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Abstract In many countries water supply is a service that is seriously underpriced, espe-
cially for residential consumers. This has led to a call for setting cost recovery policies to
ensure that the tariffs charged for water supply cover the full cost of service provision. Iden-
tification of factors driving piped and non-piped water demand is a necessary prerequisite
for predicting how consumers will react to such price increases. Using cross-sectional data
of 1,800 households from Southwest Sri Lanka, we estimate water demand functions for
piped and non-piped households using appropriate econometric techniques. The (marginal)
price elasticity is estimated at —0.15 for households exclusively relying on piped water, and
at —0.37 for households using piped water but supplementing their supply with other water
sources. The time cost elasticity for households relying on non-piped water only is estimated
at —0.06 on average, but varying across sources. For both piped and non-piped households,
we find evidence of substitutability between water from different sources. We discuss the
implications of these results in terms of pricing policy.

Keywords Demand estimation - Household water use - Piped and non-piped water
services - Price elasticity - Pricing policy - Sri Lanka

1 Introduction

In many countries water supply is a service that is seriously underpriced, especially for resi-
dential consumers. This has led to a call for setting cost recovery policies to ensure that the
tariffs charged cover the full cost of service provision. A detailed knowledge of the structure
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of water demand of piped and non-piped households is thus essential for planning pur-
poses. It helps predict the impact on consumers’ demand and welfare of any policy involving
some change in tariffs and/or income for the household. Using cross-sectional data of 1,800
households from Southwest Sri Lanka, we estimate water demand for piped and non-piped
households using appropriate econometric techniques.

The present paper contributes to the still short literature on residential water demand
in developing countries.! Using household survey data from 17 cities in Central America
and Venezuela, Strand and Walker (2005) derive price elasticities for piped and non-piped
households equal to —0.3 and —0.1, respectively. Nauges and Strand (2007), using the same
dataset, estimate water demand of non-piped households in four cities in El Salvador and
Honduras. They found non-tap water demand elasticities with respect to total water cost
(defined as the sum of water price and collection time costs) of between —0.4 and —0.7.
Basani et al. (2008), using cross-sectional household-level data from seven provincial Cam-
bodian towns, estimated the price elasticity of water demand of connected households to lie
in a range between —0.4 and —0.5. The only study who found evidence of a price elastic
water demand is Rietveld et al. (2000) using data for connected households from Indonesia
(price elasticity has been estimated at —1.2).?

Estimation of household water demand functions in developing countries remains scarce
for the main reason that necessary data are not always available. First, water consumption
may not always be metered. Second, because the conditions of access and actual use of water
sources vary in general across households (especially in urban areas), well-designed house-
hold surveys are needed.’ In particular, information on the conditions of access to each water
source (price, distance to the source, quality, reliability, etc.) are necessary (see Mu et al.
1990, for related discussions).

In this article, we estimate water demand for piped and non-piped households using data
from a survey of 1,800 households conducted in Sri Lanka in August—October 2003. Because
of almost universal metering of households with piped water connections, the consumption
data have a high degree of accuracy that is not often found. In addition, the dataset is com-
plemented by a large set of socioeconomic and health variables. The main contribution of
this article is to provide measures of substitutability/complementarity between water sources
for both piped and non-piped households, through the estimation of systems of simultaneous
water demand equations. This approach allows for water to be considered a heterogeneous
good and provides measures of direct and cross-price elasticities. We control for the simulta-
neity between choice of water source and choice of quantity by estimating the probability of
households to have a connection to the piped network. A Tobit approach is used to deal with
censored observations in the system of water demands. As far as we know, this approach is
novel in this literature.

Section 2 describes the background and data. In Sect. 3, we discuss the specification
of the water demand models. Estimation strategy and estimation results are presented in

L' An extensive empirical literature exists on residential water consumption in developed countries (see Hane-
mann 1998; Arbués-Gracia et al. 2003, or Dalhuisen et al. 2003 for comprehensive surveys). In developing
countries, studies on household water use have been mainly under the form of contingent valuation studies and
hedonic price studies to measure household’s valuation of improved water services (see among others Whit-
tington et al. 1990; North and Griffin 1993; Daniere 1994; Whittington et al. 2002; Komives 2003; Pattanayak
et al. 2006).

2 Rietveld et al. (2000) are the only authors to use the discrete-continuous model first proposed by Burtless
and Hausman (1978) and transposed to the water demand literature by Hewitt and Hanemann (1995).

3 On the contrary, most analyses from industrialized countries are based on aggregate consumption data
provided by water utilities.
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Sects. 4 and 5, respectively, while policy implications and conclusions are found in
Sect. 6.

2 Background and Data

The population of surveyed households covered three urban districts in Southwest Sri Lanka:
Gampaha, Kalutara and Galle. Among the surveyed households, 38% have a private connec-
tion to the piped network.* These households consume on average about 1351 of water per
capita per day from the piped network. The rest of the surveyed households do not have any
piped connection and rely on other private or public sources including private well, public tap,
public well, water provided by neighbours, vendors and surface water. Households relying
on private wells consume on average 1851 per capita per day, more than twice the amount of
water collected on average from community sources: public wells (781), neighbours (561),
and public taps (241). About 40% of the piped households in our sample also use water from
other sources, mostly from private wells. Piped households consume on average 10 m3/month
from these sources. Getting water from more than one source is also quite common among
the population of non-piped households.”

