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Abstract

This paper surveys the main issues in the literature on residential water demand. Several tariff types
and their objectives are analyzed. Then, the main contributions to the literature on residential water
demand estimation are reviewed, with particular attention to variables, specification model, data set,
and the most common econometric problems. The paper concludes with comments on future trends
and a summary of the contents of the study.
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1. Introduction

This paper surveys the main issues in the literature on residential water demand. Water has
been identified as one of the most important natural resources and somewhat different from
the rest, because it is viewed as a key to prosperity and wealth. AsMarshall (1879)remarked,
water has played a crucial role in the location, function, and growth of communities.
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Conflicts over water have always involved competition among alternative uses or among
geographical regions, and water has become the source of increasing controversy, as supplies
fail to meet demand in many areas. This calls for the careful analysis of decisions pertaining
to the allocation of water resources.

Lately, there has been a change of approach to water management, which traditionally
focused on supply-side policies. The character of water as a scarce good and the need to
efficiently price its consumption have gained increasing recognition. This article focuses
on the pricing of water for domestic consumption, because it is usually the most important
use in an urban context(OECD, 1999)and its management results in the most controversial
decisions from a socioeconomic viewpoint. Its study is crucial for guiding future policies.

Water price is the main instrument to control demand, so we will analyze several tariff
types and their objectives. We will then focus on residential water demand estimation,
with especial attention to variables, model specification, data sets, and the most common
econometric problems. Finally, we will comment on future trends and summarize.

2. The pricing of water services: typology and objectives

Designing a tariff is often complex. Pricing is aimed at pursuing not only greater allocative
efficiency but also objectives of equity, public health, environmental efficiency, financial
stability, simplicity, public acceptability, and transparency(OECD, 1987, p. 14, 1999).

In this multiobjective context, a mixture of fixed and variable elements is common. The
fixed part entitles to consume the good, while subsequently consumers pay an additional
smaller amount per unit. The latter can be non-linear itself, if the cost per additional unit
varies when consumption reaches certain thresholds, in such a way that the tariff consists
of a sequence of marginal prices for different consumption blocks. These block prices
could be increasing, if prices rise with each successive block of water use, or decreasing,
in the opposite case. From the viewpoint of efficiency, a decreasing tariff scheme might
seem preferable,1 while an increasing one would be more effective in moderating water
use. On the other hand, a decreasing tariff could promote overuse, since additional units
eventually become marginally cheaper, while it is not clear that the marginal cost of supply
decreases for large users. On the other hand, increasing-block tariffs would be considered
more equitable and explicitly redistributive(Maddock and Castaño, 1991).2 However, they
do not necessarily guarantee equity, for example, in developing countries, where it is usual to
find dwellings with a high population density(Whittington, 1992). Increasing block tariffs
might also adversely affect vulnerable groups, such as users who, for health reasons, need
to use great amounts of water.

Water demand fluctuates with the seasons of the year (due to weather effects), the day
of the week, or the hour of the day, so a seasonal or peak-price tariff may be used to
promote conservation and efficiency. Peak pricing is regarded as fair, since peak period

1 If each block is assumed to represent a different good and it is expected that demand is more inelastic within
the first block than in the higher blocks, optimal pricing would imply higher prices in the first block(Ramsey,
1927).

2 This tariff may also be aimed at promoting conservation or revenue generation.
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users, responsible for capacity additions, should bear the capacity costs and the operating
and maintenance costs, while off-peak consumers pay only the latter(Munasinghe, 1992,
p. 267).3 The final effect of a seasonal pricing scheme is not certain, though, since it might
reduce average but not peak demands(Beecher et al., 1994, p. 63).

In general, the complexity of tariffs is a direct consequence of a multiobjective context.
This will affect the demand specification process. Non-linear prices and fixed elements will
complicate the tariffs and the choice of variable price. These and other problems will be
analyzed in the following paragraphs.

3. The methodology of water demand estimation

3.1. Introduction

The use of price to manage water demand has been an issue of growing concern among
decision-makers during the last decades. Economists have tried to shed some light on the
effects of different types of tariffs estimating demand functions and normally focusing on
the calculation of price-elasticities. To this end, some type of econometric model is derived
of the formQd = f(P,Z), which relates water consumption to some measure of price (P)
and other factors (Z) such as income, household type, or household composition. However,
there is no general consensus on the methodology to analyze water demand.

Since the 1960s(Gottlieb, 1963; Howe and Linaweaver, 1967), water demand has been
extensively studied, with the focus on either aggregate municipal demand or residential
demand (seeOECD, 1987; Baumann et al., 1997, p. 67, for compilations of early studies).
The estimated values of price-elasticity of water demand vary widely.Espey et al. (1997)
used meta-analysis4 to show differences in estimated price-elasticities due to the inclusion
or not of explanatory variables other than price in the demand function, the choice of
functional form of estimation technique, and type of data.

However, the meta-analysis obscures important qualitative information. Using study find-
ings as the units of analysis produces non-independent data and gives greater weight to
studies with many comparisons. Averaging across constructs and including studies with
obvious methodological flaws can confuse the reliability of findings. Also, the study by
Espey et al. (1997)is not recent enough to include many interesting developments in water
demand estimation, which, as described below, have only appeared during the last 5 years.

This section discusses the relative merits of the statistical procedures for estimating
elasticities of water demand. First, the main variables that determine water demand will
be discussed, with particular attention to price selection. Differences in the data sets and
different models of demand specification employed will then be evaluated. Finally, some
estimation problems and suggested solutions will be presented.

