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Abstract  
Assessment of monitoring networks of surface waters and determination of main and tributary stations 
is an important step in the development and improvement of these networks and in increasing their 
efficiency. In this study, Principal Components Analysis, PCA, and Factor Analysis, PFA, techniques 
were employed to evaluate water quality monitoring stations on the Karoon River. From among the 
monitoring stations available, eight were selected and the measured data from 2002 to 2004 were used 
to determine the main and tributary stations. Finally, results were validated employing the regression 
analysis technique. Based on the results obtained in this study, only one monitoring station 
(Bandemizan) was identified as the main one among the eight stations selected. Also a similar study 
was conducted to determine main and tributary quality variables; however, the results of the KMO 
factor did not confirm using PFA and PCA for this part of study.  
 
Keywords: Assessment of Monitoring Networks, Principal Components Analysis, Factor 
 Analysis, The Karoon River. 
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4SO(^\\e���e�� ����\\% A

1 Kiriging 
2Transinformation 
3 Hardness 
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)EC(@� 
��\\B �\\?� A)Temp(�\\0( A)−Cl ( @� 
��\\( �
)Turbidity (^�+\? �\( ��"��pH �\( 
��\( �]��� >\�'�' �\�

 � ��� ��\�� �B��NTU�>7\B �\� �\%�����J �\�1� �\B�� A���7\% 
^0�� ��� !�" �#� ���� � O�*.

a�c"�@- +�U�� ��� 
PCA �PFA !�������} ]��� ]��"� 6� ���7\% ̂ \� �\5 6� ���\'

 ��\\� ]��\\� 7\\� �\\���� ]�\\%����� D\\�0<' ^*�\\�|�J H%�\\(��0
)^\\X�( H��\\J ]��%���7\\�� (��\\� � 6� ]��\\�6 $\\CB �\\� �\\( ]�

 $��7\\% ��\�� 
�\&b	� ]��\� /�\�|2% �
�\\&b	� �\��� ��7\\X' 
��\\2  !��X�\\�� ]9l[.��\\2&� �\\�Aw� �� /\\��� ]�\\%����� �\\��� �\\� 

���X� ]�% ���? ����\e� 6� D1�7� �)�X\R ^��7\#2% >��\c �\�
 � �� �% ]�����X�(^\� D��#' � �\" .��\X�� ]�\% �\��? !�\" ��\C�� 

^\\GM ^\\#�(�']�\\%����� 6� �\\���� ���7\\%]i[./\\�� 6� !��X�\\�� �\\�
f��e' A�%6� ^'�#�(�' P����� A����� Xp ,…,X2 ,X1]��\� A��\C�� P

D1�7\\� �\\X���)!��X�\\�� ��\\� �\\���� ]�\\%����� ���\\F' �\\� ���\\F�(A
Zp ,…, Z2 ,Z1A^� ��C�� ��" .�X��� /�� /�� ^��7#2% O�& f\� �%

 7#2% O�& ���6 ��� ��X� ^*I�� � ^����X��� �( ��� ^�F� /�� �\%
�#�? 6� ^'��X�� ]�% �\���� ]�%����� ̂ \� ��\��2  � � 6�\�]S9[.�
/�� �� w���� �� � ����� A����� ]�%����� 6� $�1�7� !��X��� ]�? 
� ����X� � /�� 6� ��� � !��( D��#' ^��%��X� ]�\%����� ]�\? �� �%

 ̂ \� !��X��� ����� ���\* .!�b\F� �\} � D�eV\' � ���\X� O�\2' 6� �\%
 ̂ \� !��X��� �%����� �\C��  � A���\* 
�\&b	� �\���� ]�\%����� �\� 


�X0' /���2(;��'�X��� ^� ���� DR�B ]�% ��"]SS[.
^� ^0R� �X����% 6 ���# � �� � ��'����" �4V� :

)S(pXipa...
2

X
i2

aXaiZ 1i1 +++=

�(�� � 
Zi�A�, ��� �X��� n�F aij �\���� ]�\%����� �� h���� >��c 

�Xi����� +�  ����� ̂ � �"�� .�\���� ]�\%����� �\� h�\��� >��c 6� 
DB�G�� i��^� ��� ��� ]Si[

)i(0IR =λ−

�(�� � 
IA�B�� ���'�� R�'�����\���� ]�\%����� /�� ^��7#2%�λ

 �+��1� ��!I�^�"�� .� 6� \�/�\1� ��\�A!I � ���\� \�!I�\� �\��
�^���.O�C � ��6 DB��� f��e' �� /�� O�C � ]��� ^����*:

9T��(�� �#��<�KMO :� !�\�� /\�� �\� h�\��� 
�<�c�'
 !��� ���1� �27[ � �� �#��<� !�< ���.