Water from the piped network is charged through an increasing five-block tariff.® The same
tariff applies to all piped households in our sample. The typical or median monthly water bill
is SLK 89, while a typical household spends SLK 10,300 on household expenses—suggesting
that the costs of piped water supply makes up less than 1% of household expenditure. Con-
suming non-piped water imposes different types of “costs” on a household, when compared
to using the water directly from their private tap. First, the household may spend time to go
to the source and wait at the source to obtain the water. Second, water from most non-piped
water sources in general involves equipment costs (the household may need to buy equip-
ment to abstract the water such as a hand pump or an electric pump). Third, the household
may need to pay a fee to get access to the water, in particular if bought from vendors or
community sources. Finally, there is the inconvenience of not having access to piped water
as such, including a possible lower quality of the non-piped water. In our sample, walking
time for piped households who collect water from a private well or from community sources
is on average less than 5 min, whatever the source. The shortest walking time is observed,
as expected, for those households who get water from a private well. Only households col-
lecting water from public taps have to wait at the source (7-8 min on average). Households
in our sample do not pay any fee for buying non-piped water, whatever the source, but they
do pay for installing equipment to obtain access to the source of water. The most common
equipment is a bucket and rope followed by hand and electric pumps.

Descriptive statistics on household’s socioeconomic characteristics are presented in
Table 1, for both piped and non-piped households (for greater information on survey and
data, see Nauges and van den Berg 2007). Mean comparison tests show that piped house-
holds in general are characterized by having more household members, higher income, and
higher education than non-piped households.

4 Piped households had to pay SLK 8,415 (equivalent to US $87 in 2003) in order to get a private connection
to the piped network (including road cutting, pipe laying, meter installation). This represents about half the
monthly wage for a piped household.

5 The most frequent combination of water sources among the surveyed households is neighbours with private
well, public tap with private well, and public well with private well.

6 Block 1: [1-10m?], price is 1.25 SLK/m?; block 2: [11-15m3], 2.50 SLK/m?; block 3: [16-20m3], 6.50
SLK/m3; block 4: [21-25m3], 20.00 SLK/m?; block 5: [>25m?], 45.00 SLK/m?3.
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Table 1 Descriptive statistics on households’ characteristics

Variables Non-piped households Piped households Mean comparison test®
Mean  (Std dev) Mean  (Std dev)  Test-statistic  p-value

Household monthly wage 13,047 (306) 15,149  (462) —3.91 0.0001
(SLK)

Total monthly income (SLK) 16,725 (622) 22,259 (2,176) —3.06 0.0022

Household size 4.68 (0.05) 4.93 (0.08) —2.80 0.0052

Total number of rooms 3.94 (0.06) 3.98 (0.07) —0.39 0.6959

Use of a storage tank (0/1 »® 0.44 (0.01) 0.39 (0.02) 2.09 0.0365

Years of education completed  8.67 (0.09) 9.29 (0.12) —4.03 0.0001
by household’s head

Number of households 1,116 602

4 For each variable, the null hypothesis is equality of the mean between non-piped and piped households
b Indicates a variable taking two values only: 0 or 1

3 Specification of the Water Demand Models
3.1 Structure of the Demand Models

In the literature on water demand, which has been essentially based on data from developed
countries, the water demand function of the representative household connected to the piped
network is traditionally specified as a single equation of the form:

q=f(p,%), ey

which describes the relationship between piped water consumption (g) on the one hand,
and the price of piped water (p) and a vector of household characteristics (x) (to control
for heterogeneity of preferences and outside variables affecting water demand) on the other
hand. This approach is useful to describe the behaviour of piped households in developed
countries where almost 100% of households are connected to the piped network and where
substitutes often do not exist. The single-equation approach has also been used by the few
authors using data from developing countries, in general to estimate demand for water from a
particular source: among other examples, Crane (1994) specifies separate demand equations
for Indonesian households supplied by water vendors and for households relying on hydrants;
Rietveld et al. (2000) and Basani et al. (2008) estimate a water demand equation for house-
holds with a piped connection. The estimation of (single) source-specific demand equations
provides insight on variables driving water use from that particular source, such as its own
price, quality and accessibility. However, this approach does not allow to measure substi-
tutability/complementarity between water from different sources. In this article, we propose
to estimate a system of simultaneous demand equations corresponding to water drawn from
different sources. A general system of L water demand equations reads as follows:

1

q'= X ylp+x'pl+u!

M=

k=1

(@)

<
=
I
M=

vk pr + xUBL +ut

,V.
Il
-

@ Springer



Demand for Piped and Non-Piped Water Supply Services 539

where qk (k =1, ..., L) is water consumption from source &, pX(k=1,...,L)isthe price
[resp. cost of water collection] for piped water [resp. non-piped water] taken from source &,
the x-vector gathers household’s characteristics, and uk (k =1, ..., L) is the usual idiosyn-
cratic error term.

If consumption and price [cost] are measured in logs, then the coefficient y,f in equa-
tion k will measure “direct” price [cost] elasticity of demand for water from source k. The
coefficients ykj for j # k will provide a measure of “cross”-price elasticity, i.e., by how
much will consumption of water from source j change if the price [cost] of water from
source k increases. We expect negative direct price and cost elasticities and positive cross-
price elasticities (since we expect that water from different sources are substitute rather than
complement).

