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Household size and residential water demand: an
empirical approach*

Fernando Arbués, Inmaculada Villanúa and
Ramón Barberán†

The effectiveness of pricing policies depends on the price elasticity of consumption. It
is well documented that residential demand for water is influenced by heterogeneity
associated with differences in the size of the household and socioeconomic characteris-
tics. In this paper, we focus on household size. Our initial hypothesis is that users’ sen-
sitivity to changes in price is different depending on the number of household
members. To this end, we carry out an empirical estimation of urban water demand in
Zaragoza (Spain) distinguishing between households with different sizes using data at
the individual level. As far as we are aware, this approach to urban residential water
demand is new in the literature. The analysis suggests that all households are sensitive
to prices regardless of size. A more relevant finding is that small households are more
sensitive to price changes.

Key words: demand analysis, household size, price elasticity, residential water demand.

1. Introduction

Increased efforts to improve urban water management are focused on
demand side policies, seeking to affect the behaviour of users so that a ‘rea-
sonable’ use of water resources is reached. Pricing reforms are among several
measures implemented to encourage this ‘reasonable’ use of water. The effec-
tiveness of these policies in engaging water consumption depends on the price
elasticity of consumption. The larger the price elasticity, the more effective
these policies are at reducing water consumption.
In this framework, the accurate characterization of water demand play a

major role in obtaining sufficient knowledge about this behavioural response
to changes in price. For urban water demand, given that domestic consump-
tion is metered at the level of the dwelling and not individually this accurate
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characterization requires precise water demand models that account for dif-
ferences in water consumption behaviour across households. The sources of
this heterogeneity in the water demand patterns of different households are
directly related with its composition both quantitatively (the size of the
household) and qualitatively (the socioeconomic characteristics of household
members).
Most empirical studies have found residential demand for water is influ-

enced by heterogeneity associated with differences in the size of the household
and socioeconomic characteristics such as income, age distribution and
household preferences towards water use and conservation (Arbués et al.
2003; Worthington and Hoffmann 2008), like energy residential demand
(Madlener 1996; Espey and Espey 2004).
It is well documented that household size affects demand for water posi-

tively (Arbués et al. 2004; Arbués and Villanúa 2006; Hoffmann et al. 2006;
Schleich and Hillenbrand 2009) and energy (Nesbakken 1999; Yoo et al.
2007; Navajas 2009). Income level is also positively related to water consump-
tion in most cases (Dandy et al. 1997; Arbués et al. 2004; Arbués and Villa-
núa 2006; Gaudin 2006; Hoffmann et al. 2006; Frondel and Messner 2008).
This positive relation is also demonstrated in most papers focused on energy
consumption analysis (Dubin and McFadden 1984; Narayan and Smyth
2005; Yoo et al. 2007; Navajas 2009). Other works find age distribution
within the household to be relevant (Lyman 1992; Musolesi and Nosvelli
2007; Kenney et al. 2008; Dale et al. 2009; Schleich and Hillenbrand 2009,
for water demand; Nesbakken 1999; Labandeira et al. 2006, for energy
demand). Several works on residential demand for water (Nieswiadomy
1992; Musolesi and Nosvelli 2007; Frondel and Messner 2008), and energy
(Dubin and McFadden 1984; Reiss and White 2005; Yoo et al. 2007; Dale
et al. 2009) include variables such as lagged consumption, educational level,
durable goods and equipments, etc. that reflect the relationship between the
preferences towards use and conservation and demand decisions.
However, other variables than price are rarely central in studies on residen-

tial water demand. A substantial body of literature uses an aggregate
approach to analyse the sensitivity of demand to changes in these variables
and so cannot be used to test for heterogeneity across consumer groups
(Blundell 1988). Only a few studies have carried out estimations of water
demand distinguishing between users with different characteristics. The most
common differentiation is according to household income (Agthe and Billings
1987; Renwick and Archibald 1998; Frondel and Messner 2008; Kenney et al.
2008; Schleich and Hillenbrand 2009), like energy demand studies (Nesbak-
ken 1999; Reiss and White 2005). Other differentiations used are the availabil-
ity of certain durable equipments and installations (Renwick and Archibald
1998; Arbués et al. 2004, for water; Nesbakken 1999, for energy) and house-
hold preferences towards water use and conservation (Krause et al. 2003;
Gaudin 2006; Hoffmann et al. 2006, for water; Labandeira et al. 2006, for
energy).
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Given the above points, if the analysis of urban water demand is intended
as a basis for water management measures, regulators will benefit from know-
ing how household size might affect demand for water. This is the aim of this
paper. Our initial hypothesis is that users’ sensitivity to changes in price is dif-
ferent depending on the number of household members. To this end, we carry
out an empirical estimation of urban water demand in Zaragoza (Spain) dis-
tinguishing between households with different sizes using data at the individ-
ual level. As far as we are aware, this approach to urban residential water
demand is new in the literature.
The interest of this approach lies in two essential points: first, and the most

relevant issue, is that a demand analysis that takes into account the hetero-
geneity of price response across households provides very useful information
in order to obtain a more accurate estimation of the impact of water pricing
reforms on households. Therefore, water utility managers might implement
more effective water demand management programmes. Second, more accu-
rate comparisons between geographical areas with different household struc-
tures can be made based on demand models that reflect how household size
changes affect demand for water. If household size is explicitly introduced in
demand analysis, the risk of error diminishes when results obtained from
analysing water demand in a geographical area are used to evaluate the poten-
tial effectiveness of water demand management programs in other areas.
The paper is organized as follows. First, in section 2 we describe the vari-

ables included in the proposed demand model. The main characteristics of
the data collected are reported in section 3. Section 4 contains an intuitive
approach to the relationship between household size and water consumption.
The method applied to estimate water demand is presented in section 5. The
main results of the empirical study are described in section 6. Finally, section
7 closes the paper with considerations of the results obtained.

2. Economic model

As it is mentioned above, the central objective of this paper is to carry out
diverse urban water demand estimations in Zaragoza considering different
household sizes. From available empirical papers for estimating urban water
demands in Zaragoza (Arbués et al. 2004; Arbués and Villanúa 2006), we
propose the following demand model:

qit ¼ fðdeit�2;DCit;Wit;CHWit;DNit;AG20it;AG60itÞ; ð1Þ

where qit ” Daily water consumption measured at the household level.
Although Zaragoza’s municipal regulations provide for quarterly meter read-
ings, the standard period is not generally observed and readings are taken at
a range of different intervals. For this reason, we have converted consump-
tion data for each billing cycle to a daily basis to obtain temporally homoge-
neous information for water consumption.
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deit–2 ” Two-lagged daily expenses. This lagged average price specification
is defined as the amount of the water bill divided by the number of days
included in the billing cycle. As Arbués et al. (2004) show, this is the most
appropriate price specification for Zaragoza residential water consumers
given the billing cycle (users receive their water bill 6 months after the meter
reading, that is to say, two readings later) and the price structure established
in the municipal regulations.
In Zaragoza, water bills include a fixed part and a volume charge. The

