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Abstract

The increasing popularity of increasing block tariffs (IBT) for water is
reflected in Portugal by a virtually universal implementation for residen-
tial use. IBT are often supported as a good tool for achieving the goals of
equity, water conservation and revenue neutrality but seldom have they
been grounded on efficiency justifications. We test the conditions derived
by Roseta-Palma and Monteiro (2008) for IBT to be a second-best pric-
ing practice under water scarcity and budget balancing constraints, when
consumers are heterogeneous and the fixed charge is only allowed to cover
fixed costs. Because, in these conditions, the choice of tariff schedule de-
sign is dependent on the price-elasticity of demand and the way it varies
with consumption levels, we estimate the Portuguese residential water
demand and show that the resulting recommended tariff schedule hinges
crucially on the choice of functional form. After the proper specification
test, a choice between a semilogarithmic lin-log and a double-log speci-
fications is left undecided, which does not prove the superiority of IBT,
but also does not enable its dismissal. Besides the usual determinants
found in the prolific residential water demand estimation literature we
find that the proportion of seasonally inhabited dwellings and a reduced
water quality on delivery can have a significant negative influence on the
amount of water households consume.

JEL classification: C23; C52; D42; Q21; Q25
Keywords: water pricing; residential water demand; increasing block tariffs;
choice of functional form; water quality.
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1 Introduction!

Increasing block tariffs (IBT) are often supported as a good tool for achieving
the goals of equity and water conservation (Bithas (2008)). The lower prices
charged for the first cubic meters of water are meant to favour the consumers
with lower incomes, using water mainly for essential uses such as drinking, wash-
ing, bathing or flushing a toilet. The higher prices for the following consumption
blocks are set to induce water savings from more intensive water users, usually
associated with wealthier households and with nonessential uses such as sprin-
kling gardens or filling pools. It is thus seen as a form of cross-subsidization
of the access to an essential good by the poorer through the penalization of
wasteful consumptions of the richer. A third objective to be achieved through
IBT is revenue neutrality (Baumann, Boland and Hanemann (1997)) because
they allow the utility to break-even, while still using marginal-cost pricing for
the upper blocks, in a situation of increasing marginal costs®. If Ramsey pric-
ing is used, no particular block rate will necessary equal marginal cost, but the
prices for consumption units will come as close to the optimum solution as al-
lowed by the budget-balancing restriction®. One last justification for IBT is the
presence of a positive externality from a minimum amount of water consump-
tion from a public health point of view, "reducing the risks of communicable
diseases throughout the community" (Boland and Whittington (2000)). Car-
dadeiro (2005) develops the argument that, up to a level of satisfaction of basic
human needs, a positive public health externality exists and derives the formal
implications for an optimal water tariff, which, in his proposal, should include
two increasing rate blocks.

In spite of the growing popularity of IBT both in developed countries (OECD

IThis paper was created within the research project POCI 2010/EGE/61306/2004—
Tarifaqua, supported by the FCT - POCI 2010, co-financed by the European fund ERDF.
The author thanks the valuable comments from José Passos and Catarina Roseta Palma.
Any errors or omissions are the authors’ own responsibility.

2The water industry is usually seen as a natural monopoly, with large fixed costs and
decreasing average costs. Nevertheless, if we consider the opportunity costs of using water re-
sources in situations of scarcity, marginal costs will be increasing, and may in theory overcome
average costs, making them increasing from that point onward.

3IBT may result from Ramsey pricing under certain conditions, but this is not a necessity.
Uniform rates or decreasing block tariffs can also be a result of a Ramsey pricing technique.



(2009), OECD (2006) and OECD (2003)) and in the developing world (Boland
and Whittington (2000)) they are also subject to criticism. Sibly (2006) argues
that "IBT are inferior to two-part tariffs" concerning efficiency and that equity
goals could alternatively be achieved through the service charge. Boland and
Whittington (2000) also show the limitations of IBT, proposing instead that a
rebate be coupled with a uniform volumetric rate, for the purpose of achieving
a balanced budget for the water utility. Hewitt (2000) also points out that
IBT induce greater variability in the utilities’ revenues, especially if a great
proportion of users is consuming in the upper blocks and the variable component
of the tariff is significant relative to the fixed charge.

Even the equity argument for IBT has been subject to some criticism, espe-
cially regarding its application in the developing world. The existence of shared
connections and indirect purchasing of water from neighbors is pointed out by
Whittington (1992) and Boland and Whittington (2000) as a reality which may
lead the poor to pay a higher price for water if IBT are in place. The same
argument has been used regarding households with numerous members, more
frequently associated with low income families (Dahan and Nisan (2007) and
Bithas (2008))*. Crase, O’Keefe and Burston (2007) sums up the merits and
disadvantages of IBT while Baumann et al. (1997) presents some case studies
of their application.

Hewitt (2000), p. 275 notes that "utilities are more likely to voluntarily
adopt this market mimicking rate structure [IBT] if they are located in climates
characterized by some combination of hot, dry, sunny, and lengthy growing sea-
son", something that is confirmed by the recent OECD publications (OECD
(2009), OECD (2006), OECD (2003)). In Europe they are more common in the
Mediterranean countries like Portugal, Spain, Italy, Greece or Turkey, where

the majority of the utilities adopts them®. This also happens in Japan and

4See Barberdan and Arbués (2009) for an example of a water tariff design proposal which
takes into account the household size in order to improve equity with increasing block tariffs.
The same concerns with the introduction of equity criteria in the design of residential water
tariffs are reflected in the proposals of Garcia-Valinas (2005a) for two-part tariffs and Ramsey
pricing and in the proposal of Diakité, Semenov and Thomas (2009) for a nonlinear social
price. Schoengold and Zilberman (2009) discuss the conditions under which block tariffs can
simultaneously achieve the goals of efficiency, revenue neutrality and equity.

5See OECD (2003), pp. 72-3, table 3.4, OECD (2006), pp. 32-3, table 5 and OECD (2009),
pp. 100-1, annex 3.A2.



South Korea, which are located at a similar latitude. They are also common
in countries like Belgium and the USA and Australia but to a less extent. In
Portugal, IBT are commonly used by water utilities to price residential water
use. Their presence is virtually universal, even though the tariffs are decided
at the level of each of the more than 300 municipalities, as shown by Monteiro
and Roseta-Palma (2007). The National Regulating Authority for Water and
Waste has included a four-block tariff design in its proposal for a tariff regime
that should seek to promote efficient water pricing, as imposed by the Euro-
pean Water Framework Directive, approved in 2000 and translated into the new
Portuguese Water Law in 2005.

Roseta-Palma and Monteiro (2008) have shown that nonlinear increasing
tariffs may be justified as a second-best optimum in a situation of water scarcity
and budget-balancing requirements when the water utility faces heterogeneous
consumers’. The conditions under which nonlinear increasing tariffs may be
justified by efficiency reasons as a second-best solution were derived. In this
paper we aim to test whether those conditions hold in Portugal and whether
the climate can be a justification for the adoption of IBT. The answer to this
question depends on the characteristics of the water demand function, namely
the behavior of its price-elasticity. Therefore, we provide empirical estimations
for residential water demand.

Households can be seen as heterogeneous consumers with different character-
istics and preferences. For example, the indoor water demand has been proven
to differ from the outdoor/sprinkling water demand’. The behavior of house-
holds regarding water use will therefore be different, depending on whether they
live in an apartment or in a detached house with a swimming pool or a garden.

8

Families also differ in the amount of water-using appliances® or water saving

6 A two-part tariff could be a first-best optimum, but its efficiency may be limited when
the flexibility to use the fixed charge to balance the utilities’ budgets is restricted. This is the
case in Portugal, where Law 12/2008 (AR (2008)) implies that charging a fixed fee must be
reasonably justified. This has been interpreted as a need to associate the revenues from the
fixed charge with the fixed costs of the service, which, if coupled with marginal cost pricing,
may be insufficient for a balanced budget if marginal costs are not constant.

"Several studies find that price-elasticity of water demand is lower for indoor than for
outdoor water uses, for example: -0.23 (indoor) -1.6 to -0.7 (outdoor) (Howe and Jr (1967));
-0.305 (indoor) and -1.38 (outdoor) (Danielson (1979)); -0.07 (indoor) and -0.68 (outdoor)
(Mansur and Olmstead (2007)).

8Ford and Ziegler (1981) incorporates the number of water using appliances in his estima-



devices? they have at home, in the number of persons in the household or in
their income. While the former are characteristics which can be translated into
discrete variables, the latter varies in a continuous fashion. Although discrete
customer heterogeneity may also be interpreted in association with the different
customer classes (residential, commercial, industrial, agricultural), we will focus
on residential water demand, for which there is better available data.

Not only is water demand estimation important to allow us to test IBT effi-
ciency conditions, but it is also valuable in itself to water managers, as growing
scarcity shifts the focus from supply increasing policies to demand manage-
ment tools like water pricing!'®. Knowing consumers’ behavior is essential for
the implementation of such demand side management policies (Agthe, Billings
and Buras (2003)). It is thus "desirable to estimate water demand" given the
"serious role that water demand plays in scarcity, policy and project analysis,
markets and pricing" (Griffin (2006), p.273). In the words of Renzetti (2002),
"for the person who is reading this book on a hot, sunny day, there is little
need to explain the importance of water and the value of understanding the
relationship between water use and economic influences" (ibid., p.1) (he then
proceeds to present some justifications in the introduction to his book on water
demand for all other readers).

We present the efficiency conditions for IBT in section 2 and show the impact
that the choice of functional form can have on their empirical testing in section
3. In section 4 we briefly review the residential water demand literature and
section 5 describes the model to be estimated as well as the data. Section 6
explains the methodology, estimates the model and interprets the results, while

in section 7 the proper specification tests are performed. Section 8 concludes.

tion of residential water demand at the household leve, while Garcia and Reynaud (2004),
Nauges and Reynaud (2001) and Nauges and Thomas (2000) are examples of the incorpora-
tion of these kind of concerns in studies with aggregate data through the use of variables such
as the % of households equiped with bathtubs or toilets.

9Y00 (2007) incorporates dummy variables for the existence of water saving devices in his
study of residential water demand.

