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Abstract

The current situation in water supply in ru-ral Kerala can be described as a “low-level
equilibrium trap;'." Systems provide a low Ieve_l of service with few yard taps.. Because there
are few connectors anc_j because tarii{s are low, little revenue is generated. The water authority
can afford to maintain the system up to a level at which the reliability of service is low, forcing
consumers o supplement piped water from traditional sources. This study analyzes contingent
valuation data collected in three areas of Kerala. The analysis shows that, by making a few
critical policy changes -- encouraging connections by public financing of connection charges,
raising tariffs, and improving reliability - the systems can ratchet up to a "high-levet equilibrium”
in which there are a large number of connectors, revenues are greatly increased, supply can be
made much more reliable, access to yard taps is made substantially more equitable, and there

. are large improvements in weltare.
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Introduction

Substantiél financial and human resources have been devoted to solving the technical
problems associated with supplying water to rural communities in déveloping countries. Less
attention has been paid to the behavior ot the populations intended to benefit from those
systems, which In the end is what determines whether they will '“be mlaintainad. used, and have
a positive impact on the health and welfare of the targeted pépulations. Designers have relied
on rules of thumb, such as a maximum percentage of income that people are thought to be
able to pay for water, when factoring in the contributions and tastes of the popuiation to be
served by a new rural water system. The resuit has often been wat’er systems designed to
provide minimal levels of service at the lowest possible cash cost ta users. Water system
planners emphasize the health benefits of water systems,swhile users are s.eeking reduced time

costs, better tasting water, or more reliable service (as well as health benefits) [Briscoe and de

Ferranti, 1988].

This study examines willingness to pay for hookups to piped water systems in several
areas of northern Kerala State in India.’ A large number of rural piped water supply schetnes
have been constructed over the years in Kerala by the Public Health Engineering Department,
which is now incorporated {nto the K.:rala Water Authority. In most cases these schemes were
partially or fully funded from central government sources. The central government targets funds
to _problem villages including those having no access o good quélity'water within a depth of 15
meters or a distance of 1.5 kilometers; where the incidence of water-bo_rne diseases is high;
and where traditional sources of water contain excessive chlorides, fluorides, iron, and other
toxic elements. All such projects must contorm to inflexible design criteria specified by the
central govemment, which include the following: a capacity of 40 liters per capita per day to

the beneficiary population, capital costs no higher than 200 rupees’ per beneficiary, and (for

' In this paper all currency denominations are in rupees. In 1988, at the time of the survey |
work, 14 rupees exchanged for USS$ 1. Thus,a 200 rupee capilal expendilure was equivalent to
US$ 1429. AS rupee tariff for water from a yard tap, the typical cost {or reasonable use every
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the most part) no house connections.

A

By official estimates, between 56 and 79 'pe-rcem of rural water systems in India at any
given {ime are in a state of disrepair. Only SO-pe}eem of the population with access to an -
improved -water source are in fact us'i_ng it. The reliability Qf service through both public taps
énd housé connections is poor, with water usually available for only a few hours a day at
unpredictable times. Revenues from these schemes u_sually cover only about 30 Z(;fcem of the
operatihg costs and none of the capital costs.

When water systems are planned in villages of Kerala, it is usually assumned that 90 .

-percent of the population will be served once the system is operational, and simple
multipfication of the 20;rbpee limit by the served population provides a capital budget for the
A h
system. A water system is then constructed within this budget that will provide some water to
each of the served wards. Because of the central government's policy prohibiting private
connections to publicly financed systems, the systems are designed to provide water volumes
adequate only for a limited number of public taps. However, once the schemes are
commissioned, applications for householid connections are accepted and connections are given.
The payment to the Kerala Water Authority for the connection is modest, hut the connecting
household bears the full cost of running the pipeline from the water main to the house, plus a
water meter, plus in-house plumbing if it is installed.

There is now a broad consensus among donors and governmental officials that /-

generation of revenues through domestic connections is a cornerstone to sound development in

" the water sector, These concerns pose a research question in the sense that an empirical

base of knowledge is required to ascertain how rural people in disparate social, economic, and
environmental settings respond to difterent system configurations (yard taps or public taps),
levels of service, tarifts, and connection costs. The underlying policy question is whether it is

possible to generalize about the consequences of these social and economic variables for

month, was US$ 0.36.
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policy options, such as tariff structure and cost-fecovery targets and whether mexpenssve and

feasible methods,-aaet to ‘better understand clients’ desires dunng the plannmg process for a

new water system H system desagn is changed to provide more yard taps with adequate cost

recovery te—mam&am_tne_sysiem,.me queshon rof the equaty meheahom-ef—sveh-a—systemanses

.t

" inthesense-that greater reliance on the price system to fmance water supplies might exclude

poorer segments of the population from the associated health benefits or convenience.
This study examines bidding games that were conducted in several areas where piped
water is currently available and in other areas where water systems are being built but are not

"\ . L
yet operational, in order {0 assess the determinants of why people wilt or wilt-not choose to

hook up. The goal of_ the bidding games Is to assess the sensitlvity of potential clients’ hook:;p
decisions o changes in the cost of a connection, the monthly tariff for reasonable use, a
improved performance of the system, and exogenous conditions of traditional water scarcity or
salinity. |

The remainder of the paper is organized into five sections. The next (second) section
discusses the data and the Setting. The third section analyzes the results of the bidding
games. In the fourth section, some policy implications of the findings are considered. Finally,
the overall conclusions of the analysis aré summarized,

Kerala, Indla: Setting and Data

Background

Six sites in nhorthern Kérala are covered by the survey. There are two sites from each
of three types of environments: one with relatively abundant traditional sources of water, one
with adequate quantities of water from traditional sources but of poor quality due to salt water
intrusion, and one which has tradmonally suftered from a scarcity of water. As shown in

P AT “’A"r_"_’-.—)

Table 1, each area includes an A satq, whaete-the improved water supply has been in existence

for a few years and a number of house connections have been made. For each A site,

. n
the table shows the number of connectors and nonconnectors in the population as well as@e



sample drawn for each type of household. The B sites, in contrast, are currently without

WEESE————

Improved water systems but were chosen lo be similar to the A sites in other ways. such as

e i ‘.I

social, economic, and environmental {actors, including the characteristics ot tradmonal water
sources. “All of the B sites have been targeted for improved water supply systems within the

near future.

Table 1 about herg

Inthe A sitgs, the impreved water service is mainly through public standposts. Most of
the schemes are small in size, with ground water or surface water serving as the source:e&—raw-
awate;f‘ _ Service problems with the systems inctude leaking standposts {which are sealed by
maintenance crews and not restored to service for several months), damage to pipes that
requires several months to repair, poor quality meters that require frequent service, and pumgs

S <

repairs that-are—required on average more than once a month [Singh. and Ramasubban, 1989].

Pump failure, Q'the most impontant problem aﬁd>xs attributed primarily to fluctuations in voitage.

The pump in Ezhuvathuruthy, for example, faned on 15 separate occasions in 1987. /'{'he water

‘A, sl )‘- |5

How-in these systems and, in fact the national norm of 40 liters of water per capita per day, are—~-
considered low by the standards of water use in Kerala. Few of the improved water supply
schemes provide water tor eight hours a day, and most maintain a flow of water for about feur
or five hours a day.

Public taps are located at specified distances along the main pipe; every 200 meters is
a common spacing. Some standposts may serve as many as 70 to 80 households while others
are used by only 3 or G,heeseholds Qccasionally public taps are located in areas that are

2r~.s‘
nooded,\ hence inaccessiblejrauring the monsoon season.
e didly e
The inevitable result of these facters is long queues, which were observed by the

survey team at the public standposts. Rationing methods have evolved that limit the total

amount of water per household per day, such as two to four pots per day. Although

% |

.
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households with connections can get more water, only 15 & 20 pércant of the households in

each area ars located where a connection to the water main is feasible. The next section

provides quantitative information on some-oi-threse{aetors-Her the households covered in the

survey.