In what follows, we estimate two systems of simultaneous water demand equations. In
our sample, about 40% of the piped households combine water from the piped network with
water from other sources, mostly from private wells. We thus estimate, for the sub-sample of
piped households, a system of two equations combining water from the piped network with
water from non-piped sources. In the group of non-piped households, the most frequent case
is households combining water from a private well with water from neighbours. We thus
estimate a system of two simultaneous demand equations, one for each of these two sources.

3.2 Measurement of Price and Cost

Explanatory variables in water demand models commonly include water price, income, and
household demographic and socioeconomic characteristics. Some discussion is needed here
regarding the specification and measurement of the price variable for piped and non-piped
water. For all households in our sample water from the piped network is sold under the
same five-block increasing tariff, and all piped households have to pay a fixed fee of SLK
50, whatever their monthly consumption. Homogeneous pricing in our sample makes it
impossible to estimate water demand using the (theoretically consistent) two-step approach
describing the choice of the block (first step) and the choice of consumption inside the block
(second step), along the lines of Hewitt and Hanemann (1995). Instead, we follow the instru-
mental variables (IV) approach which has been commonly used in the water demand as well
as in the labor supply and energy demand literature (Agthe et al. 1986; Deller et al. 1986;
Nieswiadomy and Molina 1988, 1989). The use of instruments for the price variable (in a
two-stage least squares framework) allows to get unbiased estimates of the price coefficient
in the demand equation. The main drawback of this approach tough, is that the interpretation
of the price coefficient as a price elasticity is conditional on the household remaining within
the observed block of consumption (Olmstead et al. 2007).

In the context of IV estimation, the econometrician has to make a decision regarding the
price variable to consider in the water demand models. If theory advocates the use of marginal
price (the price of the last cubic meter), average price (computed as total bill divided by total
consumption) has however often been preferred. Authors considering average price argue
that households are rarely well informed on the price structure and are thus more likely to
react to average price than to marginal price.

In the present study, one could argue that average price should be chosen because the
water tariff structure is quite complex (it is made of five different blocks, and the fixed fee
makes up a large part of the total cost especially for lower-volume users) and so households
are less likely to know in which block they are and which marginal price will be charged to
them. However, it is also very well possible that households know the marginal price because
the price in each block varies significantly (from SLK 1.25/m? in the low block (for any
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unit below 10m3/month) to SLK 45/m> for any unit above 25m3/month), and widespread
occurrence of metering assumes that households have (some) control over their consump-
tion.” In the following empirical application, we test which price households are sensitive
to by testing for the significance of the marginal price and average price in the piped water
demand equation.

Costs borne by households collecting water from private wells or community sources
have already been discussed (see Sect. 2). Households in our sample do not pay for the daily
consumption of non-piped water, whatever the source (public tap, public well, neighbours,
etc.); vending of water tends to be virtually non-existent. However households collecting
water from these sources have to spend time to go to the source and to wait at the source.
One should in theory compute an opportunity cost of time, which would correspond to the
(monetary) value of the time spent to get the water for the member of the family in charge
of it. Information on who goes to the source is sporadic in the survey and difficult to use.?
Instead, we consider total time (in minutes) spent to go to the source and to wait there. We
believe that using total time instead of the opportunity cost of time is acceptable in this
case as the average time spent to go and collect the water is quite short (less than 5min on
average).

4 Estimation Procedure

We estimate two systems of two simultaneous equations, one for the sub-sample of piped
households, and one for the sub-sample of non-piped households. Since it is likely that the
decision to get a private piped connection was not taken randomly by households, we have to
control for selection bias by first estimating a model that explains the decision of households
to have (or not) a connection to the piped network. The simultaneity between choice of water
source and quantity of water use was first acknowledged by Whittington et al. (1987) and
two-step Heckman procedure for selection bias correction has been applied since then in this
literature (see, among others, Larson et al. 2006 on data from Madagascar, and Basani et al.
2008 on data from Cambodia).

4.1 Determinants of the Connection Status

The decision of getting a private connection is described using the traditional Probit model.
Authors generally agree that both source attributes and household characteristics should enter
the choice model. Source attributes account for heterogeneity in water from different sources
while household characteristics account for difference in tastes, opportunity cost of time, and
perception of health benefits from improved water. The determinants that we consider in this
study are: income,” household size, number of years of education completed by the head of
the household, dummy variables for district, and dummy variables measuring concern about

7 Distribution graphs of households inside each of the five blocks show that households in the first four blocks
tend to choose the “right-end” of the block, while households in the fifth block are gathering around the
“left-end” of the block. Such behaviour would be more consistent with a “marginal price perception”, since
households (in the first four blocks) seem to consume “up to the limit” once they have selected the block of
consumption.

8 The person in charge of collecting water is in most cases not identified.

9 Income includes estimated total monthly income of all wage earners in the household, plus any other source
of income, plus any money that is remitted to the household by a family member working outside the country.
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taste, reliability, and safety of water from private wells.'? Estimated parameters from this
first-stage Probit are then used to compute the so-called inverse Mill’s ratio that will be added
to the water demand models to control for selection bias (Heckman 1979).

4.2 Water Demand of Piped Households

In our sample, all households with a private connection at home consume water from the
piped network while 41% complement this consumption with water from extra sources. In
most cases (more than 80%), piped households complement their consumption from the
network with water from private wells. In what follows, we estimate a two-equation system
(L = 2) combining demand for water from the piped network (¢') and demand for water
from non-piped sources (¢2). We do not distinguish between the various non-piped sources
for the main reason that the number of observations for non-piped sources other than pri-
vate well is too low. The dependent variable ¢2 can take on a value of zero with positive
probability, when piped households do not use water from extra sources. Because parameter
estimates may be biased if Ordinary Least Squares are used on the sub-sample of positive
observations only, we specify the equation for g2 as a Tobit model for variables censored
at zero. More precisely, we follow the approach developed by Shonkwiler and Yen (1999)
to control for censoring of observations in a system of equations (see Appendix for greater
detail on the estimation technique).