10Martin and Kulakowski (1991), for whom "knowing that there is an inverse relantionship
between price and quantity demanded, and that price-elasticity of demand is inelastic rather
than elastic, is all that is required" is a notable exception disagreeing with the need to obtain
precise price-elasticity estimates. Nevertheless, at least one of the authors did find himself
engaged in the activity he later finds unnecessary (Martin and Thomas (1986), Martin, Ingram,
Lancy and Griffin (1984)).



2 An efficiency justification for increasing block
tariffs

Roseta-Palma and Monteiro (2008) have derived the consequences for the wa-
ter tariff design from using a second-best Ramsey pricing method (i.e., with a
budget balancing constraint) in a situation of water scarcity and heterogeneous
consumers. In particular they derived the necessary and sufficient condition for
increasing, constant and decreasing nonlinear pricing to be the most efficient

1 The optimal pricing rule, shown

solution while respecting all constraints.
here as equation (1) is the classical inverse elasticity rule from Ramsey pric-
ing, where p,, is marginal price, C' is total cost and w* is the optimal water
consumption. The additional unusual component p/ (1 + A) results from the
introduction of resource scarcity (u is the Lagrangian multiplier of the water
scarcity constraint and A is the one from the balanced budget constraint) and
reflects the opportunity cost of consuming water. Marginal water supply costs
are not only a function of water consumption, but also of weather factors. They
decrease with greater levels of rainfall and increase with higher temperatures
(¢ denotes hotter and drier weather conditions). Naturally, weather also af-
fects demand. Consumer heterogeneity is represented by 6, which can stand for
continuous characteristics like income or discrete features like household size or
other household attributes (owning a pool, living in a detached house, water
using appliances, number of taps and so on).

(@) | w
bm ( oo 14x) A 1
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In the inverse-elasticity rule, the mark-up of the price over the marginal cost

(1)

is inversely correlated with the absolute value of the price-elasticity of demand
(&(w*,0,¢)). This implies that higher prices must be charged to customers with

more rigid demands. The tariff structure schedule will depend on the result

11'We did not include fixed costs in the model nor did they consider the possibility of using
the fixed component of the tariff as a tool to guarantee that the utility breaks even. We
implicitly considered that the fixed charge is calculated so as to cover exactly the fixed costs
of the water supply activity, which is a situation similar to what is recognized as legally
admissible in Portugal, since the publication of Law 12/2008 (AR (2008)).



of the following necessary and sufficient conditions'?, where B stands for the

monetized benefit function:
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Moreover, o < 0 is a sufficient condition for IBT to be an efficient
solution.

Roseta-Palma and Monteiro (2008) also derive the conditions for which the
implementation of IBT is preferred for drier and hotter climates. The following
set of conditions, if combined, are sufficient for IBT adoption to increase with

temperature levels and lower amounts of precipitation:

0B 0%p
— < <
o3 = 0= 2 = 0 (5)
0°B &%p
- > el SN
50205 = Burag =0 (6)
o*B &p
— < —r <
90305 = Fuag =0 (M)

Condition (5) requires the water demand function to be concave. For (6)
to apply the slope of the inverse demand function must not become more steep
with temperature increases (or lower precipitation levels). Finally, (7) implies

that the function’s concavity could not decrease for higher levels of temperature

121n the text we refer to increasing block tariffs and decreasing block tariffs, which are "real-
world" tariff schedules. Because the model from Roseta-Palma and Monteiro (2008) is derived
in a continuous fashion, the conditions apply strictly to continuously increasing, uniform or
decreasing nonlinear tariffs and not to block rates. Nevertheless, we use the conditions to
discuss the efficiency in the increasing or decreasing nature of the "real-world" tariffs, so we
choose to use the more familiar terms.



and drier conditions. Taken together they denote a situation where warmer
and more arid conditions have a greater impact on high levels of consumption
and where the willingness to pay for water rises more significantly under these
circumstances, which can be understood if we consider the association of larger
users with households with greater incomes (whose water expenses weigh less
on their budget) and probably houses with pools or gardens.

It should be noted that, since the verification of the above conditions at the
optimum point of consumption is sufficient, they will also apply if they can be
verified for the entire range of the demand function. Our econometric estimation
of water demand will aim to check whether these theoretical conditions hold for

the Portuguese case.

3 The importance of the choice of functional
form

Given the findings in the previous literature, which we review in section 4, the

water demand function can be written as:

w=uw(p,0,9,2) (8)

where w is the quantity of water demanded and p is the water price. As was
previously mentioned, 6 stands for income and ¢ represents weather variables
such as temperature and precipitation. The vector z can include other household
attibutes related to water consumption like garden or household size, the age and
education of the household members or the number of water using appliances,
just to name a few. w(...) is a parametric function which usually takes one of
the functional forms we now describe.

The choice of the functional form for the equation to be estimated is one
of the important decisions to be taken by the empirical analyst. Five types of
functional forms are more commonly used in the estimation of residential water
demand: linear, double-log; semilogarithmic (lin-log or log-lin) and Stone-Geary.
The choice of one of these options is not neutral and can have an impact on

the results. Espey, Espey and Shaw (1997) and Dalhuisen, Florax, de Groot



and Nijkamp (2003) include a dummy variable for loglinear specifications in
their meta-analysis of the price-elasticities of water demand estimated in the
literature and find positive coefficients, meaning that, ceteris paribus, a loglinear
specification may result in a less elastic estimate. This fact is known to empirical
researchers, despite the fact that it has received less attention than other aspects
of the estimation process like the choice of the estimation technique (Renzetti
(2002)). In this section we evaluate the consequences of different functional

forms for the verification of the previous conditions for IBT.

3.1 Linear specification

Linear functions are common in water demand estimation, although more so
in the early years than in recent studies. A linear demand function has the
following form:

w=ap+b0+cp+di + f 9)

where a,b,c,d and f are parameters to be estimated. The corresponding

inverted demand function is:

p:w—(b9+cj+dz’+f) (10)

With this kind of functional form, not only is the sufficient condition for IBT
(condition (5)) automatically verified, but that is also the case for conditions
(6) and (7). This was expected because linear functions impose that demand
is more elastic for higher levels of price (lower consumption levels) and lower
otherwise. In linear demand functions, absolute values of the price-elasticity of
demand decrease with the quantity demanded, generating IBT when coupled

with the inverse elasticity rule from (1).

3.2 Double-log specification

Even more popular than the linear specification is the logarithmic functional
form or double-log'3. Double-log demand specifications assume a constant price-

elasticity for every price level which can be read directly from the estimated

I3This can be seen from the two meta analysis performed by Espey et al. (1997) and
Dalhuisen et al. (2003) where the majority of the studies used logarithmic functional forms.



coefficient for price. The double-log functional form for water demand can be

written in the following fashion:
Inw=alnp+blnb+clnp+dz' + f (11)

The corresponding inverted demand function is:

{lnw (bln9+cln¢+dz’+f)}
p = exp

. (12)

Condition (5) is verified in this case if and only if @ > 1, but this implies
a nonnegative slope for the demand function, which would be an unrealistic
assumption. Therefore, unlike in the linear case, (5) will never be verified for a
reasonable demand function with a double-log functional form. However, this
does not mean that double-log specifications exclude the possibility of IBT,
since we can use the necessary and sufficient condition (2) to determine the
shape of the price schedule. Finally, the verification of conditions (6) and (7)

would simply require a positive coefficient for ¢.

3.3 Semilogarithmic specification (log-lin)

The semilogarithmic specification is much less frequent in the residential water
demand estimation literature, but from Andrews and Gibbs (1975) to Arbués
and Villanda (2006), we do find some studies which include estimations with

this functional form. The log-lin specification for water demand is:
Inw=ap+b0 +cop+d' + f (13)

The corresponding inverted water demand function is:

p_lnw—(b9+c¢+dz'+f)
a

(14)

The verification of (5) for a log-lin specification would only occur if and
only if @ > 0, which is a situation similar to the one found for the double-
log form, i.e., the verification of the sufficient condition for IBT would imply
a nondecreasing slope for the demand function, and can thus be discarded as

unrealistic'*. Although conditions (6) and (7) are automatically verified for the

14The same qualification applies here that this is an unconclusive case and not a dismissal
of IBT and that we must always check 2 for a definitive conclusion.

10



log-lin form, the positive effect of temperature on the adoption of IBT would
be proven from the simultaneous verification of all three conditions, which is

impossible with the usual negative sloping demand function'®.

3.4 Semilogarithmic specification (lin-log)

The lin-log semilogarithmic specification is rare and is usually only estimated
for comparison purposes together with other functional forms. Al-Qunaibet and
Johnston (1985) and Mu, Whittington and Briscoe (1990) are two examples of

its implementation. The lin-log functional form for water demand is:
w=alnp+blnf+clng+dz' + f (15)

The corresponding inverted water demand function is:

pexp{w(bln9+cln¢>+dz +f)}

a

(16)

With this functional form condition (5) is never verified, not even in unreal-
istic conditions. The inverted water demand function is always strictly convex.
The other two conditions would imply a nonnegative value for ¢ and an opposite
sign for a if ¢ is positive, but this becomes irrelevant given the first result. Al-
though not dismissing entirely the possibility of IBT, this functional form does

not enable the verification of the above sufficient conditions for IBT.

3.5 Stone-Geary demand function and reciprocal functions
in general

The Stone-Geary demand specification is:
0
w:(l—g)h+g]—9+c¢+dz’+f (17)

The parameter g can be interpreted as the fixed proportion of the supernu-

merary income'6 spent on water. This specification was first applied to water

15Roseta-Palma and Monteiro (2008) also derive relatively more complex necessary and
sufficient conditions for hotter and drier conditions to favour the adoption of IBT. We choose
not to replicate them here.

163ypernumerary income is defined as the income remaining after the minimum amounts of
water and all other goods have been purchased (Martinez-Espifieira and Nauges (2004)). This
minimum amounts are unresponsive to the respective price and are usually termed subsistence
levels. The simplified version of (17) results from assuming a zero subsistence level for the
other goods. See Gaudin, Griffin and Sickles (2001) or Martinez-Espifieira and Nauges (2004 )
for more details.