fixed part is a charge which does not entitle users to use a free number of
units of water. The volume-based charge is a variable single charge
applied according to a progressive linear tariff of 205 prices. This tariff
means that all units recorded on the meter are paid at the same price,
which increases progressively as the daily average consumption of a dwell-
ing rises, resulting in an increasing straight line. Because all units are
charged at the same price, the average price paid by customers is the price
taken from the official tariff. Table 1 shows the linear volume-based
charge, for 1996, 1997 and 1998, contained in the Municipal Regulations
of Zaragoza City Council.
Figure 1 illustrates the water tariff structure used for residential customers

in Zaragoza shown in Table 1. If a household consumes qA cubic meters of
water, according to the official tariff, each unit of water will be charged at the
same price pA, so the household will pay a volume charge equal to pA · qA
(area OqAApA in Figure 1). If water consumption changes to qB cubic
meters, now each unit of water will be charged at the same price pB, so
the household will pay a volume charge equal to pB · qB (area OqBBpB in
Figure 1). As we can see, the new quantity consumed implies a volume charge
supplement equal to ðqB � qAÞ � pB½ � þ qA � ðpB � pAÞ½ � (the shaded area),
that is, the volume charge corresponding to additional cubic meters con-
sumed (qB)qA), plus the supplement for the first qA cubic meters consumed
(area pApBCA).
HDit ” Hot days. This is a variable which indicates the percentage of days

with a maximum temperature above 18�C in each meter reading period. The
temperature used to define this variable has been selected according to the
Koeppen climatic classification system.
Wit ” Wealth index. This variable measures the relationship between con-

sumption and users’ lifestyles. Following the approach used in many empiri-
cal studies (Dandy et al. 1997; Arbués et al. 2004), wealth is defined in terms
of the fiscal value (in real terms) of the dwelling as recorded in the Urban
Property Register.
CHWit ” Collective hot water service. This variable reflects the existence of

individual water consumption registered on a collective water meter, distinct
from the private meter. This collective consumption is paid to water utility by
the residents’ association, which subsequently distributes this water bill
among its members. This is a dummy variable which takes a value of one if a
collective hot water service is provided and zero otherwise.

64 F. Arbués et al.

� 2010 The Authors
Journal compilation � 2010 Australian Agricultural and Resource Economics Society Inc. and Blackwell Publishing Asia Pty Ltd



T
a
b
le

1
Z
a
ra
g
o
za

o
ffi
ci
a
l
w
a
te
r
ta
ri
ff
,
v
o
lu
m
e
ch
a
rg
es

(1
9
9
6
,
1
9
9
7
a
n
d
1
9
9
8
)

D
a
il
y

co
n
su
m
p
ti
o
n

(m
3
)

€/
m

3

1
9
9
6

1
9
9
7

1
9
9
8

0
.0
3
0

0
.1
7
4

0
.1
6
8

0
.1
7
2

0
.2
0
5

0
.1
8
0

0
.1
7
4

0
.1
8
0

0
.2
1
0

0
.1
8
6

0
.1
8
0

0
.1
8
5

0
.2
1
6

0
.1
9
2

0
.1
8
6

0
.1
9
1

0
.2
2
2

0
.1
9
8

0
.1
9
1

0
.1
9
7

0
.2
2
8

0
.2
0
4

0
.1
9
7

0
.2
0
3

0
.2
3
4

0
.2
1
0

0
.2
0
3

0
.2
0
9

0
.2
4
1

0
.2
1
6

0
.2
0
9

0
.2
1
4

0
.2
4
8

0
.2
2
2

0
.2
1
5

0
.2
2
0

0
.2
5
6

0
.2
2
8

0
.2
2
0

0
.2
2
6

0
.2
6
5

0
.2
3
4

0
.2
2
6

0
.2
3
2

0
.2
7
3

0
.2
4
0

0
.2
3
2

0
.2
3
8

0
.2
8
3

0
.2
4
6

0
.2
3
8

0
.2
4
3

0
.2
9
3

0
.2
5
2

0
.2
4
4

0
.2
4
9

0
.3
0
4

0
.2
5
8

0
.2
4
9

0
.2
5
5

0
.3
1
5

0
.2
6
4

0
.2
5
5

0
.2
6
1

0
.3
2
8

0
.2
7
0

0
.2
6
1

0
.2
6
7

0
.3
4
2

0
.2
7
6

0
.2
6
7

0
.2
7
2

0
.3
5
7

0
.2
8
2

0
.2
7
3

0
.2
7
8

0
.3
7
3

0
.2
8
8

0
.2
7
8

0
.2
8
4

0
.3
9
0

0
.2
9
4

0
.2
8
4

0
.2
9
0

0
.4
1
0

0
.3
0
1

0
.2
9
0

0
.2
9
5

0
.4
3
2

0
.3
0
7

0
.2
9
6

0
.3
0
1

0
.4
3
7

0
.3
1
3

0
.3
0
2

0
.3
0
7

0
.4
4
1

0
.3
1
9

0
.3
0
7

0
.3
1
3

0
.4
4
6

0
.3
2
5

0
.3
1
3

0
.3
1
9

0
.4
5
0

0
.3
3
1

0
.3
1
9

0
.3
2
4

0
.4
5
4

0
.3
3
7

0
.3
2
5

0
.3
3
0

0
.4
5
9

0
.3
4
3

0
.3
3
1

0
.3
3
6

D
a
il
y

co
n
su
m
p
ti
o
n

(m
3
)

