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[1] In this paper, we formulate and estimate a model of residential water demand with
the aim of evaluating the potential of pricing policies as a mechanism for managing
residential water. The proposed econometric model offers a new perspective on urban
water demand analysis by combining microlevel data with a dynamic panel data
estimation procedure. The empirical application suggests that residential users are more
responsive to a lagged average price specification. Another result of the estimated model is
that price is a moderately effective tool in reducing residential water demand within
the present range of prices, with the estimated values for income elasticity and ‘‘elasticity
of consumption with respect to family size’’ reinforcing this conclusion. INDEX TERMS:
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1. Introduction

[2] Water has become the subject of an increasingly
intense debate in Spain over the course of the last two
decades as supplies fail to meet demand in many urban areas.
This calls for a careful analysis of decisions about the
allocation of water resources, which have traditionally
focused on supply-side policies, both in Spain and elsewhere.
[3] The character of water as a scarce good and the need

for change in water management procedures are two aspects
that have gained increasing recognition [Young, 1996;
Saleth and Dinar, 2000]. Regulations, pricing measures,
information programs and the introduction of low consump-
tion technologies are some of the demand policies that have
been applied in recent years [Goldberg, 1998; Herrington,
1999]. From among these measures, this paper focuses
specifically on the pricing of domestic water consumption,
given that this is usually the most important use in an urban
context [Herrington, 1999]. A consideration of the price
mechanism is very important for guiding future policies,
which require estimates of the way in which the amount
demanded changes with variations in price, income and
other relevant factors.
[4] We present an empirical study aimed at estimating a

model of residential water demand for the city of Zaragoza
(Spain). The central objective is to obtain an estimation of
the price elasticity of the demand for water for domestic use
that will allow us to evaluate the potential of pricing policies
as a management instrument.
[5] To that end, we analyze the residential water demand

function within a microsetting using household level data.

We should note that, although the microlevel is, in theory,
the preferred approach [Schefter and David, 1985; Young,
1996; Saleth and Dinar, 2000], the literature contains only a
limited number of papers that have actually followed this
line [Hanke and de Maré, 1984; Jones and Morris, 1984;
Nieswiadomy and Molina, 1989; Hewitt and Hanemann,
1995]. Furthermore, we estimate the demand model using a
dynamic panel data method. Although various dynamic
panel data models have been proposed on the basis of a
theoretical framework, the empirical use of dynamic panels
is rare in the field of water demand [Höglund, 1999; Nauges
and Thomas, 2000, 2003].
[6] The paper is organized as follows. In section 2 we

offer a general description of the study area. The main
characteristics of the sample are presented in section 3. The
variables included in the proposed demand model are in
section 4. Section 5 is devoted to a description of the
dynamic panel data technique used to estimate the model.
The procedure to choose the appropriate price specification
and the results of the estimation are in section 6. Section 7
closes the paper with some final considerations.

2. General Framework

[7] This study is carried out in the city of Zaragoza
which lies in the central area of the Ebro Basin in
northeastern Spain. The city’s climate is continental with
a long winter (about 121 days with a temperature lower
than 10�) and a long summer (about 150 days with a
temperature higher than 17�). There is a certain tendency
toward periods of drought, given that the rainfall, apart
from being limited (an average of approximately 334 mm
per year), has a marked intermonthly and interyearly
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irregularity. The potential evapotranspiration in Zaragoza is
about 795 mm per year.
[8] From a demographic point of view, Zaragoza has

enjoyed sustained growth, passing from 100,291 recorded
inhabitants in 1900 to 614,905 according to the 2001
Municipal Census. The spatial dispersion of population is
low, with 96% living in downtown areas where high
buildings (between 6 and 12 floors) prevail. Nevertheless,
in recent years, the increasing rhythm of population growth
in suburban areas indicates that the spatial pattern of
population distribution is changing, and the residential
function of central city areas is tending to decline. This
transition is a reflection of the strong and continuous
increase of family income observed in Zaragoza (about
53% in real terms from 1980), which has run parallel to a
process of periurbanization based on single-family houses
with a garden.
[9] Another relevant demographic fact related to the

socioeconomic development is the change in household
structure as a consequence of the intense process of house-
hold partition that has been occurring in the last decade in
Zaragoza. This process has brought about a decline in the
average occupation density of homes from 3.04 people/
home in 1991 to 2.72 people/home in 2001, with the single-
occupant homes representing about 23% of the total in
2001.
[10] The city obtains its water supplies from the River