3 Moreover, to the extent that most peak demands are associated with luxury consumption by wealthier users,
equity considerations also support peak pricing.

4 A meta-analysis consists of a set of statistical procedures designed to accumulate experimental and correlational
results across independent studies. Meta-analysts translate results from different studies to a common measure
and statistically explore relations between study characteristics and findings.
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3.2. Variables

The economic approach to water demand estimation uses econometric techniques to
relate water consumption to some measure of the price of water and a set of explanatory
variables. A selection of these independent variables is described next.

3.2.1. Water price
Water demand in most cases is estimated as rather inelastic. This is because water has no

substitutes for basic uses and because the customer exhibits a low level of perception of the
rate structure, since water bills typically represent a small proportion of income(Chicoine
and Ramamurthy, 1986; Arbués et al., 2000). However, prices can play a crucial role in
demand management as long as the elasticities are different from zero.

Under block rate tariffs, it is difficult to analyze the effect of changes in the intramarginal
rates, that is, rates that do not correspond to the current level of consumption. As shown in
Taylor (1975), given that the marginal price is not affected by a change in the intramarginal
rate, the latter will only affect demand through an income effect. Most early studies em-
ployed the marginal price corresponding to the block where the user (or, with aggregate
data, the typical user) consumes. However, followingTaylor (1975)andNordin (1976), a
difference variable is added. Specific to the case of multiple tariffs (and those cases where a
fixed quota and/or a free allowance is used),Nordin (1976)defined the difference variable
as the difference between the total bill and what the user would have paid if all units were
charged at the marginal price. This variable should represent the income effect imposed by
the tariff structure.

In models in linear form, the difference variable should be equal in magnitude and opposite
in sign to the income effect variable. This theoretical expectation has been tested in the
empirical literature but with little success, as shown inTable 2. This finding has led to
different reactions. First, lack of consumer information about the tariff structure and the
fact that the difference variable amounts to such a small fraction of the household income
have been suggested as explanations(Nieswiadomy and Molina, 1989). Others argue that
the effect of the intramarginal changes in price is not estimated correctly, which biases
the results. The use of aggregate data has been blamed as a major source of incorrect
specification(Schefter and David, 1985).

Nordin’s specification has been the subject of great controversy(Billings and Agthe,
1980; Foster and Beattie, 1981a,b; Houston, 1982, 1983). While a perfectly informed con-
sumer should react to marginal price and the rate premium (as defined byNordin, 1976),
most consumers will not devote much time or effort to study the structure or changes in
intramarginal rates(Billings and Agthe, 1980; Bachrach and Vaughan, 1994, p. 9)because
of information costs. An alternative specification applied in several studies is the average
price. Other authors applied both average and marginal (or Nordin) price in the same or
different models.

Opaluch (1982, 1984)proposed a model (also developed byChicoine and Ramamurthy,
1986) to empirically test which price reaction is supported by the data.Shin (1985)in-
troduced a price-perception parameter to test whether users react to average or marginal
price. Different values of this parameter, combined with different rate structures, yield
different theoretical results about the ordering of perceived, marginal, and average price



F. Arbués et al. / Journal of Socio-Economics 32 (2003) 81–102 85

values(Nieswiadomy and Molina, 1991; Nieswiadomy, 1992; Nieswiadomy and Cobb,
1993).

Table 1shows the main price alternatives. Some elasticity values (or value ranges) show
that the choice of variable did not greatly affect the results, while some suggest that demand
is more responsive to average price.

Another potential consequence of the lack of information by the consumers is that
these could respond to lagged rather current average prices(Charney and Woodard, 1984;
Opaluch, 1984). Since water bills are received after a period, the issue arises of whether to
use a current or lagged price specification(Arbués et al., 2000). It has been shown(Young
et al., 1983; Nieswiadomy and Molina, 1991)that consumers are not always aware of cur-
rent price schedules, although the choice of the appropriate price remains controversial
(Charney and Woodard, 1984; Opaluch, 1984; Nieswiadomy and Molina, 1991).

3.2.2. Other variables

3.2.2.1. Income. In studies that use aggregate data, the income measure is normally total
money income for the area divided per household or per capita. In household-based studies,
the variableassessed value of the propertyis sometimes used(Howe and Linaweaver, 1967;
Hewitt and Hanemann, 1995; Dandy et al., 1997; Arbués et al., 2000). This variable could
be introduced in addition to income, acting as a proxy for wealth and household preferences
for home life-style. However, it is normally too correlated with income and other variables
to be useful in practice(Lyman, 1992; Barkatullah, 1996). To circumvent this problem,
Jones and Morris (1984)developed a proxy for family income based on the educational
level of the head of the household, car ownership, and the assessed property value and age
of the residence.

Richer users present a lower level of perception of the rate structure, since the total bill
represents a lower proportion of their income. Thus, several works(Hanke and de Maré,
1982; Agthe and Billings, 1987, 1997; Saleth and Dinar, 2000)analyze these income effects,
estimating different demand functions for different income levels.

Table 2includes examples of income elasticities. Some studies provide also estimates of
the elasticity with respect toNordin’s (1976)difference variable.

