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Chapter 1

Introduction and Motivation

1.1 Introduction

Helping people gain access to safe drinking water is one of theimuosrtant
health-related infrastructure programs in the world. As of 20@una 1.1 billion people
were still using unsafe water (WHO World Health Report, 2007@thdgenic
microorganisms in drinking water, the leading causes of digriteese drawn a lot of
attention in public health and other related fields. In addition, chémnigaurities are
growing threats in many developing countries, especially in empsriencing rapid
industrialization, such as China.

Viruses, bacteria, and parasites in water cause world epiderhidgarrheal
illnesses (such as gastroenteritis, cholera, and typhoid), and intangamvironments
without clean water, these diseases may result in seveyelrdgébn and become life-
threatening. This is the situation that confronts most developing cemimdday. About
4500 children under the age of five die from diarrhea in low-income cesirgrery
day? For older children and adults, even when diarrheal diseases areahdbfaj-term
suffering can lead to malnutrition and diminished productivity. Thuareety of water-

related interventions and trials, including water source treatmemist-of-use

! “Diarrheal Disease messaging”tdtp://rehydrate.org/diarrhoea/pdf/diarrheal-digeamessaging.pdf
(accessed on May 23, 2011).




disinfection and adoption of improved hygiene, have been performed to taekle
problems of diarrhea and child mortality in developing countries. Adthouis the most
widespread result of poor drinking water quality, diarrhea isgesgalent in China than
in other developing nations because of cultural norms of eating coolkegdrdadrinking
boiled water (for example, to make tea). Braudel states Ghatese “...were also
concerned about the dangers of pollution and recommended boiling any susfsett
(230) around four thousand years ago. A recent Chinese study by Chenh@988pwn
that the diarrhea mortality rate in rural areas of seven Ghipesvinces is 0.51 per
thousand, which is much lower than the average (6.5 per thousand) irdeteérping
countries. That study also notes that in China the diarrhea incidateces around 836
million per year, one third of which occur in children under the age of five.

Recently, chemical impurities—toxic metals, inorganic and organic compounds—
are becoming new threats to drinking water quality in manyeldging countries. In
addition to local soil constituents, human activities are incrggsgontributing to the
high concentration of chemical elements in water in developing mesintVast
discharges of industrial waste and excessive use of fertdizérpesticides, along with
relatively weak awareness or enforcement of government regidatesult in severe
water pollution and, therefore, various diseases. For example, flu@@sisgemic in 25
countries worldwide (Erkin, 200%) and arsenicosis in more than 70 countries
(Ravenscroft, 2007). However, these kinds of water pollutants leretofore been the
subject of less public attention. The reason is that in reakyctintents of chemical

elements in water are minor and hard to detect. In addition, it ysa&ks long time

2“Facts and figures about water-related diseasesiw.bpwnl.nl/water/arc/0610ff-diseases.d@accessed
on May 23, 2011).




(sometimes more than twenty years) for the caused medical symptanmesvtas Today
in China, chemical impurities are the major threat to drinkingemwaA total of 1,115
counties and about 81.6 million people are at risk of fluorosis via drinkatgrwand 35
counties along with 385,000 people are at risk of arsenicosis (Chilatgmal Health
Statistics, 2007). The Chinese government uses 0.05mg/L as the oudefiirte high-
arsenic drinking water, whereas by employing the currenOWHuideline (0.01mg/L),
the number of people exposed to high-arsenic drinking water may bel®vaillion

(Sun, 2003).

Many chronic diseases, including respiratory problems, skin lespostaneous
abortion, and even digestive cancers, can be induced by long-term exXpgsoigonous
drinking water. The World Bank’s report (2007) estimates that about 6pdXf)fle die
from water pollution in rural China every year. The existenchasinful chemicals in
drinking water has been an important impetus for the water impraovepnegram in
rural China since the 1980s and also influences the design and im@&earenf the
program.

Health is of great concern because it not only affects peoplelhess and
perceived happiness, but also has substantial economic consequencedlu&éheei of
health is even greater and more direct in developing countries dhe tact that their
health insurance systems are not well-established and thamaieity of health
expenditures are out-of-pocket. In low income countries out-of-pocketthheal
expenditures account for over 60 percent of the total amount, as conpa@percent
in high income countries (Schieber et al., 2006). In China, the repdtie third

National Health Service Survey (2003) shows that 79.1 percent of #ilepapulation



does not have any kind of health insurance. This number has decreased t@wéhb pe
based on the preliminary results of the fourth National Health Service S@0@8)( as a
result of the introduction of the New Rural Cooperative Medicalransce scheme in
2003. Regardless, the benefits remain limited due to its low premiums.

Thus, medical treatments, especially those of chronic diseases, may éelatge
reduction in households’ financial resources and drive them into poiteigyestimated
that every year, about 100 million people are driven into poverty dueaffordable
medical services (WHO World Health Report, 2005), and in rural Ghisanumber is
about 10 millior. In addition, poverty may also make people more vulnerable to illness
and trap them in a vicious cycle of diseases and poverty.

Considering the huge negative impact of diseases related to uhrgafeng
water, a great number of governments and international organizativesldwanched
water-related programs and interventions all over the worldra®ffective way to
improve people’s health and welfare. The United Nations seeks teeyHaj 2015, the
proportion of people without sustainable access to safe drinking wateshe of the
Millennium Development GoalsThe World Bank also places improvement of water
and sanitation at the core of its efforts towards poverty remuctihe Chinese
government began its nationwide water improvement program in ruraliartbas1980s.
Since harmful chemicals in drinking water endanger hundredsliodmaiof people, the
ultimate goal of this program is to provide widespread accessater virom water

purification plants. These plants can effectively eliminate botbraanrganisms and

3 National Development and Reform Commission (NDRG)idelines for pharmaceuticals industry
development in the eleventh Five-Year Plan”,
http://www.sdpc.gov.cn/fzgh/ghwb/115zxgh/P02007@15215459276.pdfaccessed on May 25, 2011).
% The detailed information about United Nations’ Mithium Development Goals is on the website:
http://www.unesco.org/water/wwap/facts_figures/mdiggnl(accessed on May 25, 2011).




chemical impurities by employing appropriate clean water technaodyequipments. In
addition, the pipeline systems are combined to deliver plant water to householtlg. direc

Based on the implementation process of the water program, thisestichates
its causal effect on the health status of adults and childraesral China by employing
data from China Health and Nutrition Survey (CHNS). This survegludes
approximately 4,500 rural households in 152 villages, from 1989 to 2006 (7 wakies)
treatment—improvement of water quality—employed in this study fimebk by water
sources (whether water comes from water plants) rather tharagosss to water.
Ordinary least squares estimates show that the water gugtitgvement resulting from
this program only has a moderate effect on health.

One of the significant challenges in estimating causal seffettgovernment
programs is the endogeneity problem generated by program placeSmece water
facilities are usually constructed and financed by lgmalernments, the underlying
placement rule varies greatly across regions. Unobservabées afien and where water
plants and pipelines are built and, therefore, lead to positive ativedias of OLS
estimates. To address this omitted variable (endogeneityg,igsinstrument for the
treatment using the topographic characteristics of the vdlaglhich are assumed to
influence the costs of the construction of water plants and the intiradwf pipeline
systems. With this instrumental variable, the estimated immacthe health status of

adults and children become stronger.



1.2 Literature Review

Four kinds of interventions that have been used to fight against wiatedre
diseases are: improved hygiene practices, improved sanitatiomviedpaccessibility to
water, and improved water quality. Many studies have been perfaoredluate these
interventions and compare their effects in reducing the incidenadiardfiea and other
diseases, especially for children. In the case of hand washingdjiettadure includes
several dozen randomized trials (Curtis and Cairncross, 2003; Rabi€uatis, 2006).
There are, however, questions about whether compliance with disanfgmtbtocols
continues after studies endind whether outcome variables (such as self-reported
diarrhea) can be biased if experiments are not double blinded (Samidtarincross,
2008). In the case of community water supply (e.g., piped water cams)ctnd
sanitation, controlled experiments are more difficult to conduct and thedre@ntains
many observational studies as well as a few studies thhtat&ampacts using quasi-
experimental methods. The impact of having improved sanitarytiegilind access to
water is less clear (Merrick, 1985; Esrey, 1996; Jalan and RavalD03; Jacoby and
Wang, 2004; Mangyo, 2008; Gamper-Rabindrani et al., 2008; Galiani et al., 2009).

In contrast, improved water quality has been shown to play a suaktaig in
reducing diarrhea and mortality in different countries (Cuthet Miller, 2005; Clasen et
al., 2007; Arnold and Colford, 2007; Kremer et al., 2009). The quality of drinkatgr
is a serious issue in China, especially when it comes to cakepuotutants. Ebenstein

(2010) describes the strong link between river pollution and digesiiveers in China.

® The benefits of source treatments of drinking watersmall compared to point-of-use treatments (&wa
and Kremer, 2007). Water treated at the sourcesaaity become contaminated during transportatiah an
storage.



In the 1980s, the Chinese government launched its water program, using wateagpéants
tool to help solve drinking water quality problems. During the implenientaf the
program, water access and quality have both increased, but alomgrdiffeowth paths.
The CHNS data show that, in 1989, over 67 percent of rural households had wate
facilities (tap or wells) on their premises or inside their Beusvhile fewer than 21
percent of them had water from water plants. In 2006, these two nuhaekrisen to 98
and 42 percent, respectively. Figure 1 shows these trends in detaihtiast to Mangyo
(2008) who examines the impact of water access on child healie iearly 1990s, in
this study | focus on water quality improvement—the goal of dneking water
infrastructure program in China, and use the CHNS longitudinal datatitoage the
impact of the water quality improvement program on the healthsst#t adults and
children in rural China, respectively. In Section 3.2.4 and 4.2.3, | discuss\ltessues
(water quality versus water access) and conclude that theapragas effective through

improved water quality rather than via increased access to water.

1.3 Background: the Water Improvement Program irmaRQhina

Since the 1950s, the Chinese government has made great strideblishésga
the public water systems. By the 1980s, water treatmenttiieilnad been built in
almost all of the major cities to guarantee drinking waterlityuaBut, the rural
population, comprising more than 70 per€aitthe total population in China, still had

difficulty in accessing safe drinking water. The CHNS ddtaws that more than 70

6According to the 1982, 1990 and 2000 census dagroportions are 79.1, 73.6 and 63.8 percent,
respectively (China Statistical Yearbook, 2001).



percent of rural households were using untreated water fromgsprivers, lakes, or
wells in 1989. In addition, human waste was often stored in open pits iehubdis
backyards, and livestock was reared within the village. Acagrth the CHNS data, 68
percent of the households in rural areas used open pits as tredirfdoilities and 64
percent raised livestock in 1989. The crude sanitation situation, alomgeot hygiene
practices, exacerbated the harmful influences of unsafe drinkitey. itais estimated by
that the average diarrheal incidence is 2.5 episodes per chillegeamong children
under 5 years of age in rural China (Wei, 2008) and the diarrhedhlity rate of
children under five is 14 times as great in rural areas asbian areas (Tao, 2008).
Regardless, diarrheal diseases are less prevalent in Chinantlaher developing
countries due to the fact that people customarily eat cooked foodriakdboiled water
(notably in making tea). Zhang et al. (2009) find that more than 8%emeof rural
households boil water for drinking. A recent Chinese study by Chdi®)2tas found,
for example, that the diarrheal mortality rate in rural su@aseven Chinese provinces is
0.51 per thousand, which is much lower than the average (6.5 per thousand) in othe
developing countries.

In addition to diarrheal diseases, other diseases are caushdrigal impurities
in water such as toxic metals and inorganic or organic compduRds.example,
fluorosis and arsenicosis, caused by high concentration of fluorideaws®tic in
drinking water respectively, endanger tens of millions of peopleotal tof 1,115
counties and about 81.6 million people are at risk of fluorosis via drinkatgrwand 35

counties (385,000 people) are at risk of arsenicosis (Chinese Ndtieallh Statistics,

’ Other endemic diseases, such as Keshan diseasentesk Disease (KBD) and schistosomiasis, are
considered in government yearly reports to be chyeidhproving water quality.



2007). Fluoride and arsenic are naturally occurring contaminantdai@e extent. In
addition, human activities have generated ever more severe waitdiopah the process
of China’s industrialization. Toxic metals from industrial disposald persistent organic
pollutants from fertilizer and pesticides are jeopardizing humaifthhehrough drinking
water. In China, the quantity of industrial wastewater was 39.Dibitbns in 1997 and
49.7 billion tons in 2006 (China Water Resources Bulletin, 1997 and 2006). The
consumption of chemical fertilizers increased from 17.75 million to#.66 million in
the period 1985 to 2005 and the use of nitrogenous fertilizers grewlf2ddd million
tons to 22.29 million tons during the same period (China Statisticalbgek, 2006).
The World Bank’s report (2007) estimates that in rural China about 66,@@0epdie
from water pollution every year. One reason why the health damafgekemical
pollutants in drinking water have not drawn much public attentionatiths hard to
determine when small changes of chemical contents in nature beeaiftie fsks, and
relevant symptoms may need long-time exposure to pollutants to become detectabl
During the 1980s, the Chinese government started to launch a drinkiag wat

improvement program in rural areas. This program aims to builerywédnts to provide
safe drinking water and pipeline systems to deliver it. Thenit&y Standard for
Drinking Water” and relevant guidelines for the program implentiemtan rural areas
stipulate locations of water plants, safe drinking water stdsd@ncluding aesthetic
properties and general chemical, toxicological, bacteriologicalraditive indexes),
monitoring, etc. Water is treated using various technologiesour tonsecutive

processes: coagulation, precipitation, filtration and disinfectio@onsidering the

8 Chlorination, one of the most popular methods tpriome water quality in the world, is sometimes used
in the disinfection process.



diversity of natural conditions, deep well pumps and rainwater hargesystems have
been installed as temporary substitutes in some areas. Nesstregdpropriate water
plant systems are the ultimate goal of the program. As showineiriourth National
Health Service Survey (2008), the proportion of beneficiaries is 85.3npemeerall,
whereas only 41.9 percent of rural people have access to watenfaten plants.
Currently in rural China, about three hundred million rural peoplé s unsafe
drinking water. The construction of this program is still ongoing.

In terms of effectiveness of the water improvement prograrandglet al. (2009)
investigate water quality in rural households and find that, overaiérvyeéants provide
water with better quality than untreated water, as illustratd=igure 2. This figure also
shows that a greater proportion of households use drinking water dhetesi bacteria
and coliform standards than violating other standards, which seenmnti@adict the
argument that chemicals are the main pollutants in drinking waténina. However, as
I mentioned in the beginning, the Chinese cultural norms of boilingraat cooking
food can eliminate the pathogens to a large extent.

The program is financed through a variety of sources. The cemtchllocal
governments, villages, rural households and other international orgamszguch as
UNDP, WHO, UNICEF, World Bank) all contribute to parts of the fyrug the ratios
are quite different across regions. Poor areas are moratrehaoutside funds from
governments and international organizations, while in rich areasityabfunds come
from beneficiaries directly and some private capital. From 192D@@, it is estimated

that total investment in the water improvement program was abobill®8 US dollars

° Ministry of Health (2009), Analysis on the Fourtlatidnal Health Service Survey,
http://www.chinacdc.net.cn/n272442/n272530/n2722927 3.html(accessed on May 25, 2011).
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(Meng et al., 2004). Overall, 25.7 percent of funds come from the camdalocal

governments (in western regions of China, this proportion is as high psrcent), 26.9
percent from villages, 42.5 percent from beneficiaries and 4.9 mieaseloans and
donations from international organizations and other countries. Thegaveosat of water
plant and pipeline systems in this program is around 30 dollars péa ¢&lgng et al.,
2004). The detailed information is presented in Table 1.

This study examines the impact of the water improvement prograthe health
status of adults and children in rural China by employing the £kNgitudinal data. At
least two possibilities could limit its impact. One is tHa tvater quality from water
plants may not be greatly improved relative to untreated wates.riiay be due to plant
operations that do not meet government standards. The other issueplgacoa i.e.,
whether plant water is supplied continuously, 24 hours per day and 7 dagska
because water can also be contaminated by microbes duringestSame studies show
that mean coliform levels were considerably higher in househat@®r containers than
in the original water sources (Fewtrell et al., 2005).