Descriptive information

The sampling framework is implicit in Table 1. The entire pOpulallon of connectmg
households in the A sites was sampled because there were so few of them. 1.@0__
nonconnecting households in each of the A sites were sampled, and 200 households in each of

the B sites were sampled. The total sample size is 1150 households.

Table 2 about here

Household Characteristicg. Table 2 displays information on the households in the

sample by A or B site. Average household populatlon is about seven members |n all snes and

e M e o 114 ¢

about a fourth of the households are headed by women. Annual per capita income for

connecting ngugehblds is 71 percent higher than for nonconnectors in the A sites and 37 E

*percen( hlgher than for households in the B sites. Nearly all of the connectiors have electncxty
""‘—ﬁ---.

o

compared to less than half of the other groups. Aimost 60 perceﬁt of the connectors confain

men who work in government, compared to 32 percem for nonconnecting A site households = . -

and 22 percent for B site households. A similar pattern exists for female employment. The
o
average maximum schooling for adult men and women among connectors, at 12 and 11 years

respectively, represents essentially secondary school completion. Average maximum schooling
levels are about 25 péfeem‘lower for the nonconnecting households and 58 percent lower for
the B site households.

/\i .
Water Source Characteristics. Table 3 contains Information on water-source
)

characteristics for the sample. Connectors in site A are, of courss, the only ones using piped

water, and for them it is the primary source. First a few statistics that are not included in the

“l.
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table will be discussed. Of the 250 connectors, 31 percs;h;{;ﬂng the{ Qipeq wéter into the home;
the rest simply have running water in the_ yard. About 25 percent of the connecté:rs had some
type of maintenance problem with their water system d'uring the year previous to the survey,
Water meter problems were the most common, accounting for 43 pe;eent of the reported
problems during the summer (Iow’-iﬂater) season,

Table 3 shows the distribution of the primary alternative water source for connectors (it

they were 1o -disconnect or 1o supplement the yard tap) and the primary source for

—
-~

nonconnectors and B;site households. Only 5 percent of the connectors in the A sites would
7

turn to the public tap if they could no longer afford the yard tap connections; 61 péman: would
use their own well and another 27 p;iscem-woﬁld usa their neighbor's well or tap. in contrast,
37.;é:/<§ccent of the A;site nonconnectors currently use the public tap, and almost all of the

remaining households use a private well. The proportion using a well in the B sites is similar,

and the remaining 30 pereeﬂt use either a public tap (even though their own area is not served

directly by a public tap), a public hand pump, or a public well. -

1

Table 3 about here

Connection charges for the entire sample were computed based on the distance from
[ . oot

’ LA
the house to the actual or planned water main. On average, househoids that were cennected

W

faced the highest connection charga)(or were farthest from the water mai‘n). e

Distances to water sources are relatively short, on average no more than 50 meters.
Queuing time is also shont, on average not more than a quaner of an hour.

Connectors are relatively dissatistied with both the yard tap and the ;eeéndaw ‘sb"urce;

-

of water, While approximately 80 péree%of the nonconnectors and B—Eite residents claim that
' 471

their water tastes good and is of good quality,? only about 40-percent of the connectors are

2 "Good" is the highest possible recommendation. The categories in the relevant questions
are “good,” "not bad,” and "had.”

s

.
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happy with the taste and quality of either their piped water or their alternative source. Qverall

Al

satistaction” is lowef for all seurees but extremely low for households owning a yard tap.

Bidding Games. Table 4 shows the bidding games that were conducted in each site.

rnupees for reasonable use per month to 50 rupees per month, and asking if the household

would still connect to the system at the new price. Intermediate levels of 20 and 30 rupees

werg also asked in order to ascertain a narrower range for the tariff at which the household

would disconnect. The second game for the A1 households was the same as the first, but an

improved system with plentiful, clean, good-tasting water and reliable service was first

described. The same range of tariffs was quoted for this system. In addition to these two

games, a game reducing the connection cost was played in the A2 and B sites. The improved

—

service game was not administered to the B;\site households.

Table 4 about here

Table 5 shows average maximum willingness to pay derived from the various bidding

games for A and B households. in the flrst game, for which the tarift was varied, the mean bid

AR

was 19.3 rupees for A site connectors, falling to 8.7 rupees for A site nonconnectors and 5.5

wra,

¢ f\nred 39

rupees in the B sites. The average maximum bid exceeds the current tarilf of 5 rupees for
e A A T, -

- For the At households, for example, the first game varied the tarift, raising it from the current 5

reasonable use, by from 0.5 rupees to 14.3 rupees. The second row of numbers shows that 56

p—eroeni of the A connectors would pay more than their current tariff for the existing system.

t

However, only 43 percent of the nonconnectors and 34 Wg“he B households would pay

anyihing for a yard tap.

/, 4-»"' P

In the second game, whehh the connection charge wa@aned/from 100 rupees ta 700

Leif
rupees, tt the average maximum bid {alls near the middie of the range at 355 rupees, for the A-

3 Categories for this question are:

Only "satisfied” Is reported here.

"salisfied,” "somewhat salistied,” and "not satistied.”

S



i

10

site nonconnectors and well below the midpoint, at 267 rupees, for households in site B. The

average maximum bid also +afts well below the average cost of connection for ihoge.

r

v

households, as shown in Table 3. However, 78 pafeeﬁ( of the currently 'L;héonnected A

-

households and 62 persent of the B-households are willing to pay something for a connection,

. The third and final game in the table is for the improved service described above. About 85 7

AT e,

-aefee;; of the currentlygonnected households are willing to pay, on average, 30 pefeem more =
/_HVF/-;“ L '17/:::://

thaf-lorthe ummproved sennce and 40W than is currently charged However,

e I S R S

nonconnectors would pay only 11 pazcam more, and less than haif of them would pay anything.

Table 5 about here

Overall, these descriptive statistics show little willihgness to pay substantial increases in
the monthly tariff by nouseholds that are currently _not connected to a water system. Yet a
large proportion would make a contribution for the connection charge, although the contribution

!.w
they would be willing to make is, on average, less than 60 percent of the actual cost of

connecting. These low bids contrast with those of currently connected households, which are
willing to pay an average of nearly four limes the current tariff for an unlmproved system and

Lo g Al

about five times the current tarift for an improved system.
Summary Pt

The "stylizéd facts” quoted earlier about the water systems are not entirely borne out by
the survey data. The population appears to be generally content with the quality and taste of
water from traditional sources, although this situation varies. Users of traditional sources are

much more satisfied with them than are owners of yard taps. Actual water consumption levels

(L8
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are about the same as the 4C-liter-per-capita design criterion.* While yard-tap-owning o
h ’

households do have repair problems, the systems appear on the whole to be operable. These
inferences are of course based on descriptive data and to some extent on responses to opinion
questions (satistaction-quality-taste). It should be kept in mind that expectations among the )
population may be‘very low, which may be reflected in the low willingness-to-pay responses in

the bidding games, even for the promise of an improved system. The estimations to be carried

‘J\

out next control for a number of different factors in an attempt to find how dlfferences in pncas

R VP RRE VR "]

and system characteristics glone affect the probability of haoking up.
Probabllity of Chooslng a Yard Tap in the Bidding Games
As shown in Table 4, three bidding games were conducted. Only the simple tariff

game was administered to all households. The conne:ction charge game was not appropriate
tor the A1 households, which are already connected, and the improved service game was.not
appropriate tor the B households, which have no public system to improve. Thus the major
analytical hurdle is to combine the information contained in these games in a way that allows
generalizations about the imponant variables (ne\%watea;ystem characteristics, traditionat/:

water-source characteristics, and household variables) across sites.

