .� �&, 43 A��s� A����6&9 ��j@ )�� %, �b �� .5� .5� 
��3 7,2G


��� �b ��  A��+� A4j\�U+���+  � A��s� A����6&9 �2�+ %�3�2�+ 4�:� �3  D��3 4U3� �� &�EF@ 5N@ A  A

D��3 �2�+  ���3 .� �&, 43 A��s� A����6&9 �2�+ 
�1&� ��j,  ��� ��L� ��>j+ 4�:� �\� 
��3 .� 2�� ��  A

�+ 7,2G �� &�EF@ 5N@ ���3 43 .�3�, 
��� D��3 &@ 4�:� �� ��  �&, A	�@,T 
�� �B� 2�&B�+ ��>+ !, �� �  ���

.5� m��C 2�� 4/*#+ %, w>'  

 
 UH�7�Q$ � 9��# �����q. G4�� U���. ���E�4 : JF ��ij. !�. 5  
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5��R ����4  

D��3 �� 4�&�,�+ A����6&9 &�EF@ ���� 	�� &o�$ ]�IN@ ��  %, .5� 
�� 4X� �&, ���#+	 KMG &�1&G A��

.:+ 	 �>, 4� 
�,�&1 ��^�� ��W�+ %,�3 g��  A����6&9 �&, )�� �&� KMG D��3 &3 �H1&�EF@ K+�' %,&@

7��l� ��L� %, �3 .5� 4�&�,�+ A�,�� 	 4�G&1 kF�� A��  �� .5� 4�G&1 k��C q�Y@� %, �� �B����#3

4�&�,�+ A����6&9 	 !,&� )�I�� � 5�&$ &�#+ ��3 &o�$ 7��l� 
&:3 �3 �� 	 w� � �,�&1 KC�$ A  	 A&�1

�1l,�  4�&�,�+ A����6&9 &�EF@  &�1&G D��3 A��	�� A��+� A��  5,�:� �� 4� 5G&1 �&0 K�/N@ � 4,2�@ ���+ A

��&34�&�,�+ A����6&9 4� �,�&1 ��,F@ &+ %, m�G 7��l� � D��3 �� �,2#3 7I� A  �&� KMG A��

�+ �s, (2�,�� � ���#+	))��  {jo � k�� A�� 2�,�� � ���#+	 )�MG �b �� ����6&9 %, A�H1&�EF@ .���

�+ )�� �6&3 ��)���3 
�+ �, ��  k�� ��&���3 &�B� k�� &�,� �6&3 �� � 
��3 �+  4� 5� &�� 43 c	e  (���3

�B� 7��l� 	 KC�$ 4���� ���&3 D��3 ��6� [Y#+ � 4�&�,�+ A�,�� �:�@ ��@  5�j0�+ ���&3 .�&� �G&j+ ��

 � &�,�>, �3 4�&�,�+ A�,�� � ��� �����0  y&�  
��� A�,�� 	 4�G&1 kF�� A����6&9 c�S� �&, �,��G&?L

C K+�' :��rB� �/+�'!�#� ��L�  ��j D��3 ��6� &3 &E�+ K+�' 	 �G&1���@ ����3 A�� 
��� �b �� .5� ��  

4��+	 K+�'  ����6&9 ���� &3 
�u' 4j\�U+ ���+ A��+�  �� D��3 ��6� 43 �:��+ 4� 4��� ��L� 2�� D��3 	��

�,�� ��&G ��N+ A&�1�&0 e�3 �� 
�� f&U+ [\�U+ &3 
�u' .5� 
�� �&, m&� �, � 2�&+  �&S �� 4�&�,�+ A

�+ �s, �B:+ 7I� ����6&9 &���3 49&� A�H1&�EF@ �� 2�� �,�� %,  ��L� 4� 5� �� 	 ���$ 7��l� x,��� .���

5\�$ %,&@�H1&�EF@ 	 �&, &3 �� ��&G 
����e�3 A�	�3 )�I�� � �,�� %, m&� �� 4�&�,�+ A�,�� ��&G ��N+  A��

�6&9 )�I��D��3 %,&���3 ��6� [Y#+ 4� 5� �&, 43 ���  � �/��3&sjL 7��l� 4���� .5� 
�� �&, �� ��

)���>B�1386 (k&� � �&Y0 
&,2L g&b) 4�&�,�+ A�,�� m&� �,	��6&9 4� 5� &o�$ 7��l� &1��,F@ .� (


��� �� � &�EF@ %,&���3 ���� &3  &o�$ 7��l� �� .��� �&, �\��&@ A���  � 4�&�,�+ A�,�� �,	��6&9 �/C A��

���>B� � �,e�>��  4� �\�$ �� 5� 
�� 4�6�&� �� &�EF@1)2004 m&� � �&S 4� 4/*#+ %, ��,F@ &3 
�u' (

����� 4�&�,�+ A�,�� 4j\�U+ 43 ���#� �,	��6&9 �/C A��  ]�IN@ %, �� .���6�&� 4,���E �,	��6&9 ]b��+ A

 A&�1 
&:3 43���>B� � �2��;B� �\� 
�� 
��� 4�&�,�+ A�,�� �� 
�� ��\�@ A����6&9 �+�B@ 	2)2006 �3 �:�@ (

.���&� 
��� n�o�+ %, 43 4�&�,�+ A�,�� �&S A����6&9 �,�L 43�L &3 ���F@  


�� ���>+ � ���+	 !�>s@ �� !, 	 4� 4/*#+ %, %�G&1 &W� �� �3  � �����j+ &�,� A�� 	 � �� 4� �U,&�

�+ A&�1�� � �3�,�L A&3 �&����l� �+ 7��l� x,��� ���1&1� [Y� ��&,H�  %, x,��� A��� %,&3��3 .���

7��l� 
��� )�b �� m�G 7��l� 	 KC�$ x,��� ]Yb &3 .�&,H� c��� k�>� %�B� %��� &W� �� �3 �,�3 ��  A��+� A

9 J���+ ��U3 ����6&9 A��1���+ k�+ ���&3 ���+4��+�� ��j@ ��� %, &3 .5� 
��3 	�� ��:  A��6&9 A��


�+ �� ����3 A��	�� ��j@ 	 &�B� ���#+	 KMG �b �� 
�� KI��+  ��,F@ n�o�+ %, .5� 4j\�U+ ���+ A��


���� 4��+	 ����6&9 ��L� a�+2\ 4� 5� 4/*#+ %, A  ��L� ��rB� A&�,� K+�' 4>/3 5#�� D��3 ��6� 	��

 53�b�!�#�  ��jC [���+ J,&�  �G�� 
���� %��j@ 7I� D��3 A�� D��3 n�0� �� A  �s, A��6&9 A��

                                                      
1 - Nicolaides.etc 
2 - Campins.etc 
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�+ ���9 .���� ) �����/' 4�1366
���� )&��� K+�' �G&1���@ ��L� �:�@  5� 
�&� k�YE 2�� (  �1���&� A

�B� ���/>�� ��/>�� ��s� �� �L Ae�3 iU� A����3 ����B� �/+�' 4>/3 ���3 ��>+ 43 ��  ��6� � {/�^+ A��

 .���� A&E�+ 7I� D��3  

���&3 
��� 4� 5� �� 	 ���$ D��3 k&��?@ &3 4�G&1 k��C A�� �+ .�#I@ 
��� .�� �� 43 A��+� A  4���&1


��� .�� :K+��  	 )� A1986 -2000 
��� .�� � 	 &�,� A2001 -2013 �+ 
��� .�� �b �� .���3  ���&G  )� A

9
�� ��M�6 ��6 43 � �,e�3 ��I+ D��3 %�����+ �+ %�,�� ����6&  
��� .�� A&3 J,&� %, .5�  c�� A

 &�,� ���3 43 .5� 
�� 4���� D��3 %�����+ �2�+ 	 � 4�G�, 7,2G ����6&9 ���&G � 5� 
�,�&1 ��>j+

 D��3 %�����+ %�3 4U3�y� 
��  ����6&9 ���� ���&G �3�+ ��>j+ �1�� � =�1 4���U��B� .���31  )�� ��

2001 4U3� ���� ���� 5�\�jG �3 �+� �IG � A��B' k&��?@ %�3 �>,�2� A 4���� �� .��� ��L� ���/>�� A��  

 ����6&9 4>�, 43 4L�@ �3 .�� 5Y#� ���:L 7,�+&1 43 � 4j\�U+ ���+ A��+� 
��� �� 
�� y� J,&� ����+

 	 ��^3�+ �+&1 	 � ��6 A�&� 4������ ��&�1 A  ���� � A&���3 �,	��6&9  (�+� 7,2G)���:L 7,�+&1

..��#�  

���&3 	 
�� KC�$ x,���  �+ ���� D��3 &�EF@ 5N@ 4�:� � D��3 %�����+  ����6&9 ���&G 4U3� 4� ���  A

�3 ��>j+ 4U3� � D��3 %�����+ � A���� A����6&9 %�3 .�I�#+4�:� � A��s� A����6&9 �2�+ %  &�EF@ 5N@ A


��� ���3 43 .��� ��L� D��3  ����6&9 ���� 
�1&� &@7,2G 4�:� �3�, �� 	 !,&� &�EF@ 5N@ A �+ 7��� ��  �3�,
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Abstract  
The fluctuation of rainfall across the country has created many environmental crises in recent years. In this 
study, in order to investigate the widespread rainy days of Iran, two groups of data centers including high 
atmosphere data and ground level data were investigated. The high atmosphere data include: geopotential height 
(in meters) and sea level pressure (hectopascal) that were gathered from the National Centers for Environmental 
Prediction of U.S. and National Center for Atmospheric Research (NCEP/NCAR) for the statistical periods of 
1363 to 1392 (1986 to 2013) for the area of 10 to 60 degrees north and 40 to 80 degrees east. The ground level 
data were gathered from interpolated data of daily rain from 2939 stations and 19724 days on cells with the area 
of 14 in 14 kilometers. To analyze the widespread rainfall of the area based on index, the 25th percentile was 
chosen. Based on this percentile every time 5 percent of Iran is seeing rain to itself, that day will be chosen as the 
day with widespread rainfall. The results of this study indicate that based on the trajectory of the transferred 
cyclones to Iran, any time this trajectory is combined with the Red and Black seas, it will add to their impact and 
occurrence. When the rainfall occurs, the western and north western regions of Iran experience the same amount 
of rainfall, while eastern and north eastern regions are hit by weaker cyclones and thus the amount of rainfall is 
less in these areas.  
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