In the next three chapters, | describe the estimation stategnployed and

evaluate the impacts of the water program on adults and children in runal Chi
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Chapter 2

Estimation on the Water Improvement Program in ROmna

2.1 Data and Variables

In this study | employ the China Health and Nutrition Survey (SHMNataset.
The sample selection is based on a multistage, random clus&nesén nine Chinese
provinces: Liaoning, Heilongjiang, Jiangsu, Shandong, Henan, HubeinHGuangxi,
and Guizhou. In 1997 Liaoning was missing and Heilongjiang was incladed
replacement. In later surveys, both provinces are covEhedranks of per capita GDP of
these nine provinces among 31 province-level administration regicosdegl in the
China Statistical Yearbook (2007) is the following: Liaoning(8), Heijiang(12),
Jiangsu(5), Shandong(7), Henan(16), Hubei(17), Hunan(21), Guangxi(27), Guizhou(31).
The average per capita GDP of these nine provinces is 16137 Chuasé2p24 US
dollars), slightly smaller than the national average, 18662.52 Chinese(3841 US
dollars). In terms of the geographic regions, no provinces in Norsh-@i&na and North
China are included in this survey. Thus, the CHNS sample is nop tikdde nationally
representative. Regardless, in Figure 3 we can see thatishlzrge variation across
these provinces in the prevalence of fluorosis. And four countieaademly selected
from an income-stratified sample in each province generateddramighted sampling
scheme. The smaller sampling units, such as villages or tovengyear randomly drawn

from each county.
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The survey was taken in 1989, 1991, 1993, 1997, 2000, 2004, and 2006 so far,
which allows me to explore the variation in program implementatiomg this period.
As mentioned in Clasen et al. (2007), most trials and experimantsrdy focus on a
small group and do not have sufficiently long follow-up periods (usledly than one
year), which may lead to inaccurate estimates due to segarathe fact that some
agents of infectious diarrhea are often delayed, such as camgigobsis. The desire to
avoid this shortcoming is one reason why | choose to use the longitudinal data.

The CHNS data includes the samples in rural and urban areas estdct my
analysis to the rural sample. In total, approximately 4,500 household$2amllages or
towns in rural China are included. In this study | do not distinguiskdast villages and
towns.

One main advantage of the CHNS data in studying the health imopacter
treatment plants is that it has multiple individual health indisatincluding subjective
(self-reported health status) and objective (weight and height) tadscaalong with
other demographic variables. In addition to the individual survey,aetcommunity-
level survey contains much information about infrastructure, whiclusisful in
confirming that my results are not driven spuriously by variatioather infrastructure
conditions across villages. The main problem with the longitudinaliglatérition, much
of it being the result of substantial migration out of rural Clsimae the 1980s. | find
that the young, aged from 15 to 40, make up a large proportion of obsentaibagrit
from the sample. This may cause bias if the migration is lateck with the water

program implementation. In Section 3.2.5, | address this issue further.
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The treatment variable in this study is defined based on theysguestion
answered by the households: “What is your water source?” The gospiins include
water plants, wells, springs, and rivers. Given the fact that housahotdsillage live
close together in rural areas, it is reasonable to expettthe water program is
implemented at the village level and that there might not be selelstion on the plant
water coverage within the village. This is also justifiediy CHNS data, showing that
most of the proportions of households with plants as water sourcesliaga are very
close to zero or one, as shown in Figure 4. Thus, in order to captusatdreprogram
implementation better and to avoid possible measurement error probleamsusing
household reports as the treatment variable, | define the treadindet village level by
detecting a relatively large increase in the number of houselwbldsself-report access
to water plants in a village. A dummy treatment variableater plant—indicating
whether the village is covered by the water improvement progsadefined in the
following ways:

¢ In the first survey year, theater plant = 1 if 80 percent or more of households
in a village report a water plant as their water source.
e If water plant = 0 in the first wave, then in all subsequent wavater plant = 1

if there is more than a 20 percentage point increase in plantagevéor each

year since the last wave. The reason for using the pereect@mge per year is

the difference in time span between two consecutive waves of GlNS For
example, if over 40 percent of households in a village report that waser
sources switched to plants from 1989 to 1991, then the treatment vanedler—

plant—is set to 1.
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e Oncewater plant = 1 in a given period, all subsequent periods are coded as 1.
The potential bias caused by measurement errors in household mepstssin OLS
regressions; nevertheless, instrumenting for the treatmeidblarsolves both the
measurement error and the endogeneity problems, which provides mea wiay to
check whether the defined village-level treatment variable trudytuces the
implementation of the water improvement program. In Section 3.2.1 and 4shawl
that the definition of treatment is reasonable by comparingdti@aion results using
household reports and my defined variable. It should also be mentionetdieaite
other possible water treatments (deep wells and rain harvegstgms) that serve as
temporary substitutes for water plants in some areas, but#mt be identified from
the questionnaire. Thus, in this study | only focus on water plantshwhéy lead to

underestimation of the impacts of the water improvement program.

2.2 Estimation Strategy

OLS regression with fixed effects
To estimate the causal effects of the drinking water intresstre program on
people’s health status, the basic regression model is as follows:

Yivr = XivtB + TorV + Uc + Ve + €t 1)
whereY;,; is the health measure of person i in village v in year t. In érapstudies, it
is always challenging to consider how to measure healthspigcin this study, three
different health measures are employed.

| use a binary variable indicating whether the respondent hassieduring the

last four weeks as one outcome variable. In the questionnaire, tiey suestion related
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to this variable is: “Have you been sick or injured within the flagt weeks? Have you
suffered from a chronic or acute disease?” Here | do not spebiéyher sickness is
water related or not, based on the following considerations: 1)audsaking water in
China may cause multiple complicated symptoms, such as diarrhatapgoans (from
fluorosis) and skin rash (from arsenicosis and fluorosis); 2) tteedieg of symptoms of
illness in the CHNS survey varies across waves (for exgndm@rrhea is combined with
stomachache after 2000); 3) in the CHNS data, the incidence diafias less than one
percent, which may result in inaccurate estimates of the pr&giarpacts when it is
used as an outcome variable.

Considering that this indicator is self-reported, nutrition-basetr@mvmetric
measurements are also employed to estimate the impactslohgmwater improvement.
Given the fact that lots of diseases besides diarrhea aseday the water pollutants in
China, these anthropometric outcomes may be able to capture thedasadt in a more
complete way. In addition, these measures are objective to laiget,eor at least the
measurement errors in them is less likely to be systemfigticorrelated with
respondents’ income than self-reported health measures (Strauss and, TI8983

The weight-for-height ratio adequately represents the long-runiontstatus of
adults (Waterloo, 1972), which reflects both consumption and health s&tes. the
diseases caused by unsafe drinking water, whether diarrheal orchtbaic diseases,
usually lead to weight loss, weight-for-height is a relidigalth outcome measure in this
context!® For example, Col et al. (1999) state that the symptoms of acse@iar

poisoning include vomiting, diarrhea, and weight loss.

10 personal communication with Jin Jiang from MedBahool, Tongji University, China, November, 2009.
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In addition, the last four waves of CHNS (1997, 2000, 2004, and 2006) include
self-reported health status of adults and this subjective measused as another adult
health outcome as well.

For children (age from zero to 17), the outcome varidpleincludes two
anthropometric measures (weight-for-height and height), alorgthat iliness incidence
in the last four weeks. Anthropometric indicators of children ara eware of interest in
this context. Weight-for-height is considered to be an indicatthreo$hort-term nutrition
status of children, and height is a good way to measure the durdtiohildren’s
malnutrition and growth (de Onis, 2000). Briend (1990) states that ih@o suggestive
evidence of the causal relationship between diarrhea and childraimiatrition since the
catch-up growth reduces the harms caused by diarrhea. However, Hun(pboo)
shows that other water-related diseases, such as tropicabpattsr, can still cause
malnutrition. In terms of chemical pollutants, Wang et al. (200 Bgmteepidemiological
evidence in China that that high concentration of fluoride and arsedrking water is
negatively correlated with children’s height, weight, 1Q scores and lungitapa

Child mortality is sometimes used as an outcome variable in ethdres of
improved water. However, in my sample fewer than 10 child deathbe@abserved in
each wave and, therefore, the impact of water from treatmamispgbn mortality must be
small in terms of overall lives lost, and impossible to measwanmgfully given my
sample sizes.

X;,: represents characteristics of individuals, households and villages,asuch
age, sex, educational attainment of adults, household size, and distaheentarest

medical facility in adults’ regressions. When considering the @npa child health, 1
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substitute parents’ educational attainment for children’s own ddacsihce the water
program, as a health intervention, might also improve children’s ednabattainment
(Bleakley, 2006; Politi, 2008). If parents’ educational attainmentissing, | use that of
the oldest male or female adults in the household as the proxies.

Considering that healthy people are able to work more productivelyeam
more money, | use income in the first wave when the household appélaessurvey in
order to avoid the possible endogeneity problem by using current énddere, gross
income instead of net income is employed because durable expeesssnatimes
recorded in the survey which may lead to negative net incomaggested by de Mel et
al. (2007).

T,: is a dummy variable indicating whether plant water is avalabVillage v in
year t (vater plant). u. andv; are the region and year fixed effects respectivelygnd
is the idiosyncratic error term. The average treatmenftcteffecan be consistently
estimated by OLS regressions if the error teggnsatisfiesE (T, €ipe | Xive, Ue, Ve) = 0.

Instrumental variable strategy

A threat to the OLS regression validity in this context isgregram placement
issue. Consistent estimates of the causal effects of water quality imp@oeveequire that
E(Tyt&ivt| Xive» Ue, v:) = 0, which means that the installation of water plants and
pipelines is exogenous or randomly assigned conditionak;gn u, and v,. By
employing the OLS strategy with region and time fixed effecs) Bble to capture some
unobservables that are constant across regions or years. Howevederoogsthe

implementation and financing mechanisms of the water improvementaprpgome
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unobservables that vary within regions across time may dfffe¢tming and locations of
the program construction and, therefore, may generate an endogeneity problem.
One possible concern about the endogeneity of program placembat lsdal
governments may prefer to carry out the program in the villaggshigh growth rates
or with great potential to develop first (for example, villagear recently-built national
highways). In these areas, well-established infrastructure tt@ttamore investment.
The governments have incentives to implement the program in trexsesgb stimulate
the local economy and to increase tax revenue. Furthermore, sincaverage, the
majority of funds come from villages and households directly, thgrano is also easier
to fund in those places. People there may tend to be in better Ingaltthose in remote
areas. If so, the positive relationship between program impleticengand health implies
thatE (Tyr&ipe | Xive Ui, ve) > 0, which causes upward bias of OLS estimates. Program
placement can also be negatively correlated with healthE (B,;&;pt| Xive, Ui, V) < 0.
Based on equity considerations, the central and local governmentshmigitre likely
to target locations by priority where people suffer from severalth impairments
induced by drinking water. China’s Eleventh Five-Year Plan (2006—2010) sinpba
expediting the water improvement program in areas sufferorg frigh fluoride water,
high arsenic water, high salinity water, and polluted wdtee. proportion of government
investment in the program in western areas (which are rdlafpo®r areas) can be as
much as 50 percent. As a result, the OLS estimates are very like to be biasedudbw
To address this endogeneity issue, | instrument for prograzemint using the
topographic characteristics of villages (flat versus hillynmwuntainous), which are

assumed to influence the costs of the construction of water plaghigipeline systems in
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several ways. Fixed costs are higher in non-flat areas gsibeeomes more difficult to
introduce pipes, and high-pressure water pumps must be installed/&r delter. As for
variable costs, large amounts of electricity need to be constonpdmp water from
plants to villages in hilly and mountainous areas. The system pdssagn equations,
then, is:
First stage:Ty,: = XipeS + Zpax + ue + v + Uit (2)
Second Stag€;,: = XipeS + TpeY + Ue + v + €it 3)
whereZ, is the instrument representing the topography of the villages.

The key identification assumption of the IV estimation strateg that,
conditional on demographic characteristics, household income, accessibiitedical
facilities and the fixed effects, topographic characterigiicthe villages should affect
people’s health status only through the quality of drinking water.

Topography, or land gradient, has been discussed in the literataféeeting
agricultural productivity (Udry, 1996), crop types (Qian, 2008) andastfucture
construction (Duflo and Pande, 2007; Dinkelman, 2008; Donaldson, 2009). Thesg fact
may affect health mainly through household income. Therefore, comdrofior
household income in the regression can help the estimation sdtesfexclusion
restriction when using the villages’ topography as an instrunierection 3.2.3 and
4.2.2, |1 add other infrastructure information, including road construction,ndeste
schools, and electricity and telephone coverage as control varialiles riegressions to
test this assumption.

After using the instrument, the estimation parameteaptures the local average

treatment effect (LATE) and, more specifically, the weidhteverage of covariate-
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specific LATE (Angrist and Pischke, 2009). This refers to thghted average impact
of the water program on the villages whose implementatiomding affected by their
topographic characteristics (compliers). The usefulness ofiivhates depends on the
degree to which the impact on compliers can represent that astahpdpulation. In my
study the mechanism through which improved drinking water affectthheanainly a
biological process, especially when chemical impurities arentijer harmful contents. |
would not expect that human behavior influences the program’s impagreat extent,
which is also justified by the fact that | do not find heterogeneous treagffiectis across
income and educational groups in Section 3.3 and 4.3. Thus, the LATE amipbets

should be quite similar to the average treatment effect (ATE) on the whole papulati

2.3 Summary Statistics

Table 2 presents the summary statistics of adult observations in athtles.\if he
illness incidence in last four weeks for adults is around 9.0 pememtyerage, which is
much lower than the national survey results. According to the Natibealth Service
Survey (1998, 2003, 2008), the two-week morbidity rates in rural Chima ©W&7
percent in 1998, 13.9 percent in 2003 and 17.7 percent in 2008. The low rate in the 1989
wave is due to the fact that this question targets only individuals agee7 or between
20 and 45. Despite this fact, this number in other waves remains low.

For the anthropometric measure of adiite/HO regards a Body Mass Index
(BMI) under 16 severely underweight and over 40 Obese Clask ldrder to avoid

errors in the survey data, | exclude 230 adult observations whosésB#éls than 10 or

11 the 1989 wave, the majority of height records far preschool students and adults aged from 23 to
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greater than 46. The average weight-for-height ratio of adul®%.485 kg/m, and the
average BMI is 22.20. In my sample, 8.55 percent of adults are consigetedveight
(BMI<18.5), while 16.74 percent are considered overweight (BMI>25).ur@ot (2)
and (3) show the means and standard deviations of the variables insviNggeand
without access to water from water plants for all of the waesgectively, and Column
(4) compares their differences. Not surprisingly, people in thetetlevillages have
higher socioeconomic status. We see that in the villages wittt plater, adults are
relatively wealthier, more highly educated and less likelatser livestock than those in
the villages without.

Table 3 presents the summary statistics of child observations pduding all the
waves. The illness incidence in last four weeks for children ip&ent, on average. In
order to eliminate the possibility of misreporting height, | eyphe WHO growth table
to calculate z scores and exclude the observations with z smows -6 and above 6.
The outlier cutoffs recommended by WHO are around 5. According tagCaaal.
(2006), which studies the growth characteristics of children under5age China
between 1990 and 2005, in rural China, 41.4 percent in 1990 and 13.1 percent in 2005
showed stunted growth. Therefore, | extend the normal range of cheldreight and
exclude 146 observations. For the weight-for-height measure, | udarstooffs as
adults and drop 138 child observations. The means of children’s weight-fibrt-nafio
and height are 21.429 kg/m and 124.338 cm, respectively, as shown in Table 3.

Columns (2) and (3) in Table 3 list means and standard deviations ofitiges

in villages with and without plant water for all of the waves, @otlmn (4) compares

12 The means and standard deviations of the refeqgopelation are for age in months in the WHO growth
table; here, | choose just the means and stan@sidtibns in the 6th month for each age.
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their differences. Children in the treated villages are heal#nd live in households with
higher socioeconomic status. For example, in the villages with ypiatetr, children are
heavier (0.484 kg/m) and taller (2.896 cm) and their parents have mears gf
education (0.436 for fathers and 0.933 for mothers) than those in the villages without.
Table 4 presents the descriptive statistics of some variabtag aouseholds’
environments and villages’ infrastructure conditions. These variabéesisad in the
robustness check to see if the baseline regression resufitable after controlling for
them. They have been shown to influence individuals’ labor supply de¢Binkelman,
2008) and households’ income. However, since their direct impact orh meait be
secondary, | do not include them as control variables in the basejnessions. From
Table 4, we can see that the means and standard deviationsyacemearable in the
adult and child samples. For example, the average distance to thstmeaidle school

Is 1.831 km in the adult sample and 1.834 km in the child sample.