€/
m

3

1
9
9
6

1
9
9
7

1
9
9
8

0
.4
6
4

0
.3
4
9

0
.3
3
6

0
.3
4
2

0
.4
6
8

0
.3
5
5

0
.3
4
2

0
.3
4
8

0
.4
7
3

0
.3
6
1

0
.3
4
8

0
.3
5
3

0
.4
7
8

0
.3
6
7

0
.3
5
4

0
.3
5
9

0
.4
8
3

0
.3
7
3

0
.3
6
0

0
.3
6
5

0
.4
8
8

0
.3
7
9

0
.3
6
5

0
.3
7
1

0
.4
9
4

0
.3
8
5

0
.3
7
1

0
.3
7
7

0
.4
9
9

0
.3
9
1

0
.3
7
7

0
.3
8
2

0
.5
0
4

0
.3
9
7

0
.3
8
3

0
.3
8
8

0
.5
1
0

0
.4
0
3

0
.3
8
9

0
.3
9
4

0
.5
1
6

0
.4
0
9

0
.3
9
4

0
.4
0
0

0
.5
2
2

0
.4
1
5

0
.4
0
0

0
.4
0
6

0
.5
2
8

0
.4
2
1

0
.4
0
6

0
.4
1
1

0
.5
3
4

0
.4
2
7

0
.4
1
2

0
.4
1
7

0
.5
4
0

0
.4
3
3

0
.4
1
8

0
.4
2
9

0
.5
4
6

0
.4
3
9

0
.4
2
3

0
.4
3
5

0
.5
5
3

0
.4
4
5

0
.4
2
9

0
.4
4
0

0
.5
6
0

0
.4
5
1

0
.4
3
5

0
.4
4
6

0
.5
6
7

0
.4
5
7

0
.4
4
1

0
.4
5
2

0
.5
7
4

0
.4
6
3

0
.4
4
7

0
.4
5
8

0
.5
8
1

0
.4
6
9

0
.4
5
2

0
.4
6
4

0
.5
8
8

0
.4
7
5

0
.4
5
8

0
.4
6
9

0
.5
9
6

0
.4
8
1

0
.4
6
4

0
.4
7
5

0
.6
0
4

0
.4
8
7

0
.4
7
0

0
.4
8
1

0
.6
1
2

0
.4
9
3

0
.4
7
6

0
.4
8
7

0
.6
2
0

0
.4
9
9

0
.4
8
2

0
.4
9
2

0
.6
2
9

0
.5
0
5

0
.4
8
7

0
.4
9
8

0
.6
3
8

0
.5
1
1

0
.4
9
3

0
.5
0
4

0
.6
4
6

0
.5
1
7

0
.4
9
9

0
.5
1
0

D
a
il
y

co
n
su
m
p
ti
o
n

(m
3
)

€/
m

3

1
9
9
6

1
9
9
7

1
9
9
8

0
.6
5
6

0
.5
2
3

0
.5
0
5

0
.5
1
6

0
.6
6
5

0
.5
2
9

0
.5
1
1

0
.5
2
1

0
.6
7
5

0
.5
3
5

0
.5
1
6

0
.5
2
7

0
.6
8
5

0
.5
4
1

0
.5
2
2

0
.5
3
3

0
.6
9
5

0
.5
4
7

0
.5
2
8

0
.5
3
9

0
.7
0
6

0
.5
5
3

0
.5
3
4

0
.5
4
5

0
.7
1
7

0
.5
5
9

0
.5
4
0

0
.5
5
0

0
.7
2
9

0
.5
6
5

0
.5
4
5

0
.5
5
6

0
.7
4
0

0
.5
7
1

0
.5
5
1

0
.5
6
2

0
.7
5
2

0
.5
7
7

0
.5
5
7

0
.5
6
8

0
.7
6
5

0
.5
8
3

0
.5
6
3

0
.5
7
4

0
.7
7
8

0
.5
8
9

0
.5
6
9

0
.5
7
9

0
.7
9
1

0
.5
9
5

0
.5
7
4

0
.5
8
5

0
.8
0
5

0
.6
0
1

0
.5
8
0

0
.5
9
1

0
.8
2
0

0
.6
0
7

0
.5
8
6

0
.5
9
7

0
.8
3
5

0
.6
1
3

0
.5
9
2

0
.6
0
3

0
.8
5
0

0
.6
1
9

0
.5
9
8

0
.6
0
8

0
.8
6
6

0
.6
2
5

0
.6
0
3

0
.6
1
4

0
.8
8
3

0
.6
3
1

0
.6
0
9

0
.6
2
0

0
.9
0
0

0
.6
3
7

0
.6
1
5

0
.6
2
6

0
.9
1
8

0
.6
4
3

0
.6
2
1

0
.6
3
2

0
.9
3
7

0
.6
4
9

0
.6
2
7

0
.6
3
7

0
.9
5
6

0
.6
5
5

0
.6
3
2

0
.6
4
3

0
.9
7
7

0
.6
6
1

0
.6
3
8

0
.6
4
9

0
.9
9
8

0
.6
6
7

0
.6
4
4

0
.6
5
5

1
.0
2
0

0
.6
7
3

0
.6
5
0

0
.6
6
0

1
.0
4
3

0
.6
7
9

0
.6
5
6

0
.6
6
6

1
.0
6
7

0
.6
8
5

0
.6
6
1

0
.6
7
2

1
.0
9
3

0
.6
9
1

0
.6
6
7

0
.6
7
8

D
a
il
y

co
n
su
m
p
ti
o
n

(m
3
)

€/
m

3

1
9
9
6

1
9
9
7

1
9
9
8

1
.1
2
0

0
.6
9
7

0
.6
7
3

0
.6
8
4

1
.1
4
8

0
.7
0
3

0
.6
7
9

0
.6
8
9

1
.1
7
0

0
.7
0
9

0
.6
8
5

0
.6
9
5

1
.1
8
0

0
.7
1
5

0
.6
9
0

0
.7
0
1

1
.1
9
1

0
.7
2
1

0
.6
9
6

0
.7
1
3

1
.2
0
1

0
.7
2
7

0
.7
0
2

0
.7
1
8

1
.2
1
2

0
.7
3
3

0
.7
0
8

0
.7
2
4

1
.2
2
3

0
.7
3
9

0
.7
1
4

0
.7
3
0

1
.2
3
4

0
.7
4
5

0
.7
1
9

0
.7
3
6

1
.2
4
5

0
.7
5
1

0
.7
2
5

0
.7
4
2

1
.2
5
7

0
.7
5
7

0
.7
3
1

0
.7
4
7

1
.2
6
9

0
.7
6
3

0
.7
3
7

0
.7
5
3

1
.2
8
1

0
.7
6
9

0
.7
4
3

0
.7
5
9

1
.2
9
3

0
.7
7
5

0
.7
4
8

0
.7
6
5

1
.3
0
5

0
.7
8
1

0
.7
5
4

0
.7
7
1

1
.3
1
8

0
.7
8
7

0
.7
6
0

0
.7
7
6

1
.3
3
1

0
.7
9
3

0
.7
6
6

0
.7
8
2

1
.3
4
4

0
.7
9
9

0
.7
7
2

0
.7
8
8

1
.3
5
7

0
.8
0
5

0
.7
7
7

0
.7
9
4

1
.3
7
1

0
.8
1
1

0
.7
8
3

0
.8
0
0

1
.3
8
5

0
.8
1
7

0
.7
8
9

0
.8
0
5

1
.3
9
9

0
.8
2
3

0
.7
9
5

0
.8
1
1

1
.4
1
4

0
.8
2
9

0
.8
0
1

0
.8
1
7

1
.4
2
9

0
.8
3
5

0
.8
0
6

0
.8
2
3

1
.4
4
4

0
.8
4
1

0
.8
1
2

0
.8
2
9

1
.4
5
9

0
.8
4
7

0
.8
1
8

0
.8
3
4

1
.4
7
5

0
.8
5
3

0
.8
2
4

0
.8
4
0

1
.4
9
2

0
.8
5
9

0
.8
3
0

0
.8
4
6

1
.5
0
8

0
.8
6
5

0
.8
3
5

0
.8
5
2

Household size and residential water demand 65

� 2010 The Authors
Journal compilation � 2010 Australian Agricultural and Resource Economics Society Inc. and Blackwell Publishing Asia Pty Ltd