11



demand estimation by Al-Qunaibet and Johnston (1985)!".The corresponding

inverted demand function becomes:

g0
w—[(1—g)h+cp+dz + f]

p= (18)

We can see that the Stone-Geary is a particular form of the reciprocal de-

mand function, where f* = (1 —g)h, a = gf and b = 0:

w:a%}+b9+c¢—|—dz’+f* (19)

In fact, the conclusions are indeed the same for both forms. Because water
consumption must not be less than the subsistence level implied by (1 —a)b+
cp + dz’ + f, the verification of (5) will only happen if and only if a = 0. But
this would mean that water consumption was unresponsive to price and income,
contradicting economic theory and a great deal of accumulated empirical evi-
dence. Thus the estimation of a significative Stone-Geary functional form (or
any kind of reciprocal form), if considered superior to other functional forms
by the relevant statistical tests, implies that we can not prove the sufficient

condition for IBT.18

3.6 Summary of implications of the choice of functional
form on elasticities of demand

We have shown that the choice of functional form can have a significant impact
on the conclusions about which tariff schedule design is more adequate when
facing water scarcity and budget balancing restrictions by looking at the suffi-
cient conditions derived by Roseta-Palma and Monteiro (2008) about the shape
of the demand function. Summing up, so far we have seen that while for the lin-
ear functional form the conditions for IBT are automatically verified and hotter

and drier climatic conditions favour the adoption of IBT!?, for the other usual

17Garcfa-Valifias, Nauges and Reynaud (2009) and Schleich (2009) are examples of recent
applications.

18(6) would be verified if ¢ < 0, which is unrealistic, while (7) implies that a and ¢ must
have opposite signs or that both should be null.

Y Especially if the fixed charge is not allowed the flexibility of a lump sum charge when
the utility is faced with the obligation to exactly breakeven, in a world of scarce water and
consumers with heterogeneous preferences

12



functional forms, we must resort to (2) to know with certainty what would be
the most efficient tariff schedule.

Nevertheless, from the inverse elasticity rule we know that a necessary and
sufficient condition for IBT is that demand becomes less price-elastic with higher
levels of water consumption. We can look directly at the influence of the assump-
tions imposed by each functional form on the behavior of the price-elasticity of
demand. We review these consequences in this section. Tables 1 and 2 present
the price and income-elasticities for the functional forms described above. We
can see from 1 that demand becomes less elastic (price-elasticity becomes less
negative) with higher consumption for most functional forms. Only the double-
log case is associated with constant elasticities (which makes up most of its
appeal) and the Stone-Geary specification has an undetermined result, depen-
dent on the actual values of the variables and the parameters associated. For
all the cases except these two, under the conditions of the Roseta-Palma and
Monteiro (2008) model, IBT will be a natural consequence of demand charac-
teristics. The next step is to estimate the water demand and test which case

fits best.

Table 1: Price-elasticities of demand for several functional forms

. . . e ) 3
Functional form Price-elasticity (fp = %% v
bO+cp+dz’
Linear al= 1*% >0
Double-log a =0
Semilogarithmic (log-lin) | ap =lnw— (b0 + cp + dz’' + f) >0
Semilogarithmic (lin-log) ” >0
—g)h+cp+dz’
Stone-Geary *‘3)—2): *1+[(1 9 +;¢+ 2+ undetermined
Note:
a <0
b,c,g >0

b0 + cp + dz'+f >0
nw=— (b0 +chp+ds’ +f)>0

13



Table 2: Income-elasticities of demand for several functional forms

Functional form Income-elasticity (¢, = 22)
Linear %
Double-log b
Semilogarithmic (log-lin) bo
. . . b
Semilogarithmic (lin-log) [( )E ) f]
g_ w—|A—g)h+cé+ 2+
Stone-Geary 2= 5
Note:
a <0
b,c,9g >0

b0 + cé +dz'+f >0
Inw— (be +eop+dz + f) >0

4 Literature review

The field of residential water demand has been very productive in the past
decades, ever since Metcalf (1926) took on the task of studying the effects of
water rates on per capita water consumption. The number of published studies
in the field has risen to a three digit figure, as can be seen from Appendix A.
The existence of literature surveys can be very useful to guide new research
or someone just trying to figure out what have we come to know about the
role that price and demand-side management policies may play in promoting
an efficient use of an ever scarcer resource. Earlier studies are best covered
by Boland, Dziegielewski, Baumann and Optiz (1984), but other literature re-
views can be found in Hanemann (1997), Gémez-Ramos and Garrido-Colmenero
(1998), Renzetti (2002), Arbués, Garcia-Valinas and Martinez-Espifieira (2003)
and Worthington and Hoffman (2008). Another, more quantitative source of
information of the knowledge accumulated so far are the two meta-analysis of
the determinants of price-elasticity of demand performed by Espey et al. (1997)
and Dalhuisen et al. (2003). In Appendix A we provide an extensive, but not
exhaustive, listing of the residential water demand studies in the literature and
of their main characteristics.

Until the 1980’s estimations for the USA dominated the literature, but since
the 1990’s and especially after the turn of the century, a great number of es-
timations from other parts of the world have been published, especially from

Europe, although estimations from the developing world have already warranted

14



a specific literature review by Nauges and Whittington (2008). For Portugal two
previous estimations can be found in Martins and Fortunato (2005b) and Mar-
tins and Fortunato (2007).

The first few research efforts relied mostly on annual cross-section data for
water utilities and on limited information on the water tariffs (having access
to the unit price for a specific consumption amount instead of the entire rate
schedule, for example). Nowadays, the improvement of information available
enables the inclusion of a time-series dimension (and the study of seasonal vari-
ations, from monthly data) and the use of panel data is common. There is also
a growing number of studies using household level data.

Water demand estimation differs fundamentally from other statistically sup-
ported water use studies in that a price variable is included as a determinant
for water consumption. Throughout the years, marginal price has for the most
part replaced average price as the specification of choice, but either because
of data availability concerns or because the researcher believes that the price
specification is an empirical question, due to the fact that consumers may not
have full information on the rate schedule, average price specifications are still

20 The consideration of sewer charges

used or tested against marginal price
when they appear coupled with the water price is consensual. When marginal
price is the variable of choice and block rates are in place, the Taylor-Nordin
specification, introduced in the water demand literature by Billings and Agthe
(1980), is commonly used. It results from a modification by Nordin (1976) of
the original proposal made by Taylor (1975) for a variable to accommodate the
virtual income change resulting from the block design of the tariff. It considers
a second price-related variable, the "difference" between the actual water bill
and the value of the tariff, had all volume been charged at the marginal price.
Griffin, Martin and Wade (1981) and Griffin and Martin (1981) were the first
to point out the problem of the simultaneous determination of water demand
and the price-related variables in the presence of block rates. It is since consid-

ered good practice to check for this bias in the estimation and, if present and

significant, to solve it through instrumental variable techniques.

20Ruijs, Zimmermann and Berg (2008) is a recent example.
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Other variables typically included as water demand determinants are the
household income (or the assessed property value as a proxy in micro level
studies), weather related variables such as temperature and precipitation, or al-
ternatively lawn moisture requirements or the number of rainy/dry or hot days,
and the household size (especially at the micro level). The remaining variables
included differ somewhat more, sometimes reflecting specific research questions.
We can find variables related to the age of the household members or the house
itself, to the water using appliances, lot/garden size, population density, home
ownership (Nieswiadomy (1992)), pool ownership (Dandy, Nguyen and Davies
(1997)), water saving devices (Renwick and Archibald (1998) and Yoo (2007))
or even ethnic origin (Griffin and Chang (1990) and Griffin and Chang (1991)).
Dummy variables in particular have been used extensively for season/month, re-
gion/city, water restrictions (Grafton and Kompas (2007)) or water conservation
programs/messages (Renwick and Green (2000), Gaudin (2006) and Martinez-
Espineira (2007)).

The functional form most widely used is the double-log specification for its
convenience for the calculation of elasticities. The linear form has also been
widely used, while other alternatives like the semilogarithmic or Stone-Geary
approaches are rarer as we have seen in section 3.

The estimation technique is probably the most widely discussed issue, after
the specification of the price-related variables. While earlier studies relied heav-
ily on ordinary least squares, the endogeneity criticism soon stimulated the adop-
tion of instrumental variable techniques (2SLS or 3SLS). Other methods have
been used like maximum likelihood estimation, specific time-series techniques?!
or simultaneous equations methods, but it is the use of panel data techniques
(fixed effects, random effects, GMM) that has seen the larger increase in the last
decade. The use of discrete/continuous choice models in situations were block
rates apply?? merits special attention, but researchers have rarely had access to
the necessarily more demanding information required to apply them in house-
hold level studies (Hewitt and Hanemann (1995), Olmstead, Hanemann and
Stavins (2007), Olmstead (2009)) or with aggregate data (Martinez-Espineira

2L The work of Martinez-Espifieira (2007) with cointegration is a recent example.
22Modelling the discrete choice of block and the continuous choice of the consumption level.
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(2003) and Diakité et al. (2009)).

5 The model and the data

Data on water consumption and water and wastewater tariffs was provided by
the Portuguese National Water Institute (INAG) for the years 1998, 2000, 2002
and 2005. It consists of aggregate data for the 278 municipalities in mainland
Portugal. It has been combined with information on the income, weather, water
quality and household characteristics respectively from the Ministry of Finance
and Public Administration, the National Weather Institute (Instituto de Meteo-
rologia, I.P.), the Regulating Authority for Water and Waste Services (ERSAR,
ex-IRAR) and the National Statistics Institute (INE). Due to the presence of
missing data concerning consumption levels it constitutes an unbalanced panel
for the study period. The missing data problem was minimized through direct
collection of additional information on consumption and tariffs from the water
and wastewater utilities of each municipality.

The estimated model is:

consumption; = f(mptotaly, diftotal;s, incomegs, preciz, tempgs, (20)

waterqual;t, bathroom;, elder;, seasonal _dwelling;) + c; + €5

o; ~ 11D (0,0§) ; €it = Eit—1 T Vit, vit ~ 11D (0, U%) (21)

In (20), w is replaced by consumption and the price related variables (p) are
mptotal and diftotal. 0 is repesented by income, while the weather related vari-
ables (¢) are prec and temp. waterqual, bathroom, elder and seasonal _dwelling
correspond to the z vector of variables in model (8). This simbology correspon-
dence is established to enable the use of Stata outputs in the following sections.

The formulation of the error variable as the sum of a municipality effect and
an autoregressive component is not assumed from the outset but is instead the
result of the preliminary analysis described in the next section. Tables 3 and 423

show the definition of the main variables used?* and some summary statistics.

