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 �� }�A^��� D    ���� )� 
� �(�!Z�     �+� ��n  �@+(   �+7��  . �+C� 
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 (ci)� 
� �7�B Y�/ �����Ci   �(ci))� d(xi,  ;�+� ����A  xi  �
(ci)� )�D���"� ����A r�!
�(-D� �  k �7�B ���
	�7�� �� ��.  

 ^F1��K�� Y�D��K-mean ��  �1) 'f7���7��:  
1-���
	 k �7�B     �A��<	 #��� �� �����    4�eF��  ��+7    �+���� � 
�7�B�����C��/ ��a�  ;��
	 �����C.  
2-  �� �� �@( �7�B 
�   ;1�	 i1��� ��   ��+��A    ��   � �+�   �+�� =�

 J�:F�� ������ ������7.  
3-    �!� �� ����)�@(�    �+7�B �+�    s+�Fe� 
�+�    ���� l�<+FB� 
���76����� -�
"��  �� ;��
	 ��������7.  
4-  Y�C2�3          �+�f� �+��$	 �� �7�B 
�@(� �� ����) �	 6     �+aB �+1 
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����� 
���� ���)�� ���� �f�1� 

��  �� ���� ��V � �7�� �+�K!� ��Z1� mED ����� ;1� ���C 4z�+�  

              
�+�)�� |�D� �� �,�	 6
��� ��,V W�� i1 ����� j`3 �� �`� 6���7
Y�Z�� ������ A�C-�  �� �_� ��     
�+�)�� |�+D� �+� 
�+�� ��,V �D�

������ �
"���7�� �	.��,V )� j�� �`�    6�����+� 
�+�)�� 
��E� �� 
���
              ���+� ���:� �� #����$	 �_� �a:� )� �:a�� ��FA� 
��E� �� 
��� ��,V

 �� -D�   ���� ;1� ��    ���:�    ��K!� ��d � ��K!�     ^+,� ���.� 9?��� 
���7��.   � �1�Z	 \1�F� ����� �      ���+� 
�+D ��+�� 
��    �+��)�� 
�+�

                � ���+� i+1 )� ��� �c1� ���:� 
���� J�� ����� ����D �� ��� =�[�
   W�!Z� ��94/57      ���� '+� 0��1��� )� ����       �+� �+�/�	 �� �+� �+��. 

'f7 1  ��e� ����!�    ����� ���
	 )� �
��	 �c1� �1��:� 
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��� 
  J��/1               ����+D �B�+y )� �+
� � 'E" 0��1��� ���� � �c1� �1��:�

    ���� 
��� �� ���� �����      ���� ;�� �KF.E!� 01�	�� �� ���)�� 
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�� �� =�[����.  
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57/11 94/6 74/27 64/16 1  
73/15 49/2 94/32 12/3 2 
51/23 67/4  59/36 19/2 3 
33/26  69/1 44/39  71/1 4 
89/30 73/2 99/41 53/1 5 
09/36 12/3 44/44 47/1 6 
35/40 56/2 59/46 29/1 7 
80/42 47/1 70/48 27/1 8 
61/45 69/1 76/50 24/1 9 
79/48 91/1 76/52 20/1 10 
30/52 10/2 56/54 08/1 11 
02/55 64/1 27/56 03/1  12 
94/57 75/1 94/57 00/1 13 
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 'f73 ��� �� ��7 ��Z1� ;K!� �3���  PCA'f7 � 
��46 

5 � 6              ���� ��� )� ��+7 '+��3 ;+K!� �3��� Y��C����� m�	�	 �� 
           ��� )� ����F+D� �+� ��+7 '+��3 ;K!� �3���� k-mean   
�+D

����    �� =�[� �� ���)�� 
�����.    'f7 ��3  �� ����[�     �+� ��79 
      �� �� �	��� �� ��7 '��3 ��3�� 13        ^1��+� ���+� 4�eF�� �� ����� 

          m1��+G ^+D� )� 0+V �+� ��+� =�+�� ��+? ;1� =��	 �� �� =� '���
�����      ���A� Y�� �� ��ArcGis            ;�+� )� 6�+� �[+:� ;FB��+�� ^� 
�� � 

    �F7�� ���7�V ^� �� �E1��G       ;1����+�� 6��7 4�eF�� �FC��� m1�G ���
��� ��7 j`3 �3��� �B��. 