T
a
b
le

1
(C

o
n
ti
n
u
ed
)

D
a
il
y

co
n
su
m
p
ti
o
n

(m
3
)

€/
m

3

1
9
9
6

1
9
9
7

1
9
9
8

1
.5
2
5

0
.8
7
1

0
.8
4
1

0
.8
5
7

1
.5
4
2

0
.8
7
7

0
.8
4
7

0
.8
6
3

1
.5
6
0

0
.8
8
3

0
.8
5
3

0
.8
6
9

1
.5
7
8

0
.8
8
9

0
.8
5
9

0
.8
7
5

1
.5
9
7

0
.8
9
6

0
.8
6
4

0
.8
8
1

1
.6
1
6

0
.9
0
2

0
.8
7
0

0
.8
8
6

1
.6
3
5

0
.9
0
8

0
.8
7
6

0
.8
9
2

1
.6
5
5

0
.9
1
4

0
.8
8
2

0
.8
9
8

1
.6
7
6

0
.9
2
0

0
.8
8
8

0
.9
0
4

1
.6
9
7

0
.9
2
6

0
.8
9
3

0
.9
1
0

1
.7
1
8

0
.9
3
2

0
.8
9
9

0
.9
1
5

1
.7
4
0

0
.9
3
8

0
.9
0
5

0
.9
2
1

1
.7
6
3

0
.9
4
4

0
.9
1
1

0
.9
2
7

1
.7
8
6

0
.9
5
0

0
.9
1
7

0
.9
3
3

1
.8
1
0

0
.9
5
6

0
.9
2
2

0
.9
3
9

1
.8
3
4

0
.9
6
2

0
.9
2
8

0
.9
4
4

1
.8
5
9

0
.9
6
8

0
.9
3
4

0
.9
5
0

1
.8
8
5

0
.9
7
4

0
.9
4
0

0
.9
5
6

1
.9
1
2

0
.9
8
0

0
.9
4
6

0
.9
6
2

1
.9
3
9

0
.9
8
6

0
.9
5
1

0
.9
6
8

1
.9
6
7

0
.9
9
2

0
.9
5
7

0
.9
7
3

1
.9
9
6

0
.9
9
8

0
.9
6
3

0
.9
7
9

D
a
il
y

co
n
su
m
p
ti
o
n

(m
3
)

€/
m

3

1
9
9
6

1
9
9
7

1
9
9
8

2
.0
2
6

1
.0
0
4

0
.9
6
9

0
.9
9
1

2
.0
5
7

1
.0
1
0

0
.9
7
5

0
.9
9
7

2
.0
8
8

1
.0
1
6

0
.9
8
0

1
.0
0
2

2
.1
2
1

1
.0
2
2

0
.9
8
6

1
.0
0
8

2
.1
5
4

1
.0
2
8

0
.9
9
2

1
.0
1
4

2
.1
8
9

1
.0
3
4

0
.9
9
8

1
.0
2
0

2
.2
2
5

1
.0
4
0

1
.0
0
4

1
.0
2
5

2
.2
6
2

1
.0
4
6

1
.0
0
9

1
.0
3
1

2
.3
0
1

1
.0
5
2

1
.0
1
5

1
.0
3
7

2
.3
4
0

1
.0
5
8

1
.0
2
1

1
.0
4
3

2
.3
8
1

1
.0
6
4

1
.0
2
7

1
.0
4
9

2
.4
2
4

1
.0
7
0

1
.0
3
3

1
.0
5
4

2
.4
6
8

1
.0
7
6

1
.0
3
8

1
.0
6
0

2
.5
1
4

1
.0
8
2

1
.0
4
4

1
.0
6
6

2
.5
6
1

1
.0
8
8

1
.0
5
0

1
.0
7
2

2
.6
1
0

1
.0
9
4

1
.0
5
6

1
.0
7
8

2
.6
6
1

1
.1
0
0

1
.0
6
2

1
.0
8
3

2
.7
1
5

1
.1
0
6

1
.0
6
7

1
.0
8
9

2
.7
7
0

1
.1
1
2

1
.0
7
3

1
.0
9
5

2
.8
2
8

1
.1
1
8

1
.0
7
9

1
.1
0
1

2
.8
8
8

1
.1
2
4

1
.0
8
5

1
.1
0
7

2
.9
5
1

1
.1
3
0

1
.0
9
1

1
.1
1
2

D
a
il
y

co
n
su
m
p
ti
o
n

(m
3
)

€/
m

3

1
9
9
6

1
9
9
7

1
9
9
8

3
.0
1
6

1
.1
3
6

1
.0
9
6

1
.1
1
8

3
.0
8
5

1
.1
4
2

1
.1
0
2

1
.1
2
4

3
.1
5
7

1
.1
4
8

1
.1
0
8

1
.1
3
0

3
.2
3
2

1
.1
5
4

1
.1
1
4

1
.1
3
6

3
.3
1
1

1
.1
6
0

1
.1
2
0

1
.1
4
1

3
.3
9
3

1
.1
6
6

1
.1
2
5

1
.1
4
7

3
.4
8
0

1
.1
7
2

1
.1
3
1

1
.1
5
3

3
.5
7
2

1
.1
7
8

1
.1
3
7

1
.1
5
9

3
.6
6
8

1
.1
8
4

1
.1
4
3

1
.1
6
5

3
.7
7
0

1
.1
9
0

1
.1
4
9

1
.1
7
0

3
.8
7
8

1
.1
9
6

1
.1
5
4

1
.1
7
6

3
.9
9
2

1
.2
0
2

1
.1
6
0

1
.1
8
2

4
.1
1
3

1
.2
0
8

1
.1
6
6

1
.1
8
8

4
.2
4
2

1
.2
1
4

1
.1
7
2

1
.1
9
4

4
.3
7
8

1
.2
2
0

1
.1
7
8

1
.1
9
9

4
.5
2
4

1
.2
2
6

1
.1
8
3

1
.2
0
5

4
.6
8
0

1
.2
3
2

1
.1
8
9

1
.2
1
1

4
.8
4
8

1
.2
3
8

1
.1
9
5

1
.2
1
7

5
.0
2
7

1
.2
4
4

1
.2
0
1

1
.2
2
2

5
.2
2
1

1
.2
5
0

1
.2
0
7

1
.2
2
8

5
.4
2
9

1
.2
5
6

1
.2
1
2

1
.2
3
4

5
.6
5
6

1
.2
6
2

1
.2
1
8

1
.2
4
0

D
a
il
y

co
n
su
m
p
ti
o
n

(m
3
)

