<RNE,

;f Kobe University Repository : Kernel

R
4ope

PDF issue: 2025-06-01

Residential Segregation, Access to Piped Water,
and Diarrhea among Children in Rural India

Yamazaki, Koji

(Citation)
B R AR ES, 220(5) 1 1-21

(Issue Date)
2019-11-10

(Resource Type)
departmental bulletin paper

(Version)
Version of Record

(JaLCDOI)
https://doi.org/10.24546/E0041915

(URL)
https://hdL. handle. net/20.500. 14094/E0041915

KOBE

\j].\]\'l:lihl'[ Y
J

%)



Residential Segregation, Access to Piped Water,
and Diarrhea among Children in Rural India

Koji Yamazaki

The Kokumin-Keizai Zasshi (Journal of Economics & Business Administration)

Vol. 220, No.5 (November, 2019)



The Kokumin-Keizai Zasshi ( Journal of Economics & Business Administration)
Vol. 220, No. 5 (November, 2019), 1-21

Residential Segregation, Access to Piped Water,
and Diarrhea among Children in Rural India

Koji Yamazaki?

We use variations of access to piped water based on caste segregation within a village
to identify the effects of access to piped water on the incidence of diarrhea among chil-
dren in rural India. By focusing on residential segregation, we also evaluate the
externalities of using a common water source. The empirical results show that, on av-
erage, the positive externalities of public water taps outweigh the negative externalities.
However, in districts with lower than median rainfall shocks, the benefits of having a
public water tap vanish, and only individual piped water connections within the house
help prevent diarrhea among children. In districts with better rainfall shocks, we find
larger effects of having access to public water taps. We also find that these benefits ac-
crue mainly to boys. However, the burden of seasonal and annual fluctuation of water

availability is placed only on girls.

Keywords Piped Water, Diarrhea, Rural India
1 Introduction

Diarrhea is the second largest cause of childhood mortality worldwide. According to UNICEF
(2013), about 590 thousand children under the age of five died from diarrhea in 2012. About a
quarter of these premature deaths occurred in India. In the early 1970s, the Government of India
started to support state governments to promote the provision of safe drinking water. The Cen-
sus of India 2011 shows that 85.5% of total households have access to safe drinking water.l)Un-
der the policy guideline, access to 40 liters of water per capita a day within 500 meters from the
household must be provided (Government of India (2010)).

However, being close to a water source does not necessarily translate to accessibility of the wa-
ter source. One of the salient features of villages in rural India is caste-based residential segrega-

2)
tion. Scheduled-caste households tend to live in a colony away from upper-caste households. As

a Center for Social Systems Innovation, Kobe University, yamazaki@dolphin.kobe-u.ac.jp.
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water sources are strongly associated with the notion of purity and pollution, scheduled castes
(SCs) are often denied access to the water sources used by upper castes. Scheduled castes tend
to have a lower probability of having access to piped water among villagers in the same village.
Even when they have access to piped water, they tend to use public water taps (hereafter re-
ferred to as public taps). In this study, we use these differential patterns of piped water access
caused by caste-based residential segregation to identify the effects of piped water on the inci-
dence and duration of diarrhea among children in rural India. Specifically, we use a dummy vari-
able for SCs in a village-fixed-effect regression as an instrument for access to piped water.

Sharing a public tap creates externalities among SC households. The externality can be posi-
tive when improved water quality benefits all households sharing the same public tap and reduces
the risk of contracting diarrhea for all users. However, the externality can be negative when a
single user contaminates the facility and the pathogen easily spreads across all users. We empiri-
cally evaluate the magnitude of public and private benefits of piped water by comparing the effect
of public taps with the effect of piped water within a house.

Our identification strategy heavily relies on the assumption that caste-based differences in ac-
cess to piped water within the same village do not indicate differences in unobservable health
knowledge and behavior affecting health outcomes. We informally test this assumption in two
ways. First, we add proxies of health knowledge and behavior in our outcome regressions. We
find that, even after controlling for these proxies, the effects of access to piped water remain the
same. Second, we regress residuals of the outcome regressions on an SC dummy and other inde-
pendent variables to see if the SC dummy is correlated with the unobservable factors contained
in the residuals of the second-stage regression. The SC dummy is found to be insignificant, indi-
cating that it is not correlated with unobservable characteristics affecting the incidence and dura-
tion of diarrhea among children.