2.4 Program Implementation

In Tables 2 and 3, | compare the characteristics of individualfi@nskholds in
villages covered by the water improvement program and with thosellages not
covered by the program. Generally, people in treated villagesvaalthier and have
more educational attainment. However, no causality can be concludedhtitineugimple
comparison; this correlation can be explained by the factwieatthier villages can
afford the program or that improved water quality makes peoplthtezaand, therefore,

able to earn more money, or both.
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In order to see if there is any selection rule when implamgrthe water
improvement program, | compare the demographic and infrastrudtaracteristics of
treated villages one to five years before the treatmenttiitbe of villages that had not
been treated by 2006. Table 5 shows the means of the chatasteddferences
(untreated years of treated villages one to five years béfieréreatment — untreated
villages) after controlling for year fixed effects. We e that there is no suggestive
evidence that the program is more likely to be launched in rialeais aor areas with
better infrastructure conditions, except that the areas closentedical facility tend to

be covered by the water program earlier.
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Chapter 3

Results for Adults

3.1 OLS and IV Regression Results

3.1.1 OLS regression results with fixed effects

Table 6 presents regression results with different levelsxefl feffects and for
different outcome variables for adults. All standard errorscarstered at the village
level. Generally, the regression coefficients are more pronounced conémlling for
the county fixed effects than for the village fixed effectstithe county fixed effects,
OLS regression results show significantly positive estimatése program’s impact on
adult health. On average, a water treatment plant decreases dithglss incidence by
one percentage point and increases their weight-for-height ratio by 0.835 kgém tiG
average illness incidence of about 9.0 percent, the estimatalyadtaplies that the
probability of illness in the last four weeks is reduced by aboyetdent when a water
treatment plant is present. The self-reported health statusis¢soby around 0.027
point. Although this estimate is short of significance, its p-value is very ddxé.t

The estimated coefficients on the other covariates in the couwag-éffect
specification are sensible in signs and magnitudes. Healthadesravith age. Males
report better health status than females do. Men'’s illness ineidenone percentage
point lower than for women; they have 0.063 point higher self-reported Iséatitis, and

are 1.780 kg/m heavier in weight-for-height ratio. A one yearease in educational
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attainment is associated with a 0.1 percentage point reductioméssillincidence, a
0.014 point increase in self-reported health status and a 0.087 kg/m wegght-for-
height. Married persons tend to feel healthier and are haaaersingle people. Given
constant household income, a larger household implies that fewer esavecallocated
to each member, which may worsen household members’ health. Newsthible
estimation results present mixed evidence: Household membergerfdanilies are less
likely to be sick and evaluate their own health as being better, liitbeg weigh a little
less. The positive correlation between health and income may beo duenimarket
home production and the existence of economies of scale (public goodspusehold
(Barten, 1964). Household income is negatively correlated with illimesdence and
positively correlated with self-reported health status and wéogHteight. Raising
livestock shows a minor negative correlation with adult healtls #ssociated with a
0.854 kg/m reduction in weight-for-height. The distance to a nearest meditg} thms
not have a significant impact on adult health.

Regression results with the village fixed effects are alesgmted in Table 6. The
estimated coefficients of the treatment variable vary from ovi#fs the county fixed
effects in terms of magnitudes and significance, whereas ohagher covariates show
very similar relationships with health. The water improvemengnairm is estimated to
lead to a two percentage point reduction in adults’ illness ino&gdeac0.030 point
increase in their self-reported health status, and 0.279 kg/m rideimweight-for-

height. However, none of these health benefits are statistically sigiifica
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An important question here is which regression specification igrbet this
context when employing a difference-in-difference stratélgg:county fixed effects or
the village fixed effects?

Given the huge population and vast land area in rural China, the water
improvement infrastructure program has been rolled out slowly mst&f coverage.
Figure 1 shows that over 20 percent of villages in this sanveglady had access to plant
water before the first wave and around 60 percent were not yatedovg this program
by the last wave. The treatment status of those villages, which constageriy of the
sample, stays constant during the survey period. As a resuitedlfte status of residents
of those villages does not contribute to the estimation of the rodgsitof treatment
effects when employing village fixed effects, but does contilbaitidentification when
county fixed effects are used instead. Not surprisingly, thensttredard errors of the
estimates of the effects of water treatment plants usllag®ifixed effects are larger for
all three of the health outcomes, and more than doubled for tworofaheeompared to
those using county fixed-effects This partially explains whydsi@nates on the water
plant treatment variable are not statistically significarthwhe village fixed effects.
Bootstrap Hausman tests are implemented to see whether thiosated treatment
effects are different from the ones estimated using coungy feffects. As shown in
Table 6, the p-values from the Hausman tests are over 0.Wvdooftthe outcomes—
iliness in the last four weeks and self-reported health status, but not for weigleight,
where the point estimate of the effect of water treatmettplon weight-for-height is

only one third as large when using village fixed effects, although still pasitive
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Furthermore, | restrict the sample to the villages thatestad access plant water
between the second wave (1991) and the final wave (2006) so thastabihe of their
pre- and post-periods can be observed. In total, 37 out of 152 villages and around 9000
adult observations are included. The estimation from the full samhethe village
fixed effects comes mainly from the variation in these g@&a Thus, if employment of
the county fixed effects still leads to similar treatmedfeats in this restricted sample, it
suggests that the baseline estimates from the full-sanopietry fixed effects are not
driven by the simple comparison between villages treated befofesiheave and those
having not been treated by the last wave—that is, by setdlages that may be very
different from each other in unobservable ways.

Table 7 shows the estimated treatment effects of the wapgovement program
on the restricted sample. We can see that with county fixedtgffadults’ illness
incidence in last four weeks decreases by 2.1 percentage paihtaccess to plant
water, which is equivalent to a 25.8 percent deduction give the aviecagdence is 8.13
percentage points in this subsample. And the estimated treatffesitis significant at
the 10 percent level. A water plant increases adults’ selftrémalth status by 0.059
point, but not significantly, and raises their weight-for-heighnificantly, by 0.727
kg/m. To summarize, the impact of plant water on adult healthllages that started
receiving it only during the survey period is comparable to tmgact on the whole
sample.

Considering the problems of drinking water in China, the long-term befi¢he
program may be even larger because some chronic diseases bgusd@mical

impurities occur only after long-term exposure to unsafe drinkingrwhtclusion of the
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villages with constant treatment status—that is, those that haveds@osed for many
years to water from treatment plants and those that have nearerekposed—is very
informative in evaluating this program. Thus, in the rest of thisdeson, | will focus
on the OLS estimates with the county fixed effects.

To explore the impact patterns of the water improvement progranoariteck
for the existence of a pre-existing health trend in theedewgillages, | substitute leads
and lags of treatment for the single treatment variabltheénregressions. Due to the
definition of the treatment and the time spans between CHNS swaxas, only several
specific leads and lags can be identified. The estimated @eatf of the leads and lags
and 95 percent confidence intervals are drawn in Figure 5. Weesathat there is no
clear evidence of a positive or negative health trend before theaprogplementation,
in spite of a few significant coefficients. In most of the saslee health benefits occur
right after usage of plant water and remain persistent afterwards.

Although Table 5 and Figure 5 do not suggest any strong prograrenpént
problems, it is reasonable to expect that areas where peopdefimeng from water-
related diseases may have priority in program implementatcmording to the policy
guidelines of the Chinese government. As a result, the estimfatesatment effects in
the baseline regressions could be downward biased, something thggested by the
results of the instrumental variables strategy. However, thewtdl meaningful since

they likely inform us of the lower bounds of the program’s impacts.

3.1.2 IV regression results
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The first stage regression results of program assignmemrasented in Table 8.
Compared to flat areas, the probability of villages being covered under &repnagram
in non-flat (hilly and mountainous) areas is 41.9 percentage poings.l@mmilar to the
relationships between the covariates and the treatment shown i@ dabbusehold
income and residents’ educational attainment are positively condlyiaoarelated with
the treatment variables. However, this conditional correlation noeshed light on the
direction of causality. Table 8 shows that the villages with sscée water plants also
have more females. One possible explanation is that bettertinétase conditions can
help females perform agricultural production alone, which may aiiwales to work
outside of villages. The negative conditional correlation between tigggon placement
and the indicator of livestock raised might be due to the factmba¢ urbanized areas
are less likely to have the space or conditions to perform lidestaod poultry farming.
The F-statistic on the instrument is around 17.29, which impliesdpagtaphy is not a
weak instrument in this context. The rule of thumb suggested byeStargl Stock
(1997) is that F-statistic should be greater than 10 when themyisone endogenous
regressor. It can guarantee that the maximum bias of Twge &tast Squares (2SLS)
estimates is less than 10 percent.

In the CHNS survey, communities’ topography is described by thffsredt
categories: flat, hilly, and mountainous. Therefore, in theory, two duwangbles can
be defined and used as the instruments for the treatment variable. Howefestdtistic
in the first stage is around 9, so the weak instrument problem exists when using those tw
instruments. Moreira and Cruz (2005) and Mikusheva and Poi (2006) suggest tha

estimating confidence intervals inverted from fully-robust tesider weak instruments
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is also meaningful. Chernosukov and Hansen (2007) provide a new method wothleal
heteroscedasticity of standard errors in this scenario, but rinstinod becomes less
powerful when the number of instruments exceeds that of endogenoublegria
Therefore, they suggest making the model just identified by iredimg some
instruments if the explanatory power of the remaining instrumeéoés not decrease
much. Based on the above considerations, | choose to use one combinadeimst-
non-flat—in this study. Furthermore, the estimates of treatraffatts by using the
combined instrument are very similar, in both magnitudes and sigraécdo the ones
with the two instruments in the basic specification.

Table 9 presents results of instrumental variables regredsioddferent adults’
outcome variables. Here, all standard errors are also clustetbd dillage level. As
compared to OLS estimates, the IV strategy generates strargk statistically
significant effects on behalf of the water intervention. The prdibabif adults’ illness
incidence in the last four weeks decreases by 4.5 percentage poibspercent, after
villages are provided with plant water. Self-evaluation of he#dttus increases by 0.144
and, objectively, adults’ weight-for-height also shows a sigmfica580 kg/m gain,
which is equivalent to saying that an individual who is 180 cm &hsy4.68 kg. If
adults’ BMI index is employed as an outcome variable, the estioravater plant is
1.26 and significant at the one percent level. The coefficierttseobther covariates are
very similar to the ones in OLS regressions in terms of magnitudes and sigr@fica

From the above table, we see that the OLS and IV strategiesgeaerate
positive impacts of the water improvement program on the healthissof adults; the

difference is that IV estimates are larger in magnitudesvever, there is still a concern
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about the validity of using topography as the instrument in this xtpnte, whether the
exclusion restriction holds. Flat areas are where town ceamter®cated and, therefore,
are more developed and have better infrastructure and secigces, as discussed in
Lipscomb et al. (2008). Thus, the instrumental variables strategiyt head to upward-
biased estimates, providing us with the upper bounds of true estimates.

Combining both OLS and IV estimates, | find that the illness incelei@dults
decreases by 11 to 50 percent and their weight-for-height iesrdns0.835 to 2.580
kg/m following the program implementation. Chinese National He@#rvice surveys
show that digestive diseases accounted for 26.8, 25.9, 23.6, and 16.1 percent of two-week
morbidity in rural China in 1993, 1998, 2003, 2008, respectively. Excess amounts of
fluoride and arsenic can also cause other kinds of diseases, suih asdsrespiratory
diseases (which accounted for 3.1 and 50.4 percent, respectively-oftwk morbidity
in rural China in 2008). In addition, the average weight gains from the &idSIV
estimation are 1.57 and 4.85 kg, which imply 2.7 and 8.5 percent increaseshgivée t
average adult weight is 57.323 kg. Milne et al. (2006) conduct meta-snatyshe
effects of protein and energy supplementation on the elderlyhanvd that their weight
change is around 2.5 percent in the short term. Thus, it can baudeddhat the
estimated treatment effects from OLS and IV estimation prouglevith reasonable
ranges of the impacts of the water improvement program.

As | mentioned earlier, given the slow coverage of this watfastructure
program and the fact that some villages have just recently beleded, | expect that the

long-term benefit of the program may be even larger.
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In this study, the main treatment variable—water plant—is a dumwamiable
indicating whether the village has access to water froner@ants. And one of my
outcome variables, illness incidence in last four weeks, is alsrybiln the baseline
specifications, | estimate the effect of having water frotreatment plant using 2SLS,
assuming linearity of the first and second stages. Abadie (2003) psoposay to deal
with scenarios in which the instrument and endogenous regressortatavaotate along
with a dummy or continuous outcome variable. However, given the limaragls size, |
am able to apply this method only in the regression with adulighivéor-height as the
outcome variable. The estimated health gain is 2.8 kg/m and isagifat the one
percent level.

Nonlinear profiles of age and household income when considering health have
been the subject of much research. In this study | use differesifisg@ons for adults
and children, which partially helps me avoid the nonlinear relatiorstipeen age and
health. Since rural households are relatively poor, it is unlikelyd negative impact of
income on health exists. To test the above hypothesis, | add ageesgua income-
squared terms as control variables in the baseline regressibes. OLS and IV
regression results are shown in Table 10. We can see that anchfsthese nonlinear
terms barely changes the significance and magnitudes dfadedine estimates of the
impact of plant water.

In the remainder of this dissertation, | conduct several robustheskscon both
OLS and IV estimates to see whether they are stable andtheywmay vary with

people’s demographic characteristics.
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3.2 Robustness Check

3.2.1 Justification of the definition of the treatment variable

In this robustness check, | tackle whether the defined village-feeatment
variable is correct: that is, whether it reflects the imgetation of the water
improvement program in rural China. Since water plants and pipelistensy are
constructed at the village level, all of the households in a villageassumed to be
covered at almost the same time. Therefore, the coefficdritee treatment variable |
define at the village level should be very similar to ones ubatindividual household
reports as the treatment variable. | expect this to be specelly when | compare their
IV estimates since the instrumental variables strategysh&drrect the bias caused by
measurement errors. In this check, | instead define the househeldrstment variable
to be 1 if a household reports a plant as its water source, and Ois¢hérturns out that
14.8 percent of the household observations show a discrepancy in valuesnhibisvee
household-level reports and my village-level constructed treatmeabhes.

Table 11 shows the OLS and IV results using these two treatmeld. [&/e see
that IV regressions generate very similar impacts on adultexXamnple, the estimate of
household reports on adults’ weight-for-height ratio is 2.683 kg/m vers88 kg/m of
the village-level treatment variable reported in Table 11, Coléinivhioreover, their OLS
estimates are also close in magnitudes. The coefficient on’ ageltght-for-height is
1.027 kg/m for the household-level definition and 0.835 kg/m for the villagg-le
definition. In conclusion, the similarities between the OLS ahddtimates suggest that
the defined village-level treatment variable—water plant—doe®atefihe program

implementation to a large extent.
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3.2.2 Sensitivity analysis on the cutoffs used to define the treatment gariabl

In this section, a sensitivity analysis is conducted thas tekether estimates of
the impact vary with the criterion | use for defining when &g# obtains plant water.
As mentioned in section 2.2, | define a threshold number—20 percent—ti thete
change in the proportion of households that have access to plant watellage. Here |
use five different cutoffs—10 percent, 15 percent, 20 percent, 25 percesd aedcent,
respectively—to construct a treatment variable. Only 15.6 percetiheohousehold
observations do not have the same values for those five treatmebtesrigheir kernel
density plots, drawn in Figure 6, imply that they are quite similar.

The OLS and IV regression results for each treatment var@abl@resented in
Table 12. For the OLS estimates, the significance and magnitudestdohange
dramatically. For example, the probability of being ill for aduitshe last four weeks
decreases by 1.2 percentage points when using a 10 percent cutoffisiquik similar
to the 1.0 percentage point decline with a 20 percent cutoff and kénfege point
decline with a 25 percent cutoff. All of these are staafficsignificant. When 15
percent and 30 percent are employed, the estimates are skgtdllier (0.6 and 0.9
percentage point) and become insignificant. The magnitude of tineatsd impact of
plant water on adults’ weight-for-height ratio is slightly diffiet, along with the criterion
used, and varies from 0.751 kg/m to 1.087 kg/m, while the significance stays the same.