3.2.2.2. Weather variables.Climatic effects have been introduced in different ways.Foster
and Beattie (1979, 1981a)used precipitation during the growing season.Billings and
Agthe (1980), Billings (1982), Agthe et al. (1986), Nieswiadomy and Molina (1988), and
Hewitt and Hanemann (1995)used evapotranspiration from Bermuda grass minus rain-
fall. Al-Quanibet and Johnston (1985)used a variable function of temperature, minutes
of sunshine, and wind speed.Billings (1987)andGriffin and Chang (1990)used average
monthly temperatures, summer rain, and the◦F by which mean temperature exceeded 58◦F.
Stevens et al. (1992)andAgthe and Billings (1997)used temperature together with annual
rainfall.

Maidment and Miaou (1986)criticized the common assumption that the effect of the
weather variables is linear. They suggested that rainfall has a dynamic effect: it reduces
water demand initially, but the effect diminishes over time. Its effect is also state-dependent,
the higher the water use before a rainfall, the stronger the effect(Miaou, 1990).
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Table 1
Different price specifications

Price specification Study Price elasticity

Nordin specification
(marginal price and difference)

Agthe and Billings (1980) −0.179 to−0.705
Billings and Agthe (1980) −0.267 to−0.49
Billings (1982) −0.56 to−0.66
Howe (1982) −0.06 to−0.57
Agthe et al. (1986) −0.26 to−0.62
Deller et al. (1986) −0.36 to−1.12
Billings (1987) −0.06 to−0.5
Billings and Day (1989) −0.52
Nieswiadomy and Molina (1989) −0.09 to−0.86
Hewitt and Hanemann (1995) −1.57 to−1.63
Barkatullah (1996) −0.23 to−0.28
Agthe and Billings (1997) −0.39 to−0.57
Dandy et al. (1997) −0.12 to−0.86
Corral et al. (1998) −0.11 to−0.17
Renwick and Archibald (1998) −0.33 to−0.53
Renwick and Green (2000) −0.16
Mart́ınez-Espiñeira (2002b) −0.12 to−0.28

Marginal price Howe and Linaweaver (1967) −0.21 to−1.57
Gibbs (1978) −0.51
Carver and Boland (1980) −0.02 to−0.70
Jones and Morris (1984) −0.07 to−0.21
Martin et al. (1984) −0.256
Williams (1985) −0.263 to−0.539
Martin and Thomas (1986) −0.50
Williams and Suh (1986) −0.25
Moncur (1987) −0.03 to−0.68
Schneider and Whitlatch (1991) −0.11 to−0.262
Lyman (1992) −0.39 to−3.33
Martin and Wilder (1992) −0.32 to−0.60
Nieswiadomy (1992) −0.02 to−0.17
Nieswiadomy and Cobb (1993) −0.17 to−0.29
Hansen (1996) −0.003 to−0.1
Kulshreshtha (1996) −0.23 to−0.78
Höglund (1999) −0.10
Pint (1999) −0.04 to−1.24

Average price Sewell and Roueche (1974) −0.067 to−0.568
Gibbs (1978) −0.62
Foster and Beattie (1979) −0.27 to−0.76
Hanke and de Maré (1982) −0.15
Jones and Morris (1984) −0.18 to−0.34
Williams (1985) −0.619 to+0.332
Williams and Suh (1986) −0.484
Billings and Day (1989) −0.70
Griffin and Chang (1990) −0.16 to−0.38
Rizaiza (1991) −0.78 to+0.18
Martin and Wilder (1992) −0.49 to−0.70
Nieswiadomy (1992) −0.22 to−0.60
Stevens et al. (1992) −0.10 to−0.69
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Table 1 (Continued)

Price specification Study Price elasticity

Nieswiadomy and Cobb (1993) −0.45 to−0.64
Point (1993) −0.167
Kulshreshtha (1996) −0.34 to−0.96
Höglund (1999) −0.20
Nauges and Thomas (2000) −0.22

Other specifications Cochran and Cotton (1985) −0.4
Williams (1985) −0.22 to−0.49
Chicoine and Ramamurthy (1986) −0.47
Williams and Suh (1986) −0.179 to−0.315
Griffin and Chang (1990) −0.01 to+0.035
Nieswiadomy (1992) −0.29 to−0.45
Renzetti (1992) −0.01 to−0.65
Nieswiadomy and Cobb (1993) −0.319 to−0.637
Bachrach and Vaughan (1994) −0.03 to−0.47
Arbués et al. (2000) −0.002 to−0.655

Table 2
Difference vs. income elasticities

Study Difference elasticity Income elasticity

Agthe and Billings (1980) −0.112 to−0.412 1.33–7.829
Billings and Agthe (1980) −0.123
Billings (1982) −0.075 to−0.14 1.68–2.14
Agthe et al. (1986) −0.14 to−0.25
Nieswiadomy and Molina (1989) 0.10–0.14
Billings and Day (1989) −0.21 0.36
Hewitt and Hanemann (1995) 0.15
Kulshreshtha (1996) −0.069 to+0.435 0.051–0.123
Renwick and Green (2000) −0.01 0.25

Sometimes water users appear to respond more to the mere occurrence of rainfall than to
its amount: the effect is mainly psychological. Therefore, the number of rainy days should be
a better explanatory variable than the amount of rain in any given period(Mart́ınez-Espiñeira,
2002b). It is also important to investigate the thresholds beyond which precipitation or tem-
perature no longer affect on water use(Miaou, 1990).

