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Table 2: Estimated values for the model parameters considering the model constraints 
�?��D$��A� 
� 
#�� �� ?1� ���"�����) ��"� '15��	8"� "+��N� 

Parameters Estimation of Parametes Standard Error t-Standard
a0 C(1) 23.422 11.624 2.015
at C(2) 0.042 0.020 2.082
att C(3) -0.013 0.006 -2.245
ar C(4) -1.033 0.300 -3.449
an C(5) -0.903 0.393 -2.301
bl C(6) -0.200 0.056 -3.560
bk C(7) 1.445 0.345 4.188
cz C(8) 1.906 0.338 5.640
arr C(9) 0.059 0.006 10.264
arn C(10) 0.153 0.013 11.807
ann C(11) -0.089 0.023 -3.388
bll C(12) 0.007 0.003 2.347
bk C(13) 0.022 0.002 11.347
bee C(14) 0.017 0.002 7.750
czz C(15) 0.449 0.074 6.093
dlr C(16) -0.029 0.009 -3.383
dkr C(17) 0.029 0.004 6.388
dln C(18) 0.014 0.001 13.848
dkn C(19) -0.017 0.008 -2.200
ezr C(20) -0.265 0.140 -1.897
ezn C(21) -0.085 0.044 -1.912
fzn C(22) 0.144 0.044 3.257
fkz C(23) -0.223 0.044 -5.060

AR(1) C(58) 0.851 0.047 17.916
D1 C(24) 0.119 0.034 3.498
D2 C(25) -0.012 0.004 -3.416
d 3 C(26) -0.472 0.131 -3.591
d 4 C(27) -0.005 0.002 -2.183
d 5 C(28) -0.245 0.064 -3.800
d 6 C(29) -0.143 0.045 -3.164
d 7 C(30) 0.104 0.029 3.571
d 8 C(31) -0.290 0.093 -3.111
d 9 C(32) -0.068 0.036 -1.885

d 10 C(33) 0.021 0.006 3.767
d 11 C(34) 0.063 0.030 2.110
d 12 C(35) -0.013 0.003 -4.502
d 13 C(36) -0.143 0.048 -2.983
d 14 C(37) -0.141 0.050 -2.838
d 15 C(38) 0.049 0.021 2.293
d 16 C(39) 0.142 0.038 3.696
d 17 C(40) -0.004 0.002 -1.956

AR(1) C(59) 0.366 0.139 2.630
d1 C(41) -0.162 0.033 -4.878
d 2 C(42) 0.031 0.015 2.086
d 3 C(43) 0.754 0.133 5.671
d 4 C(44) 0.037 0.011 3.323
d 5 C(45) 0.386 0.065 5.949
d 6 C(46) 0.240 0.046 5.256
d 7 C(47) -0.133 0.028 -4.739
d 8 C(48) 0.480 0.093 5.142
d 9 C(49) 0.134 0.037 3.648

d 10 C(50) -0.005 0.002 -0.204
d 11 C(51) -0.084 0.029 -2.876
d 12 C(52) 0.043 0.025 1.749
d 13 C(53) 0.244 0.049 5.017
d 14 C(54) 0.243 0.051 4.807
d 15 C(55) -0.083 0.037 -2.226
d 16 C(56) -0.185 0.038 -4.895
d 17 C(57) 0.001 0.001 2.051

D.W= 2.07    R-squard = 0.87 
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Table 3: Price elasticity in different seasons [10] 
�?��"$R� ����A�&!��< ���?�
 ej�S� ]V�[

Type of 
Demand Price Elasticity 

Spring
��K� -0.425 

Summer
$��-��� -0.549 

Fall
7A+�) -0.321 

Winter
$��-�* -0.205 

Whole Year
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 c�&� -0.379 
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Table 4: Ramsey price estimates 
�?��N$� ��	8"�A.&��l	� 
� 7���

Demand 
�)�&G '(= 

Ramsey 
price based 

on mean sale 
price 

���+ :J�� /�
VH(Q� ��H	

��T?�< /� 

Ramsey
price 

based on 
marginal 

cost 
��:J�� /�

��H	 �+ 
J;6�3= %�6�

Percent 
differences 

among seasonal  
prices  

and marginal cost 
i�Q9	 ���
 

/��� �M8< :J�� :�; 
�6�3= %�6J; �	

Spring
��K� ��< 3,107 9,300 8

Summer
$��-��� ��< 3,632 10,872 26 

Fall
�) ��<A+7 2,573 7,703 -11 

Winter
$��-�* ��< 1,842 5,514 -36 

Whole year
?�
 � 2,883 8,630 1

?	1# 
  ��P��&�Y� $���!� 1��A.�& ����K�A7��� c	� 
�G�*�
� y
���A* E	�U� l	"< .&+���� .1���� �+ �32 ���;�� H�+*� .

� 
  ���� $8A.&�����G !K�A� .=	� 	 '��4� 
G!�"�#� ��� 1�����

A� .
�A.&��J��K�Ac	� 
GT��&�#� '�<�!���
 R���  $	1� ��


� ���� "K5 9:;�< 	 98 ���� $��G�+8 '1�GG  
;"� '�,G� i9
,��/!�7<�+.1�� R�"� .=	���
�A��!���&�#� '��<� "� �1�2 
�!

��+� ��7��� *� 1A.�& ��J���j��<!�&� '��U��
� �+.1� 
�� �+ ���LG� H
�A.&�� ��+��< �� 1���
� $��-��� 	 ��K� �"�AM�	X�*� 1Q��

7�+�K� 
G!+�A��< �� 	 "�� ����)A+�"� 
�� $���-�* 	 7�AMVV	
t� � "�&  1Q��.15� "� 
  .
� " p 
� c*B '"��4� ��
�d��
+"
�"5+��&� y!
<"�� ���"K�5 9:�;�< 	 98�'��� �� ����c"��

� T���"/) ?�
A"K5 	 ���"� T"+�"� (���s �����A,��/"!�"� 	�
,��/ �����!*� "�B��� �"��� 
N4@ TXdT'��� �� M��3�"��X�

<"�� 98 �"� 
� 1Q��!
<�;� 
N4@ $�&�!��5.�

�$%��Q= :��K 
&j� "L� *�!T�A.&��J����) 1��8�� AR��A*�
 c��&�A.�
� ����

1�+"+.� 9�->� 98 F��G�!� E�2:Q� .��5A.&��J��RS�
-� �� 98A���	 '1�5 �"#� �����  *� �+��� �"�#� ?��2 ��!.1�5�� 

j�!&�� Cs�A.-�A��*+���A.&��J��1��8�� T�-� E���=�P�A��
& !��  OP
 �� ..�
� '1�5 c��D�� ���+H�&j� "�L� *� 
��=�P�!
&����A.��-�A��*��+������� �"��+*�"������=	�AHT�����  �� ����� 

�A.&��J��j�<!K�A
G�"� c	��,���/ 98 RS�!�
�"�!'1�5
..
� �"��7D�+
j>� 	�A��A.�& ��J���K�A
�G 98 R�S� �� c	�
,��/!.15�� �"�
� �� 
;"� 	 �;�N� F���� 
  .
� c*B ����+H

R�  T
�=�P� �����A��&!��;�N��98��� "���� �,���/!�"���
��< ���?��
 ��  	 ej�S� 
�� !�j4� E��NAN>� *� 1��8 .�
�.��

T
;"� .&
 
� ���� "K5 9:;�< 	 98 ���� $��G�+i	� '��,G�
=��>�!,���/ 98 E��1�/ 
 !s 	�A",���/!��� �� ��
��!T1�G  

�"�!7� F��� .15+
G������"� c"�< �� 6�j�-�'�� ��	8"�� l	� 	

DG
������!
AC��- y4�"���� "���f 
�� EB����� ����.C�K� "��+H
����	��
���+HT
�=�P� 7� 
4
�>�+
�G ��K�!+=�� �A1,���/ 98!T


�"�!N� 
� ������A��� ��	8"� 	A.&���K�A
G7��� c��j��<!
.
� ���� "K5 9:;�< 	 98 ���� ��.���+�jQ�!
�
 �� 
�=�P�

S� ���� R
�
� 1G��.
�:
V`�A,��/ 98 l	"< .&!yN<tt7� 1Q��+�K� 
G!+R5�) ��
�!.1�� 
X`=�� �� ���� "K��5 9:��;�< 	 98 ��������A,����/ 98 1!�����
	+�w!N� ������A..
� �� 



3��Q S�' SO ��O��4 ���$2 dx.doi.org/10.22093/wwj.2017.39478 

103 �����
��	
��
����� � ��

t`�"���
�A��!��&�#� '�<� "� �12 
�!� 
  .
� c*BA.&����
,��/ 98!��< �� �����K� 	 $��-���7� *�+�K� 
G!�+ �A�� 	 "�� 

��< ����)A+7� *� $��-�* 	 7+�K� 
G!+15�� "�& .
G%&�AH
A.
� $���J� 1� 	+$�" � 98 RS�!1G���� �"���
�A��!

���  
�!+���������� *�+��+H�&� '��U�
� 
�=�P�+1�G 
�� 
�#�� ��� .

 � 
�#�� ���� E	�U�A.�& �������#�� *�A.�& ����K�AT
�G .�=	�
�!1���� �"#� ���
A.
� �A.&J����K�A
GT��&�#� '�<�!$	1� ��

 . "�5 ���
 R��  �����7�<� 9:�;�< 	 98+R.1��� �"���G�+H
)A��KG��� � �S������+H
��<"�� c���L� h:��Q� 
���=�P� ��98 R��S�

,��/!..
� 

�n$_�	�� References 
1. Rogers, P., de Silva, R., and Bhatia, R. (2002). “Water is an economic good: How to use prices to 

promote equity, efficiency, and sustainability.” Water Policy, 4(1), 1-17. 
2. Molinos-Senante, M., Maziotis, A., and Sala-Garrido (2016). “Estimating the cost of improving service 

quality in water supply: A shadow price approach for England and Wales.” Science of The Total 
Environment, 539, 470-477. 

3. Swallow, S., and Marin, C.(1988). “Long-run price inflexibility and efficiency loss for municipal water 

supply.” Journal of Environmental Economics and Management, 15, 233-247. 
4. Renzetti, S. (1992). “Evaluating the welfare effects of reforming municipal water prices.” Journal of 

Environmental Economics and Management, 22, 147-192. 
5. Fallahi, M.A., Salehnia, N., Ansari, H., and Davari, K. (2009). “Urban water pricing based on Ramsey 

mode, case study Neyshaboor city.” Iranian Journal of Economic Research, 38, 217-242. (In Persian) 
6. Garcia, S., and Reynaud, A. (2004). “Estimating the benefits of efficient water pricing in France.” 

Resource and Energy Economics, 26, 1-25. 
7. Howe, C.W, and Linaweaver, F.P. (1967). “The Impact of price on residential water demand and 

its relationship to system design and price structure.” Water Resources Research, 3(1), 13-32. 
8. Carver, P.H., and Boland, J. J. (1980). “Short-run and long-run effects of price on municipal water use.” 

Water Resources Research, 16 (4), 609-616.

9. Lyman, R.A. (1992). “Peak and off-peak residential water demand.” Water Resources Research, 28(9), 
2159- 2167. 

10. Sajadifar, S.H., and Khiabani, N. (2011). “Modeling of residential water demand using random effect 
model, case study: Arak city.” J. of Water and Wastewater, Vol. 22 No. 3 (79), 57-66. (In Persian) 

11. Kim, H.Y. (1995). “Marginal cost and second-best pricing for water services.” Review of Industrial 
Organization, 10, 323-338. 

12. Garcia, S., and Reynaud, A. (2004) “Estimating the benefits of efficient water pricing in 
France.” Resource and Energy Economics, 26 ,1-25. 

13. Park, S. Y., Lee, K. S., and Yoo, S. H. (2016). “Economies of scale in the Korean district heating 
system: Avariable cost function approach.” Energy Policy, 88,197-203. 

14. Saal, D., Parker, D., and Weyman-Jones,T. (2007). “Determining the contribution of technical 
change, efficiency change and scale change to productivity growth in the privatized English 
and Welsh water and sewerage industry:1985-2000.” J. Prod. Anal., 28,127-139. 

 


