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 �&�5a' �	�

 %
��� ����� ��	Z58� %&#� �&P
�� !" ��	&Z58� �&>�V ��)&2' .
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 %&&#� 0)&&� A��U&&7 W&&X�'�5'(Velayati 2002) �&&, 0�O&&V .
�+�U� /!" �,	+' ��)2' %���)3' %���)&3' � !" (	&Z35#� �	�

~�. U
� ��	' �,	+' %���)&3' � =�&P' 	, �� !" �,	+' �X#�� �	�
 &* �&���' %&#� 0��(Tajrishy & Abrishamchi 2005) ()&' �� .
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��&� ���P* d#�5' �� ��D	, 4	5#� $�� �� !" 0)� .(Ebrahimi 
Abedi 2001) 

���&&P��M@ 
	&&[�� 	&&@��� �&&��	3�� �&&jV �	���&&P* ���&&, �&&*
�7M�� $56�7 �R� �� �* )� {aP' /%6�7 �2<+' �	� �&��� �� ��
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# %&�
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, 	���&P* $&�� �� !" ���?&7

%#� �5��� �� %
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&
X�
%�
8 &� %&3� !";$
&, �� !" A��� 4�&m�� ��	&�� =&'��V �
S

 4��&, �6�	&Z� /!" �	>	2� 4��, ��Z6 /4	��5P' ��5a' G	2�.
	>	2� � �>�V ��+�U� 0��)�� �, q�,�' �	� ���&8 �6�&Z' !" ��
7

�' �)��� .��
7 ��� 4��	E�� %�
8 �+
'� ���?&7 �&+
 , ~�&<' !"
 9
&@ �&l )���* �&+
, ��	&>	2 !"��0)&+�" �&, k	&#� 9
&@ �&+
,

%
X�� �Y�Z' ����# $E�' 	 �" %&#� ��&5��� 9&a, )&�	, 	&, 

$
&
X� �	5�	&# %&�
8 !" ���&, 0)&� �&>�V �%&6	��� !"/	& ,
�+�U� �	� ��D	# 0� , �����&, ����)& L� ��X&#�� `5&1
# �&>�V 
!" $
';� �� )+l (Dandy et al. 1984).%���)&' 4�'��
@ �� <'
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X�� /�
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R� ��L�� ='��V
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7 �� ���' 4" 	���
�-	�' ��5a' ��%
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 �&' 0�	b5#� �� /��&� �&[
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(Oppenheim 1980; Talebi & Zangi Abedi 2002).^&� �&�
A�� �� ����� 0)&� �5b7 �	� 	&��U' �W&�	X' �	&� ��&� 0��&, �
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�� �	&� �/4��	&E��
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%����� ���, 4��	��� � �+7�� 0��� 4��* �)+, ��	
�
&���)
� �	&�
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�3� � �&�U[� �&, 4" �&��� � 	&�

 &�� ~�� hi# � /	��
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%#� (Momeni 2008).�
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&
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_5' ���a5#� ='��V ��h���	' /�L5&1��� 

	, �� 0�	b5#� ��� �� 0�
� �	� ������ �
R� =
�3� A�� b��'��	� 

G��&F ��F� �&' ���?&@(Wunesch Karl 2005) 
�� �&�-�' �� .
���a5#� ='	V 	���h���	' W��> �&' G��&F �L5&1��� ��&
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7 0)� .%#� 9��: 
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='	V 	��,��R+' �,�|*�)- 4)�	#� �&<,�� $
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5� 	 �" �
1b� �� 0�	# ����2<+' �&� �&' )&+*(Abdi 2003) .
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�	 : ��-�' �	, ��'	V 	�0��� ='	V ���&, 	&� $
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='	V �	� ���' R���'�����&@ ���&, . ���&�� �&�U[� ��'	&V �)&5,� 

�L5&1��� W���&> h���	&' $
&, 	&��
_5' ��&#	3' �&' ��&� 	&�
 ��	&��
_5' �&* 	&, ��	&# �L5&1��� 	&��
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X&> /)&���� ��&� 

{aP' .)��� �:�� W���> �L51��� ^&� �, ^&��U� �&� /)&�	,
%
,��<' 
	[�� ��U[� ��'	V �5P
, U
� )���� .��, 

, n�	5� k	#� �,�� �
�X� �
_5' /!" ����� 9a, �� 0)'" %#�
� ���)&& L�;)&&
��� G	&&1
#/�
X&&> 0�	&&�� � �L5&&1��� $��&&�

$
&&�	' ��	&&# 	&&, �L5&&1��� $��5&&P
, =&&2� � =&&�- �&&+�U� � GD"
 &� /)��� 9a, �	��
_5' $
, �� .)���� �� 	��
_5';(	&Z35#� � $
'

�
X> /!" �L5&1��� $��&� �&, q�&,�' �&
�X� �&
_5' ����)& L� 
�&&����� %&&,	S �	&&� �L5&&1��� $��5&&P
, � )&&
��� �&&, q�&&,�' !"

