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Abstract

Towhat extent doesinformation affect the demand for environmental quality? A randomly selected group of
householdsin Gurgaon, Indiawasinformed whether (or not) their drinking water had tested positivefor feca
contamination using asimpletest kit costing lessthan $0.50. Householdsthat wereinitialy not purifying their
water, and weretold that their drinking water was contaminated, were 11 percentage pointsmorelikely to begin
some form of home purification in the next 7 weeks than householdsthat received no information. By way of
comparison, an additional year of schooling of the most educated person in the household, isassociated with a
4.4 percentage-point risein the probability of initiad purification, whileamovefrom onewedth quartileto the next
isassociated with a15 percentage-point rise. Householdsthat received a" no contamination” result were not
sgnificantly different in their behavior from househol dsthat were not informed about their water quality. These
resultsindicate that theissue of under-provision of information needs to be addressed when estimates of the
demand for environmenta quality are used for welfareor policy andyss.

Keywords. Environmenta qudlity, drinking water, information, awareness, experiment.
JEL Codes: 112, 010, Q53, Q56



Thelmportanceof Being I nformed: Experimental Evidenceonthe
Demand for Environmental Quality

JyotsnaJalan and E. Somanathan

1. I ntroduction

Inthelate 1840's, Ignaz Semmelwel's, aHungarian physician working inthe Lying-In hospital in Vienna, showed
that the high desth rate among women giving birth in the hospital was dueto thetransfer of atoxic substancefrom
the hands of medical studentswho had worked on cadaversand then attended to the women in the maternity
ward. Thisknowledgewasused to dramatically lower the desth rate by having the sudentswash their handswith
adisinfectant before attending to patients. A few yearslater, another physician, John Snow, showed that the
choleraepidemic that hit London wastransmitted by contaminated water.

By thelate 1870's, the germ theory of disease had been put on afirm empirical footing (Nester et. a., 1998).
Neverthel ess, morethan acentury later, 70 percent of those surveyed inavillagein rural Boliviathought that
diarrheawas anormal occurrencein childhood (Quick et. a., 1997), while 45 percent of those surveyedina
suburb of Delhi inthe study reported heredid not include drinking contaminated water among the possible causes
of diarrhea.

Thesegoriesillugratetwo points. firgt, that relevant information hel pspeopl e protect themsavesfrom environmental
hazards such as infectious disease, and second, that despite this, such information spreads slowly through
conventiona avenueslike school education.

Theeconomicsliterature haslaid more emphasis on wedth than on information asadeterminant of thewillingness
to pay to protect oneself from environmenta and hedlth hazards.* Just how quantitatively sgnificant istherole of
informationinthisregard? In thispaper, we examinethisquestion inthe context of drinking-water quaity. This
isan extremely important issuein the devel oping world wherethereare 1.7 million desthsand 54 million disability
adjusted lifeyearslost annually dueto unsafe water, sanitation and hygiene. Furthermore, 90 percent of the
deathsare those of children (WHO, 2002).

We conducted arandomized experiment in Gurgaon, asuburb of Delhi, in which wetested approximately 1,000
randomly selected househol ds drinking water for the presence of bacteriaof fecal origin. About 60 percent of
thewater (before any home purification) tested "dirty” i.e., positivefor the presence of fecal bacteria? By way
of comparison, intheUnited States, if even asingle sampleof tap water testspositivefor fecal coliforms, thenthe
local water authority isin violation of federal regulationsissued under the Safe Drinking Water Act.® These
regulationsa so stipulatethat locd authoritiesinformindividua householdsabout any violation of the tandardsin
their jurisdiction. Inlndia, onthe other hand, tap water isunregul ated and the results of any water quality tests
conducted by government authorities are generaly not made public (M cKenzie and Ray, 2004).

" As exemplified in theliterature on the Environmental Kuznets Curve surveyed in Borghesi [1999].

2 Throughout the paper, we use the term “clean” to indicate that the water tested negative for the presence of fecal bacteria
and theterm " dirty” to mean that the water tested positive for the presence of fecal bacteria.

3 Source: http://www.epa.gov/safewater/mcl.html
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In the second round, weinformed arandomly selected group of about half the householdsin our sample of their
water test results. Returning about seven weeks|ater, wefound that householdswho weretold that their water
was"dirty" (indicating thelikelihood of fecd contaminetion) and wereinitidly not doing any homeweter purification
were 11 percentage points morelikely to have begun doing so as compared to householdswho had not been
informed of thetest result.*

How should we evaluatethe size of thiseffect? Jdan et. . (2003) using National Family Hedlth Survey datafor
urban Indian househol dsfound that the probability of homewater purification rose by 5-12 percentage points
when moving from onewedlth quartileto the next, whileit rose by 1(1.4) percentage pointswith ayear'sincrease
in schooling of the most educated male (femae) member of the household. Likewise, wefind, using the cross-
section from thefirst round of our survey in Gurgaon, that an additional year of schooling for themost educated
member of the household isassociated with a4 percentage-point risein the probability of purification whilea
move from onewedlth quartileto the next isassociated with a 15 percentage-point rise.

Even one-timetargeted information of this nature can have considerabl e effects on awareness. Whether such
awarenesswill ultimately lead to asignificant declinein theincidence of water-borne diseaseisanother question
beyond the scope of thispaper. However, what the experimenta resultsdoindicateisto the extent that thefailure
of public authoritiesto provide safewater isdueto lack of demand (whether by way of political expression or
lack of willingnessto pay for improvements), regular water testing and public information campaigns can help
mitigatethisproblem at arelatively low cost.

More generally, measuring the demand for environmental quality and attempting to draw welfare and policy
conclusions from it without addressing the issue of under-provision of information can lead to significant
underestimates. Itisnot surprising, given the public-good aspect of information about environmenta risks, that it
isunderprovided.