ST��� ���2  ��� ���� ��%�]��� ]:� � �/!��� �0B�� �%]

1 Nephelometric Turbidity Unit 

���]���< ]� ��� ���� ^� �"A��� �5 ]�\�� ��/� �X\R 
n��< � F����W��"�� .

iT���'�\\� �#\\��<� ^��7\\#2%�\\%����� ]��\\��\\���� ]:/\\�� 
���'�� ̂ � ��1�� ^7��'�� �( �"�� ��+�� O��\( �% /�� ^��7#2%

6� ̂ � ��V  � !��X��� ��� ����� ]�%����� �\%� .��\1� �\1�1B �
�\\��� 6� O��\\( �\\% A���'�\\� /\\�� ]�\\%aij/�\\� ^��7\\#2% �� �\\�� A

]�%�����i�j^� �"�� .
lT!I�� ����1� �#��<� λ���'�\� 6� �	���� !I�� ]�%���� �

��7#2%^:DB �� �G��i���\F� !I\�� ]�%���� � !I�� ����1� �\%
 �� !I�� ��1� ^� ��� ���� .�\� h�\��� 
�\&b	� �� !I�� ��1� �%

 ��)!I�� ]�%���� (� f� ]���*I���^� �� �� � �X� �%� .� �%��\X�
 ̂ \� ���� ����� ]�%����� ;��' �( ^'�&b	� 6� ]�R� +�  � ��\"

� ^� �� 7\� 
�\&b	� 6� ^V\4� �\� ���F� � ���*��\� �\( �\�� �0 
� ��& 
�R �\�� �\�X�  ����� ]�%����� � $[ .�\( ^\�[� ^\�F�

 ̂ � ��X* � ��"�6� H�� ��� �X�o_����� ]�%����� 
�&b	� �R� 
^� �� �� � � /�� 6� !��X��� �� �( ��� ^�F� /��� A�%��]�\? �\� �X�

 ̂ � ����� ]�%����� �( /�� /�& � ���'o_7\� 
�\&b	� �R� ��0
�|�J � $CB 6� A��( �XB �7� ^*���\��( +\�  �0 .���'�\� ��\}

 '�� 6� ��1�� ^7��'�� ^��7#2%#�n!I\�� ����\1� k�\2C� A�\�� 
�� ����� +�  ���'�� /�� ]���n^� �"�� .����1� ]��& ��2( �} �%

 ¤+� !I�� � �\( �\�� /\�� �� ��� A�"�� �'�+\�  �� 6� ]��\C�� �\X�
� � �\\���� ]�\\%����� 
�\\&b	� 6� ]��V\\�� �\\R� \\�^\\� ���\\�* .

!��� ��� �� !I�� ]�%���� ]�6� �� ���\�& �\� A+\�  !I\�� ��1� �% 
� D�eV' � ����� ]�%����� >���c�^� �	���� �X� ��"�� .

uT��?� ]HM�} >���� � �� ]�'�� ����\c ��\X��� >�\%:
��} � �% D�eV' ��^\� !��X�\�� ����� ]�%����� O�2' 6� �X� ��\" A

��7X' ���X� �%eV� ��� �%��M D.�\� ^���"� ����� 6� !�\�� ��\?�
 �( ��� DeV� /�� =� �� A>?��!��� ��7X' �'���X� �%� �" ./\�� 

��2% ��"�HM�} ���X� k�  �� �� � ���7% �%HM�} ��\2& ]�
HM�} ̂ \� $�7\1' D\��� � �\" .w� � ��\} HM�\} A]��\2& 

/�� �b1������X� ^� �XB �% ��" Pb2& Ak�\  /\�� HM�\} ��V\�� 
^� ��[ !��X��� ��� ���* .��\2& HM�} ]��"� 6� ^e���\( �

^\20& 
�F��G� ��\[ !��X�\�� ��\� ��V\�� �\�� �\���* HM�\} A
�(�2��́��� �!��^��"]9ASAu�9_.[��1� �� �#7  w� /��

 � ]���� r���  ��"� �� � ��� ^J ��\R�' ��� ���� HM�} ����&
^� ���*]S9[.�\0B�� /\�� )6� !��X�\�� HM�\} �(�\2�� �\�? 