Probit Estimates

. A
AN S %
Two ditteremmameds coutd be used to analyze the bidding game responses. O‘ne/’“‘“’

which.is used in this sectxon...Ls-tg trear the bidding games as supplying to the respondent a
description of the improved water source characteristics, wﬂh the respondent mdxcatmg
whether, given those characteristics, he or she would choose a yard tap. Under this

irrn'éf;;matr:u\io;:7 the dependent variable is a 0/1 response, and the tariff, connection charge, and

improved service variables are determinants of the response. In such a problem, the classical

* Of course this statement is not meant to imply that 40 liters per capita is the optimal P
amount or that the entire 40 liters is gedeﬂ-from the public water system. In fact, households o
wilh yard taps get, on average, only 18 liters per capita per day from the tap. it appears that /"’ o
households with yard taps do consume more water, in total, from all sources. See Table 3 and ! /4"".“ 7
a more detailed discussion later in the paper. | Lo

‘.\-_.../
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regression model is inappropriate, and the probit (based on the normal distribution) or logit
(based on the logistic distribution) regression model is used [Maddala, 1983]. Either of these

rerlely

-apptoaches transforms the dichotomous dependent variable into a continuous variable on the

- 0,1 interval. They generall’yfgive similar results unless the predicted probabilities for most of
—_— :

the sample lie near the endpoints of the interval. We use the probit mode! in our analysis. A
second approach is to treat the final "yes" response in each game as the maximum willingness
to pay for a yard tap, which can then be analyzed using the ordered probit statistical model.

—— e

Those resuﬂgf_ﬁrovide no additional information.and are available from the authc;?sﬁ_

Modellng the Choice of Water Source. The underlying economic model for the probit
is the randorri;utility model, In which the respondent’s choice is, almost tautologically, taken to
reveal the highest level of indirect utility possible for that person, given the available choices.
Econometrically, im;:;lementing the probit model to analyzg the bidding game responses can be
problematic. First, we would like to include information from all bidding games in the estimates,

—

yet the bidding games differ and each bidding game was not conducted at gvery site. We ™

overcome this obstacle by assumi}fg th’atf:if a specific game was not conducted, the respondent .

'

made-a choice e;s if .tg_e'characteﬁstic changed in the unadministered game ’wa.s not changred
for that respondent. For example, in the connection cost or simple-tariff game, the dummy
variable for whether the service is improved is set to 0 even though no mention of improved
service was made. A related problem is what to do about the connection cost for the Al
househo!dé, which are already hooked up. The connection cost variable is never less than 100
rupees for the other sites, because that was the minimum quoted in the bidding games. We
treated connection cost as a sunk cost for the A1 households, so it is always 0 for them.

A second econometric problem is the proliferation of observations created by coding
each bid as a 0/1 variable. Each of the three bidding games had four possible responses, so

14

each household appears twslve times in the data used for the probit estimates. As an

example, consider the single household appearing in Table 6. The top four observations -
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correspond to the simple tariff game. The respondent would not choose a yard tap at any of

the prices quoted. The middle four observations correspond to the improved service game. In
this game, the respondent would choose the yard tap at a tariff of 10 or 20 rupees. The bottom
four observations indicate that the connection game was not conducted. The respondent’s
maximum willingness 1o pay in the simple tariff game is 5 rupees (the current charge for an A1
household) and 20 rupees in the improved game. Because we treat each price quote as a
separate response, each household in the sémple has 12 observations for the probit analysis,

giving rise to 13,800 observations for the 1150 households.

LTable & about hera

The resulting coefficient estimates are _unbiased, but because of the correlation of the
errors across observations for the same household, the standard errors are biased downward.
To correct the standard errors we used ahbootstrapping method, drawing one observation
randomly from each group of 12 and réJé-:;timating the probit on these 1150 observations. This
sampling (with replacement) was done'100 times, and the average standard error for each

coefficient from those 100 probits is reported.’

Independent Variables. We include improved water system characteristics (from the
bidding game), characteristics of the current source, household characteriétics, traditional water
characteristics, and bidding game dummies as independent variables in our analysis. The list
of variables in Table 7 shows the categories, provides a definition, and indicates the expected
sign for each variable. Referring to that table, the price variables associated with the improved

system (taritf and connection charge) are expected to reduce the probability of connecting. The

® The standard errors for the probits based on the full 13,800 observations tend 1o be about
a third of those we report, resulting in t-statistics abou (3}tmes too large. Because our
approach Is inefficient, the reported t-statistics are som&what understated, which we do not
consider a problem because the significance levels in general arg high. The means of the
coefticients from the 100 probits, as expected, are almost exactly the same as those reported
for the large sample.
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quality variable (improved service) is expected to raise the probability of connecting. The time -

cost variables associated with the primary traditional source used by the household (distance
and queuing time) are expected {0 increase the probabili_ty of hooking up to the improved
system.. The basic h_ouse'hold_ variables (income, electricity, number of rooms in the house, and
adult education) measuring income, wealth, and human capital are expected to increase the
probability of hooking up. The occupation variables (government employment by females and
males) are intended to capture the effect of modern sector employment in raising the

opportunity cost of time; hence, they are expected to raise the probability of hooking up to the

water system. The religion variable (Hindu) is a controi variable for which we have no
expectation as to the sign. Sex of both the respondent and the household head is included

because many observers speculate that females benefit more from yard taps and thus are

¢ oo s e AT

more likely than men to provide positive hook-up responses. Dummy commLmity variables

differentiate community water characteristics (abundant, scarce, saline), with the expectation

PR

that households in scarce or saline water areas will provide higher bids, everything else ‘quET.

Finally, dummy variables distinguishing the type of household (A1, A2, B) are inciuded to

f_\
measure the bidding-game bias for households that are not currently connected.
"

Table 7 about here

Results for the Full Sample

Table 8 contains the estimation results for the full sample, using the information from all
three bidding games. The following information is reported: the estimated coefficients,
standard errors, and asymptotic t-statistics; an asterisk indicating whether each coefficient is
statisticany-sign'rﬁcant for a two-tailed test at the tei{;:faercent level; ihé.elasticity estimated for

‘continuous variables at the means of all independent variable.vf;' and the mean of each variable

!

® The reported elasticity is the change in the probability of hooking up for an infinitesimal
change in the independent variable.

.

-
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in.the sample used for the estimation.

Characteristics of the Improved Water Source. The price variablas -- tariff and

L ]
e . A Y05 A it oy

connection cost -- have the expected negative effects on the probability of hooking up, and they

-~
are statistically significant at less than the one-percent level. The tariff elasticity is large: a1 7

pe:ce#f increase in the monthly cost reduces the probability of choosing a yard tap by 1.5 "7, @

't

‘percam.VThe connection cost elasticity is substantially smaller: a 11§efeem Increase In the cost

g;-n.’_"

of hooking up reduces the probability of doing so by 0.3 pefeent Thus,a small percentage

change in the connection cost appears to have less effect on the probability of connecting than

does an equal percentage change in the tariff, At first glance, this finding appears to run
counter to the popular impression that gonnection cost is the major impediment to hooking up

to fha modern water system and in fact:s cc‘>:r;ter to the responses of the A2 respondents, 58 d;
percen?’oi whom reported that the m_gg_f_ connecting was a reason they had not already

connected to the existing system.”

Table 8 about here

In fact, however, the apparent large difference in elasticities is illusory because the
scale and time horizon for the tariff and connection charges are different. The tariff is a charge
for a current service; the connection ¢harge is for a durable good. The two can be made
equivalent by discounting the latter. Table 9 illustrates this idea. Column 1 contains the mean
value of the taritf and connection cha‘rge from the bidding games.- Column 2 shows the value

of a ten-percent increase in the tariff or in the connection charge. Column 3 shows the implied

0‘-{ ",L-:.i.-: 3
)

? Respondents were allowed to mak?[multipfge responses to this question. Qut of 300
respondents, there were 324 responses: 58.3 géreent-obthe-responses cited the cost of
connection. Another 34.33&999( cited other reasgns, including that they already owned a well
or that a public tap was nearby. The remaining 7 $3rceat either had or would like to apply for a o2 ()
-connection—e_ (

ey, el n .