Few studies of water demand in Europe use intra-annual data.5 Only comparisons between
annual water demand in a rainy year and annual water demand in another (more or less rainy,
dry) year have been made(Nauges and Thomas, 2000). Therefore, weather effects have not
been so well-analyzed as in areas of the US. One exception isMart́ınez-Espiñeira (2002b),
who matches use data from each intra-annual billing period with monthly weather data.

3.2.2.3. Resident population per account/household composition.If the dependent vari-
able is water use per household, household size should positively affect use. However, due

5 For example,Hanke and de Maré (1982).
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to economies of scale in the use of water, the increase in water use is less than proportional
to the increase in household size(Höglund, 1999). However, asArbués et al. (2000)show,
there is an optimum household size beyond which these economies of scale vanish.

Families with children could be expected to use more water. Outdoors use by children
and teenagers might be higher too. Youngsters might use water less carefully, have more
showers, and demand more frequent laundering, while retired people might be thriftier.
These expectations are confirmed by studies likeNauges and Thomas (2000). On the other
hand, retired people tend to spend more time at home and do more gardening(Lyman, 1992).

3.2.2.4. Housing characteristics.Distinguishing houses used only for a part of the year, or
as a secondary residence, from principal residences might help identify those communities
where seasonal use can have a greater impact. The proportion of individual households might
also be helpful to proxy the average size of gardens, and sometimes the level of penetration
of individual (rather than collective) metering(Nauges and Thomas, 2000). The effect of
this variable is uncertain, though, and it is correlated with many others(Schneider and
Whitlatch, 1991).

Other housing features, such as the number of bathrooms, may be relevant. The stock
of appliances could help show the difference between short-run and long-run reactions, as
suggested by the literature on electricity demand.

3.2.2.5. Frequency of billing and rate design.Users who are more frequently billed might
be expected to understand better the tariff structure and the relation between use and size of
the bill. More billing periods would then mean less water use. However, less but bigger bills
could create some kind of shock effect on the consumer. This could explain whyStevens
et al. (1992)found positive estimated coefficients for the frequency of billing.Kulshreshtha
(1996)analyzed the differences in price-elasticities according to the frequency of billing
although his results were not too conclusive.

Having different rates available make it possible to specify different demand models.
Young et al. (1983)found that an increasing step rate (which applies the higher rate to all
the water used, not just the excess over the first block) was very useful to reduce water use.
However,Stevens et al. (1992), using an average price variable, found that price elasticities
were not significantly affected by the choice of a uniform, increasing, or decreasing rate.
Nieswiadomy and Molina (1989)divided their data set into two sub-periods with different
tariffs, finding a higher price-elasticity value for increasing blocks.

3.2.2.6. Indoor versus outdoor use: seasonal demands and peak-load pricing.Residential
demand consists of two components, indoor usage and outdoor usage. The demand function
can be estimated using variables that reflect outside characteristics, such as irrigable area
per dwelling unit(Howe and Linaweaver, 1967), garden size(Nieswiadomy and Molina,
1989; Lyman, 1992; Hewitt and Hanemann, 1995), sprinkler system(Lyman, 1992), or
pool ownership(Dandy et al., 1997). Renwick and Archibald (1998)proposed a model of
household water demand that explicitly incorporates measures of domestic and landscape
irrigation technologies. Outdoor use is usually assumed to exhibit higher price sensitivity
(Howe and Linaweaver, 1967; Morgan and Smolen, 1976; Foster and Beattie, 1979; Renwick
and Green, 2000).
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Indoor and outdoor usage differences might require seasonal-demand and peak-load
pricing. Several studies have found winter demand less sensitive to price changes(Carver
and Boland, 1980; Howe, 1982; Griffin and Chang, 1990; Renzetti, 1992; Dandy et al.,
1997). Lyman (1992)found peak demand more elastic than off-peak demand and showed
that the elasticity of peak-demand affects off-peak demand when consumers purchase
more water-efficient appliances. In general, seasonal differences have been found under
lagged-response specifications(Young et al., 1983; Nieswiadomy and Molina, 1991).

3.3. Data set

The problems associated with the use of aggregate data under block pricing have been
acknowledged from an early stage. However, many empirical studies have simply ignored
them, mainly because the use of a correct specification would require information be-
yond that commonly available to the researcher. For this reason, demand functions are
normally estimated using the marginal price and the difference value faced by thetypical
household.

Schefter and David (1985)suggested that the use of aggregate data explained one of the
main points of controversy in the water demand estimation literature. They pointed out for
the first time that, if the rest of variables are averages, mean marginal price and mean differ-
ence are more appropriate measures. However, these averages must be properly weighted
by the distribution of users per block. Lacking this information, they resorted to simulated
data to show that increasingly realistic assumptions on the distribution progressively led to
the equality of the sizes of the estimates of difference and income.

An important question is how the distribution of the quantity demanded across households
can be estimated.Schefter and David (1985)could mention only one previous study that
offered the variance of quantity demanded across households:Hanke and de Maré (1982),
using individual data. Recently,Corral et al. (1998)andMart́ınez-Espiñeira (2002a)have
used actual (rather than simulated) data on the proportions of consumers per block in studies
based on the methodology proposed bySchefter and David (1985).

In theory, the estimation of residential water demand functions within a micro setting
using household level data is the preferred approach(Schefter and David, 1985; Young,
1996; Saleth and Dinar, 2000). However, attempts at the micro level are rather few, since
they require a great volume of information. This fact and the characteristics of several
variables included in the demand function (especially personal income) make it difficult
to obtain a good sample of micro data. Studies estimating micro-level water demand are
among others:Hanke and de Maré (1982), Jones and Morris (1984), Nieswiadomy and
Molina (1989), Schneider and Whitlatch (1991), Hewitt and Hanemann (1995), Maresca
et al. (1997), andArbués et al. (2000).

