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5 -Principal Component Analysis (PCA) 
6 -Standardized Precipitation Index (SPI) 
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  "��$ ���	� ,      %� �&B� Y����
 ��   ���&	�   �&A�
 �&����B� )11( .   �&]�S 

'��&&(��� '(���&&�-���� '��&&(���# �#&&A |�&&; �&&� ,&&
 ,&&(29� ��
,./#�            '��&(��� '(���&� �c(� ���?� ,
 [#
�� �c(� ����
 ���� ���– 

 0'��(��#S��6 *1�
 �(% ,/��	� "4 %� 0:  
)1(�S-�I�=0  

 =6 �� ,I��	
� �
 �4�� '(���� (P×P) � ��#
 �  ����&
   �&�K� �c&(� 
    '��&(��� '(���&� ,&	/�G� @&(� �� *1� �c(� ���?�- '��&(��#S %� 

��6 *1�
 �(% ,G
��:  

������������������������������������������������������������
1 -Factor Analysis 

� �1��
n
xxs

T

      )2(  
 �� ,  =6XT  '(���� ���)����X*1� .  

   ��� ��FA   �)�� m          W( %� ��
 �)�6 �c(� ���?� , ���� ,./#� 
 ���#
)11( ���A ,B;�] �K� ��.  

         "&��$ Y(��&M � �c(� �(��?� ,	/�G� @(� ��     ���&A ,h&1��� �&� .
   ��$ ��(2] ���
 ,L�]"       ���� �#-� �.�BZ� ������	� l)� ���)7( 0

                  q&1#� ,& W&( %� �&B]�2
 �c&(� ���?� =�#
 ���� ,	/�G� @(� �� �/�
   �P(� @�??�� %� ����+
    ��A ,B;�] ��H
 2��      �&A ,&B;�] �&K� �� �&�� .

   "��$ @��	� %� 'F         "&��$ Y(��&M �J�&L l&)� ��&�     ��� �&
 �&�
    ��6 "�$ ,
 �2�/���� '��(��� . �J�L %� E��  =�&H� ����� ���#��

              2&�� %� =�&H�� �4 �� ���#�� �J�L %� 'F , ��#D *1���#��
    ���sP
 [�?� �
�)11.(              Y(��&M ,&
 ,&-#� �&
 �&��#�� �J�L %� 'F

"��$  ��PB+(� 0�(�- ���  ���] ,
 ��   ���A W�H.� 2(��B� ��� .  %� 'F
  "��$ Y(��M ,h1��� ����� ��    "��$ Y(��M \#�� l� ���  l)� ���

 �� �
       �(��] l1� ,����� ,L�(�� 2(�
6 ,M#4 ,I?� � .    ,I?� ,
 ,-#� �

�����         ��PB+&(� =�� VZI� � n�� "��$ Y(�M l� ���    �&
 ��&�

    %� ��
 Y(�M5/0)    >�G� ��� �K� %� (       VZI&� 2(�&�B� ,&�4�� W(
�(��] .     "��$ ,
 ,-#� �
 �� @(�            *&(�)� �� � �&A ���&H� �&P(� ��&�

,<ZI� �
 �4�#�� �/�+HIJ ������A W�H.� l� %� ,
�I .  
        �
 ���� *1�
 �4�#� %� W( ��SPI   ��� 3   � 12     '&F , 0,��� 

   "��$ ,
 ,(29� %�          �&�P�� =#&�%6 ��� �
 �A "��4 ��S   �(�I&B�(� 
)13(   �(% ~�A ,
 0    ���A 7��� =#�%6 ��#�  .     ��A 5�ZB�� "��$ �� ���


   "��$ Y(�M , �?D���     %� �BI�
 �)�6 ���5/0)      G� ��&� �&K� %� >&� (
     ���A ��- �4�#� �(�1 %� �#
 .       �(��&?� ��P�� =#�%6 ���
 'z1SPI 

    ��PB+(� W(�H( �#<J �� ,D#
��        �&K� �� ,&�4�� W&( �� 7��� ���
 ���A ,B;�] .    ������� Y(�M ��P�6(CV) ���� ��� SPI     ��PB+&(� �&�

�(% ,G
�� %� ,��]��- �#G
��6 *1�
  .  
 )3       (                                                          

x
scv �   

    =6 �� ,S   � x       ���� @�P���� � ���	� E����� Y���� ,
    [#&
�� ���
 ,
SPI��.�� ��PB+(� W( �� �A�
.  

