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3 � $3�!� ��4� �2�� ���!F  �B
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�� ��
���� }?� Q3����� 	�,�3� e�$F (�  ��D
�� e$� ������ ��!
 �)�(� ��)� �8�!�C . }?� 1� 1F)- �� e$� ��8!
����M $�� 17*!� ��

���� �� ���� e$� 1,���� � +��
3� �8$��!C x�!�
�� �8 . (� �2�����
/�  ���� ��$�Y ����- 1� n�$
� �8 e$� [
� ���!� �)R�� 1�
1,���� (�  ��D
�� �� [��A3 �� $��!C n�$
� �?= 15�� ��	�� � ����- O�!_ 17.F  1� n�$
� �8 e$� O��!_ !��q- �  $�� [�� 1� ��8

$��!C e$� �2���� . 

H

�� 

��,�� n�C �� ���!� f��-�� ���  �8!�q
����!� Q�!-�� �B
@�.8 �� �8 [�� .�$
�� 1/).2� �� (� �8!�q
� �� +��
3�  �!� � �B
@�.8 

��� �� � �� ���!� �� c���. K�)V �� �)F� �B
@�.8 ��� :�8!�q
� �� ��)- ���)/ �� (� P�� 1D,�� ��8 ����� x�!�
�� �).3 .  
1D,�� ��7E- � 1�	2- �� e�� n�C1D,�� x�!�
�� �7V� ��8�� �7V� ��8 1�,�?� ��� �� 1� $%��10  �� 1� $��!C x�!�
�� ���/

 e�$F)1 (1G��� [��  $% . ���  e�$F ��8)1 ( 1� [��  ��� ��5376  ��� �C$���!M $V���� ���� e�� 1D,�� �� X�)- �8�)% .
1D,�� (� Z� !8  p�� ��$I�  �4% �� �7V� ��8)2 (1G��� �� 6�!� ��� (� 1� [��  $%-��) ��!
A� 1D,�� \�5� �� �).3.  
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�7V� ��8 ���/ F1 F2 F3 F4 F5 F6 F7 F8 F9 

 p�� ��$I� 7/5 4/1 58/0 54/0 46/0 19/0 06/0 04/0 02/0 

 $V��
�!�9M!��q- (%) 

8/63 15 5/6 03/6 16/5 2/2 67/0 40/0 14/0 

  
  

  

�1�2- 
�
�� .}
�   
���� 5)� 1�� ����$�(  

  

1D,�� � e�� ��!
A� +��
3� �� ���Y $%�� 1� ��  $8�5���$I� ��!C  p�� ��,�� 1D,�� {�	� !- (� Z� �� $%�� � ��$* 62 $V�� 

�C$���!M 1/).2�  ���X�)- �8 ��� 1D,�� )C(�� �� �)% .1� K���/ !B�� 1.8 �8����� ��53  $�8� ��� [�� 1� +��
3� 1D,�� e��  �;��
[�� .cA� !8 Z� (� �8!�q
� �� Q3����� ����-  $% 1� 17��� !8 ���/ ��  e�$F)2 (1G���   $% [�� .��� !� &���  $8�5� ���)% 

cA� �8!�q
� �� ����- Q3����� ���/ e�� [�@3 1� !��� 1��5� n�
�� O����!- �� $%��.  

  

 #�)%2-  a�

��� V++WQ �� 
� +Z�� �������e  

�8!�q
� F1 F2 F3 F4 F5 F6 F7 F8 F9 

�C$3��� 6/6 1/15 6/4 2/66 7/4 5/2 01/0 08/0 00/0 

��
 (�� Z� �C$3��� 2/8 3/0 9/83 7/3 1/2 7/1 02/0 04/0 00/0 

��
 (�� �� �C$3��� 5/5 8/25 2/8 5/7 2/52 42/0 32/0 00/0 00/0 

K��!* 1F�� 6/12 5/13 14/0 9/1 4/3 23/23 3/20 9/9 93/14 

��
 (�� Z� K��!* 1F�� 3/16 07/0 04/0 50/0 80/0 5/24 34/0 4/17 05/42 
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!�  e�$F ��� &���  $8�5� ���)% cA� �8!�q
� �� ����- Q3����� ���/ e�� [�@3 1� !��� 1��5� n�
�� O����!- �� ��)�/ 1� $%�� 

e�s� cA� !8 Z� (�  � ��
  �� !���- :!���- � ��
  �� �� ��� � ��
  �� ��� :��� :��
 (�� �� P��� :��
 (�� P��� :P��� ��8!�q
�
 ���/ �� ��
  �� �� !���-F1  O�-!- 1�64/6 :21/8 :55/5 :65/12 :28/16 :76/11 :79/10 :56/15  �55/12 ��$%�� . &)��@�

���/ ��!� �8!�q
� ��92� $F �� �7V� ��8 e�3 [��  $% 1G���.  
 

