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Abstract  
What is important in the current situation it is important to pay attention to patterns of the 
water consumption behavior of subscribers and to identify subscribers and consumers with a 
higher position in the value pyramid in the field of water consumption management policy. 
Value pyramid is a tool that identifies valuable customers in terms of consumption, and so, has 
great application and importance in the field of water consumption management to identify 
high-consumption and low-consumption customers. Therefore, in the present study, in order to 
identify the patterns of consumption behavior of Shiraz Water and Wastewater Company 
subscribers based on their consumption value pyramid and to predict the subscribers with a 
higher position in the value pyramid, data mining techniques have been used. In the framework 
of the proposed method, first, the data of water subscribers' consumption including residential, 
commercial and industrial subscribers, public and administrative, religious and educational 
sites, military and non-governmental, for two consecutive years, were extracted from the 
database of Shiraz Water and Wastewater Company. After determining the optimal number of 
clusters using self-organizing map and Davis Bouldin index, clustering operation is performed 
using K-Means algorithm. It should be noted that the indicators and criteria for subscriber 
clustering include the type of use, location, consumption, history of unauthorized branching, 
number of disconnection notices and time of payment of bills which have been identified using 
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the opinion of experts. Then, while calculating the consumption value of subscribers in each 
cluster and plotting the subscriber consumption value pyramid, the decision tree algorithm is 
used to predict and discover the behavioral patterns of subscribers. The results show that Shiraz 
Water and Wastewater Company subscribers are divided into six clusters in terms of 
consumption behavior patterns. While drawing the consumption value pyramid, these six 
clusters are classified into three classes: high consumption subscribers, medium consumption 
subscribers and low consumption subscribers. After implementing the decision tree, the 
accuracy of the tree was 78.92 that, according to the results of the decision tree, the subscribers 
of these three classes have 11 patterns of behavior that predict the type of consumption. Thus, 
according to the 11 behavioral patterns of the subscribers of Shiraz Water and Wastewater 
Company, the consumption of new subscribers can be predicted and its position in the value 
pyramid can be determined. 

Keywords: K-Means Algorithm, Data Mining, Self-Organized Neural Network, Shiraz Water 
and Wastewater Company, Water Consumption Management, Water Subscribers. 
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Fig. 1. Research steps 
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•Problem definition and goal settingStep one

•Data collection from the subscriber database of Shiraz water and 
wastewater companyStep two

•Pre-processing and preparation of data and dividing them into two 
categories of experimental and educational dataStep three

•Determining the maximum number of clusters using the self-organizing 
neural network methodStep four

•Calculate the Davis-Boldin index to calculate the number of designated 
clustersStep five

•Perform clustering using K-Mean algorithmStep six

•Determining the consumer value pyramid of subscribersStep seven

•Predict the level of consumption of each subscriber using the decision treeStep eight



]�' � +��)��  
� 5#�S2)� �* ��A� ��2�� +��* ... dx.doi.org/10.22093/wwj.2021.307401.3182 

96

����� � �� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 33, No. 2, 2022 

�)) WXY ���D�Q 
$)�< 
$O\�����1$���.
�
�C�)��+ �) >�N 	����)) 
 -�}�, ���$O\�����
 %�����

�)) S��� �����C$�(���( ��(�� )��&H(�=����)) �)) ���� ����
�Q 	 )�'=�$��B �,�� WXY �))�uI� ��C.�(��&� 	$Z
$O\����

�(�
 ��}��$O\����
� 	 %�������)) ����>��<, )��1��
����($C����%�Q �)$���D�6J: �( v�(�� ��� ���� {���P�

� �����H� -+�	� N�(�.�,�� 

P++Q> :g��*` g�R "{$�%n ��%Q> 	�3d � ! � 1 ��LB �� (�:�� 

	7#� D#V0 ,��(���3d �

	 �L� ���3I1���t�����$���( �����������H( �����. C��� �) ����$����
���. ��(�d� �)�=���&06 �L&� �)���6��0��c���	��)�. �)h