Asyd, little attention has been paid to thisissuein theliterature. Theonly experimenta study of whichweare
awareisnot from adevel oping country. ThisisSmith et. a.'s(1995) study of mitigating behavior in responseto
different information booklets on cancer risksfrom radon gas given to asample of US householdsin New York
state by the Environmenta Protection Agency. They found that radon readings and the manner of presentation of
information about the health risks of radon influenced the decision to take mitigating action.

Antleand Pingdi (1994) studied pesticide usein ricefarming in the Philippines and found that insecticideswere
heavily over-used becausefarmerswere not sufficiently aware of their adverse chronic (long-term) health effects.
Thesearenot easily perceptible, unlike acute (immediate) effects. 1t isnotablethat thisconclusion appliesto
private profitability with health effectsbeing valued by their productivity lossesaone.

With regard to drinking-water quality, apart from Jalan et. a. (2003) mentioned above, Roy et. a. (2004) found,
controlling for income, that the el asticity of water purification expenditure of householdsin Kolkata, Indiawith
respect to years of schooling of the most educated member of the household was approximately unity. Dasgupta
(2004)and M cConndll and Rosado (2000) found that in Delhi and an urban areaof Brazil respectively, education
of the household head was statistically significant in the decision to purify water, although they do not report the

4 Although public provision of safe water may be a more effective way to prevent disease, we measured home treatment
because it is the only response we can expect from households in the short term and is easy to implement. In fact, among
environmental goods, we chose to study clean drinking water not only because of itsintrinsic importance but al so because
private mitigating actions that can be easily recorded are available to households.
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size of the effects (these not being their main concern). Thisis suggestive of the role of information that is
examined moreclosely below.

Thefollowing section describes the experiment and the sampling design. Section 3 provides details about the
dataand reports some summary satistics. Section 4 presentsthe theoretica framework and theresultsfromthe
experiment. Section 5 concludes.

2. The Experiment

Our study areaisthecity of Gurgaon, inthe state of Haryanain Indiaand asuburb of the national capital, New
Dehi.> We chose Gurgaon because we wanted aresidential urban areawherethewater supply to households
was not of uniform quality, where there was some heterogeneity among the populationin termsof their generd
awareness of sanitation and health issues, and that was sufficiently compact so asto makefor easy implementation
of thesurvey.

In Jduly and August 2003, we conducted apilot survey of the quality of water supplied to residentia householdsin
randomly chosen areas of Gurgaon. We used water-testing kitsthat test for the presence or absence of bacteria
of feca origin. Whilemost fecal bacteriaare not themselves pathogenic, their presence showsthat pathogens
mayy be present since most water-borne pathogensare of fecal origin. Direct testsfor the presence of pathogens
areexpensveand sotesting for feca coliform bacteriaisthe stlandard method of testing for exposureto waterborne
disease worldwide (WHO, 1997). Our test kits were purchased from TARA, a non-profit devel opment
organization based in Delhi. Morethan 90 percent of the approximately 30 samplesfrom the pilot survey were
contaminated.

Once we had identified our sampling frame, we used 2001 census data at the enumeration block (EB) level to
createawealth index based on thefirst principal component of anumber of indicators.® Weexcluded al those
EB'swhereat thetimeof the 2001 censushouse-listing, therewerefewer than 50 censusbuildings. Old Gurgaon
indudes240 EB'sinthemunicipdity, 19 EB'sin Sukhrdi villageand 28 EB'sin Gurgaon village.” After categorizing
the EB'sinto wedlth quintiles, we used EB maps provided by the census bureau for our houselists. Our objective
wasto choose arandom sample of 1,000 households, stratified by wealth, from al EB's so asto over-sample
househol ds from the middle three quintiles and under-sample from the top and bottom quintiles.®2 Our final
sample consisted of 60 and 70 households respectively from Sukhrali and Gurgaon villages representing the
lowest wedlth quintile, and 870 households (120 from the top quintile and 250 each from the middle quintiles)
from Gurgaon municipality.®

5 There are two sections in Gurgaon - new Gurgaon, an area that has witnessed rapid growth over the last decade and old
Gurgaon which has been in existencefor four to five decades. Our sampling frameincludes only old Gurgaon for which the
2001 census mapswerereadily available.

6  Thiswas created in the same way as the household-level index described in Section 3 below. The variablesincluded in the
wealthindex are: Predominant material of thefloor, wall, and roof, condition of house, ownership status, number of dwelling
roomswithin the house, drinking water source, lighting source, whether kitchen, bathroom, latrine are within the house, type
of waste-water outlet house is connected to, type of fuel used for cooking, whether household possesses aradio/transistor,
television, telephone, bicycles, scooter/motorcycle/moped, car/ jeep/ van, and whether the household avails of banking
Services.

Thelatter two were once villages but are now in the middle of urban Gurgaon.

8 We adopted this sampling strategy because the poor may be constrained by wealth from acting upon the information they
would receive during the experiment while most of the wealthy might already have adopted home water purification.

® Two possible substitutes were included for each household in the sample. 296 households were actually substituted, 50
because no respondent was available, 76 because they did not wish to be surveyed, and 171 because the house could not
belocated from the map or wasacommercial establishment.
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Between November 13 and December 23, 2003, we conducted the survey and gathered information on household
demographics, sourceand quaity of the households drinking water, whether they used any purification method,
and generd awareness of the household about hedlth and sanitationissues. Theawarenessmodulewasadministered
first with househol dsbeing told that the survey was about health and awareness so that their responseswould not
beinfluenced by questionsonwater.® Atime-lineof thesurvey isgiveninFigure 1.