 +� ��7 ��z '3��� ���!	  �+��)�� ���+� 
��6   
�+D 
��+�  
�+�
 ����A XB�7-6���:�      ���+� ����) '���A       Y�+Z�� �����+� 
�+�)�� �

         ��� �+D �� ��7��Z1� ;K!� �3���� ��7PCA6 Ward  �k-mean 
'f7 ��
�� 7 �	 15���� =�[�-D� ��7 .  
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�+��
 ���� �(�!Z�    � �� ���`� �:a�� 6��� 2      -+D� ���� i�f�	 ��Z� ��3�� 

)'f75 .(        �� �� �+� #��+�	 ;+1� ��     �+�3�� ���� �1 )     w�+7 � J�!+7
  �
��a� ���� �:a�� (    m���	 )� �E1�:	5 ��,V  )      
�+� ��,V �� Y�D��3 6

4  67  68 �9 (   ����� �� �1�Z	 ���         -+D� �+FA�1 '�f[+	 ��+�� 
�+�. 
mD����V )4 (     �+7�B ��� �����+� ��         ���+� 
�+D 
��+� ���� 
�+��

       �� �� �"�7 =�Z1���z� =�FD� 6������3     �	 �1�+!F� �+�3��     ���+� i+�f
-D� . �7�B ���  
���k-mean            �+�3�� �� �+� �� ���`+� �+:a�� ��� 

 	 �1�!F� ��� i�f�) 'f76.(   ��3�� �f1��? �� 1)     4�d J�!7 � J�!7
�++:a�� ( �++�,V �++D )� �++E���	 �++E1�:	 )46 6 � 9 ( �++� �++1�Z	 ���

����� -D� ���� 
��.  
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��� -     �+� �� �:a�� ���:�

8    � � ;K!� ��3��   ��� ^�.:	 iy� )'f77.(  ��,V ;��q�     �+� 
�+��
     � ���� ��� ��k-mean         � ;K!� ��3�� �� �� �� �:a��  i1 ��KF.1�

��C)�D�� )������(  ��!� i�f�	) 'f7 8 � 9.( ��� k-mean  ;1�F[��
      ��,V i1 �� �,�	 �� �:a�� -3�.� )��3��1(  �� ��/�	 �+��)  'f+79.( 

   ��� ��PCA         +7 ��+/�� �3��+� )� i1 ���      ���+� �+:a�� 4�$��!

������ �7�V �� �
��a� )'f77.(    ��� �����+�PCA 
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�+D 
        �� �� �:a��  ���� ����) '���A7 �      ^�.+:	 i+y�� � ;+K!� �+�3�

��� )'f710.(  
��,V         i+1 � ;+K!� �+�3�� �� �+� �� �+:a�� ���� ��� �+� 
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 ��,V i1 )��3��1 ( �� ��/�	           �+7�B i+1 �+� �� �:a�� ��� ;1� ���

     
�@( i	 �7�B i1 � ~���) �+��( 
��� (   ��C)�+D�� ��KF.+1� �� �
)    w���+�A w>[" � 4��� (   ��+!� i+�f�	 ) 'f+712.(    ��� �� PCA 

    -!." �3��� )� i1 ���    w�7 4��/ 6w�7 64�$��!7 
��    �+���� � 
     ������ �7�V �� �
��a� ���� �:a�� .   ��� ������PCA    
�+D 
��� 

 ������ 
��)�� )=� 
����� j`3 �� ���)�� ���� 
�D (  �+� �� �:a��

6              6w�+7 64�$��!+7 �� 
��? �� ��� ^�.:	 iy�� � ;K!� ��3�� 
           �"�+� �+7�V =��� �
��a� ���� �:a�� ����� � w�7 4��/ � 4��/