23The variables waterqual, bathroom, elder and waterqual are used in estimation as ratios
varying from O to 1.
24Other variables were included in early larger models, but were dropped due to the in-
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Table 3: Definition of variables

Variable Definition

consumption Average monthly water consumption (m3/month)

mptotal Marginal price of water supply and sewage (€/m3)

diftotal Variable part of the water and sewage bill - (MP*Water) (€/month)
fixedtotal Fixed part of the water and sewage bill (€/month)

Income Per capita available income (€103/person/year)

prec Total annual precipitation (mm)

temp Average annual temperature (°C)

waterqual % of delivered water analysis failing to comply with mandatory parameters
bathroom % of regularly inhabited dwellings without shower or bathtub

elder % of population with 65 or more years of age

seasonal _dwelling | % of dwellings with seasonal use

Table 4: Summary statistics

Variable N Mean | Std. Dev. | Min. | Max.
consumption 884 7.46 2.21 2.46 19.50
mptotal 871 0.62 0.39 0.05 4.59
diftotal 875 -0.73 1.24 -14.35 2.50
fixedtotal 864 2.09 1.35 0.00 10.49
Income 1112 3.48 3.27 0.67 29.80
prec 1112 877.53 435.65 205.47 2807.75
temp 1112 15.27 1.34 10.93 18.15
waterqual 1106 4.06 4.40 0.00 40.09
bathroom 1112 9.75 5.54 7.91 33.76
elder 1112 20.83 6.33 7.52 42.02
seasonal dwelling | 1112 23.98 11.13 4.54 54.10

The consumption dependent variable used is average monthly residential

25 in cubic meters. Because virtually all water

water consumption per customer
utilities adopt IBT we use the Taylor-Nordin specification with a marginal price
(mptotal) coupled with the "difference" variable between the value of the water
and sewage bill and the value it would reach had the marginal price been charged
for all the volume consumed. Schefter and David (1985) point out that the

correct definition of the marginal price and difference variables for aggregate

significance of the coefficients estimated or to avoid high levels of multicolinearity in the final
model. Examples of variables tested and dropped are average household size, % of population
served by water supply and drainage systems or wastewater treatment plants, frequency of
billing, educational level attained, population density, house age or % of detached houses in
total buildings.

25The database has an annual periodicity, from which average monthly figures are derived.
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studies would be the average value of the household level of such variables and
not their level at the average consumption level for the aggregate. However,
very few studies had available the necessary information about the proportion
of users in each block of the tariff structure to apply the theoretical correct
definition and weight the averages of marginal price and difference, despite the
fact that the Taylor-Nordin specification is widely accepted and used. Corral,
Fisher and Hatch (1999) and Martinez-Espineira (2003) are notable exceptions.
In our contacts with the water utilities, such information was explicitly asked
for, but in the end less than a third were able to retrieve the information from
their databases or records. Even among those whose management and billing
software programs enabled the access to the % of users in each block, we found
very few of them who could provide it systematically for the 4 years of study.
Therefore, we join the mass of researchers using the best possible methods given
the available data, when more theoretically correct ones are unpractical.

Generally, in the presence of IBT, the difference variable is nonpositive?® and
so is its expected coefficient. However, Martins and Fortunato (2007) estimates
a positive coefficient and finds a justification in the fact that the difference
variable includes both the effect of the block schedule (nonpositive for IBT)
and the positive fixed charge. The latter, not only renders the average price
decreasing for the first cubic meters of consumption but also partially cancels
out the usual effect of the block schedule. In contrast, we assume fixed charges
(fizedtotal) are made explicit in the water bill, since they are present in virtually
all residential tariffs, so that we can separate them from the "difference" variable
for the volumetric part of the tariff (diftotal).

The income variable chosen is disposable income per household (deduct-
ing the personal income taxes collected from the taxable personal income) in

€103 /year?”. The available weather related variables are total annual precipita-

26This is the case for the Portuguese water supply tariffs. In our estimation we add the
relevant charge for wastewater drainage and treatment to the price variables to come up with
the prices that the consumer actually faces in the water bill. Because it is not uncommon
to find fixed charges per block of consumption (fixed within the block, but varying between
blocks) in wastewater tariffs, the sewage component of the "difference" variable may be posi-
tive for volumes other than the block limits even with IBT. This effect can also be seen from
the tariffs for Manila, Phillipines, shown in Palencia (1988).

27 All monetary variables are expressed in 2005 constant prices. We used the deflator for
Portuguese GDP at market prices, unit Euro/ECU, supplied by AMECO - Annual Macro-
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tion (prec, in mm) and average annual temperature (temp, in °C). A measure of
the quality of water delivered to the consumers (waterqual) is given by the % of
failures to comply with mandatory quality parameters in the analysis performed
by ERSAR (ex-IRAR). We expect a negative association between this variable
and water consumption. Ford and Ziegler (1981) were the first to introduce
a measure of perceived water quality as an explanatory factor for residential
water demand. In spite of the several studies trying to estimate the willingness
to pay for improved tap water quality (Whitehead (1995) and Um, Kwak and
Kim (2002)) or improved service quality (Hensher, Shore and Train (2005) and
Wang, Xie and Li (2008)) we found no other examples of the introduction of
water quality as a regressor in water demand estimations before Piper (2003)
who introduced water hardness as a measure of delivered water quality which
can be perceived by the consumers. Two other recent studies use quality mea-
sures but pertaining to raw water. Reynaud, Renzetti and Villeneuve (2005)
uses average biochemical oxygen demand (BOD) of raw water and Reynaud
(2008) includes the share of rivers classified as having a bad quality within a
given local community as regressors in water demand estimation.

The remaining conditioning variables, collected from INE, are the % of the
population with 65 or more years of age in the municipality, % of inhabited
residential dwellings without a shower or bathtub installed and the % of houses
with a seasonal use. We expect negative coefficients for these variables.

The % of elderly people has been used as a determinant of water demand by
Nauges and Thomas (2000), Nauges and Reynaud (2001), Martinez-Espineira
(2002), Martinez-Espineira (2003) and Martins and Fortunato (2007). They all
have convincingly shown that older people use less water. The results are not
so clear when the variable used is average household age as is the case with
Ford and Ziegler (1981) and Schleich and Hillenbrand (2007) which suggests
that water savings are more related to elderly retired people than to age in

general?®,

economic Database of Directorate General for Economic and Financial Affairs (DG ECFIN)
of the European Commission).

28Yo00 (2007) uses the number rather than the proportion of elderly people, what explains
the positive coefficient obtained.
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The importance of the existence of water using equipment on the amount
of water demanded is recognized in many estimation studies which deal with
household data through the inclusion of variables like the number of taps (Ford
and Ziegler (1981) and Renwick and Archibald (1998)) or the number of bath-
rooms (Chicoine, Deller and Ramamurthy (1986) and Olmstead et al. (2007)
are just two examples). Recently, aggregate studies have began to use their the
% of houses with bathtubs and/or toilets to take this dimension into account
(see, for example: Nauges and Thomas (2000), Nauges and Reynaud (2001) or
Garcia and Reynaud (2004)).

Seasonality in water demand was an early concern and was considered either
through the separation of indoor and outdoor/sprinkling water demands (Howe
and Jr (1967)) or through the inclusion of seasonal dummy variables (Morgan
(1974)). Nevertheless, its relation with a seasonal population and not only
with the seasonal behavior of a stable population has failed to be considered.
The exclusion of this dimension may bias the results, especially in aggregate
demand studies including areas with a great importance of tourism, with a
large proportion of emigrated population or with an important proportion of
secondary houses owned by people living in large nearby urban centres which
use the secondary house in weekends for example. This is the case in many areas
of Portugal. Algarve, for example greatly increases its population in the summer
with tourists from all over the country and from abroad filling up hotels and
occupying rented or secondary houses, which are usually left empty for the rest
of the year (a phenomenon which happens also in some other coastal areas with
pleasant beaches although in a less intensive fashion). The rural villages in the
inland regions also increase their population in the summer through the inflow of
families with relatives who migrated to the urban centres or to foreign countries.
The usual procedure of dividing total volumes of water supplied by the number
of residential customers, used in aggregate studies, without consideration of this
reality, where it is important, creates the usual econometric problem of relevant
variables exclusion bias. The only other study known to the author which
took these considerations into account was Reynaud (2008) which considered

not only a dummy variable for the tourist areas but also the share of seasonal

21



population through the inclusion of the ratio between the number of hotel rooms
and camping places and the total population. He finds a positive effect of
this latter variable on peak average daily residential water demand per user
and surprisingly the coefficient’s sign remains the same in the off-peak demand

equation 27,

6 Methodology, estimation and results for a lin-
ear functional form

The problem of endogeneity of marginal price (or average price) and the dif-
ference variable in the presence of block rates, due to the fact that they are
simultaneously determined with the volume consumed, has been acknowledged
since the famous comments of Griffin et al. (1981) and Griffin and Martin (1981)
on the estimations by Foster and Beattie (1979) and Billings and Agthe (1980).
Special importance has been given to the existence of measurement error in the
quantity variable and its influence on the block price assigned to observations
close to the block limits. Billings (1982) eventually reestimated the model with
the data set from Billings and Agthe (1980) while introducing instrumental vari-
able techniques in water demand estimation to correct the bias. His approach
consisted of regressing the total water bill resulting from specific consumption
levels against those values for consumption and obtaining the instrumented
variable for price from the slope of the total bill function and the instrumented
variable for difference from its intercept for each rate schedule. This proce-
dure, also followed by Agthe and Billings (1997), Martinez-Espineira (2002),
Martinez-Espineira and Nauges (2004) and Martins and Fortunato (2007), for
example, has been criticized by Deller, Chicoine and Ramamurthy (1986) for not
solving the original measurement error problem, even if simultaneity in marginal
price and difference is eliminated. They also point out that if the consumer is
responding to the total water bill and not to the full information from the rate
schedule the causality direction is inverted in the auxiliary regression. In the

end, this technique is not really helpful in our case given that, with some excep-

290nly the latter variable is included in the final estimations for peak and off-peak demand.
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tions of municipalities which did not update their tariffs in specific years, every
data point is a specific tariff schedule in our database. Therefore, we adopt a
procedure closer to Deller et al. (1986), Reynaud et al. (2005), Olmstead (2007)
and Ruijs et al. (2008) and instrument the endogenous variables from exact
information from the water bill. Namely we choose the marginal price corre-
sponding to specific volumes of consumption®’ and other characteristics relevant
to the calculation of the final water bill as regressors for the auxiliary equations

for mptotal and diftotal.

mptotal;y = 1 + Boprivcompany;; + Bymunservices;; + fymuncompany;; + Bsm3_ 5+
(22)

+Bem3_10; + Bym3 154 + Bgcale_tarif fir + o + €4t

diftotalis = y1+7om3_Llie+vyzm3_10;t+v4m3_20i+7yscale_tarif fir+aiteir
(23)
o; ~I1ID (0,0%),  ei~1ID(0,02) (24)

Tables 5 and 6 present the definition and summary statistics of the variables
used to instrument mptotal and diftotal.?!