	��
_5' ��	# 	, )
��� �
�2� dK	#� �O 5#� � 0)� ���)��� %&#� .
� �O 5#�;4	�5�	&# �O 5&#� � G	1
#/� �L5&1��� $��5&P
,

� ���) L� � �
�X�;)
��� G	1
#/�
X> $
, �� �� �L51��� $���
 �����)+7 � �
bZ� 9a, �	��
_5' .)�����X�
�����) L� �&����� 

%,	S /�&
� ��dK	&#� �&
�2�/�
X&> �O 5&#� � �L5&1��� $��&�
)
��� �
�2� dK	#� �O 5#� � 4	�5�	#/�� �� �L5&1��� $��5&P
,

� ���) L� 9a, �	��
_5' $
,;.)���� !" G�U
 [� � G	1
# 
�[
5� 4�'�" ��� /%���	, �� A�� �	� {
aP� W#	+' 4��, 

0��� 	��� .%&#� $&�� A�� (O25&#� 	&��
_5' �L�)&�� �� 4�&'�" 
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��
����� � ��

�' .��� u�&6 �b&F "h���	&' �&,��, )&-�� h���	&' 	&, W���&> 

�L51��� "��4�'�" �' )+*.��4�'�" $�� 	,�b&F u�6/=8�)&-
^� �L51��� �+X' ��� $
, $�� 	��
_5' %6	� �'���.�&7� v<&# 

+X'����� %���	, 4�'�" ^:�* ����w)F�� /)�	, =
�3� ��'	V 

���, ��	#	+� ()' W#	+' /%#� ���� u�&6 �&�� 4��&, h���	&' 

�L51��� �' �� �,�' .��� �	&* �&+X' ��� �L�	&
, =8�)&- d���&� 


�D ���, ����� =
�3� ��'	&V 4�&'�" .%&#� k	&#� �&, %&���	,
 �<,����� %#� ��#	3' =,	8(Abdi 2003) 

)H(Rln)
6

5p21n(X2 +
−−−=

�<,�� $�� �� �l 
nY�X' ��)X� ���&'�"�/	&�p��)&X� 	&��
_5' �|R|�)&8 C&�<' 

4	+
'��� h���	' �L51��� %#�.$�� 0�	'" �l ����� �&���� �&,�' 
�	l 	,0.5p(p-1) ���� ����" .%#������A�� �� �L 	��$

X� 

�W#	+' {
aP� 4��, 0��� 	�0�	b5#� ��W��>KMOc�&* /%#�
��)2' 4"0����� $
, �bF �p���.%&#� 4	&#�� {�	&�KMO 

L51��� 4��, ^:�*�&KU��&,
_5' $
&#��, �� 	&���&'�� /)&+*
&&' {a&&P'�" ��	&&#&&���� 	&&�_5' h�	
	&&���23�&&
&&� %&&3� /C;S
�

������, h�	�='	V 	���	 +@�%#��	�
� ��)2' .���� {�	&� $
� �<,���, ��%#�'�"�)(Goldaste et al. 1998) 

)s(
∑∑∑∑

∑∑
+

=
ijaijr

ijr
KMO

22

22

�<,�� $�� �� �* 
rij W��> �L51��� 0�	# $
, �	��
_5'i/j�aij W��> �L51��� 

)&2' .%&#	 �" $
, �KU���}�U&,KMO %&�D� �&, �;�&�U[� )&
� 
��'	V ^&��U� ^&� �&, �: �� ��)2' $�� .���� 4" �L�	&
, /)&�	, �&� 

�0��� �* %# .)+5&1� W&#	+' ��'	&V =&
�3� ���&, �&R� ���&' �	�
�, ��. �&�* )&2' �� ��)&-z/f$&�� %&
�* �&�U[� �	
&1, ��'	&V 

/W&&#	+'��)&&- y/f/W&&#	+'x/f/(�	&&X5'g/f/d&&#�5'w/f
�&&&5�* � U
:	&&&� ��w/f+'	�W&&&#	 �� 4	&&&P� �&&&' )&&&+�� 

(Goldaste et al. 1998; Williams et al. 2010) 4�&'�" �&[
5� .

 
1 Kaiser-Meyer-Olkin  Measure of  Sampling 

{�	&&� � %&&���	,KMO {�	&&� �MSAe%&&�	b* $
&&
X� ���&&,
����� �' 0�	b5#� ��
7 .)��� 

"�"�3��2�  *'�;� 

4	5#� 0	P�	'�* ����� 0��	 : 
O&#� 4	5&#� � �	&," /!�&� /0�	&@ 

=@�&# /!	&�� /�+3&F /0	&P�	'�* /��	&L+* /!�&_�O
7 /$
&#�� 

/��D�� /������&� /�&1���� /�2+&# TO&S ��	&�	,	, �$��
&��Z8 

!" Y�&Z' � (	25�� /����� /)
��� )��� C
8� � �'	� �#��, .%#�
%#� � !" 0)&� 
	&�� %&�
8 �, ��?7�S� ='	V �� ` # �* ��	'� 	� .

 !O&>	6 � !" %*�&� ���&, �5���)' `51
# G�8 � �X> q	2�
0�	�� 0����� /��P� {aP' ��	5#�� Y�Z' Y��#� � ��� �� 0)++*

�+�U� ���� � �# ^� �� 4" !��<'	&� %���)&' � 0)P� (�5+* �	�
.��* )���� �
Xj� �� !" �,	+' �� ��	Z58� 0�	b5#� /�L�� ��# 

,�c�� % [��0� 
�[
5� 4�&'�" (�)&� �� %&���	,c�&, �&��� 	&, .%&#� 0)&� 0���"

� �5b7 W�	<' (�)� n�	5� � 0)c�	 : �� �� %���	, 4�'�" �[
5� /
u�6 /9a, �� �bF 0)� 4	
, ��'=8�D �* )+* ^&� �L5&1��� 