€/
m

3

1
9
9
6

1
9
9
7

1
9
9
8

5
.9
0
1

1
.2
6
8

1
.2
2
4

1
.2
4
6

6
.1
7
0

1
.2
7
4

1
.2
3
0

1
.2
5
1

6
.4
6
3

1
.2
8
0

1
.2
3
6

1
.2
5
7

6
.7
8
7

1
.2
8
6

1
.2
4
1

1
.2
6
3

7
.1
4
4

1
.2
9
2

1
.2
4
7

1
.2
7
5

7
.5
4
1

1
.2
9
8

1
.2
5
3

1
.2
8
0

7
.9
8
4

1
.3
0
4

1
.2
5
9

1
.2
8
6

8
.4
8
3

1
.3
1
0

1
.2
6
5

1
.2
9
2

9
.0
4
9

1
.3
1
6

1
.2
7
0

1
.2
9
8

9
.6
9
5

1
.3
2
2

1
.2
7
6

1
.3
0
4

1
0
.4
4
1

1
.3
2
8

1
.2
8
2

1
.3
0
9

1
1
.3
1
1

1
.3
3
4

1
.2
8
8

1
.3
1
5

1
2
.3
3
9

1
.3
4
0

1
.2
9
4

1
.3
2
1

1
3
.5
7
3

1
.3
4
6

1
.2
9
9

1
.3
2
7

1
5
.0
8
1

1
.3
5
2

1
.3
0
5

1
.3
3
3

1
6
.9
6
7

1
.3
5
8

1
.3
1
1

1
.3
3
8

1
9
.3
9
0

1
.3
6
4

1
.3
1
7

1
.3
4
4

2
2
.6
2
2

1
.3
7
0

1
.3
2
3

1
.3
5
0

2
7
.1
4
7

1
.3
7
6

1
.3
2
8

1
.3
5
6

3
3
.9
3
3

1
.3
8
2

1
.3
3
4

1
.3
6
2

4
5
.2
4
4

1
.3
8
8

1
.3
4
0

1
.3
6
7

6
7
.8
6
7

1
.3
9
4

1
.3
4
6

1
.3
7
3

1
3
5
.7
3
3

1
.4
0
0

1
.3
5
2

1
.3
7
9

66 F. Arbués et al.

� 2010 The Authors
Journal compilation � 2010 Australian Agricultural and Resource Economics Society Inc. and Blackwell Publishing Asia Pty Ltd



AG20it ” Young household members. This is a variable control for possible
differences in water consumption due to age. This is a dummy variable which
takes a value of one if there are in the household members 20 years old or less
and zero otherwise.
AG60it ” Elder household members. This is a variable control for possible

differences in water consumption due to age. This is a dummy variable which
takes a value of one if there are household members 60 years old and over
and zero otherwise.
DNit ” Household size. Five household sizes are considered with the aim of

analysing if sensitivity to changes in price is different across households with
different sizes. Five dummy variables are defined to capture size-specific
effects:

D1it ¼
1 if household i has one member
0 otherwise

�

D2it ¼
1 if household i has two members
0 otherwise

�

D3it ¼
1 if household i has three members
0 otherwise

�

D4it ¼
1 if household i has four members
0 otherwise

�

P

p
B

p
A

O q
B

q
A q (m3 per day) 

A

BC

Figure 1 Zaragoza, linear increasing tariff structure.
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D5it ¼
1 if household i has five or more members
0 otherwise

�

3. Description of the sample

As Blundell et al. (1992) show, individual level data have numerous advanta-
ges in the analysis of consumer demand decisions because they better reflect
the heterogeneity of preferences, avoid aggregation biases and produce robust
estimations of parameters in the demand function. Given these advantages,
this study uses a panel of individual data from a random sample of 1507
households connected to the Zaragoza public water network. The sample
contains the following information: metered consumption of dwellings (10
time observations covering the period 1996–1998); the fiscal value of dwell-
ings; the number of individuals living in each dwelling according to the Muni-
cipal Census; and the availability of a common hot water facility in
condominiums. This information was provided by the City Council.
The data set was further augmented by the unit price paid in real terms for

the water consumed, and weather data. The water price was calculated by
applying the official tariffs established in the municipal regulations. Weather
data (daily maximum temperature over the period 1996–1998) were obtained
from the Spanish Meteorological Institute.
Summary statistics for the variables included in the demand model (1) are

presented in Table 2.

4. Household size and water consumption: an intuitive approach

Before proceeding with the econometric estimation of water demand, it may
be useful to describe the relationship between water consumption and the
number of residents in a household. Table 3 focuses on this issue from two
perspectives: of total and per capita water consumption.
From a total water consumption perspective, Table 3 shows a direct rela-

tionship between total water consumption and household size, ranging from
0.1845 m3 per day (n = 1) to 0.4831 m3 per day (n ‡ 5). When dealing with

Table 2 Summary statistics

Mean SD Minimum Maximum

All consumption (m3) (n = 1315) 0.3351 0.1425 0.0300 0.9647
Size 1 consumption (m3) (n = 105) 0.1845 0.0752 0.0300 0.4302
Size 2 consumption (m3) (n = 398) 0.2640 0.1249 0.0306 0.9473
Size 3 consumption (m3) (n = 313) 0.3326 0.1001 0.0626 0.7386
Size 4 consumption (m3) (n = 348) 0.3998 0.1127 0.0937 0.8842
Size ‡ 5 consumption (m3) (n = 151) 0.4831 0.1452 0.1428 0.9647
deit–2 (Euros) 0.1820 0.0813 0.0309 0.6888
Wit (Euros) 27 874.5542 16 421.7870 5058.8398 279 381.2761
HDit (%) 67.9651 32.7224 2.0618 100.0000
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per capita water consumption, the relationship observed in Table 3 between
household size and per capita water consumption have an inverse relation-
ship, pointing to economies of scale in water use, associated with uses con-
nected more to a set of indivisible basic forms of consumption allocated to
common household uses (i.e. domestic cleaning) than to the number of house-
hold residents.

5. Estimation of the model

The demand equation (1) is specified in semi-logarithmic form:

ln qit ¼ b0 þ d1deit�2 þ d2 D1it � deit�2ð Þ þ d3 D2it � deit�2ð Þ
þ d4 D3it � deit�2ð Þ þ d5 D4it � deit�2ð Þ þ d6HDit þ b1Wit

þ b2CHWit þ b3AG20it þ b4AG60it þ uit

ð2Þ

having introduced the household size dummies in multiplicative form with
the price variable. This specification allows us to capture differences in the
reaction to changes in price across households with different sizes.
Following Baltagi (2005), the error term is uit = li + mit with li �

IIDð0; r2
lÞ, and mit � IIDð0;r2

mÞ, where li is time-invariant and it accounts
for any individual specific effect that is not included in the regression and mit
varies with individuals and time and can be thought of as the usual distur-
bance in the regression.
Given the price structure in Zaragoza, where the price is linked to the

amount consumed, it may be observed that:

deit�2 ¼ fðqit�2Þ ð3Þ

in such a way that model (2) is indirectly dynamic through (3) (Blundell et al.
1992).
The relationship given in (3) implies that the variable deit–2 is correlated

with the error term uit by means of li. Within this framework, the Ordinary
Least Squares estimation of the parameters is biased and inconsistent, and
even vit is not autocorrelated.