 ��1 %� ����   ���SPI       ���� W( ��PB+(� �� ,
 [#
��   Y���� ,
 %�
��A Es4 r�
 ����6 ���?� � Vj ,G
�� %� 4��� *1�
 .  
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 �� , =6i
Vn
C

1�
  ��?�   �CV  ��A ,h1���         %� '&F ��&1 =��� ���
 
    ����A ���� Es4i    � *1� \�nj  ���&	�  ����      ��PB+&(� ��&�j   *&1� \�  .

   �(��?� 0@(��
��
Vj    ���	� ,
 0j           %� 2(�&�B� ,&�4�� W&( �� 7��� ��PB+(� 
      ���A ,h1��� ,��]��- �#G
 ,����� ,L�(�� ,M#4 .    ����6 ���?� ��P�6V 

    ,�4�� W( ���
  VZI�      %� ,����� ,L�(�� ,M#4 %�  ,G
��)5 ( *&1�
 
 =6 �� , ��6N��PB+(� ���	� � =6 ���*1� ,�4�.  

�
�

�
N

j
jjVnN

V
1

1        )5        (

      �(��?� =��� ���� �
 0@(��
��
jV          ��&.�� ��&$ W&( r�
 ,G
�� �� 
  ���
V         %� "HIB� ��.�� ,�4�� W( ,
 [#
�� j     �&(6 *&1�
 ��PB+(�  .

� , @��V ����6 ��6 *1�
jU�A ,h1��� �(% ,G
�� %� .  

) 6                            (                                  
j

j n
vU �   

    ,h1��� %� 'FjU ��PB+(� ���
j��PB+(� W(�H( � \�   �&� )  ,&

  ���	�j     ��.�� ,�4�� W( �� ��PB+(� (       ���� �(% ,G
�� �� ,D#
�� �(��?� 0

     ����6 �� �A ����voC        =6 �� ,& �(6 *1�
 vjC    ���&?� CV   ���&
 
 ��PB+(�j ,G
�� %� , *1� \� )3(��6 *1�
   .  

�

�

�

�� N

j j

N

j j

vj

vo

U

U
C

C

1

1

1
)7      (                                                

      =��� ���� �
 *(�)� ��voC          ���&�6 ���&?� �&(% ,G
�� �� S   ���&
 
�A ,h1��� ��.�� ,�4�� W(.

)8(                                         � �
�
�

�
�
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j j

vovj

U
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     ����6 ���?� ��P�6S    ���?� �
 2X         ���%6 ,&-�� �&
 n��&- N-1 0
    =6 �� ,n  ��PB+(� ���	�   ���� �&�	� wG&1 �� *1� ,�4�� W( ���

  �(��] ,+(�?�  .  �]�S     %� �B]�2
 ���h1��� 2X  n��- 
��            �&� �?�� @P�� ,�4�� ��#<�(� ��i �� � 0@P�� ��i ,�4�� �A-

�(��] .           �&
 ,&M#4 �� ���6 *1�
 �4�#� ,�� ��P��     ,&
 ,&-#�SPI 
 ���3 � 12��B;�] ���� =#�%6 ��#� ,��]��- �#G
 ,��� .  