Ebro. Although, in general terms, the River Ebro offers a
relative abundance of water, the city’s dependence on a
single source of supply will place it in an increasingly
difficult position over the course of the next few years. The
water consumption of the city as a whole has reached very
high levels, close to the physical limits of its source of
supply (41,252,038 m3 in 2000, that is to say, about 140 m3

per household/annum). Although there is a certain abun-
dance of groundwater resources in Zaragoza, its quality is
not appropriate for domestic use. This water has a concen-
tration of minerals (above 1000 mg/L) higher than the legal
concentration standards, particularly in sulphate, nitrate,
calcium, sodium and magnesium. Only a few single-family
houses with a garden in some suburban areas pump ground-
water resources for watering purposes.
[11] Finally, we should note that the Spanish legislation

states that the provision of water services is the responsi-
bility of the City Council. This means that the City Council
has the sole right to regulate urban water services. It can
provide urban water supplies under a direct management
formula through a local public monopoly or under an
indirect management formula through an administrative
system of licenses or concessions to private companies. In
Zaragoza, the City Council has chosen a direct management
formula, so it is completely responsible for all urban water
services. As a result, we are dealing with a service provided
under monopoly conditions by the local public sector.
[12] In this context, pricing in Zaragoza is driven by

financial and political considerations rather than economic
ones, ensuring that revenues cover an ‘‘acceptable’’ propor-
tion of the costs of providing water services. In the period
analyzed (1996–1998) the Zaragoza water authority recov-
ered about 60% of financial costs of municipal water
services. The Zaragoza City water authority has historically
implemented average-cost pricing in order to achieve these

goals. At the same time, the primacy of the financial and
political requirements has meant that the water authority is
concerned with price levels rather than price structures:
residential, industrial, and commercial users connected to
the public water supply are charged with the same tariff
structure for water services. Only a few industrial users bear
an extra charge (10% or 20% of the water bill) in function of
the characteristics of the waste generated.

3. Specification of the Demand Equation

[13] We can write the water demand for residential uses
following the simple form Qd = f(P, X), which relates water
consumption to a measure of price (P) and other relevant
factors (X), which include income (y), the number of
residents in the dwelling (n) and the availability of a
common hot water facility (ct).
[14] In this specification of the demand equation we

assume the hypothesis of implicit separability. This permits
us to focus attention on the empirical analysis of household
water uses in isolation from other goods. There is no logical
difficulty in imposing implicit separability of water in the
paper for several reasons: first, the prevalence of indoor
uses means customers do not have good substitutes for
many of their water uses (personal hygiene, cleaning, etc.);
secondly, the demand analysis is carried out in the short run,
so we can assume that household habits are constant in the
period analyzed; and finally, complementary goods related
to domestic water consumption are durable equipment
(washing machines, taps, etc.), so, in the short run and
under low prices of water, we can assume that the stock of
durable equipment complementary to water can be treated
as fixed.
[15] Let us now consider the most relevant aspects of the

different variables we have included in our water demand
function.

3.1. Water Consumption

[16] The period between two consecutive water meter
readings varies from 63 to 114 days. For this reason, we
have chosen daily consumption as the endogenous variable
(qit). Although it is difficult for individuals to know pre-
cisely the amount of water they consume each day, the
advantage of this approach is that it allows us to work with a
sample that refers to a uniform period.

3.2. Price

[17] The price has been calculated on the basis of the
tariffs contained in the Municipal Regulations of Zaragoza
City Council. These tariffs include a fixed part and a
volume charge. The fixed part is a charge which permits
connection to the water supply. This charge is linked to the
street category where the building is located. Zaragoza City
Council applies four street categories according to criteria
that do not include the personal income of the households or
the property value of the flats. The existence of commerce is
the principal criterion used to class the streets; other criteria
used are, for instance, the width and the length of the street
and the number of crossroads. In some cases, the category is
even assigned by the City Council according to political
criteria. The volume charge is applied according to a
progressive linear tariff of 205 average prices, elaborated
on the basis of the daily average consumption of each
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dwelling. In practice this tariff implies that all the units
recorded on the meter are paid for at the same price, which
is given by the average price corresponding to the last unit
consumed.
[18] The choice of an appropriate price specification has

been the subject of great controversy in the literature on
residential water demand. The main issues of the price
specification controversy are reviewed by Arbués et al.
[2003]. In the demand model proposed, several price
specifications are used.
[19] The first, following Nordin [1976], consists of the

combination of the current marginal price (mgpit) and a
difference variable (dit). Nordin [1976] defined the differ-
ence variable as the difference between the total bill and
what the user would have paid if all units were charged at
the marginal price. The remaining formulations are based on
the average price. Given the complicated nature of the price
schedule which prevents the users from determining the
marginal price at reasonable cost, they may determine their
consumption based on other less costly price information
such as average price. Another consequence of the lack of
information for consumers is that they could respond to
lagged rather than current average prices [Charney and
Woodard, 1984; Opaluch, 1984], since this price can be
determined at negligible cost (it is available by comparing
total expenditures and total consumption in the water bill).
[20] Given that, in Zaragoza, the users receive their water

bill six months after the meter reading (that is to say, two
readings later), three separate lagged average price specifi-
cations are considered: (1) the two-period lagged average
price the individual pays per unit, without the fixed cost
(apit-2); (2) the two-period lagged average price per unit
including the fixed cost (fcapit-2), and (3) the two-period
lagged daily expenses (deit-2), that is to say, the water bill
amount/number of days included in the billing cycle.

