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Abstract

In the early 2000s, the Government of Sri Lanka considered engaging private sector operators to
manage water and sewerage services in two separate service areas: one in the town of Negombo (north of
Colombo), and one stretching along the coastal strip (south from Colombo) from the towns of Kalutara to
Galle. Since then, the government has abandoned the idea of setting up a public-private partnership in
these two areas. This paper is part of a series of investigations to determine how these pilot private
sector transactions (forming part of the overall water sector reform strategy) could be designed in such a
manner that they would benefit the poor.

This paper describes the results of a conjoint survey evaluating the factors that drive customer
demand for alternative water supply and sanitation services in Sri Lanka. We demonstrate how
conjoint surveys can be used to un-package household demand for attributes of urban services and
improve the design of infrastructure policies. We present conjoint surveys as a tool for field
experiments and source of valuable empirical data. In our study of three coastal towns in
southwestern Sri Lanka the conjoint survey allows us to compare household preferences for four water
supply attributes — price, quantity, safety, and reliability. Sub-populations of poor and non-poor
households are examined to determine if demand is heterogeneous. Our case study suggests that
households care about service quality (not just price). In general, we find that households have
diverse preferences in terms of gquantity, safety, and service options, but not with regard to hours of
supply. In particular we find that the poor have lower ability to tradeoff income for services, a finding
that has significant equity implications in terms of allocating scarce public services and achieving
universal water access.
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1. Introduction

Large numbers of households in many less developed countries (LDCs) continue to cope without good
quality water and sanitation services (WSS). As is true for many other services, the poor are more likely
than the non-poor to receive poor quality WSS services. Bosch et al. (2000) find that fewer poor
households are connected to water networks and many poor households have access to lower-quality
services than non-poor households. Poor households bear a higher burden, as measured through time,
health and energy, than non-poor households. WSS service provision in Sri Lanka is subject to similar
problems. As discussed below and in more detail in Pattanayak et al. (2005a), contrasted with the rich,
the poor consume less water per capita, and they are less likely to use safe water sources or engage in
preventative measures such as treating their water or purchasing storage tanks. As a result, the poor are

more likely to suffer from water-related diseases.

In the early 2000s, Sri Lanka, like many other LDCs at the time, was considering the possibility of
inviting the private sector to operate WSS services, specifically around three coastal towns: Negombo,
Kalutara and Galle. There were during the preparation process for these public-private partnerships
concerns that such arrangements in WSS services may exacerbate the existing inequalities in WSS
between poor and non-poor households. In 2004, the government abandoned its plan for setting up such a

public-private partnership.

In this paper, we describe the results of a stated preference conjoint survey administered in Sri Lanka to
assess demand for WSS services not just with respect to price, but with respect to important WSS service
features. Our analysis contrasts the responses of the poor! and non-poor, providing valuable information
for those who seek to improve WSS services in a cost effective manner. Without a detailed understanding
of why and how people desire WSS services, it difficult to increase coverage of these services and
achieve the resulting social, health and economic benefits as it will not be possible to adapt policies to
consumer preferences. Microeconomic studies can be used to evaluate factors that drive an individual’s

demand for WSS services. Estache et al. (2002) argue persuasively that inputs from microeconomic

1 poor households are defined as those households in the bottom two deciles, or the bottom quintile, of the income distribution;
poor households spend less than or equal to SLR 3,356 per capita per month.



studies are critical to institutional reform of the WSS sector and for the privatization process, particularly

in the development of policy instruments to address accessibility and affordability for poor households.

Past microeconomic studies have focused almost exclusively on costs as being the primary concern of
water and sanitation customers and the major constraint to demand. However, a review of other service
industries (Eto et al., 2001) and intuition suggest that consumers place value on multiple service
attributes, not just costs. Recently, Pattanayak et al. (2001, 2004) and Hensher et al. (2004) have used
more flexible approaches such as conjoint methods to show that customers do value multiple attributes of

piped water supply.

Stated preference approaches allow the researcher to evaluate new goods, services or policies for which
no observational data exists. Conjoint analysis represents a type of field experiment in which the
researcher manipulates the WSS service features offered to respondents to create options that may not
currently exist (Harrison and List 2004). Conjoint analysis offers a compromise between a controlled
experiment in which WSS services are randomly varied across the population and consumer data, which
has too little variation for analysis. For example, if everybody in the sample pays exactly the same price,

it will be impossible to trace out a demand curve using consumer data.

Information from conjoint analysis can be used in service delivery programs to design appropriate service
levels and tariffs, balance costs with service attributes, and increase consumer demand. By estimating the
relative value placed on different service attributes, along with costs, customer preferences for different

attributes can be ranked. Conjoint analysis can also be used to estimate willingness to pay for the sample

as a whole and across sub-populations.