The vector of explanatory variables for the consumption of piped water contains (instru-
mented) price of piped water (in log), time cost for getting water from non-piped sources (in
log), income (in log), number of rooms (in log), number of hours of piped water availability,
whether the household has a storage tank (0/1), and district indicators (0/1). The vector of
explanatory variables for the consumption of non-piped water includes (instrumented) price
for piped water (in log), time cost (in log), household size (in log), income (in log), use of an
electric pump (0/1), and district indicators (0/1). As discussed before, the only cost incurred
by households getting water from non-piped sources is a time cost (they do not pay any fee
per unit of water).

In order to determine to which price piped households are more sensitive to, we estimate
two versions of the system of water demands, one with the marginal price, the other one with
the average price. Marginal price and average price are, by construction, endogenous in the
demand model, and have to be instrumented. Variables correlated with the cost of supplying
water (such as population and network density, labour cost, size of network) are possible
instruments.!! Such information is unfortunately not available in our data. We choose house-
hold location dummies as identifying instruments for the water price paid by the household.
We have 17 such municipality dummies. These dummies are going to be good instruments
as long as household’s location choice does not depend on the set of available water sources.
We believe this to be a reasonable assumption for this particular study area since the set
of available water sources (and above all the possible access to the water network) is quite
similar across the three districts. Predicted values for the marginal and average prices are
then used instead of observed prices in demand models.

10 Households were questioned about their opinion regarding taste, safety, and reliability of water from each
source. From their answers, we build three indicator variables which take the value of 1 if households are
concerned about taste, safety, and reliability of water from their private well, and 0 otherwise.

11 Because the same tariff structure applies to all households (i.e., there is no cross-sectional variation), it is
not possible to use the price of each block and the quantity limiting each of the blocks as instruments for the
marginal and average prices.
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Finally, the decision of households to get a storage tank as well as the decision to buy an
electric pump (used as covariates in the demand equations) were certainly codetermined with
the expected need for water. However, since these decisions were in most cases made some
years ago, we consider that these variables are exogenous to the observed water purchase
decision (see Crane 1994 for similar arguments).

4.3 Water Demand of Non-piped Households

In what follows, we assume that access to non-piped sources is exogenous in the water demand
model for non-piped households, i.e., that conditions of access to water sources were not the
main factor driving household’s choice of location in the first place. This assumption, which
seems reasonable for this particular case study, allows to estimate water demand separately
for different groups of non-piped households. We focus here on those households combining
private well and water collected from neighbours (the most frequent case in our sample). We
estimate a system of two simultaneous demand equations (L = 2). The dependent variables
in the system are the log of water consumption from a private well and the log of water
collected from neighbours (measured in litres per capita per day).

Right-hand side regressors include time cost (to go to and to wait at the source) for water
collected from a private well and water bought from neighbours (in log), household size,
income (in log), number of rooms, use of a storage tank (0/1), household’s ethnicity (which
takes the value of 1 if the household is Sinhalese), concern about taste of water (0/1) for water
from both sources, use of a tub well (0/1), and use of an electric pump (0/1). In the demand
equation for water collected from neighbours, we also control for the type of access provided
by neighbours (private connection or well). Here too, we assume that the decision to buy the
equipment to haul water (which was made some years ago) is exogenous to current water
consumption.

5 Estimation Results

To avoid extreme values in the distribution of water consumption per capita, we cut the dis-
tribution (of total water consumption per capita) above the 5th percentile and below the 95th
percentile.

5.1 Determinants of the Connection Status

Maximum-likelihood estimation results for the Probit model describing household’s connec-
tion status are presented in Table 2.

The model is estimated on the full sample (1,794 households). Overall fit of the model
is satisfactory, providing 66% of correct predictions. Estimated coefficients are almost all
significant and have the expected sign. Households receiving a higher income, households
with a more educated head, and larger households are more likely to have a private connec-
tion. These results confirm previous evidence that households with higher income and better
education are usually more willing to get improved water services (Madanat and Humplick
1993; Hindman Persson 2002; Larson et al. 2006; Nauges and Strand 2007; Basani et al.
2008). Finally, the dummy variable describing concern about reliability of water from pri-
vate well has the expected positive sign and is significant: the more concerned the household
is about reliability of water from the private well, the higher the probability that she gets a
private connection to the piped system. Concerns about taste and safety of water from private
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Table 2 Estimation of the probability to have a connection to the piped network (Probit model): maximum
likelihood estimation results

List of variables Coef. Std. Err. P>z

Dependent variable: probability of having a private connection

Constant —1.3142 0.1403 0.0000
Income? 0.0024 0.0012 0.0520
Household size 0.0335 0.0174 0.0550
Education of the head® 0.0463 0.0104 0.0000
Concern about taste of water from private well (0/1) 0.1405 0.0971 0.1480
Concern about safety of water from private well (0/1) —0.0961 0.1330 0.4700
Concern about reliability of water from private well (0/1) 0.3459 0.1962 0.0780
Negombo district (0/1)—reference - - -
Kalutara district (0/1) 0.5659 0.0798 0.0000
Galle district (0/1) 0.6746 0.0714 0.0000
Number of observations 1,794

Likelihood-ratio test: test statistic (p-value) 143.34 (0.000)

Percentage of correct predictions 66%

4 Income includes estimated total monthly income of all wage earners in the household, plus any other source
of income, plus any money that is remitted to the household by a family member working outside the country.
Income is measured in SLK 1,000

b Number of years of education completed

well are not found significant in this model. From the estimated parameters we compute the
inverse Mill’s ratio which will be added to the water demand models to control for potential
selection bias.