  
'(� 	 )"*�  

  n��-1       "&��$ ,
 ,(29� %� "��4 ^(�B�   � ��&�   �(��&?SPI  ,&1  
  =�I� �� ,��� ��  ��� .#D ,
 n��&- @(� %� , �� �&�     [�h�B&1� =�#&�

  0��5           ��� ���� " '��(��� %� ��)� �Z
 n�� "��$ 30   ��PB+&(� 
 ,�-#� �� ��  �� .    �P(� ���h$ ,
5         %� ��&
 f#�9� �� n�� "��$ 68 

     ,�-#� �� �� ���� '��(��� ���� ��          ���&?� ����� �� "��$ @(� , ��
    ��B+� W( %� �B]�2
 �c(� .   � ,
 n�� "��$    ,
 W(�2� �(�)�46   �&��� 
,�-#� �� �� ���� '��(�����  �� .  

 "HA1  ��Z&� ���#&�� �� (Scree plot)     ,&
 ,&(29� %� "&��4
"��$��?� ����( SPI��PB+(� ,��� ,1  �� ,&����� ,L�(�� ,M#4 ���

 �� =�I�����.      "HA %� , ��#G
1 ��         �(��&?� 0��& [�h�B&1� =�#�
         ��B+� W( %� �B]�2
 ���?� ����� l9�F �� n�� �c(� .    �P(� ���h$ ,
5 

      =�#&�$ ,
 W( %� �B]�2
 �c(� ���?� =�#
 ���� ���	� X�1��
 n�� "��$
     ���A ���� V�ZI� l)� ��� "��$.       =�#
 @�3�F *�$ ,
 "��#$ �(�1
     ���� %� �2�L�� '��(��� �c(� ���?�   #� �� �&� ,&�-  �&�       @(��
�&�
 � �&�

A "��#$��A Es4 ,	/�G� @(� �� �	
 ,
 lI���.  
      ��PB+(� n�� "��$ ���#�� �J�L %� "h�     0��&?� 056��&���� ���

              �&���� ���� ,����� ,L�(�� �
�i 5#�- � 5#�- �� , ,(#�A� � ,�����
     ��PB+(� 2�� � E�D W( %�           E�&D %� =�-�2�&A�
 � "&) ,&yi6 ���

,�-#� �� 0�P(���  ��.  

  
 +	�,1-/�0 �� �"789 !� /:& )"*�  �"#�� 
�SPI�;*�"� ��� �<  ���	�� ��"�# �$%& 
�)2009-1972(  

B��� !� /CD                           B��� !� �E�   
 ��FG
/�0

�H"	 �����
 !� /CD

B��� 

 /CD I�"��	 �:�#
B��� !� 

 �EF89 I�"��	 �:�#
��� !� /CDB  

 �E� �H"	 �����
!� B���  

 �E� I�"��	 �:�#
!� B���  

 �EF89 I�"��	 �:�#
B��� !� �E� 

1 76858/13 89528/45 89528/45 92821/3 094/13
2 19116/2 30388/7 19916/53 51232/6 707/21

094/13  
801/34  

3 85467/1 18223/6 38138/59 89745/1 324/6 125/41  
4 52757/1 09190/5 47329/64 09336/5 977/16 102/58  
5 08437/1 61458/3 08787/68 99501/2 983/9 087/68  
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 /�G1-��J: ��#%F� /�0 �� �"789 !� /:& 
��"#�� 
�SPI���	�� ��"�# �$%& ��� �<   

  
           , =�H�� � �)� ,A#J 0��%���J ��PB+(� ,1 n�� "��$ @��y��

     ,����� ,L�(�� ���A 5#�- ,�4�� ��         �&� ,&�-#� �� �&���� ���&�   �&� .
x���M ��PB+(�               ,&�-#� n�� "&��$ �&
 2&(�h� � 5��1 0,i��� 0>��% ���

�� ��#A .               "&��$ Y(�&M ��&�	� X�1� �
 2�� l9�F �� \�� ��� "��$
7/0      �(��� ��� ,�-#� �� ���PB+(� ���  .0@(��
��
  �&�      [�h�B&1� =�#&�

        �A�
 W�H.� "
�� �B)
 �4�#� ,H�(� ���
 , ��    �J�L *1� \%r �
  �#A \�9�� ���#�� .         �&
 ���	B� ��#<
 ���#�� �J�L ,	/�G� @(� ��

*1� ��A \�9�� 2(r���� '��(��� ���.  
B�"��$ �J�L %� 'F , ��� =�I� ^(�   �&
 �&� ���Varimax 

Normalize            "&��$ q&1#� ��&A ,&�-#� '��(��� � �c(� ���?�   ��&�
   *1� ��� ����� YZB�� .    n�v� =�#�$ ,
  [#
�� �c(� ���?�   "&��$ ,
 -

        0�J�L %� "h� \�� � n�� ���7/13   � 2/2       �J�&L %� �	
 �/� 9/3 
  �5/6 �#
  .      "&��$ ���
 ��A ,�-#� '��(��� @��y��     \�� � n�� ��&�

   Y���� ,
8/45   � 3/7           ,&
 �J�&L %� 'F , �#
 ���� 1/27   � 3/6 
 ��B;�( ����� .        �$ q1#� ��A ,�-#� '��(��� f#�9� n�4 @(� �
"� ���

  YZB��)5  n�� "��$ (    ���� ���
 ����� =��
 0 .     "��$ , ��� =�I� ^(�B�

��PB+&&(� n��,&&�-#� �� ,&&y/2� � =�&&
�)� ��&&��&&�  �&&� . \�� "&&��$
��PB+(�            �� ,& �� ,i��� � =�H�� 0�)� ,A#J 0��%���J 056������ ���

         ��PB+(� � ��#�� ,�-#� ��� 7��� ,M#4 ����� t�A *�+�  �#s� ���
��     �� ��- ,�)F W( �� ��� .  ��PB+(� \#1 "��$     �� 7&��� ��
6��� ���

            ,&�-#� �� ���� ���� ,M#4 5#�- �� , 2?1 � ,M#4 5�i  �&�   �&� .
  ��PB+(� \��)L "��$         �� 5�&�9�(% � �B+hA 0=���#J \�L 0^��1�
 ���

 �� ,�-#��� .         "��$ Y(�M ���	� X�1� �
 2�� l9�F "��$7/0   ��&� 
  -#� �� ���PB+(�  �(��� ��� ,� .         ��&�	� ,& �&A ,B;�] l��<� @(��
��


   "��$ Y(�M7/0           "&��$ Y(�&M ,&
 ,&-#� �&
 � ���� ���& �� 5/0 
,�)F     ��#A W�H.� �P(��� %� �� .             �&� ,&
 ,&-#� �&
 ,& Y���� @(� ,


  "��$)  n�� "��$ Cv�( ��PB+(� 0     "��$ Y(�M , �(��5/0     �BI&�
 �&( 
     ����] ���� ,�)F W( �� 0����� . � ,
         %� 2(�&�B� �4�#&� ,I&?� Y���� @(

�A ,�)� ,M#4 �� �/�+HIJ �K� )*1� ��I� ���� =�I�.(  
      �(�IB�(� ��P�� =#�%6 ��� %� ���.B1� �
 )1986(    ���&�6 �(��?� 0

S   �(�IB�(� )  n��-2 (      ��6 *1�
 �4�#� %� W( �� ���
 .   %� ,&H(�#G

 n��-2�� �B+� @P�� ���6 *1�
 �4�#� ,�� *;�] ,9�B� =�#��.  

  
+	�,2-/�0 �� �"789 !� ���K L<�� �&�%� ��;F� M%�!K )"*�  ���K � �S�#�# 
��� �"�*�"	  
�SPI��� �<   

��&� ��FG  �;*�"� #��E9   ���K �����
S  


#�!K �,�#  
(N-1)

�,�# � +	�, 	# ��
#�!K(N-1)	   
 