Our estimation results show that access to piped water reduces the incidence and duration of
diarrhea among children. We also find suggestive evidence that the quantity and quality of drink-
ing water are complementary. In districts with worse rainfall shocks, public taps are ineffective
in reducing diarrhea, and only individual access to piped water within the house is effective. In
districts with better rainfall shocks, access to public taps brings benefits of shorter duration of di-
arrhea, and there is no additional gain from having piped water within the house. We also find that
these benefits accrue mainly to boys. However, the burden of seasonal and annual fluctuation of
water availability is placed only on girls.

The rest of the paper is organized as follows. In the next section, we provide a selective review
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of previous studies on drinking water and diarrhea among children. Section 3 provides a back-
ground on water provision and water access in rural India. Section 4 presents our empirical re-
sults on differential access to piped water within a village. In section 5, we show the main results
of the effects of piped water access on diarrhea among children. The final section presents the

conclusions and policy implications of the study.
2 Literature Review

There is abundant research on how improved water quality reduces diarrhea among children.
For example, Cutler and Miller (2005) used historical data of cities in the United States to show
that filtration and chlorination of water supply reduced mortality in the early 20th century.
Galiani, Gertler and Schargrodsky (2005) analyzed the effects of privatization of water services
in Argentina during the 1990s. They found that child mortality fell faster in the privatized areas
and most of the reduction occurred in low-income areas. A review article by Zwane and Kremer
(2007) summarized that piped water and sanitation can improve health but found little evidence
of the impact of communal rural water infrastructure. Another review by Ahuja, Kremer, and
Zwane (2010) emphasized the effectiveness of point-of-use treatment of water in rural areas.

As for improvement in terms of water quantity, there are only a few studies. Van der Hoek,
Feenstra, and Konradsen (2002) analyzed whether the availability of irrigation water for domestic
use affects child health in Pakistan. They found that households with a private water connection
in their compounds and those with water-storage facilities show a significantly lower number of
days of diarrhea among children. However, in their study of child growth in Lesotho, Esrey,
Habicht, and Casella (1992) found complementarity between increased water usage and sanita-
tion facilities. Ahuja, Kremer, and Zwane (2010) cited a randomized controlled trial in Morocco
that showed the ineffectiveness of increased water quantity without improvement in quality. It is
apparent that more evidence on the effect of increased water usage is necessary.

In this study, we exploit the traditional characteristics of residential segregation in Indian vil-
lages to identify the effects of public taps, as well as piped water in the house, on child health. We
also investigate how the quantity of available water affects diarrhea among children. According to
the World Bank (2010), 85% of rural drinking water supply schemes in India are based on
groundwater sources (p.2). Moreover, the majority of groundwater recharge comes from rain-
fall. According to the Central Ground Water Board (2013), 68% of the annual recharge comes
from rainfall, out of which 57% is rainfall during the monsoon season (p. 40). As irrigation also

heavily relies on groundwater in India, the shortage of rain during the monsoon season affects the
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availability of groundwater for domestic use, as the use of groundwater for irrigation is given pri-
ority. Therefore, we use rainfall shocks during the monsoon season to analyze the effects of the
available water quantity on diarrhea among children in India.

There are a few causal analyses on diarrhea among children in India. They all use non-
experimental large-scale household survey data. The main difficulty in evaluating the effects of
piped water is that the placement of piped water is not random. For example, if the government
attaches high priority to making drinking water available in places where child health outcomes
are worse, we may find that higher access to piped water is associated with worse child health
outcomes. In this case, ordinary least squares (OLS) estimates would underestimate the true
causal effects of piped water.