5.2 Estimation of Water Demand of Piped Households

We present here estimation results for the two-equation system combining demand for piped
water and demand for non-piped water. Estimation is made on the sub-sample of piped house-
holds, which amounts to 495 observations overall. Simple tests of the significance of price
coefficients show that piped households in our sample are sensitive to marginal price!? and
specification tests have shown that the price elasticity of piped water demand was different
for piped households using piped water only and piped households combining piped water
with water from extra sources. Tobit estimation results for the two-equation system are shown
in Table 3.

Marginal price elasticity of piped water demand is estimated at —0.37 (significant at the
1% level) for piped households combining piped and non-piped water and at —0.15 (sig-
nificant at the 1% level) for piped households using piped water only. A 10% increase in
the price of piped water would thus induce a decrease in piped water consumption by 3.7%
and 1.5%, respectively. As expected, the higher the time cost to get to non-tap sources,
the higher the consumption from the piped network. Income elasticity is estimated at 0.14.
Households living in a house with a greater number of rooms use on average more water
per capita. Households who get more convenient access to piped water through increased
water pressure (presence of a storage tank) and who enjoy piped water for a greater number
of hours, consume on average more water per capita. Having a storage tank in the house

12 Estimation results for the instrumentation of marginal price are not shown here but are available from
authors upon request.
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Table 3 Sub-sample of piped households. Tobit estimation of a system of water demands

Coef. Std. Err. P>z
Dependent variable: piped water consumption, per
capita per month (log)
Constant 0.3879 0.3913 0.3220
Instrumented marginal price (log) for households —0.3682 0.0771 0.0000
combining piped and non-piped water
Instrumented marginal price (log) for households —0.1507 0.0556 0.0070
using piped water only
Time cost (log) 0.1001 0.0247 0.0000
Income (log) 0.1375 0.0454 0.0020
Number of rooms (log) 0.3213 0.0666 0.0000
Number of hours of piped water availability 0.0152 0.0037 0.0000
Household has a storage tank (0/1) 0.1239 0.0551 0.0250
Negombo district
Kalutara district —0.2036 0.1251 0.1040
Galle district —0.0513 0.1355 0.7050
Mill’s ratio 0.3111 0.2396 0.1940
Number of observations 495
Adjusted R? 0.23
Dependent variable: non-piped water consumption, per
capita per month (log)
Constant 0.6599 0.3075 0.0320
Instrumented marginal price of piped water (log) 0.2524 0.1425 0.0760
Time cost (log) —0.4436 0.0417 0.0000
Household size (log) —0.6230 0.2042 0.0020
Income (log) —0.0628 0.0906 0.4880
Household has an electric pump (0/1) 0.9678 0.2024 0.0000
Negombo district
Kalutara district 0.0370 0.1844 0.8410
Galle district —0.0054 0.1948 0.9780
Mill’s ratio —0.1310 0.3635 0.7190
k (see Eq. A4 in Appendix) —0.1453 0.2213 0.5120
Number of observations 495
Adjusted R? 0.36

Breusch-Pagan test of residuals independence: 4.491
(p-value: 0.0341)

is found to increase monthly per capita consumption by 13% on average.'> An extra hour
of piped water availability would increase monthly per capita consumption by 1.5%. The
district dummies are not found significant in this model (Negombo district is the reference).

As far as non-piped water consumption is concerned, we find a significant elasticity to
time cost. This elasticity is negative and estimated at —0.44. A higher marginal price of
piped water increases consumption of non-piped water, which is evidence for substitutability
between piped and non-piped water. Non-piped water is found to be an inferior good as non-
piped water consumption is found to be negatively related to income (but non-significant).
The result that the income effect is positive for piped consumption only is not surprising,
though. It indicates that wealthier piped households are less likely to substitute piped water
with water drawn from non-piped sources. The coefficient of (log of) household size is found
negative and significant, which confirms that the larger the household, the lower per capita

13 Having a storage tank increases the log of per capita consumption by 0.1239 m3. This corresponds to an
increase in per capita consumption of [exp(0.1239) — 1] = 0.13 or 13%.
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water use. Ownership of an electric pump has a strong effect on non-piped water use. The
system has been re-estimated without the variables “use of a storage tank” and “use of an
electric pump”. The new set of estimates was found to be qualitatively and quantitatively
very close to the set of estimates that is reported here. The coefficient of the inverse Mill’s
ratio is not found significant in any of the two equations, which would suggest that there is
no selection bias in this model due to the connection status (the same result was obtained
by Basani et al. 2008 on data from Cambodia). We also considered some other explanatory
variables such as cost of operating the equipment, education level or household’s opinions
about the piped water service. None of these variables have a significant influence on water
consumption per capita. The survey also includes data on house assets (kitchen assets, toi-
lets) and materials used for building the house. Most of these variables were collinear with
income and, for that reason have been taken out of the demand equation. The Breusch-Pagan
test rejects (at the 5% level) the null hypothesis that residuals from the two equations are
independent.