���� ��7X' r��� (��PFA��� ��V� ]t[.� ��V�� 
���+?��� 
PCA �PFA ���� =���� � ������� !�" ]tASlTSU[.

2 Varimax 
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|�b%�.� V@� �
|���*"
��7 �>
¤�$;�� ��.(�& *"
��7 � $;�� 

�\���� ]�%�����)Xi, i=1,…,p ( ��X�\�� ��\� A�\�1<' /\�� � !
^� ^X�( H��J ]��%���7�� ��2% ��"�� .6� �\" ��\�� �\( �	 ��2%

 !���7�� �%99�\% � � � ��� ]���6 ��2%� ]��� �( ^X�( �����J 
�V%!6�� � !���7�� ^� ]��* @�4� � A� �"� ����*.

���6� O�C � ��n���20(Tn� ��2�� �6� ^M�� �( �" !�%�V�
 �� � ]�%�����J!6/\�� � !�\" ]��* �V\% =\�6�' ]��� !���7\�� 

^2  ����  �\�� �\� �} �2� �� �� � ����  =�6�' ���2  � ��"��
 ̂ � D��2�� �"�� .� ��� �( �C � 6�A�\( � �\���� f\� ;\���� ��\1� 

�"�� ^���} ]��� ^�� ����  =�6�' �� f��+  ^F�6�' ]���A���� 
^\\� ��\\�� /�� �\\�� 6� \\�1<' � A�\\�( ]��\\� �\\ ��� ��\\1� �\\c�B �

]��\� /�� �\�� ��\1� � �\ ��#  ����  =�6�' ]��� �( ^��%�����J
^��� � ����* !��X��� � ��� ����  =�6�' ]��� �( ]SZ[.
�\&b	�

 !���7�� �%)Xi(���\� ���\� f\� 
�R 99���\� f\� � �G\� 
)!6�� � ^X�( ]�%�����J ���F' �� ���F� �\% � !�" ]��* !���7\��(A

^� !��� ��V  ��" .�\� �� 3�R�' /�� �� �V\% ̂ \� ���\� �\( $�\�
���� �%���� /�� ]�%A^\X�( �����\J �\% ]��\� !�\" @�4� � ���&� 

^� !�" �(` �<� �#	 �"��.
��1�KMO ����� ZSU/_A)¤+� 6� �\'u/_(A]��\?� ��\e��

PCA �PFA � �,�� �� �\F��G� /�� � !��X��� 'v��\� ��\( .]��\�
 ]��\\?� Af\\��e' �� /\\�� ���\\( ��� ��\\�� 6� �\\J ]�\\%�����J

!6�� � /�� � !�" ]��*�V% ^��7#2% ���'�� A!���7�� �\#'�� 6�
t�\���� ]�\%����� ���F' �� ���F� A)��%���7\�� (�\" D�eV\'./\��

^� ��1�� ^7��'�� �( ���'�� A�"����� !�%�V� D��[ ����� �.

1 Kolmogorov-Smirnove 































1.0000.9870.9790.9720.9770.9740.9700.961

0.9871.0000.9940.9950.9960.9930.9930.992

0.9790.9941.0000.9960.9990.9950.9950.994

0.9720.9950.9961.0000.9990.9991.0000.997

0.9770.9960.9990.9991.0000.9980.9980.997

0.9740.9930.9950.9990.9981.0000.9990.993

0.9700.9930.9951.0000.9980.9991.0000.996

0.9610.9920.9940.9970.9970.9930.996 1.000

R =

�\\��� 6� O��\\( �\\% ��\\} ���'�\\� ]�\\%RAaij ����\\1� �� �\\�� A
���7\�� /�\� ^��7\#2%%]��i�j^\� O�\2' D\��� /�\2% �\� A��\"��

���� ]�%aij w��\M �� � !���7�� �% ^��7#2% �( ���'�� /�� � 
^� ��V  ��� f� �� ����� A�%�.