Jalan and Ravallion (2003) used the propensity score matching method to estimate the causal
effects of piped water on diarrhea among children in rural India. They found negative and signifi-
cant effects of piped water on the incidence and duration of diarrhea among children. Fan and
Mahal (2011) used the same survey data as Jalan and Ravallion (2003) but employed multiple
matching methods to investigate the effects of improved water supply, improved toilets, and
hand-washing on child diarrhea in rural India. According to their estimates, hand-washing has
large, negative, and highly significant effects across different matching methods. However, effects
of improved water supply and sanitation are not robust across different matching methods. Kumar
and Vollmer (2013) used the propensity score matching method to estimate effects of access to
improved sanitation on diarrhea among children in rural India. Contrary to Fan and Mahal (2011),
they found that the mean incidence of diarrhea is significantly reduced when a household has ac-
cess to improved sanitation. They also found heterogeneity in its effects: beneficial effects are
significant only for boys and wealthy households. As these matching estimates produce conflict-
ing results, we contribute to the literature by providing evidence using a completely different

methodology.
3 Access to Drinking Water in Rural India

The Government of India started serious efforts to provide drinking water to rural areas in
1972 through the Accelerated Rural Water Supply Programme (ARWSP, Planning Commission
(2008), Ch.5). According to the “11th Five Year Plan” documents, state and central govern-
ments have invested to create assets of around 4.2 million hand pumps and 1.6 million public
stand posts in rural areas (Planning Commission (2008), p. 163). However, only 88.2% of hand

pumps and 93.5% of stand posts are reported to be functional. To enhance the operation and
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maintenance of these assets, the Swajardhala program was launched in 2002 to 2003. This pro-
gram required communities to contribute 10% of the project cost. A sense of ownership created
by the contribution was expected to improve operation and maintenance.

According to the definition of the Census of India, drinking water is considered safe if it is sup-
plied from a tap, a hand pump, or a tube well (Planning Commission (2002), p. 18). Figure 1
shows the progress of providing safe drinking water for the past 30 years. In 1981, the gap be-
tween rural and urban areas was enormous. Specifically, while 75.1% of urban households had ac-
cess to safe drinking water, only 26.5% of rural households had access to safe water sources.
Thirty years later, the share of rural households that have access to safe drinking water went up
to 82.7%, and the gap between rural and urban areas has narrowed. However, as we saw above,

we do not have much evidence for the effectiveness of public water sources on health improve-

ments.

Figure 1: Access to Safe Drinking Water (% of Households)
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(Source) Data are taken from Planning commission, Data for use of Deputy Chariman, Planninc Commis-
sion, 18th October 2013, p. 213., downloaded from http://planningcommission.gov.in accessed
on November 24, 2013.

The Government of India adopted the “12th Five Year Plan” for the period 2012 to 2017, and
the goal of rural drinking water supply was modified. According to the plan documents, the focus
of the National Rural Drinking Water Programme (NRDWP, renamed from ARWSP in 2009) now
is the provision of safe piped drinking water (Planning Commission (2013a), p. 301). Moreover,

the target by 2017 is to provide access to 40 liters per capita a day of piped water supply to at least
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50% of the rural population. The 12th five-year plan also aims to provide individual house con-
nections to at least 35% of the rural population. As the emphasis has shifted to piped water, it
becomes more important to evaluate the effectiveness of public taps, as well as individual piped
water connection, on child health outcomes.

It is worth mentioning here that these targets are set for households without barriers of social
or financial discrimination (Planning Commission (2013a), p. 301). An obvious group of people
with such barriers are the members of the SCs, who have historically suffered grave social dis-
abilities and educational and economic deprivation (Planning Commission (2013b), p.222).
NRDWP recognized this fact and earmarked 22% to 25% of the fund for provision of safe drinking
water to SCs.3)Because of the early focus on hand pumps and stand pipes before the 12th plan,
SCs tend to have higher access to a public tap within a village, despite their economic disadvan-

tages.

3.1 Residential Segregation and Water Sources
As we use caste-based residential segregation within a village to identify differential access to
piped water, it is worth documenting how prevalent caste-based residential segregation is in rural

India. According to Thorat (2009),

Caste-segregated neighbourhoods tend to be the rule rather than the exception in
the Indian villages, and the dwellings are usually clustered on a caste basis. How-
ever, the SC neighbourhoods are unique in the sense that they are subjected to
specific and very severe sanctions that are not imposed on other caste clusters.

(pp. 134-5).

Residential segregation naturally implies differential access to basic infrastructure, including
water sources. In fact, access to water is the most salient feature of sanctions imposed on

4)
SCs.