At theend of eachinterview, asample of each household'sdrinking water, both unpurified and purified (if any)
was collected in testing bottles and resealed immediately after collection. Each bottle contained adlip of filter
paper impregnated with nutrients, the major one being peptone. The bottleswere kept in anincubator at body
temperaturefor 48 hours after which, if they contained fecal bacteria, they would produce hydrogen sulfide,
which would createiron sulfide, ablack precipitate, otherwiseremaining clear.t

Figurel: Time-lineof Survey Process

First round
——— = All 1.006 houscholds surveyed and water

13" November — 23™ December samples taken
2003

|

Second round (Treatment)

————> Randomly selected 540 houscholds given water

17" January — 1" February test results and handout
2004
Third round (Control) Households not covered in second round,
1" March — 12™ March E———> resurveved for changes in purification behavior,
2004 and then given test results and handout
Third round (Treatment) Houscholds covered in second round revisited
13" March - 28" March —_ and rc:s.un-'eycd for changes in purification
2004 behavior

10 A copy of the household survey questionnaire is available from the authors.

11 The use of the incubator was convenient because we had alarge number of samples, but is not required. Hydrogen sulfide
tests have been shown to agree with other tests at rates ranging from 71 to 100 percent in different studies, with only one
study showing adisagreement rate greater than 20 percent (Sobsey and Pfaender, 2002).
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During the second round (January 17-February 1, 2004,) wewanted to administer the treatment to approximately
haf of theorigindly selected sample. However, wewere concerned that randomizing at the household level could
potentially contaminate our control group because of the possible proximity of treatment and control households.
So we divided the sample into Swards (which are aggregations of EB's) of which a subset swas randomly
chosen astreatment units. All sampled householdsin atreatment ward were given the treatment. swas chosen so
that the number of househol dsin thetreatment group wascloseto hdf thefull sample. Werevisited 520 households
fromour origina sampleof 1,000 households.

Households in the treatment group were given thelir test results and a handout (see Appendix 1 for details)
explaining theresults. Each household wasa so givenitswater sample bottle(s) and told that if the contentsof a
bottlewere black, then itswater waslikely to contain germs. The remainder of the handout suggested that the
householdscould, if they wished, adopt one of anumber of purification methodsin usein Gurgaon asappropriate
for their budget. Therespondent's attention was drawn to the different methods, abrief remark about their
effectivenessin removing pathogens, and their cost. Information on safe water storage and handling practices
werea so included in the handout.

Inthethird and final round (March 1-28, 2004), werevisited all sampled households. Therewas someattrition
from our origina number of sampled househol dsdueto relocation to another address. Our find completesample
(i.e. threeroundsof datafor thetreatment group and two roundsfor the control group) consisted of 965 households
indicating asampleattrition of 4 percent. Therewereno Statistically sgnificant differencesbetween the observed
characteristics of the households that dropped out and those that remained in the sample. Nor wastherea
datistically significant differencein the proportion of drop-outsfrom thetreatment and control groups.

We surveyed househol ds (see Appendix 2 for thisquestionnaire) to see whether they had changed their water
purification behavior in any way. Householdsin the control group were visited first, and were given thelir test
resultsand the handouts that the househol dsin the treatment group had received earlier in the second round. This
meant that househol dsin the treatment group were surveyed approximeately elght weeksafter they weregiventhe
information about their water quality and the handout.

3. Data and Descriptive Statistics

Tables1 and 2 report severa descriptive statistics on information gathered during thefirst round for thewhole
sample (column 2) and for treatment (T=1 in column 3) and control (T=0in column 4) groups. Thetablesaso
report the test statistics (column 5) for the difference in means across the trestment and control groups. The
numbersin these tablesindicate that the randomization produced rel atively balanced treatment groups. That is,
means of observable characteristicsare very similar across groups and none of the differencesare statistically
ggnificant at the 5 percent level.

In Table 1 wereport statisticson the quality (asmeasured by our water test results) of water supply in Gurgaon.
Two pointsarestriking inthistable: contamination rates of unpurified water are high - 61 percent of unpurified
water tested "dirty" i.e., positivefor the presence of feca bacteria Secondly, private purification methods (including
bailing) are not very effectivein reducing the contamination rates-55 percent of home-purified drinking water
tested "dirty”.
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Table1: Quality of Water Supply in Gurgaon

Treatment grou Control grou Difference in
All group (T = 1? P (T _%) P | means test between
- - T=1& T=0
Percent of households where unpurified water 60.62 61.77 59.40 .0237
tested positive for presence of fecd bacteria (1.6) (2.2 (2.3) (.03D)
Number of observations 965 497 468 —
o .0955+**
Percent of households where purified water 54.55 59.30 49.75 (.050)
tested positive for presence of fecd bacteria (2.5) (3.5 (3.6) '
Number of observations 396 199 197 —

Notes: Numbersin parentheses are standard errors.
* indicates significancelevel of 5 percent or lower.
** indicates significance level between 5 and 10 percent.

A fecd contamination rate of 61 percent ishigh relativeto devel oped countries, wherefeca contaminationlevels
of tap water aretypicaly zero, but iscomparableto some partsof Indiafor which only fragmentary information
isavailable. According tothe Sukthankar Committee report to the Government of Maharashtra, bacteriological
contamination wasfound in 10 percent of water samplesfrom municipalitiesover thestatein 1999, with thefigure
for Mumbai being 14 percent, whileasurvey in Kolkatain 2003 found that 63 percent of tapshad high levels of
fecal contamination (McKenzieand Ray, 2004). Thereasonsfor such high levelsincludeinadequate sanitation,
sometimes large numbers of animalsin urban areas, and leaky public water supply and sewage systems. In
Gurgaon, asin most of urban India, water is supplied intermittently for a couple of hoursin aday, and not
continuoudly. Asaresult, pipesarenot aways pressurized and (illegal) private pumps attached tothemain lines
suck in possibly contaminated water.

