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Abstract

Because of water resources scarcity and increasing demand
due to population growth, water resources management plays
a key role in keeping the balance between supply and demand.
Economic tools such as pricing are greatly contributing in this
regard. The aim of this study was to determine the optimal
price of water for domestic uses in the city of Tehran. For this
purpose, the Demand functions were estimated using
regression analysis for different consumption levels. Water
production cost was derived using Translog cost function.
Suitable price was suggested based on the price elasticity of
water demand and marginal cost of production, in the
framework of Ramsey model for each consumption level. Data
of water consumption for period of 1975-2014 in the city of
Tehran was used. The results showed that the price elasticity
of water demand includes the range of -0.03 to -0.42, in such a
way that for higher consumption levels the price elasticity of
demand increases, showing higher share of water cost in the
household budget. The production final cost for one cubic
meter of water is calculated as 6719 Rials. Average optimal
price computed by Ramsey method was variable for different
levels and price elasticity of water consumption was dependent
on each level. The results indicated that the Ramsey optimal
water price for using one cubic meter of water was 2209 Rials
for the lowest level and 25373 Rials for the highest level. Our
results suggested that, in all the levels of the water use, Ramsey
price is higher than the price paid by the consumers. Therefore
it is recommended to increase the price for all levels of
domestic water consumption in an stepwise pattern so that it
would get closer to the Ramsey Prices.
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Table 3- Augmented Dickey-Fuller Unit root test of
the second level of consumption

Al Al 40 S Jgd — (S salg ddiyy (9031 Y Jgaa

S pan P9
Unit root test
. Critical Test condition
variable L
*value statistic
LY -3.22 -2.22 nonstationary
DLY -1.61 -5.52 stationary
N -3.25 -0.60 nonstationary
DN -2.64 -5.43 stationary
IC -3.22 -2.64 nonstationary
DIC -3.22 -3.67 stationary
TC -3.22 -3.51 stationary
T -3.22 -4.66 stationary
U1 -1.61 -5.65 stationary

# Level of Significance %10
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2,05 3939 3,90 ylas 5l ISke

Table 4- The results of estimation of the second level
of consumption by OLS method

b o 090 alb o Lo aiU omess i -F Jgo
OLS (g, 3! oalisw!

variable coefficient Std.Errort-statistic*prob
C 16.2 0.06 23548 0.00

N 0.000002 0.0000002 12.34 0.00

IC 0.0000003 0.0000001 2.50 0.02

TC -0.01 0.00 -1.68 0.10

T 0.00 0.00 0.62 0.53
DUMT78 -0.19 0.02 -6.64  0.00
R-Squared 0.98
Durbin-Watson 1.92

# Level of Significance %10
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Table 1- Augmented Dickey-Fuller Unit root test of
the first level of consumption

b Bl (9 S Job - S el auiyy (igei ) Jgea

b yas Jg
Unit root test
variable Critical Test condition
*value statistic
LY -3.22 -2.19 nonstationary
DLY -2.62 -3.01 stationary
N -1.61 5.43 nonstationary
DN -3.25 -5.04 stationary
IC -3.22 -2.64 nonstationary
DIC -3.22 -3.67 stationary
TC -2.63 -6.25 stationary
T -3.22 -4.66 stationary
U1 -1.61 -4.25 stationary

Level of Significance %10 =
1 eid L] osilesdl s oo i 559 Jodo &S jshailen
Dy 3¢5 g 3,90 ylas 51 ISkke

Table 2- The results of estimation of the first level of
consumption by OLS method

b bpae Jol alb O (Lo pb (pmess s -Y Jgso
OLS g, 3! odlw!

variable  coefficient Std.Error t-statistic *prob
C 14.05 0.27 51.38  0.00
N 0.000008  0.0000007 11.21  0.00
IC 0.0000004  0.0000002 1.90 0.08
TC -0.01 0.00 -2.03  0.06
T -0.01 0.01 -0.48  0.64
DUM89 0.29 0.05 5.29 0.00
AR(1) 0.29 0.08 3.26 0.01
AR(3) -0.30 0.14 -2.23 0.05
R-Squared 0.99
Durbin-Watson 1.70

Level of Significance 710
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Table 7- Augmented Dickey-Fuller Unit root test of
the fourth level of consumption

b didly (5 P - (K93 saly addy) geil Vg
Sypan 0,2

Table 5- Augmented Dickey-Fuller Unit root test of
the third level of consumption