3.3. Income

[21] The anonymous character of the information provid-
ed by the Zaragoza City Council has made it impossible to
obtain individual data on family income. So we have used
an index of wealth to define this variable (y), following
the approach usually adopted in empirical works [Dandy et
al., 1997; Howe and Linaweaver, 1967; Howe, 1982;
Nieswiadomy and Molina, 1989]. Specifically, the property
value of the flat recorded in the Zaragoza Urban Property
Register has been the index selected.

3.4. Sociotechnical Variables

[22] We have considered two sociotechnical variables in
the demand model, namely the number of individuals who
live in each household (n), and a dummy variable that

represents the earlier mentioned availability of a common
hot water facility (ct).
[23] The latter variable reflects the existence of individual

water consumption registered on a collective water meter,
distinct from the private meter. This collective hot water
consumption is paid to the Zaragoza City Council by the
residents’ association, which subsequently distributes this
water bill among its members. Although the criteria used to
charge this service varies among residents’ associations, it is
becoming more and more usual to install individual meters
in each dwelling to be able to charge the collective hot water
consumption on the basis of the volume of water used.
Nevertheless, there are still a lot of buildings with a
collective hot water service (about 30%) where tenants
pay a flat rate for the hot water based on factors other than
their water consumption (usually the dwelling size). These
charges have the advantage of their simplicity, but make it
very difficult to control water consumption.
[24] In order to reflect this collective hot water service we

generate ctit as a binary variable, that is to say ctit = 1 if
there is common hot water, and ctit = 0 otherwise.

4. Characteristics of the Sample

[25] As we have already noted, from a theoretical point of
view the use of household level data is the preferred
approach to estimate residential water demand functions
[see Schefter and David, 1985; Saleth and Dinar, 2000].
Following this line, our analysis has used panel data from a
random sample of 1,596 users of the domestic water supply
in Zaragoza. This sample contains the following informa-
tion: (1) The consumption registered on the water meters of
the dwellings contained in the sample. This consists of 10
time observations covering the period 1996–1998. (2) The
unit price paid in real terms for the water consumed,
calculated on the official tariffs provided in the corre-
sponding Municipal Regulations. (3) The property value
of the different dwellings in the sample. (4) The number of
individuals who live in each of the dwellings according to
the Municipal Census. (4) The availability of a common hot
water facility in the building in which the dwellings (almost
invariably condominiums) are located.
[26] The Municipal Computer Service of Zaragoza City

Council has provided the information on consumption,
property value and the number of residents per household.
The data on the availability of a common hot water facility
has been obtained through a telephone survey. Finally, and
as mentioned earlier, the water price is calculated by
applying the tariffs in force at each moment. Table 1 gives
the mean, standard deviation, variance and the maximum
and the minimum values for the variables included in the
demand model.

5. Estimation of the Model

[27] The data used have a panel structure and the demand
equation to be estimated is assumed to be semilogarithmic.
If the demand equation for residential water takes the
semilogarithmic form, the corresponding indirect utility
function is

n p; y; xð Þ ¼ � e�gy

g
þ eaebx�dp

b
:

Table 1. Variables Summary

Variable Mean Standard Deviation Minimum Maximum

qit 0.35 0.19 0.03 2.65
mgpit 0.40 0.24 0.00 1.41
apit-2 0.28 0.11 0.15 1.05
fcapit-2 0.59 0.21 0.16 3.63
deit-2 0.21 0.14 0.01 2.91
y 29,679.46 18,287.06 5,341.96 279,381.28
n 3.08 1.26 1 8
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Starting from the semilogartihmic demand equation, this
indirect utility function can be obtained by applying the
integrability techniques developed by Hurwicz and Uzawa
[see Hanemann, 1980]. We choose this functional form
because it is simple (that is, it is easily estimable),
interpretable and implies that the change in quantity
demanded in response to a price change is not the same
for low and for high prices. The semilogarithmic specifica-
tion is preferable to the double logarithmic form because
there is evidence that price elasticity is not constant. This
issue is intuitively appealing and has been supported by
empirical evidence [e.g., Foster and Beattie, 1979; Griffin
and Chang, 1990].
[28] Since we do not know exactly to which price

specification the users respond when taking their consump-
tion decisions, it is convenient, as Opaluch [1982, 1984]
and Chicoine and Ramamurthy [1986] suggest, to write the
demand equation in the following way:

ln qit ¼ d1mgpit þ d2 avgpit�2 � mgpitð Þ þ d3dit þ b1yit þ b2nit
þ b3ctit þ uit ð1Þ

where avgpit-2 represents the three feasible alternative
lagged average price specifications considered (apit-2,
fcapit-2 and deit-2). The error term uit can be expressed in
the following way: uit = mi + vit, where mi denotes the
unobservable individual specific effect and nit denotes the
remainder disturbance, with mi �IID(0, sm