We begin in Section 2 with a description of conjoint surveys, showing how they can serve as a tool for
field experiments and source of valuable empirical data. We emphasize the design and logistical
challenges associated with applying the conjoint method in the field. In Section 3 we use data from our
recent conjoint survey conducted in Sri Lanka to evaluate WSS preferences for poor and non-poor
households. Through the conjoint survey data, we can determine what service attributes affect WSS
demand and whether these attributes vary across poor and non-poor households. We find that households

care about service quality (not just price) and the households have diverse preferences in terms of



quantity, safety, and service options, but not hours of supply. However, the poor have lower ability to
tradeoff income for services (i.e., higher marginal utility of income). Section 4 presents the policy
implications of our findings — findings that have serious equity implications for allocating scarce public
services and achieving universal water access. We conclude with some suggestions for future uses of

conjoint analysis in the design and evaluation of water and sanitation programs.

2. Conjoint Surveys as Field Experiments

Conjoint analysis has long been applied in market research to assist in the design of new products (Cattin
et al., 1982). Many environmental economists have turned to conjoint analysis methods because of
validity concerns identified in some contingent valuation studies (Adamowicz et al., 1999). Similarly,
health economists also have become interested in the use of conjoint analysis as an alternative to
contingent valuation (Ryan et al., 2001). The conjoint methodology is based on rigorous utility-theoretic
principles (Louviere, Hensher, and Swait, 2000). Using conjoint analysis, goods are described by a series
of attributes with varying levels. Using an experimental design, the attribute levels are combined to
produce a collection different goods, or WSS alternatives in the case of our study. In the survey,
respondents are presented with two or more options for WSS service levels and associated prices.
Respondents select the option they prefer. Each respondent answers a set of choice questions (the optimal
number, also determined by an experimental design, depends on the number of attributes and levels) to
provide the level of variation needed for estimating the marginal utilities of each attribute. By asking
respondents to make choices about different attribute combinations, researchers can determine the
importance of different attributes and levels, the probability that individuals would select, for example, a
particular WSS alternative compared to their current WSS situation, and to estimate willingness to pay for
changes in attribute levels or for one WSS alternative versus another (Hensher et al., 2004; Mercer and

Snook, 2004).

DeShazo and Fermo (2002) assert that conjoint methods can obtain more information at higher quality
and lower costs than contingent valuation methods for service delivery programs. The data can provide
planning information for agencies that deliver services, establish appropriate service levels and tariffs,
balance service quality and price, and determine appropriate levels of service attributes to offer to

customers (Hensher et al., 2004). By assessing the economic and non-economic criteria that consumers



use to determine whether to pay for WSS, program designers can create policies to increase demand for

WSS.

The use of conjoint methods is not new to infrastructure service industries.2 Service attribute
quantification has been common among the electricity industry for some time, with information on the
value of reliability to customers used to design appropriate services and tariffs (Eto et al., 2001). In
service delivery programs, we can think of conjoint analysis as a tool to determine what combination of
attributes consumers will most likely purchase. Hensher et al. (2004) assess the value that households in
Canberra, Australia, place on drinking and wastewater attributes. Respondents to their surveys valued
attributes of WSS such as reliability of water services in addition to cost. They find evidence that

customers place value on operational procedures within the water industry.

Estimation of demand for WSS and evaluation of differences in household preferences across socio-
demographic groups typically requires at least three types of data that vary across the sample: (a) access
and quantity of WSS, (b) price, and (c) socio-demographics. Given the variety of situations and scenarios
that are considered for policy design and evaluation, researchers have used both stated preference (SP)
and revealed preference (RP) methods to assess demand and understand preferences. SP approaches use
data from surveys that describe potential scenarios to estimate the ex-ante demand for goods and services
such as WSS. The contingent valuation and conjoint analysis methods are examples of SP approaches. RP
approaches use behavioral data, often from surveys, to estimate ex-post demand for WSS. The hedonic
price, averting and coping models are examples of RP approaches. In the case of WSS services, consumer
data (RP data) typically does not contain enough variation across households to estimate the value of
individual service attributes. Instead, water policy analysts can use stated preference methodologies such
as conjoint surveys to understand the importance of service delivery attributes and cost to consumers of
WSS and the extent to which consumers are willing to make trade-offs between service attributes and

cost.

2 Mercer and Snook (2004) farmers’ preferences for land use systems through conjoint analysis. In their study,
conjoint analysis is used to determine how farmers value different attributes of land use systems and to estimate
how these values affect management decisions. The researchers use this information to design land use systems
that are most likely to be adopted by farmers.



As DeShazo and Fermo (2002) suggest, when conjoint analysis is applied, several design issues and
options such as service definition and payment method need to be considered at the outset (see Pattanayak
et al., 2001 and 2004 for a full discussion of design choices including survey and elicitation methods).
This includes: (a) defining the commodity primarily involved (b) determining the type of WSS offered
and how it differs substantively from current options, and (c) characterizing the institutional setting that is
providing the service. Usually a careful review of existing levels of service and alternatives can identify
and define the appropriate commodity for the study. In general, preparatory activities and focus groups
can uncover important features of the selected service option(s) such as metering, hours of supply, and
water quality. These can then be presented in detail in the descriptive/informational parts of the conjoint

survey.