A @il g8 -3 saly Ay o903l -0 Jgo
By P9

Unit root test

Unit root test

variable Critical Test condition . Critical Test condition
variable
*value statistic *value statistic
LY -3/22 -1/84 nonstationary LY -3.23 -2.54 nonstationary
DLY -3/22 -3/40 stationary DLY -2.63 -2.97 stationary
N -3/24 1/47 nonstationary N -3.95 -4.94 stationary
DN -3/24 -5/97 stationary IC -3.22 -2.64  nonstationary
IC -3/22 -2/64 nonstationary DIC -3.22 -3.67 stationary
DIC -3/22 -3/67 stationar
y TC -3.22 -3.75 stationary
TC -3/22 -3/77 stationary
T -3/22 -4/66 stationary T 322 -4.66 stationary
U1 -1/61 -4/29 stationary ul -1.61 -4.03 stationary

# Level of Significance %10

1 eitd L] vosbilasdl cddd o i 598 Joi &S jglailen

Table 8- The results of estimation of the fourth level
of consumption by OLS method

S a0,k atb ol slols QU wodS S -A Joos
OLS (g, 3! ookl b

variable coefficient Std.Error t-statistic *prob

Cc -74016620 50781804 -1.45 0.15

N 207.79 11.30 18.37 0.00

IC 42.55 15.23 279 0.01

TC -2536893 6744174 -3.76 0.00

T 3447649 2658865 1.29 0.20
DUMT78 -28590819 5477585 -5.21 0.00
R-Squared 0.99
Durbin-Watson 1.71

= Level of Significance %10

H(olo 13 cexSayio VoY) b e o3xiy dids (5Ll @l (a3

# Level of Significance %10

1 editad L] aobilasdl cadd o i 558 Jodo &S jglailan
D)0 3939 3,91 ylas 51 ISkke

Table 6- The results of estimation of the third level
of consumption by OLS method

S o pgw aiub O (LOW &b cpmessi s - & Jgsa
OLS (g, 3! ooliw! b

variable coefficient Std.Error *prob

statistic
C 21.49 2.50 8.57 0.00
N 0.000000050.00000003 1.88 0.07
IC 0.0000002 0.0000001 2.04 0.05

TC -0.02 0.00 -6.22  0.00

T -0.01 0.01 -0.93 0.36
AR(1) 0.98 0.01 66.34 0.00
MA(3) -0.93 0.04 -24.45 0.00
R-Squared 0.99
Durbin-Watson 1.39

# Level of Significance %10
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Table 11- Augmented Dickey-Fuller Unit root test of
the sixth level of consumption

Mo Bl S oS3 anly addey 0931 V) g
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Table 9- Augmented Dickey-Fuller Unit root test of
the fifth level of consumption

b Bl g g - (Sd doly Ay (59051 -4 Jgse
B pucn 2

Unit root test

variable  Critical Test condition
*value statistic
LY -3.22 -2.14 nonstationary
DLY -3.22 -3.62 stationary
N -1.61 3.85 nonstationary
DN -3.25 -4.54 stationary
IC -3.22 -2.64 nonstationary
DIC -3.22 -3.67 stationary
TC -3.22 -2.42 nonstationary
DTC -3.22 -5.36 stationary
T -3.22 -4.66 stationary
Ul -1.61 -46.16 stationary

# Level of Significance %10
1 ciid L] osilendl cmd oo i 559 Jgi &S jslailen

Table 12- The results of estimation of the sixth level
of consumption by OLS method

S pacro it dlab O LW aoli cpuoss gl VY Joua
OLS (g, 3! ookl b

variable  coefficient Std.Error t-statistic *prob

C 17.98 0.50 35.84 0.00

N 0.000002 0.0000004 4.48  0.00

IC 0.0000002 0.0000001 1.83  0.08

TC -0.01 0.00 -3.60 0.00

T 0.01 0.00 079 043
DUM74 0.12 0.002 5.02 0.00
DUMB89 -0.05 0.02 -2.93  0.00
AR(1) 0.96 0.01 69.28  0.00
R-Squared 0.99
Durbin-Watson 2.37

= Level of Significance %10

(oo 1 oxSo yio Fo—YB) G puae it dishs (clolis i a5

Unit root test

variable Critical Test condition
*value statistic
LY -3.22 -2.11 nonstationary
DLY -3.22 -4.55 stationary
N -3.24 0.74 nonstationary
DN -3.24 -4.85 stationary
IC -3.22 -2.64 nonstationary
DIC -3.22 -3.67 stationary
TC -3.22 -2.64 nonstationary
DTC -3.22 -3.67 stationary
T -3.22 -4.66 stationary
Ul -1.61 -7.30 stationary

# Level of Significance %10

1 et Lyl broilogdly cms o (L 38 Jsin o5 jslailen

Dy 3¢5 g 3,90 ylas 5l ISkke
Table 10- The results of estimation of the fifth level
of consumption by OLS method