�+X' ��� $
, $�� 	��
_5' %6	� �' .��� 

/%�?��4�'�" %���	, ��,��, h���	' W���> �L51��� 

	, h���	' )-�� 
Table 1. Bartlet test for equality of correlation 

coefficients matrix with unit matrix 
Significance 

level 
Degree 

of 
freedom 

Chi-square 
distribution 

approximation 
0.000 28139.710 Distribution 
0.000 66 127.989 Treatment 
0.000 45111.028 Purchase 
0.000 66 180.790 Maintenance 

(�)� �� �	�e	�w0�	&'" k	#� �, ��'	V ��U[� %
,��<'KMO 
0�	'" k	#� �, 	��
_5' �� ���)X� ���� �MSA  .%&#� 0)&� �K���

�	
X' MSA �, W���> ^�* �L51��� �W���> �L51��� �KU� 

�<,�� C�. �J�' ��#	3' ��D	, ��)2' .���MSA ^:�* 
U�51' 

4��&&,W���&&> �L5&&1��� �&&KU� .)+5&&1� ��&&�� $&&�� W���&&> 

2 Measures of  Sampling  Adequacy 
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���"�, W���> GO�� �L51��� 	<� �* )+51� ()&' �� �&�U[� 

��'	&V u�&&6 &'&�)&&+51� �5&1���	� ��&&�(Goldaste et al. 

1998), .&��� $

X� ��	��
_5' ���� �* 	 �" �� ()' ��U[� ='	V 

�, )��� �5 , %
b
* 4)� =
�3� ��'	V ^�* �&' /)&+* h���	&' ��
Anti-image 0�	b5#� )�.�F	+V$�� /h���	' W���&> �L5&1��� 

�KU� 	,%'OV ��	a' � )�� �<8 ��� �F	+V $�� /h���	&' )&2'��
0��)�� %8� ����� 	, ��
7 �	�� MSA0)
'	� �')���.$�� �	
X' �&* 

���, �� ��	7�)� �
_5' �' =
�3� /��� 4	
, �&' )&+* �&* 	&�" �&
_5'
�F	� �� % � ���� 4)� �, ()' ��U[� ���� %
-O&F ��'	V 	&� 

���, .�
� $

X� ��	��
_5' �*���� 	 �" ��()&' �&�U[� =&'	V �&, 
)��� �5 , %
b
* 4)� ��U[� ^&�* ��'	&V �&' )&2' /)&+*��}�U&,

MSA ��� % �;)
� ���� �
_5' �, ()' %*�- �'�� .)+* 	&[+�� 

0�	b5#� 	, �� 0�	&'" MSA  �&� �	&��
_5' /!" �&���� 9&a, �	& :
 &&� /)&&���;���)&& L� /�����)&&+7 � �
b&&Z� /!" (	&&Z35#� � $
'

�;�, !" G�U
 [� � G	1
# W
��� %����� ()' �� �� .)�)� ��	�
 �	&��
_5' !" �&���� 9&a, � ���)& L� � �&
�X�;)&
��� G	&1
#/

� �O 5#�;G	1
# �)&
��� �&
�2� d�	#� �O 5#� $��&5�* �����
2'&'" ��)&0�	MSA %#�* /&� �&' �� 	 �" ���&%
,��<' W�# () 

/%�?"�G	ZaP' ='	V 	��4�U
' h�	���� $

X� 0)� d#�� "	 � �. =-��' ��5a'(�����)
Table 2. Description of the factors involved and the variances determined by these factors at the different stages (distribution) 

Stage 

Factor 
analysis 

desirability 
based on 

KMO 
statistics 

Factor 1 

Variance 
determined 

by the 
factor 

Factor 2 

Variance 
determined 

by the 
factor 

Factor 3 
Variance 

determined 
by the 
factor 

1 Poor 

Facility, 
machinery, and 

production 
equipment 

depreciation costs1

31.65 

Machinery rent charges, 
transportation costs, 
building depreciation 

costs2

28.82 

Maintenance of fixed 
production assets, 

depreciation cost of 
transportation vehicles, 

maintenance of 
production facilities3

17.81 

2 Average 

Facility, 
machinery, and 

production 
equipment 

depreciation costs4

34.39 

Machinery rent charges, 
transportation costs, 
building depreciation 

costs5

33 

Maintenance of fixed 
production assets, 

Depreciation cost of 
transportation vehicles, 

maintenance of 
production facilities6

17.83 

3 Average 

Facility, 
machinery, and 

production 
equipment 

depreciation costs, 
transportation 
costs, building 

depreciation costs7

49.95 

Depreciation cost of 
transportation vehicles, 

maintenance of 
production facilities, 
Maintenance of fixed 

production assets8

20.92  

]�)
��� G�U
 [� � GD" $
�	' �O 5#� /G	1
#	� �O 5#� 

H�=�- �+�U� /GD" $
�	' 0�	��4	�5�	# �O 5#� /=2� �

J������� ���) L� � �
�X� )
��� G	1
#	� ���) L� � �
�X� /)
��� �
�2� dK	#� �O 5#� /)
��� %,	S �	� 

N�)
��� G�U
 [� � GD" $
�	' �O 5#� /G	1
#	� �O 5#� 

��4	�5�	# �O 5#� /=2� � =�- �+�U� /GD" $
�	' 0�	�� 

Q������� ���) L� � �
�X� )
��� �
�2� dK	#� �O 5#� /)
��� %,	S �	� 

��4	�5�	# �O 5#� /=2� � =�- �+�U� /GD" $
�	' 0�	�� /)
��� G�U
 [� � GD" $
�	' �O 5#� 

�������� ���) L� � �
�X� /)
��� �
�2� dK	#� �O 5#� )
��� %,	S �	� 
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����� � ��

/%�?,�G	ZaP' ='	V 	��4�U
' h�	���� $

X� 0)� d#�� "	 � �. =-��' ()���) ��5a' 
Table 3. Descriptions of the factors and the variances determined by the factors at the different stages (purchase) 

Stage 

Factor 
analysis 

desirability 
based on 

KMO 
statistics 

Factor 1 

Variance 
determined 

by the 
factor 

Factor 2 

Variance 
determined 

by the 
factor 

Factor 3 
Variance 

determined 
by the 
factor 

1 Poor 

Depreciation costs of  
production vehicles, and 

production machinery and 
equipment; Water purchased, 

Machinery rent charges; 
Transportation costs1

40.48 

Facilituy 
depreciation 

costs; building 
depreciation 

costs2

28.82 

Maintenance of 
production 

assets, 
Disinfectant 

costs3

14.973 

2 Poor 

Depreciation costs of  
production machinery and 

equipment; Water purchased; 
Machinery rent charges; 

Transportation costs; 
Depreciation costs of 
production vehicles4

44.614 

Facilituy 
depreciation 

costs; building 
depreciation 

costs5

22.395 

Maintenance of 
production 

assets, 
Disinfectant 

costs6

16.542 

3 Poor 

Depreciation costs of  
production vehicles, 

machinery and equipment; 
Water purchased; Machinery 
rent charges; Transportation 

costs7

49.801 

Facilituy 
depreciation 

costs; building 
depreciation 

costs8

25.394 
Disinfectant 

costs9 14.768 

4 Improper 

Depreciation costs of  
production machinery and 

equipment; Water purchased; 
Machinery rent charges; 
Transportation costs10

56.674 

Disinfectant 
costs; 

Depreciation cost 
of buildings11

21.073 

5 Improper 

Depreciation costs of  
production machinery and 

equipment; Water purchased; 
Machinery rent charges; 

Transportation costs; 
Production vehicle 
depreciation costs12

65.513 

Depreciation cost 
of buildings13

21.718 

 

]�0�	�� /0)� ���)��� !" /)
��� G�U
 [� � GD" $
�	' �O 5#� /)
��� �
�2� dK	#� �O 5#�

=2� � =�- �+�U� /GD" $
�	' 

H��O 5#�4	�5�	# �O 5#� /G	1
#	� 

J����)+7 /)
��� G	1
#	� ���) L� � �
�X� 

N�� =�- �+�U� /GD" $
�	' 0�	�� /0)� ���)��� !" /)
��� G�U
 [� � GD" $
�	' �O 5#�

)
��� �
�2� dK	#� �O 5#� /=2� 

��4	�5�	# �O 5#� /G	1
#	� �O 5#� 

Q��)+7 /)
��� G	1
#	� ���) L� � �
�X���

��0�	�� /0)� ���)��� !" /)
��� G�U
 [� � GD" $
�	' �O 5#� /)
��� �
�2� dK	#� �O 5#�

=2� � =�- �+�U� /GD" $
�	' 

��4	�5�	# �O 5#� /G	1
#	� �O 5#� 

\����)+7 

]I�/0)� ���)��� !" /)
��� G�U
 [� � GD" $
�	' �O 5#� /)
��� �
�2� dK	#� �O 5#�

	' 0�	��=2� � =�- �+�U� /GD" $
� 

]]�4	�5�	# �O 5#� /���)+7 

]H�� =�- �+�U� /GD" $
�	' 0�	�� /0)� ���)��� !" /)
��� G�U
 [� � GD" $
�	' �O 5#�

)
��� �
�2� dK	#� �O 5#� /=2� 

]J�5�	# �O 5#�4	�
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/%�?B�G	ZaP' ='	V 	��4�U
' h�	���� $

X� 0)� d#�� "	 � �. =-��' (�
bZ�) ��5a' 
Table 4. Description of the factors involved and the variances determined by the factors at the different stages 

(treatment) 

Stage 

Factor 
analysis 

desirability 
based on 

KMO 
statistics 

Factor 1 

Variance 
determined 

by the 
factor 

Factor 2 

Variance 
determined 

by the 
factor 

Factor 3 
Variance 

determined 
by the 
factor 

1 Improper 

Depreciation costs of  facility and 
buildings; Disinfectant costs; 

Depreciation costs of production 
machinery and equipment; Water 
distribution and sales wages borne 

by the water owner1

30.296 

Transportation 
costs; Machinery 

rent charges; 
Manitenance of 
fixed production 

assets2

21.005 

Depreciation costs 
of production 

vehicles; 
Maintenance 

(wages) borne by 
the water owner; 
Lab depreciation 

costs3

20224 

2 Improper 

Facility, buildings, production 
machinery and equipment 

depreciation costs; Maintenance 
(wages) borne by the water owner4

33.269 

Transportation 
charges; Machinery 

rent charges; 
Maintenance of 

production assets5

22.901 

Production vehicle 
depreciation costs; 

Maintenance 
(wages) borne by 
the water owner; 
Lab depreciation 

costs6

21.937 

3 Poor 

Facility, buildings, production 
machinery and equipment 

depreciation costs; Maintenance 
(wages) borne by the water owner7

36.278 

Transportation 
charges; Machinery 

rent charges; 
Maintenance of 

production assets8

224.413 

Production vehicle 
depreciation costs; 

Maintenance 
(wages) borne by 
the water owner9

20.244 

4 Poor 

Facility, buildings, production 
machinery and equipment 

depreciation costs; Disinfectant 
costs; Maintenance (wages) borne 
by the water owner for distribution 

and sales10

39.855 
Transportation 

charges; Machinery 
rent charges11 

25.361 

Production vehicle 
depreciation costs; 