Of the 186 householdswhose water tested "clean” before purification, in 72 (38.71 percent) casesthe water
tested "dirty" after purification. Thesenumbers suggest that considerable contamination istaking placewithinthe
household, thisbeing partly aconsegquence of the necessity of storing water withinthe home, aneed which arises
because of the intermittent supply.”> However, at least one study has shown that within-household fecal
contamination of stored water islessinfectiousthan pathogensintroduced from outs dethe household (VanDerdice
and Briscoe, 1993).

Given pervasive externalities from disease prevention and thelikelihood of re-contamination of stored water
within households, acontinuous pressurized publicly treated water supply may be more effectivein reducing
disease than home treatment would. We however, focused our study on hometreatment becauseit istheonly
eas|ly measurabl e response we can expect from householdsin the short term. Inany case, itisaso of interest to
ask how much thedemand for safewater changeswith theinexpens veinformation we provide so that the public
provision of safewater may be better financed.

About 6 percent of households had at |east one case of diarrheain the month preceding the survey. However
these percentages cannot be assumed to reflect the situation throughout the year because there are seasonal
variaionsintheincidenceof diarrheain Indiawith most cases occurring during the summer months between May

12 Within-household fecal contamination of drinking water is a commonly observed phenomenon in developing countries
(Wright et. al., 2004).
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and August. Dasgupta(2004), using hospita recordsfor theyears 1996-1998 from poor locditiesin neighboring
Delhi, reportsthat only 1 percent of the annua number of recorded diarrhea caseswere observed in the months
of November and December while the months of June, July, and August accounted for 69 percent of total cases.
Wedid not find astatistically significant differencein the incidence of diarrheabetween householdsthat had
contaminated drinking water and thosethat did not.®

Nearly three-quartersof the 41 percent of householdsusing someform of purificationin thefirst round (Appendix
Table 1) wereusing methods (boiling, eectricfilters, or bottled water asasubstitute) believed toremoved| germs
if properly used.** Theaverage annua household expenditure on purification in the samplewas Rs 253 (Rupee
1» US2 cents). It wasRs 625 among househol ds that used some form of purification (See Appendix 3).%°
Using thelatest available household consumption expenditure numbersfor urban Haryana (NSS Report No.
484, December 2003), these purification expenditure numbers suggest that an average household in Gurgaon
was spending lessthan .04 percent of itstotal annual expenditure on water purification methods.*

Gurgaon households are better educated and wedlthier than the average urban Indian household. Accordingto
the 2001 census, literacy ratesfor malesand females (inthe 7+ age group) in urban Indiaare 80 percent and 73
percent respectively. Assuming that all those who have completed one year of schooling are literate, the
corresponding percentages for our sample are 93 and 86 respectively. Likewise, the percent of households
possessing consumer durableslikeate evison, telephone, two-wheder or four-whed er arehigher than theaverage
for urban India. Inurban India, 64 percent of households have atdevison whilein Gurgaon 97 percent do. The
analogous numbersfor telephones, two-wheelers, and four-whedlersare 23 and 79, 25 and 75, and 6 and 36
respectively (Source: Census 2001 and Gurgaon samplesurvey).

But, despite these above average education and weal th stati stics, when asked what causes diarrhea, only 55
percent of the househol dsmentioned drinking contaminated or dirty water, and strikingly, only 7 percent mentioned
infection (Table 2), indicating alow level of awareness about the health hazards associated with poor drinking
water qudlity.

We created wedlth and awarenessindices using thefirst principal component of appropriatevariables. Thatis,

theweights used on each of the variableswere such that the linear combination captured the greatest amount of
information commonto al variables. Thewedth index for thei th household wasthusdefined as:

w, =2 fa, Vi=l..N
J

13 Owing to circumstances beyond our control we could not conduct the survey during the summer months when diarrhea
would be more common and differencesinitsincidence morelikely to be detectable.

14 53 householdswho said that they were purifying their water but failed to give usasample of their purified water during the
first round of the survey were assumed to be not purifying their drinking water. All regressionswere run making the opposite
assumption aswell. The results are very close to our favored specification and so are not reported separately.

15 Expenditureswere cal culated by annualizing fixed costs where necessary.

16 Theaverage per capitaconsumer expenditurein Haryanawas Rs.13,500 and the average househol d size was 4.8 members.
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where a, isthe standardized (mean zero and standard deviation one) variable for householdi, and fj isthe
"scoring factor” for thej™ asset. (f1,..., fn) maximizesthe samplevariance of wsubject to the constraint Z - |

A higher value of theindex indicatesmore wealth or amore aware household. We created dummy variablesfor
househol ds having values of theseindiceshigher than the median.

Table2: AwarenessCharacteristicsof Householdsin Gurgaon

Differencein
All group Treat(r_r|1_er_1tlg)]roup Con(tTroI_ gg)oup means test between
- - T=1& T=0

Maximum years of education among adult 11.97 11.90 12.03 -.1286
mae household members (.107) (.155) (.147) (.213)
Maximum years of education among adult 10.93 11.15 10.71 4418
fermale household members (.14 (.188) (.211) (.282)
Percent induding "contaminated drinking 55.23 55.94 54.49 .0145
water" among the causes of diarrhea (1.60) (2.23) (2.30) (.03)
Percent induding "infection” among the 7.15 8.05 6.20 .0185
causes of diarrhea (.83) (1.22) (1.12) (.02)
Percent including "cdlean water provision”

X 40.00 38.83 41.24 -.0241
among actions govt can take to prevent
diarhea (1.58) (2.19) (2.28) (.03)
Percent incdluding "sanitation provision" among 35.13 34.00 36.32 -.0232
actions govt can take to prevent diarrhea (1.59) (2.13) (2.23) (.03)
Percent dipping their hands in the Storage 29.20 29.18 29.06 .0012
container when teking water out of it (1.46) (2.04) (2.10) (.03)
Number of observetions 965 497 468 —

Notes: Numbersin parentheses are standard errors.
*indicates significancelevel of 5 percent or lower.
** indicates significance levels between 5 and 10 percent

Thevariablesincludedinthewedth index were: possession of arefrigerator, radio, computer, television, phone,
washing-machine, bicycle, two-whedler, four-wheeler, whether household ownsthe houseit livesin, whether
household possessland other than current residence, whether the house has a permanent structure, whether there
isaseparate kitchen and whether thereisan air-exhaust outlet in the kitchen.