DB 6� !����� ����F�iA�V% \� � !I�� ��1� ���\1� �\% ]�6�
!I��A�V% DR�B !I�� ���� ^���" .���'�\� �\e��� �� �?�' ��R

��1�� ^7��'����� £� �� ����� ���'�� /�� !I�� ����1� k�2C� A�F
��& ^�F� ��t��� .�\( ���'�\� /\�� D\B �\� h�\��� 
�\&b	�

 !I�� ����1� D��")6� �X��� �% w6�t(D\R�B !I\�� ]�\%���� �
�% 6� ̂ � !I�� ��1� �� A�"�� ���\? � >�'�' ]�� 9�S!�\" !��� 
���.

���? �� �?�' ��9^\� �4V� /�\��� ]��\& ��\1� �\( ��\"
 �� f��+  �X���t^��"�� .^� ��V  O�� ���� /��|2% /�� �( �%�
 ^��\��' �� �X���9tZ/oo� �\���� ]�\%����� 
�\&b	� 6� �\R� 

^\� D��" � ��\" �\X% � �\X��� �\��' �\��t/_
��\���' 6� �\R� 
^� ���� � ����� ]�%����� ���( .�\� �\<� H\4� /�� � D��� /�� ��

 ̂ � �RbM ��� �X��� ]� ��" .����\1� +\�  ���\? /�� O�� ����
^� ��V  ^F2C' 
�R �� � !�" �(` �%�.

��� ���X��� 
�L4V� ����� ]�%����� 6� ]��C�� ]�%)��%���7��(

����� 5� �>
¤� �8� $	�U- ����"
�� ��8�"'.� :�1�2� ����"
�� ��8�"'.� :�1�2�  �>
¤� 

7.935007931 99.18759914 99.18759914 ��� 

0.050975383 99.82479143 0.637192292 O�� 

0.008290287 99.92842002 0.103628592 O�� 

0.005289032 99.99453292 0.066112897 O��} 

0.000431235 99.99992335 0.005390437 $C�J 

6*10-6 99.99999321 7*10-5 $V" 

3.5*10-7 99.99999757 4.5*10-6 $�X% 

1.9*10-7 100 2*10-6 $�V% 
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��� 4�!���7�� �% >���c)!I�� ]�%���� (�X��� /��F' ��? �%
E.Y8 �>
¤� �>
¤�E.>8 EY� �>
¤� EU�[ �>
¤� +���� �>
¤� +�/ �>
¤� �+� �>
¤ ��� �>
¤� 6�9.J%� +�� 

0.000132 3.4*10-5 0.001388 -0.00358 0.013005 0.04871 -0.08034 0.995484 ����R ]6�� 
-0.00019 -0.00013 0.000586 0.014005 0.009996 -0.02833 -0.05203 0.998095 /��M�� 
0.000349 -7.7*10-5 -6.7*10-5 -0.0063 0.002528 -0.05647 -0.02924 0.997953 �O��2G�� 
-0.00036 -0.00015 -0.00022 -0.01167 -0.01892 0.000656 -0.02236 0.999503 $C�J DJ 
-0.00013 0.000366 -0.00057 -0.00034 0.008785 -0.01564 -0.04319 0.998906 ��*6 
0.000161 6.3*10-6 -0.0006 0.006618 -0.05433 0.024949 -0.00326 0.998184 �����[ 

6*10-5 -0.00011 -0.00136 0.001584 0.040311 0.032001 0.041513 0.997809 ��+����� 
-2.4*10-5 5.8*10-5 0.000859 -0.00033 -0.00133 -0.00583 0.191987 0.981379 � ��*�� 

���?SA�1� ��\X��� �% D�eV' ]��� !I�� ]�%���� ��V\  � 
^� �%� .���? /�� �� �?�' �� ̂ � D�eV\' ]��\� Pb)\� �( ��2�� ���'