The scenario, or institutional setting, must also be adapted to local conditions. In general, if certain
elements of the scenario are expected to substantively affect household demand for improved services,
these elements become design features that vary across the surveyed households. Surveys with these
different versions would be administered and econometric modeling could be used to detect whether the

private versus public institutional context affects household demand and choices.

Payment methods, in other words, how individuals are asked to pay for the services, is also an important
consideration. In the water and sanitation sector, the main approach is to ask the valuation question(s)
from an ex ante perspective such as increments to current bills or new bills. For households without a
connection, the payment method may be a connection charge plus an increment to monthly bills. The
ranges of the connection charge and monthly bill should be sufficiently wide to estimate demand and to
capture relevant policy alternatives (e.g., cross-subsidization). The relative advantages of different
payment method alternatives depend importantly on the target population and on the policy context. If
cash income is a binding constraint for the poor, households could be asked to consider paying for service
access and improvements in terms of labor as suggested by Estache et al. (2002). The preference for one
alternative over another should also depend on which payment scenario is most realistic from a policy

perspective.

When a high degree of uncertainty surrounds the policy design for WSS delivery, conjoint methods offer
a flexible way to evaluate several institutional, service quality, tariff structure, and subsidy options

simultaneously. Estache et al. (2002) provide a long list of policy instruments to address access and



affordability for infrastructure services such as cross-subsidization, credit lines, more frequent billing, and
pre-payment, among others. The researcher can determine whether these are culturally and politically
palatable and technically feasible in the study area. Consultations with local experts and key informants
and focus groups with the target population can be used to screen and short-list the service attributes,
payment mechanisms, and institutional settings to be considered in the conjoint questions. As suggested
by the experimental design literature (Black, 1999) and the findings of DeShazo and Fermo (2002), there
are limits to the number of design features that can be evaluated. Elements can be chosen based on

logistical constraints of survey implementation, statistical efficiency, and policy significance.

Econometric Model

Random utility theory provided the framework for understanding household choices among the proposed
alternatives. As discussed in detail below, we asked households to consider five-attribute scenarios using
conjoint methods: (a) monthly water bill, (b) hours of supply, (c) water quality, (d) volumetric
consumption, and (e) service alternatives. We estimate preferences with a Random Utility Model (RUM),
including both conditional and mixed or random-parameters logit. The RUM model assumes the utility
associated with a particular choice alternative is expressed as a function of individual characteristics and
the attributes of the alternative. Under the assumptions of the RUM model, individual indirect utility is

expressed as a function of WSS service attributes and personal characteristics:
U;t :V'(th,Z',pjt;ﬂ',é')+e'jt 4.1)

where

Ujlt is individual i’s utility for a WSS alternative, where j denotes the 4 WSS alternatives in each

choice set, and t =1, 2, and 3 is the number of choice questions;

Vi(-) is the nonstochastic part of the utility function;

Xijt is a vector of attribute levels for the WSS alternative;

Z1is a vector of personal characteristics;

pjt is the cost of the alternative;

Bi is a vector of attribute parameters;
81 s the marginal utility of money; and

ejlt 1s a disturbance term.

The linear specification of utility for the four alternatives is
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where Ujlt, j=0,1, 2, 3 is the utility of each of the three WSS alternatives. Uolt is the utility of the opt-out

choice, which in a simple model is just y(, an alternative-specific constant for the opt-out choice. The

utility of WSS Alternative A is Ullt and the utility of Alternative B is Uzlt.

Stochastic utility maximization asserts that individual i will choose alternative j from among the full set
of available alternatives K if, and only if, alternative j provides a higher overall level of utility than all
other alternatives in the choice set.> Assuming the disturbance term follows a Type I extreme-value error
structure, the probability that alternative j will be selected from choice set t is the standard conditional-

logit expression:

. V!
Prob[C{ = j] =M (4.3)

where C% is the selected alternative in each of 3 choice sets and let is the determinate part of the utility of

alternative j.* The probability that an alternative will be selected is the ratio of the exponentiated utility
that alternative provides, relative to the exponentiated sum of the utilities that each alternative in the
choice set provides. Individual characteristics do not vary among choices, and thus must be interacted

with WSS attributes or alternative-specific constants.

The conditional logit model specified by Egs. (4.2) and (4.3) is estimated using maximum-likelihood.

That is, given the characteristics of the alternatives in the choice sets presented to the respondents, the

3Mathematically, individual 1 will choose alternative j from among the set of alternatives K,
if Ul > U forall jin K, j# k
substituting for Ujit from Eq. (4.1), and rearranging terms we have
Vjit Vi > el ejit

4The basic exposition of the properties of this model can be found in McFadden (1981).



model estimates coefficients that maximize the likelihood that we would observe the actual choices in the
sample. Thus, the coefficients show the relationship between the probability of selecting an alternative

and the attributes of that alternative.

Conditional logit models are known to be subject to violations of the restrictive “independence of
irrelevant alternatives” (IIA) assumption. This condition requires that the ratio of probabilities for any
two alternatives be independent of the attribute levels in the third alternative. If ITA is violated, parameter
estimates are biased. Second, the conditional logit models assume that differences in respondents’ tastes
are fully accounted for in the model specification and thus differences in value to respondents arise only
from differences in probability of selecting choice alternatives. Finally, conditional logit does not account

for correlations within each subject’s series of choices.