The (binary) variablesincluded in the awarenessindex were: respondent listed contaminated water among the
causesof diarrhea, mentioned infection among the causes of diarrhea, respondent stated diarrheacan be prevented
by purifying water, respondent thinksthe government can prevent diarrhea by providing clean water, respondent
thinks government can prevent diarrheaby providing proper sanitation, and household uses a safe method to
draw their drinking water from astorage container.

In Appendix Table 2, wereport marginal effectsfrom probit regressions of whether or not ahousehold adopts
any drinking water purification method on anumber of explanatory variablesfor each of thetwo wedlth categories.
Awarenessdoes not raise the probability of purification for householdsin thelower (i.e., below median) wedth
category but does so by 3 percentage pointsfor those above median wedlth. The effects of wedth and education
areaso higher among househol ds above median wealth.Y’

17 These regressions should be interpreted as being descriptive rather than as a causal analysis of the data.
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4. Mode and Results

Thehousehold will not bepurifying itswater initidly if
D(P)-C(W) +V < 0.t (@)

where D denotesthe utility differential between purification and no purification, p° denote ahousehold's prior
probability that itswater isunsafe or contaminated, w denotes the househol d's weal th, c(w) the utility cost of
purification andvisan error term. The household will switchto purificationif :

D) = CW) + U > 0. et )

wherethedistribution of uisconditional on (1), and p equasp®, p*, or p-, depending on whether the household
wasin the control group and so did not receive atest result, received apositiveresult (i.e. water is"dirty"), or
received anegativeresult (i.e. water is" clean") respectively. Other thingsequal, we expect p° and, therefore, also
p* and p-, to beincreasing in awareness, and ¢ to be decreasing inw.*8

We can expressthe above asfollows:
Ay =1 ifD(p)-c(w)+u=xB+u>0,
=0 othewiss,
where XB=a+ B(+ve) + B(-ve) + B(+ve)xwu + B(+ve)+a, .. (3)

Inequation (3), Ay isthedifferenceintheindicator variablefor purification between the third and first rounds,
(+ve) denotesapostivetest result indicating contamination and (-ve) denotesanegativetest result indicating no
contamination, w, isadummy for households having wealth greater than the median, anda, isadummy for
households having avareness greater than themedian. The discussion aboveleads usto expect that 13, 13, and
[3*>0. Wedso estimateamode inwhich the dependent variableisthe changein purification expenditure. Given
that dl theregressorsin equation(3) aredummy variables, linearity imposes no restriction on the functiona form,
and hencethe coefficientsare smply the differencesin conditional means.

We estimated equation(3) conditioning on householdswho werenat initidly purifying becausethisisthe population
of primary interest.”® Wewant to know how their willingnessto pay for ssfewater (asreveded by their purification
choices) will respond toinformation. Thiswill aso provide abenchmark to public authorities about the extent to
which households willingnessto pay to financeimprovementsinwater qudity increase withinformation provison.
Wed so estimateasimilar model, conditioning oninitid purification to see whether households stop purifyingin
responseto a”clean” water test result, apossibility suggested by thefact that p~ < p°.

8 Let] =Pr(+ve|contamination) bethe probability of a"dirty" water result conditional on the water being contaminated
and P = Pr(-ve | no contamination) be the probability of a"clean™ water result conditional on the water being not contami-
nated. The posterior probability of unsafe water conditional on a positive test result is:

0

p+ = Pr(contamination |+ve) = - Ap -
Ap” +(1=pu)l—p")

and the posterior probability of unsafe water conditional on a"clean” water result is:

| II’{ -rll

p- = Pr(contamination |-ve) = _: i =

(1—Adp" +u(l—p")

Soifl >1—pand1>p°> 0, which we assume, thenp* > p°, and if in additionp > 1 -1 , which we also assume, thenp- < p°.
Furthermore, it isclear that bothp* and?-areincreasing inp°.
1% Thisconditioning alsoimpliesthat Ay = 1if ahousehold switchesfrom being anon-purifier to apurifier and zero otherwise.
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Equation (3) isestimated using least squaresand coefficientsarereported in Table 3. All standard errorshave
been corrected for clustering at theward level.

Thefirst row showsthat householdswho weretold that their water is"dirty" areon average, 11 percentage points
morelikely to start purifying than thosein the control group confirming our expectation abovethat p* > p°. This
differenceisstatistically highly significant. Of the 29 who weretold that their water was"dirty" and started
purification, 19 chose one of thethree most expensive methods:. boiling, using an e ectricfilter, or buying bottled
water, whileonly 4 of the 11 from the control group that started purification chose one of these three methods.
Householdswho weretold that their drinking water was probably not contaminated werenot Satisticaly sgnificantly
different in changing their purification behavior relaiveto the control group.

The differenceb, in the response of householdsbelonging to the upper and lower wealth categoriesto a"dirty"
water test result isstrongly significant. Householdsin the upper wedth category are nearly 16 percentage points
morelikely to start purification. Itisnot surprising that richer households are more likely to make protective
expendituresinresponsetoinformation. Thisresult pardldsthefinding fromthe cross-sectiond probit regressons
based on thefirst-round survey that awarenessis associated with ahigher probability of purification for those
above median wesalth but not for those bel ow median wealth (Appendix Table 2). Thewedth effectin Table3
canasobeseeninFigure 2.