Maintenance 
(wages) borne by 
the water owner12

22.341 

5 Average 

Facility, buildings, production 
machinery and equipment 

depreciation costs; Disinfectant 
costs; Maintenance (wages) borne 
by the water owner for distribution 

and sales13

44.499 

Maintenance 
(wages) borne by 

the water owner for 
distribution and 

sales; 
Transportation 

costs; Machinery 
rent charges14 

28.360 
Maintenance costs 

(for the rights of the 
water owner15

15.238 

6 Improper 

Distribution and sales of the water 
owner’s rights; Facility and 
buildings depreciation costs; 

Disinfectnt charges; Production 
machinery and equipment 

depreciation costs16

5.873 
Transportation 

costs; Machinery 
rent charges17 

32.415 

7 Adequate 

Facility depreciation costs; 
Disinfectnt charges; Distribution 
and sales of the water owner’s 
rights; Disinfectant charges; 
Building depreciation costs;  
Production machinery and 

equipment depreciation costs18

58.346 Machinery rent 
charges19 26.158   

]�� GD" $
�	' �O 5#� /���)+7 /4	�5�	# �O 5#� /G	1
#	� �O 5#� � ����� /)
��� G�U
 [�
��)," ��2- A��6 

H������� ���) L� � �
�X� /GD" $
�	' 0�	�� /=2� � =�- �+�U� )
��� %,	S �	� 
J�0	LP�	'�" 
���� �O 5#� /��)," d#�� (��2-) ���) L� �+�U� /)
��� �
�2� dK	#� �O 5#� 
N��O 5#� /���)+7 /4	�5�	# �O 5#� /G	1
#	� �O 5#� � ����� /)
��� G�U
 [� � GD" $
�	'

��)," ��2- A��6 
�������� ���) L� � �
�X� /GD" $
�	' 0�	�� /=2� � =�- �+�U� )
��� %,	S �	� 
Q�0	LP�	'�" 
���� �O 5#� /��)," d#�� (��2-) ���) L� �+�U� /)
��� �
�2� dK	#� �O 5#� 
���)+7 /4	�5�	# �O 5#� /G	1
#	� �O 5#� � ����� /)
��� G�U
 [� � GD" $
�	' �O 5#� /��

��)," ��2- A��6 
�������� ���) L� � �
�X� /GD" $
�	' 0�	�� /=2� � =�- �+�U� )
��� %,	S �	� 
\���)," d#�� (��2-) ���) L� �+�U� /)
��� �
�2� dK	#� �O 5#� 
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Table 5. Description of the factors involved and the variance assigned by the factors at the different stages 

(maintenance) 

Stage 

Factor 
analysis 

desirability 
based on 

KMO 
statistics 

Factor 1 
Variance 

determined 
by the 
factor 

Factor 2 
Variance 

determined 
by the 
factor 

Factor 3 
Variance 

determined 
by the 
factor 

1 Improper 

Depreciation costs of  production 
machinery and equipment; 

Depreciation costs of production 
vehicles; Buildings depreciation 

costs; Maintenance costs (of 
rights) borne by the water owner1

28.0408 

Distribution and 
sales of the water 
holder’s rights; 

Depreciation costs 
of other assets; 
Transportation 

costs; Machinery 
rent charges2

23.932 

Facility 
depreciation costs; 

Production 
equipment 

maintenance 
costs3

14.853 

2 Poor 

Depreciation costs of  production 
machinery and equipment; 

Depreciation costs of production 
vehicles; Buildings depreciation 

costs; Maintenance costs (of 
rights) borne by the water owner4

30.068 

Depreciation of 
other assets; 

Machinery rent 
chanrges; 

Distribution and 
sales of the water 
holder’s rights5

24.991 

Facility 
depreciation costs; 

Production 
equipment 

maintenance 
costs6

15.005 

3 Poor 

Production machinery and 
equipment, production vehicles, 
and buildings depreciation costs; 

Water owner’s rights 
maintenance7

32.348 

Facility and other 
assets  depreciation 
costs; Machinery 

rent charges; 
Distribution and 

sales of water 
owner’s rights8

29.761 

Transportation 
costs; Fixed assets 

maintenance 
costs9

14.445 

4 Average 

Facility, buildings, production 
machinery and equipment 

depreciation costs; Disinfectant 
costs; Maintenance (wages) of 

the water owner’s rights10

34.810 

Production 
machinery and 

equipment, 
production 

vehicles, and 
buildings 

depreciation costs; 
Water owner’s 

rights 
maintenance11

30.368 

Facility 
depreciation costs; 

Fixed assets 
maintenance 

costs12

14.811 

5 Adequate 

production machinery and 
equipment depreciation costs; 

Fixed assets maintenance costs; 
Production vehicles depreciation 

costs, Building depreciation 
costs; Maintenance of the water 

owner’s rights13

41.331 

Depreciation costs 
of other assets; 
Machinery rent 

charges; 
Distribution and 

sales of water 
owner’s rights14

31.096 

 

6 Adequate 

Depreciation costs of  production 
machinery and equipment, 

production vehicles and 
buildings; Maintenance costs of 

water owner’s rights 15 

45.444 

Depreciation costs 
of other assets; 
Machinery rent 

charges; 
Distribution and 

sales of water 
owner’s rights16

35.494 
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Table 6. Coefficients of the first and second factors in the distribution, treatment, purchase, and maintenance sections of 

water facilities 

Coefficients of 
the factors 

Variable 

Distribution Treatment Purchase Facility 
maintenance 

Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2 

Production machinery and 
equipment depreciation cost 0.707 0.149 0.754 0.413 0.893 0.227 0.850 0.111 