�� ���Q �($Q 9� �( R�0� ����l ����$��	)�Q ��Y
 C�>��, ��(
�
�,w�� ��.�� ��* �) ��� )��� �$������0}P�������O ���N ��,

)Rosenblatt, 1962(.����$����$	 V
� CZ��I � ���3I1 )���$	
�)) ���V�PM�s	�� )����� ��3(�N ��,��	 �)�=�� ��S�,) ���
#(�I� ����) �3��#� )���� �) �$ �#( �) � �+ 	 �)�=��� �9����	

���� ����)�(���$S�����$���( .���� ��Q����)� 	�����&��06 �L&����
���	��)�. �) �) C$* 
) S�
\Q �$ ��( ��)
�
��1
�. 
��)

* �� �� ����O �F,$R
 �d* 
 �
�,$Z��� >
) �f�
�,)�(.

|G3 G� wd�� 	#��&� :H�-= g�R8PG% �31�	# ��&� A�" 1

	�3d ��%Q> %� P++Q> A�! 
]$��, 9�$��B� 	 Z��Y ���. ��� ��( �)) ��6�I<� t$ �
� ���(

-�}�, �( �1�� 9�$��B� ��������Q ��� �� �� D
�=�� ���#( �,��
������� 
) .�����( �B$���L$ 	 �����. -���}�, ����( ���$�Q �����H( �����

D��&6 	 �,:9��� )�)) ���. t$ �( 43��� ��� $�(�C�LI� �Y ��
����( t$)�, �B$�L$ �( 
 (�$�1 )����. �$�( )��. �����	��, ��(

����( �1 �B$�L$ 	 ����()Kovács et al., 2013(.

1 Clustring 
2 Artificial Neural Network 
3 Self Organization Map (SOM) 
4 Neuron 
5 Noisy Data 
6 Davis-Bouldin 

$L�	�.�� ���)�(����Q ��(������CH( )�������� �����.

) �.�� �$x�����($C��� �)�=��� ����. 
) C��( ���&�� 	

�� 
) C��( ���&�� >��6 
 ����. t�$ �O�����Q a�� �( �� ���
�� |$��� ���. ����. ��� C��( ���&� C�B,��� �.�� C$ .)��

��&� �( ���. C$�� �� �&�� � � �+ �( ��� 
���'� �l�� �+ ���P�(
��(�����. �� ��� ����� ���H( ��� )Davidson, 2002(.

g��C� :Hf� g�R 	�3d A%-1 �1��LB�� (�HBG�3T�� KP+TC�+��

$L�)�(��� 	���$�L� C�t����)) 
�������B�$9�����. ���(�
�( �� �� ��F������� 
 ��}���$( 	 �B���)) ��&, 9<Y C���
� �)�=��� .)��$�L� C�t�)) ����) � �(�P� �$ ���N ����. t

�B� 
 �))�$�( � �I, ���6$�� ��2� �����������( ���: ���� �$C
�I,$( ���������)) ������� �B,� ��������� �����. �+.(Amoozegar, 

2016) . 
���. 5 ( �) ��(� W�� �$�)) ��� �� C����$�) ��� �$ t
( �,�) ��N ���.���P$�( � �(�P� C$�L$��I� 
 �B$��( � �(��P� C

��6����. ���)$�����( ����) �B .(Kojury Naft Chali and 

Fereydonian, 2015) $L���B� 	$9�������. ��(����B� �$9�
K��B,������. )��� �( �1�� �( �� �� C����) ���� ���(�	��G+ �

�L� 	 �)�=�� �( 
 �)���t�(�1 �$�1 ��L��� VJ� ����( ��� ���
�(�1 �$�1 ��	 �$) ����. ��( ���. t$����) ���B ���(�)��&H( �
 .��)$�( )�&H( CI� �( R�I�� ��:���	���$�� E(�� t��� W�$|
� ����� �#���B� .)��$���. 9� ��(�K���B,��C(MacQueen, 