B o woiy dlb O (Lo @b (pess gl -V e Joaa
OLS (g, j! ooliiuw! b

variable coefficient Std.Error t-statistic *prob

C 16.91 0.47 35.35 0.00

N 0.000002 0.0000003 6.50  0.00

IC 0.0000004 0.0000003 1.73  0.09

TC -0.02 0.01 -2.29  0.03

T 0.03 0.02 157 0.12
AR(1) 0.73 0.11 6.65 0.00
R-Squared 0.96
Durbin-Watson 1.74

# Level of Significance %10
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Table 15- Augmented Dickey-Fuller Unit root test of
the eighth level of consumption

A €58l o S Jh— Su Ty ey 9031 VO
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Table 13- Augmented Dickey-Fuller Unit root test of
the seventh level of consumption

Wy B hoh— K3 anly ks, 9ol VY Jgie
PR

Unit root test

L condition
variable Critical Test ”
*value statistic
LY -2.62 -1.24 nonstationary
DLY -3.22 -5.29 stationary
N -1.61 3.14 nonstationary
DN -3.25 -4.24 stationary
IC -3.22 -2.64 nonstationary
DIC -3.22 -3.67 stationary
TC -3.22 -2.61 nonstationary
DTC -3.22 -5.70 stationary
T -3.22 -4.66 stationary
Ul -1.61 -3.96 stationary

Unit root test

variable Critical Test condition
*value statistic

LY -3.22 -2.30 nonstationary
DLY -2.62 -2.98 stationary
N -2.63 -6.79 stationary

IC -3.22 -2.64 nonstationary
DIC -3.22 -3.67 stationary

TC -3.22 -2.90 nonstationary
DTC -3.22 -5.91 stationary
T -3.22 -4.66 stationary
U1 -1.61 -53.24 stationary

# Level of Significance %10
1 ciid L] osilendl cdd oo i 559 Jgdo &S jslailen

Table 16- The results of estimation of the eighth
level of consumption by OLS method

S paae i alub O Lo BU cwosd gulii -V5 Jouo
OLS (g, 3! ookl b

variable coefficient Std.Error t-statistic *prob

# Level of Significance %10
1 eid L] osilesdl cwpd oo i 559 Jodo &S jslailen
..))IJJ d9>9 .))9])3 )Ja.J )] L;Liw..o

Table 14- The results of estimation of the seventh
level of consumption by OLS method

S pare pidd alb O LW aoli s guli -V F Joun
OLS (g, 3! oaliw! b

variable  coefficient Std.Errort-statistic*prob
C 14.41 0.26 40.07  0.00 C 18 3.34 537 0.00
N 0.00003 0.000002 12.65 0.00 N 0.000005 0.000001 3.38 0.00
IC 0.0000003 0.0000001 2.29 0.03 IC 0.0000004 0.0000002 2.33 0.02
TC -0.02 0.00 -5.42  0.00 TC -0.02 0.00 -3.63 0.00
T 0.04 0.02 2.57 0.01 T 0.01 0.01 115 0.26
DUM74 0.27 0.05 6.41 0.00 DUM74 0.22 0.06 3.87 0.00
R-Squared 0.98 DUMS81 -0.15 0.04 -3.98 0.00
Durbin-Watson 1.46 AR(1) 0.98 0.03 34.39 0.00
« Level of Significance %10 R-Squared 0.99
Durbin-Watson 2.32

ol 5D caxSoyio Fo—0+) b yuno pis diib (sLolE b s

# Level of Significance %10
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Table 19- Augmented Dickey-Fuller Unit root test of
the tenth level of consumption

i 4l 5 S i Sa3 5y At 9031 N Jpan

Table 17- Augmented Dickey-Fuller Unit root test of
the ninth level of consumption

Qi 453l 5 S Jgh - K3 sy by 9031 VW gan

Unit root test

.. iti
variable Critical Test condition
*value statistic

LY -3.22 -3.35 stationary

N -3.25 -5.80 stationary
IC -3.22 -2.64 nonstationary

DIC -3.22 -3.67 stationary
TC -2.62 -1.51 nonstationary

DTC -3.22 -4.79 stationary

T -3.22 -4.66 stationary

U1 161 513 stationary

Unit root test

variable Critical Test condition
*value statistic
LY -3.22 -3.07 nonstationary
DLY -3.22 -7.13 stationary
N -1.61 -1.12 nonstationary
DN -1.61 -2.01 stationary
IC -3.22 -2.64 nonstationary
DIC -3.22 -3.67 stationary
TC -3.22 -2.06 nonstationary
DTC -3.22 -5.43 stationary
T -3.22 -4.66 stationary
Ul -1.61 -5.53 stationary

# Level of Significance %10
1 ciid L] ostilesdl cdd oo i 599 Jgi oS jslailen

Table 20- The results of estimation of the tenth level
of consumption by OLS method

U Gpao p2d dlbb O sLoWW aoli cpeds gl -V e Joun
OLS g, ;! o3l

= Level of Significance %10
1 eid L] ostilasdl camd o i 559 Jodo &S jglailen
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Table 18- The results of estimation of the ninth level
of consumption by OLS method