The equations (22) and (23) were estimated by a random effects model®?.
The results are presented in Figures 1 and 2.

We implement a test of exogeneity by Davidson and MacKinnon (1993) and
adapted to a panel data context by Christopher Baum and Steven Sillman,
through the dmexogxt procedure in Stata (Baum and Stillman (1999)), to con-
firm the endogeneity of mptotal and diftotal and the need to use instrumental
variables. Results are presented in Figures 3 and 4. The small p-values of the

test confirm the need to create instrumental variables for these two endogenous

30The specific volumes chosen resulted from previous analysis of instrument relevance and
validity performed with the Anderson, Sargan and difference in Sargan tests for the values
1m3, 5m3, 10m3, 15m3, 20m?3, 25m3. Figures 5 and 6 show the results of the first two tests
for the final specification.

31The fact that maximum values for the consecutive marginal prices do not have a monoto-
nous increasing order in spite of the wide spread use of IBT is due to the different processes
used to calculate the final tariff. Most water utilities charge each m® of water at the price
where it belongs. However, some charge the price of the last block reached for all the volume
consumed, generating high values for marginal prices at the lower block limits (a graphical
representation of this effect can be seen from Monteiro and Roseta-Palma (2007)). This is
the reason why calc_tarif f becomes essential for the creation of instruments for mptotal and
diftotal.

32 All estimations were performed in STATA version 9.2.
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Table 5: Definition of the variables used to instrument mptotal and diftotal

Variable

Definition

privcompany
munservices
muncompany
m3_1

m3_5
m3_ 10
m3_ 15
m3_ 20

calc_tariff

dummy variable (=1 if the water supply utility is a private company)

dummy variable (=1 if the water supply utility is an autonomous municipal service)

dummy variable (=1 if the water supply utility is a municipal company)

Marginal price of water supply and sewage for a consumption of 1 cubic meter

Marginal price of water supply and sewage for a consumption of 5 cubic meters

Marginal price of water supply and sewage for a consumption of 10 cubic meters

Marginal price of water supply and sewage for a consumption of 15 cubic meters

Marginal price of water supply and sewage for a consumption of 20 cubic meters

dummy variable (=1 if all water is charged at the price of the last block reached)

Table 6: Summary statistics of the variables used to instrument mptotal and

diftotal
Variable | N Mean | Std. Dev. | Min. | Max.
privcompany 1112 0.04 0.20 0.00 1.00
munservices 1112 0.14 0.35 0.00 1.00
muncompany 1112 0.02 0.15 0.00 1.00
m3_1 1090 0.33 0.19 0.00 1.69
m3_5 1091 0.35 0.16 0.00 1.80
m3_ 10 1091 0.53 0.24 0.00 1.99
m3_15 1091 0.75 0.45 0.00 5.17
m3_ 20 1091 0.96 0.48 0.00 4.82
calc_ tariff 1090 0.21 0.41 0.00 1.00

regressors. This result is confirmed by the usual Hausman test. The Hausman

test statistic for the comparison of the models with and without instrumenting

for mptotal and di ftotal has the value of 147.11, which corresponds to a p-value

of 0.0000 in a x?(8). The test clearly rejects the null hypothesis of exogenous

regressors in the original model and the instrumenting technique is called for.
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Figure 1: Random effects regression for mptotal

Random-effects GLS regression Number of obs = 871
Group variable (i): mun_number Number of groups = 271
R-sq: within = 0.0746 Obs per group: min = 1
between = 0.6096 avg = 3.2
overall = 0.5012 max = 4
Random effects u_ i ~ Gaussian Wald chiz (7) = 456.57
corr(u_i, X) = 0 (assumad) Prob > chi2 0.0000
mptotal | Coef std. Err 4 P>|z| [95% Conf. Interval]
,,,,,,,,,,,,, e
privcompany | .2744924 .0651976 4,21 0.000 .1467075 . 4022773
munservices | .2340429 .0414613 5.64 0.000 .1527803 .3153055
muncompany | .2767612 .0687727 4.02 0.000 .1419691 .4115533
m3_5 | .2332474 .090815 2.57 0.010 .0552533 . 4112416
m3_10 | 4790264 .0780023 6.14 0.000 .3261447 .631908
m3_15 | .2151268 .0373536 5.76 0.000 .1419151 .2883385
calc_tariff | .0687644 .0295666 2.33 0.020 .010815 .1267138
_cons | .0493945 .033396 1.438 0.139 -.0160605 .1148495
,,,,,,,,,,,,, e e
sigma_u | .18935664
sigma_e | .20611133
rho | .45770915 (fraction of wvariance due to u_i)
Figure 2: Random effects regression for diftotal
Random-effects GLS regression Number of obs = 875
Group variable (i): mun_number Number of groups = 270
R-sg: within = 0.0337 Obs per group: min = 1
between = 0.3038 avg = 3.2
overall = 0.2837 max = 4
Random effects u_i ~ Gaussian Wald chi2(4) = 134.18
corr (u_i, X) = 0 (assumed) Prob > chiZ2 = 0.0000
diftotal | Coef std. Err Z B>z [95% Conf. Interval]
,,,,,,,,,,,,, S
m3_1 | -1.04626 .334637 -3.13 0.002 -1.702136 -.3903834
m3_10 | -1.060509 .2983413 -3.55 0.000 -1.645247 -.4757708
m3_20 | -.227879 .1258336 -1.81 0.070 -.4745084 .0187504
calc_tariff | .8516667 .1215123 7.01 0.000 .613507 1.089826
_cons | .2064288 .141144s8 1.46 0.144 -.07021 .4830675
,,,,,,,,,,,,, o
sigma_u | .90842123
sigma_e | . 75101607
rho | .59400871 (fraction of wariance due to u_i)
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Figure 3: Davidson and MacKinnon test of exogeneity for mptotal
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Figure 4: Davidson and MacKinnon test of exogeneity for diftotal
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The relevance and the validity of the instruments used were tested through
the Anderson and Sargan tests, respectively, making use of the xtivreg2 com-
mand (Schaffer (2007)).The null hypothesis of underidentification of the former
test is rejected while the null of instrument validity of the latter is not, which
is a good measure of the quality of the instruments used for both mptotal and
diftotal, as can be seen in Figures 5 and 6. Difference-in-Sargan tests were
performed on each separate instrument for mptotal and di ftotal to check their

individual validity as instruments. None of the tests rejected the null.
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Figure 5: Tests of instrument relevance and validity for mptotal

xtivreg2 consumption diftotalz fixedtotal income temp prec seasonal_dwelling bathroom
elder waterqual (mptotal = privcompany munservices muncompany m3_5 m3_10 m3_15
calc_tariff)
>, fe
Warning - singleton groups detected. 18 observation(s) not used.
Warning - collinearities detected
Vars dropped: seasonal_dwelling bathroom

FIXED EFFECTS ESTIMATION

Number of groups = 249 Obs per group: min = 2
avg = 3.3
max = 4
IV (25LS) estimation
Estimates efficient for homoskedasticity only
Statistics consistent for homoskedasticity only
Number of obs = 832
F( 8, 575) = 0.91
Prcb > F = 0.5059
Total (centered) SS = 946.2144463 Centered R2 = 0.0641
Total (uncentered) SS = 946.2144463 Uncentered R2 = 0.0641
Residual SS = 885.5329826 Root MSE = 1.232
consumption | Coef Std. Err z P>z [95% Conf. Interval
_____________ o
mptotal | 1.112232 1.504365 0.74 0.460 -1.83627 4.060734
diftotalz | .4637802 . 3279369 1.41 0.157 -.1789644 1.106525
fixedtotal | -.083323 .1518419 -0.55 0.583 -.3809277 .214z2816
income | -.0070346 .0783976 -0.09 0.929 -.160691 .1466218
temp | -.4811799 . 2616947 -1.84 0.066 -.9940921 .0317323
prec | -.0003866 .0002324 -1.66 0.0%6 -.000842 .0000688
elder | -5.488469 6.580768 -0.83 0.404 -18.38654 7.409599
waterqual | -.8139563 1.876862 -0.43 0.665 -4.492539 2.864626
Underidentification test (Anderson canon. corr. LM statistic): 16.076
Chi-sq(7) P-val 0.0244
Weak identification test (Cragg-Donald Wald F statistic): 2.305
Stock-Yogo weak ID test critical values: 5% maximal IV relative bias 19.86
10% maximal IV relative bias 11.29
20% maximal IV relative bias 6.73
30% maximal IV relative bias 5.07
10% maximal IV size 31.50
15% maximal IV size 17.38
20% maximal IV size 12.48
25% maximal IV size 9.93
Source: Stock-Yogo (2005). Reproduced by permission.
Sargan statistic (overidentification test of all instruments): 6.333
Chi-sq(6) P-val = 0.3870

Instrumented: mptotal

Included instruments: diftotalz fixedtotal income temp prec elder waterqual

Excluded instruments: privcompany munservices muncompany m3_5 m3_10 m3_15
calc_tariff

Dropped collinear: seascnal_dwelling bathroom
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Figure 6: Tests of instrument relevance and validity for diftotal

xtivreg2 consumption mptotalz fixedtotal income temp prec seasonal_dwelling bathroom
elder waterqual (diftotal = m3_1 m3_10 m3_20 calc_tariff), fe
Warning - singleton groups detected. 18 observation(s) not used.
Warning - collinearities detected
Vars dropped: seasonal dwelling bathroom