2) and vit �IID(0,
sv
2), following Baltagi [1995]. Variables y, n and ct are

exogenous.
[29] Given the tariff structure currently established in

Zaragoza, where the price is linked to the amount con-
sumed, we can observe that:

pit ¼ f qitð Þ ð2Þ

in such a way that model (1) is dynamic, although this
dynamic character appears indirectly [see Blundell et al.,
1992].
[30] The relationship given in equation (2) implies that

the price variables are correlated with the error term: avgpit-2
is correlated with uit through mi, while mgpit is correlated
with the error term through both vit and mi. The latter
correlation is due to the ‘‘simultaneity’’ relationship be-
tween mgpit and qit. Within this framework, the OLS
estimation of the parameters is biased and inconsistent,
even if vit is not autocorrelated. As Arellano [1989] and
Arellano and Bond [1991] show, the estimation of model (1)
requires resolving a two-stage procedure based, almost
always, on the use of instrumental variables in the first
stage, in which only parameters corresponding to the price
variable are obtained; in the second stage the technique
corresponding to a static panel is applied.
[31] Following these authors, the adequate transformation

for a correct estimation of model (1) is the first difference
(FD) transformation, that is to say:

ln qit � ln qit�1ð Þ ¼ d1 mgpit � mgpit�1ð Þ þ d2 opit�2 � opit�3ð Þ
þ d3 dit � dit�1ð Þ þ vit � vit�1ð Þ ð3Þ

where opit�2 = avgpit�2 � mgpit.

[32] We can also write equation (3) as follows:

D ln qit ¼ d1Dpmgit þ d2Dopit�2 þ d3Ddit þ Dvit ð4Þ

in such a way that we eliminate the individual effect of the
error term (mi) that caused the correlation with the average
price variable. Together with this term, the exogenous
explanatory variables (y, n and ct) also disappear in equation
(3), given that we are dealing with sociotechnical variables
that take the same value for the different time periods being
considered.
[33] The first period for which we can write equation (3)

is t = 4:

ln qi4 � ln qi3 ¼ d1 mgpi4 � mgpi3ð Þ þ d2 opi2 � opi1ð Þ
þ d3 di4 � di3ð Þ þ vi4 � vi3ð Þ ð5Þ

so equation (5) is given for t = 4, 5, . . ., T and i = 1, 2, . . ., N.
[34] In the general framework of dynamic panel data

models, a correct estimation of model (1) would require
the use of instrumental variables. An optimal estimation is
obtained by the so-called generalized moments method
(GMM) proposed by Arellano [1989] and Arellano and
Bond [1991]. For t = 4 the instruments chosen are mgpi1 and
mgpi2, which are linked to qi1 and qi2 and not correlated
with (ni4 � ni3). For the next periods (t = 5, . . ., 10) extra
instruments (mgpi3, . . ., mgpi8) are added.
[35] Although the main objective is to determine the sign

and magnitude of the price coefficient, model (1) contains
other explanatory variables, which, although they do not
appear in the differenced model given in equation (2), are
implicit in it. To approximate the value of the parameters
corresponding to these variables, we can use a method
similar to that described by Hsiao [1986]. This technique
substitutes dj by d̂j in equation (1), and so we obtain:

ln qit � d̂1mgpit � d̂2opit�2 � d̂3dit ¼ b0 þ b1yit þ b2nit þ b3ctit þ uit

ð6Þ

[36] Since random effects (RE) are considered in the
estimation of model (1) by the two-step GMM method,
the RE panel estimation technique proposed by Swamy and
Arora [1972] seems to be an adequate method to estimate
the bj coefficients in equation (6). The fixed effects (FE)
estimator is not adequate because all the variables included
in the vector xit of equation (6) are time-invariant variables.
As Baltagi [1995] argues, this cannot estimate the effect of
any time-invariant variable such as gender, race, religion,
schooling, or union participation. These time-invariant
variables are spanned by the individual dummies, whose
corresponding coefficients are mi, and the regression will
fail, signaling perfect multicollinearity.

6. Results of the Estimation

[37] Before showing the results of the estimation proce-
dure described in the previous section, it is necessary to
determine whether users react to marginal price (mgpit),
lagged average price (avgit-2), or both marginal and lagged
average price.
[38] In order to solve this question, we look at model (1).

If d2 = 0 and d3 = �b1 we can say that consumers respond to
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marginal price, while we can say that consumers react to
lagged average price if d1 = d2 and d3 = 0.
[39] In the first case, to test H0 : d2 = 0, d3 = �b1 we have

to estimate model (1) and also the following restricted
model:

ln qit ¼ b0 þ d1mgpit þ d3 yit � ditð Þ þ b2nit þ b3ctit þ uit ð7Þ

[40] In the second case to test H0 : d1 = d2, d3 = 0 we need
to estimate both model (1) and the restricted model that is
given by:

ln qit ¼ b0 þ d2avgpit�2 þ b1yit þ b2nit þ b3ctit þ uit ð8Þ

[41] To test the corresponding hypothesis we could use
the F statistic,

F ¼ SRR� SR

SR

T � k

r
� Fr;T�k ;

or the likelihood ratio (LR) test,

LR ¼ 2 ‘R � ‘ð Þ � c2
r ;

where SRR and SR are the residual sum of squares of the
estimated restricted model and the unrestricted model (1),
respectively, and r is the number of restrictions we test in
H0; ‘R and ‘ are the log likelihoods of the restricted and
unrestricted models, evaluated at the corresponding esti-
mates. Nevertheless, the very high sample size (NT =
15,960), makes it very difficult to accept the null
hypothesis, even if it is true. In other words, this test does

not allow us to discriminate between models (1), (7), and
(8), and we will have to use other measures to select the
adequate specification.
[42] Table 2 presents the RE estimation of models (1),