In addition, the point estimates and statistical significantbeofV estimates are
also stable. An interesting pattern is observed: The impact becsigatly stronger

when a stricter criterion is applied. For example, the probalafityiness for adults in

35



last four weeks decreases with water treatment by 3.6 to 5eknpage points
(corresponding to a 40 to 60 percent reduction), and their weight-fdmtheigeases
from 2.077 kg/m to 3.111 kg/m, when the cutoff increases from 10 to 30 percent.
Therefore, both the OLS and the IV estimation results in Tableidgest that access to
water from a water treatment plant does benefit adult hegfthfisantly, although the
magnitudes of the influences vary slightly with the critengplyed. Ultimately, this

exercise shows that 20 percent seems an appropriate cutoff to be applied udthis st

3.2.3 Omitted Variable Bias—Other Infrastructure Construction

The basic assumption of validity of the OLS in this study is, t@tditional on
covariates controlled in the regressions, the treatment varibbiddsbe uncorrelated
with the error term. And the instrumental variable strategy e¢lies on the assumption
that topographic characteristics of the villages should affexqiles health only through
water quality, when controlling for those covariates. Since pooras@amitconditions can
lead to water-related diseases and topography has been trgofgence several kinds
of infrastructure construction (such as road construction andriidation), in this
section | add these controls in the regression specifications to sebdfstlae estimates
are still robust.

Sewage and sanitation environment

Most diarrheal diseases occur through oral-fecal or hand-to-m@uisntission.
Therefore, when studying water interventions, the sewage anatganiénvironments

are also considered important factors affecting people’s healtle shey may work
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interactively with drinking water. Thus, sanitation might be an echittariable that
could bias estimates of the effect of the water program.

In the public health literature, findings about the complementbetyeen water
improvement and other interventions are somewhat limited. Fewtrall (2005) point
out that combined interventions do not have an advantage in reducing diarrhea
incidences over those with a single focus. Zwane and Kremer (200 Clasen (2007)
also present similar findings showing no statistically sigaift additional effects from
combined interventions. They argue that it is consistent with epidegical models that
a large dose of pathogens can cause diseases. Once a singkntiae reduces the
volume of pathogens to a certain threshold, additional efforts magemstrate extra
benefits.

Besides water and sanitation, hygiene interventions are implementeduce
water-related diseases in developing countries. A review pgp€utiis and Cairncross
(2003) notes that hand washing reduces diarrhea risk by 47 percgignélgducation is
executed alongside the water improvement program in rural Chonaewer, | cannot
disentangle its impact given the fact that there is no infoomabout hygiene practices
in the CHNS survey.

Since the 1980s the Chinese government has also promoted a sanitation
improvement program—a disposal system called “Rural Ecolodgbeatitation”—in
addition to pipeline flushing. In this setup, excrement flows into eddaogas tank
under a household bathroom. Then, after biomass gasification, gas card lzes dsel
and remains (which contain no bacteria) can be used as a siilefezontaining plenty

of nitrogen, potassium, phosphorus and organic components. The reasons for promoting
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this waste disposal system are several. Rural people hadehusegn and livestock
waste as fertilizers for a long time, which can help thewe saoney on chemical
fertilizers. In addition, rural households traditionally used wood andvsas fuels,
producing significant indoor pollution (smoke) and doing harm to peoplelhhédso,
the use of traditional fuels may result in deforestation. Theogwall sanitation system
helps solve all of these problems at one time.

In terms of implementation, the sanitation program significaathg the water
improvement program. The percentage of total beneficiaries was a@Boprcent in
2006, but it varies a lot across the country. In the northern and westeinces, this
number is below 10 percent (The Ministry of Health of China, 2006). $inedrard to
clearly identify the sanitation improvement program from the GHidusehold survey
and its coverage is relatively low, in this study | only focus on the waigram.

In the robustness check, in order to consider how much my baselimatesti
may be affected by ignoring sanitation conditions, | control for éfoalsls’ toilet types
and sanitation environments (interviewers’ evaluation of the amoumntcoéta around
households’ dwellings) in the regressions. The estimation reseltshown in Table 13.
Overall, we see that adding sanitation controls to the model cidunesesefficients on the
water treatment plant variable to be smaller and less signtfifor both OLS and IV
estimates. In Table 13, the OLS estimate, when the outcome is’ althatss incidence,
decreases from 1.0 to 0.8 percentage point in the magnitude and becsigr@éidant.
And the estimate for adults’ weight-for-height, while stijrsficant, decreases from
0.835 to 0.467 kg/m. The coefficient for self-reported health statusates by a small

amount, from 0.027 to 0.023, and stays statistically insignificant.hédiM estimates, as
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compared to the OLS estimates, the decreased amounts arendefise achanges in
significance are the same. The illness incidence drops by 4 &npage points and is no
longer significant. The estimate on adults’ weight-for-height dimps small amount,
from 2.580 to 2.068 kg/m and keeps significant. One exception is that ftifieienefor
self-reported health status increases slightly, from 0.144 to 0.167.

Some caution must be exercised in interpreting these regregsioltsrsince
households’ sewage facilities and sanitation environment may be endogenoussacacces
plant water or piped water. For example, Bennett (2008) proposes a Iggssémoral
hazard issue that piped water could worsen the sanitation envirogsimesmthe marginal
health benefit of clean surroundings decreases. The opposite may also be. fraecess
to piped water decreases the opportunity cost of households’ usesloftdilets and
cleaning of houses and surroundings. The CHNS data support the segontent:
Households’ adoption of flush toilets is positively correlated wateas to plant water
and, on average, happens 1.1 years after the water prograplesnented. Therefore,
the change of estimates here might be due to the fact thlatdimg sanitation
implementation “over-controls” for the treatment effects of water phaptementation.

A poor sanitation environment is likely to counteract the impactwater
improvement on diseases caused by microorganisms, but it iskiegstd do so when
water pollution comes, instead, from chemical impurities. As | stoealier, the
inclusion of sanitation information does have an influence on the ceetsciof
improved water, although not to a large extent.

Other infrastructure (roads, distance to schools, electricity, etc.)
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Besides sanitation, some other infrastructure construction, sudbca#ieation
and roads, can also be affected by the land gradient. However, whedecogsi
determinants of health, the benefits from these infrastructureoaoents may be
secondary and may be captured to a large extent by household inctimeeisltrue, the
inclusion of other infrastructure conditions should not change my resutte. In Table
14, | present such tests by controlling in the regressions forcayeatruction (dirt, stone
or paved), distances to schools (closest primary and middle schoals}siadity to
trade areas, and telephone and electricity availability. Wethegteonly a few of the
coefficients of these infrastructure variables are signific@egardless, the magnitudes
and significance of OLS and IV estimates of the health impfgaiant water for adults (a
1.2 percentage point reduction in illness incidence, a 0.033 point risef-ires@ted
health status and a 0.646 kg/m increase in weight-for-height from OLSsegreesults;
a 4.9 percentage point reduction in illness incidence, a 0.176 point risk-riepseted
health status and a 2.381 kg/m increase in weight-for-height Woragression results)
are almost the same as my baseline estimates (a 1.0 peoteinteduction in illness
incidence, a 0.027 point rise in self-reported health status and a 0.835nkgéase in
weight-for-height from OLS regression results; a 4.5 percent padtgction in illness
incidence, a 0.144 point rise in self-reported health status and a 2.580nkgéase in
weight-for-height from IV regression results). This test shives these infrastructure

conditions do not seem to have first-order influence on the estimated impacts.
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3.2.4 Channels Clarified—Safe Drinking Water versus Water Aduét/ (Quality

versus Quantity)

Unlike some studies focusing on piped water, in this study | ddfméreatment
based on households’ water sources to address the importance ofjweditgrin China.
But it is true that the introduction of pipelines in this progrdsn anproves households’
access to water. This is an issue of water quality verster \aantity. Water quality
affects people’s health directly through microbial contents and &b&ments in drinking
water. Access to water generally benefits people’s h@alth more indirect way. For
example, access to water can enable people to save time, leadiogeases in labor
supply and, therefore, increases in household income. As a result, pelogéddth is
improved because more resources are allocated to the consumption ofiolebuse
members. Weak evidence has been found to link water quantity and hedhb
literature. One piece of research close to this study isgyta (2008), which uses the
CHNS data and does not find any significant impact of watesgsscon the health status
of children under age 10 in China in the early 1990s. Clasen @08I7)( point out one
possible explanation that water supply interventions take effectibtthere is direct-
connection provision to households and water is used with no storage.

More importantly, an emphasis only on water access could aceigerbate
the poor quality of drinking water. The CHNS data show that in 198pe&&nt of rural
households had in-yard water, so called “optimal water accessBGapdrcent of them
used untreated well water. It has been found that the concentrati@mef chemical
impurities (such as fluoride or arsenic) in underground water is eggrerhthan in

surface water since these elements come mainly from lotalas rocks. Furthermore,
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disentangling the effects of water quality improvement andrveateess in this context
has an important policy implication. In Figure 1, we see th2006, around 98 percent
of rural households could access water on their property. If the isnpadcimproved
water that | estimated before were generated from betégrvaccess only, then the
water program may not need to be continued.

In this section, | test the hypothesis that it is water qualitt access, that drives
my results. Here the variable that refers to households’ wateessibility—water
access—is constructed in the same way as in Mangyo (2008). Aoguiesthe CHNS
survey is asked at the household level: How does your household obt&kinglwater?
1) in-house tap water; 2) in-yard tap water; 3) in-yard wdllpther place. Then, the
water access is coded as 1 if the answer is 1), 2), or 3) addderwise. With this
newly constructed variable, several sets of regressions legrern in the following
way.

First, | add water access as one of the control variables. RaoklTable 15
shows the estimated coefficients of both water quality and eatarss variables in the
OLS and IV specifications. For both regression results, athatts on the water quality
variable stay almost the same as the baseline ones in termsagiitudes and
significance, while for water access, only the estimatadits’ weight-for-height ratio
is significant in the OLS specification. The OLS estimatedaat of having plant water
on adults’ illness incidence remains at one percentage pointngaets on self-reported
health status and on weight-for-height are a 0.026 point increase(an@sakg/m gain,
respectively. The IV regressions show that adults’ illness incelelecreases by 4.5

percentage points with exposure to treated water, their pelftegl health status rises by
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0.136 point, and their weight-for-height ratio increases by 2.614 kg/ra.sliggests that
the impacts estimated in the baseline regressions come froen tneatments in water
plants.

Next, | restrict the sample to households that can accessdnwater (optimal
water access) in all of the waves when they exist and see how tlemesisf water from
a treatment plant affects adults’ health in these households.eghession results are
presented in Panel B of Table 15. We see that the estimatesterf improvement are
quite similar to those from the baseline regressions, whichsaigports the hypothesis
that it is quality, not access, that improves health. For exanipt OLS estimate for
adults’ weight-for-height is 0.996 kg/m and the IV estimate is 3.1%# kas compared
to 0.835 and 2.580 kg/m. To summarize, the health gain predicted by thanéasel
regressions come mainly from the improvement of water qualitych plays a more

important role than water access in the context of Chinese drinking watempsoble

3.2.5 Attrition Bias—Migration and the Data Attrition Problem

In China, there has been much migration out of rural areas sindateh£980s
because, beginning at that time, the old household registration (Hsketém and
consequent legal urban-rural segregation were relaxed (Zhao, 2@@®yding to the
2000 census data, there are 12.46 million migrants, comprising 10.6pefdke total
population, and 58.9 percent of those migrants come from rural areaan@€avang,
2003). The CHNS data show that 40 percent of individuals cannot be trackeg! theri

whole period from 1989 to 2006. Figure 7 shows the age distribution of obsentaabns
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attrit from the sample; we see that people aged 15 to 40 acoountarge proportion of
them.

Sample attrition is of concern in this study if it is caatetl with the treatment
variable. The sign of the bias from attrition is theoreticathbmguous. If access to plant
water in a village makes people healthier the young, healtgrestp in the entire
population may be more likely to move out to look for a job, compared to those
villages without access to water plants. As a result, themasts would be downward
biased. The opposite situation may also be true, however: The yopagple Iin
untreated villages may be willing and able to leave home to escdpty environment.
Thus, the impacts estimated from the regressions would be over-estimated.

To check if the sample attrition sorts on the treatment, | seghe probability of
adults’ not being present for the next survey wave on the teeatand demographic
characteristics in the current survey year, using a varietifffrent specification$®
Table 16 shows that this probability is positively correlatedh whe bivariate treatment
variable, but not statistically significantly. This provides tieky weak evidence that
sample attrition sorts on the implementation of the water impnené program in either
direction.

Another way to test whether the treatment effects aresdbisssto use inverse
probability weighted (IPW) estimators, which assume thatiatirtan be explained by
observables. To correct for attrition bias, this method puts morehweiy the
observations that have characteristics similar to those who etehvpg the survey.

Wang (2008) employs this procedure for the CHNS attrition problesre Hfocus only

13 Besides checking the probability of being missingiso compare the demographic characteristics of
missing people in the treated and untreated vidalye significant differences show up, except farital
status.

44



on adults present in the first wave and implement the procedure folkheing two
steps: First, | estimate the probability of staying inhea@ave after 1989, based on the
individuals’ characteristics in the first wave (1989), and therelthe inverse of these
probabilities as weights to rerun my basic regressions. Table 17 shewestimated
treatment effects with and without correcting for data attritThe IPW estimates are
basically the same as those without weighting. For example te@tIPW correction, the
water improvement program increases the weight-for-height odtadults in the first
wave by 1.208 kg/m with the OLS strategy and 2.860 kg/m with ther@itegy. These
results are only slightly less than those from my basic spatins (1.132 and 2.891
kg/m) for the same adults. In conclusion, sample attrition doegppetiato cause much
bias since there is little observed sorting of migrants on wheilieges have access to

plant water.

3.2.6 Two Placebo Tests

Placebo Test 1: Treatment effects on the incidences of \eatrelated and
other kinds of diseases

If the water improvement program in rural China does benefit pedmalth and
reduce illness incidence, then the treatment variable should affigctwater-related
diseases. In the CHNS data, diagnoses of illness in last feeksmvere recorded if
patients visited a medical facility. Based on the suggestibigachel Rosenberd,an
expert on the toxicology of drinking water, and on my knowledge, | diideltagnoses

into two categories:

14 personal communication with Rachel Rosenberg froho8l of Public Health, University of Maryland
at College Park, February 2nd, 2010.
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Water-related diseases include: infectious/parasitic dis¢aseyr, respiratory
disease, endocrine disorder, hematology/blood disease, mentaatietgrdeurological
disorder, eye/ear/nose/throat/teeth disease, digestive diseasgy whisease, neonatal
disease, dermatological disease, and hereditary disease.

Other kinds of diseases include those less likely to be causpddnydrinking
water quality: heart disease, injury, alcohol poisoning, mental/pychdisease, sexual
disorder, muscular/rheumatological disease, and old-age/mid-life syadro

| exclude from classification two categories—obstetricalégyogical disease
and other—both of which are non-specific enough to make it impossihliesgfg them
as being related (or not) to water quality. The average adilitisss incidences within
the two categories of diseases are 3.70 and 1.32 percent, respelttiseexpected that
the coefficients of the treatment variable should be significéuein using the incidence
of water-related diseases as an outcome variable, but not evhploying the other
group, which is less likely to be caused by the poor quality of agnkvater. The
regression results in Table 18 are consistent with this. Riaetr reduces the incidence
of water-related diseases for adults by 0.5 percentage point i@LtBespecification
(although this estimate is not statistically significant) aredpercentage points in the IV
specification, respectively. These results imply a 13.5 to 78.4meaexduction in water-
related diseases when a water improvement program is lauinchedlage. Meanwhile,
the placebo test reveals that plant water has no signifiogoact on other kinds of
diseases; the point estimate for both the OLS and IV specifications arg&G0@H).

Placebo Test 2: Treatment Effects on Adult Height
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Another interesting falsification check is to use adults’ hemghtan outcome
variable since plant water should not change young adults’ height.ré #ne other
unobserved factors that affect people’s health, then the impatissef dmitted variables
could lead to a spuriously positive and statistically signifiesiimated effect of the
coefficient on water plant. Here, | exclude adults who benefitted from water
improvement when they were children and those over 50 because tHg =leight
may change with their health status. The sample size desreaseound 18,000. The
regression results are presented in Table 19. The resulto@mnclusive. The OLS
estimate is 0.363 cm and the IV estimate is a very large 9.441bgmboth are

insignificant.

3.3 Heterogeneous Treatment Effects

The previous estimates present only the average treatmectisefh adult health.
However, heterogeneous treatment effects are of interest thisicempacts may vary
with beneficiaries’ socioeconomic characteristics, both bectheie knowledge can
influence whether usage of water is effective and becausehéaih endowment may
affect the marginal gains from the program.