Table 3: Effectsof Treatment on Purification and Expenditures
of Householdsnot I nitially Purifyingtheir Drinking Water

Ay = o= (HveyBal-ve o tvedow P d+veha,t+ u
Dependent variable
Change in purification Change in expenditure
“Dirty™ water result 1081 47 .90
(B; + Bs*w, + Beta,) (.024) (16.94)
T ] 0274 6.68
Clean” water result (52) (.026) (14.41)
High wealth conditional on A556% 87.16%
“dirty™ water result (f3) (.065) (40.09)
High awareness conditional 0170 22.61
on “dirty”™ water result (8,) (.057) {33.53)
Number of ohservations 569

Notes:
© AY=Y  —Yosoe Wherey isthe purification dummy (column 2) or purification expenditure (column 3)
Numbers in parentheses are the cluster-corrected standard errors
* indicates significance at 5 percent or lower
** indicates significance levels between 5 and 10 percent

However, the differenceb, intheresponseto a"dirty" water result of householdswho aremoreand lessaware

isnot gatistically significant. So even though themodel predictsp* to beincreasing in awareness, we do not find
that in our sample. We dso estimated an dternative modd whereinstead of using the awarenessindex categories
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as defined above, we used the maximum years of education among adult femal es as an awareness indicator
(Appendix Table4). Theresultsaresimilar to thosereportedin Table 3.

Figure 2: Changein Annual Purification Expenditure against Wealth
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Thethird column of Table 3 examinestheimpact of a"dirty" water result, and itsinteractionswith wealth and
awareness, on changesin household expenditures. Thequditativeresultsaresmilar tothat for changesin purification
behavior. Theexpected increasein annual purification expenditure of anon-purifying household receiving a
"dirty" water resultisRs. 48 morethan that of non-purifying control households (Rupee 1» US2 cents). By way
of comparison, themean initia purification expenditure of al householdsin the samplewas Rs 253.

Themeanimpact of a"dirty" water result on expendituresincurred by househol ds belonging to the upper wedlth
category (relativeto the lower wealth group) isasmuch asRs. 87. Asin the case of changesin purification
behavior, wefind noimpact of differencesin awarenesslevelsamong householdsgetting a"dirty" water result on
changesin expenditure.

Another outcome of interest iswhether the survey and the treatment given to the househol dsinduced themto hold
discussionsabout water quaity with family, friends, neighborsor othersafter thefirst round. While households
maly be wealth-constrained in responding to information by adopting some purification, thisis not the casefor
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such discussions. Table 4 reportsthe resultsfor thisoutcome. Here we estimate the model using the entire
sample because there seems no reason to suppose that the outcome would be conditional on whether or not the
household purifiesitswater. Themodd that we estimate isthe same asthat reported in Table 3 except that now
the outcomevariableisdiscuss.

Theinteresting result that we get hereisthat irrespective of whether the household's water tested "dirty" or
"clean”, on average, the treatment generated enough interest among household membersfor themto discussthe
issue considerably more often than control households. Not surprisingly, the magnitude of theimpact waslarger
(16 ascompared to 9 percentage points more than the control) for the group receiving the "dirty" water resuilt.
Thecontrol group a so discussed water quality with afrequency of closeto 9 percent. Whether thisisa™survey"
effect or reflectsapre-existing concern with water quality, ishard to say. Theother interesting point emerging
fromthistable, isthat thehousehold'sinitid avarenesshasalarge (16 percentage points) impact on the probability
of discussionsconditiona onacontaminated water result, dthough thesignificanceleve is7 percent. Asexpected,
wealth does not matter.®

Table4: Effectsof Treatment on Discussion Controlling
for Wealth and Awar eness Effects

Discuss = a+ Bi+ve) + BA-ve) + Baltvelwy + Bul +vehayt u
Digcuss dummy

“Darty™ waler resall 163T=

(B + Bs*w, + pxa,) (043)
“Clean™ water result 930

(5 (034
High wealth conditional on -0631
“dirty" water result (F:) (OEE)
High awareness conditional Jdh]ses

on “dirty™ water result {By) (.08
Murmber of observations D63

Notes:
- Discussisadummy for whether the household had any discussion on water quality since the first round of the survey.
Numbersin parentheses are cluster-corrected standard errors
* indicates significance at 5 percent or lower
** ndicates significance levels between 5 - 10 percent

Wewanted to check whether there was any effect of the handout (independent of thetest result) that we gaveto
the trestment househol dsin the second round on either their purification behavior or ontheir expenditures. Inthe
information sheet given to the households, it was clearly mentioned that straining and non-electric filterswere

2 The proportion of people in the sample who said that they had discussions on water quality since the first round of the
survey wasnearly 16 percent. We al so estimated thismodel using test resultsfor unpurified water instead of drinking water.
The signs and the magnitudes of the effects were similar to those reported in Table 4.
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inferior purification methodsthat removed somebut not al germs. Sowelooked at the sub-sample of households
who wereusing anon-dectricfilter inthefirst round. We defined our outcomeindicator as householdswho not
only made achangeintheir purification behavior but al so used a superior method of purification compared to
what they wereusing earlier. Wedo not find a"handout effect” on householdstold that their water was"dirty", but
this could be because the sampleissmaller than before (See Appendix Table 3for further details).

Finally, we checked whether on average, householdswho wereinitially purifying their water and received a
"clean" water result werelikely to stop purifying their water asthe result that p~ < p° from themodel in Subsection
4.1 might predict. Wefind no"downgradeimpact” of theexperiment. (See Appendix Table 3for further details.)

5. CONCLUSION

In this paper, we asked how much information affects the demand for environmental quality. Wefound that
Gurgaon householdswho weretold that their drinking water was"dirty" and was, therefore, likely to contain
germs, were 11 percentage points (p—value < 0.01) morelikely to begin someform of homepurificationinthe
next 7 weeksthan househol dsthat received noinformation. Among the househol dsthat received apositiveresult
(i.e. "dirty" water), househol ds above the median value of wealth were 16 percentage pointsmorelikely to start
purifying their water than lesswealthy households. Householdsthat received anegativetest result (i.e., "clean”
water) did not behave significantly differently with regard to purification from households that received no
information.