One of the most basic and most harmful ways in which segregation through
untouchability is imposed upon Dalits is through denial of access to water. Dalits
are not allowed by their higher-caste neighbors to draw water from the same wells
or hand-pumps as non-Dalits. (Center for Human Rights and Global Justice (2007),
pp. 103).
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Survey evidence also supports this observation. Using an all-India survey of 550 villages in 11

states conducted in 2001, Thorat (2009) pointed out that:

[B]y far the most prevalent practice of untouchability in this realm was related to
the denial of access to water sources-48.4 per cent of the villages surveyed re-

ported the presence of this practice in some form or the other. (p. 135).

With these documentations and data in mind, we will confirm caste-based differential access to

piped water from a nationally representative household survey in the next section.
4 Differential Access to Piped Water within a Village

In this section, we confirm that SCs have differential access to piped water as compared with
other villagers in the same village in rural India. We use data from the 2005 Indian Human Devel-
opment Survey, a multi-topic household survey conducted jointly by the University of Maryland
and the National Council of Applied Economic Research. We limit our analysis to rural house-
holds.S)Our basic empirical specification is a linear probability model with village-level fixed ef-

fects as follows:
Dyj=7.SCy+ XiiB+ni+ e, (1)

where D;; is a dummy variable that takes the value of one if household 7 in village j has access
to piped water, SC;; is a dummy variable for SC householdg{ Xi; contains other variables of house-
hold characteristics and asset ownership, 7; is a village fixed effect, and ¢;; is an error term.
Household characteristics include dummy variables for Scheduled Tribes (STS7>>, Muslim, Chris-
tian, Sikh, and other non-Hindu religious groups, as well as variables on household size and com-
position, age and gender of the household head, highest educational levels among male and female
adult members, and the number of years of residence in the village. Asset ownership variables
include size of owned land, and variables indicating the number of owned assets such as a tractor,
motorcycle, black and white TV, color TV, telephone, and refrigerator. We include a dummy vari-
able for summer months (i.e., March to May) to see if access to piped water changes during the
hot and dry season.

Table 1 shows the OLS estimates of equation (1). For comparison, the first column shows the
estimation result without village fixed effects. Hence, the results in column (1) reflect variations

both within and across villages. We find that those who belong to SC, ST, Muslim, and Sikh
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groups have a lower probability of access to piped water. Once we include village fixed effects in
column (2), only the SCs, STs, and Christian groups have statistically significant and negative co-
efficients. As we add other household characteristics in column (3) and asset ownership variables
in column (4), the SC dummy variable remains a strong and robust predictor of lower access to
piped water within the village. When we separate access to piped water into private and public
accesses in columns (5) and (6), we find that SCs have a lower probability of access to piped wa-
ter in the house, but a higher probability of access to public taps. These results are consistent
with the patterns of caste-based residential segregation and government assistance explained
above.

One additional point we need to emphasize is that in all village-fixed-effect regressions, a
dummy variable for summer months has negative and significant coefficients. This implies that
access to piped water depends on seasonal weather conditions. When the temperature is high and
rainfall is scarce, people tend to lose access to piped water, even in the same village where they
have access to piped water in other seasons. Moreover, the magnitude of negative effects is
larger for access to public taps. As weather shocks may affect child health outcomes, we include
rainfall shock variables and the dummy for summer months in our second-stage estimations be-

low.

4.1 Empirical Strategy

As we confirmed that the SC dummy variable in the village-fixed-effect regression is a strong
predictor of piped water access, we use the SC dummy as an instrumental variable (IV) for piped
water access to evaluate effects of piped water on diarrhea among children. Specifically, we use
the predicted value of piped water access from equation (1), DU, in the second-stage estimation

as follows:
Hy=aDi+ X6+ V/&+ v (2)