16
reduction in the probability of hooking up, given these changes and the elasticities in Table 8.°
Columns 2 and 3 show the result that if the connection charge is not treated by the analyst as
a durable good, a 1.8 rupee change in the tariff apparently causes a‘;t‘;mes greater reduction
in the hool;;up probability than does a 21.9 rupee change in the connection charge. In column
4._ the increase in the tariff is mu!tipliéd by 12 to get an annual‘. increase in expenditure, and the
increase in the connection charge is amortized over 30 years at a 20 Ap-epeem-real réte of
interest to show the implied increase in annual cost.’ QOn an annualized basis, the change in
the connection charge is about a fifth as costly as the change in the tariff,

Column 5 is included to reorient the reader: suppose we abandon the idea of equal

percentage changes in the taritt and connection ¢harge and instead vary them so that the

absolute incregge in the annual expenditure is eggivgleqt. at 4.2 rupees per year? To achieve

this equivalence would require a 0.4 ).4 rupee increase in the monthly tariff and a 21.9 21.8 rupee

g

increase in the connection charge (column 6), These increases correspond to a 2 befceﬁ’:
increase in the taritt and a 10 percent increase in the connection charge (column 7). Column 8

shows that this equivalent change in expenditure through eithef the tarift or the connection

charge would reduce the probability of hooking up by the same percentage no matter which of

the two charges is chosen forlhe fee incregse.

LTable 9 about here

What does this information mean? The respondents have simply revealed that they

made rational responses to the bidding game questions; they showed that they discount the

cost of a durable good (the connection charge) in trading off between the quoted connection

¥ Although the elasticities are calculated for infinitesimal changes in prices, it is gg\likely that
we are making an excessively large error by assuming a constant eldsticity for a tenpercent
change in price in this illustration.

¥ As Is demonstrated later in this section, this is the implicit interest rate at which the
responses for connection costs and tariffs are equivalent.

m
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fee and the monthly tariff. Thus, at some interest and amortization schedule, the connection

charge and tariff can be made equivalent to the household. In this particular case for the

reasonable amontization period of :ig_ years, the implicit interest rate faced by consurmers is 20 ‘3 <

_pexcam)'_ This finding implies that, given the credit market conditions facing each household, it

is possible to find whether it would prefer to‘_ fold some of the connection charge into the tariff or
vice versa.

In other words, if the connection charge is viewed by households as a major barrier to
connecting, it must be an impediment primarily because of poorly functioning credit markets. If

the water authority faces credit market conditions that are less costly than those faced by its

potential customers, which would be the expectation In rural India, & could use its borrowing

B il

power 1o fold some part of the connection charge into the monthly taﬁf{._}perﬁby increasing the

ceverage_qlfwtwhe system and its revenueg. Abandoning the incremental examples used above,
suppose 900 rupees of a 1000 rupee connection charge were folded into the tariff. If the water
authority could borrow 900 rupees at 5 ée)rcem real interest for 30 years, the cost would be 58
rupees annually. If it charged the household 7 percent interest for 30 years, the result would
be a net addition of 6 rupees _pc_e_r_mont_h to _the tariff. The equivalence of the behavioral
reaction by the respondents to the tariff and the connection chargé suggests that the water

—

authority's treatment of the two fees should depend primarily on credit;market conditions..
These calculations suggest that viewing the connection charge per se as a major
impediment {o choosing a yard tap is an illusion. The households responding to the bidding
games suffered from no suct; illusion; their respanses to the two types of games can be
reconciled at a plausibie discount rate and amortization schedule. Policy should be based not

o the presumed difficulty of paying the connection charge (and thus not making yard taps an

integral part of the planned water system) but on a careful assessment of credit markpt

mbm—

the tariff and large decreases in the connection charge. Responses 10 the bidding game imply
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that households would r_eadily understand a new p(gqungwggxa&eg%mmmmggg’g‘gms‘gme or all of } g

e S

~ the connection cost in the monthly fee. It is pertinent to note that this observation on the

importance of tinancing connection costs has long been understood by water authorities and
acted upon in areas where it is standard practice to finance connection costs.

The other water service dharacteﬁstic, whether t'he system's reliability is improved,
apparently has '&—&Lﬁﬁ‘ on the probability of hooking up, which is surprising given that poor
service is one of the most common criticisms of the modem water systems now in place.

Characteristics of the Current Water Source. The variables measuring

characteristics of the primary traditional source -- distande and queuing time -- are not
. .
statistically significant. While this result is contrary to our expectations, it household location is
e —— . )
partially determined by characteristics of the traditional water sources, the behavioral impact of
those characteristics may be blunted by adjustments that have aiready taken piace in the

household.

Household Characteristics. The household income and asset measures -- per capita
income, whether the household has electricity, and the number of rooms in the house -- all
have statisticallx significant Eositive effects on the probability of choosing a yard tap. However,
the female govemnment occupation dummy is negative and statistically insignificant, while the
male government occupation dummy is positive but also tails our signiticanCe lest (it is
significant at the 15/-percent level in a two-tailed tesi).

The religion variable -- whether the household is Hindu -- has a negative effect and is

significant at the '13/7percent level in a two-lailed test. Whether the household head is female is

signiﬁéant negative effect on the probability of choosing a yard tap, which is the opposite of the
A S+ e gy IR o TR

e ML B e

expectation in the sociological litérature.

All of the adult education dummies have slatistically significant positive effects. The

excluded education variabie is no schooling.” It we disregard the other variables in the equation
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and just calculate the change in the hook-up.probabilities associated with each education

dummy, it is possible to see how each level of schooling increases the probability. of hooking up

relative to the previous level.'” The results are organized in Table 10. The two largest

-

increments in probability come at the lower levels of schooiing: finishing primary school raises
. S

the probability of hooking up by 5.9 pé\teem.over having some primary schooling, and finishing
e
middle school raises it by another 13.1 percent. Adding secondary or college further increases

the probability, but at a dectining rate.

Table 10 about here

The table also shows the percentage of A-site nonconnectors and B-site households

falling into each education category. The éﬁects in the table are approximately cumulative, so
e

that a household containing someone who went to college is (other thingsﬂ‘é‘dﬁél) nearly 30 "

inphmbpheliit .

pereent more likely to choose a yard tap relative to a household with maximurn schooling of

1

some primary.” While adults’ maximum schooling levels are slo_w to change, education is

I

probably not a major impediment to choosing a yard tap. About 61 ﬁefeeﬁ{ of the A-site

nonconnectors and SSpéfeeﬁt of the B-site households are in the two top education groups.

Tradltiona! Water Supply Characteristics. Households in the scarce-water area are ‘
N .

..... At

subétantiany more likely to choose a yard tap (other \hings”éq('fél) than are those in the

['R]

' This approach probably understates the tnse change in probability because it disregards
the combined effect of a number of correlated variables, such as income, that change as
education changes. '

" The effects are not exactly cumulative because the denominator changes at each step.
For example, according to the table, going to college raises the probability of choosing a yard
1ap by 27.2 pewsent over finishing primary school. The actual change is 29.8 pereent.

0 ' ©0
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excluded abundant water site.'> The magnitude of the eifect, which is statistically significant
™\
at about the one-percent level, is approximately the same as having electricity or completing

middle school instead of stopping at primary schoo.

wwm«ﬂ?
M T

In contrast, bids from the saline-water area are significantly lower than in the excluded i\ \ ,>

abundant water site, a result that is unexpected. The negative effect of this variable on the
s

- 2
probability of choosing a yard tap is cnly about saven.pescent smaller than the positive effect of

~
the scarce-water dummy,
4

Bidding Game Blas. The bidding game bias detected for either the A2 or B

households is not statistically significant at acceptable levels, although the B coefficient is
significant at about the 1%percent level for a two-tailed test. Both coefficients are negative.
Summary - ' -

Respondents are quite sensitive to the monthly tariff for water and to the price of a
connection. The responses suggest that the major impediment to hooking up may not be the m(ﬁ -

connection cost per se but the cost of credit. Despite the sensitivity of the sample to the
_.__..,.____w—-m

monthly tariff, small increments in the tariff could remove completely the credit market

impediment to getting a connection.