Table 3 Size and water consumption

Size of
household

Total
consumption
(m3/day)

Per capita
consumption
(m3/day)

Variation in
per capita

consumption
(m3/day)

1 0.1845 0.1845 –
2 0.2640 0.1320 )0.0525
3 0.3326 0.1109 )0.0211
4 0.3998 0.0999 )0.0110

‡ 5† 0.4831 0.0909 )0.0090

†The average size of households with a size ‡ 5 is 5.31 people. This size was obtained by means of the
expression: R8

n¼5ðn� hnÞ=R8
n¼5hn; where n = household size, and hn = number of households of size n.
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Because of this, the estimation ofmodel (2) requires a two-step procedure. In
the first step, the first difference transformation of model (2) is estimated by
Generalized Least Squares. Thus, a first estimation of the parameters of price,
wealth and climate variables is obtained, which will be used to calculate the
residuals (Dm̂it). The second step consists of employing Generalized Least
Squares once again to estimate the first difference transformation of model (2),
but now using the residuals obtained in the previous step. Although this proce-
dure is similar to that proposed by Arellano (1989) and Arellano and Bond
(1991) several differences exist between these two estimation techniques.
Whereas in the original procedure there is a problem of correlation between the
error term and the explanatory variable (the lagged endogenous variable) in
the first differenced model, which makes the use of instrumental variables nec-
essary, in our procedure this problem does not occur: because the price variable
is two period lagged, the explanatory variable and the error term are not related
in the first differenced model. There is, like Arellano and Bond (1991) autocor-
relation between the different components of the error term. Specifically:

E DviDv
0
i

� �
¼ r2

v IN � GSð Þ

where Dvi ¼ Dvi4 Dvi5 � � � Dvi10ð Þ0, being each Dvij the error term of first
differenced model:

D ln qit ¼ d1Ddeit�2 þ d2D D1it � deit�2ð Þ þ d3D D2it � deit�2ð Þ
þ d4D D3it � deit�2ð Þ þ d5D D4it � deit�2ð Þ þ d6DHDit þ Dvit

ð4Þ

and GS is a (T)3) · (T)3) matrix with a form:

2 �1 0 0 0 0 0
�1 2 �1 0 0 0 0
0 �1 2 �1 0 0 0
0 0 �1 2 �1 0 0
0 0 0 �1 2 �1 0
0 0 0 0 �1 2 �1
0 0 0 0 0 �1 2

0
BBBBBBBB@

1
CCCCCCCCA

Expression (4) will be correct provided that problems of autocorrelation do not
appear in the initial model. However in our model, it seems logical that water
consumption in a period of time depends on consumption during a preceding
period. This fact could lead to other autocorrelation problems in the initial
model (2). Given that the data correspond to water meter reading (four times a
year), a relationship between the error term in the period t and the error term in
the period t + 4 (the samewatermeter reading a year before) is very probable.
Specifically, there could be fourth order error serial correlation. Neverthe-

less, it is necessary to carry out a test in order to corroborate if such a prob-
lem exists, and then to estimate the model appropriately.
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To test the existence of serial correlation, once the model (5) is estimated
we carry out the following test:

H0 : E DvitDvitþsð Þ ¼ 0 jointly for s ¼ 2; 3; � � � ; pð� T� 4Þ
HA : E DvitDvitþsð Þ 6¼ 0 for some s

As we have previously indicated, we focus on p = 4 (although if other order
serial correlation (p < 4) exists, it will be collected). In order to carry out this
hypothesis testing there are some statistics in the econometric literature. Are-
llano and Bond (1991) propose the so-called m2 test and the Sargan’s differ-
ence test. Nevertheless, Yamagata (2008) shows some faults in these tests (the
first one because of its lower power against some alternative hypotheses, and
the second one because it cannot be used for some kinds of correlation) and
he proposes a new test denoted as m2

2;p, which can be expressed as:

m2
2;p ¼ i0NĤ Ĝ0Ĝ

� ��1
Ĥ0iN

where iN is a N · 1 vector of ones, Ĥ ¼ ĝ1 ĝ2 � � � ĝNð Þ0 being
ĝi ¼ ĝi2 ĝi3 � � � ĝip

� �0
, ĝis ¼ RT�s

t¼4 Dv̂itDv̂itþs; with

Dv̂it ¼ D ln qit � d̂1Ddeit�2 � d̂2D D1it � deit�2ð Þ � d̂3D D2it � deit�2ð Þ
� d̂4D D3it � deit�2ð Þ � d̂5D D4it � deit�2ð Þ � d̂6DHDit

and Ĝ ¼ ĝ1; ĝ2; � � � ; ĝNð Þ0, being ĝi ¼ gi2; � � � ; gip
� �0

, with ĝis ¼ ĝis�
x̂0Ns DX0X̂�1DX

� ��1
DX0X̂�1D^̂vi, X̂ ¼ RN

i¼1D
^̂viD^̂v0i and being D^̂vi the (T)3) · 1

residual vector corresponding to the first stage of the estimation procedure
described above. As N fi ¥ and T fixed:

m2
2;p �!

d
v2p�1

When this statistic is calculated for model (4), we obtain m2
2;p ¼ 122:85

(higher than v23 0:05ð Þ), so at 5 per cent of statistical significance, H0 is
rejected, and there is evidence about serial correlation in model (4).
With the aim of correcting the problem of serial correlation, the fourth lag

of the endogenous variable (qit–4) is added to (4) as a regressor. Thus, model
(4) becomes:

ln qit ¼ b0 þ d1deit�2 þ d2 D1it � deit�2ð Þ þ d3 D2it � deit�2ð Þ
þ d4 D3it � deit�2ð Þ þ d5 D4it � deit�2ð Þ þ d6HDit

þ d7 ln qit�4 þ b1Wit þ b2CHWit þ b3AG20it þ b4AG60it þ uit

ð5Þ

and the first differenced model can be written as:
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D ln qit ¼ d1Ddeit�2 þ d2D D1it � deit�2ð Þ þ d3D D2it � deit�2ð Þ
þ d4D D3it � deit�2ð Þ þ d5D D4it � deit�2ð Þ
þ d6DHDit þ d7Dqit�4 þ Dvit

ð6Þ

We now estimate (6) following the same two-stage procedure described at the
beginning of this section, and we again test serial correlation. The value of
m2

2;p is 2.91, so we conclude that there is not serial correlation.
Finally, a method similar to that described in Hsiao (1986) is used to obtain

the parameter of Wit, CHWit, AG20it and AG60it, four variables that do not
appear in the first difference transformation of model (2). This method substi-
tutes dj for d̂j in model (2) and estimates the b1, b2, b3 and b4 parameters as a
static panel by means of the random effects technique.