1967) 3� �3Y�� 
) 	�LP���)) R
 �3Y�� �) �� �� ��� Z��
�()�,$t��$�� �)) �&�#, ���. C������ >
) ��3Y�� �) 
 �,���

���. �)) �( �1�� �( �� ���$��0�. ��$����� �&��� � ����(
) ��,
���,��.(Davies and Bouldin, 1979) 

$L���� DJLP� 	�V
�K��B,�� C�$)���� ��� ��� C
�
 ���.�}P� � ���( 
 �)�, �Q ��F�� ���)� 	������� >	* �+

) V
� �( ��$�B��
 ���. )��� �������.)�� C

P++Q> :HBL! g�R g"! :(�� m"V� P+$"Bf� 

�(������0� C��P� W������ �) C���. ����&� �( ���V	� >�� 

7 K-Means 



�S.� ���.X ����D�	 � �dx.doi.org/10.22093/wwj.2021.307401.3182 

97

����� � �� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 33, No. 2, 2022 

��%@ )��.�� ����� ���S�
\Q 
Table 1. Research indicators 
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Region 1-5F2��� Nominal��� Address 2
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4

0-10 F5Reverse Numerical Once Interrupt warning 
number5
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Table 2. Davis-Bouldin index for the number of clusters 

Davis-Bouldin indexNumber of clusters
1.492
1.153

1.5394
1.325
1.966
1.977
1.868
1.719
1.6210

Fig. 2. Percentage of subscribers in each cluster 
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Table 3. Characteristics of subscribers of each cluster 

Variable / Cluster 5 1 2 3 4 5 6
Number of subscribers (Item) 196300 37750 143450 241600 90600 196300 45300 

Type of 
application 
(Percent) 

Residential 56 91 91 51 80 56 68 
Commercial and 

Industrial 26 5 5 34 14 26 10 

Public and 
Administrative 10 1 1 5 2 10 6

Religious and 
Educational places 3 1 1 1 1 3 5

Military 1 1 1 1 1 1 3
Non-governmental 4 1 1 8 2 4 8

Address 
(Percent) 

Region 1 69 5 5 9 5 69 14 
Region 2 14 8 8 65 5 14 10 
Region 3 5 6 6 12 72 5 6 
Region 4 5 10 10 6 10 5 55 
Region 5 7 71 71 8 8 7 15 

Consumption 
(Percent) 

0-12000 (Low 
consumption) 13 64 64 16 10 13 17 

12,000-15,000 
(Medium 

consumption)
58 28 28 25 82 58 55 

More than 15,000 
(High consumption) 29 8 8 59 8 29 28 

History of 
unauthorized 

branching 
(Percent) 

Yes 6 4 4 1 6 6 7

No 94 96 96 99 94 94 93 

Interrupt 
warning 
number 

(Percent) 

From 0 to 1 times 
(Low) 21 24 24 81 22 21 25 

From 2 to 4 
(Medium) 69 68 68 14 24 69 16 

More than 5 times 
(High) 10 8 8 5 54 10 59 

Time to pay 
bills 

(Percent) 

Less than 15 days 
(Suitable) 80 13 13 89 12 80 78 

More than 16 days 
(Inappropriate) 20 87 87 11 88 20 22 

B,�.���'8�� C��� 
 ���)�����#� !����� W��0� ��H,+ ��K� �
G -��P, �'(�� 
 ���)�����P� ��I6 ��,��, 	�<��� C�$����. C
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��������'8�� C��� 
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 �����) !������ W���0������I6 ����,��, 	���<��
���P��� C�$. C�����( ���C�����(�N ��8. �� ����	 
 ���) E8 

( �H,+ ��&N �.)�Q�	 ��P��.�� 	
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B,�.���'8�� C��� 
 ���)�����#� !����� W��0� ��H,+ ��K� �
G -��P, �'(�� 
 ���)�����P� ��I6 ��,��, 	�<��� C�$����. C
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Fig. 3. Pyramid of customer consumption period value 
 J7�48{��P� W�0� ��
) V	� >�� 