On the temporal dimension, some water demand studies use time-series. However, few
use a pure time-series approach(Schneider and Whitlatch, 1991; Billings and Agthe, 1998).
These studies should be viewed with some caution, since they are based on a relatively short
time-series, often containing few changes in the nominal price of water(Hanke and de Maré,
1982).

A different approach consists of only using a cross-section of consumers or communities.
In cross-section analysis, the socioeconomic characteristics of the different groups analyzed
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are very relevant and the elasticities estimated are supposed to represent their long-term
value.

A third option is to combine cross-section with time-series data in a panel-data ap-
proach. This increases the number of observations, resulting in more reliable parameters
and enabling the researcher to specify and test more sophisticated models that incorporate
less restrictive assumptions about the data. Panel-data models help overcome problems of
multicollinearity, and make it possible to control for unobservable heterogeneity of the
cross-sectional units.

From a theoretical point of view, several static and dynamic panel-data models have
been proposed(Baltagi, 1995; Arellano and Honoré, 2001). Dynamic models incorporate
both the advantages of panel data and the insight of the dynamic approach, allowing for
lag-response specifications.

Many studies use only pure cross-sectional analysis. Thus, the demand model is esti-
mated with ordinary least squares (OLS) for the entire cross-section and time-series data
sample(Hanke and de Maré, 1982). To our knowledge, only a few studies have applied
panel-data methodologies (seeTable 3). None of them has employed “random coefficient
models”, which allow for the variation in time or across cross-sectional units not only of
the parameter of the intercept but also of the slope regressors in the demand function. The
use of dynamic panels is still rare and very recent in the field of water demand(Höglund,
1999; Arbués et al., 2000; Nauges and Thomas, 2001; Martı́nez-Espiñeira and Nauges,
2001).

4. Estimation problems

We will analyze some difficulties that could appear in demand estimation. Some of them
are related to the use of non-uniform prices. The choice of functional form, the problem of
simultaneity, and the presence of demand discontinuities are also presented in this section.
Table 3classifies the main studies according to the method applied.

4.1. Choice of functional form

Linear water demand functions are often chosen because of their ease of estimation.
These can be derived from a quadratic utility function, but are most often presented with
no formal derivation(Al-Quanibet and Johnston, 1985). The linear functional form is often
criticized, because it implies that the change in quantity demanded in response to a price
change is the same at every price level. On the other hand, it also implies that consumers
are less sensitive to price the lower the price is. This is intuitively appealing and has been,
to some extent, supported by empirical evidence(Billings and Day, 1989).

If the linear shape is assumed to apply to the whole range of the demand curve, achoke
price is found at which consumers do not demand any water. This is somewhat at odds with
the idea that water is essential. On the other hand, the linear shape also accounts for a level
of user satiation for very low prices, which agrees with the intuitive expectation.

Another very popular functional form is the double-log, which yields direct estimates of
elasticities(Williams, 1985; Dandy et al., 1997). It also leads to a constant-elasticity form
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Table 3
Different econometric techniques

Econometric technique Study

OLS Howe and Linaweaver (1967)
Gibbs (1978)
Foster and Beattie (1979)
Carver and Boland (1980)
Hanke and de Maré (1982)
Cochran and Cotton (1985)
Schefter and David (1985)
Williams (1985)
Agthe et al. (1986)
Chicoine and Ramamurthy (1986)
Chicoine et al. (1986)
Deller et al. (1986)
Williams and Suh (1986)
Billings (1987)
Moncur (1987)
Nieswiadomy and Molina (1989)
Griffin and Chang (1990)
Rizaiza (1991)
Lyman (1992)
Martin and Wilder (1992)
Nieswiadomy (1992)
Nieswiadomy and Cobb (1993)
Bachrach and Vaughan (1994)
Hewitt and Hanemann (1995)
Hansen (1996)
Saleth and Dinar (2000)
Höglund (1999)
Pint (1999)

Instrumental variables Agthe and Billings (1980)
Billings (1982)
Jones and Morris (1984)
Agthe et al. (1986)
Chicoine et al. (1986)
Deller et al. (1986)
Billings (1987)
Nieswiadomy and Molina (1989)
Martin and Wilder (1992)
Nieswiadomy (1992)
Renzetti (1992)
Bachrach and Vaughan (1994)
Hewitt and Hanemann (1995)
Barkatullah (1996)
Agthe and Billings (1987)
Renwick and Archibald (1998)

Free allowances (1)/blocks (2) (1)Gibbs (1978)
(2) Nieswiadomy and Molina (1989)
(2) Nieswiadomy and Cobb (1993)
(1) Bachrach and Vaughan (1994)
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Table 3 (Continued)

Econometric technique Study

(2) Hewitt and Hanemann (1995)
(1) Dandy et al. (1997)
(2) Mart́ınez-Espiñeira (2002b)

Panel-data techniques Moncur (1987)
Schneider and Whitlatch (1991)
Höglund (1999)
Pint (1999)
Arbués et al. (2000)
Nauges and Thomas (2000)
Mart́ınez-Espiñeira (2002b)

Time-series techniques Sewell and Roueche (1974)
Martin et al. (1984)
Chicoine and Ramamurthy (1986)
Mart́ınez-Espiñeira and Nauges (2001)

of demand. This implies that the proportional sensitivity of use to price changes is the same
for low and for high prices. The use of this functional form has been criticized because of
its lack of consistency with utility theory(Al-Quanibet and Johnston, 1985).