FIXED EFFECTS ESTIMATION

Number of groups = 249 Obs per group: min = 2
avg = 3.3
max = 4
IV (25LS) estimation
Estimates efficient for homoskedasticity only
Statistics consistent for homoskedasticity only
Number of obs = 832
F( 8, 575) = 0.68
Prch > F = 0.7085
Total (centered) SS = 946.2144463 Centered R2 = -0.9773
Total (uncentered) SS = 946.2144463 Uncentered R2 = -0.9773
Residual SS = 1870.992685 Root MSE = 1.791
consumption | Coef std. Err Z P>z [95% Conf. Interval
,,,,,,,,,,,,, e
diftotal | .9810227 .5806308 1.69 0.091 -.1569928 2.119038
mptotalz | .310013 1.112317 0.28 0.780 -1.870088 2.490114
fixedtotal | .0827z221 .1635994 0.51 0.613 -.2379268 . 403371
income | .0871687 .1065414 0.82 0.413 -.1216487 .295986
temp | -.8470755 . 4445162 -1.91 0.057 -1.718311 .0241603
prec | -.0008211 .0003636 -2.26 0.024 -.0015338 -.0001084
elder | -13.85398 10.68966 -1.30 0.195 -34.80534 7.097372
waterqual | -1.836498 2.806429 -0.65 0.513 -7.336997 3.664002
Underidentification test (Anderson canon. corr. LM statistic): 16.368
Chi-sq(4) P-val = 0.0026
Weak identification test (Cragg-Donald Wald F statistic): 4.131
Stock-Yogo weak ID test critical values: 5% maximal IV relative bias 16.85
10% maximal IV relative bias 10.27
20% maximal IV relative bias 6.71
30% maximal IV relative bias 5.34
10% maximal IV size 24.58
15% maximal IV size 13.96
20% maximal IV size 10.26
25% maximal IV size 8.31
Source: Stock-Yogo (2005). Reproduced by permission.
Sargan statistic (overidentification test of all instruments): 1.877
Chi-sq(3) P-val = 0.5982
Instrumented: diftotal

Included instruments: mptotalz fixedtotal income temp prec elder waterqual
Excluded instruments: m3_1 m3_10 m3_20 calc_tariff
Dropped collinear: seasonal_dwelling bathroom
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For the next steps after correcting for endogenous regressors we follow the
procedure by Dalmas and Reynaud (2005) and Reynaud (2008) and start by
testing the presence of specific municipal effects in the data, i.e., comparing the
random effects model with pooled OLS through a Breusch-Pagan Lagrangian
multiplier test for random effects. Figure 7 shows that the null hypothesis of
no specific municipal effects is clearly rejected, supporting the two-error com-

ponents model presented in (20).

Figure 7: Breusch-Pagan Lagrangian multiplier test for random effects

. quietly xtreg consumption mptotalz diftotalz fixedtotal income temp prec
seasonal_dwelling bathroom elder waterqual, re

. xttestO
Breusch and Pagan Lagrangian multiplier test for random effects:
consumpt ion [mun_number,t] = Xb + u[mun_number] + e [mun_number,t]

Estimated results:

| Var sd = sgrt(vVar)
,,,,,,,,, e
consump~n | 4.963923 2.227986
e | 1.627386 1.27569
u | 1.923353 1.38685
Test: Var(u) = 0
chi2 (1) 226.29

Prob > chi2z 0.0000

Before we resort to the Hausman test for the choice between random and
fixed effects estimation, we perform tests for heteroskedasticity and autocorre-
lation, respectively through the commands xttest3 and xtserial. xttest3 imple-
ments a modified Wald test for group heteroskedasticity and we can see from
Figure 8 that the null hypothesis of homoskedasticity is clearly rejected. xtserial
implements an autocorrelation test discussed by Wooldridge (2001) for linear
panel data models. Figure 8 shows that the null hypothesis of no autocor-
relation in the residuals is also rejected. We adopt therefore a feasible GLS
estimator developed by Baltagi and Wu (1999) and implemented through the
Stata command xtregar.?’

The Hausman test statistic for the comparison of the models with random

33In this aspect, our procedure departs from Dalmas and Reynaud (2005) and Reynaud
(2008), who perform the Hausman test after the BP-LM test without testing for serial corre-
lation, and is similar to the one used by Martins and Fortunato (2007).
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Figure 8: Heteroskedasticity and autocorrelation tests

. guietly ztreg consumption mptotalz diftotalz fixedtotal income temp prec
seasonal_dwelling bathroom elder waterqual, fe
. xttest3

Modified Wald test for groupwise heteroskedasticity
in fixed effect regression model

HO: sigma(i)”"2 = sigma”2 for all i
chiz (267) = 1l.1le+31
Prob>chiz = 0.0000

. xtserial consumption mptotalz diftotalz fixedtotal income temp prec seasonal_dwelling
bathroom elder waterqual

Wooldridge test for autocorrelation in panel data
HO: no first order autocorrelation
F( 1, 197) = 7.603
Prob > F = 0.0064

and fixed effects has the value of 8.44, which corresponds to a p-value of 0.3921
in a x2(8). The test does not reject the null hypothesis of independence be-
tween the municipal effects and the exogenous regressors. Therefore, the GLS
estimator is not only efficient but also consistent.

Figure 9 presents the estimation results. All coefficients have the expected
signs and the great majority is significant at the 1% level. The value at the sam-
ple variable means for the price-elasticity of demand is —0.124, a relatively small
value, but in line with the established result that water demand is price-inelastic.
The estimated value is significantly lower than the value of —0.558 estimated by
Martins and Fortunato (2007) for 5 Portuguese municipalities with monthly ag-
gregate data®! but is similar to the values estimated by Arbués-Gracia, Orti and
Martin (2008), Martinez-Espifieira and Nauges (2004) and Martinez-Espineira
(2002) respectively for Zaragoza, Seville and Galicia in Spain, Reynaud (2008)
and Nauges and Reynaud (2001) for the southwest of France or Grafton and

340ur own estimation with our data for the 5 municipallities used by Martins and Fortunato
(2007) yielded a price-elasticity of —0.187, which reveals that this municipalities have an above
average reaction to price changes, but most of the difference is probably explained simply by
the fact that the data used by both studies has rather different characteristics. Dalhuisen
et al. (2003) have shown that the frequency of the data can have a significantly impact on the
estimated price-elasticity and that estimations from monthly data usually yield more elastic
results than with annual data. The only comparable estimation performed on the INSAAR
data for all Portuguese water utilities in 2002 was done by Martins and Fortunato (2004), but
this work does not find a significant coefficient for the price variable.
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Ward (2007) for Sydney in the New South Wales region of Australia. All these
regions have weather conditions similar to what can be found in Portugal. The
income elasticity is 0.036, also a low value. Curiously, low values estimated for
income elasticities are also not unheard of for regions at latitudes similar to Por-
tugal and with close weather conditions as can be seen from Martinez-Espineira
and Nauges (2004) for Spain, Nauges and Thomas (2000), Nauges and Rey-
naud (2001) and Garcia and Reynaud (2004) for France, Mylopoulos, Mentes
and Theodossio (2004) for Greece, Nauges and Blundell (2002) for Cyprus, Yoo
(2007) for South Korea, Barkatullah (1996) for Australia or Nieswiadomy and
Molina (1991) for Texas, USA. The coefficients for the variables which together
compose the usual "difference" variable in the Taylor-Nordin price specification,
here decomposed into the block subsidy effect and the fixed charge, carry the
expected negative signs but are not significantly different from zero. This may
be a demonstration that consumers are not aware of the block subsidy effect
or simply do not react to it for being small in comparison to their household
income. The fact that fixedtotal does not affect water demand is expected and
supported by economic theory due to the fact that it is a fixed charge which

does not vary with the amount of water consumed.

33



Figure 9: Estimation results

RE GLS regression with AR(1) disturbances Number of obs = 850
Group variable (i): mun_number Number of groups = 267
R-sq: within = 0.0007 Obs per group: min = 1
between = 0.4181 avg = 3.2
overall = 0.3360 max = 4
Wald chi2(11) = 192.44
corr(u_i, Xb) = 0 (assumed) Prob > chi2 = 0.0000
theta ——m——————
min 5% median 95% max
0.2532 0.3471 0.4618 0.4618 0.4618
consumption | Coef. Std. Err. z P>|z| [95% Conf. Interval]
_____________ o
mptotalz | -1.514943 . 4533426 -3.34 0.001 -2.403478 -.6264076
diftotalz | -.2115921 .1847499 -1.15 0.252 -.5736952 .150511
fixedtotal | -.0484121 .0682318 -0.71 0.478 -.182144 .0853197
income | .0769521 .0299292 2.57 0.010 .0182919 .1356124
temp | .2852466 .0831483 3.43 0.001 .1222789 .4482144
prec | -.0002155 .0001675 -1.29 0.198 -.0005438 .0001129
seasonal_d~g | -3.989319 1.093954 -3.65 0.000 -6.133429 -1.845208
bathroom | -5.705003 2.127202 -2.68 0.007 -9.874242 -1.535765
elder | -8.28573 1.913328 -4.33 0.000 -12.03579 -4.53567¢6
waterqual | -3.249893 1.568429 -2.07 0.038 -6.323957 -.1758281
_cons | 7.260047 1.547328 4.69 0.000 4.22734 10.29275
,,,,,,,,,,,,, e
rho_ar | .1783168 (estimated autocorrelation coefficient)
sigma_u | 1.2073364
sigma_e | 1.3339888
rho_fov | . 45028633 (fraction of variance due to u_i)
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The weather related variables have the expected signs, i.e., water demand
increases with temperature and decreases with the amount of precipitation,
although the coefficient for the latter is not significantly different from zero®.
As expected, the % of seasonally inhabited dwellings has a significant negative
effect on water consumption as does the % of houses without a bathtub or a
shower. The negative coefficient for the % of people with 65 or more years of age
confirms the previous findings. Finally the significant and negative coefficient
for waterqual is a result which supports the view that consumers are aware of
the tap water quality and do decrease their consumption when they consider
it inadequate, perhaps turning to bottled water, private boreholes and wells or
public fountains for their drinking and cooking water needs. This finding adds
to the evidence brought up by Ford and Ziegler (1981), the only other study we
are aware of that included delivered water quality as an explanatory factor for
residential water demand.