Revelt and Train (1998) have proposed using random-parameter or mixed logit for stated preference data.
Mixed logit is not subject to the ITA assumption,’ accommodates correlations among panel observations,

and accounts for unobserved heterogeneity in tastes across subjects.

Modifying Eq. (4.2) to introduce subject-specific stochastic components for each [3,

Ui't =Vit+ei-t = ! +77I +ei't JZO
o b O)_J - (44)
Uljt ZVJ!t+e|jt EXJt (ﬂ+77|)+ §I Pjt+e|jt j:1,2,3
Eq. (4.3) now becomes
i P A i e explV(B¥)]
Prob[C' = (C},,Cj,....Ci)l= I [| 57— 4.5)
S Zexpl Vi (B¥)]
k=0

where now p* = (B + ni). In contrast to conditional logit, the stochastic part of utility now may be

correlated among alternatives and across the sequence of choices via the common influence of ni.
McFadden and Train (2000) show that any RUM model can be approximated by some mixed logit

specification.

5Technically, this is only true when the definition of one or more stochastic effects is shared across alternatives.



3. The Sri Lanka Application

Design of the Conjoint Questions

In Sri Lanka, we used focus groups, purposive interviews and meetings with officials to determine which
attributes of the contingent service, other than cost, were likely to affect household demand for improved
services. We identified three attributes: volume of consumption, hours of supply, and water quality.
Volume of consumption is defined as the number of liters available per person per day. Hours of supply
refers to the hours a customer would receive water service with good pressure. Finally, the water quality
included 5 levels of treatment, with the best being water that was safe to drink straight from the tap and
the worst being water that needed to be boiled, filtered and treated with chemicals. The policy
community was also interested in the service alternatives to piped water supply including mini-grids and
public stand posts. Thus, we asked households to consider five-attribute scenarios using conjoint
methods, where the attributes included: (a) monthly water bill, (b) hours of supply, (c) water quality, (d)
volumetric consumption, and (e) service alternatives. Table 1 shows each of the 5 attributes and the

levels for each attribute.

After defining the attributes, we created the experimental design. We used what is called a labeled design
(Louviere et al. 2000). In a labeled design, each choice question contains an alternative for each “label”.6
In this case, the “labels” were the service alternatives (private tap, mini-grid, and public stand post), and
we created a WSS service option for each of the service alternatives. Table 2 presents a sample conjoint
question from the survey. If respondents expressed difficulty in choosing, after several prompts they
were told that they could choose none of the plans. These respondents were coded as “opt-out” or
preferring their current service to those offered. To create the experimental design, we employed an
adaptation of Zwerina, Huber, and Kuhfeld’s (1996) algorithm to search for a D-optimal experimental
design. D-efficiency minimizes the geometric mean of the covariance matrix of the parameters and is the
most commonly used criterion for constructing experimental designs (Kanninen, 2002). There were 27
unique tradeoff tasks grouped into 9 blocks; each respondent saw one block of 3 choice tasks with four
alternatives each. Eighteen hundred respondents answered a total of 5,404 questions (that generated

21,616 observations — yes/no answers for the three alternatives and the opt-out option in each question).

6 In an unlabeled design, all the attributes are varied randomly. In our survey, this would mean that the attribute
“service alternative” would be varied just like the other attributes and the number of options presented in each
choice question would not have to equal the number of service alternatives (for more details see Louviere et al.
2000).
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In all SP studies, the main challenge is to persuade the respondent to seriously consider a proposal,
typically to be delivered at some point of time in the future. We found respondents to be willing to look
ahead and earnestly consider the commodity—improved water supply. This is presumably because water
supply is a serious issue that commands people’s time and attention and because the scenario we
presented was credible. The credibility of the scenario could stem from the fact that many households
seemed to have heard about plans to expand the water supply network in the area. The local population’s
willingness to understand and consider our proposed scenarios was a valuable signal regarding the content

of the survey instrument and the feasibility of the conjoint approach.

Survey administration

The data come from a 2003 survey of 1800 households in the Greater Negombo and the coastal strip from
Kalutara to Galle in Southwest Sri Lanka. This survey was implemented to gauge current water and
sanitation conditions, estimate household demand, and assess access and affordability of poor households
before reform measures were implemented. A 3-stage stratified random sampling approach was used to
select our sample (see Pattanayak et al. 2004 for more details on how we selected our sample). Our
survey instrument was developed through a series of focus groups (in Kandy, Galle, and Kalutara);
several purposive discussions with households, the National Water Supply and Drainage Board officials,
and the Water Sector Reform Unit staff; and 120 pre-tests in Negombo, Kalutara and Peradeniya. The
final 69-page survey contained 7 modules, with a split sample design on the contingent valuation and
conjoint questions to gauge household demand. The seven modules included: location and policy
priorities; water sources; water treatment, storage and hygiene; sanitation and sewerage; contingent

valuation; family roster and health; and a socio-economic profile.