��# ��E� NO< 05/0�8�*�  

1  5  62/5  4  49/9  @P��  
2  10  24/2  9  92/16  @P���
3  2  78/0  1  84/3  @P���

4  7  92/1  6  07/14  @P���

5  3  37/0  2  99/5  @P���
  



�����	� � ������ ��� !� ���	�� ��"�# �$%& 
���...     1273  

  
  n��-3  "��$ ,
 ,(29� %� "��4 ^(�B�   ��&?� ��&� �(SPI��%���  

    =�I� �� X��� ,
 �)B�� ,�����  ��� .    n��&- @&(� %� ,& ��#&D ,
 
��      0��& [�h�B1� =�#�6            '��&(��� %� �&�)� �&Z
 n�� "&��$   "&
����   ���30     ,�-#� �� ��PB+(� ���� .    �P(� ���h$ ,
6    �� n�� "��$ 
9�    %� ��
 f#�78   ���� '��(��� ����    �� ,�-#� �� ��      @&(� ,& �&�

"��$       ��B+� W( %� �B]�2
 �c(� ���?� ����� �� .     �(�&)�� ,
 n�� "��$
 ,
 W(�2�43   ���� '��(��� ����    �� ,�-#� �� �� �&� . "&��$   ��&�2 0

304  05   � 6      %� ��
 Y���� ,
 3/12  0����5/10    � 0����7/4   �&��� 
���� '��(����� ,�-#� �� ���� .  

 "HA2��Z� ���#�� "��$ ,
 ,(29� %� "��4 ��  �(��&?� ��&�
SPI��PB+(� ,��� ��%����� =�I� �� ,����� ,L�(�� ,M#4 �������.  

     "HA %� , ��#G
2 ��       &(� �(��?� 0�� [�h�B1� =�#�    �&� n�� �c
      ��B+� W( %� �B]�2
 ���?� ����� lIA .    �P(� ���h$ ,
6    n�� "&��$ 

           "��$ =�#�$ ,
 W( %� �B]�2
 �c(� ���?� =�#
 ���� ���	� X�1��
  ���
���A ���� V�ZI� l)�.  

      ��PB+(� n�� "��$ ���#�� �J�L %� "h�     0��&?� 056��&���� ���
         �(�� �
�i 5#�- � 5#�- �� , ,(#�A� � ,�����     �&���� ���� ,����� ,L

     ��PB+(� 2�� � E�D W( %�         ,&�4�� �� , =�-�2�A�
 � ") ,yi6 ���
         ,&�-#� �� 0�P(� E�D %� ��� 7��� ��)1 ��$�.���  �&�   �&� .  @�&�y��

                 ,&�4�� �� ,& =�&H�� � �&)� ,&A#J 0��%���J ��PB+(� ,1 n�� "��$
            ,&�-#� �� �&���� ���&� ,&����� ,&L�(�� ���A 5#�-  �&�   �&� . ���&M 

��PB+(� 0>��% ���        ,�-#� n�� "��$ �
 2(�h� � 5��1 0,i��� ��  ��#A .
"��$      ��PB+&(� 2&�� \�� ��&�      \�&L � �B+&hA ��&�     ,&�-#� �� =���#&J

��  �&(��� .                Y(�&M ��&�	� X�&1� �&
 �&��#�� �J�&L %� '&F7/0 0
"��$         ��PB+(� %� �J�
 \�� �� �A �� W( ���        ,&�)F W&( �� �� �&�

 ,BJ�1 �29�    ���� ,& ��� c(� �   �&]SPI ��%���       ��B+&� ,
�I&� ,&���  .
        ���	� @B;�] �K� �� �
 n�� "��$7/0   ���	� 7      ,&�)F W( �� �� ��PB+(� 

  ��PB+(� �P(� %�   *1� ,BJ�1 2(��B� �� ."��$  ���2  03   � 4    0Y&���� ,
 
2 05 � 2*1� ��� ��- ,�?
 %� ,����� ,L�(�� ,M#4 �� �� ��PB+(�      .  