In this section, | explore heterogeneous treatment effextsss income and
education groups. The sample is divided into three groups (poor, middielnbased
on the village’s average income in the first survey year. Tésorefor using the average
income at the village level is to avoid the endogeneity betweereholds’ income and
their members’ health status. Panel A of Table 20 shows the @i SVaregression

results across these three income groups. The estimates atarssnimprecise, but are
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qualitatively similar. For example, when employing the Ixasgy, the coefficient on
adults’ weight-for-height is zero for the middle income group; énew, the coefficients
for low and high income groups are similar (2.489 and 3.498 kg/m) and bothcsighif
and they are also consistent with the baseline IV estimate (2/&680). dMeanwhile, the
OLS estimates for the same outcome are 0.779 kg/m for the l@mergroup, 0.391
kg/m for the middle income group and 0.974 kg/m for the rich group. AllesetlOLS
estimates are significant. From the above table, we cahaethére is no clear evidence
showing the existence of heterogeneous treatment effects acromentlifieome groups.
Another interesting hypothesis is that education is a completoemsage of safe
drinking water. As in the case study by Ahmed et al. (1998) in |Bdagh, safe drinking
water can be contaminated if households still use untreated swrktee to wash
containers. Better-educated individuals may be more aware whpoetance of drinking
water quality and have better hygiene practices, so their watkyss likely to be
contaminated. To test this hypothesis, | place adults into four eslucgbups: llliterate
(years of education=0), Primary school (O<years of education<s@)elmiddle school
(6<years of education<=9), and Upper middle school and above (yeatsaaition>9).
Panel B of Table 20 shows the treatment effects on adult healissatheir own
educational groups. The results indicate that access to plaer waes lead to
differential benefits in different measures across thesea@idoal groups, but these
estimates do not vary much in terms of magnitudes and are notiffengnt from the
average treatment effects in the baseline regressions. Foplexdahe OLS estimates for
weight-for-height vary from 0.568 to 1.454 kg/m, while the IV estimaseyg from 1.437

to 3.434 kg/m.
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In summary, there is little evidence of heterogeneous treateffadts across
income and educational groups. This may not be surprising congidbat chemical
impurities are the major problem with drinking water in China, andtktiey are hard to
eliminate through human hygiene behavior such as boiling, the point-oivate

treatment generally employed in Chinese dailyfife.

15According to Zhang et al. (2009), only 5.11 pera&inural households conduct other treatments.
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Chapter 4

Results for Children

4.1 OLS and IV Regression Results

Table 21 presents OLS regression results for chitfréilLS regressions with the
county fixed effects indicate positive and significant impactshefwater program on
children’s weight-for-height and height. They predict gainscfoldren of 0.446 kg/m in
weight-for-height and 0.962 cm in height. In terms of other covarial@sy; children are
healthier, and boys are heavier and taller than girls. Higheatdoal levels of fathers
and mothers also significantly benefit children’s health statasgdr household size
worsens children’s health status, presumably because childregenianseholds obtain
fewer household resources. Raising livestock has a negative andcaignififluence on
children’s anthropometric measures. Other controls—income and disiarec medical
facility—do not show any statistically significant impact on child Healt

Similar to what we see in adult health, the estimates dfrthacts of plant water
become smaller and insignificant when using the village fief#ects. The bootstrap
Hausman tests are performed and their p-values are all above Och prbvides
evidence that the OLS and IV estimates are not statlgtiddferent. In Table 22 |

report results where | restrict the sample to the villagesse water treatment status

811 this study, children are defined as individuad®ed from zero to 17. The regression results do not
qualitatively change when | exclude infants ageanfizero to two from the child sample.
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changed during the survey period from 1989 to 2006 in order to exploreetimént
effects on child health in those villages. As a result, around 3,0G0arhiare included.
None of the estimated coefficients are significant, which mightdue to the limited
sample size.

Next, | use same the instrumental variables strategy as | used fariaduitler to
deal with the potential endogenous placement of the water treatmems—pthe
instrument is the indicator for whether the village is in a nondtat. The first stage
regression results of program assignment for the child sampj@@sented in Table 23,
and not surprisingly, the coefficient on the instrument (-0.431) ig siemilar to that in
the first stage for the adult sample. The estimates of tlagoreship between other
covariates and the treatment variable are similar to thosEalme 3. For example,
children in the treated villages tend to have better-educated paretite in a family
that is less likely to raise livestock and to live closea taedical facility. The F-statistic
on the instrument is 17.36 and, therefore, finite sample bias resulting dr weak
instrument employed in an IV regression is not a concern. Table 24 préserdsults of
OLS and IV strategies and for different outcome variables of childiéstakdard errors
are clustered at the village level. The IV estimates foidan’s anthropometric
measures are almost twice as large as the OLS essinta754 kg/m in weight-for-
height and 2.489 cm in height, while the OLS estimates are 0.446 ikgheight-for-
height ratio and 0.962 cm in height. While both are statisticadiyificant at the one
percent level, the treatment effect on children’s illnessdem@e remains insignificant.
The estimated coefficients on other covariates in the |Vifsgeggeons are comparable to

the ones in the OLS specifications. Considering, as discussed adult analysis, the
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potential biases generated by the OLS and IV estimation, Ithakeesults as the lower
and upper bounds of the true treatment effects of the drinking wap@ovement
program.

To summarize, the predicted gains of plant water on children are 0.9465%
kg/m in weight-to-height and 0.962 to 2.489 cm in height. In addition, hildren’s
estimated health benefit in weight is 0.932 to 1.400 kg. Kanani and P¢a{08)
present epidemiological evidence that adolescent Indian girls aged180gain 0.83 kg
with three months of iron and folic acid supplementation. In the-aredysis by Brown
et al. (2002), a set of studies shows that the height gain of chiudder 10 years old
varies from -0.26 to 1.70 cm after treatment with zinc supplenfents.8 months, on
average. Habicht et al. (1995) find that in Guatemala, three-yeartreatment had a
cumulative effect of up to 2.5 cm on the height of children under the afeeef Thus,
we can see that the estimated impacts of the water impemteprogram in this
dissertation are in line with studies in the areas of nutrition and public health.

In Table 25, | include the age-square and income-square as coniatlesarto
see if they are crucial determinants in this context. The atsrare very similar to the
baseline ones, as we see in the results for adults. For exahgl@eLS coefficient for
children’s height with the nonlinear terms as controls is 1.043 idhthe IV coefficient
is 2.241 cm, similar to the results without these controls (0.962 and 2.489 cm)ofideref
it can be concluded that the exclusion of nonlinear terms of tharagmcome variables
does not affect the estimation of the treatment effects of plant water.

The OLS and IV estimates both support the positive impacts ofwv#ter

infrastructure program on child health, and the estimation filwenl¥ specifications
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demonstrates a stronger influence than from OLS specificationghe following
sections in this chapter, | follow the structure of Chapter 3, chet¢kgobustness of
baseline estimates and exploring heterogeneous treatmismutseficross different

demographic groups for children.

4.2 Robustness Check

4.2.1 Sensitivity analysis with regard to the definition of the treatmeiatola

First, | compare the regression results with different lewdlglefinitions of
treatment variables—the household level and the village lexsk( plant), in order to
see whether the defined treatment variable reflects thel gmtagram implementation
because IV can correct for bias caused by omitted variables eamslirement errors. In
fact, 14.8 percent of households in the child sample have different \dltiegse two
variables. Table 26 presents the coefficients of the treatvaeiatbles at the household
and village levels. We see that the regression results arecosrgarable when using
different levels of treatment variables, regardless of whettegr are derived from the
OLS or the IV estimation.

For example, when children’s weight-for-height is the outcome blarithe OLS
estimates of the household-level and the village-level tredtoaiables are 0.465 and
0.446 kg/m, respectively, and the IV estimates of these two vesiabé 0.749 and 0.754
kg/m. For children’s height, the OLS estimates are 0.875 cm d&iotleehold level and

0.962 cm at the village level, while the IV estimates are 2.708 2489 cm,
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respectively. Thus, we can conclude that the definition of the tematvariable is
reasonable in terms of reflecting reality.

Table 27 shows regression results with different percentageasssaused to
detect the timing of program implementation. The cutoffs andrdement variables
defined by those cutoffs are the same as the ones used in theisaf@l adults. | do
observe that the impacts estimated in the 1V specifications becoméystigbhger when
a stricter criterion is applied. For example, the IV estimate children’s weight-for-
height ratio and height change from 0.638 to 0.874 kg/m and from 2.108 to 2.878 cm,
respectively. Moreover, the OLS estimates do not show such anp&iterexample, the
coefficient of the treatment variable defined by a 10 percentfdotothildren’s weight-
for-height is 0.485 kg/m, while one defined by a 30 percent cutd¥487 kg/m. In
terms of significance, the estimates do not change across nhesgers, except for
children’s height with both the OLS and IV specifications. Nénadelss, we can
conclude that the benefits of the drinking water infrastructugrpm to child health are

also relatively stable and robust across different definitions of the geatrariable.

4.2.2 Omitted Variable Bias—Other Infrastructure Construction

In this section, | address a similar consideration that somsibpsomitted
variables may exist in the baseline regression. How the sanitanvironment could
affect the way that drinking water improvement works is esfhgémportant when we
consider child health since children are more vulnerable to didalse@ses or diseases
caused by microorganisms. In Table 28, | control for householdst tyies and

sanitation environment (excreta around households’ dwellings asuat@l by
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interviewers) in the regressions. Overall, both the OLS and tivha®s for children’s

anthropometric indicators fall to almost half of the baselinenaséis. And they are all
short of statistical significance except for the OLS estt@mon weight-for-height ratio.
The health gain decreases from 0.446 to 0.286 kg/m in weight-for-heigjlfitcen 0.962

to 0.500 cm in height in the OLS regressions, and from 0.754 to 0.458 kg/froand
2.489 to 1.771 cm, respectively, in the IV regressions.

As discussed in Section 3.2.3, the weakness of the estimates evtteailing for
sanitation variables does not necessarily imply that the hassdtimates of the impacts
of the water improvement program are overstated. Sanitation impeowewhether due
to a government program or to households’ own decisions, may rely on the &tsadébi
plant water or piped water. Therefore, the change in the ¢sirhare might be due to
the regressions “over-controlling” for the impact evaluation of pleatier through the
inclusion of the sanitation variables. Furthermore, when the sanitafiriables are
included as controls, the amounts of the reductions in the magnitidestimated
treatment effects imply the extent to which microorganismisiente health through
drinking water. Not surprisingly, the changes in coefficients aftphater are relatively
larger for child health than for adult health, which suggests thatirehilare more
vulnerable to bacteria and germs in drinking water.

In Table 29, | add the information of some other infrastructure cofisiiuo see
if the baseline estimates for child health are robust. Herecoatrol variables include
roads (dirt, stone or paved), schools (distances to closest primamiddi@ schools),
accessibility to trade areas, and telephone and electriciitalaility. The OLS estimates

(0.427 kg/m for weight-for-height and 0.759 cm for height) arelaimo the baseline
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estimates (0.446 kg/m for weight-for-height and 0.962 cm for heighg IV estimate
for children’s weight-for-height stays at the same magnitud®&1kd/m) and significant
at the 10 percent level, while the estimate for children’s heigigs a little, from 2.489
to 2.178 cm, and is not significant (its p-value is still close to ). Therefore, | can
conclude that other infrastructure conditions only show secondary infRiendeealth in

this context and omitting them does not change my estimate substantially.

4.2.3 Channels Clarified—Safe Drinking Water versus Water Aituktys (Quality

versus Quantity)

In order to explore the channel through which this program bendfitd c
health—water quality or water quantity, | again run regressimtluding water access
as a control variable, and the results are presented in PaoklTAble 30. Here the
variable—water access—is constructed in the same way as aadlutieanalysis. We can
see that the estimated effects of water improvement geddrgtihe program stay very
similar to the baseline estimates: 0.457 versus 0.446 kg/m in weigheight and 0.943
versus 0.962 cm in height from the OLS estimation; and 0.849 versus 0.154nkg/
weight-for-height and 2.589 versus 2.489 cm in height from the IV astim And they
are also significant, with the exception of the IV estimate ldld teight, while water
access does not generate any statistically significanteimfes. In Panel B, we restrict
the sample to children whose households always have optimal wagssaEor them,
the health gain from plant water becomes slightly greater andinemsignificant. For
instance, the OLS coefficient of the treatment for childrerégyit-for-height increases

from 0.446 to 0.508 kg/m, and the coefficient for height rises from 0.9624438 cm.
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This change may reflect only the treatment effect for thispéa but the similarity
between these estimates and the baseline ones again suggesis theiefits of this
program come from the improvement of water quality. In Panel Tabfe 30, | also
focus on the children under age 10 in the first three waves thaiyd4B8008) studies,
and consider how water improvement affects their weight, heighBRHd The results
suggest that children gained 0.560kg in weight and 1.380 cm in heigheiOLS
regressions and 1.825 kg and 2.214 cm in the IV regressions, afterwaltent is
accessible (although only the OLS results are statistisalyificant). These estimated
benefits are much more pronounced than those of water access.|éh@nchho always
have optimal water access, the health gain from having accessdr from a treatment
plant is almost double as shown in Panel D of Table 30.

Next, | attempt to replicate Mangyo’s (2008) study in whicldcln are less than
10 years old and show up in all of the first three waves. The sasigagd obtain is
slightly different from what he uses: 904, 1007, and 708 children for heiglghtwand
BMI as outcome variables, respectively, as compared to 1094, 1192 and 8%
sample. The regressions results for this replication sampleresented in Table 31. For
the very limited sample, plant water generates effectsateatcomparable to the full
sample results, while water access does not. For example, the OLSe=stinea0.466 kg
for weight and 1.622 cm for height, and the IV estimates are 1.93Nk®.426 cm.
However, when restricting the sample to observations with optimigr vaacess in all
three waves, the sample size shrinks by half, and the almost @ik estimates are

doubled in magnitude and statistically significant.

57



4.3 Heterogeneous Treatment Effects

In this section, | explore heterogeneous treatment effectshddren across
income and parents’ educational groups. The sample is divided ieto ghwups (poor,
middle and rich) according to the village’s average income in tiesiirvey year. Table
32 presents the estimates across these income groups in Pahe¢ &Astimates are
sometimes imprecise. For example, the IV coefficient onsinecidence for the low
income group is positive (0.049) and statistically significant, wii& coefficients for
the middle and high income groups are negative and insignificant. Whaeg usi
anthropometric measures (weight-for-height and height) as the auteanables, the
program has a significant impact only on poor children. Children innoame villages
shows, on average, a 0.739 kg/m gain in weight-for-height and a 2.723%cmase in
height from the OLS estimation and 1.284 kg/m and 3.251 cm from the ifMaéisin
after the water infrastructure program covers these villages.

Next, | test whether the impact of this program on child health function of
their parents’ educational attainment. Panels B and C of Tablee32nprthe treatment
effects across mothers’ and fathers’ education groups, respeciivelgan see that the
estimates stay stable across mothers’ educational groups, alttimyghre sometimes
imprecise. The estimated impact on children’s weight-for-hegylquite similar: around
0.4 kg/m for OLS estimates and around one kg/m for IV estimates mothers’ highest
education varies from illiterate (0.424 and 0.970 kg/m), to prinsahool (0.438 and
0.954 kg/m), to lower middle school (0.483 and 0.878 kg/m) to upper middle school or
above (0.486 and 1.198 kg/m). However, if we look at the same estimgeiss fathers’

educational groups, they vary across a larger range. This caplaaed by the findings
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from many other empirical studies that mothers’ education play®re essential role
than fathers’ in child growth. However, this may be also due téatttehat for one third
of children in my sample their fathers are missing and thesel the education of the

oldest male in their households as a substitute.
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Chapter 5

Conclusion

Providing people with safe drinking water is one of the most impolteaith-
related infrastructure programs in the world. The most prevalatdrwollutants in the
world—microorganisms—can be partially eliminated by the Chingadition of
drinking boiled water and eating cooked food. As a result, chemical itnepuikely are
the main threat to drinking water quality in China. Such impurities a result of
geography—high concentration of chemical elements in naturalasdilrocks—and
human activities due to vast disposal of industrial waste and ewusagse of fertilizers
during rapid industrialization.

Since the 1980s, the Chinese government has implemented a water nmgrbve
program in rural areas, constructing water plants and pipelinevsy/steprovide people
with safe drinking water. Those water plants install equipmenteamuloy clean water
technology to eliminate contaminants in drinking water, and the pipglstems deliver
treated water to households directly. It has been almost tieats yince the government
launched the drinking water improvement program, which now covers around half of
China’s rural population. The impact of this program on people’s hbakhmportant
policy implications.