Machinery rent charges 0.981 0.122 -0.008 0.983 0.957 0.044 0.095 0.954
Transportation costs 0.982 0.124 - - 0.837 -0.289 - -
Production assets maintenance 
costs -0.179 0.725 - - - - - -

Production vehicles depreciation 
costs 0.053 0.816 - - 0.840 -0.443 0.964 -0.153 

Buildings depreciation costs 0.733 0.103 0.662 0.643 -0.046 0.964 0.979 -0.082
Water purchased - - - - 0.900 -0.199 - -
Depreciation of other assets - - - - - - 0.057 0.890
Costs of maintaining water 
holder’s rights - - - - - - -0.077 0.843 

Distribution and sales of water 
owner’s rights - - 0.939 0.026 - - - -

Facility depreciation costs - - 0.958 0.113 -
Disinfectant charges - - 0.834 0.080 - - - -
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Table 7. Values for the  factors assigned for each city at the last stage of each parameter 

Town Distribution Treatment Purchase Facility maintenance
Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2

1 Islamabad 0.66471 -0.24970 0.41143 1.35883 0.50673 2.11448 -0.35084 0.81751 
2 Paveh -0.64104 0.64608 -0.75204 -0.29274 0.05371 -0.77998 -0.37567 -0.19521 
3 Salas 2.61398 0.19449 -0.76534 2.92570 0.65964 -1.23860 -0.30909 0.61945 
4 Javanroud 0.05714 2.42740 0.01857 0.38631 3.14808 -0.38683 2.58714 0.59919 
5 Dalahoo -0.53232 -0.03843 -0.29309 -0.54192 -0.60888 -0.13189 -0.48934 -0.26988 
6 Ravansar -0.49882 0.29618 -0.00085 -0.61024 -0.27108 -0.24985 -0.05839 -0.82928 
7 Sar-e-pol-eZahab -0.40428 -1.47650 -0.15382 -0.53006 -0.52884 -0.31179 -0.5010 -0.31411 
8 Songhor -0.61215 0.30382 0.08129 -0.21526 -0.31945 0.65540 -0.35174 -0.45885 
9 Sahneh -0.53232 -0.03843 -0.10726 -0.50249 -0.54012 0.10940 -0.48934 -0.26988 
10 Ghasr-e-Shirin -0.42685 -1.39130 -0.79634 -0.50879 -0.40557 -0.64134 -0.40027 -0.44494 
11 Kermanshah 1.75372 -0.62598 3.26231 0.09138 0.02020 2.14709 -0.26889 2.92844 
12 Kangavar -0.51749 -0.82795 -0.28793 -0.64308 -0.27456 -0.60305 -0.40634 -0.60346 
13 Gilan-e-Gharb -0.41392 1.06455 -0.28196 -0.38384 -0.70858 -0.34442 2.06574 -0.89851 
14 Hersin -0.51036 -0.28422 -0.33496 -0.53379 -0.73129 -0.33864 -0.65193 -0.68046 

�A��6 ��2- ��)," �' `P: �, (�)� .)����x)2'�='	V ��� 	&�
'&4	P� �� 9a, �	 : �� �� ��" ��-� �' �:�� /)�� )2'��='	V 	�

}�U, ��)+�	, �l	,+%'OV %#� 0)� 0��� 4	P�� /;)&
* 4"=&'	V 
�� 4	5#� � 4" �5P
, )���� ��&, �&2' �&:�� ��) =&'	V �� �	&3� 

C�<'�)8 }�U, )+�	, �� �l	,%'OV�%#� 0)� 0��� 4	P�� /;)
* 

h&�V 4"=&'	V ��4"4	5&#� � �5&P
, )&���� 	&, $���,	&+, .��&,
, n�	5� �� 0�	b5#��(�)� �� 0)'" %#�x�'9&a, �� �* %b7 4��� 

4	5#� � �� (�� ='	V ��" ��-�' �� ����� � TO&S �	� 0	&P�	'�* 
)2' ��������* %#� %�|' }�U,�' 4	P� )�� �	��
_5'�O 5#� 

$
�	' GD" �G�U
 [� )
��� $
&�	' 0�	&�� /�&+�U� /GD" =&�- �
4	�5�	# �O 5#� � =2� ��������
, %
�5P �� ���4	5#� � $	&�

4	5#� � 
�� ='	V �� .)+51� 	��7 � �������
, !�&_�O
�5&P�$
)2'���'	V�4	5#� � �	��!	�� =@�# �&��Z8
��� $&
���� U�

��)V�b+'�)+5&1� C&�<' �)&8 �	&3� �� }�U,.�&
�X� ����)& L� 
������ 	��%,	S 4	5&#� � �� )
��� 	&��7 � ������&�
�� !�&_�O

���
D	, %��4	5#� � � )+51� �������, 	���Z8 � !	�� =@�#
�
������ $����
�5�* %�'�.)+�	, 

	5� �� 0�	b5#� 	,�, n�(�)� �� %#�x��,��� 9a, &�� !" )�
, (�� ='	V
�5P��'	V ��)2' $�%&#� ������&� 4	5#� � �, q�,�'
' 4	P� ��_5' �&* )��
	&���$
&�	' �O 5&#� G�U&
 [� � GD" 