Some authors like Foster and Beattie (1981) criticize the Taylor-Nordin price
specification for assuming a fully informed consumer who is aware of the entire
rate schedule and who responds to it accordingly. They argue that the con-
sumer may only be aware of the total values of water expenditures and water
consumption, supporting the use of an average price specification. Nieswiadomy
and Molina (1991) apply the test procedure developed by Shin (1985) to test
whether the consumer responds to the marginal or the average price (aptotal)
of water. They consider the following "price perception variable", where k is
the price perception parameter to be estimated:

aptotal )k

25
mptotal (25)

P* = mptotal x (

A value of 0 for k£ would mean that consumers were responding to marginal
price, rather than average price, while a value of 1 would have the opposite

meaning. The adaptation of the test to our panel data framework proceeds as

35Perhaps a different specification for the rainfall variable could be a better explanatory
variable for residential water demand. For example, some authors like Olmstead et al. (2007)
transform it into a measure of effective rainfall ans subtract it from potential evapotranspi-
tation to get a variable representing the moisture requirement for lawns. Others like Schleich
and Hillenbrand (2007) consider only the rainfall occured in the summer months. Hoffmann,
Worthington and Higgs (2006) choose to use the number of rainy days, instead of the actual
amount of precipitation.
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follows. The ratio ﬁm (perceived) is included in a double-log functional form
ptotal

for water demand which is of subsequently estimated (Z;; is the vector of the

remaining exogenous regressors in logarithmic form and §3 the vector of their
associated coefficients).

In consumption;; = d1+9d5 In mptotaliﬂr&zk’1nperceivedit+53Z;t+ai+sit (26)

The error structure is similar to (21). k can be recovered after the estimation

of (26) by dividing the coefficients associated with In perceived and In mptotal.

Because the endogeneity suspicions apply to the average price as well as the

marginal price, we start by instrumenting it in the same fashion as we did with

mptotal and di ftotal.
aptotalyy = 1 + 1, fizedtotal;s +1sm3 10+ cale _tarif fir +a;+ein (27)

The estimation results from a random effects model for (27) are shown in

Figure 10.

Figure 10: Random effects regression for aptotal
Random-effects GLS regression Number of obs = 856
Group variable (i): mun_number Number of groups = 268
R-sg: within = 0.5743 Obs per group: min = 1

between = 0.8227 avyg = 3.2
overall = 0.7979 max = 4
Random effects u_ i ~ Gaussian Wald chiz(3) = 2022.11
corr(u_i, X) = 0 (assumed) Prob > chi2 = 0.0000
aptotal | Coef. sStd. Err. Z P>lz| [95% Conf. Intervall]
,,,,,,,,,,,,, e
fixedtotal | .1813971 .0053863 33.68 0.000 .1708401 .191954
m3_10 | . 4828797 .0305547 15.80 0.000 .4229936 .5427658
calc_tariff | .0583706 .0162785 3.59 0.000 .0264653 .0902759
_cons | .1154036 .0187585 6.15 0.000 .0786376 .1521695
,,,,,,,,,,,,, e
sigma_u | .12767887
sigma_e | 09362701
rho | 65030926 (fraction of wariance due to u_i)

Figure 11 shows the low p-value for the Davidson and MacKinnon test of
exogeneity which indicates that the null hypothesis of exogeneity cannot be
accepted with confidence, which supports the usual option on instrumenting

the price variables in the presence of block tariffs36.

36The Hausman test is not computable for this case.
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Figure 11: Davidson and MacKinnon test of exogeneity for aptotal

. xtivreg consumption income temp seasonal_dwelling bathroom elder waterqual (aptotal =
fixedtotal m3_10 calc_tariff), fe
Fixed-effects (within) IV regression Number of obs = 850
Group variable: mun_number Number of groups = 267
R-sqg: within = 0.0026 Obs per group: min = 1
between = 0.0580 avg = 3.2
overall = 0.0650 max = 4
Wald chi2(5) = 29141.60
corr(u_i, Xb) = 0.1881 Prob > chiZ2 B 0.0000
consumption | Coef. Std. Err. z P>lz| [95% Conf. Interval]
,,,,,,,,,,,,, e
aptotal | -.1085296 .4950299 -0.22 0.826 -1.07877 .8617112
income | .02334985 .0710764 0.33 0.743 -.1159577 .1626567
temp | -.0913173 .2123334 -0.43 0.667 -.5074831 .3248485
seasconal_d~g | (dropped)
bathroom | (dropped)
elder | -2.640374 6.688423 -0.39 0.693 -15.74944 10.46869
waterqual | -.3808349 1.940894 -0.20 0.844 -4.184917 3.423247
_cons | 9.441598 3.527226 2.68 0.007 2.528362 16.35483
,,,,,,,,,,,,, U
sigma_u | 2.0194139
sigma_e | 1.277825¢6
rho | . 71408243 (fraction of variance due to u_i)
F test that all u_i=0: F(266,578) = 4.26 Prcb > F = 0.0000
Instrumented: aptotal
Instruments: income temp seasonal_dwelling bathroom elder waterqual fixedtotal m3_10
calc_tariff
. dmexogxt
Davidson-MacKinnon test of exogeneity: 3.779982 F( 1,577) P-value = .0524

Figure 12 shows that the Anderson test rejects the null hypothesis of under-
identification, thus supporting the relevance of the instruments chosen, while
the Sargan test does not reject the null hypothesis of the instruments’ validity.
Separate difference-in-Sargan tests were performed on each instrument to check
their individual validity as instruments for aptotal. None of the tests rejected

the null hypothesis.
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Figure 12: Tests of instrument relevance and validity for aptotal

xtivreg2 consumption income temp seasonal_dwelling bathroom elder waterqual (aptotal
fixedtotal m3_10 calc_tariff), fe
Warning - singleton groups detected. 18 observation(s) not used.
Warning - collinearities detected
Vars dropped: seasonal_dwelling bathroom

FIXED EFFECTS ESTIMATION

Number of groups = 249 Obs per group: min = 2
avyg = 3.3
max = 4
IV (25LS) estimation
Estimates efficient for homoskedasticity only
Statistics consistent for homoskedasticity only
Number of obs = 832
F( 5, 578) = 0.10
Prcbh > F = 0.9928
Total (centered) SS = 046.2144463 Centered R2 = 0.0026
Total (uncentered) SS = 946.2144463 Uncentered R2 = 0.0026
Residual ss = 943.7805394 Root MSE = 1.272
consumption | Coef. Std. Err. z P>|z| [95% Conf. Interval
,,,,,,,,,,,,, U
aptotal | -.1085296 .4929026 -0.22 0.826 -1.074601 .8575417
income | .0233495 .070771 0.33 0.741 -.1153591 .162058
temp | -.0913173 .2114209 -0.43 0.666 -.5056946 .32306
elder | -2.640374 6.65968 -0.40 0.692 -15.69311 10.41236
waterqual | -.3808349 1.932553 -0.20 0.844 -4.168569 3.406899
Underidentificaticn test (Anderson canon. corr. LM statistic): 332.424
Chi-sq(3) P-val = 0.0000
Weak identification test (Cragg-Dcnald Wald F statistic): 254.715
Stock-Yogo weak ID test critical values: 5% maximal IV relative bias 13.91
10% maximal IV relative bias 9.08
20% maximal IV relative bias 6.46
30% maximal IV relative bias 5.39
10% maximal IV size 22.30
15% maximal IV size 12.83
20% maximal IV size 9.54
25% maximal IV size 7.80
Scurce: Stock-Yogo (2005). Reproduced by permissicn.
Sargan statistic (overidentification test of all instruments): 1.623
Chi-sq(2) P-val = 0.4441

Instrumented: aptotal

Included instruments: income temp elder waterqual
Excluded instruments: fixedtotal m3_10 calc_tariff
Dropped collinear: seasonal_dwelling bathroom
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After the model (26) was estimated (see results in Figure 13) the following

nonlinear hypothesis were tested:

02k
Hy: — =
0: 5, 0
o2k
Hy:— =1
05,

(28)

(29)

The test statistic for (28) is 0.23 which corresponds to a p-value of 0.6326

in a x2(1). The test statistic for (29) is 8.66 which corresponds to a p-value of

0.0033 in a x2(1). The result is therefore very clear. (28) is not rejected while

(29) is, meaning that Portuguese consumers do respond to the marginal price

and not to the average price of water.

Figure 13: Estimation result of the auxiliary model for the price perception test

255.60
0.0000

-.0472387
.1012521
.1376108
.9728568

-.0647429
.0099388

-.1112176
.0044231

-.0543067

RE GLS regression with AR(1l) disturbances Number of obs
Group variable (i): mun_number Number of groups
R-sq: within = 0.0027 Obs per group: min
between = 0.5061 avyg
overall = 0.4095 max
Wald chi2(9)
corr(u_1i, Xb) = 0 (assumed) Prob > chiz
——————————————————— theta ——————————————
min 5% median 95% max
0.2692 0.3527 0.4588 0.4588 0.4588
lnconsumpt~n | Coef sStd. Err z P>lz| [95% Conf
,,,,,,,,,,,,, o
lnmptotalz | -.1084412 .0312263 -3.47 0.001 -.1696437
lnperceived | .0210365 .0409271 0.51 0.607 -.059179
lnincome | .0886064 .0250027 3.54 0.000 .0396019
Intemp | .6992438 .1396011 5.01 0.000 .4256307
lnseasonal~g | -.123602 .0300307 -4.12 0.000 -.1824611
lnbathroom | -.0442686 .0276573 -1.60 0.109 -.0984759
lnelder | -.2146465 .0527708 -4.07 0.000 -.3180754
lnwaterqual | -.0087782 .0067355 -1.30 0.192 -.021979¢6
_cons | -.7855641 .3730974 -2.11 0.035 -1.516822
,,,,,,,,,,,,, o
rho_ar | .25861855 (estimated autocorrelation coefficient)
sigma_u | .15487805
sigma_e | .16016525
rho_fov | .48322229 (fraction of variance due to u_1i)
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7 Functional form specification tests

We now turn to the question of choice of functional form. Table 7 presents the
estimation results for the functional forms considered in Tables 1 and 2. The
nonsignificant variables from the Figure 9 were removed?”. All coefficients retain
the expected signs already seen in Figure 9. Only bathroom and waterqual have
somewhat less significant coefficients in specific functional forms. All other
coefficients are always significant at the 1% level.

Table 8 presents the calculations of the demand elasticities for the several
functional forms considered.We can see that the results for the price-elasticities
are generally robust to the choice of functional form, with only small variations
between them.

To choose between the several functional forms presented in Table 7 we focus
on three different methods:

- an encompassing approach (Mizon and Richard (1986));

- a comprehensive approach (the J test) (Davidson and MacKinnon (1981));

- the PE test (MacKinnon, White and Davidson (1983)).