Enumerators were selected from a pool of recent Peradeniya graduates and trained using a mix of
lectures, role-plays and field trials in the final survey area. Each survey was conducted as an in-person

interview that lasted approximately 50 minutes. The survey process was completed in 2 months.
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4. Empirical Findings

Sample Data

In Table 3 we report descriptive statistics for the overall sample (more detail is contained in Pattanayak
2005a). Table 3 shows that 89 percent of the sample is Sinhalese and 62 percent is Buddhist. The
average family size is 4.8 members, with 1.3 children under 18 years of age. The typical household head
is 52 years old and has 10 years of education. Over 90 percent of households have adults who have

completed primary education and almost all households send their school-aged girls to school.

To compare poor and non-poor households, we first need to define these distinctions. The Sri Lanka
Department of Census and Statistics identifies poor households using data on household expenditures
from the Household Income and Expenditure Survey (HIES, Sri Lanka Department of Census and

Statistics 2002). In order to be able to compare our results to the Census data, we also identified poor

households through monthly consumption expenditures.” Using the data, we classified our sample based
on monthly per capita consumption deciles. Poor households comprise the bottom two deciles, or
quintile, of the distribution (or households who spend less than or equal to Rs. 3,356 per capita per month
are poor). By this definition, 365 of our sample households are classified as poor, of which 124 live in
the Greater Negombo and 241 live in the Kalutara-Galle strip. This definition of the poor not only allows
us to explore poverty relative to the overall socio-economic distribution, but also enables us to directly
compare our results with other regions and countries if necessary. Table 3 also contains descriptive

statistics for the poor and non-poor sub-samples.

Major sources of water for our sample households were private connections to the piped water network,
private wells, and water from neighbors. Households indicated that their dwellings are close to the piped
water network. A typical household can access at least three sources, with approximately 54 percent of
households claiming that they could get their water from a private piped connection if they wanted.
Typically, a household uses just one source of water. Only about 4 percent of the sample relies

exclusively on a combination of community sources—including neighbors, public taps, and public wells.

7 Our consumption survey module focused on major items and not all the micro details covered in the HIES. We
made three adjustments to our consumption data—calibrated our food expenditure, imputed our housing
expenditure and adjusted our ‘other expenditure’ category—allowing us to define poverty in a manner that was
comparable to the Sri Lankan government’s official statistics.
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Figure 1 shows the location of households in and around the three towns of Negombo, Kalutara and
Galle. We distinguish the households by poverty status (poor, non-poor) and water source type (private
tap, well, neither) [Pattanayak et al., 2005b]. Most households felt that water from private connections,
private wells, and neighbors is clean, tastes fine, does not smell bad, or pose any serious health problems.

However, water from private connections was deemed to be irregular and unreliable.

The results show that ‘self-provision’ through private wells is a substantive and realistic alternative to tap
water, even for poor households. This finding was also confirmed by opinions of households who are
currently not connected to the piped water network. In general, households are satisfied with their existing

sources. By choice or through compulsion, private wells appear to be the dominant form of self-provision.

When asked to rank water supply problems, 24 percent believe that 24 hours per day service is most
important; whereas 17 percent believe that faster processing of connections to the piped network is
critical. Twenty-four percent believe that there are no water supply problems. Almost 90 percent of the
households believe that the government should provide subsidized connections to the piped network for
poor households. In general, they believe that the subsidy should be as much as 50 percent of the

connection cost.

Over 40 percent of households treat their water before drinking and cooking by either boiling and/or
filtering. Forty-three percent of households have one or more storage tanks with a median capacity of 750
liters at a cost of Rs. 5,000. Over 80 percent of the households have protected containers for water used
in drinking and cooking, and an equally large percentage of households handle and transfer water without

dipping into the storage container.

These results clearly suggest that water supply is viewed as a ‘quantity’ issue at best, and certainly not a
quality issue for the majority of the population. In stark contrast, sanitation problems are clearly

associated with contamination and public health risks.

In evaluating the health status of our sample we find that one percent of the households have experienced
a case of diarrhea in the month prior to the survey. Only about 2 percent of the entire sample of

households has experienced a morbidity event related to water-borne or water-washed diseases in the past
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year. About 3 percent have experienced a mortality event in the past year, with only about one percent

reporting mortality of a child.

Since diarrhea is the primary public health disease of concern with respect to WSS interventions, we
developed a profile of households who have had diarrhea cases and compare them to households who
have not suffered from diarrhea in the month prior to the survey. On average, the ‘diarrhea households’
are poorer, more likely to have children under 5, and less educated. In general, they are less likely to be
connected to the piped water network, and consume about 30 percent less water per month. They are less
likely to store the water in overhead tanks, transfer water by pouring or using spigots, and wash their
hands before eating and before preparing food. In terms of toilet behaviors, they are less likely to wash
their hands in or just outside the toilet, use appropriate technologies for hand washing, and sanitarily

handle and dispose children’s feces.