������ )'f713.(          �� �� �:a�� ���� ��� �� 
��� ��,V4   ;K!� ��3�� 
 �4  ��+!� i+�f�	 ��C)�D�� ��KF.1�  ) 'f+714 .(���k-mean    �+��

               ��+!� i+�f�	 ��C)�+D�� ��KF.+1� �D � ;K!� ��3�� �D �� �� �:a�� 
)'f715.(        � ���� ��� �� �� �� k-mean ��KF.1�
��    �+����� ����� 

 #��� �� 4��D �q7�" ���KF.1�
�� ���7 Xe[� ��Z�. 
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��A �'���  
 ��,V \1�F�  � �� 
���  ��PCA    ��,V �� ��� =�[�      )� '+��3 
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      ��+��A XB�7 6���� ����) '���A 
�D-       �����+� 
�+�)�� � ���+:�
       �7�V �� 
��1) 9?��� � ���� iy�� ���.� ������ . ��     �+Z�F� =��+	

  -A�C          5"�� �� � ����$F� ;1� �KF.E!� Y�( � =��� �A��<	 =� -�(
      � �� �
��a� ���� �:a�� ���[	 Y�(  �� ����$F� ;1  6�7�� �� �_��  �+D�

'��� -D� �
��a� ���� �:a�� =��� i[B =� .��1) 
���� �:a�� �C� 
����     ��,V r�!F3� ��� ^_�� �!D�� 
��       ;+1� 
�+�E� �� ����3 
��

  ����F�5�D� � �	�       �� ���" �7�V -�	 
�F[�� 9?��� � �7 -+A�C. 
  ���PCA  ]��� ��      ���� 
�@+A ��B -����       
�+����� 
�� �� �+�

  �� �1�<	 ����              �� �+�� ��� �+���B =�[+� �� �@A �
"�� ��FB�D � ���

���                 ^+� �+� �� �@+(� �+1 �7�B ��3�� �� �� �� �E	��� ��.�D 
��
 �� '<F�     �7�B �1�@A -���� �_� )� 6�����  �     �+
"�� ��FB�+D �K����

�!���7�� .6;1������   �+� ��_F��     �+7�B �+� ���      )� '+��3 
�+�PCA 
�
"��  �7�B )� �	       ��� �+K1� )� '+��3 
�+�   �+7�� �+� .   4�+eF�� �+�� 
�7�B   -.	 
��E� �� 
���          
�@+A 
�+1�C -+D� ;+f!� 
���� 
��

      �7�� ;K!� �� ��y �� �7�E� �
"�� .   �7�B ��	�� '���A ��1)   �+�d ��
!� ��
� ��K   ��!� ����e� ��Z1� ��� .       #�+(>?� ��F.+C �_� �a:� )�

�7�B   ��K!� 
��E� �� 
��� )�  �7�B    �
"�� 
��� �� �F,� �+7��   ��+1) 
�7�B     �+� �+� �� �� �F[�� 
�@(� �� �1��     �+� �� =� �+Z�F� �+� ��+�C

C��� ����B =� J�E" '��" � 9�"� ��F.C � ��1) #�(>?� ;FA�.  
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�� .   �1�+�A��$/ #�+:�:�	 �����<+A . 64: 258-
234.  

2-;1��cV� 
 .1382 .���.f[B '���	���K�� ������ )� ����FD� �� �FB��7��� 
�� .=�1�V��F�� ���� .
)���[� ��f[���.�1�E	 ��K[��� . 
3-�k�G�p .
�1�( � w  .1388 .  =��1� 4�d �� �7��� ;K!� 9?��� -B��7 .��a��� 
�1� ������ � ��A��$/ ��Z .2:86-65.  
4-mD��j ��V .1387. ��,V
��� ���.f[B �D��7��� =�FD� =�Z1���z� �"�7 ����� �1�Z	 �� ����� 
�+�  ��+��.  =�+1�V �+���  �+D��7���  �+7��. 

��f[��� 
)���[�. ��K[��� �1�E	. 
5-=�1��
.�� . 1388 .=��1� �7��� �3��� .�
D�	 � ��A��$/ ��Z�.3: 91-79 .  