  
 +	�,3-/:& )"*� /�0 �� �"789 !�  �"#�� 
�SPI�;*�"� ��� �#!�	# 
� ���	�� ��"�# �$%& )2009-1972(  

B��� !� /CD B��� !� �E�   ��FG
/�0  /CD �H"	 �����

B��� !�
 I�"��	 �:�#
B��� !� /CD

 I�"��	 �:�#
B��� !� /CD �EF89

 �E� �H"	 �����
B��� !�

 I�"��	 �:�#
B��� !� �E�

 I�"��	 �:�#
B��� !� �E� �EF89 

1 8028/12 6762/42 6762/42 6427/7 4757/25 475/25  
2 7027/3 3426/12 0188/55 4722/3 5741/11 049/37  
3 1708/3 5695/10 5883/65 2952/5 6507/17 700/54  
4 4248/1 7495/4 3379/70 9653/1 541/6 241/61  
5 3327/1 4426/4 7805/74 3446/2 8155/7 057/69  
6 2306/1 1021/4 8826/78 9476/2 8255/9 882/78  
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  ��� ,�-#� ���� .  ��PB+(� lIA "��$       ,&�-#� �� ^��1�
 � ���1 ���

�� ��- ,�)F W( �� � ��#�����.  
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 ,(29� %� 'F ���6 *1�
 �4�#� ��P�� =#�%6 ^(�B� 
"��$ �?� ��� �(�SPI���  12   ��&�6 �&
 �� ,&���  �S   =�I&� �(�I&B�(� 

����� .     �&� n��- @(� %� ,H(�#G
          �4�#&� ,&�� ��& [�h�B&1� =�#&�
   ��B+� @P�� ���� *1�
 .         ,&�4�� *&1� �&{ ,
 \%r2     ����� ,& 3 
 ���?� ����� *1� ��PB+(� S %� �B]�2
� n��- �� =6 ,
 W(�2� �/�

���A�
          x�&h(�?� 2�� ,�4�� @(� ,	/�G� @(� �� 0@(��
��
 �     @&P��  �&?��
�(��].   "HA3         "��$ ,
 ,(29� %� ���6 *1�
 �4�#� ��P�� ,I?�  �&�

���� ���
 ���SPI,��� ��%��� �� =�I� �� ���.  
  

�8�*� 
��S  
             VJ�&A ,
 ,-#� �
 ,����� ,L�(�� 2(�
6 ,M#4 " ,	/�G� @(� ��

SPI  X��?� ��                 l&� %� 2(�&�B� �4�#&� ,&
 ,&��� ��%��� � ,&1 ��&�
 @(� ���
 �A W�H.�"��$ ,
 ,(29� ��� %� ���A ���.B1� ��.  

+	�,4- ��;F� M%�!K )"*� S�#�# 
��� �"�*�"	  
�SPI/�0 �� �"789 !� ���K L<�� �&�%� 	 ��� �#!�	# �  

��&� ��FG  �;*�"� #��E9   ���K �����S  
#�!K �,�#  
(N-1)

�,�# � +	�, 	# ��
#�!K(N-1)	   
 
��# ��E� NO<05/0*��8�  

1  12  03/0  11  68/19  @P��  
2  3  02/6  2  99/5  @P��
3  8  0  7  07/14  @P��
4  2  83/0  1  84/3  @P��
5  3  23/0  2  99/5  @P��
6  4  01/0  3  81/7  @P��
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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 factor analysis method as 
a tool for projecting the information space on the limited and specific axes, has been applied. The main aim of 
this study is regionalization of Urmia Lake basin from the view of drought using factor analysis. For this purpose 
monthly precipitation data of 30 weather stations in the period 1972-2009 were used. For each of the selected 
stations three and twelve months SPI value were calculated. Factor analysis conducted on SPI values to delineate 
the study area with respect to drought characteristics. Homogeneity of obtained regions tested using the S-
statistics proposed by Wiltshire. Resultes of factor analysis of 3 (12) months SPI values showed that 5 (6) factors 
having eigen values greater than 1 acounted for 68.08 (78.88) percent of total variance. Urmia Lake basin 
delineated to 5 (6) distinct regions considering the eigenvectors following rotation using the 3 (12) month time 
scale. Results of homogeneity test indicated that all of the obtained regions were homogeneous. 

Keywords: Eigen value, Eigen vector, Factor analysis, Drought, Principal component, Urmia, 3 and 12 
months SPI 
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