B paan mod aub O Lo 2U (wodd gl - VA Jois
OLS g, 3! o3l b

variable  coefficient Std.Error t-statistic *prob variable coefficientStd.Errort-statistic*prob
C 12.75 0.45 28.31 0.00 C 13.8 0.35 39.69 0.00
N 0.00005 0.000005 9.78 0.00 N 0.00004 0.000004 9.26 0.00
IC 0.0000005 0.0000002 3.37 0.00 IC 0.00000050.0000002 2.96  0.00
TC -0.01 0.00 -5.92  0.00 TC 0.02 0.00 603 0.00
T 12 02 4.7 . ' ' e '
DUM74 g 56 g gs 7 1? 8 82 ! 0.07 002 353 001
' ' ' ' DUM74 0.36 0.06 6.17 0.00
DUM89 0.09 0.05 1.92 0.06
R-Squared 0.98 DUM89 0.06 0.05 0.05 0.19
Durbin-Watson 1.86 R-Squared 0.99
# Level of Significance %10 Durbin-Watson 1.85

YA DUM Y¥ gjlxe (sla yiio 5 oolitwl 983 (sl s p
siesd 15 4 bgyye iy 4 4§ DUM AL s DUM A\DUM
od AT AWVA o ] wlie LialS g JluSas ATV Jle
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# Level of Significance %10
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Table 21- The calculated price elasticity of water
demand

2w e ui SLolei Jond b piuiS -y Jouo

Level of price elasticity of water
consumption demand

0-5 -0.03
5-10 -0.05
10-15 -0.08
15-20 -0.11
20-25 -0.12
25-30 -0.20
30-35 -0.35
35-40 -0.37
40-50 -0.42
>50 -0.42
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Table 22- The results of total cost function estimation

JS a3 &b 259l G -TY Jgso

variable coefficient Std.Error t-statistic
BO intercept 0.12 0.33 0.36
B1 L 0.09 0.06 159
o
B2 = 0.18 0.06 2.04
55
B3 =2 0.36 0.05 7.18
PM
BQ Q 1.37 0.09 14.47
BQQ Q.Q -0.05 0.01 -3.99
B12 (—L> X -0.09 0.003 -29.67
LY S
B13 <—) () -0.03 0.005 6.57
P\ 'S
B23 (—> (=) -0.04 0.003 1253
I
B11 (-) () 0.20 0.005 41.59
Slg
B22 (—> (o) 0.20 0.005 42.40
B33 (— () 0.12 0.007 17.69
PM) PN
B1 ). 0.02 0.008 2.82
Q <$I“§> ©)
B2 ). 0.01 0.008 1.28
. (far)- (@
B3Q (PS> -0.02 0.008 1255
). (@ . . .

« Level of Significance %10 or T-value of 1.5
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Table 23- Augmented Dickey-Fuller Unit root test of residuals
IYBT CHlon aBly (30 S Jod (SUd waly duyy 99051 -TY Jgun
variable Unit root test
*Critical value Test statistic Condition
U1 Residual of Cost function -1.61 -5.70 stationary
U2 Residual of the share of L -1.61 -4.65 stationary
U3 Residual of the share of K -1.61 -5.11 stationary
U4 Residual of the share of S -1.61 -5.11 stationary

= Level of Significance %10
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Table 24- Inputs to own and substitution price
elasticities

Wodlks (il 9 (5395 (Soud (s LS YT g

Inputs L K S M
L -0.36 -0.12 0.23 0.12
K -0.08 -0.42 0.21 0.20
S 0.14 0.18 -0.57 0.28
M 0.06 0.16 0.26 0.45
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Table 25- Calculated Ramsey prices
0 Al (S 305 (1B Cuond -TO g

Prices at year 1393

Ramsey  Ramsey Prices at year

Level of consumption (2014-2015) Prices 1393 (2014-2015) Mark Up
05 1286 2209 1.72 923
5-10 1425 3020 2.12 1595

10-15 1704 3806 2.23 2102
15-20 1980 4316 2.18 2336
20-25 2308 4449 1.93 2141
25-30 2789 5144 1.84 2355
30-35 3534 5719 1.62 2185
35-40 4417 5765 131 1348
40-50 5640 5864 1.04 224
>50 10202 25373 2.49 15717
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Fig. 1- The difference of calculated prices assuming
an increase of ten percent of final cost
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7- Peak Load Pricing
8- Peak Load Pricing
9- Ramsey Pricing

10- Shepherd’s Lemma
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1- Fixed Block Pricing

2- Diminished Block Pricing
3- Progressive Block Pricing
4- Marginal Cost Pricing

5- First Best

6- Parity Pricing
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