(7), and (8). If the total sample (1596 users) is considered
(Table 2), the results show that in model (1)d̂2 is nonsig-
nificant for two of the options of average price considered.
The estimation of model (7) shows that b̂3 is nonsignifi-
cant. Finally, in model (9) all the estimated coefficients are
significant.
[43] Focusing on model (8), we can observe that the R2

corresponding to model (8), fcap, has a smaller value than
models (8), ap, or (8), de, so we can choose one of these
two latter options. Nevertheless, we must take into account
that the total sample estimations in Table 2 present a
heteroskedasticity problem. Although the cause of this
problem is unknown, its solution requires that the hetero-
geneity of the data be avoided. To attempt to solve this
problem, we have established three reduced samples,
according to the water meter reading districts established
by Zaragoza City Council in function of the meter reading
data. Thus we obtain three samples, which contain users
with similar temporal patterns of consumption because their
water meters are read in the same month. We have carried
out a different estimation for each of these new samples,
called Z1, Z2, and Z3.
[44] Table 2 also reports the estimated parameters for

each of the reduced samples (Z1, Z2, and Z3). In model (1),
the price parameter d2 is nonsignificant for Z1 when the
price specification is mgpit/fcapit-2, and for Z2 and Z3 when
the price specifications are mgpit/apit-2 and mgpit/deit-2.
Furthermore, the b3 parameter is nonsignificant for Z1 in
all cases. The results of estimating model (7) show that the

Table 2. Estimation Results

Sample Model
Price

Specification d̂1 d̂2 d̂3 b̂0 b̂1 b̂2 b̂3 R2

Total (N = 1,596) equation (1) mgpit/apit-2 2.49 0.08a 0.014 �2.50 0.34 10�5 0.11 �0.03a 0.12
Total (N = 1,596) equation (1) mgpit/fcapit-2 2.43 0.05a 0.014 �2.51 0.34 10�5 0.12 �0.04a 0.13
Total (N = 1,596) equation (1) mgpit/deit-2 2.53 0.11 0.013 �2.49 0.32 10�5 0.11 �0.03a 0.12
Total (N = 1,596) equation (7) mgpit 2.36 �0.012 �2.47 0.34 10�5 0.12a �0.03a 0.13
Total (N = 1,596) equation (8) apit-2 �0.27 �1.96 0.34 10�5 0.26 �0.17 0.34
Total (N = 1,596) equation (8) fcapit-2 0.16 �2.11 0.29 10�5 0.26 �0.16 0.33
Total (N = 1,596) equation (8) deit-2 �0.21 �1.99 0.35 10�5 0.26 �0.17 0.34
Z1 (N = 574) equation (1) mgpit/apit-2 2.04 0.17 �0.004 �2.35 0.26 10�5 0.07 �0.02a 0.08
Z1 (N = 574) equation (1) mgpit/fcapit-2 1.75 �0.10a �0.004 �2.25 0.28 10�5 0.08 �0.02a 0.09
Z1 (N = 574) equation (1) mgpit/deit-2 2.08 0.21 �0.004 �2.33 0.24 10�5 0.07 �0.02a 0.07
Z1 (N = 574) equation (7) mgpit 1.83 0.005 �2.31 0.26 10�5 0.08a �0.02a 0.09
Z1 (N = 574) equation (8) apit-2 �0.19 �2.01 0.24 10�5 0.27 �0.12 0.37
Z1 (N = 574) equation (8) fcapit-2 0.07 �2.08 0.17 10�5a 0.27 �0.11 0.36
Z1 (N = 574) equation (8) deit-2 �0.14 �2.03 0.26 10�5 0.27 �0.12 0.37
Z2 (N = 615) equation (1) mgpit/apit-2 1.65 �0.05a 0.011 �2.36 0.44 10�5 0.15 �0.06 0.21
Z2 (N = 615) equation (1) mgpit/fcapit-2 2.56 0.92 0.012 �2.99 0.34 10�5 0.21 �0.12 0.22
Z2 (N = 615) equation (1) mgpit/deit-2 1.69 �0.03a 0.011 �2.36 0.44 10�5 0.15 �0.06 0.21
Z2 (N = 615) equation (7) mgpit 1.66 �0.009 �2.35 0.43 10�5 0.15 a �0.06a 0.21
Z2 (N = 615) equation (8) apit-2 �0.30 �1.96 0.63 10�5 0.25 �0.25 0.33
Z2 (N = 615) equation (8) fcapit-2 0.24 �2.17 0.36 10�5a 0.25 �0.29 0.29
Z2 (N = 615) equation (8) deit-2 �0.31 �1.98 0.67 10�5 0.25 �0.25 0.33
Z3 (N = 407) equation (1) mgpit/apit-2 2.36 �0.004a 0.016 �2.45 0.32 10�5 0.15 �0.11 0.17
Z3 (N = 407) equation (1) mgpit/fcapit-2 2.68 0.41 0.015 �2.70 0.25 10�5 0.17 �0.12 0.18
Z3 (N = 407) equation (1) mgpit/deit-2 2.35 �0.02a 0.016 �2.45 0.33 10�5 0.15 �0.11 0.17
Z3 (N = 407) equation (7) mgpit 2.36 �0.015 �2.45 0.32 10�5 0.15 �0.11a 0.17
Z3 (N = 407) equation (8) apit-2 �0.32 �1.92 0.25 10�5 0.26 �0.13 0.31
Z3 (N = 407) equation (8) fcapit-2 0.19 �2.09 0.22 10�5a 0.25 �0.15 0.27
Z3 (N = 407) equation (8) deit-2 �0.22 �1.96 0.30 10�5 0.26 �0.13 0.31