My dissertation uses the CHNS data to estimate the impdke afrinking water
improvement program in rural China on the health of adults and childexe. to

estimation strategies are employed: Ordinary Least Sqstadsgy with fixed effects
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and Instrumental Variables. Given that the program may have laaeohed first in
areas having unsafe drinking water, the impacts estimatedther®LS specifications
may be under-estimated. Moreover, the IV estimates when udlages’ topography as
the instruments for the possible endogenous program placement maytlhmpkpper
bounds of the treatment effect. This may be due to upward biasdcaysether
unobservable conditions that are better in villages in flat ardass, Tin this study
combining these two sets of estimates can help us identifatige where the treatment
effects are located.

The estimated effects of plant water are that the illnesglence of adults
decreases by 10 to 50 percent, and that their weight-for-heigleiagses by 0.835 to
2.580 kg/m. Adults also self-evaluate their own health to be betien they have access
to treated plant water. Children’s weight-for-height and heigget by 0.446 to 0.754
kg/m and 0.962 to 2.489 cm, respectively, after the program is launchee. Adedth
gains for adults and children are consistent with studies in #ees af nutrition and
public health. Given the fact that some villages have only recbetiy covered, the
long-term benefits to health might be even greater.

| show that the estimated impacts are fairly robust andnatedriven by
measurement errors, omitted variable bias from obvious candidagdsijten bias. The
OLS and IV estimates are not sensitive to the definitions oftrdement variable,
regardless of whether it is defined at the household or the vidageand what cutoffs
are used. Inclusion of sanitation reduces the program impacts batisaninay itself be

endogenous to water treatment plan access. Adding villages’ othastin@ture
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conditions as controls barely changes the coefficients of plant,watdying that these
conditions do not have first-order influences on health.

| also confirm that sample attrition does not sort on the tredfrard the inverse
probability weighted estimates are quite similar to the tesiwbm the unweighted
specifications. Finally, the mechanism through which the program &fkes is via
improved water quality rather than simply via increased accesster. Placebo tests
show that plant water decreases the illness incidence ef-vedated diseases among
adults, but not of other diseases that are less likely to be daysedafe drinking water.
Furthermore, this water program does not generate anytistdlyssignificant effects on
adults’ height, supporting the validity of the estimation strasegmployed in this study.
The heterogeneous treatment effects across income and eddcaionps are
sometimes imprecise, but are qualitatively similar. This is consisiémthe fact that the
main threats to drinking water quality in China are chemical impurities.

My results clearly indicate that the construction and implenientaf water
plants in rural China has resulted in short-term health benefiesdtlts and children. To
the extent that these water treatment plants are costhngiract, and to the extent that
we are still only able to see short-run benefits on health)l @nalysis of the health

benefits awaits future research.
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Figure 1 Coverage of Water Plant versus Water Access from 1989 to 2006 (CHNS)
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Figure 2 Proportions of Households Violating the Standards of Drinking Water in China
in 2006
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Figure 3 Map of Population Drinking High Fluoride Water in China in 2006
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Figure 4 Fraction of Households reporting plants as water source ingevilla
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Figure 5 Coefficients of the Treatment’s Leads and Lags
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Figure 6 Kernel Densities of the Treatment Variables with Differenfut
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Figure 7 Age Distribution of Missing Observations (CHNS)
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Table 1 the Cost of the Construction of Water and Sewage Systems

water pipeline deep well pump rainwater household public and
system harvesting sewage setup school sewage
system setup
Cost <$30 per capita $5-$10 per  $50-$80 per $90-$120 per  $500-$850 per
capita capita setup sitting

Source: Meng et al (2004) “water supply and sapita¢nvironment in rural China: promote servicéht®
poor,” Poverty Reduction Conference in Shanghain&(2004).
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Table 2 Descriptive Statistics of Adults

All Treatment Control A o
Variables (1) (2) (3) (4)
lliness in last four weeks 0.090 0.088 0.091 -0.003
(0.286) (0.284) (0.287) (0.008)
Self-reported health status 1.598 1.616 1.589 0.027
(1=poor, 2=fair, 3=excellent) (0.603) (0.597) (0.606) (0.024)
Weight-for-height 35.485 35.810 35.347 0.463
(kg/m) (5.640) (5.791) (5.568) (0.385)
Age 41.627 43.186 40.968 2.218%**
(15.740) (16.307) (15.447) (0.482)
Female 0.505 0.510 0.504 0.006
(0.500) (0.500) (0.500) (0.004)
Educational attainment 6.267 6.820 6.033 0.787***
(years) (3.947) (4.110) (3.853) (0.227)
Married 0.770 0.761 0.773 -0.012
(0.421) (0.427) (0.419) (0.013)
Household size 4.566 4.497 4.595 -0.098
(1.688) (1.754) (1.658) (0.134)
Log household annual income in 8.699 8.805 8.654 0.151**
first wave (1.014) (0.987) (1.023) (0.073)
Whether households raise 0.503 0.346 0.570 -0.224%**
livestock (0.500) (0.476) (0.495) (0.057)
Distance to the nearest medical 0.364 0.292 0.394 -0.102
facility (km) (0.930) (0.529) (1.053) (0.079)
Observations 39517 11738 27779

Notes: Column (1) displays sample means and stdrt#aniations (in parentheses) for adult observation
in all waves, and Column (2) and (3) by their tneat status. The mean differences between colujnn (2
and (3) and their standard errors in parenthesestéced at the village level) are shown in colu@n ***

p<0.01, ** p<0.05, * p<0.1
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Table 3 Descriptive Statistics of Children

All Treatment Control Ar ¢
Variables (1) (2) (3) (4)
lliness in last four weeks 0.066 0.057 0.069 -0.012
(0.247) (0.231) (0.253) (0.008)
Weight-for-height 21.429 21.785 21.301 0.484
(kg/m) (7.067) (7.107) -7.048 (0.379)
Height (cm) 124.338 126.466 123.570 2.896**
(27.767) (27.876) -27.688 (2.272)
Age 8.879 9.150 8.785 0.365**
(5.020) (4.971) -5.033 (0.166)
Female 0.466 0.472 0.464 0.008
(0.499) (0.499) -0.499 (0.017)
Father’s education 7.365 7.689 7.253 0.436*
(years) (3.405) (3.544) -3.349 (0.234)
Mother’s education 5.755 6.447 5.514 0.933**
(years) (3.890) (3.997) -3.824 (0.423)
Household size 4.855 4,817 4.868 -0.051
(1.511) (1.590) -1.482 (0.142)
Log household annual income 8.660 8.785 8.617 0.168*
in first year (1.010) (1.003) -1.009 (0.087)
Whether households raise 0.543 0.406 0.591 -0.185***
livestock (0.498) (0.491) -0.492 (0.063)
Distance to the nearest medical 0.372 0.329 0.386 -0.057
facility (km) (0.927) (0.556) -1.024 (0.091)
Observations 14494 3737 10757

Notes: Column (1) displays sample means and stdrmtasiations (in parentheses) for child observation
in all waves, and Column (2) and (3) by their tneat status. The mean differences between colujnn (2
and (3) and their standard errors in parenthesestéced at the village level) are shown in colu@n ***
p<0.01, ** p<0.05, * p<0.1
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Table 4 Descriptive Statistics of Infrastructure Variables

Variables Little excreta Some Much excreta No bathroom Flush toilet
excreta
Adult 0.293 0.181 0.013 0.017 0.176
Sample (0.444) (0.385) (0.112) (0.128) (0.381)
Child 0.298 0.213 0.013 0.017 0.142
Sample (0.458) (0.410) (0.114) (0.130) (0.349)
Non-flush toilet Open pit Dirt road Stone road taisce to the
nearest primary
school (km)
Adult 0.160 0.625 0.263 0.292 0.291
Sample (0.367) (0.484) (0.440) (0.455) (0.855)
Child 0.145 0.669 0.313 0.291 0.281
Sample (0.352) (0.471) (0.464) (0.454) (0.884)
Distance to the  Trade area Telephone Electricity
nearest middle near the availability in availability in
school (km) village the village the village
(yes/no) (yes/no) (yes/no)
Adult 1.831 0.264 0.719 0.983
Sample (4.673) (0.441) (0.450) (0.131)
Child 1.834 0.237 0.682 0.981
Sample (4.262) (0.425) (0.466) (0.138)

Notes: The table displays sample means of the blagaeferring to households’ infrastructure caodis
for adult and child sample, respectively. The staddleviations are in parentheses. Household<sadzm
environment evaluated by the interviewers is diglideo four categories: no excreta (omitted),dittl
excreta, some excreta and much excreta. Five tfpesuseholds’ toilet facilities are no bathrootnsh
toilet (in- and outside house), non-flush toilet-@nd outside house), open pit (cement and eantthpther
(omitted). Road conditions around the villagesdascribed by three categories: dirt, stone andgave

(omitted).
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Table 5 Mean Differences between Characteristics of Treated and tddtkéages

Log Adults’ Proportion of Distance to Pavedroad Distance to a
household educational female nearest middle
annual attainment medical school (km)
income facility (km)
1) 2) 3) (4) (5) (6)
Mean 0.042 0.060 -0.003 -0.362* 0.054 -0.709
differences (0.098) (0.069) (0.007) (0.186) (0.084) (0.880)

Notes: the means of the treated villages are theage of their characteristics in five years befbee
treatment. The mean differences are adjusted farfypeed-effects and the standard errors in paesgs.
** n<0.01, ** p<0.05, * p<0.1.
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Table 6 Treatment Effects on Adults’ Health Status

Dependent Variables lliness in last four  Self-reported health Weight-for-height
weeks status
1) (2) 3) 4) (5) (6)
Water plant -0.010* -0.020 0.027 0.030 0.835*** 0.279
(0.006) (0.012) (0.016) (0.067) (0.174) (0.199)
Age 0.003***  0.003*** -0.011**  -0.010%*** -0.003 -Q013***
(0.000) (0.000) (0.000) (0.000) (0.005) (0.004)
Female 0.010***  0.009**  -0.063**  -0.062*** -1.780*  -1.906***
(0.004) (0.004) (0.009) (0.009) (0.114) (0.115)
Educational attainment -0.001**  -0.002**  0.014***  0.014*** 0.087%** 0.033*
(years) (0.001) (0.001) (0.002) (0.002) (0.016) (0.015)
Married -0.005 -0.004 0.057**  0.058*** 1.437%* B24r*
(0.004) (0.004) (0.012) (0.012) (0.122) (0.117)
Household size -0.005*** -0.005***  0.009** 0.009** -0.059** -0.057**

(0.001) (0.001) (0.004) (0.004) (0.029) (0.028)
Log income in first year -0.005**  -0.005**  0.017** 0.015** 0.215*** 0.210***
(0.002) (0.002) (0.005) (0.005) (0.058) (0.056)

Livestock 0.004 0.011** -0.010 -0.012 -0.854*** IR6**
(0.005) (0.004) (0.012) (0.013) (0.109) (0.080)
Kms to the nearest medical -0.000 0.001 -0.001 -0.011 -0.018 0.000
facility (0.004) (0.004) (0.011) (0.012) (0.064) (0.048)
Constant 0.088***  0.150**  1.708*** 1.664**  34.988*  37.749***
(0.026) (0.026) (0.065) (0.092) (0.704) (0.626)
County fixed effect Yes No Yes No Yes No
Village fixed effect No Yes No Yes No Yes
Observations 39,278 39,278 21,308 21,308 33,116 1183,
R-squared 0.059 0.069 0.178 0.194 0.203 0.237
P value 0.390 0.963 0.024

(bootstrap Hausman test)

Notes: each column lists coefficient estimates wtindard errors in parentheses (clustered atlthges
level) from separate regressions of a health outcdmaddition to the covariates listed above, each
regression also controls for year fixed-effectse Bootstrap Hausman tests are based on 1000 lagotstr
replications. *** p<0.01, ** p<0.05, * p<0.1
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Table 7 Treatment Effects on Adults’ Health Status in the Restricted &ampl

Dependent Variables lliness in last four weeks

Self-reported healttusta Weight-for-height

1) (2) 3) 4) (5) (6)
Water plant -0.021* -0.027 0.059 0.035 0.727%** 0.404*

(0.010) (0.017) (0.037) (0.075) (0.240) (0.213)

Constant 0.145**  (0.170*** 1.731%** 1.707*** 35.032* 35.074***
(0.043) (0.044) (0.134) (0.146) (1.443) (1.384)

County fixed effect Yes No Yes No Yes No

Village fixed effect No Yes No Yes No Yes
Observations 9,248 9,248 4,632 4,632 7,782 7,782
R-squared 0.057 0.062 0.183 0.192 0.233 0.244

Notes: the other covariates controlled for in e@gression are the same as ones in Table 6. Tingasth
errors in parentheses are clustered at the villags. *** p<0.01, ** p<0.05, * p<0.1
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Table 8 Assignment to Treatment for Adult Sample—OLS (First Stage)

Treatment Water plant
(1)
Non-flat -0.419%**
(0.101)
Age 0.003***
(0.001)
Female 0.025***
(0.007)
Educational attainment 0.012%**
(years) (0.003)
Married -0.021**
(0.009)
Household size 0.001
(0.004)
Log income in first year 0.005
(0.009)
Livestock -0.182***
(0.038)
Kms to the nearest medical facility -0.043***
(0.016)
Constant 0.449
(0.283)
Observations 35,752
R-squared 0.380
F-stat on instruments 17.29
Prob>F 0.0001

Notes: the regression also controls for countyyarat fixed-effects. The standard errors in paregheare
clustered at the village level. *** p<0.01, ** p<@b, * p<0.1
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Table 9 Treatment Effects of Water Program on Adults’ Health Status

Dependent Variables lliness in last four weeks -Bgibrted health Weight-for-height
status
OoLS v OoLS v OoLS v
1) 2 3) 4 5) (6)
Water plant -0.010* -0.045** 0.027 0.144* 0.835***  2.580***
(0.006) (0.022) (0.016) (0.065) (0.174) (0.756)
Age 0.003***  0.003**  -0.011**  -0.011*** -0.003 -0012**
(0.000) (0.000) (0.000) (0.001) (0.005) (0.006)
Female 0.010*** 0.010** -0.063***  -0.067**  -1.780** -1.762***
(0.004) (0.004) (0.009) (0.011) (0.114) (0.121)
Educational attainment  -0.001** -0.001 0.014***  0.012*** 0.087***  0.057***
(years) (0.001) (0.001) (0.002) (0.002) (0.016) (0.021)
Married -0.005 -0.007 0.057**  0.060*** 1.437%* U35+
(0.004) (0.004) (0.012) (0.013) (0.122) (0.132)
Household size -0.005***  -0.005*** 0.009** 0.008* 0-059** -0.063**

(0.001) (0.001) (0.004) (0.004) (0.029) (0.031)
Log income in first year -0.005** -0.005** 0.017** 0.018*** 0.215**  0.179***
(0.002) (0.002) (0.005) (0.005) (0.058) (0.062)

Livestock 0.004 -0.006 -0.010 0.014 -0.854*** -0441
(0.005) (0.007) (0.012) (0.018) (0.109) (0.204)
Kms to the nearest -0.000 -0.001 -0.001 -0.003 -0.018 0.054
medical facility (0.004) (0.004) (0.012) (0.014) (0.064) (0.086)
Constant 0.088*** 0.096*** 1.647%* 1.667*** 34.988* 35.177***
(0.026) (0.029) (0.063) (0.076) (0.704) (0.783)
Observations 39278 35538 21308 17890 33116 29763
R-squared 0.059 0.058 0.178 0.172 0.203 0.183

Notes: each regression also controls for countyyaiad fixed-effects. The standard errors in pareseh
are clustered at the village level. *** p<0.01, j¥0.05, * p<0.1
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Table 10 Treatment Effects on Adult Health with and without Controlling for Nonlinear
Terms of Age and Income

Dependent  lliness in last four weeks Self-reported healthusta Weight-for-height
Variables
Without With Without With Without With
@ 2) 3 4) ®) (6)
OLS Estimates
Water plant -0.010* -0.011* 0.027 0.028* 0.835*** 0.864***
(0.006) (0.006) (0.016) (0.016) (0.174) (0.175)
IV Estimates
Water plant -0.045** -0.045** 0.144** 0.142* 2.580** 2.630***
(0.022) (0.022) (0.065) (0.064) (0.756) (0.768)