The LOG–LINear specification could be convenient too. The Stone–Geary form(Al-
Quanibet and Johnston, 1985; Gaudin et al., 2001)accounts for the fact that a minimum
amount of water demanded should be expected even for very high prices. This subsis-
tence level may also be made dependent on the evolution of consumer habits and the
stock of water-using equipment, in such a way that its size varies in time(Nauges and
Mart́ınez-Espiñeira, 2001).

Some authors(Woo, 1992; Höglund, 1999)use the Box–Cox specification to find the
correct functional form(Greene, 2000, pp. 444–453). A test developed byRamsey (1974)
can be used to check for incorrect functional forms (see, for example,Williams, 1985).
Table 4shows examples of data set types and functional forms used.

4.2. Simultaneity: instrumental variables

A necessary condition for unbiased and consistent parameter estimation under OLS is that
there is no correlation between the error term and any of the explanatory variables. However,
with multipart block rates, this condition is not fulfilled, since prices are endogenously de-
termined by quantity demanded. Unless price is infinitely elastic, a simultaneous-equations
problem theoretically exists, even if the parameters of the rate schedule are known a priori.

The simultaneity problem is normally considered an empirical issue, dependent on the
particular context and data set. Thus,Foster and Beattie (1979)acknowledged the problem
but, due to the nature of their data, had to ignore it. Similarly,Taylor (1975)considered the
simultaneity problem not relevant because in the short-run the tariff structure is independent
of consumption. Formal tests of its presence are even scarcer (an exception isNieswiadomy
and Molina, 1991). A Hausman (1978)test can detect the presence of simultaneity and the
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Table 4
Data set types and functional form

Type of data set used Study

Cross-section Jones and Morris (1984)LIN/LOG/SLOG
Schefter and David (1985)LIN
Williams and Suh (1986)LIN/LOG
Stevens et al. (1992)LIN
Nieswiadomy and Cobb (1993)LOG
Point (1993)SLOG
Bachrach and Vaughan (1994)LIN
Kulshreshtha (1996)SLOG
Saleth and Dinar (2000)LOG

Time-series Sewell and Roueche (1974)LIN/LOG
Agthe and Billings (1980)LIN/LOG
Billings and Agthe (1980)LIN/LOG
Billings (1982)LIN/LOG
Al-Quanibet and Johnston (1985)SG/LIN/SLOG
Cochran and Cotton (1985)LOG
Agthe et al. (1986)LIN
Hansen (1996)LIN/SLOG

Panel data or CS–TS Howe and Linaweaver (1967)LIN/CD
Carver and Boland (1980)LIN
Hanke and de Maré (1982)LIN
Chicoine and Ramamurthy (1986)LIN
Deller et al. (1986)LIN
Billings (1987)LIN
Moncur (1987)LIN
Nieswiadomy and Molina (1989)LIN
Griffin and Chang (1990)LIN
Schneider and Whitlatch (1991)LIN
Lyman (1992)LOG–LIN
Martin and Wilder (1992)LOG
Nieswiadomy (1992)LOG
Renzetti (1992)SLOG
Hewitt and Hanemann (1995)LOG
Agthe and Billings (1997)LIN/LOG/SLOG
Dandy et al. (1997)LIN
Corral et al. (1998)LIN
Renwick and Archibald (1998)LIN
Höglund (1999)
Pint (1999)LIN
Arbués et al. (2000)SLOG
Nauges and Thomas (2000)LOG
Renwick and Green (2000)LOG
Mart́ınez-Espiñeira (2002b)LIN

LIN: linear, CD: Cobb–Douglas, LOG: logarithmic, SLOG: semilogarithmic, SG: Stone–Geary.
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need to use “instrumental variables” estimation(Agthe et al., 1986).6 Also a Ramsey-type
test checks for, among other misspecifications, simultaneity (see, for instance,Williams,
19857). If simultaneity is present, OLS under a declining block tariff will underestimate or
overestimate demand elasticity depending on whether the supply schedule is steeper than
the demand schedule or otherwise(Griffin and Martin, 1981; Terza and Welch, 1982).

Some authors argue that OLS estimation can be more reliable even when the potential
for simultaneity is substantial, since the use of the difference variable will suffice(Saleth
and Dinar, 2000, pp. 25–26). The similarity of OLS and “instrumental variables” estimates
(2SLS and 3SLS) obtained byJones and Morris (1984), Chicoine et al. (1986), or Saleth
and Dinar (2000), suggests that simple OLS may be appropriate for studying demand for
block-rate priced goods. However, once the choice of technique has been discussed on the
basis of economic considerations, it is ultimately the econometrician’s task to shed light on
the technical issues surrounding that choice.8

Under simultaneity, “instrumental variables” techniques, such as two-stage least square
(2SLS) or three-stage least square (3SLS) are preferable to OLS estimation. Thus, the prob-
lem of simultaneity in the presence of a block rate structure has been dealt with in three
different ways:

(1) McFadden et al. (1977)suggest an instrument obtained in two steps. First, a predicted
consumption level is estimated by regressing average consumption on the typical bill
and a set of explanatory variables (excluding average price). Then, this predicted con-
sumption is used to interpolate the typical bills to obtain a predicted average price
that is used to instrument measured average price.Agthe and Billings (1987)used
this model considering in that set of variables the tariff changes.Jones and Morris
(1984)andRenzetti (1992)regressed the average price against several characteristics
of tariffs such as fixed charges, the first block price, or the differentials of other blocks
with respect to the first one (see alsoNieswiadomy and Molina, 1989; Deller et al.,
1986).