aNot significant at the 5% level.
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b2 and b3 parameters are nonsignificant (b2 for Z1 and Z2,
and b3 for Z1, Z2 and Z3). Finally, in model (8) all the
estimated parameters are significant, except b1 when the
average price specification is fcapit-2.
[45] The above results allow us to focus our interest on

model (8) and the apit-2 and deit-2 price specifications,
because it seems to reflect better results. So we have to
select between two nonnested specifications that we can
write as follows:

ln qit ¼ b0 þ d1apit�2 þ b1yit þ b2nit þ b3ctit þ uit ð9Þ

ln qit ¼ b0 þ d1deit�2 þ b1yit þ b2nit þ b3ctit þ uit ð10Þ

[46] In order to select the best specification, we can use
some of the selection criteria used in the econometric
literature; the more common are the AIC [Akaike, 1973]
and SBIC [Schwarz, 1978] criteria. Their specific forms are
given by the following expressions:

AIC ¼ � ‘̂

NT
þ k

NT
ð11Þ

SBIC ¼ � ‘̂

NT
þ k

NT

ln NT

2
ð12Þ

where ‘ is the log likelihood function, and k is the number
of parameters in the model.
[47] The value of ‘̂ is obtained from the RE estimation,

and to construct it we consider that both mi and vit follow
normal distributions [see Hsiao, 1986].
[48] Table 3 presents the values of the adjusted R2 and ‘̂

for the two nonnested estimated models of equations (9) and
(10). Looking at Table 3, we can observe that the differ-
ences between the estimation result with the apit-2 and deit-2
variables are minimum. Nevertheless, we would select
model (10) because its ‘̂ is lower than the ‘̂ for ap in
zone 2. This fact allows us to consider the following as
estimated final specifications:

Zone 1

ln qit ¼ �2:03� 0:14deit�2 þ 0:26� 10�5yit þ 0:27nit � 0:12ctit

Zone 2

ln qit ¼ �1:98� 0:31deit�2 þ 0:67� 10�5yit þ 0:25nit � 0:25ctit

Zone 3

ln qit ¼ �1:96� 0:22deit�2 þ 0:30� 10�5yit þ 0:25nit � 0:13ctit

[49] Once we have selected the best estimated model
according to the price specification, we now analyse the
coefficients of both the price variables (dj) and the other
explanatory variables (bj).
[50] The parameter of the price variable has a negative

sign in all cases, in accordance with normal demands where
quantity and price have an inverse relationship (d̂ < 0). Thus
faced with an increase in their water bill, residential users in
the city of Zaragoza will respond by reducing their con-
sumption. In the zone 2 regression the absolute value of this
coefficient is larger than in the other zones. This supposes
that users in zone 2 are more sensitive to price changes.
[51] Income has a direct relationship with the consump-

tion of water (b̂1 > 0). This result is coherent with those
presented in other studies such as those of Dandy et al.
[1997], Hansen [1996], and Nieswiadomy and Molina
[1989]. Once again, in zone 2 this parameter is larger than
in the other zones. Given that larger property values are
concentrated in zone 2, this result suggests that water use is
not only more sensitive to price changes but also more
related to the use of users living in richer areas.
[52] Similarly, the number of residents in each dwelling

has a positive effect on household water consumption
(b̂2 > 0). This result agrees with those estimated in other
empirical works, for example, those ofHowe and Linaweaver
[1967], Hanke and de Maré [1984], and Nieswiadomy
[1992]. The value of this coefficient is similar in all zones.
[53] The estimation of the parameter corresponding to the

dummy variable indicating the availability of a collective
hot water service (b̂3) presents a negative sign. This means
that the existence of such a supply leads to a fall in the
consumption registered on the individual meters because a
proportion of the water used is obtained from the collective
supply system installed in the building.
[54] As parameter b3 is significant (see Table 2), we have