 #�)%3 -��
e �� 5 
� +Z�� ��U�� f��+�� 	!c� �
�  

�8!�q
� F1 F2 F3 

�C$3��� 38/0  20/0  03/0  

��
 (�� Z� �C$3��� 47/0  00/0  49/0  

��
 (�� �� �C$3��� 32/0  35/0  05/0  

K��!* 1F�� 73/0  18/0  00/0  

��
 (�� Z� K��!* 1F�� 94/0  00/0  00/0  

 K��!* 1F����
 (�� �� 68/0  22/0  00/0  

v!�- � !���- 62/0  25/0  01/0  

��
 (�� Z� v!�- � !���- 89/0  01/0  01/0  

��
 (�� �� v!�- � !���- 72/0  14/0  01/0  

 
 e�$F H��
3)3 (�� ��53   �� Z� P��� � n�� �)
��; �� ��
  �� �� P��� 1D,��: ���!� ��)� ��8!�q
� (� e�� 1D,�� �� 1� $8� ��


1
;!C ��!
 e�� �)
��; �� �8!�q
� 1�I� �,� [�� 1
;!C ��F n)� �)
��; ��$3�  .��53 1�  �- P��� !�q
� 1� [�� [��
�� ���  $�8�
0�M �� �!
.� [�),�� �� ��
  �� �� �  �� Z� $3����)=!� ��� ���� .  

  

#)� H

�� 	��+� G� �/
�  

e$� x�!�
�� (� $�� n�$
� �?= 15�� ��	�� � ����- O�!_ 17.F (� �2�����
/�  ���� ��$�Y ����- 1� n�$
� J7
�� ����� �� ��8
1,���� (�  ��D
�� �� � $��!C $��!C e$� �2���� 1� n�$
� �8 e$� O��!_ !��q- �  $�� [�� 1� ��8 . �(�� 1��% ��8 e$� �7� H��
3

 �7V� ��8 1D,)� x�!�
�� (� $��  $%)F e�$4 (1@��I� ���).3 �  �4% �� !-!�  e$� �-����E� � �-�$8�5� !���I� ��� ��3  1G���
[��  $% .  

  
  

��
 (�� �� K��!* 1F�� 7/11 3/16 1/0 22/0 5/12 13/11 1/32 5/2 42/13 

v!�- � !���- 8/10 5/18 9/0 15/9 5/8 8/6 56/29 3/9 50/6 

��
 (�� Z� v!�- � !���- 5/15 4/0 9/0 4/8 3/0 3/15 50/0 18/41 5/17 

��
 (�� �� v!�- � !���- 5/12 15/10 1/1 4/2 3/15 4/16 8/16 56/19 6/5 
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 #�)%4- D
�(�� H

�� #)� �)�5
J� 6�R+� � P+NTQ A
 ` �
��
+8� �5 �%�Q 
5 
�  

 ��.% �I
@� !�q
� R
2
 RMSE [�),�� 

1  P��� 29/0  31/0  9 
2 ��
  �� Z� P��� 41/0  28/0  6 
3 ��
  �� �� P��� 35/0  30/0  7 
4 ��� 18/0  32/0  11 
5 ��
  �� Z� ��� 48/0  26/0  4 
6 ��
  �� �� ��� 61/0  22/0  2 
7 !���- 17/0  32/0  10 
8 ��
  �� Z� !���- 43/0  27/0  5 
9 ��
  �� �� !���- 54/0  24/0  3 
10 !���- � ��� :P��� 29/0  30/0  8 
11  !���- � ��� :P�����
  �� �� �  �� Z� :���F  65/0  21/0  1 

  

  

 �1�۳-  #)� �� 	����
W�e� .��� �� 	5� 	Q
W�
�� � 	Q�)�
T�  
�
�� 3� ++ZQ11  
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� +G ��+�� � I�5 

13�=��� ��� ��	�� !� ��$�
� ���)/ 14��� 1� 1F)- ��  � &!
�� ���
 �
*�� 1� ��� !� !o)� ���)/ (� ����@� �;!� (� � $3��� !�o�- �8
0�M [AF ��
 �� �� �  �� Z� ��8!�=�- �� !���- � ��� :P��� 17.F (� ����%�)8 ���)/ (� ���!� ��� �� $�
@�3 �!�C  (�$3�  ����

!C  ��D
��$�� .cA� (� ���)/ ��� �;!� (� �� ��� !� !o)� ���)/ ��!-  ��� ��� 1�A- � �!�C  (�$3� ��)� (� � $�%��  !s���� �8
 ()* 13�=��� !s�� � �)5� ��8	���� ��8 �� �)F)� �8 $�%�� .1D,�� (� ����!- (� !��= ��.8 1� 0�M [AF L�� ��8  ��� �� ��� ����

� 1� $��!C  ��D
�� 6�IE- r).2� �9 �� ���% �� !�q
� $3�!C . ��$* J7
�� ��8 e$� O��!- �� 1�11  � ������% ��)� e$�
[;!C ��!
 ��7E- � 1�	2- .1D,�� ������% �)R�� 1� 1D,�� ��� (� ��� !� !o)� ����� ��8  � 1�	2- P�� (�  ��D
�� �� ����
3� ��8

1D,�� ��7E- cA� ����- 1� n�$
� �7V� ��8 ,�� ��!-1D $��!C �8 . ��P�� PCA 1D,�� �8 �� �(� �8�  �!� � ��!� !8 n�$� Z�  ��$I�
 p��  (Eigenvalue)���� �� :$�� ��$I�  p�� !8 �)E� !��!� Q3����� 1���E�  $% ��!� �� �)E� [�� .1D,�� 12�
3 ��  1� ���8

0�� ����� 0�� $�%�� Q3���� ��!-  �� �D�� ��� ��	�� !� �� !�o�- ��!-$��� . �8!�q
� ��� �B
@�.8 Q�!-�� �$
�� !_�* 08�pM ��
���� �B
@�.8 ����� �8!�q
� ���.- 1� $% ��2�� $3�)� ���� . �B
@�.8 $��!C  $8�5� �8!�q
� �B
@�.8 Q�!-�� �� 1� �� 1
43

�=�- � P��� [�s� �B
@�.8 � ��
  �� �� �  �� Z� ��8!�=�- � v!�- � !���- � K��!* 1F�� �D�� c8 �� �� ��
  �� �� �  �� Z� !
[��  �)� .��53 1� �� P��� ��	�� 08�� � !���- 0��	;� �� )� c8 ��� 0��	;� 1� [�� r)_)� ���  $�8�$%�� . 1?��� 12�
3 ��

�)� �)A% ���
 �8!�q
� !��� �� P��� &)4�� . r).2� ��10 !M � Q3����� $V�� �  p�� ��$I� 1� $% x�!�
�� �7V� 1D,�� �C$���
1D,�� 1D,�� ��!� O�-!- 1� �8  :e����  � �- Z� ��888/63 :99/14 :50/6 :03/6 :16/5 :20/2 :67/0 :41/0  �14/0 [��  �)� . ��

1D,�� (�  $�� [�� 1� H��
3 1� 1F)- ��  $�� [�� 1� ��8 0�� 1� ��� ��53 ��)-  X�)- �8!�q
� K�!��q- ��	�� ��!- ��2�� e�� 1D,��
[��  $%. �� n�� � e�� 1D,�� O��!- 1D,�� ��)�/ 1� $3�)-  e����  p�� ��$I� ��	�� �� ����� ��887/78 �)% 1
=��% .�� 1F)- 1� 

O��!_ �� �8!�q
� �-����E� ���!�  e��)F1( 0�� ��!- �B
@�.8 �� �� 1D,�� e�� 1�O�-!- ��8!�q
� :��
  �� Z� K��!* 1F�� 

:��
  �� Z� !���-  !���- :������� P��� � ���F !���- :��
  �� �� ��� :��
  �� �� �� $�%��. cA� $V�� ��()- H��
3 ���Y c8 

�8!�q
� �� ����- Q3����� ���/ e�� [�@3 1� !��� 1��5� n�
�� O����!- �� ��)�/ 1� $%�� e�s� cA� !8 Z� (�  :P��� ��8!�q
�
 ��
  �� ��� :��� :��
 (�� �� P��� :��
 (�� P��� ���/ �� ��
  �� �� !���- � ��
  �� !���- :!���- � ��
  �� �� ��� �F1  1�

 O�-!-64/6 :21/8 :55/5 :65/12 :28/16 :76/11 :79/10 :56/15  �55/12 ��$%�� .1�1D,�� ��7E- � 1�	2- H��
3 �7� �)�  ��8
!��q- �� ����( [�.8� ����� ���!� ��)� ��8!�q
� 1.8 1� ��� ��53 �7V��� �B.8 � $�
@8 ��� K� ����� 1D,�� �	F $�3�)-

$3!�C ��!
 ���!� ��)� e$� .�� �8!�q
� [�.8� &��� !�:���!� ��)� ��8!�q
� (� e�� 1D,�� �� 1� [DC ��)-    �� �� P��� 1D,��
�)
��; �� �8!�q
� 1�I� �,� [�� 1
;!C ��F n)� �)
��; �� ��
  �� Z� P��� � n�� �)
��; �� ��
 1
;!C ��!
 e��$3�  . 1�

��53 0�M �� �!
.� [�),�� �� ��
  �� �� �  �� Z� �- P��� !�q
� 1� [�� [��
�� ���  $�8� $3����)=!� ��� ���� . ����- (� $��
1D,�� ����- � �8!�q
� [�.8� ��	�� e$� 1� n�$
� �7V� ��8 $��!C �3)��!C� �(�� .1� $% 1G��� n)� �W; �� 1� �)� ��.8  �)R��

e$� $3�!C �!-L�� � !
A� ���
/� �����  $�� [�� 1� H��
3 �- ��� n�23� �� K��_!; �!� Z� $��� �3)��!C� �(�� . ��7E- � 1�	2- ��
$%  ��D
��  !�q
� $�Y � �� �?= �)��!C� (� �)��!C� .���� ��	�� Q3����� 	�,�3� (�  ��D
�� �� �$
�� ��  $��!C \�5� e$� ����

 (� 1����� �8 e$� ���.- ���!� ��)� ��8 e$� ���� $3$��!C ��� .���� }?� ��	�� Z.� 1� Q|�  e$� ��8!
����M � O��!_ ����
$��!C x�!�
�� e$� 1,���� � . ��� 14��� 1� 1F)- �� 0�� �� 1� �$
�� �� �870  �30 $��!C c�@I- $V�� .  ��D
�� �� X���� � �8 e$�

 (�70  ��� $V��,�� ��81,���� (�  ��D
�� �� Q|� $��!C x�!�
�� 1�x�!�
�� ��8  �  $%30  ��� $V�� ��	��  $% 1
%�9C ���� ��8
$��!C 1���E� ��� .�� [��A3 e$���8 �� O�!_ ��92� � !-L�� \��5- ��B3��� K���!� ��?=  !
.�  �� 1� �2���� �./ (� $��
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1,���� O��!_ !��q-1� �8 K�)V �
�� K�)V$% +��
3� :[;!C .c8 $8�5� ���).3 c��!- �� ���Ye$� ���!� 1� �-����E� � �� �8
$% 1
=��!M .e$� H��
3 e$� !s�� 1� ��� ��53 �3)��!C� �(��1
@3�)
3 �80�M �� ��� $3� $��� ���� .e$� ���� (� ���!� ��)� ��8

 � P��� � !���- � ��� J%��� ��8 ����� ��  �(��  ��.% e$�0�� ����� !���-  �� �� �  �� Z� �� !���- � ���  ��!
.� � [
� ��!-
 �?= ��	��)65/0=R2 �20/0=RMSE( �� $�%�� .1��% �� !s��$* � �
�$* !���I� ��)= 1� [�� 1
@3�)- e$� ��� ���Y c8 �(��

$�� .e$�  ��.% ��86 ,�� �� O�-!- 1� ��
  �� �� !���- � ��
  �� �� ��� ����� ��[�) n�� ��8)61/0=R2 22/0=RMSE(   �
 n)�)54/0=R2 24/0=RMSE( ��$�%�� .e$� ���Y c8  ��.% ��84  �7 ����� �� � [
� ��	�� ��!
.� !���- � ��� ��8

 $�
;!C ��!
 !=� [�),�� �� �?= ��	�� ��!-L��)18/0=R2 32/0=RMSEt 17/0=R2 32/0=RMSE.(  

  

O5
��  

:��)3 � . h!; :��3 �. :$�!� & . �*��� :���$� i1389. !�o�- 0�M P(��!M ��8!�q
� ����� 1� 14�% ��W/ ��!� 0�M ���� ���!F. 

13�8�� �� 	�,�3� 1D,�� ��8 �7V� � ZF)�"+N_�; � +� 172�:. P . [W% � 13 ] . 13 �- .2 

���	�  �)= & .1387. [�.8� O@3 � ��8!�q
� &��%�)8 � �� !� ���� ��- !�-v!�- �F!� �� �
� c�   �� J7
�� . ��M �� 1��3 

&��%��� � ������ $%�� � :�548(  $453�� :�(���5�  �B53�� [��!- :&�$� 110].  
n�= ��Y n$I� ��8!; : �
$V ��@* :  ��� ��$�!; : ��)5�� $.E�.1389 .�$�� 1�AM !s��$* P��� 13�(�� ��!�� .1�!53 +� � 

g�= )n)7/ � ����V �(���5� .($7F 24 :  ��.% 1: .1389 .97-106.  
Ouyang Y. 2005. A.plication of principal component and factor analysis to evaluate surface water 

quality monitoring network, Water Reservoir, 39: 2621-2635. 
Liu C.W., Lin K.H. and Kuo Y.M. 2003. Application of factor analysis in the assessment of 

groundwater quality in a blackfoot disease area in Taiwan, Science of the Total Environment, 
313: 77- 89 
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