6-Baeriswyl P.A., and Rebetez M. 1997.Regionalization of precipitation in Switzerland by means of principal 



988      ��������	 
 � ��� �26 ����� �4 ��� �- � !�"1391  

component analysis.Theor. Appl. Climatol, 58: 31-41. 
7-Comrie A.C., and Glenn E.C. 1998. Principal components-based regionalization of precipitation regimes across the 

southwest United States and northern Mexico, with an application to monsoon precipitation variability.J.of Climate 
Research, 10: 201–215. 

8-D´Erico J. 2006. Understanding GRIDFIT. 2006. Available for download at 
http://www.mathworks.com/matlabcentral/fileexchange/8998 (lastaccessed 20090414). 

9-Gan G., Chaoqun M., and Jianhong W. 2007. Data clustering: Theory, Algorithms, and Applications, ASA-SIMA 
Series on Statistics and Applied Probability, SIAM, Philadelphia, ASA, Alexandria,VA, ISBN 978-0-898716-23-8. 

10-Kolivras K.N., and Comrie A.C. 2007. Regionalization and variability of precipitation in Hawaii.J.of Physical 
Geography, 28(1): 76-96. 

11-Lee C. 2005. Application of rainfall frequency analysis on studying rainfall distribution characteristics of Chia-Nan 
plain area in Southern Taiwan.J.of Climatology,9:145-167. 

12-Legates D.R., and McCabe G.J. 1999. Evaluating the use of "goodness-of-fit" measures inhydrologic and 
hydroclimatic model validation. Water Resour. Res, 35: 233-241. 

13-Modarres R., and Sarhadi A. 2010.Statistically-based regionalization of rainfall climates of Iran.J.of Global and 
Planetary Change, 75: 67-75. 

14-National Drought Mitigation Center of United States (NDMC). 1998. Report on drought related effects of El 
Ninofor February. 

15-Neal R.A., and Phillips I.D. 2009. Summer daily precipitation variability over the East Anglian region of Great 
Britain. Int. J. of Climatol, 29:1661-1679. 

16-Rencher A.C. 2002. Methods of Multivariate Analysis.John Wiley & Sons, INC. 
17-Vejmelka M., Musilek P., Palus M., and Pelikan E. 2009. K-means clustering for problems with periodic 

attributes.International Journal of pattern Recognition and Artificial Intelligence ,23:721-743. 
18-Wiltshire S.E. 1986. Identification of homogeneous regions for flood frequency analysis. J. of Hydrology, 84: 287-

302. 
19-Yu P.S.H., and Yung T.C.H. 1996. Synthetic regional flow duration curve for Southern Taiwan.J.of Hydrological 

Processes, 10: 373-391 



$��" 
��%� �" !&��& ��'*��� 
��" ���+
�,...      989  

Regionalization of Northwest Iran Based on Daily Rainfalls and Rain’s Time
Intervals Using PCA, Ward and K-mean Methods 

 
B. Fallahi1* - A. Fakheri Fard2 - Y. Dinpajooh3 - S. Darbandi4

Received: 31-10-2011 
Accepted: 10-6-2012 

 
Abstract 

Having a correct view of the effective factors on climatic changes by explanation of a considerable part of the 
total variance in data with limited number of principal components the analytical methods of decreasing data 
dimensions, such as PCA are important tools in water resources planning. In this study PCA method as a 
projection tool for projecting the information space on the limited and specific axes, ward’s method as a 
hierarchical clustering and k-mean as partitioning clustering method has been applied in this research. Using this 
methods and application of daily precipitation data of 60 meteorological stations during a 35 years period (1970-
2004), 4 types of delineated regions were come out on the basis of daily precipitations, distance-quantity index, 
time intervals and rainy days series. S statistic test algorithm was used for homogeneity test of the regions. 
Results showed the nature of the PCA method is such that projects the data space on the main axes and shows 
the real space. But in the hierarchical methods, clusters do not describe the real structure. Therefore we do expect 
that the resulting clusters of PCA would be more realistic than that of methods. But hierarchical methods have 
the advantage of containing the wider clustering information on the basis of homogeneity than the others. 
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