6. Results

Table 4 reports the results obtained from the empirical estimation of demand
equation (6). The signs of most coefficients in Table 4 agree with our a priori
expectations.
As equation (1) is semi-logarithmic, estimated coefficients can be easily

interpreted as semielasticities. This measure gives the percentage change in qit
in response to a one unit change of the explanatory variable. As Hatznikolau

Table 4 Estimation results

Estimated value t-ratios

Constant )0.7026 )31.0658

deit�2ðd̂1Þ )0.2645 )45.4835

deit�2 �D1it ðd̂2Þ )1.0525 )6.6062

deit�2 �D2it ðd̂3Þ )0.9509 )29.4903

deit�2 �D3it ðd̂4Þ )0.1983 )5.9545

deit�2 �D4it ðd̂5Þ )0.0078 )1.2646

HDit ðd̂6Þ )0.0409 )30.2796

qit�4 ðd̂7Þ 0.3228 265.5147

Wit ðb̂1Þ 0.2941 · 10)5 5.4393

CHWit ðb̂1Þ )0.1087 )6.0003

AG20it ðb̂3Þ 0.0684 3.0547

AG60it ðb̂4Þ )0.0692 )3.4079
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and Ferentinos (2004) show, semielasticities are more appropriate when only
small changes in explanatory variables are possible.
Given that household size dummies interacting with the price variable have

been used, the estimated coefficients d̂1 to d̂5 must be interpreted in a special
way. Only the estimated coefficient d̂1 represents the price semielasticity for
households with five or more members (control size). The estimated coeffi-
cients d̂2 to d̂5 measure the difference in the slope for sizes 1 to 4 versus con-
trol size (5 or more). So, the corresponding price semielasticities will be
(d1 + d2) for households with one member and (d1 + d3), (d1 + d4) and
(d1 + d5) for households with two, three and four members respectively.
Furthermore, the coefficients obtained from (6) for the dummy variables

(CHWit, AG20it and AG60it) cannot be directly interpreted as semielasticities
either. This issue can be resolved following the transformation suggested by
Kennedy (1981):

p̂ ¼ 100� expðŵ� 1

2
V̂ðŵÞÞ � 1

� �
ð7Þ

where ŵ ¼ b̂2; b̂3; b̂4.
The semielasticities obtained are presented in Table 5. Each reported price

semielasticity estimate represents the percentage change in water consump-
tion when the water price increases by one cent of a euro. The wealth semi-
elasticity represents the percentage change in water consumption given a
1000€ change in wealth variable.
As Table 5 shows, the price semielasticity is less than 0 for all sizes of

household. An interesting result is that price semielasticity decreases as
household size increases, ranging from )1.317 (one member) to )0.2645 (five
or more members). Moreover, two significant decreases in price semielastici-
ties are found when household size changes from two to three members and
when household size changes from three to four members, pointing to differ-
ent patterns of water consumption. To test these differences, we can carry
out several hypothesis tests by using the t-ratios of d2 to d5 included in
Table 4.

Table 5 Semielasticities of variables

Price (n = 1) )1.3170
Price (n = 2) )1.2154
Price (n = 3) )0.4628
Price (n = 4) )0.2723
Price (n ‡ 5) )0.2645
HDitt )4.09
qit–4 32.28
Wit 0.2941 · 10)3

CHWit )11.7615
AG20it 4.4282
AG60it )8.5914
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Moreover, the t-ratio of d1 shows the statistical significance of price semi-
elasticity estimates for the control size (five or more members). Therefore, the
hypothesisH0 : di = 0 (with i = 2, 3, 4, 5) tests if there are statistically signif-
icant differences in price semielasticities between the control household size
and every other household sizes considered. As we can see in Table 4, only
the t-ratio corresponding to d5 is not significant at 5 per cent, which means
that price semielasticity of households with four members is not statistically
different from that of household with five or more members.
To test other differences in price semielasticities between households with

different sizes, we estimate model (6) again, changing the control size (see
Appendix I). By carrying out these tests, we found that there are not signifi-
cant differences between the semielasticities of households with one and
two members, and between the semielasticities of households with four and
five or more members. Therefore, the results obtained indicate three pat-
terns of water consumption, one for small households (one and two mem-
bers), another for medium households (three members) and another for
large ones (four, and five or more members). This means that small house-
holds are better able to adjust to changes in the price of water than large
households.
There are two issues which explain these different water consumption pat-

terns:

1. The existence of endogenous transaction costs related with the introduc-
tion and spread of new practices to improve the efficiency in the use of
water appliances like taps, tanks, bathtubs and showers, and white goods
like washing machines and dishwashers. These transaction costs arise due
to lack of information, misplaced incentives, decisions influenced by cus-
tom and habits, heterogeneity of household members, and difficulties asso-
ciated with the constant monitoring and verification of water consumption
in the household, among other factors.
Household size will be positively related to endogenous transaction costs.
It is clear that the organization and supervision of household activities is
more complex in larger households. Thus endogenous transaction costs
represent a constraint to the decision-making process and place significant
barriers in the way of water saving strategies, reducing incentives for large
households.

2. It seems likely that household size will affect the capacity to improve effi-
ciency in water consumption by changing the way people use their white
goods like washing machines and dishwashers. Usually, white goods utili-
zation is less efficient in small households than larger ones due to the fact
that they are not able to fully exploit economies of scale related to their
use. Therefore small households will be better able to obtain efficiency
improvements in water consumption in response to exogenous incentives.
For example, in a household with one or two people, it is common to run
washing machines and dishwashers below full capacity. Therefore it is
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possible to reduce water consumption by making better use of the
machine’s capacity, putting more clothes or dishes in each wash and run-
ning it less often. When household size increases, however, these machines
run more loads, because the volume of dirty clothes and dishes increases
(especially, if children and/or teenagers live in the dwelling), making it
more difficult to cut water consumption.

Based on the results shown in Table 5, wealth semielasticity is positive, and
tends to be close to zero. Therefore, its relative participation in water con-
sumption decisions is reduced. This result needs to be interpreted in terms of
the short run perspective adopted, where a change in wealth does not imply
an immediate change of the users’ lifestyle.
The semielasticity of the climate variable included in Table 5 reveals a sea-

sonal factor in water consumption, which means that water consumption
decreases by 4.09 per cent when the hot days recorded during the consump-
tion period increase by 1 per cent point. Although a positive relation could
have been expected in line with other studies (Kenney et al. 2008; Schleich
and Hillenbrand 2009), this result is consistent with two observed facts: in the
first place, outdoor uses of water are not relevant in Zaragoza; and, in the sec-
ond, in the summer, when it is very hot, many people go away on holiday, or
go to sports clubs for the day, or to towns on the outskirts of Zaragoza (to
spend the day, or to live during these hot months, returning to the city only
to work).
The percentage effect of the dummy indicating the availability of a collec-

tive hot water service is ()11.7615). This means that the existence of such sup-
ply leads to a fall of 11.7615 per cent in the consumption registered on the
individual meters, that is, about 12 per cent of the water used is obtained
from the collective supply system installed in the building.
Finally, the results obtained for the age dummies indicate an inverse rela-

tion between the age of household members and water consumption. The
presence in a household of elderly people tends to reduce the water consump-
tion by 8.59 per cent, while the presence of young people tends to increase
water consumption by 4.42 per cent. These results may be explained by the
different consumption patterns existing between these age groups (elderly
people have a greater tendency to use less water for washing and hygiene than
young people). Another possible explanatory factor for this result is the fact
that the average income of households with elderly members is about 55 per
cent of the average income of households with young members.