Price and income elasticities derived for piped households in our sample are in the range
of elasticities estimated in other regions: Central America (see Strand and Walker 2005 and
Nauges and Strand 2007) or Cambodia (Basani et al. 2008). These elasticities are also found
quite similar to those estimated in developed countries in the sense that they confirm a low
price elasticity of piped water demand (i.e., a price elasticity which is less than one in absolute
terms). Our analyses however provide new evidence about the behaviour of piped households
who combine piped water with non-piped water. We find evidence that piped water demand of
households with access to other water supply sources is more price elastic than water demand
of households relying on the piped system only. We show that non-piped water (which is
judged good and safe by a vast majority of the surveyed households) is used as a substitute
for piped water when there is not a continuous service from the piped network, when piped
households are closer to the alternative source (i.e., less time is required to collect water or
they own a private well), and when they own more efficient equipment to collect water (i.e.,
less effort is required to collect the same amount of water). Such effects could not have been
identified from the estimation of a single source-specific water demand equation.

5.3 Estimation of Water Demand of Non-piped Households

The system is estimated using the Seemingly Unrelated Regression Estimator (SURE) on the
sub-sample of 161 households combining water from a private well and water bought from
neighbours. Estimation results are shown in Table 4.

The four coefficients measuring the impact of the cost of time on water consumption
are significant in this model. The negative time cost elasticity and the positive cross time
cost elasticity illustrate substitution between water from the private well and water provided
by neighbours: the more time needed to get water from a source, the lower the consump-
tion from that source and the higher the consumption from the alternative source. Income
elasticity (about 0.20) is found significant in both equations. Household size is highly sig-
nificant in the two equations. The negative coefficient illustrates scale effects in water use
(the larger the family, the lower per capita consumption). The size of the house has a positive
and highly significant effect on water consumption from the private well. Being able to store
water does not have any significant effect on water consumption, whatever the source. The
variables measuring households’ concern about taste are not found significant in any of the
equations, probably because a vast majority of non-piped households collecting water from
private well or getting water from neighbours declared to be satisfied of water quality. The
use of an electric pump in the equation fitting water consumption from private well is not
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Table4 Estimation of water demand for non-piped households combining water from private well with water
from neighbours (seemingly unrelated regression estimator)

Coef. Std. Err. p-value
Dependent variable: water collected from a private well,
per capita per day (log)
Constant 4.7657 0.3890 0.0000
Time cost for collecting water from private well (log) —0.0983 0.0260 0.0000
Time cost for collecting water from neighbours (log) 0.0706 0.0381 0.0640
Household size —-0.2174 0.0352 0.0000
Income (log) 0.1916 0.0929 0.0390
Number of rooms 0.1229 0.0350 0.0000
Household has a storage tank (0/1) 0.1792 0.2858 0.5310
Sinhalese household (0/1) —0.3869 0.2034 0.0570
Tub well (0/1) —0.2294 0.1597 0.1510
Taste concern (neighbours) (0/1) —0.1895 0.2470 0.4430
Taste concern (private well) (0/1) —0.1179 0.1273 0.3540
Household uses an electric pump (0/1) 0.0650 0.2979 0.8270
Mill’s ratio —0.1762 0.3216 0.5840
Number of observations 161
Adjusted R? 0.37
Dependent variable: water collected from neighbours, per
capita per day (log)
Constant 2.0977 0.4043 0.0000
Time cost for collecting water from private well (log) 0.0653 0.0272 0.0160
Time cost for collecting water from neighbours (log) —0.3385 0.0397 0.0000
Household size —0.2315 0.0366 0.0000
Income (log) 0.2247 0.0974 0.0210
Number of rooms 0.0389 0.0362 0.2830
Household has a storage tank (0/1) 0.0643 0.2978 0.8290
Sinhalese household (0/1) 0.2133 0.2291 0.3520
Taste concern (neighbours) (0/1) —0.1763 0.2565 0.4920
Taste concern (private well) (0/1) 0.0563 0.1353 0.6770
Neighbour provides connection (0/1) 0.2208 0.2544 0.3850
Neighbour provides well (0/1) 0.2461 0.1757 0.1610
Household uses an electric pump (0/1) —0.1774 0.3139 0.5720
Mill’s ratio 0.1258 0.3499 0.7190
Number of observations 161
Adjusted R? 0.46

significant. In the second equation, households are found to have, on average, a higher per
capita consumption when neighbour provides access to a private well (instead of providing
access to a tap connection). The latter is significant at the 20% level. For the first time, we find
a significant effect of the variables indicating ethnicity. Sinhalese households are found to
have a significantly lower per capita consumption from private wells, all other things equal.
The inverse Mill’s ratio is not significant in this model.

6 Conclusions and Policy Implications

In Sri Lanka, as in many other developing countries, the utility is charging tariffs that are
substantially below the full cost of service. The lack of cost recovery results in low quality
services and lack of expansion of the network. In Southwest Sri Lanka, large tariff increases
would be needed to ensure that the water utility can recover its full costs and expand its
network in the long run. This study provides some indications on the behaviour of piped and
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non-piped water consumers in this region. First, it confirms the main finding of earlier analy-
ses that piped as well as non-piped water demand is inelastic to its price. It also provides new
evidence on substitutability between sources for both piped and non-piped households. Our
results indicate that tariff increases may induce piped households with access to non-piped
sources to substitute water from the piped network with water from these other sources, in
particular when piped households have an easy access to an extra source (a private well for
example). This substitution effect is found to be reduced for households with a higher income.