(2) Taylor et al. (1981), for the case of electricity demand, created a linear approxima-
tion to the total bill (Bi) and derived from it instrumental variables for the marginal
price and the difference.Billings (1982)andAgthe and Billings (1997)successfully
applied this approach to the study of water demand. To create a constant marginal
price and difference parameter for each rate structure, first the total revenue function
or total bill function is calculated, using only the rate schedule, over the range of
demanded quantities found in the sample. These values of the total bill are then re-
gressed against their associatedQ values (whereQ is the amount of water purchased).

6 For instance,Henson (1984)implements the Hausman test in an electricity demand model. In all cases tested,
the null hypothesis of price exogeneity is rejected.

7 The RESET test consists of a standardF test on the coefficient vectorθ = 0 in the augmented regression
q = Xβ+Zθ + u, whereX is a matrix of test variables. Ramsey proposed a particular choice ofZ, with his basic
premise being that the mean of theith disturbance (theNth element ofδ, whereδ = Zθ) can be made a function
of (Xβ)i. This implies the use ofXβ raised to different powers as test variables.β is not observable, so Ramsey
suggests the use ofq̂ = Xβ̂ raised to three powers (whereβ̂ is the OLS estimate). Williams augmented regression
uses test variablesZ = [q̂2, q̂2, q̂3], where theith element of̂qj is simply(Xβ)i.

8 These technical issues are beyond the scope of this survey, but works likeSawa (1969)constitute a useful point
of reference.
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This results in the estimation, for each rate schedule, of a linear approximation to to-
tal bill function TR = a + bQ + u (whereu is the residual error term). Values of
marginal price are derived from its slope∂TR/∂Q = b = P̂ , while the intercepta
is D̂, the difference between what consumers actually pay and what they would pay
if all units were sold at̂P . Billings argued that, sincêP andD̂ do not vary with ob-
served quantities, this technique avoided the systematic biases due to measuringQ

with error and using its values to determineP̂ and D̂. Oshfeldt (1983)replied, af-
ter applying Hausman-type tests for errors in variables, thatBillings (1982) proce-
dure would not solve completely the errors-in-variables problem for a generality of
cases and suggested alternative techniques to OLS (such as “maximum likelihood”
techniques).

A variant of the method above uses an approximation to the average price schedule,
instead of the bill schedule, to find an instrumental variable for the average price. For
example, letb(k) = B(k)/Qk, whereb(k) represents the average price of thek interval.9

b(k) = azk, so taking logarithms ln[b(k)] = ln(x)+ z ln(Qk)+ u, which represents the
logarithmic transformation of the average price, andu is an error term.

(3) Finally, Fair (1970)proposed the iterative least squares (ISLS) method.10 This tech-
nique, similar to 2SLS, estimates the demand equation and the equation relating the
price to consumption independently. This method employs a three-stages regression.
First, instrumental variables uncorrelated with the error term are chosen, including at
least the endogenous variables vector (y) lagged and the explanatory variables vector
(x) lagged and not lagged. Each component of vectory must be regressed on these
instrumental variables to calculate the predicted values ofy (ŷ). The second stage con-
sists of estimating by OLS, for an arbitrary value of coefficients vector (r), the equation
objective usinĝy, and calculating the sum of squared residuals of the regression. Fi-
nally, the previous OLS estimation is iterated for various values ofr between minus
one and one to find ther and the corresponding estimates of the others parameters that
minimize the sum of squared residuals of the second-stage regression.

Hewitt and Hanemann (1995), Rietveld et al. (1997), andPint (1999), having available
costly individual data, can be counted among the few exceptions who apply “maximum
likelihood” methods to the analysis of water demand.

4.3. Demand discontinuity, modeling the choice of consumption block

Another problem in specification and estimation is related to possible shifts in the dis-
tribution of consumers among price blocks. The instrumental variable methods involve a
linearization of the rate schedule, which produces a spurious negative correlation between
the price variable and the random error term(Terza, 1986). Consequently, some kind of
modeling is needed to capture the discrete and discontinuous nature of household responses
to block pricing.

9 The tagsk are normally referred to the lower limit the block in such a way that the indeterminacy of the highest
block is avoided.
10 As Fair (1970)indicates, this can be considered to be a special case of the iterative method developed by Nagar

and discussed inTheil (1965, pp. 354–355).
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A Probit model is often used to examine the probability that the consumer be in a particular
block as a function of a set of variables (including block prices).Houston (1982)applied the
Probit model to individual household data on electricity use. He found that the assumption
that price plays a nonsignificant role in block positioning was tenable because, given the
width of blocks, other factors were much more relevant. The result can be extrapolated to
the case of water, most of all because its prices are normally much lower.

Users whose marginal willingness to pay falls close to block borders might not be able
to choose a price that accurately reflects it, since the lower block could be too cheap and
the higher one could be too expensive. That idea also helps understand why in many studies
with individual data the researcher observes clustering around the borders of the blocks
(Castro et al., 2002). This supports the advisability of modeling block choices.