Econometric Estimates

As the sample characteristics above demonstrate, the poor generally experience WSS services differently
than the non-poor. In a stated preference study on provider choice for malaria treatment in Nepal,
preferences varied significantly based on whether the household was poor. In addition, cost was the
major determinant of provider choice and the poor are most cost sensitive (Morey et al. 2003a). The
heterogeneity of preferences among respondents represents a challenge for estimating welfare impacts
using the results of the SP conjoint questions. Morey et al. (2003b) provide a method of estimating
consumer surplus when exact information on income is missing. Here we consider how attributes affect
demand and if poor households are different in their preferences for service attributes. We also consider

non-linearities for continuous attributes, such as hours of supply and volume of consumption.

Table 4 presents the results of the conjoint analysis used in our Sri Lanka study. This table confirms that
households care about attributes of the service, other than costs. A positive coefficient on any particular
attribute indicates that the attribute generates positive utility such that higher levels of that attribute (e.g.,
greater volume of water) are preferred to lower levels of the same attribute. Similarly a negative
coefficient indicates that the attribute generates negative utility such that lower levels of that attribute
(e.g., smaller monthly bills) are preferred to higher levels. We also evaluated whether poor households
have different preferences for any of these attributes. This is accomplished by multiplying each service
attribute variable with a dummy variable representing poor households and evaluating whether the

interaction variable is statistically significant.
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As discussed above, respondents could choose one of 4 options: private tap, mini-grid, public stand posts
and opt-out. The regression equation included alternative specific constants for each of the 4 options.
The coefficients on the dummy variables representing the service alternatives paint an interesting picture.
The estimated coefficients, as reported in Table 4, show that private taps and mini-grids are preferred to
public stand posts. They also show that households prefer their current option (represented by the choice
to opt out and not choose any of the three options provided) to all three service alternatives proposed. In
general, households would prefer to obtain the improvements in hours, volume, and safety under their
existing option. In total, opt-out was selected in 45% of the choices. It should be noted that the
alternative specific constants represent some inherent attribute of the service options separate from costs,
volume, safety, and hours. For example, privacy may be one of the inherent attributes of a private tap
connection. Similarly convenience and familiarity may be other attributes. The coefficients on the
dummy variables measure some combination of all these residual attributes that were not captured by the

other attributes, but apply to that particular service alternative.

The interaction terms for each of these coefficients and the poor sub-sample allow us to investigate if
poor households have different preferences for these attributes. The p-values as well as the chi-square
statistics suggest that these coefficients are statistically significant as a group. However, only a few of the
individual interaction terms are statistically significant. This suggests that the poor hold different
preferences only with regards to some attributes. We see that the preferences of the poor are essentially
no different in terms of volume, hours, and safety. To be clear, this does not mean that they do not care

about these attributes, but just that they are no different from the non-poor in this regard.

Turning to attributes that are different, we see that the poor have a higher marginal disutility for money.
Presumably, this is because when income is a significant constraint, every rupee counts. Note, if the
interaction term is significant, it should be added to the coefficient on the term by itself to see if the poor
get more or less utility form the associated attribute. Through this process we see that the poor do not
prefer private taps to public stand posts, all things considered. They do prefer mini-grids to public taps.
Finally, they prefer their current options to the proposed alternatives (controlling for volume, hours, and
safety). However, this preference for status quo is considerably less strong than in the case of the non-

poor.
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The mixed logit results are reported in columns 5 and 6 of Table 4. An estimate of both the parameter and
the standard deviation is reported for each variable except for bill, which standard deviation is set equal to
1 to identify this model. The relative size of the standard deviation parameters relative to the
corresponding point estimates indicates the degree of preference heterogeneity. In the mixed logit, a large
and significant standard deviation indicates that there is considerable taste heterogeneity among the

respondents.

As shown in Table 4, the overall pattern is similar between conditional and mixed logit results although
individual coefficient estimates and significance levels are different. The proposed monthly bill is
negative and significant as expected. Both consumption volume and supply hours generate positive
utility. Consumption volume has a large and significant standard deviation, which indicates preference
heterogeneity among the households (though the conditional logit model assumes that this heterogeneity
is not necessarily pronounced between poor and non-poor households). Similar to the conditional logit

results, supply hours show a diminishing marginal utility for increases in this attribute.

In terms of water safety variables, the coefficients are ordered as we expect. Better quality and safer
water yields the highest utility, while unsafe water generates the lowest utility. Except for the safest
quality water (i.e., water that you could drink “straight from the tap”), households did not seem to have
diverse preferences for other levels of safety. In comparing service alternatives, the large coefficient on
the status quo dummy suggests that households are happy with their current status, preferring it to all
three service alternatives offered. Amongst the proposed alternatives, households rank mini-grids over
private taps, and private taps over public stand posts. The large and significant standard deviations in the
mixed logit model suggest households exhibit considerable heterogeneity in their preference for both

private taps and mini-grids. The poor tend to value private taps significantly less than other households.