Improved service does lméppear to affect significantly hook-up probabilities. This

i .

finding is quite surprising given the conventional wisdom, affirmed by descriptive statistics for

this sample, that connectors are dissatisfied with the quality of the service. Connectors may be

dissatisfied, but the quality of service is not an important issue to households that are currently

a——

not connected.
m——

—

.

Income, asset: and schooling variables have strong positive eftects on hook-up
o Ty v _

"2 The excluded. category includes a household with the following characteristics: no
improved service, no electricily, no one in government service, not Hinduy, male head and
respondent, no schooling, and an A-1 household in an abundant water site. Such a household
probably does not exist. It is an oversimplification to discuss the excluded category as a single
variable, as is done in the text, bul it would be ponderous to precisely identify the full list of
exclusions that are lumped into the constant.
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probabilities, as does !ivmg m a scarce waler area. Wae do no( find evrdence that female-

RCIEEN

headed households are more likely to ‘hook up, and we find that female respondents

e ———

consistently report Iower hook-up probabrlrtres than men,
Polley Simulationsg
In this section we use the probit results in Table 8 to estimate demand for water
connections and system revenue across the range of tariffs quoted in the bidding games. We
use the same technique to show potential gains in welfare if the supply of private water
connections is expanded. We also provide some rudimentary information on the income
distribution aspects of chanr;es in tariffs and availability of connections.

Effect of Changes In the Tariff for the Whole Sample

—

The simulatiorr method is simple and is illustrated by thie first example. Using the
coefficients in Table 8, we estimate the probability that each household would hook up at each
price from 0 to 50. If the probability exceeds 0.50, the household is counted as connecting.”
For each price the total nurrrber of hook-ups is counted, which is our measure of total demand.
Connection cest is set to 10'0'hlend whether service is improved is set to zero in this
simulation. The other independent variables are the actual values for aach household.

Figure 1 shows the result. The monthly tariff appears on the horizontal axis, the
number of connections appears on the lelt vertical axis, and the implied monthly revenue of the
water system appears on the right vertical axis. At a zero tarilf, we estimate that 848 out of

1,129'% would connect, including 100 pescent of the A1 households, 83 percent of the A2

households, and 61-pefcent-of the B households.

" The criterion for hooking up can be made arbitrarily tight. For example, the water
. company may want to be extremely conservative and plan the system on the assumption that
households would hook up at an 80 pefeem prabability. .
R YIRS ST D) 2“-

' Wae realize that setting the connectron cost 1o 100 rupees for the A1 houseRoTds B~ Facth.y

countertastual, and the result is to slightly underestrmate the actual demand curve,
odr . haat s 2

'* The full sample is 1,150; we—&og 21 households because et—mﬁemg-values](or one of

more of the independent variables.
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Figure 1 about here

Figure 1 jllustrates some basic truisms of economics. First, prices are often set at zero

by puinC'policies in order to protect 'xhe poor. However ”'doing so does not guarantee that 100

T —

—chm of the poor will hook up,because pnces do not oompletaly determme behawor In this

simulation, driving the monthly tariff down to zero, even with only a nominal connection cost,
L)

does nef result in 100 pescent of the sample hooking up, and the subsidy capt'ured by those

hooking up will not necessarily favor the poor, because the highest income households will be

e
~

the first to hook up. In the sample villages, for example, the top 40_&‘5_&& of the income

-

distribution (accounting for 78 pércent of the income} aiso accounts for 67 parcant of the 5-

rupee-per-month connections. In our simulation, we estimate that there will be mors

connections with a tariff of 20 rupees (about four times the current fee for reasonable use) than
—
there are today. Charging such a high tariff, and using the resulting profits to subsidize weil—
R
~
maintained public taps might actually have a more equitable result than would driving yard;tap

prices down (see Briscoe et al. 1990). ' In other words, judging the effects of a pricing strategy

3

on equily is an emgmcal issue, An alternative and possibly more appropnate criterion than
arb(tranly low tariffs might be to set the tariff so that revenues are 20 percent of the maximum,”
which is considered next. ‘ - e

Second, revenue is a nonlinear function of demand, which creates oppontunities for
making small tradeoffs of revenue for large increases in connections. The monthly tariff that
maximizes revenues in Figure 1 is 14 rupees, corresponding to 445 connections énd maonthly
revenue of 6,230 rupees. At atarilf of 10 rupees.monthly revenue (5,650 rupees) is 91 pércent--
of the maximum, but the number of connectoré is 120 greater among the sample t‘haﬁ("v?ould be

-umrasg/if revenues were maximized.

Welfare Effects of Higher Tarif{s and More Connections

P

How does this scenario compare with the current situation, and would people be better



]

23
or worse off with the higher charges that they seem willing to pay? In Figure 2, we draw the

demand curve alone in the normal economic fashion, with Quantity of connections on the
horizontal axis and price on the vertical axis. This is the same demand curve that appears in
Figure 1. ‘However, the number of cénnections has been scaled up to the whole population
using the data reported in Table 1. The current supply of connections is shown as a vertical
line at 250. The supply curve crosses the demand curve at slightly more than 25 rupees, which
by our estimates is the monthly tarift the water authority could charge for the fewh connections
currently provided. The current brice appea}s és a horizontal line at 5 rupees. At that tariff

(and a 100 rupese connection charge) about 3,500 households wo_uld connect.

- Figure 2 a@bout'here

Consumer surplus, a measure of economic weltare, is shown as the crossed area
above the 5 rupee price in Figure 2. This amount, if added to the small area showing existing
water system revenues, shows the revenue that would be collected if current connectors were
charged the price that people are willing to‘ pay for the few connections that are available.
Because they actually pay only 5 rupees each, the water authority is essentially providing a gift
to current connectors equivalent to the shaded area.

How could private connections be expanded and what would be the re'sult in terms of
welfare? One strategy, of course, is simply to subsidize connections at the current tariff so that
the additionai 3,250 households could hook up. That would be expensive, but it would result in

17,500 rupees a month in revenue, 14 times current monthly collections. Suppose, instead,

-
r

that the water authority raisele: the tariff to 10 rupees per month. This situation is shown in
] o »ioL

Figure 3 as the )iéw/, Price” fine. Suppose further that the supply of connections is J_expanded
to 2,500, which clears the market at that price. The revenue effect ot the tariif hike and

expansion of connections, no matter how the extra revenues are spent, is an estimated 25,000

rupees per month, about 90 Z%feem of the maximum feasible revenue, according to eur
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estimates.

Figure 3 about here

How could the water system ‘eéxpand conhections at a 10- -rupee tariff? The water
authonty could borrow 1,748, 390 rupees for 30 years at a real interest rate of 5 pefeent with
monthly payments of 9,375 rupees (this capital cost would consume 5 rupees of each 10-rupee
tariff). This loan would allovo it to pay for connections for the 2,250 new customers at an
.average of 776 rupees per connection, about 1.5 times the estimated average cost for the A2
and B households in the sample. An equal amount wouid be availabblo monthly for recurrent
costs or to finance other capital costs (compared to 1,250 today in total) The water company

s e ; we ’u‘.[.
benems ‘through a. twen&y fold increase in revenues, and more people are hooked up, but what Z

—

happen;/ to welfare?
. . ‘mov ' ,:_-.--‘_'-:; \’G‘"—..