carried out different regressions of selected model (10) for
consumers with and without collective hot water services.
The results presented in Table 4 show that the absolute
values of the price and income coefficients (d̂1 and b̂1) are
larger for users with collective hot water than for users
without this service, and similar to that obtained for zone 2.
This coincidence is because in zone 2 users with collective
hot water are concentrated (about 45%). This result supports
the intuition that users with several water supply alternatives
are more sensitive to price changes.
[55] Finally, Table 5 includes the average elasticities

estimated: price elasticity (hp), income elasticity (hy) and
the elasticity of consumption with respect to family size
(hR). The results suggest that although price has a negative
relationship with consumption, such an effect is reduced
given that the price elasticity is lower than 1 in absolute

Table 3. Adjusted R2 and Estimated Log Likelihoods of Models

(9) and (10)

Sample Model
Price

Specification �R2 ‘̂

Z1 equation (9) apit-2 0.37 �3.81 � 1015

Z1 equation (10) deit-2 0.37 �3.81 � 1015

Z2 equation (9) apit-2 0.33 �2.82 � 1015

Z2 equation (10) deit-2 0.33 �2.78 � 1015

Z3 equation (9) apit-2 0.31 �2.82 � 1015

Z3 equation (10) deit-2 0.31 �2.82 � 1015

Table 4. Estimation Results for Consumers With and Without

Collective Hot Water of Model (10)a

Sample d̂1 b̂0 b̂1 b̂2

With collective hot water
(N = 583)

�0.31 �2.15 0.53 � 10�5 0.24

Without collective hot water
(N = 1,013)

�0.16 �1.99 0.25 � 10�5 0.27

aAll parameters are significant at the 5% level.
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value (i.e., an inelastic demand), ranging from (�0.029) to
(�0.058). This result is within the range of values obtained
by a number of previous studies, such as those of Carver
and Boland [1980] (�0.02 to �0.7), Hansen [1996]
(�0.003 to �0.1), and Renzetti [1992] (�0.0137 to
�0.6487). When there are many buildings with collective
hot water services the average price elasticity is expected to
be higher in absolute value because of the ability to resort to
an alternative water source. This expectation is confirmed:
the estimated price elasticity in zone 2 (where collective hot
water services are concentrated) is larger than those
obtained in zones 1 and 3, although in a less clear-cut
manner than expected. As we have indicated above, most
residents’ associations with collective hot water services
have installed individual water meters to control the hot
water consumption, so these users pay the same price in
both supply systems. Only those users that pay a flat rate for
the collective hot water will have incentives to vary their hot
water consumption when faced with changes in the price of
municipal water.
[56] The average income elasticity ranges from 0.074 to

0.208. This result implies that the water used by households
is an essential good.
[57] The average ‘‘elasticity of consumption with respect

to family size’’ indicates that the number of residents in a
household has a positive effect on water use, with values
between 0.734 and 0.868, although the increase in water use
is less than proportional to the increase in family size. This
result is due to economies of scale in the use of water related
to a set of indivisible basic forms of consumption allocated
to common household uses such as domestic cleaning.

7. Final Considerations

[58] In this paper, we have proposed a residential water
demand model in order to evaluate current pricing strategies
for residential users of water in Zaragoza (Spain). We have
used a dynamic panel data approach to estimate the water
demand function within a microsetting using household
level data. Dynamic techniques incorporate both the advan-
tages of panel data and the insight of the dynamic approach,
allowing for lag response specifications. Thus this paper
offers a new perspective on urban water demand analysis
by combining household data and a dynamic panel data
method, which only a few studies have applied separately
and none have employed simultaneously.
[59] Furthermore, some alternative price specifications

are applied in the water demand proposed. The analysis
shows that users respond to a lagged average price speci-
fication based on the water bill. This result is in accordance
with the complicated nature of the price schedule contained
in the Municipal Regulations of Zaragoza City Council. As

Charney and Woodard [1984] indicate, estimating marginal
price requires knowledge of the price schedule, knowledge
of one’s demand function for the good and the ability to
solve simultaneous equations. It would be irrational to
expect the user to respond to current marginal price given
the current Zaragoza price structure. Thus, as is shown,
consumers tend to respond to a lagged water bill amount
since it can be determined at negligible cost (it is available
by comparing total expenditures and total consumption in
water bill).
[60] Water price, income, household size and common

hot water facilities are crucial determinants of residential
consumption in this city. When analyzing the effect of water
price, our study has shown that demand is normal. This
result allows policymakers to use prices to achieve water
savings. Nevertheless, although the tariff structure estab-
lished by Zaragoza City Council leads users to reduce their
consumption when prices increase (see Table 5), such a
response is low, given that the price elasticity has an
absolute value close to 0.
[61] This result can be explained by reference to four