5. Concluding Remarks

In this paper we used conjoint analysis to research the preferences of the poor and non-poor regarding
alternative WSS programs. The data from the Sri Lanka study demonstrates how conjoint analysis can
provide information to aid in the design and evaluation of WSS programs. Findings from our research in
Sri Lanka suggest that consumers are interested in attributes other than costs and that demand for services

will be reflected in their provision; that poor and non-poor households place similar values on water
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service attributes; and that the methodology of conjoint analysis can provide insightful information for the

design and evaluation of WSS programs.

Both the conditional and mixed logit results conform to expectations that consumption charges decrease

utility, whereas volume, safety, and hours of supply increase utility (the impact is non-linear for hours of

supply)g. Another way to evaluate the relative importance of these attributes is to convert the marginal
utilities into money terms. That is, we can divide the estimated coefficients by the marginal utility of
money (which is the coefficient on the consumption charge variable) to derive willing to pay for marginal
improvements in these attributes. The models also show that private taps and mini-grids are preferred to
public taps, but that status quo is preferred to many of the alternatives. In addition, the mixed logit results
indicate diverse preferences among the households in terms of quantity and service options, but not
supply hours and safety (except the highest level of safety). The interaction terms show that the poor are
no different in terms of preferences for volume, safety, and hours of supply. However, consumption
charges are a source of greater disutility for the poor. Perhaps the most interesting finding is that the poor
do not necessarily prefer private taps to public taps or mini-grids and that they are less satisfied with the

status quo.

Implications of these results are that demand for WSS will be influenced not only by the costs of service
but also by the ability of the program to provide an expected level of volume, quality, and hours of
supply. If provision of these service attributes is inefficient, consumer demand will decrease. If we find
that preferences of poor households are similar to those of non-poor households, similar service program
options can be offered, lowering transaction costs for the service delivery program. However, as
expected, demand by poor households will be more price sensitive. In addition, we find that demand for
piped water supply alternatives is low; most households prefer their current option to the piped water
service alternatives presented. Thus the feasibility of implementing a water supply service delivery
program that requires huge investments and significant price increases are unlikely to attract large

numbers of customers in the study area.

8 The non-linear impact of hours of supply shows that households value additional hours of supply to a certain level, in this case
19 — 20 hours per day, but value any additional hours above this level less.
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Another important implication of this study is that empirical findings support the usefulness of the
conjoint analysis methodology. We introduced the basic methodology of conjoint analysis and how it can
be used as a tool to understand consumer preferences in the water and sanitation sector. We have also
identified challenges of using the methodology and provided suggestions on how these challenges can be
minimized. The primary weakness of the SP approach is often cited to be its hypothetical nature.
Respondents are placed in unfamiliar situations in which complete information is not available. At best,
respondents give truthful answers that are limited by their unfamiliarity. At worst, respondents give
trivial answers due to the hypothetical nature of the scenario. Based on the Sri Lanka study, we feel that
respondents were able to process information presented in the conjoint analysis questions and provide

insightful answers.

Future microeconomic studies of water and sanitation programs should give more attention to
understanding multiple water policy attributes and their affect on consumer demand. While the conjoint
methodology requires a more complex experimental design and analysis techniques than contingent
valuation methods, the subsequent results allow for more accurate analysis of the real-life water and
sanitation situation. Our example has shown one application of conjoint analysis and how surveys prior to
program implementation can aid in program design, theoretically improving access and demand of WSS
for both poor and non-poor households. Ex ante analysis of consumer preferences would also be valuable
for project design and evaluation. With concerns over access and affordability of poor households,
another use of conjoint analysis is to evaluate preferences across sub-populations. This information allows
service delivery programs to do two things: explicitly target user groups and improve service demand,
both lowering transaction costs. The impact of different water policy tools (e.g. subsidies, provision of
credit, vouchers, and targeted tariff structures) given preferences and income of customers could be

estimated on a case-by-case basis.
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Figure 1. Household Locations, Poverty Status and Water Source Type
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Table 1. Water Supply Service Attributes and Levels

Attribute

Levels

Service option

Private water connection

Small diameter mini-grid

Metered standpost

Consumptive volume

600 liters per day
800 liters per day
1000 liters per day

200 liters per day
600 liters per day
1000 liters per day

200 liters per day
400 liters per day
600 liters per day

12 hours a day 4 hours a day 4 hours a day
Supply hours 16 hours a day 12 hours a day 8 hours a day
24 hours a day 24 hours a day 12 hours a day
: Only after boiling
. Straight from the tap
Straight from the tap Onl after boilin Only after filtering and
Safety Only after filtering y g boiling

Only after boiling

Only after boiling,
filtering and treating

Only after boiling,
filtering and treating

Monthly water bill

200 Rupees
500 Rupees
800 Rupees

25 Rupees
100 Rupees
600 Rupees

25 Rupees
50 Rupees
100 Rupees




Table 2. Sample Conjoint Task

Alternative 1

Alternative 2

Alternative 3

Service option

Private water connection

Small diameter mini-grid

Metered standpost

Liters per day 800 1000 600
Supply hours per day 24 4 8

L . . After filtering,
Safe for drinking After boiling Straight from the tap boiling and treating
Monthly water bill (Rs.) 500 100 50