Those who previously were connected are worse off because they are now paying

o

St ha 1 et
double the current monthly tariff. However, thlS small loss of consumer surﬁlUS‘is more than

flr

offset by the large mcrease in households who benef t from private mnneonons The new
Srmm——

consumer surpius ls shown in Figure 3 as the shaded area. We-estimale+oughiythat=-

,),A--_-J!'!

e —

consumer surplus In Fagura 2 is 5,500 rupees, compared to 25,000 in Figure 3, a gain of 450 - ,,
—percent. Consumer surplus by those who previously were conneoted 1ai|s by 1,250 rupees.

even though overall consumer surp‘us mcreases"so much. Suc_h—a—large increase in welfare

could be used as justification for subsidization if the new system could not be self supporting;

under any circumstances it suggests that the expansion of the water system will make people

much better off even if it costs them 10 rupeeé per month. The increase in welfare is such that

there is also room to compensate ex_isting‘connectors for their loss of welfare. One approach
would be {o pay them cash rebates equal to the average connection cost for the new
connectors, so they would not feel unfairly treated by the "subsidization” of new connectors.

We are frankly surprised by these findings. The number of connections and resulting
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revenue corresponding to the estimated demand curve are far higher than we would have

N
e e .7

expected. Have we made any dangefous errors? We doubt it. Suppose only 1000
households actually hook up at a 10 rupee tariff. The same revenue woulid be available for
subsidizing connections and paying for recurrent costs on a per househoid baSlS 50 Ot:f
example would not change in that respect. The basic principle remains intact: there are many
people who would pay more than the current tariff for a yard tap, and this fact creates

opponunities to serve them better.

Yearly Water Costs and Income Distribution

Table 11 contains cross tabulations of connections and the mean percent of household
income spent on water by quintile, for each water area. Thesse statistics aré reported for
simulations in whic.ﬁ?élrift is set at 5, 10, and 15 rupees (connection cost=100). The bottom
three rows show the experience for the full sample. At a tériff of 5 rupees, the highest percent

P
of yearly income being devoted to the yard tap is 3.5 persem- for households in the poorest
qulnme in the scarce water area. The richest households in that area would spend 0.3 perceﬂi
of mcome on M water from the tap. The range seems well within the bounds of acceptable

burdens.

Table 11 about hére

How do the poor adjust to higher taritts? They primarily choose not to connect. For
-

the abundant site, 67 pereent of the poorest group would connect at a tariff ot 5 rupees, as_

-

would 89 pessent of the richest group. But at a tarlﬂ of 15 15 rupees, only 12 percent of the

poorest group would connect, compared to 55 percent of the richest group. The poor who

4

would still hook up would spend 6 1 percem of their-incomes on water at the 15 rupee price,
buk thatg wmdd e e e
compared to 0.5 parcenﬂor the richest group. vasp we 4 aud] M FMMM 1y e

The most interesting result is for the scarce water area. As the tarift mcreases from 5
S — L{h—u"d J q

to 15 rupees, the percent connecting among the poorest group\falls from 58 to 31 géfeerrr for

| s
Ba i oy s e giem thasad ks b7 froh
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the richaest group the percent connecting‘*tallJl/mm 85 to 65. The poor who still connect at 15 -
9. . :
rupees would pay a whopping 11.6 pei;eam of their incomes for water, and the rich would

q ) .
spend 0.8 p‘éréen(. Scarce water imposes such a burden on the poor that apparently some of

them would prefer to devote a relalively {arge share of cash income o overcome it. ’

. , ~
There are two_policy options to reduce the burden faced by the poor. If they liveTin
e S— e r"'. ’
different geographical areas, which is likely, there rray-be some scope for price discrimination -- Bw‘)w'\m-

—.
charging more in wealthler areas and less in poorer areas for the same servace -Evan if this Ps-\ LAY
M L e Rt

el uJ\Nj
not done, it is likely that the poorer neighborhoods would reach a solution on thenr own, such as

sharing a yard tap. That solution points up the importance of metering the connections, but it

gymes ol L

also suggests that subsidies may not be essential. Another form of price discrimination is:to

de s
accompany yard taps with serviceable public taps so that poorer households that dia not
L -

connect fiave access to a tree alternative. Pohcy makers would be less worried about the

possnble social inequity of not having an equal distribution of yard taps if poorer neighborhoods

2%
were well served by a public tap system. The most important lesson, however, is that 'low

e _D ]

income should not be viewed as a reason to under-de31gn a system.  Some of the poor would
!

connect even at the 15 rupee tariff, and any of the solutions just discussed for widening access

to water for the poor wou!d_ require a system that is designed for private taps.
Conclusion
| We presented in the lintroduction a typical set of "stylized facts" about rural water
systems in India, and in fact, in most parts of the developing world. Some of these ideas are

supported by the data collected in rural Kerala, but others are not. The population appears to

be generally content with the quality and taste of water from traditional sources, although the :
accuracy of that generalization varies by wa\egsou'rce characteristics. Users of traditional .
sources are much more sgtisﬁed with them than aré owners of yé'rd taps. While Yarg-,gz;p-’ ~ _u;h}')"' ‘
owning households é?;ave repair problems, the systems appear on the whole to be operable. _ a'-:m““

On average, willingness;\to;\pay responses are about 4 times the current monthly tariff of 5 Coeet
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_rupees for reasonable use for connectors, 1.7 times above that figure for nonconnectors, and

about 1.1 times highér in villages currently without piped water systems. Average responses
on connection cost are well below actual costs. Willingness to pay for improved quality of

service is high among households that are already connected, especially among thoseé in
— ‘
scarce~water areas.

K P ¥ Ll..(_,. -
Qur analysis of the blddlng games provides some exuao;dma;y-m#efmatm Wﬁmd
"-"‘L - 2 dur Tla fas 544’1 ya
Iew estlmated connection cost/and l:ugh estimated tariff elastlcxtiesz Th|s result seems odd but

?/ e
it is understandable if we take into account t that connection cost is the price of a

durable good. We find that the real constraint in preventing hook-ups by respondents who cite

the hngh cost of a connectnon as an impediment is probably credit market condmons rather than

S}

the connection oost itself. The water authority can play an important role in solving this
iy e R

JU——-———ee—————e

problem.

Iheﬁs/chooling and income variables have strong positive etfects on the probability of
L Tmm—— e
choosing a yard tap in the-bidding games. The schooling effects have a positive but
decreasing impact, so that the strongest impact is below the secondary school level. Living in
a scarc;rvater area strongly increases the probability that people will hook up to the water
e .

systemn at every price.

One common beliet is that, apan from the connection cost impediment to hooking up,
people also do not choose to purchase yard taps because the current level of service is so

poor. However, improved service does not strongly affect hook-up probabilities for our full-

i -

sample estimates. In estimates not reported in this paper, we find that only households

currently hoqked up (and again, especially thosa in scarce}\‘fvater areas) are willing to pay
significantly more for an improved system. )
The findings of significantly higher willingneés to pay by current owners of yard taps

both for the current system and for an improved system also introduces a temporal dimension.

Early investments by the water authority may sensibly be devoted to providing yard taps at low
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cost to a much wider base of users, especially in the scarce water areas, and Iater investments

L A A bt

might be devoted to u gradmg the system as new customers become willing o pay for better
Wiismamprares .-
service. The question that arises in making Iongf-term plans of that nature is the capital cost

differential between a minimal quality system and a high qualiiy system, and how recurrent
JpPE——L_ .

costs vary over the life of the system.. It may be possible that much higher quality systems can

be purchased within the constramts of consumers’ existing willingness to pay.
bt

Qur basic finding i us excess demand: fgxwmmmmﬁ Connecuon cost

is a major impediment to connectmg, but muaeHhat—excess demand ie-se—igh provides

opponunities to solve the connection cost problem in a manner consistent with our earlier

,fjnding that the underlying problem, given responses to the bidding games, is unobserved cradit
conditions. The connectior:-;;ost impediment should be a reiatively easy one for the water

authority to eliminate. Saltistying the excg&ﬁm,%mﬂ?}héf”\??Sj?‘ﬁ.}f?’ yard taps would greatly wuk as