elements. (1) Water is usually an essential good, as shown
by the estimated income elasticity, which is supplied under
monopoly conditions thereby preventing its users from
changing supplier. (2) The users do not have good sub-
stitutes for many of the residential uses of water (personal
hygiene, cleaning, etc.). (3) The water bill represents a small
percentage of family income. In the period analyzed, the
average Zaragoza family income was about 1,450 C¼ per
month, while the water bill corresponding to a mean user is
about 22 C¼ per quarter, that it is to say, 7.33 C¼ per month,
which represents about 0.52% of average family income. (4)
The complicated price structure prevents the users from
obtaining the true marginal price associated with their
consumption.
[62] Moreover, the estimated values for the income elas-

ticity, and the elasticity of consumption with respect to family
size, show two additional conclusions, which also reduce the
force of the ‘‘conservation message’’ that the pricing mea-
sures developed in Zaragoza, transmit to households.
[63] First, the income elasticity values indicate that a

change in consumption patterns as a consequence of steadily
increasing income would imply that the demand for water
rises. As we have indicated above, in Zaragoza the family
income has grown continuously in the last two decades
(about 53% in real terms). This growth is a reflection of
the process of socioeconomic change that the city has
undergone, which has run parallel to a change in patterns
of water consumption toward water-using amenities such
as swimming pools, gardens with grass, or automatic
dishwashers.
[64] Although the water authority periodically increases

the water prices to cover general system development costs,
the water services will continue to be supplied too cheaply.
As domestic water use increasingly takes on (at least in part)
the characteristics of a luxury good, the low price of the
service relative to income will provide misleading incen-
tives to consumers, discouraging technical change in water-
using items. Users do not see the point of conservation if
prices remain low relative to income.
[65] Second, the estimated elasticity of consumption with

respect to family size (see Table 5) suggests that there is a

Table 5. Average Elasticities of Model (10)a

Sample �hp �hy �hR

Z1 �0.029 0.074 0.827
Z2 �0.058 0.208 0.734
Z3 �0.048 0.090 0.868

aHere hp is price elasticity, hy is income elasticity, and hR is elasticity of
consumption with respect to family size.
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set of indivisible basic forms of consumption allocated to
common household uses (domestic cleaning). This implies
that if the number of households increases (as has happened
in Zaragoza, as we indicated above), even though the total
population does not, the consumption of water would also
increase independent of the price established.
[66] Thus the incentive that the current tariff structure

transmits to households about the desirability of conserving
water is weak. In order to improve the ‘‘conservation
message’’ embodied in the tariff structure we can propose
three reforms in relation to charging:
[67] First, a simplification of tariffs is required in line

with the principle of ‘‘consumer acceptability’’. A very
confusing pricing system, such as that applied in Zaragoza,
transmits incorrect signals to consumers. Thus a first step
could be to promote a volumetric rate change from the
progressive linear structure of 205 average prices to an
increasing block structure with just three blocks, which can
be obtained by calculating the marginal prices that underlie
the present tariff. This shift toward simplified volumetric
pricing would give the domestic users the opportunity to
improve their water use.
[68] Second, it is necessary to increase prices in order to

convey the correct messages to users. As we have indicated,
the prevailing tariff structure is motivated primarily by
financial and political concerns. As a result, the price of
water is low compared to the real cost of provision and
users do not, in general, treat water as an economic
resource. Thus, if prices are increased, domestic users will
obtain a greater perception of the costs of satisfying water
demands and have a greater incentive to use water more
carefully.
[69] Additionally, if the price levels were founded on the

basis of real cost, the perverse effect from combining
positive income evolution and low water price (encourage-
ment of a high rate of growth of social water uses) will tend
to vanish. An increase of the current prices, so that house-
holds are confronted with the full costs of water supply,
would reduce the consumer surplus for nonbasic water uses.
The willingness to pay for marginal water would diminish,
so larger users would tend to reduce their nonbasic water
consumption.
[70] Third, the analysis of consumption with respect to

family size indicates that current tariffs punish large fami-
lies, which need to consume more water to satisfy their
basic requirements, although they present smaller per capita
water consumption. Therefore, in considering equity goals,
it will be relevant to include household size in the tariff
design, which would require a per capita tariff structure.
Thus the limit of the second and third block of the new tariff
would be calculated on the basis of household size, so that
they would be bigger for larger households, in order to
combine incentives to save water with a concern for equity.
Furthermore, since per capita pricing adversely affects small
households (especially single households), they will tend to
reduce their water consumption, in such away that con-
sumption effects related to an increase in the number of
households can be mitigated.
[71] Thus we can conclude by indicating that pricing

measures can be effective to urge residential users to save
water. Nevertheless, in order to improve the economic
incentive to conserve water in Zaragoza, it is necessary to

refocus the tariff structures and price levels toward more
‘‘rational’’ pricing schemes. Indeed, this reform should be
reinforced by nonprice measures (legal norms, education
and information campaigns, or incentives to use water-
saving technologies), which provide continuing signals
about the advantages of changing water practices and by
the substitution of common meters with individual meters.

[72] Acknowledgment. This paper has been prepared under project
P86/98 financed by the CONSI+D of the Diputación General de Aragón.
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