What do you think your household would do?
(1) keep connection to the water supply network,
(2) connect to the small diameter mini-grid,
(3) rely on the metered standpost, or
(4) would you choose none of the above and continue to use your present water sources




Table 3. Demographics and Socioeconomics*

Demographics and Socioeconomics Poor Nonpoor Overall
grap (n=365) (n=1453) (n=1818)
% Sinhalese 85 91 89
% Buddhist 65 62 62
Family size 5.8 45 4.8
Adult equivalent 5 4 35
% have children under 5 31 25 26
Household head's education attainment (years) 8 10 10
% have adults who have completed primary school 86 95 93
% have girls attending school 98 99 99
Monthly consumption (Rs.) 11,883 24,053 21,615
Monthly per capita consumption (Rs.) 2,614 6,066 5,294
% Food expenditure 49 36 38
Monthly per capita food expenditure (Rs.) 1,214 2,167 1,953
% living on less than US$ 1 a day 67 0 13
Primary occupation
Government 10 24 22
Business 9 19 17
Private sector 10 18 16
Manual labor 27 7 11
% received Samurdhi 47 12 19
% can borrow Rs. 3,000-5,000 relatively easily 47 60 58
Housing conditions
% single family and singe story 79 92 86
% have cement floor 91 97 92
% have red brick/cement walls 81 97 94
% have tiled roof 66 79 76
Amortized monthly housing rent (Rs.) 1,423 6,642 4,744
Distance to infrastructure
Piped water network (kilometers) ** 0.25 0.13 0.2
Main road (kilometers) 0.2 0.1 0.1

*All statistics are presented in either the percentage term or the median value.

** This ‘median’ statistic masks the fact that distance to the network essentially falls into three broad
classes: 52 percent of the dwellings which are less than 250 meters from network; 17 percent which are less
than 1000 meters from the network; and 31percent which are greater than one kilometer from the network
and as much as 15 kilometers from the network. Thus, the median is 0.25 kilometers, whereas the mean is
about 3.25 kilometers.




Table 4. Attributes of Service Alternatives — Conditional and Mixed Logit Models for Conjoint

Analysis
Conditional Logit Mixed Logit
Variable Mean | Coefficient | p-value | Coefficient | p-value
Proposed monthly water bill (Rs.) 216 -0.003 0.000 -0.007 0.000
Volume of water per day (liters) 450 0.0004 0.000 0.001 0.000
Standard deviation 0.003 0.000
Houzzlj’;‘t’)":rtirfsﬁfupg per day 10 0.039 0.024 0.144 0.000
Standard deviation 0.027 0.148
Squared hours of water supply per day 161 -0.001 0.053 -0.004 0.000
Standard deviation 0.002 0.000
Watfggs(iaiey‘;osr; g”:”lr‘]g;g straight from the | ;¢ 0.840 0.000 2,006 0.000
Standard deviation 2.189 0.000
Wat‘;irl t';?ﬁ;e(floi‘iggkéng gg;y after 0.08 0.468 0.000 1.234 0.000
Standard deviation 0.179 0.783
Watf)roiifif};f‘zlf‘f:;?'g’lgn%r)"y after 023 | 039 0.000 0.921 0.000
Standard deviation 0.177 0.637
Water is safe for drinking only after
filtering and boiling 0.08 0.246 0.037 0.385 0.066
(1 =yes; 0=no)
Standard deviation 0.273 0.471
P“V"z‘;e:taﬁeg;“g‘?%im gidorsandposy | 02 | 1223 0.000 0.686 0.011
Standard deviation 4.142 0.000
Mml( 192(1/ S:;rgn;yprivate tap o standpost) 0.25 1.058 0.000 1.218 0.000
Standard deviation 3.210 0.000
Household chooses to opt out 0.25 2,005 0.000 3.484 0.000
(1 =yes; 0=no)
Standard deviation 7.666 0.000
POOR*Proposed monthly water bill 43 -0.001 0.030
POOR*Volume of water per day 90 0.00005 0.834
POOR*Hours of water supply per day 2 -0.0002 0.997
POOdIz;Squared hours of water supply per 32 -0.0001 0.924




Conditional Logit

Mixed Logit

Variable Mean | Coefficient | p-value | Coefficient | p-value
- - o -
POOR*Water is safe for drinking straight 0.04 -0.019 0.915
from the tap
POOR*W{Ater is safe for drinking only 0.02 0.272 0.322
after filtering
POOR*Watfe( is safe for drinking only 0.04 0.128 0.408
after boiling
- - ..
POOR Wgter is safe for 'd.rlnklng only 0.02 -0.107 0.636
after filtering and boiling
POOR*Private tap dummy 0.05 -1.081 0.000
POOR*Muini-grid dummy 0.05 -0.581 0.000
POOR*Household chooses to opt out 0.05 -0.492 0.080
Number of Observations 21,616 * 21,616 *
Likelihood Ratio Statistic x2(11) / x2(22) 2464 0.000 -
Log likelihood -6260 -0.830 ~

* Approximately 1,800 households responded to 3 scenarios and 4 service levels, making the total sample

equal 21,616.
~ Indicates mean log likelihood.