Cand hx.{u-f

increase the water authority’s revenues and ability to finance connection costs, not to mention ,:'f‘;“’:“‘f L
Eprt im,

service improvements. : - | '\:f:j:hih v
This study therefore traces out’'a "new” path which waterf—lsupply planners in Kerala (and ,(
many other parts of the developing could) could follow. The current wategsupply situation in
rural Kerala can be described as a "low-level equilibrium trapft‘ Systems provide a low level of
service with few yard taps. Because tariffs are low and there are few connectors to pay the
larifts, little revenue is generated. The water authority can afford to maintain the system only
up to a level at which the reliability of service is low, forcing consumers 10 supplement piped
water from traditional sources and reducing further the willingness of people to pay for such a .
system.
Qur analysis shows that, by making a few critical po.licy changes -- encouraging
coﬁnections by financing connection charges throﬁgh higher taritfs and improving }eliability -

the systems can ratchet up to a "high-level equilibrium” in which there are a large number of

connectors, revenues are greatly increased, supply is more reliable, access to yard taps is
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substantially more equitable, and there are large improvement in welfare. Lhe critical ingredient
in effecting such a change is a change in perception about the purpose of a public water;supply
system. Rather thantrying to provide a heavily subsidized, minimal-service-to-all system,

planners need to understand and respond to patrons’ demands.
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B

Locatlon and Types of Survey Sites, with Sample Slze

A sites: Improved Water Source Available

Area . . Connectors - Nonconnectors

B sites: No
Improved Water
Source Avajlable

v

Water-abundant area

Panchayat Ezhuvathuruthy Ezhuvathuruthy
Housaholds 66 819
Household Sample 66 - 100

Water-scarce area

Panchayat Elapully Elapully
Households 86 723
Household Sample 86 100

Water-abundant but sallne-Intrusion area

Panchayat Ezhuvathuruthy Ezhuvathuruthy
Househoids 98 768
Household Sample a8 100
Total Household 250 300

Sample

Nannamukku
1497
200

Elapully
876
| 200

Vallikkunnu
1313
200

500

34
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Table

Descriptive Information (Means) on the Sampie by Site

A Sites: Impraved Watar Source

B Sites:
' Available No
- Improved
. : Water
Housahold Charactaristics - Unit GConnactors Nonconnectars Source
Per capita income Rupess 3602 2107 2620
‘ Housahcig}{pulation ) Number 6.5 6.8 7.2
Electricity Parcent 96 47 43
Rooms in housa Number 5.1 38 2.8
Any females in governmant sarvica Percent 16 6 4
Any males in govemment sefvice Percent 57 o 32 22
Hindu Percent &8 69 40
" Head of hausehold female Percent 28 25 24
Respondent female Percent 50 70 s7
Maximum adult education
No education Parcent 0 5 11
Some primary Parcant 1 7 14
Primary complete Percent 7 18 21
Middle complete Percent 10 9 21
Sacondary complete Percent 40 33 22
Mora than secondary Parcent 42 28 12
Maximum female schaooling Years 11.0 8.3 6.5
Maximum male schooling Years 1.7 93 7.4
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Table 3.
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Water Soutce Characteﬂst!c_s (Means and Frequencles) by Site

A Sitas

Water Source Charactaristics Unit Cannectors Nanconnectors B Sites
Primary water source - ) ' o o

Piped water (yard tap)' Percent 100 o 'o.

Public tap Percent 5 T a7 6

. Public hand pump/welt Percent 4 5 24

Own welt Parcant 61 41 42

Neighbor's weiltap Percent 27 18 25

Trough (kulam) Parcent 2 0 3
Estimated connection charge? Rupees 672 593 522
Actual connection charge * " Rupees 1604
Distance to water sourca Meters 20 10 50
Mean queus time over seasons Minutes 2 16 &
Taste is good® Percent 43/48 83 79 .
Quality is good® ) Parcant 40744 86 78
Satisfied’ _ Percent 17/31 62 58
Average Daily Quantity® ' Liters 117/495 232 255
Average Daily Quantity per Capita Liters 48 34 as

1 For site A connectors, piped water is the primary source. The other sources shown for connactors
are those. that would be used if they did not have a tap. For these households, distance and
Queuing time are also for the main alternative source,

2 For site A connectors, connection charge is actual. For others it is estimated based on the distanca -
from the house to the distribution line. , o

3 For site A connectors the two numbers shown are for yard tap/altemative primary sourcs,
respactively, In sach the “taste,” "quality,” and "satistied” questions, the proportion shown is for the
highest level of three possible response categories. {
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‘Table 4.  Description of Bldding Games for Each Site

e

Water System Charactaristics Varied in the Bidding Games

. Bidding " . !
Survey Site Gama Taritt ; ) Service Connection Cost
. Range up
‘ Taritf game | (10-50 Current servica fevel NAP
Al currenty connected 1o rupees) :
an existing schema, with a A .
ard g nge up
yeraap Improved | (1050 Better service describad NAP
game
rupaas) :
- Connection | Current (5 . Range down (700-100
costgame | rupees) Curtrant servics level rupoes)
A2: with access to the same Range up ‘
scheme as the A1 Tariff game | (10-50 Current service level - | Held constant at 100 rupees
households, but not current! rupees)
connected " | improved | Range up
Service (10-50 Better seivice described | Held constant at 100 rupees
game rupees) - '
Connection | Current (5 . Range down (700-100
. Current sarvice lavel
B: new scheme planned or | €05t game | rupees) rupees)
under construction — will Range up
have access in the luture Taritf game { (10-50 Cutrent service lavel Held constant at 100 rupees
rupees) : '
Nota: *Range up” means that the existing price (5 rupees) is the minimum, and bids ranged up from that lsvel.

*Range down® means that connection cost was started at 700 rupees and reduced in incremants to the final
option of 100 rupees.




Average Maximum Willingness to Pay by Site In the Bidding Games

. B sites;
A sites! Improved Wataer Source . Ne
, Available Improved
) Water
Source
Bidding Game Unit Conneclors Nonconnectors Available
Average Maximum Willingness o Pay: Rupeas 19.3 8.7 &5
Manthly Tarift Game i
Percent of respondents with a bid Parcent 56 43 34
greater than zaro .
Average Maximum Willingness 1o Pay: Rupees NAP 3858 267
Connection Charge Game :
Percant ot raspondents with a bid Parcent NAP 78 62
greater than zero ,
Average Maximum Willingness to Pay: Rupees 25.0 9.7 NAP
Monthly Tanif for Improved System Game
Percent of respondents with a bid Percent 85 43 NAP

greater than zero

Note: NAP = Not applicable

38



Reproduction of Twelve Observatlons for a Single (A1) Household

Hook Cannaction
up?  Tariff' Cost  |mproved? Game
0 50 + 0 o] Tariff
o 10 1] 0 Tariff
0 30 Q -0 Tariff
0 20 0 0] Tariff
0 50 0 1 Impraved
1 10 0 1 Improved
Q 30 0 1 lmproved
1 20 0 1 improved
Connection
Cost
Connaction
Cost
Connection
B Cost _
Connaction
_ Cost
Nate: " means missing value — game not
administared

~+ Maximum willingness to pay in the
taniff game: S rupees (current tantf)
Maximum willingness to pay in the
irmpraved game: 20 rupees



Table 7.  Llst of Varables Used In the Analysis of the Bidding Games
Expected
Catagory - Vanable Sign!  Description
Tanft -

Charactaristics of the

improved water souree, given

in the bidding game

Connection charge

Improved /Sérvica

iTariff quoted in the bidding game

Connection charge quoted in the bidding game
Whether the bidding game indicated that the service

¥ iwould be improved (V1)

Distanca to current . Distance to the current source of water or, if hooked up,
Characteristics of the current isource distance to the primary altemative source
water source or altemative o Average queuing time over seasons at the cument
a yard tap Queue at current + source; if hooked up already, queumg time at the

source

primary aitemnative source
Per capita income . Esumatpd household income divided by household
population

Electricity + Whether the household has electricity (0/1)

Number of rcoms + Number of reoms in the house

Females in . Whether any females in the household are employed by

govermment servica ~ the govermnmaent (0/1)