Thewater test kit that we used cost Rs 20 (lessthan 50 US cents) per sample, isavailable off the shelf froman
NGO in Delhi, andissimpleenough for householdsto usethemselves. Itisnotablethat it hasan effect onthe
probability of purification equivalent to about two and ahalf timesthat of an additiona year of schooling for the
most educated member of the household and morethan two-thirdsthat of amovefrom onewedlth quartileto the
next. Public education campaignsthat include useful information can evidently make asignificant impact on
peoplesbehavior intermsof avoiding heathrisks.

Despite Gurgaon being one of thewedlthier townsin India, thedrinking water sourcesof 60 percent of households
showed evidence of fecal contamination. Gurgaon, likevirtudly al other Indian citiesand many inthedeveloping
world, hasan intermittent, not acontinuous, supply of piped water. Thisimpliesthat water ismorelikely to get
contaminated outside the home, (since the pipes are not always pressurized), and that itismorelikely to get
contaminated within the home becauseit hasto bestored beforedrinking. Whiletheinconvenienceof anintermittent
water supply isall too obvious, itsadverse consequencesfor health are not widely known. Indeed, asdiscussed
in Section 3 above, thelevd of awarenessin Gurgaon about therole of water inthe spread of diarrhed diseaseis
surprisingly low, given itseconomic condition.

The experimenta resultssuggest that to the extent that thefailure of public authoritiesto provide safewater isdue
tolack of demand (whether by way of political expression or lack of willingnessto pay for improvements), regular
water testing and public information campaigns can help mitigate this problem at arelatively low cost. More
generaly, theissue of under-provision of information should be taken into account whenever estimates of the
demand for environmenta quality are used for welfareor policy andyss.
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Appendix 1

INDIAN STATISTICAL INSTITUTE

Dear Madam/Sir,

Wetook drinking water samplesto test thewater quality in your home during the survey conducted in Nov/Dec

ETATIBTICAL

UNLTY N DIVERSITY

2003. Thank you for your cooperation. We are returning the samples.

Thecolor of thewater sampleswill beydlow or black. If thecolorisydlow itismost likely that your water does
not contain germs. If the color isblack, thenitislikely that the water iscontaminated with germsthat may make
yousick. But thissimpletest cannot confirm that thewater iscontaminated. You may wish to takethe

following preventivemessures.

1.

2.

4.

16

container.

Get your water tested again to confirm whether the water is contaminated or not.

Water can get contaminated quite easily within the home, so keep your drinking water storage containers
clean and covered at all times. If your water storage container doesnot have atap to take out thewater, use
aclean utensi| with along handleto take out thewater. Never dip your handsintothewater storage

Method Equipment Cost Operating cost Features

Siraining with clean eotion 0 0 Limited protection against

cloth folded 8 or more times germs

Disinfecting tablets/drops Re. | for L0 litres of water Kills nearly all germs

Mon-glectric filkers R 225- 3100 Rs 50-300 per vear Removes some germs
depending on the fineness
of the filter

Electric filters Rs. 4500-7500 R 250-500 per year Kills all perms with UY
rays if properly
miintained

Boiling Rs 22 for 10 litres of water Kills all germs

Drrink boitled water Rs. 20-27 for 10 lires of water Manufacturer’s
respongibility to ensure
gorm-free water,

Reverse Osmosis R 12000-15000  Rs 750 per year Removes all germs iF

properly maintained.

SANDEE Working Paper No. 8-04

Consider using ahomewater purification method that fitsyour household's budget. The different methods
availableand their average pricesin Gurgaon are:

If using purification methodsliketablets, non-eectric or eectricfilters, follow the manufacturer'soperating
and maintenanceingtructions carefully aswell asthe water-handling precautions mentioned above.



Appendix 2

Questionnaire used for the third round of our survey

Dateof third round:

Nameof surveyors.

1. Inour firgt vigit, during the househol d survey, you had mentioned that you wereusing purification
method/ not using any purification method. Since that visit did you make any changesin the water
purification methodsyou use?

* Yes * No
2. If questionto (1) is"no" goto question 4. If yes, when and what kind of changes did you make?

Approximate date of change:
* Adopted new purification method
» Do not useany purification method any more

 Others(specify)

If answer to question (2) is"adopted new purification method" specify:
Method: Brand name: Fixed cost of the equipment:
Whether any AM C hasal so been purchased and cost:

(Ask only of those householdswho were previoudy using either an non-electronic filter or an electronic
filter and have not changed their water purification method)
(@ Sinceour firg vigt, haveyou gotten the candles changed (for non-eectronicfilters) and/or the carbon
changed (for electronicfilters)? ¢ Yes « No

(b) Ifanswerto(a)is"Yes' how muchdidit cost you?
When did you makethe change?

(o) Didyoumake other expenditureson repairsand/or maintenance of the equipment?
* Yes * No.
If "yes" approximate date and amount spent.

Inour earlier visit you had mentioned that you store your water in
Doyou dill usethesame storagefacilities? « Yes * No.
(If answer to aboveis"No" specify the change)

Do you cover your storage container? ¢ Yes * No
In our earlier visit you had mentioned that you take the water out from the storage container
by using .

Doyou till usethe same method?
(If answer to aboveis"No" specify the change)

Sinceour first vigit, have you discussed theissue of drinking water quality with anyone such asyour
neighbors, family members, Resident Welfare A ssociations, doctors, or government organization?

* Yes * No

Brief description of your discussion
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Finally wewould liketo ask you whether you are planning to make some changesin thefutureto improve
thequality of your drinkingwater? « Yes ¢ No

If answer is"yes' to the above question, what kind of changes do you anticipate making?