!" /)
��� ���)��� 0�	�� /0)� $
�	' �+�U� /GD" � =&�- � =&2�
�O 5&&#� �&&
�2� dK	&&#� ��� 	&&, )&&
���&&
%�&&��_5' $
� �� 	&&��&&� $


�� ='	V �� .)+51� 4	5#� �4	5#� � 	��
O#� 0	&P�	'�* � �	,"
,
�5P��'	V ��)2' $�_5' � )���� ��
� �� 4	�5�	&# �O 5&#� �&�$

4	5#� � � 	�;S
	&5� �� 0�	b5&#� 	&, .%&#� ��?7��&, n�%&#� 0)&'" ��
(�)�xbZ� 9a, ��
��" �� ��, ��-�' $
�5P��'	V ��)2' $���

(�� ='	V �* %#� 0	P�	'�* 4	5#� � �, q�,�'��&' 4	&P )&�� �� /
�&�_5' 4	5&#� � $
	&����O 5&#� �;G	&1
# /�&���� �A��&6 

��2- ��)," /���)&+7/�O 5&#� $
&�	' GD" �G�U&
 [� )&
��� �
�O 5#� ���� 4	�5�	#����
, %

�5&P�4	5&#� � .)+5&1� 	&��


O&&#� �	&&," �TO&&S , 
�� =&&'	V ��
�5&&P��'	&&V ��)&&2' $����� ��
_5' � )+51�
	���0�	�� $
�	' GD" ` ' �� ���_5' $
.)+5&1� 	&��
	5� �, ����	,�(�)� �� 0)� �K��� nx��) L� 9a, ����;#
G	&1

��" �����-�' $/, (�� ='	V ��
�5&P��'	&V ��)&2' $��&, q�&,�'
4	5&&#� � 	&&��&&' 4	&&P� � %&&#� ������&&� � !�&&_�O
7��&&* )&&��

_5'
	&����O 5&&#� &&�	'
$G�U&&
 [� � GD" )&&
���/�O 5&&#� 
dK	#� �
�2� )
��� /4	�5�	# �O 5#� ��&+�U� ��)& L��)��&2- (
d#�� ��)," ��� 	,
%���_5' $
� �� 	���4	5&#� � $.)+5&1� 	&� ��

4	5&#� � 
�� =&'	V 	&��
O&#� � 0	&P�	'�* , �	&,"
�5&P���)&2' $
�'	V�_5' � )���� ��
��O 5#� ��	# ������ /	�0�	�� $
�	' GD" /
������A��6 ��2- ��)," � �� &� 4	5&#� � $� 	&�;S
.%&#� ��?&7�

+m��
4	5#� � �� $	���, �1���� � !�_�O
7 ��
4��&, }�U&, =
b+' �)V ��)2' ����
� %�_5' $
.%#� �5�* 	�� 



/#
!	� �3 �1`� ����,����% ���3.... .dx.doi.org/10.22093/wwj.2017.44806 

34 ��������	
��
����� � ��

B� D
0� 3�
9 
� ='��V;S
8 �, ��?7�
' �� !" %����� 9a, �	 : �, 4��� &� /!" �

��&&�&&� /);'
b&&Z� /!" (	&&Z35#� � $
���)&&+7 � �����)&& L� /�
�;#
 [� � G	1
12� !" G�U
� �� .���� `�$9��M@ 8

	&�� %&�

 (	&# �� !" 0)�cszf �&� �� &� 	�	5&#�� �� ^�4	5&#� � 	&��
#��, 0	P�	'�* 4	5#������� �, hi# /)�%)+,�U�  U&��&+�	&��

'��&� �, �S &�� �� ^&��3� �� 0�	b5&#� 	&, 9&a, �	& : $&
�'	&V =�
�3� �� Y)� .)� �5����@
�'	V =�9�	l ��)X� �	&��
_5' C&
23� 

�, ='��V �5�l �
X�
` # $��p���='	V 	�U� �&,��	& : �&� �&+
 ��,	&+, .%#� 0)� �*� 9a,�()&' �� /)&� 0)�	&P' �&* ��<�	&�� $

�3�
=�'	V�@
�	 +P �����$_5' %P� ��	2' &
 &' ����� �&, �S &� �
_5' 0� /!"
' ���� �&, �S &�)_5' 0����� /!" &
 &' ��b&Z� �&, �S
� �

���)+7��_5' 0����� �
' ����)& L� �&, �S� [� &
� � G�U;#
G	&1
 	&5� �&, �&��� 	&, .)�)&� �&FO� ='	V �� �� !"�&, n�0)&'" %&#�

'�, 4���
��� 9&a, �� �&* ��&�� 4	 &�, �
�5&P�&� $;S
_5' �
	&���
4	5&&#� � �� (�� =&&'	V 	&&��� TO&&S0	&&P�	'�* �� =&&'	V �� �


,
�5P��'	&V ��)&2' $�4	5&#� � �� 	&��7 � ������&�
� !�&_�O
�5�*�� $;S
4	5#� � �, q�,�' 
�� ='	V �� �	��!	&�� =@�&# �

��Z8
��$��, �� 9&a, �� . &�, !" )
�5&P�&� $;S
�� (�� =&'	V �
4	5&&#� � 
�� =&&'	V �� � ������&&� 4	5&&#� � 	&&��
O&&#� � �	&&,"

��� �� 0	&&P�	'�*&&
, %
� �5&&P��� �� TO&&S 4	5&&#� �&&
�&&5�* %�
�������, ��,bZ� 9a, �� .)�
4	5#� � �0	P�	'�* � (�� =&'	V ��

4	5#� � 
�� ='	V �� 	��
O#� , TO&S � �	,"
�5&P���� $&
�� %
)+5&��� ��)&& L� 9&a, �� .��;#
, G	&1
�5&&P�&� $;S
_5' �
	&&���

4	5#� � �, q�,�' (�� ='	V 	��V �� � ������� � !�_�O
7 =&'	
, 
��
�5P�� $;S
4	5#� � �� �	��
O#� � 0	P�	'�* �	,")� 0)�� .