Substitution between water sources is inherent to developing countries where households,
in urban areas in particular, may get water from a set of water sources. Substitution between
sources is even more likely to occur where, as is the case in Southwest Sri Lanka, piped water
services are not fully reliable (41% of piped households in our sample complain about piped
water being available less than 24h a day) and where the quality of non-piped sources is
satisfactory in general. In some sense, our results are consistent with Pattanayak et al. (2006)
who show, using data from the same region, that easy access to alternative water sources
dampens the willingness to pay for improved piped water services.

Our study finally shows that income elasticity is quite low, indicating that consumption
volume is not a very good proxy for household’s wealth. As such, consumption blocks as used
in the current tariff structure in this part of Sri Lanka may not be a very good instrument for
targeting subsidies to the poor (see Boland and Whittington 2000, for related discussions).

Appendix

For a piped household, the two-equation system combining demand for piped water (¢ ') and
demand for non-piped water (¢g?) is written:

1 ! Tal L 1 — wlal o 1
[q =yipi+trip+xB +ul =wlal +u (AD)

g% = yip1 +vipr + x*B% + u? = w?a? + u?.
Consumption of water from non-piped sources is zero for some piped households. We assume
that there exits a latent variable (d*) describing the decision of piped households to comple-

ment their consumption from the piped network with water taken from non-piped source,
where d* = zb + v. The decision model is written:

lifd* >0

d= 0ifd* <0.

To control for censoring of observations, we estimate the unconditional mean of ¢ defined
as follows
E(QZ) :P(q2>0)xE(q2|q2>O)+P(q2:O) x 0
=P(q2>0)><E(q2‘q2>0), (A2)

see Shonkwiler and Yen (1999).
We make the following assumption on the idiosyncratic error term in the equation describ-
ing consumption of non-piped water:

u? {wz, z ~ Normal (0, auzz) .
This gives:
E (¢* ‘wz, z) = ® (zb) (W*a?) +«¢ (zb), (A3)

@ Springer



548 C. Nauges, C. van den Berg

where @ (zb) and ¢ (zb) are, respectively the univariate standard normal cumulative dis-
tribution and probability density functions computed over Probit results. « is an unknown
parameter to be estimated.

Based on the latter equation, the system of water demand equations can be rewritten as

’ql=y]lpl+yzlp2+xlﬂl+“] (A4)
g% = @ (@b) (yipi + vip2 + x*B%) + k¢ (zb) + £.

References

Agthe DE, Billings RB, Dobra JL, Raffiee K (1986) A simultaneous equation demand model for block rates.
Water Resour Res 22(1):1-4. doi:10.1029/WR022i001p00001

Arbués-Gracia F, Garcia-Valiflas MA, Martinez-Espifieira R (2003) Estimation of residential water demand:
a state of the art review. J Socio Econ 32(1):81-102. doi:10.1016/S1053-5357(03)00005-2

Basani M, Isham J, Reilly B (2008) The determinants of water connection and water consumption: empirical
evidence from a Cambodian household survey. World Dev 36(5):953-968. doi:10.1016/j.worlddev.2007.
04.021

Boland JJ, Whittington D (2000) The political economy of water tariff design in developing countries: increas-
ing block tariffs versus uniform price with rebate. In Ariel Dinar (ed) The political economy of water
pricing reforms. Oxford University Press, Washington, DC, pp 215-235

Burtless G, HausmanJ (1978) The effect of taxation on labour supply: evaluating the Gary income maintenance
experiment. J Polit Econ 86(1):103-130

Crane R (1994) Water markets, market reform and the urban poor: results from Jakarta, Indonesia. World Dev
22(1):71-83. doi:10.1016/0305-750X(94)90169-4

Dalhuisen JM, Florax R, De Groot H, Nijkamp P (2003) Price and income elasticities of residential water
demand: a meta-analysis. Land Econ 79(2):292-308. doi:10.2307/3146872

Daniere A (1994) Estimating willingness to pay for housing attributes: an application to Cairo and Manila.
Reg Sci Urban Econ 24:577-599. doi:10.1016/0166-0462(94)02053- 1

Deller SC, Chicoine DL, Ramamurthy G (1986) Instrumental variables approach to rural water service demand.
South Econ J 53(2):333-346. doi:10.2307/1059417

Hanemann WM (1998) Determinants of urban water use. In Duane Baumann, John Boland, Michael Hane-
mann (eds) Chapter 2 in urban water demand management and planning. New York: McGraw Hill, pp
31-75

Heckman J (1979) Sample selection bias as a specification error. Econometrica 47(1):153-161. doi:10.2307/
1912352

Hewitt JA, Hanemann WM (1995) A discrete/continuous approach to residential water demand under block
rate pricing. Land Econ 71(2):173-192. doi:10.2307/3146499

Hindman Persson TH (2002) Household choice of drinking-water source in the Philippines. Asian Econ J
16(4):303-316. doi:10.1111/1467-8381.t01-1-00154

Komives K (2003) Infrastructure, property values, and housing choice: an application of property value models
in the developing country context. Ph.D. Dissertation, University of North Carolina, Department of City
and Regional Planning