7. Final considerations

In this paper, we have estimated a residential water demand function which
includes multiplicative dummy variables that enables us to analyse if users’
sensitivity to changes in price is different depending on the number of house-
hold members. This demand function has been estimated by adopting a
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dynamic panel data approach, using household level data. Therefore, this
paper offers a new perspective on urban water demand analysis by estimating
different water price semielasticities according to household sizes, a criterion
to establish different categories of users not considered in the literature until
now.
The empirical analysis suggests that all households, regardless of size, are

sensitive to prices (all coefficients estimated are significant and different from
zero). Semielasticities are lower than zero for households of all sizes.
A relevant result related to the price semielasticities obtained is that small

households are more sensitive to price changes. This implies that pricing mea-
sures will have a greater impact on small households (one and two members)
than medium (three members) and large ones (four or more members). This
finding confirms the initial hypothesis that sensitivity to changes in the price
will differ depending on household size.
Hence there is a dependence relation between the demographical frame-

work and the sensitivity of residential water consumption to price changes.
This issue is especially relevant when changes in household size are happen-
ing, as has been occurring in Zaragoza, where the average occupation density
of homes changed from 3.04 people per home in 1991 to 2.23 people per home
in 2008. In this context, water utility managers should be aware of demo-
graphic changes affecting household size and adjust their information about
residential water demand. Likewise this dependence relation should be taken
into account when comparing geographical areas with different household
structures and when using the results obtained in a specific geographical area
to analyse water tariff reforms in other ones.
Furthermore, if we estimate model (2) without the household size multipli-

cative dummies, we obtain an aggregate price semielasticity of )0.57. If man-
agers consider only aggregate response, although they will come close to the
response of households with three members (semielasticity of )0.46), they will
overstate the response of households with four or more members (semielastic-
ities ranging from )0.26 to )0.27) and they will especially understate that of
small households (semielasticities below )1).
These results suggest that information at size-aggregated level about water

demand commonly used to evaluate the effects of water tariff reforms can
cause a misinterpretation of the residential users’ attitude towards changes
in water prices. Only if price changes by the same proportion for all users,
regardless of water consumed, will the results obtained at size-aggregated
level be right. Nevertheless, water tariff reforms usually mean price changes
in different proportions for different water consumptions (as a result of the
substitution of a flat-rate tariff by a block tariff, or the modification of the
number of price blocks, their width or the level of prices associated with
each block in a existing block tariff). Therefore, as a significant positive rela-
tion exists between household size and water consumption, it is clear that
households will be faced with a price change that will depend on their size.
Moreover, an accurate characterization of water demand that enables us to
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discover the response to changes in price of households with different sizes
offers a better framework to analyse the effect of water tariff reforms on
water consumption.
Finally, taking household size into account in the design of the urban water

rate would be useful in order to improve the management effectiveness of the
utility. Therefore, in a standard increasing block tariff design, increasing the
applicable prices corresponding to blocks where the average consumption of
small households is situated may be more effective in moderating water con-
sumption. However, if the aim is to increase revenues without affecting basic
consumption, then managers could increase the price levels in blocks where
the average consumption of large households is situated.
Therefore, the results of this residential water demand function estimation

which includes multiplicative dummy variables strongly suggest that house-
hold size is an important determinant of water use, so policymakers need to
include it in the design of demand-side water management measures. These
results should be an incentive to extend this research to geographical contexts
with different socioeconomic and environmental features to those observed in
Zaragoza with the aim of verifying whether there are relevant changes in the
behavioural characteristics of residential water demand observed. Further-
more, another relevant comparison needing future research is the separate
price response for households with a size larger than five. Also, future
research could analyse, how qualitative characteristics of the household (age
of members, education level, etc.) affect price responses for each size. Never-
theless, these research lines will be, in most cases, very limited, by the lack of
information of the quality necessary to obtain significant results from both a
statistical and economic perspective.
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Appendix I

As we can see in Table 6, in Model AI.1 and Model AI.2, only d3 is not signif-
icant, which means that price semielasticity of households with one member
is not statistically different from that of households with two members. Simi-
larly, d5 in Model AI.4 is not significant, so price semielasticity of households
with four members is not statistically different from that of households with
five or more members. The results of model AI.3 show that there are signifi-
cant differences between the price semielasticities of households with three
members and households with any other number of members.
Model AI.1 (control size 1)

D ln qit ¼ d1Ddeit�2 þ d2D D2it � deit�2ð Þ þ d3D D3it � deit�2ð Þ
þ d4D D4it � deit�2ð Þ þ d5D D5it � deit�2ð Þ
þ d6DHDit þ d7Dqit�4 þ Dvit

Table 6 Estimation results of model (6) changing the control size

Model AI.1 Model AI.2

Estimated value t-ratios Estimated value t-ratios

d̂1 )1.3170 )8.2668 d̂1 )1.2154 )38.0121
d̂2 0.1015 0.6386* d̂2 )0.1015 0.6386*
d̂3 0.8548 5.3941 d̂3 0.7526 20.0834
d̂4 1.0446 6.5529 d̂4 0.94309 29.2129
d̂5 1.05254 6.6062 d̂5 0.95097 29.4903

Model AI.3 Model AI.4

Estimated value t-ratios Estimated value t-ratios

d̂1 )0.4628 )13.9742 d̂1 )0.2723 )126.1114
d̂2 )0.8541 )5.3940 d̂2 )1.044 )6.5529
d̂3 )0.7526 )20.0834 d̂3 )0.9431 )29.2129
d̂4 0.1904 5.7007 d̂4 )0.1904 )5.7007
d̂5 0.1983 5.9545 d̂5 0.0078 1.2646*

*Not significant at 5%.
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Model AI.2 (control size 2)

D ln qit ¼ d1Ddeit�2 þ d2D D1it � deit�2ð Þ þ d3D D3it � deit�2ð Þ
þ d4D D4it � deit�2ð Þ þ d5D D5it � deit�2ð Þ þ d6DHDit

þ d7Dqit�4 þ Dvit

Model AI.3 (control size 3)

D ln qit ¼ d1Ddeit�2 þ d2D D1it � deit�2ð Þ þ d3D D2it � deit�2ð Þ
þ d4D D4it � deit�2ð Þ þ d5D D5it � deit�2ð Þ þ d6DHDit

þ d7Dqit�4 þ Dvit

Model AI.4 (control size 4)

D ln qit ¼ d1Ddeit�2 þ d2D D1it � deit�2ð Þ þ d3D D2it � deit�2ð Þ
þ d4D D3it � deit�2ð Þ þ d5D D5it � deit�2ð Þ þ d6DHDit

þ d7Dqit�4 þ Dvit
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