Notes: the nonlinear terms are agad log household income in the first yedhe other covariates in
each regression are the same as ones in Tablee&tdidard errors in parentheses are clusterbe at t
village level. *** p<0.01, ** p<0.05, * p<0.1
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Table 11 Regression Results with Treatment Variables at Differeetd_e

Dependent lliness in last four weeks Self-reported healthusta Weight-for-height
Variables
OoLS v OLS v OLS v
(1) (2) 3) (4) (5) (6)
Household-level -0.011** -0.047** 0.029* 0.131** 1.027*** 2.683***
Treatment (g go5) (0.021) (0.016) (0.057) (0.124) (0.643)
Village-level -0.010* -0.045** 0.027 0.144* 0.835*** 2.580%**
Treatment (0.006) (0.022) (0.016) (0.065) (0.174) (0.756)

(water plant)

Notes: the other covariates in each regressiotharsame as ones in Table 9. The standard errors in
parentheses are clustered at the village levelp®.01, ** p<0.05, * p<0.1
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Table 12 Treatment Effects on Adult Health across Different Cutoffs

OLS Estimates

lliness in last Self-reported Weight-for-

IV Estimates

lliness in last Self-reported Weight-for-

four weeks Health Status  height four weeks Health Status  height
Cutoffs 1) (2) ©) (4) (5) (5)
10% -0.012* 0.010 1.087*>  -0.036 0.108%  2.07F
(0.006) (0.017) (0.176) (0.016) (0.048) (0.463)
15% -0.006 0.011 1.035%*  -0.041* 0.130%  2.415%*
(0.006) (0.017) (0.186) (0.020) (0.059) (0.610)
20% -0.010* 0.027 0.835%*  -0.045* 0.144%*  2.580%*
(water plant) (0 006) (0.016) (0.174) (0.022) (0.065) (0.756)
25% -0.013** 0.027* 0.751%*  -0.054* 0.180%  3.107*
(0.006) (0.016) (0.181) (0.026) (0.079) (1.133)
30% -0.009 0.021 0.772%*  -0.054** 0.181%  3.111%*
(0.006) (0.016) (0.185) (0.026) (0.080) (1.134)

Notes: the other covariates in each regressiothareame as ones in Table 9. The standard errors in

parentheses are clustered at the village levelp#®.01, ** p<0.05, * p<0.1
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Table 13 Treatment Effects on Adult Health Controlling for Households’ Samitati
Facilities and Environment

OLS Estimates IV Estimates
Variables llinessin  Self- Weight-for- lllnessin  Self- Weight-for-
last four reported height lastfour reported height
weeks Health weeks  Health
Status Status
() @) 3) (4) ©) (6)
Water plant -0.008 0.023 0.467**  -0.042 0.160** 2.068***

(0.006) (0.017) (0.153) (0.027) (0.081) (0.759)
Sanitation  Little excreta  0.006 -0.014  -0.397**  0.004 -0.005-0.330***
Environment (0.004) (0.015) (0.092) (0.005) (0.017) (0.112)
Some excreta 0.021*** -0.042** -0.360*** 0.018** -0.027 -0.245*
(0.006) (0.017) (0.110) (0.006) (0.018) (0.130)
Much excreta 0.060*** -0.224**  -0.355  0.062*** -0.273** -0.304
(0.018) (0.064) (0.273) (0.019) (0.073) (0.367)
Toilettype  No bathroom  -0.011 0.048 0.154 -0.005 .000 0.080
(0.015) (0.070) (0.584) (0.015) (0.072) (0.659)
Flush toilet -0.013 0.105 0.885**  -0.004 0.053 813
(0.013) (0.066) (0.318) (0.014) (0.067) (0.407)
Non-flush 0.003 0.077 0.243 0.006 0.054 0.073
toilet (0.013) (0.065) (0.324) (0.013) (0.063) (0.362)
Open pit -0.007 0.094 -0.520* -0.007 0.083 -0.539*
(0.012) (0.063) (0.301) (0.012) (0.060) (0.312)
Constant 0.079*** 1.573** 36.011** 0.090*** 1.541*** 35.960***
(0.028) (0.089) (0.716) (0.031) (0.094) (0.780)
Observations 38,672 20,943 32,626 34,992 17,573 ,3229
R-squared 0.061 0.180 0.211 0.060 0.172 0.194
Notes: the omitted group of sanitation environmeriho excreta” and that of toilet types is “other”
The other covariates in each regression are the sarones in Table 9. The standard errors in
parentheses are clustered at the village levelp¥®.01, ** p<0.05, * p<0.1
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Table 14 Treatment Effects on Adult Health Controlling for Other Infuasire

OLS Estimates IV Estimates
lliness in lastSelf-reported Weight-for- Iliness in lastSelf-reported Weight-for-
four weeks Health Status height four weeks Health Status  height

Control variables (1) (2) (3) (4) (5) (6)
Water plant -0.012* 0.033* 0.646*** -0.049* 0.176** 2.381%**
(0.006) (0.017) (0.173) (0.025) (0.076) (0.820)
Dirt roads around  -0.002 0.011 -0.381*** -0.007 0.032 -0.173
villages (0.005) (0.022) (0.135) (0.006) (0.029) (0.187)
Stone roads around -0.004 0.028 -0.511*** -0.008 0.047** -0.229
villages (0.005) (0.017) (0.101) (0.006) (0.023) (0.166)
Kms to the nearest -0.002 0.003 -0.013 -0.002 0.005 -0.001
primary school (0.002) (0.010) (0.045) (0.003) (0.014) (0.055)
Kms to the nearest 0.000 -0.001 -0.021* -0.000 0.000 -0.009
middle schools (0.000) (0.001) (0.0112) (0.000) (0.001) (0.009)
Trade areas nearby -0.000 0.013 0.229** -0.000 -0.002 0.129
(0.007) (0.017) (0.109) (0.008) (0.024) (0.150)
Telephone 0.002 -0.024 0.273** 0.005 -0.049* 0.031
availability (0.006) (0.022) (0.126) (0.007) (0.026) (0.160)
Electricity -0.014 -0.018 0.266 -0.018 0.048 0.670*
(0.014) (0.032) (0.368) (0.014) (0.058) (0.361)
Constant 0.104**=* 1.673***  34.831***  0.117*** 1.638* 34.595%**
(0.032) (0.074) (0.775) (0.036) (0.101) (0.833)
Observations 39,193 21,266 33,039 35,495 17,890 7289,
R-squared 0.059 0.178 0.206 0.058 0.170 0.187

Notes: the other covariates in each regressiotharsame as ones in Table 9. The standard errors in
parentheses are clustered at the village levelp¥®.01, ** p<0.05, * p<0.1
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Table 15 Treatment Effects Controlling for Water Accessibility

PANEL A: Controlling for Water Access

OLS Estimates IV Estimates
lliness in Self- Weight-for-  lllness in Self- Weight-
last four reported height last four reported  for-height
weeks Health weeks Health
Status Status
() 2 3) 4) 5) (6)
Water plant -0.010 0.026 0.795*+* -0.045* 0.136** 2.614**
(0.006) (0.016) (0.177) (0.025) (0.066) (0.821)
Water access -0.010 0.033 0.425*+* -0.004 0.018 0.023
(0.007) (0.022) (0.155) (0.009) (0.027) (0.237)
Observations 38,939 21,082 32,827 35,237 17,702 5129,
R-squared 0.060 0.178 0.203 0.058 0.173 0.182
PANEL B: the Sample always with Optimal Water Acces
OLS Estimates IV Estimates
lliness in Self- Weight-for-  lllness in Self- Weight-
last four reported height last four reported  for-height
weeks Health weeks Health
Status Status
1) 2) 3) (4) 5 (6)
Water plant -0.013* 0.019 0.996*** -0.036 0.168 3.154%**
(0.007) (0.018) (0.190) (0.035) (0.102) (0.772)
Observations 23,944 13,881 20,395 20,900 11,061 6607,
R-squared 0.061 0.172 0.190 0.061 0.163 0.172

Notes: the other covariates in each regressiotharsame as ones in Table 9. The standard errors in
parentheses are clustered at the village levelp¥®.01, ** p<0.05, * p<0.1
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Table 16 Regression Results of Adults’ Probability of Leaving the Sample

1) 2) 3)
Water plant 0.017 0.017 0.018
(0.021) (0.021) (0.021)
Age -0.000 -0.005***
(0.000) (0.001)
Age? 0.000%**
(0.000)
Female 0.003 0.002
(0.002) (0.002)
Years of education -0.000 -0.000
(0.001) (0.001)
Married -0.009** 0.011*
(0.004) (0.005)
Household size -0.007*** -0.008***
(0.002) (0.002)
Log income in first year -0.004 -0.017
(0.003) (0.025)
Log income in first yedr 0.001
(0.001)
Livestock -0.024*** -0.023***
(0.008) (0.008)
Constant 0.447** 0.530%** 0.658***
(0.019) (0.032) (0.109)
Observations 39,517 39,517 39,517
R-squared 0.162 0.164 0.166

Notes in addition, each regression controls for villagel year fixed effects. The standard errors in

parentheses are clustered at the village levelp¥®.01, ** p<0.05, * p<0.1
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Table 17 Treatment Effects on Adult Health with and without Correcting for Data

Attrition
?/ea?g;)(ljee;t lliness in last four weeks Self-reported healthusta Weight-for-height
without with without with without with
€ 2 3 4 (5) (6)
OLS Estimates
Water plant -0.010 -0.002 0.051** 0.051* 1.132%** 1.208***
(0.008) (0.010) (0.025) (0.026) (0.238) (0.258)
Observations 19,960 19,960 10,575 10,575 17,387 17,387
R-squared 0.061 0.073 0.167 0.180 0.198 0.200
IV Estimates
Water plant -0.035 -0.034 0.198** 0.223* 2.891 %+ 2.860***
(0.027) (0.027) (0.081) (0.086) (0.840) (0.818)
Observations 19,587 19,587 10,352 10,352 17,077 0717,
R-squared 0.072 0.061 0.175 0.160 0.189 0.187

Notes: the other covariates in each regressiotharsame as ones in Table 9. The standard errors in
parentheses are clustered at the village levelp¥®.01, ** p<0.05, * p<0.1
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Table 18 Treatment Effects on Adults’ lliness Incidence

Dependent Variables Water-related diseases Othdslaf diseases
OoLS v OLS v
1) (2) 3) (4)
Water plant -0.005 -0.029** 0.002 0.002
(0.003) (0.014) (0.002) (0.004)
Constant 0.043*** 0.045** 0.001 0.001
(0.016) (0.018) (0.009) (0.009)
Observations 39,288 35,548 39,281 35,541
R-squared 0.022 0.020 0.018 0.016

Notes: the other covariates in each regressiotharsame as ones in Table 9. The standard errors in
parentheses are clustered at the village levelp€®.01, ** p<0.05, * p<0.1
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Table 19 Treatment Effects on Adults’ Height

VARIABLES Height Height
OoLS v
1) (2)
Water plant 0.363 9.441
(0.273) (5.914)
Constant 168.526*** 168.858***
(1.033) (2.545)
Observations 18,500 16,700
R-squared 0.546 0.432

Notes: the other covariates in each regressiotharsame as ones in Table 9. The standard errors in
parentheses are clustered at the village levelp¥®.01, ** p<0.05, * p<0.1
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Table 20 Heterogeneous Treatment Effects on Adult Health across lacaime
Educational Groups

PANEL A: Income Groups
OLS Estimates IV Estimates
lliness in Self-  Weight-for- lllnessin  Self-  Weight-for-
last four reported height last four reported height

weeks Health weeks Health
Status Status
Income Group (1) 2 3) (4) (5) (6)

Poor Water plant -0.022** 0.006 0.779** -0.013 0.152 2.489**
(0.011) (0.033) (0.275) (0.031) (0.102) (0.972)
Middle  Water plant  -0.013 0.048* 0.391*  -0.069** 0.220 -0.037
(0.008) (0.025) (0.229) (0.033) (0.151) (0.569)
Rich Water plant  -0.017 0.037 0.974* -0.070 0.233 3.498**
(0.015) (0.025) (0.371) (0.066) (0.234) (1.550)
PANEL B: Adults’ Educational Groups
OLS Estimates IV Estimates
lliness in Self- Weight-for- lllnessin  Self-  Weight-for-
last four reported height last four reported height

weeks Health weeks Health
Educational Status Status
Groups (1) (2 3 (4) ®) (6)
llliterate  Water plant  -0.008 0.036 1.454**  -0.074* 0.160 1.437

(0.011)  (0.037)  (0.357)  (0.038) (0.133)  (0.989)
Primary Water plant  -0.003 0.013  1.036%*  -0.046  0.199%  3.045**

school (0.010)  (0.028)  (0.228)  (0.036)  (0.090)  (1.067)
Lower middleWater plant -0.016**  0.031*  0.568**  -0.026  0.101  3.434**

school (0.006)  (0.017)  (0.178)  (0.020)  (0.068)  (1.063)
Upper middleWater plant  -0.010  0.042*  0.805**  -0.062* 0.098*  1.957*

school (0.008)  (0.018) (0.267)  (0.032) (0.048)  (0.911)

Notes: the other covariates in each regressiotharsame as ones in Table 9. The standard errors in
parentheses are clustered at the village levelp¥®.01, ** p<0.05, * p<0.1
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Table 21 Treatment Effects on Child Health

Dependent Variables lliness in last four weeks \Wefgr-height Height
@) 2) 3) 4 (5) (6)
Water plant -0.004 0.015 0.446*** 0.355 0.962*** 0.318
(0.007) (0.016) (0.129) (0.255) (0.352) (0.662)
Age -0.006***  -0.006***  1.190**  1.185** 5.488**  5.468**
(0.001) (0.001) (0.012) (0.012) (0.024) (0.024)
Female 0.002 0.003 -0.446**  -0.486*** -1.895***  .840***
(0.004) (0.004) (0.075) (0.074) (0.158) (0.151)
Father’s education (years) -0.002*** -0.002%** 001 0.000 0.106***  0.069**
(0.001) (0.001) (0.014) (0.014) (0.028) (0.028)
Mother’s education (years) -0.001 -0.000 0.022 6.00 0.189***  (.122*%**
(0.001) (0.001) (0.015) (0.015) (0.030) (0.028)
Household size -0.003 -0.003 0.034 0.043 -0.272*%0.260***
(0.002) (0.002) (0.032) (0.033) (0.083) (0.081)
Log income in first year -0.000 -0.002 0.052 0.088 0.088 0.065
(0.003) (0.003) (0.060) (0.062) (0.113) (0.117)
Livestock 0.005 0.004 -0.388***  -0.173* -0.705***  .008
(0.005) (0.005) (0.096) (0.103) (0.224) (0.212)
Kms to the nearest medical 0.002 0.005 0.043 0.028 0.119 0.009
facility (0.005) (0.006) (0.048) (0.054) (0.100) (0.085)
Constant 0.276*** 0.306***  12.272** 15.354** 77.893** 79.906***
(0.039) (0.031) (0.744) (0.585) (1.364) (1.329)
County fixed effect Yes No Yes No Yes No
Village fixed effect No Yes No Yes No Yes
Observations 14,394 14,394 12,141 12,141 12,075 0752,
R-squared 0.066 0.081 0.710 0.718 0.927 0.930
P value 0.243 0.697 0.309

(bootstrap Hausman test)

Notes: each column lists coefficient estimates widtndard errors in parentheses (clustered at the
village level) from separate regressions of a healitcome. In addition to the covariates listedvabo
each regression also controls for year fixed-e$teEhe bootstrap Hausman tests are based on 1000
bootstrap replications. *** p<0.01, ** p<0.05, * p<l
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Table 22 Treatment Effects on Child Health in the Restricted Sample

Dependent Variables lliness in last four weeks Weight-for-height Height
1) (2) 3) (4) (5) (6)
Water plant 0.001 -0.012 0.326 0.119 -0.127 -0.392
(0.015) (0.024) (0.269) (0.261) (0.597) (0.712)
Observations 3,197 3,197 2,701 2,701 2,686 2,686
R-squared 0.058 0.066 0.709 0.714 0.927 0.928

Notes: the other covariates controlled for in e@gression are the same as ones in Table 21. The
standard errors in parentheses are clustered atlldnge level. *** p<0.01, ** p<0.05, * p<0.1
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Table 23 Assignment to Treatment for Child Sample—OLS (First Stage)