Larson B, Minten B, Razafindralambo R (2006) Unravelling the linkages between the millennium development
goals for poverty, education, access to water and household water use in developing countries: evidence
from Madagascar. J Dev Stud 42(1):22-40. doi:10.1080/00220380500356258

Madanat S, Humplick F (1993) A model of household choice of water supply systems in developing countries.
Water Resour Res 29:1353-1358. doi:10.1029/93WR00126

Mu K, Whittington D, Briscoe J (1990) Modeling village water demand behavior: a discrete choice approach.
Water Resour Res 26:521-529

Nauges C, Strand J (2007) Estimation of non-tap water demand in Central American cities. Resour Energy
Econ 29:165-182. doi:10.1016/j.reseneeco.2006.05.002

Nauges C, van den Berg C (2007) Water markets, demand and cost recovery: evidence from Southwest Sri
Lanka. World Bank Policy Research Working Paper, no WPS 3941

Nieswiadomy ML, Molina DJ (1988) Urban water demand estimates under increasing block rates. Growth
Change 19(1):1-12. doi:10.1111/;.1468-2257.1988.tb00458.x

Nieswiadomy ML, Molina DJ (1989) Comparing residential water demand estimates under decreasing and
increasing block rates using household data. Land Econ 65(3):280-289. doi:10.2307/3146672

@ Springer


http://dx.doi.org/10.1029/WR022i001p00001
http://dx.doi.org/10.1016/S1053-5357(03)00005-2
http://dx.doi.org/10.1016/j.worlddev.2007.04.021
http://dx.doi.org/10.1016/j.worlddev.2007.04.021
http://dx.doi.org/10.1016/0305-750X(94)90169-4
http://dx.doi.org/10.2307/3146872
http://dx.doi.org/10.1016/0166-0462(94)02053-1
http://dx.doi.org/10.2307/1059417
http://dx.doi.org/10.2307/1912352
http://dx.doi.org/10.2307/1912352
http://dx.doi.org/10.2307/3146499
http://dx.doi.org/10.1111/1467-8381.t01-1-00154
http://dx.doi.org/10.1080/00220380500356258
http://dx.doi.org/10.1029/93WR00126
http://dx.doi.org/10.1016/j.reseneeco.2006.05.002
http://dx.doi.org/10.1111/j.1468-2257.1988.tb00458.x
http://dx.doi.org/10.2307/3146672

Demand for Piped and Non-Piped Water Supply Services 549

North JH, Griffin CC (1993) Water source as a housing characteristic: hedonic property valuation and will-
ingness to pay for water. Water Resour Res 29:1923-1929. doi:10.1029/92WR02995

Olmstead SM, Hanemann WM, Stavins RN (2007) Water demand under alternative price structures. J Environ
Econ Manage 54:181-198. doi:10.1016/j.jeem.2007.03.002

Pattanayak SK, van den Berg C, Chen JC, Van Houtven G (2006) The use of willingness to pay experiments:
estimating demand for piped water connections in Sri Lanka. World Bank Policy Research Working
Paper No. 3817

Rietveld P, Rouwendal J, Zwart B (2000) Equity and efficiency—estimating water demand in Indonesia. Bull
Indones Econ Stud 36:73-92. doi:10.1080/00074910012331338983

Shonkwiler JS, Yen SY (1999) Two-step estimation of a censored system of equations. Am J Agric Econ
81:972-982. doi:10.2307/1244339

Strand J, Walker I (2005) Water markets and demand in Central American cities. Environ Dev Econ 10(3):313—
335. doi:10.1017/S1355770X 05002093

Whittington D, Briscoe J, Mu X (1987) Willingness to pay for water in rural areas: methodological approaches
and an application in Haiti. Field report, 213, Water and Sanitation for Health Project, US Agency for
Int Dev, Washington, D.C., Sept. 1987, 93 pp

Whittington D, Briscoe J, Mu X, Barron W (1990) Estimating the willingness to pay for water services in
developing countries: a case study of the use of contingent valuation surveys in Southern Haiti. Econ
Dev Cult Change 38(2):293-311. doi:10.1086/451794

Whittington D, Pattanayak SK, Yang JC, Bal Kumar KC (2002) Household demand for improved
piped water services: evidence from Kathmandu, Nepal. Water Policy 4:531-556. doi:10.1016/
S1366-7017(02)00040-5

@ Springer


http://dx.doi.org/10.1029/92WR02995
http://dx.doi.org/10.1016/j.jeem.2007.03.002
http://dx.doi.org/10.1080/00074910012331338983
http://dx.doi.org/10.2307/1244339
http://dx.doi.org/10.1017/S1355770X05002093
http://dx.doi.org/10.1086/451794
http://dx.doi.org/10.1016/S1366-7017(02)00040-5
http://dx.doi.org/10.1016/S1366-7017(02)00040-5

	Demand for Piped and Non-piped Water Supply Services: Evidence from Southwest Sri Lanka
	Abstract
	1 Introduction
	2 Background and Data
	3 Specification of the Water Demand Models
	3.1 Structure of the Demand Models
	3.2 Measurement of Price and Cost

	4 Estimation Procedure
	4.1 Determinants of the Connection Status
	4.2 Water Demand of Piped Households
	4.3 Water Demand of Non-piped Households

	5 Estimation Results
	5.1 Determinants of the Connection Status
	5.2 Estimation of Water Demand of Piped Households
	5.3 Estimation of Water Demand of Non-piped Households

	6 Conclusions and Policy Implications


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