 �\X��� !6��\ � ]�\%�����J ����\1� �\��� ��� !���7\\�� � !�\" ]�\�*
����R ��& � � ]6��ooultl/_!6�� � ]�%�����J A!�\" ]�\�*

 ��\\\& � � /��\\\M�� !���7\\\�� �oot_ou/_]�\\\%�����J � A
!6��\\ � ��\\& � � �\\ ��* �\\� !���7\\�� � !�\\" ]�\\�*ot9iZo/_

�� �����J �% ]��� � ����1� /�� ��� � !��( @�c � �+\C� �\	 
��%���7\�� /��)Pb)\�COD ( �\� � ��\( =\2? ����\e� �\� �� ]�\? 

�����JA��( /�+���? .^\� A�\ � /�� ����� �� �\X��� �\� ���\' ^��\%
 �� �� � 6� �( ���� ��� ^� !��X��� ����� ]�%����� ]�? ���* .�\#	

 C � �<� !�" O�AI�� ]�%���� 6� j�����? � !��� ��� SA/�\��� 
�� �X����G�� ^� �4V� ��6 ��":

80.981379X70.997809X
60.998184X50.998906X40.999503X

30.997953X20.998095X199.5484X1Z

+

+++

+++=

)l(

��2% 6� �( �	 �G�� �X��� /���� A��� �4V� .�� A>���\c 
� �\( �\�� ^\�F� /��\� /�� �( ��� ��%���7�� O�2' ]��� ^ �7e�

 \�� O�2' $�� ��� �X��� D�eV' !��\� !6��\ � f\� �\� P�\#��1' ��%���7
��� .

|���$;�� ���8�9.J%� ,""	- 
f\� �\( �\" �4V\� ^0\R� �X��� +��� � w� 6� !��X��� �� �}�*�

 ^����' �� �X���S/oo]�\%����� � �\ �%�� 
��\���' D\( 6� �R� 
^0R�)��%���7�� (^� ���� � � ^\&b	� ��\% w� /\�� �\�� A��(

 �( �( /�� ��� ̂ \� 3�\R�' � 
��\���' >\��Q ��%���7\�� O� �\��(
)^0R� ]��%���7�� (^\2  �\� �� �\%� ./�\�F' ���\� �\F��G� /\�� �

 �\" !��X��� ^0R� ��(�� +��� � w� 6� ^0R� ���%���7�� ./\�� �
 HM�\} 6� !��X�\�� �� w� �(�\2�� >���\c ���'�\� ]� �\� 

�X��� !I�� ]�%���� A�%A>���c ����& �� �( D�eV' � !���7�� �%
 ̂ � �	���� ��(�� �� A��"�� ���\? � 
�&b	� /�� �( � ��� ��� 

i��� !��� .���7% ^���%���7�� A^0R� ]��%���7�� w� /�� �
 �\	���� ��(�\� D�eV\' ]��\� �\( �\� � >���\c 6� ^\e� D[��B �(

 ̂ � !��X��� �\"�� ^�.�\� P��#7  ��1� ]��� ��" ./\�� ��\1� /�\�F' 
>��cA�� ��7� ��\� �\1G�� �F\�� � ^*�\�|�J � ��1<' ;���" 

^� 
��X�� �F��G� �\"�� .��\� �\1G�� �\} �\% �F\�� ]��� �\, 
 ̂ \� A�\"�� ]�'��\�6 ^*�\�|�J � ��V�� /\�� �\�2( ����\1� �\� ���\'

 ��( !��7� >��c .A��\"�� f\}�( � !��\� �\( ^0��7\� ]��\� ^\��
 �\c /�� ]��� ]�'.�� ����1� P.�2F� ̂ \� @�\4� � >� ��\"]t[.�

�\\� �\\�1<' /\\�� � ^\\GM��Q � �\\F��G� ��\\� �\\1G�� �F\\�� D\\��� 
�\� ���\F� �\�F� /�� A���( � �M�� $�7�� ���� f������Zu/_

�" @�4� � .���? � !�" ����* �,  � ��F� �� �?�' ��i�4V\� 
^� ��� !���7�� � �( ��" O��\( �\% /�� � >��c /�� ��1� ��+��
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