 ��) �)$C��) ���.��3� aJ�����( ����P� ����6���( C
	 W���0���$�����) 9��� 
 !������ �)� ����(� ���( .�,������$ a���� C

���. ����
����P� aJ� �)�����. �9� W�0� �( C�����

�����P� aJ� �)�����. 
 !����� W��0� ��( C�����
��)

���P� aJ��	 W��0� ��( C�$��( .������O ���N )��Q���)� 	����
I0� �.�)��� �9��P� aJ����( C��� ���6�� �.���F, �) W� 

.�� ����O 

�8�8;+= D-+1 }E� m"V� "!~"Bf� �1Wd�� H+�V> 
 �)$�Q ���F�� �( �I#N C�S(����	 {���P� ��� W��0� �8��

��B�$I0� �.�) 9���)) 7��, ��( ��1�� ��( �� �� �)�=�� 9��� ���
����&��)) 	 ���I��)�6 
����#�%���� ���$���.�) 7�, C

I0� �.�)�9�C�( .���$��F�� C��	 ����) �)) Z�� ���
 ��( 
V	���+ �)) �����6�����( �����) ���F, �) �����	+ �)) ����6

�( .�,�� ����O�I0� �.�) �.���, 9�����P� �)) �6�I<� ��C
)��� �(�
$O\��(��� 7�, Z����� ��,�L� Z � ����W��0� ��

G -��P, �'(������&N ��.)�Q ���	 
 E8N ��8. )��� �	�<��
 ����O �F, �) �,��� ��( . �#'� ���F���Q 
 �)) ��6�I<� 9���)� 	����
>�, 	 �.�) ����SPSS Modeler ��� �)�=��� ��( ����aJ��

�( 
 ���6$O\���.�) � �� �W���q�/�o����) )��( ��N) .
Q�S(���I0� �.�)��( 9��)) �����	+$P�R
�1 �) ���	+ 

�.�� ��� �)) ��P, 

��%@68S�Q �N) �.�) ���(9�I0� 
Table 4. Accuracy of decision tree 

Test setExperimental set

68.5989.25True (Percent)
31.4110.75False (Percent)

M�� �l �� �� �<,+ 	�� ��( �$)�, ��.�) ��P$�� �����( ���L_`��
(���P�)�) W�� �(�C$�(��( ��1
�. 4&: �������>��, ����
�,����O �<( 	 ���
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Cluster 3 (35.24)

Cluster 2 (30.11)

Cluster 5 (28.12)

Cluster 4 (24.24)

Cluster 1 (22.54)

Cluster 6 (18.87)
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Table 5. Patterns extracted from the decision tree 

Probability 
(Percent)

History of 
unauthorized 

branching 
Address 

Interrupt 
warning 
number 

Type of 
application Time to pay bills Consumption 

class

100 No Region 5Less than 4 
times All Less than 15 days 

Low 
88.23 No Region 2Less than 4 

times Residential Less than 15 days 

81.81No Region 40 or 1 time Residential It makes no difference

22.79 No Region 1Less than 4 
times 

Residential- 
Commercial 

and 
Industrial 

Less than 15 days 

100 No Region 4Less than 4 
times 

Commercial 
and 

Industrial 
Less than 15 days 

Medium 
77.27 No Region 3Less than 4 

times 

Commercial 
and 

Industrial 
It makes no difference 

100No Region 10 or 1 time All More than 15 days

32.75 No Region 1More than 5 
times 

Residential- 
Commercial 

and 
Industrial 

More than 15 days 

High 
31.81 No Region 4More than 5 

times 

Commercial 
and 

Industrial 
More than 15 days 

11.79 No Region 3More than 5 
times Residential More than 15 days 

65.55 No Region 20 or 1 time 

Residential- 
Commercial 

and 
Industrial 

Less than 15 days 
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