Child Sample
Treatment Water plant
3)
Non-flat -0.431***
(0.103)
Age 0.004***
(0.001)
Female 0.005
(0.007)
Father’s education (years) 0.005**
(0.002)
Mother’s education (years) 0.006**
(0.003)
Household size -0.000
(0.005)
Log income in first year 0.008
(0.0112)
Livestock -0.149%**
(0.034)
Kms to the nearest medical facility -0.038**
(0.018)
Constant 0.508*
(0.280)
Observations 13,321
R-squared 0.371
F-stat on instruments 17.36
Prob>F 0.0001

Notes: the regression also controls for countyysat fixed-effects. The standard errors in
parentheses are clustered at the village levelp¥®.01, ** p<0.05, * p<0.1
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Table 24 Treatment Effects of Water Program on Children’ Health Status

Dependent Variable lliness in last four Weight-for-height Height
weeks
OoLS v oLS v oLS v
(2) 3) (5) (6) (8) 9)
Water plant -0.004 -0.023 0.446*+* 0.754* 0.962*** 2.489*
(0.007) (0.026) (0.129) (0.426) (0.352) (1.433)
Age -0.006***  -0.006***  1.190*** 1.177%* 5.488*** 5.47 4%
(0.001) (0.001) (0.012) (0.013) (0.024) (0.026)
Female 0.002 0.002 -0.446***  -0.407**  -1.895***  .64***
(0.004) (0.004) (0.075) (0.074) (0.158) (0.169)
Father’s education (years) -0.002***  -0.002*** 001 0.003 0.106*** 0.088***
(0.001) (0.001) (0.014) (0.015) (0.028) (0.032)
Mother’s education -0.001 -0.000 0.022 0.008 0.189*** 0.172%*
(years) (0.001) (0.001) (0.015) (0.017) (0.030) (0.037)
Household size -0.003 -0.002 0.034 0.053 -0.272%*%( 257***
(0.002) (0.002) (0.032) (0.033) (0.083) (0.090)
Log income in first year -0.000 -0.001 0.052 0.071 0.088 0.004
(0.003) (0.003) (0.060) (0.058) (0.113) (0.128)
Livestock 0.005 0.002 -0.388*** -0.315** -0.705***  -0.264
(0.005) (0.006) (0.096) (0.134) (0.224) (0.388)
Kms to the nearest 0.002 0.001 0.043 0.047 0.119 0.124
medical facility (0.005) (0.006) (0.048) (0.056) (0.100) (0.117)
Constant 0.276**  0.283**  12.272**  12.114**  77.83**  78.300***
(0.039) (0.039) (0.744) (0.713) (1.364) (1.521)
Observations 14394 13234 12,141 11,114 12,075 51,05
R-squared 0.066 0.065 0.710 0.717 0.927 0.929

Notes: each regression also controls for countyyaad fixed-effects. The standard errors in
parentheses are clustered at the village levelp¥®.01, ** p<0.05, * p<0.1
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Table 25 Treatment Effects on Child Health with and without Controlling for
Nonlinear Terms of Age and Income

Dependent lliness in last four weeks Weight-for-height Height
Variables
Linear Model Nonlinear Linear Model Nonlinear Linear Model Nonlinear
Model Model Model
(1) (2) 3) (4) (5) (6)
OLS Estimates
Water plant -0.004 -0.004 0.446*** 0.416*** 0.962*** 1.043***
(0.007) (0.007) (0.129) (0.128) (0.352) (0.334)
IV Estimates
Water plant -0.023 -0.021 0.754* 0.847** 2.489* 2.241
(0.026) (0.026) (0.426) (0.427) (1.433) (2.377)

Notes: the nonlinear terms are agad log household income in the first yedhe other covariates in
each regression are the same as ones in Tabldn@4tdndard errors in parentheses are clustered at

the village level. *** p<0.01, ** p<0.05, * p<0.1
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Table 26 Regression Results with Treatment Variables at DifferenksLeve

Dependent lliness in last four weeks Weight-for-height Height
Variables
oLS \Y oLS \Y; oLS \Y
1) (2) 3) 4 (5) (6)
Household-level  -0.004 -0.025 0.465%** 0.749** 0.875%*  2.708*
Treatment (0.005) (0.027) (0.111) (0.377) (0.262) (1.376)
Village-level -0.004 -0.023 0.446% 0.754* 0.962%*  2.489*
Treatment (0.007) (0.026) (0.129) (0.426) (0.352) (1.433)

(water plant)

Notes: the other covariates in each regressiotharsame as ones in Table 24. The standard emrors i
parentheses are clustered at the village levelp¥®.01, ** p<0.05, * p<0.1
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Table 27 Treatment Effects on Child Health across Different Cutoffs

OLS Estimates IV Estimates
lliness in last Weight-for Height lliness in lastWeight-for Height
four weeks -height four weeks -height
Cutoffs (1) (2) 3) (4) (5) (6)
10% -0.005 0.485*** 1.071%** -0.019 0.638** 2.108*
(0.007) (0.114) (0.295) (0.021) (0.307) (1.102)
15% -0.004 0.555%** 1.142%* -0.022 0.726* 2.393*
(0.007) (0.118) (0.309) (0.025) (0.369)  (1.289)
20% -0.004 0.446%*  0.962*** -0.023 0.754* 2.489*
(water plant) (0.007) (0.129) (0.352) (0.026)  (0.426)  (1.433)
25% -0.007 0.435%** 1.024** -0.026 0.872* 2.870
(0.006) (0.137) (0.365) (0.029) (0.518)  (1.741)
30% -0.006 0.407*** 1.052%** -0.027 0.874* 2.878
(0.007) (0.139) (0.382) (0.030) (0.520) (1.745)

Notes: the other covariates in each regressiotharsame as ones in Table 24. The standard emors i
parentheses are clustered at the village levelp¥®.01, ** p<0.05, * p<0.1
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Table 28 Treatment Effects on Child Health Controlling for Households’ Sanitation
Facilities and Environment

OLS Estimates IV Estimates
Dependent lliness in Weight-for- Height lllness in Weight-  Height
Variables last four  height last four for-height
weeks weeks
(€] (2) 3) 4) 5) (6)
Water plant -0.003  0.286** 0.500 -0.026 0.458 1.771

(0.008) (0.123) (0.322) (0.032) (0.437) (1.502)
Sanitation  Little excreta  0.004 -0.204**  -0.418* 0.005 -0.224* -0.401
Environment (0.006) (0.096) (0.225) (0.007) (0.102) (0.256)
Some excreta  0.002 -0.118 -0.784**  0.000 -0.116 .67@**
(0.008) (0.115) (0.266) (0.009) (0.121) (0.310)

Much excreta  0.029 0.005 -1.042 0.033 0.013 -0.919
(0.025)  (0.286) (0.801) (0.025)  (0.296) (0.736)
Toilettype  No bathroom  -0.005 0.280 -0.571 -0.006 0.389 -0.268

(0.031)  (0.404)  (0.785)  (0.033) (0.432)  (0.716)
Flushtoilet  -0.027  0.633**  1.288* -0.018 0531 808
(0.020) (0.289)  (0.626)  (0.023) (0.346)  (0.766)

Non-flush ~ -0.022  0.197 -0.046  -0.021  0.152  -0.053
toilet (0.020) (0.241)  (0.587) (0.021) (0.251)  (0.581)
Openpit  -0.021  0.004 -0.814  -0.021  0.018  -0.670
(0.019)  (0.209)  (0.530)  (0.019) (0.211)  (0.514)
Constant 0.294%* 12.430%* 79.213** 0.303** 12.253%* 70.388%*

(0.043) (0.764) (1.356) (0.043) (0.751) (1.499)
Observations 14,161 11,951 11,880 13,019 10,943 ,8790
R-squared 0.068 0.711 0.927 0.066 0.718 0.929
Notes: the omitted group of sanitation environmsriho excreta” and that of toilet types is “other”
The other covariates in each regression are the ssrones in Table 24. The standard errors in
parentheses are clustered at the village levelp¥®.01, ** p<0.05, * p<0.1
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Table 29 Treatment Effects Controlling for Other Infrastructure

OLS Estimates IV Estimates
Dependent lliness in las Weight-for-  Height lliness in las Weight-for- Height
Variables four weeks  height four weeks  height
1) (2) ©) (4) (5) (6)
Water plant -0.002 0.427*** 0.759** -0.020 0.761* 2.178
(0.007) (0.133) (0.341) (0.029) (0.459) (1.495)
Dirt roads around 0.013 -0.227%*  -1.013*** 0.012 -0.205 -0.784%*
villages (0.009) (0.109) (0.198) (0.010) (0.125) (0.250)
Stone roads arour -0.004 -0.260** -0.574%** -0.008 -0.209 -0.283
villages (0.007) (0.123) (0.208) (0.008) (0.147) (0.275)
Kms to the nearest 0.006* -0.016 -0.038 0.007* -0.001 -0.044
primary school (0.004) (0.052) (0.116) (0.004) (0.050) (0.108)
Kms to the nearest -0.000 0.003 -0.017 -0.000 -0.001 0.003
middle school (0.000) (0.007) (0.018) (0.000) (0.007) (0.016)
Trade areas nearby -0.002 0.014 -0.111 -0.001 -0.026 -0.157
(0.010) (0.133) (0.243) (0.012) (0.146) (0.288)
Telephone -0.016** -0.251** 0.166 -0.016 -0.319** 0.001
availability (0.008) (0.114) (0.226) (0.010) (0.127) (0.276)
Electricity -0.021 0.002 0.308 -0.015 -0.041 1.197*
(0.030) (0.302) (0.655) (0.034) (0.315) (0.649)
Constant 0.303***  12.599**  78.050***  0.305*** 12.58***  77.579***
(0.048) (0.815) (1.418) (0.051) (0.802) (1.527)
Observations 14,363 12,111 12,045 13,222 11,102 0431,
R-squared 0.068 0.711 0.927 0.067 0.717 0.929

Notes: the other covariates in each regressiotharsame as ones in Table 24. The standard emors i
parentheses are clustered at the village levelp¥®.01, ** p<0.05, * p<0.1
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Table 30 Treatment Effects on Child Health with Controlling for Water Adoiéisgi

PANEL A: the Whole Sample

OLS Estimates IV Estimates
lliness in Weight- Height lllnessin  Weight- Height
last four  for-height last four  for-height
weeks weeks
@) 2 3) 4) (5) (6)
Water plant -0.003 0.457*+* 0.943** -0.019 0.849* 2.589
(0.007) (0.133) (0.344) (0.029) (0.498) (1.587)
Water access -0.004 -0.137 0.392 -0.001 -0.211 0.059
(0.010) (0.134) (0.319) (0.011) (0.180) (0.406)
Observations 14,262 12,031 11,963 13,109 11,016 9550,
R-squared 0.067 0.711 0.927 0.066 0.718 0.928
PANEL B: Sample always with Optimal Water Access
OLS Estimates IV Estimates
lliness in Weight- Height lllnessin  Weight- Height
last four  for-height last four  for-height
weeks weeks
1) (2) 3) 4 ) (6)
Water plant -0.011 0.508*** 1.443%* -0.003 1.509** 2.725*
(0.009) (0.181) (0.367) (0.034) (0.709) (1.319)
Observations 7,951 6,758 6,718 7,032 5,949 5,913
R-squared 0.063 0.706 0.925 0.063 0.718 0.928
PANEL C: Children under Age 10 in the First Three Waves
OLS Estimates IV Estimates
Weight Height BMI Weight Height BMI
1) (2) 3) (4) 5) (6)
Water plant 0.560** 1.380*** -0.066 1.825 2.214 0.435
(0.267) (0.440) (0.189) (1.106) (1.539) (0.588)
Water access -0.193 0.517 -0.112 -0.482 0.340 -0.241
(0.217) (0.330) (0.158) (0.331) (0.455) (0.212)
Observations 4,160 4,023 4,068 4,092 3,955 4,000
R-squared 0.587 0.890 0.167 0.582 0.889 0.164

PANEL D: Children under 10 always with Optimal Water Access in the First Three Waves

OLS Estimates IV Estimates
Weight Height BMI Weight Height BMI
1) (2 3 (4) () (6)
Water plant 1.030** 2.295%** 0.204 2.769** 2.160 1.705*
(0.409) (0.560) (0.270) (1.197) (1.808) (0.957)
Observations 2,142 2,079 2,100 2,097 2,034 2,055
R-squared 0.546 0.891 0.162 0.538 0.891 0.144

Notes: the other covariates in each regressiotharsame as ones in Table 24. The standard emors i

parentheses are clustered at the village levelp¥®.01, ** p<0.05, * p<0.1
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Table 31 Treatment Effects on Child Health for Mangyo (2008)’'s Sample

PANEL A: the Replicated Sample

OLS Estimates IV Estimates
Weight Height BMI Weight Height BMI
1) (2) (3) (4) (5) (6)
Water plant 0.466* 1.622%** -0.144 1.937* 3.426* 0.266
(0.278) (0.479) (0.220) (1.032) (1.665) (0.647)
Water access -0.097 0.335 -0.125 -0.471 -0.106 -0.233
(0.195) (0.388) (0.182) (0.328) (0.536) (0.243)
Observations 2,780 2,506 1,966 2,723 2,452 1,918
R-squared 0.618 0.889 0.127 0.610 0.887 0.126
PANEL B: Children always with Optimal Water Access n the Replicated Sample
OLS Estimates IV Estimates
Weight Height BMI Weight Height BMI
(1) (2) (3) (4) (5) (6)
Water plant 1.156* 3.366*** 0.107 4527 6.573%** 2.130%**
(0.640) (0.830) (0.408) (1.052) (2.357) (0.611)
Observations 1,018 937 748 983 906 719
R-squared 0.587 0.883 0.197 0.561 0.878 0.168

Notes: the other covariates in each regressiotharsame as ones in Table 24. The standard emors i
parentheses are clustered at the village levelp¥®.01, ** p<0.05, * p<0.1
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Table 32 Heterogeneous Treatment Effects on across Income and Parents

Educational Groups

PANEL A: Income Groups
OLS Estimates

IV Estimates

lliness in  Weight-for-  Height lliness in Weight-for- Height
last four height last four height
Income weeks weeks
Group €] (2) 3) 4) ) (6)
Poor  Water plant  -0.006 0.739%*  2.723** (0.049***  1.284* 3.251%**
(0.016) (0.249) (0.505) (0.018) (0.726) (1.052)
Middle Water plant  -0.013 0.161 0.070 -0.027 0.388 -0.025
(0.011) (0.184) (0.488) (0.026) (0.485) (1.211)
Rich  Water plant  0.016 0.644 1.326 -0.143 1.826 5.924
(0.014) (0.403) (0.837) (0.217) (1.335) (7.980)
PANEL B: Mothers’ Educational Groups
OLS Estimates IV Estimates
lliness in last Weight-for- Height lllnessin Weight-for- Height
four weeks height last four height
Educational weeks
Groups 1) 2) 3) (4) (5) (6)
llliterate Water -0.008 0.424** 0.525 -0.093* 0.970 2.173
plant (0.012) (0.195) (0.773) (0.054) (0.631) (2.028)
Primary Water -0.009 0.438** 0.946**  -0.051* 0.954* 1.316
school plant (0.009) (0.172) (0.473) (0.030) (0.558) (1.539)
Lower middle Water 0.002 0.483** 0.828* 0.027 0.878* 3.739**
school plant (0.012) (0.189) (0.433) (0.045) (0.511) (1.605)
Upper middle Water -0.015 0.486 2.408** -0.042 1.198** 2.790%*
school and plant (0.017) (0.296) (0.653) (0.031) (0.575) (0.931)
above
PANEL C: Fathers’ Educational Groups
OLS Estimates IV Estimates
lliness in last Weight-for- Height lllness in Weight-for- Height
four weeks height last four height
Educational weeks
Groups 1) 2 3) 4) ©) (6)
llliterate Water -0.012 0.503 1.051 0.138*** -0.706 5.631*
plant (0.025) (0.395) (0.700) (0.051) (1.046) (3.239)
Primary Water -0.009 0.322* 0.610 -0.059 0.466 0.917
school plant (0.011) (0.186) (0.518) (0.038) (0.521) (1.525)
Lower middle Water 0.006 0.265**  1.109*** -0.001 1.099* 3.632**
school plant (0.009) (0.125) (0.368) (0.039) (0.608) (1.458)
Upper middle Water -0.019 0.773* 1.091 -0.059 0.639 2.605
school and plant (0.014) (0.319) (0.707) (0.038) (0.930) (2.496)
above

Notes: the other covariates in each regressiotharsame as ones in Table 24. The standard emrors i

parentheses are clustered at the village levelp¥®.01, ** p<0.05, * p<0.1
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