As we use the incidence or duration of diarrhea among children under five as an outcome variable,
Hij, the second-stage regression is estimated with individual child-level data. As we want to add
rainfall variables at the district level, we use a set of village- and district-level variables, V, in-
stead of village dummies in the second-stage estimation. The village-level variables contain sev-
eral variables of distance measures: distances to the nearest town, district headquarter, paved
(pucca) road, bus stop, railway station, market, bank branch/ office, postal office; primary, mid-

dle, and secondary schools; primary health center; and district hospital. Additionally, dummy
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variables for accessibility to telephone and mobile phone service at the village level are included.
The district-level variables include population density in rural areas (taken from Census of In-
dia, 200?), average monsoon rainfall during 1950 to 2005, and a monsoon rainfall shock measured
by deviation of total rainfall during the monsoon season (prior to the interview) from the long-run
average. We use GIS map data to estimate these rainfall variables at the centroid of each district,
using global monthly precipitation data estimated by Matsuura and Wﬂlmott.9> To take into ac-
count the possible nonlinearity of effects of rainfall shocks, we also include dummy variables, flood
and drought, that indicate districts having monsoon shocks of greater or less than twice the stan-

dard deviation of monsoon rainfalls during 1950 to 2005 in each district.
5 Empirical Results on Diarrhea among Children

We use two outcome variables, the incidence and duration of diarrhea, to estimate equation (2)
using two-stage least squares. The first-stage estimation results are in columns (4) to (6) of Ta-
ble 1 for each treatment variable: access to piped water, individual piped water connection, or ac-
cess to public taps, respectively. The results of the second-stage estimation for the incidence of
diarrhea are shown in Table 2, and the results for the duration of diarrhea are in Table 3. In each
table, we present results using the whole sample in columns (1) to (3), results for districts with
below-median monsoon shocks in columns (4) to (6), and results for districts with above-median
monsoon shocks in columns (7) to (9). For the estimation with access to a public tap as a treat-
ment variable, we drop households with an individual piped water connection from the sample so
that the comparison is between children with access to public taps and those without public taps
(not those with private piped water connection).

From column (1) of Table 2, we find that access to piped water reduces the incidence of diar-
rhea by 4.2%. As the average incidence of diarrhea among children under five is 10.4% in this
sample, the effect of piped water access is large. When we compare the effects of access to piped
water between two sub-samples in columns (4) and (7), we find that the effects are larger in dis-
tricts with worse rainfall shocks. The protective role of having access to piped water is more im-
portant among areas with scarce rainfall.

When we separate the treatment variable into private and public access, we find that the esti-
mates of the effect of each water access are statistically insignificant for the whole sample. How-
ever, for the sub-sample of households with worse rainfall shocks, we confirm that almost all
benefits of access to piped water come from private individual connections. In districts with

scarce rainfall, securing safe water is the first priority, and having a tap in the house brings large
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benefits.

When we use duration of diarrhea as an outcome variable in Table 3, we find similar conclu-
sions. An average duration of diarrhea among children under five who contracted diarrhea is 7.9
days, and access to piped water is found to reduce the duration by 0.4 days (column (1)). When
we compare two sub-samples, the effects of piped water access are larger among households with
worse rainfall shocks (columns (4) and (7)). Access to piped water reduces the duration of di-
arrhea by 0.5 days in those regions.

In columns (2) and (3), we find that the effects are larger for access to public taps than for in-
dividual connections. Specifically, public access reduces the duration by 0.41 days, while individ-
ual access reduces the duration by 0.34 days. On average, the positive externalities of access to
public taps seem to be larger than its negative externalities. However, higher population density
is an additional burden for public-tap users, possibly because of higher risk of recontamination and
contagion.

The results of two sub-samples bring out the contrast between two areas with different rainfall
shocks. In districts with worse rainfall shocks, only individual connections have significant nega-
tive effects. However, in districts with better rainfall shocks, access to public taps brings benefits
of shorter duration. Additionally, having individual access to public taps does not bring any gain
in those areas. These results suggest that quantity and quality of drinking water are complemen-
tary. The complementarity is also suggested by the fact that better rainfall shocks reduce both
the incidence and duration of diarrhea, especially among public-tap users, and the effects are

larger for households in areas with scarce rainfall.

5.1 Estimation Results for Boys and Girls

When we separate the sample by gender of children, we find the same pattern of effects of
piped water only among male children. Due to limitations of space, we only show the results on
duration of diarrhea (Tables 4 and 5). Access to piped water reduces the duration by 0.5 days for
male children. However, the effect is much smaller among female children; the gain to girls is 0.3
days in the duration.