� �, ���� 	,�$4�+*	� �* �&3, �� ���� &�%)&+,�=&'��V &'��S�&, 

8
%�
	�� 0)�  ,	&P' �&X�	<' 0	&P�	'�* 4	5&#� �� !"�G��&F
@ /�56�L�
' �	 +P�����#��, ,
�5P�� ���'� $
�� 0�	b5&#� 	&, �+

A�� 	�����L7 G��F
.�� 

:�	������ 
4	7)+1��� $�� 	5&#�� !O&>	6 � !" %*�&� �� �&�	2'��4	5&#�

 0	P�	'�*���, �	����	��5�� �� � 
�D &
 G	&VO.� 4��� ���&8 �	
� ���'
�	���, 23� 
	[��
����)8 �>	- C�'�	���.)+ 

References 
Abdi, H., 2003, Multivariate analysis, Encyclopedia for Research Methods for the Social Sciences., Thousand Oaks, 

699-702. 
Dandy, G.C., Mcbean, E.A. & Hutchinson, B.G., 1984, "A model for constrained optimum water pricing and capacity 

expansion", Water Resources Research, 20(5), 511-520. 
Ebrahim Abadi, Gh., 2001, "Identifying the factors in the cost of water and sewage water in Sistan and Baluchestan", 

MSc Thesis, Mazandaran University of Science and Technology, Mazandaran, Iran.(In Persian) 
Espey, M., Espey, J., and Shaw, W.D., 1997, "Price elasticity of residential demand for water: A meta‐analysis", Water 

Resources Research, 33(6), 1369-1374. 
Goldaste, A., Asghari, R. & Torabi, M., 1998, SPSS / Win User Guide, Publishers Hami, Tehran. 

(In Persian) 
Heise, B., Bobertz, B. & Harff, J., 2010, "Classification of the Pearl River Estuary via principal component analysis and 

regionalization", Journal of Coastal Research, 26(4), 769-779. 
Hooman, H.A., 2002, Multivariate data analysis in behavioral research, Parsa Pubisher, Tehran. (In Persian) 
Mashayekhi, A.N., Toloie Eshlaghy, A., Rajabzadeh, A. & Razavian, M., 2011, "Determination contsructs validity of 

an agile organization model by using factor analysis", Journal of Industrial Engineering International, 7(14), 75-89. 
Moghadam, M., Mohamadi Shooti, A. & Aghaei Sarbzareh, M., 1995, Familiarity with multivariate statistical method,

Pishtaz Elm Publisher, Tabriz. (In Persian) 
Momeni, M., 2008, Statistical analysis using SPSS, Ketab Now Publisher, Tehran. (In Persian) 



������� ���������	
��


/#
!	� �3 �1`� ����,����% ���3... .dx.doi.org/10.22093/wwj.2017.44806 

35

Motahari, A., 2009, Strategic management: A case study of Qom drinking water, Water and Wastewater Company of 
Qom. (In Persian) 

Nasri, M. & Najafi, A., 2009, "Factors in the flood basin of Sirjan to the analysis method", Journal of Geography and 
Environmental Planning, 36(4), 101-118. 

Oppenheim, N., 1980, Applied models in urban and regional analysis, Prentice-Hall, Inc., USA. 
Ragno, G., De Luca, M. & Ioele, G., 2007, "An application of cluster analysis and multivariate classification methods to 

spring water monitoring data", Microchemical Journal, 87(2), 119-127. 
Roth, E., 2001, Water pricing in the EU: A review, European Environment Bureau, Brussels. 
Sadeghi, T., Ehsanpour, K. & Sedaghat, R., 2013, "Combining application of factor analysis and SWOT to survey 

marketing and advertisement: A case study of pistachio in Kerman province", Journal of Nuts., 4(4), 33-46. 
Taghvaei, M. & Shafyei, P., 2010, "The application of factor analysis and cluster 1-spatial evaluation rural areas", 

Journal of Agricultural Economics and Development, 68(17), 57-76.  
Tajrishy, M., & Abrishamchi, A., 2005, "Demand management of water resources in the country", Conference of 

Prevent Water Loss, Academy of Sciences, Tehran, 24-39. (In Persian) 
Talebi, H. & Zangi Abadi, A., 2002, "Analysis to determine the factors in human development indices and major 

cities", Geographical Research Quarterly, 60(16), 124-142. 
Velayati, S., 2002, The geography of water and water resources management, Jahad Daneshgahi Publisher, Terhan. (In 

Persian) 
Williams, B., Onsman, A. & Brown, T., 2010, "Exploratory factor analysis: A five-step guide for novices", Journal of 

Emergency Primary Health Care, 8(3), 1-12. 
Wunesch Karl, L., 2005, "Principal components analysis – SPSS", East Carolina University, Departmant of Psychology. 
Yidana, S.M., Ophori, D. & Banoeng-Yakubo, B., 2008, "A multivariate statistical analysis of surface water chemistry 

data—The Ankobra Basin, Ghana", Journal of Environmental Management, 86(1), 80-87. 