Mailes in govemment N Whether any males in the household are employed by

service the govemnment (O/1)

Hindu . ? If the household's religion is Hindu (0/1)

Sax of HH head + it the household head is female (O=male/{=lomale)
Household characteristics it the respondent to the survey is female

Sex of respondent + (0=maleriafemale)

. . f } i i
Some primary school N I the maximura education of adults in the household is

Primary school
complate

Middle school
completa

Secondary school
complete

Mara than secondary

some primary school (without finishing) (0/1)

It the maximum education of adults in the household is
complation of primary school (0/1)

It the maximum education of adults in the housahold is
complation of middle schoal (0/1)

If the maximum education of adults in the household is
complation of seconda:y' on) St an

It the maximum educauon of adults in the househoid is

:at least some college (0/1)

- /
Traditional. Water Supply

" Eharacteristics

‘Scarce water area

Saline water arsa

‘Household is in a scarce water area (0/1)

Household is in an area where salt water has intruded

iinto traditional sourcas (0/1)

. Dummy Variables to Aécount

* for Bidding Game Bias

A2 househoid

B-village househald

{Household is a nonconnector in villages with improved
iwater already available (0/1)

Household is in a village without an improved water
sourca (0/1)

# ' Expected sign: the effect — pasitive (+), negative (-}, ar unknown (7)

— on the probability of choosing a yard tap
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Table 8.  Probit Estimates of Choosing a ¥ardtap (n the Bidding Games: Information from Al
— Games Combined, Including Tariff, Connection Cost, and Improved System Bidding

Games
: Full Model
Variable ' : . Coefficient  Std Ervor t-stabstic Elasticity Mean
Dependent ¥ariable: Hook up? _ 0.302
Constant -0.301 0.472 0.837 1.000
Tarift ‘ -0.060 0.006 10.184 * -1.465 17.633
Connection charge 0001 0000 4020 * 0289 218.747
Improved ﬁérvica - -0.058 0.204 0.285 ‘ 0.114
Distanca to current source 0.00002 0.0004 0.039 0.004 31.597
Queus at current source 0.003 0.003 0.895 0.032 8.412
Per capita income ~ 0.00002 0.00001 1.823 * 0.083 2613.400
Electricity 0.335 Q.115 2815 * 0.461
Number of rooms 0.086 0.031 2799 * 0.377 3.188
Females in governmant service -0.100 0.206 0.485 - 0.054
Males In government service 0.166 0.118 1.447 ‘ 1 0.262
Hindu Sy e -0.191 0.124 1.539 0.483
Sex of HHt head ' - 0.057 0.117 0.487 0.240
Sex of raspondent ' 0.275 0.102 2696 ° 0.595
Some primary school 0.509 0.296 1718 °* 0.110
Primary school completa - 0.629 0277 2275 * 0.197
Middle school complete 0.981 0.280 3430 °* 0.181
Secondary school complete ) 1.132 0.275 4925 ¢ 0.264
Moare than secondary © 1290, 0.292 4423 0.178
Scarce water area 0.347 0.139 2501 * 0.253
Saline water area -0.232 0.135 1710 °* 0.359
A2 housahold -0.307 0.332 0.924 0.315
B-village household -0.492 0.338 1.456 0.666

Estimates are weighted by the population of the sampling unit. The means ara the same {or both madals.
The probit as a whole is significant at better than the .00001 level for a likaelihood ratio test (chi-square). An
*** next to the asymptotic t-statistic indicates that the coefficient is significant at the .10 level or better for a
two-tailed test.

13,800 obsarvations were used to estimate the coeflicients, 12 for each household. The reported standard
arrars are the means of the standard errors estimated for 100 separale probits run on the actual samiple of

- 1150 households, in which ane observation was randomly drawn for each househaeld, sampling with
replacament from the population of 13,800 observations.

#
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“Table 9. Equivalence of the Tariff and Connection Charges
. 1 2 3 4 5 6 7 8
. - Forced
N Resuiting Change in Equivalence | Change in
. . Ten Percentage Annyal in the Annual | the Mean Percentage
Mean Percent | Changein | Expenditure Changs in Price Resuiting Reducton
Price Increase the Oue to the | Expenditure, | Consistent | Percentage in the
from the in the Probability { Increase in Tariff and with Equal Change in | Probability
Bidding Mean | of Choosing | the Mean Connection Annual tha Mean | of Haoking
Games Price a Yard Tap Prica Charga Expenditurg Prica Up
Unit Rupees Rupaes Parcent Rupees/year | Rupees/year Rupees Percent Percent
Tarnift 17.6/ma. | 1.76/mo. -14.7 21.2 4.2 0.4 2.0 -2.9
Connection 218.7 21.87 -2.9 4.2 4.2 21.9 10.0 -2.9
Charge

b . -



Table 10. Incremental Effects of Schoollng on the Probability of Choosing a Yard Tap

e

Percentage _
Increass in Percent at each Level of Schooling
Probability over _

Schooling Level . the Pravious Lavel A2 . B
Primary 5.9 . 18 21
Middle 13.1 9 21

Secondary 4.7 a3 22

At least some 35 28 ’ 12
collage

i@



-'[ggg'_ 11. Mean Percent of Income Spent on Water Annuaily by fncome Quintile and Wat

F

er;\Source Charar;tedslics for Three Simulated Tarifis

Traditional Tarif=5 Tariff=10 Tarifl=15
Quintles for Water Percent of Percent of Percant of
Per Capita Character- Percent Income to 1 Parcent Income ta Percent Income to~ 0¥
Incoma istics Connectors Connecting Water Conneclors Connecling Water Connectors Connecting Watar
abundant 39 67 as 26 45 7.4 7 12 6.1
‘Poorest scarce 46 58 35 35 45 7 25 31 1.6
saling 24 26 2.4 9 10 8.5 6 7 125
abundant 29 63 1.2 2t - 46 2.2 14 30 3.2
Secand scarce 47 61 1.3 29 K 2.7 20 26 kR
saline 35 33 0% 27 25 1.8 1" 10 27
abundant a7 64 o7 27 a7 13 19 ) 19
Third scarce 58 68 09 - 50 59 1.9 40 47 286
salire a7 46 07 27 33 1.2 21 26 1.6
abundant 65 a3 0.3 53 68 Q.7 3s 48 0.8
Founth scarce 59 77 0.5 54 70 1 48 62 1.6
saling 48 72 0.3 a3 49 0.6 28 42 09
abundant 1 89 0.2 95 76 0.3 69 55 0.5
Richest scarca 44 85 0.3 40 77 0.6 kY 65 0.8
saline 42 a9 0.2 33 at 0.3 3t 66 0'5.
abundant 281 77 0.8 222 61 1.5 147 40 1.3
Fuil sample scasca 254 68 1.3 209 56 24 167 45 35
saline 186 47 6.7 134 34 1.3 97 25 18
. r, . « Lo e~

E
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Number of Connectors : Monihly Revenoe

800 _ T 000
800 -
+ 8000 -
- 0 - -
800 - - 8000
500 + 4000
i
e + 3000 *
300 4 )
+ 2000 -
200 -
100 - 1000
0 by =i 9
S T 10 16 20 2% % 3% 40 I 50

Monthly Tariff (Rupees)

Q . . -
Flgur;L Simulated Bémand and/Févenue at Each )?ﬁce’ oloted in the Bidding Bames, with
nnection CHst=100 and N0 Mfiprovement in the Water Systems, for the sample of
1,129. Derived from Table 8. _ ’ '
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0 Monthly Tariff

Current Supply of Connections

Consumer Surplus
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50¢ 1000 1500 2000 2600 3000 3500 4000 4500
Egtimated Connections in Population

r 7 -, ,
Flg@f&oz. Currentﬁailability of Xérd ;P{r.;s and ifs EConomic Consequences, Siven the

JEstimated @emand Curve in Figure 19
‘ ~
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