The first two approaches will be used to compare nonnested models with
the same dependent variable, while the PE test will be used to compare models
where consumption is defined in natural logarithms with models where it is
introduced without that transformation.

The encompassing approach starts by assuming one of the models being
compared as the base model. Then it proceeds to create and estimate a model
were the variables from the alternative model not included in the base model
are added to it. The null hypothesis of the test is that the coefficients of these
additional variables are all zero. A t-test or a Waldman F-test, depending on
whether one or more additional regressors were added to the base model, is
performed to test the null hypothesis and the validity of the base model. The

role of each model can be reversed and the test performed again to the test the

37Besides the usual advantages for efficiency of removing insignificant variables from an
econometric model, the removal of diftotal has the additional advantage of enabling the
estimation of the linlog and double-log models, because it has both negative, null and positive
values.
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validity of the alternative model®®.

38See Greene (2003), p. 154, and Verbeek (2000), pp. 55-6, for further details.
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Table 7: GLS regressions with AR(1) disturbances for several functional forms

Functional form Linear Double-log Log-lin Lin-log Stone-Geary
Variable Coef. Coef. Coef. Coef. Coef.
(Std. Err.) (Std. Err.) (Std. Err.)  (Std. Err.) (Std. Err.)
mptotalz -1.236%** -0.111%%* -0.154%** -0.910%** -
(0.360) (0.027) (0.045) (0.213) -
income 0.079*** 0.091*** 0.010%** 0.594%** -
(0.030) (0.025) (0.004) (0.193) -
(incomc*103)/mptotalz - - - - 0.001%***
- - - - (0.000)
temp 0.342%** 0.682%** 0.049*** 4.284%** 0.330%**
(0.072) (0.138) (0.010) (1.055) (0.072)
seasonal _dwelling -3.952%** -0.124%%* -0.647%** -0.891%** -3.429%**
(1.087) (0.030) (0.140) (0.226) (1.055)
bathroom -5.815%** —0.043T -0.867*** -0.382% -4.608**
(2.120) (0.027) (0.273) (0.209) (2.056)
elder -7.353%** -0.211%** -1.025%** -1.409%** S7.141%%*
(1.840) (0.052) (0.235) (0.394) (1.844)
waterqual -2.807* -0.009 -0.374%* -0.065 -2.128
(1.508) (0.007) (0.182) (0.054) (1.505)
intercept 5.864*** -0.734%* 1.739%** -10.259%** 4.841%%*
(1.251) (0.368) (0.159) (2.825) (1.206)
N 873 830 873 830 873
wald X2 (7) 188.82 259.42 246.29 211.40 184.07
Prob >x2 (7) 0.000 0.000 0.000 0.000 0.000
Price-elasticity -0.101 -0.111 -0.094 -0.122 -0.052
Income-elasticity 0.037 0.091 0.033 0.078 0.001

*** Significance at the 0.01 level
** Significance at the 0.05 level
* Significance at the 0.10 level

f Significance at the 0.15 level

Table 8: Summary of elasticity results for several functional forms

Functional form Linear

Double-log Log-lin Lin-log Stone-Geary

Variable Elast.
mptotalz -0.101
income 0.037
temp 0.700
seasonal dwelling -0.127
bathroom -0.076
elder -0.205
waterqual -0.153

Elast. Elast.
-0.111 -0.094
0.091 0.033
0.682 0.748
-0.124 -0.155
-0.043 -0.085
-0.211 -0.214
-0.009 -0.015

Elast. Elast.
-0.122 -0.052
0.078 0.001
0.574 0.675
-0.119 -0.110
-0.051 -0.060
-0.189 -0.199
-0.009 -0.012
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The comprehensive approach or J-test consists of adding to the base model
the fitted values of the alternative model and testing whether or not they are
significantly different from zero by means of a t-test??. The null hypothesis of
a zero coefficient corresponds a valid base model.

Finally, the PE test for the validity of the model with the linear specification
of the dependent variable (base model) involves adding to this base model the
difference between the natural logarithm of the fitted values for the base model
and the fitted values for the alternative model (the one with the dependent
variable in logarithms). The null hypothesis that the coefficient of this additional
regressor is zero, supports the linear model if it is not rejected and invalidates
it against the alternative otherwise. To test the validity of the model with
the dependent variable in logarithms we must add to the loglinear model the
difference between fitted values of the linear model and the exponential function
of the fitted values of the loglinear model. The null hypothesis for this second
model states that the coefficient of this additional regressor is zero. If rejected
it invalidates the loglinear model, but if not rejected, then it may be preferable.
The PE test is an adaptation of the J-test for different dependent variables*’.

Table 9 shows the results of the relevant specification tests for comparing the
different functional forms and the preferred one for each comparison. Summing
up, we can see that the semilogarithmic functional form log-lin performs worst
than any of the alternatives. The Stone-Geary form is also rejected when com-
pared to the linear or to the lin-log semilogarithmic forms. The linear functional
form is also not the preferred as it is discarded when compared to the lin-log
alternative. The only alternative which is not rejected when compared with the
lin-log is the double-log specification. The PE test rejects either form and none
is preferred. The double-log specification is preferred to the semilogarithmic
log-lin, but the tests fail to decide when it is compared to any of the other three
alternatives. In the end we are left with an inconclusive choice between the
semilogarithmic lin-log functional for and the double-log specification. This is
unfortunate as we have seen that the former would justify IBT, while the latter

would recommend an uniform volumetric rate (either of them coupled with a

39See Greene (2003), pp. 154-5, and Verbeek (2000), p. 56, for further details.
40See Greene (2003), pp. 178-80, and Verbeek (2000), p. 56-7, for further details.
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fixed charge, leading to a multi-part tariff for the former and a two-part tariff

for the latter).

Table 9: Specification tests results and resulting preferred functional form

Funct. form Double-log Log-lin Lin-log Stone-Geary
Linear undetermined Linear Lin-log Linear
ncompassin - - (H,: linear; F-test: 0.070) (H,: linear; t-test: 0.365)
E P g 0 0
- - (Hg: lin-log; F-test: 0.822) (Hg: SG; F-test: 0.152)
omprehensive (H: linear; t-test: 0.016) (H: linear; t-test: 0.537) (H,: linear; t-test: 0.002) (H,: linear; t-test: 0.365)
C h 0 0 0 0
(J-test or PE-test) (Hg: d-log; t-test: 0.003) (Hy: log-lin; t-test: 0.000) (Hg: lin-log; t-test: 0.558) (Hg: SG; t-test: 0.065)
Double-log - Double-log undetermined undetermined
Encompassing (Hg: d-log; F-test: 0.404) - -
(IIO: log-lin; F-test: 0.025) - -
Comprehensive (Hg: d-log; t-test: 0.227) (Hgy: d-log; t-test: 0.000) (Hgy: log-lin; t-test: 0.020)
(J-test or PE-test) (H: log-lin; t-test: 0.001) (H: lin-log; t-test: 0.002) (Hg: SG; t-test: 0.001)
Log-lin - - Lin-log Stone-Geary
Comprehensive (Hgy: log-lin; t-test: 0.000) (Hy: log-lin; t-test: 0.535)
(J-test or PE-test) (H: lin-log; t-test: 0.472) (Hg: SG; t-test: 0.002)
Lin-log - - - Lin-log
Encompassing (Hg: lin-log; F-test: 0.783)
(IIO: SG; F-test: 0.031)
Comprehensive (Hg: lin-log; t-test: 0.639)
J-test or -tes (Hy: SG; t-test: 0.000)
J-test PE-test 0

Our analysis of the Portuguese residential water demand does not enable

us to conclude if the IBT universally applied by the Portuguese water utili-

ties for residential water supply and to a much lesser extent to the wastewater

component of the water bill can be grounded on efficiency reasons, besides the

usual justifications for its implementation based on equity or water conserva-

tion concerns. We were, nevertheless, unable to dismiss this possibility when

the conditions described by Roseta-Palma and Monteiro (2008) apply.
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8 Conclusion

We tested the conditions derived by Roseta-Palma and Monteiro (2008) for IBT
to be a second-best pricing practice under water scarcity and budget balancing
constraints, when consumers are heterogeneous and the fixed charge is only
allowed to cover fixed costs and not to act as a lump sum charge in order to
guarantee cost recovery by the water utility. The choice of functional form,
which is most usually based on convenience for the practical research objective
at hand, is shown to be essential in determining the outcome of such a test.
While a linear or semilogarithmic specifications would lead us to conclude that
IBT are justified, a double-log functional form would recommend a uniform
volumetric rate and a Stone-Geary specification would make the choice of tariff
schedule design dependent on the estimated values of the coefficients associated
with each regressor.

We estimate residential water demand for Portugal for a panel of annual
data at the municipal level for four different years through a random effects
GLS estimator with AR(1) disturbances and make the choice of functional form
dependent on the appropriate statistical specification tests for comparing each
pair of alternative hypothesis (like the J-test or the PE-test). We are left with
an inconclusive choice between a semilogarithmic lin-log functional form and a
double-log specification. Therefore it has not been proved that the use of IBT
can have efficiency justifications, besides the usual equity and water conservation
concerns, but such possibility could not be dismissed.

The results for the water demand determinants confirm that residential water
demand does respond to the marginal and not to the average price, although it
is inelastic. Besides the usual positive impact of income, temperature and water
using appliances and the negative impact of the proportion of elderly people, we
show that the proportion of seasonally inhabited dwellings and a reduced water
quality on delivery can have a significant negative influence on the amount of
water households consume.

Future research on the Portuguese water demand could try to improve the

data available, gathering household level information to explicitly model the
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choice of consumption block and include more specific household characteris-
tics, like gardens and pools. Intra-annual data would also be valuable in the
identification of seasonal consumption patterns or in the separation of indoor
and outdoor water demand, enabling further research on whether seasonally
differentiated tariffs are called for. Furthermore, if the frequency of observa-
tions was similar to the billing frequency, lagged price specifications coud be
tested and the speed of adoption of water saving measures in response to higher
prices could also be investigated. Finally, the combination of water demand
estimations with research on the costs of water supply and sewerage would be
valuable to better assess the potential of the tariff schedules to contribute to
the objectives set out by the Water Framework Directive for 2010 regarding
the establishment of efficient water prices and adequate cost recovery levels.
Furthermore, if cost savings could be made, by the water utilities by seizing
economies of scale for example, adequate cost recovery levels might be achieved

with a lesser impact on tariffs and consumers.
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