When do you think you will make thischange?
How much do you think you will be ableto spend on such changes?

SANDEE Working Paper No. 8-04



Appendix 3

Calculating costs of different purification methods in Gurgaon
Straining with a cloth: Zero.

Aquapura tablet: Each tablet costsarupeeand can beused to purify 10 litresof water, and the householdsusing
them reported using one per day.

Ordinary filter: Based on household responses supplemented by amarket survey in Gurgaon, we obtained
prices of the various brands. The fixed cost was annualized using an assumed life of 10 yearsand a
discount rate of 10 percent.

Boiling: Households reported the time per day that they boiled water, and the fuel used, which was aways
liquefied petroleum gas. Datafrom astove manufacturer was used to ca culate gas usage per hour (177
gm/hr). We used the price of gasin Gurgaon to compute the expenditure for each household.

Electricfilter: Based on household responses supplemented by amarket survey in Gurgaon, we obtained prices
of thevariousbrands. Thefixed cost was annualized using an assumed life of 10 yearsand adiscount rate
of 10 percent.

Bottled water: We ssimply used reported household expenditures, checked for consistency using prices and
quantities.

INDIAN STATISTICAL INSTITUTE, DELHI

INDIAN STATISTICAL INSTITUTE, DELHI AND SOCIETY FOR ECONOMIC RESEARCH AND
FINANCIAL ANALYSIS
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APPENDIX TABLE 1

Purification behavior of households in Gurgaon

All group Treatment group  Contrel group D fference in means Average annaal cost
{T=1} [T=) fesi betweon per household
T=1 & T=0 Indtan rupecs
| upee = LIS 2 cents
4104 4004 A7 205
Lise poms parifieation methiod (1.58) @.20) (2.28) (032) 623
— 238 2 by =TT
Al (D49 (63} (.76 (010} i
. .00
Tablets (0.002) . = : 365
. 11,0 1166 11,54 - DORT
Use pon-electric water filier (.01 (1.39) (1.48) (020 7
2332 21404 2265 A12%
Use electtic water fiter {1.36) (1.92) (1.94) (.027) 928
Bail 5.60 422 T.05 h2g3e*
N 074 .91 [1.18) [.015) E LR
Uise homled water fisr drinking 41 0 M -ad
purposes 0213 .20} (37} LA 3010
Mumber of observations 965 4497 458 - 965
Notes:

Numbers in parentheses are the associated standard errors
* indicates significance level of 5 percent or lower** indicates significance level between 5-10 percent
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APPENDIX TABLE 2

Probability of purification behavior among differ ent wealth categories

Explanatory variables Upper wealth  Lower wealth
category category
Wealth index 19106* D6B4T*
{0527) (.O1T82)
Awareness index 03353+ - 00516
(.0198) (.0143)
Maximum years of education among household .08413* O1879**
members {.0205) (.0102)
Proportion of children in the age-group 0 - 3 years de609 25060%*
{.4121) (.1496)
Number of members in household -02399% -03432*
{.0099) {.0095)
Household head is male -00484 02255
{.0659) (.0533)
Age of houschold head 00117 00053
(.0063) (.0051)
Age” of household head 00001 -1.88e-07
{.0001) {-00004)
Household head works in public sector 04557 -. 10939
(.0675) (.0614)
Household head works in private sector 12356 -.07300
{0777 (.0525)
Household head has his/her own business -.04618 = 14180%
(0718} (.0554)
Household head works in other services 05960 -.11686%*
(.0721) LO51T)
Log-likelihood -297.53607 -2235.16
MNumber of observations 479 475
Notes:
- Dependent variable:
y = 1if household adopts some purification method
= Ootherwise

Standard errors are reported in parentheses

Upper and lower wealth categories are defined if the househol d's wealth index is above or bel ow median wealth index.
* indicatessignificance at 5 percent or lower

** indicates significance levels between 5 - 10 percent
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APPENDIX TABLE 3

Average effect of treatment on households

v=wt+fi+ve)+ Bd-ve) +n
Dependent variable
“Handout™ cffect “Downgrade” cffect
“Dhrty™ water resull A4 0310
[i%) (041 {.033)
“Clean™ water result -,0204 0043
(B:) (021} (.041)
MNumber of observations 10z 396

Notes:
In column 2: y isadummy for whether the household switched to amore expensive purification method. Sub-sample used
for this "hand-out" effect model are those who were using anon-electric filter in thefirst round
In column 3: y is a dummy for whether the household stopped purifying its drinking water. Sub-sample used for this
"downgrade" model werethosethat wereinitially purifying.
Numbers in parentheses are the cluster-corrected standard errors
* indicates significance at 5 percent or lower
** indicates significance levels between 5 - 10 percent
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APPENDIX TABLE 4

Aver ageeffect of treatment on householdsnot initially purifying
their drinkingwater controlling for wealth and education effects

Oy =g+ Bil+ve) + Grl-ve) + Bl vetow, o
Pd = velsmaxiedu + w0
Dependent variable
. ; Chanpg in expendiiure
Change m punfication ([ﬁ;gnclipaesl} ot
“Dhrty™ water result B 47.994
(Br = Bi*w, + f*a,) (.024) (17.17)
“Clean™ water result 0274 6.68
5] (.026) (14.41)
High wealth conditional on 672 R 32*
“dirty™ water result (f:) .071) (41.28)
Maximum years of education 0031 02
amang adult females conditional ek sy
S ] (.006) (1.722)
on “dirty™ water result ()
Mumber aof observations 569

Notes:

AY=Y . Yoo Wherey isthe purification dummy (column 2) or purification expenditure (column 3)
Numbers in parentheses are the cluster-corrected standard errors

* indicates significance at 5 percent or lower

** indicates significance levels between 5 - 10 percent
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