The contributions from labor supply modeling are an important reference to the modeling
of block membership.Burtless and Hausman (1978)developed a technique to model labor
supply choices in the case of a negative income tax. This technique, based on the concept
of consumer surplus, was later used, in addition to a specification based on Probit analysis,
by Terza and Welch (1982)to study of electricity and water demand. They suggested a
two-stage Probit (TSP) similar to one previously developed byHeckman (1978), parting
from the following demand specification:

Qi = Piα1 +miα2 + Xiβ + ei, i = 1, . . . , I

wherei is the consumption block,Qi the consumption observed when the user falls in block
i, Pi the marginal price in blocki, mi the income adjusted for the income effect created by
the block tariff in blocki, Xi a row vector of exogenous household characteristics,α1, α2,
andβ the unknown parameters andei is i.i.dN(0, σ2).

Under a declining tariff, the appropriate regression would be

Q∗
i = Piα1 +miα2 + Xiβ + vi (1)

whereQ∗
i = Qi − ĥ, ĥ is the correction factor to account for the declining block structure,

andvi is the random error term. The correction factor purges the correlation between the
price and the error term(Terza, 1986, p. 1135). First, an ordinal Probit model of the observed
rate blocks outcomes is estimated. The Probit results are then used to compute the correction
factorĥ for each member of the sample.11 Finally, one must apply OLS toEq. (1). The TSP
estimator is consistent and asymptotically normal.

Recently, other authors have followed the labor supply tradition (summarized byMoffitt,
1986, 1990) using two-step techniques to correctly specify consumer demand under mul-
tiple blocks. They propose a two-stage model in which first the block is selected in a
discrete-choice fashion and then the quantity within that block is chosen in a continuous
way.Hewitt and Hanemann (1995),Corral et al. (1998),Pint (1999), andMart́ınez-Espiñeira
(2002a)belong to the very few who applied the method to estimate water demand. The tech-
nique requires “maximum likelihood” methods and, again, an estimation of the distribution
of users per block, so Probit analysis is normally applied.

11 Heckman (1978)andTerza and Welch (1982)describe the exact form ofh.
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4.4. Unobservable variables: modeling free allowances

When free allowances are used, whereby, after having paid an initial connection fee, the
consumer is entitled to a free number of units of water, a sample selection problem arises
because for some consumers it is not possible to identify willingness to pay for marginal
amounts of water. They pay an effective zero marginal price if they consume within the
block covered by the fixed minimum fee. However, allocating a zero marginal price to
these consumers would not be adequate, since their marginal price is simply not observed.
Attaching an average marginal price (the minimum fee divided by the amount consumed)
to the observations concerned would not be appropriate either.

Another option would be to exclude these problematic observations from the sample.
Unfortunately, this may lead to biased and inconsistent OLS and IV estimates. The sug-
gested solutions involve again the use of information on the underlying distribution of
consumers per block and Probit analysis.Dandy et al. (1997)specifically address the
issue distinguishing between use within the free allowance (where price at the margin
is zero) and use beyond the free allowance border.Castro et al. (2002)show the dis-
tortions caused by free allowances by hiding the real consumer preferences distri-
bution. The effect of free allowances is also explicitly analyzed byMart́ınez-Espiñeira
(2002b).

5. Conclusions and future trends

Residential water demand has been an important topic research for a long time. We have
reviewed the main variables that can affect demand. Water price, income, or household
composition are crucial determinants of residential consumption. When analyzing the effect
of water price, most studies have shown that demand is inelastic. This conclusion allows
policymakers to use prices to achieve water savings.

Most water tariffs have complex structures that combine fixed and variable charges.
The presence of non-uniform prices has originated several problems in demand model
specification and estimation. On one hand, the choice of the price measure needs to be
empirically tested. Consumers lack perfect information, so it is necessary to choose the better
response index.Nordin (1976)price specification and average price are the main alternatives.
On the other hand, demand simultaneity and discontinuity invalidate the OLS method. In
this respect a controversy remains concerning the econometric issue of simultaneity bias.
Instrumental variables and multi-stage least square procedures, or “maximum likelihood”
techniques are frequently used to solve those problems. However, some demand estimates
presented in this survey show that instrumental estimates of prices are almost identical
to those obtained by simpler OLS approaches. This question may be an area for further
research inEconometrics.

When designing demand-control policies, pricing could be complemented by other in-
struments. Future residential demand models are expected to analyze alternative demand
programs, such as the promotion of low-consumption technologies.Renwick and Archibald
(1998)modeled households’ decisions about the adoption of these technologies, showing
that the effect on conservation of this type of instrument seems to be substantial.
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Another line of future research would deal with panel-data methods, which only a few
studies have applied. Many extensions to the basic panel techniques remain unexplored,
such as the use of “random coefficients models”, or underexplored, such as dynamic spec-
ifications. In this sense, the availability of intra-annual data, still scarce, would make it
possible to specify lag-response of seasonal demand models within a dynamic framework.

Further work should also be expected on the modeling of the choice of consumption block
under block tariffs. This requires very detailed data and the use of relatively sophisticated
modeling techniques. However, it would shed more light not only on one of the main
controversies found in the academic literature but also on the effects of an increasingly
popular management tool. Careful analysis of the effects of block-pricing policies on the
distribution of users per block will also be crucial for the estimation of the distributive
effects of these policies. This is an essential ingredient in the study of the welfare and
socioeconomic impacts of water conservation policies, which is another line of research
that will probably receive further attention in the near future.
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