As for estimation with sub-sample of districts with different rainfall shocks, again, we find the
same pattern of effects only among male children. Table 4 shows that benefits of individual piped
water connection are very large among boys in districts with worse rainfall shocks. In districts
with better rainfall shocks, access to public taps is sufficient to reduce the duration of diarrhea

among boys. However, as presented in Table 5, we do not find any significant effect of access to
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piped water among girls in the results with sub-sample of districts.

Another difference in these results by gender is that the coefficients of the summer dummy are
positive and significant only among girls, while the coefficients on monsoon shocks are negative
and significant only among boys. These results suggest that access to piped water, as well as bet-
ter rainfall shocks, brings the most benefits only to boys, but the burden of seasonal fluctuation

in drinking water availability is imposed only on girls.

5.2 Robustness Check

The validity of the SC dummy as an IV for piped water access depends on the assumption that
the SC dummy is uncorrelated with unobservable factors contained in the error term v;; in equa-
tion (2). As caste is determined by birth, it seems natural to assume that, given household char-
acteristics and asset ownership, differential access to piped water caused by residential segrega-
tion is random within the same village. Although we cannot perform a test of overidentifying re-
striction with a single instrument, we try to test validity in two ways. First, we include a variable
on health knowledge and behavior as an additional control in equation (2) to check robustness of
estimation results. We use four variables as proxies for unobservable health knowledge and be-
havior, possibly contained in v;;. For health knowledge, we use a dummy variable that takes the
value of one if the respondent answers correctly the question about the amount of fluid intake
when children have diarrhea. For health behavior, we use two dummy variables and one continu-
ous variable. The two dummy variables include one for hand-washing with soap after defecation
and another for usually or always treating/ purifying drinking water. The continuous proxy vari-
able for health behavior is the share of medical expenditure in total monthly household expendi-
ture. This variable captures the pattern of actual utilization of health services.

Tables 6 and 7 show the results of the comparison between OLS and IV estimates. Most of the
IV estimates are larger in absolute value than the OLS estimates, indicating underestimation of
causal effects of piped water in OLS. The reason can be the endogenous placement of water in-
frastructure. These tables also show IV estimates with additional control variables. The inclusion
of an additional proxy for health knowledge and behavior does not change the results qualitatively.

The second way to test exogeneity is to regress the residual ¢;; from the second-stage estima-
tion of equation (2) on the SC dummy and other independent variables. By testing the signifi-
cance of the coefficient on SC, we can check if unobservable factors affecting diarrhea among chil-
dren in ¢;; are uncorrelated with the SC dummy. The results of residual regressions are shown

at the bottom of Tables 2 to 5. We find that all t-values of the null hypothesis of the coefficient
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equal to zero are less than or equal to one in absolute value. Thus, we can be confident that the

SC dummy is not correlated with unobservable factors affecting diarrhea among children.
6 Conclusions

We used caste-based residential segregation as a source of variation in the access to piped wa-
ter within a village and identified effects of access to piped water on diarrhea among children in
rural India. The empirical results show that access to piped water reduces the incidence and du-
ration of diarrhea among children. We also find suggestive evidence that the quantity and quality
of drinking water are complementary. In districts with worse rainfall shocks, public taps are inef-
fective in reducing diarrhea, and only individual access to piped water within the house is effec-
tive. In districts with better rainfall shocks, access to public taps brings benefits of shorter dura-
tion, and there is no gain from having piped water within the house. We also find that these
benefits accrue mainly to boys. However, the burden of seasonal fluctuation of water availability
is placed only on girls.

As the Government of India started to focus on piped water provision, we need to recognize the
nature of seasonal and annual fluctuations in the availability of piped water. Especially for public-
tap users and female children, we need a mechanism to provide the safety net of an alternative

source of drinking water when they receive negative rainfall shocks or during summer months.

Notes

Comments from participants of “the International Conference on Patterns of Social and Economic
Change in Colonial and Independent India” at Jawaharlal Nehru University and of the Development
Economics Workshop at the University of Wisconsin-Madison are gratefully acknowledged. The usual
disclaimer applies.

1) See the web site of Office of the Registrar General & Census Commissioner, India, at
http://censusindia.gov.in/.

2) Scheduled castes, or Dalits, were once called untouchables and have been among the target groups
of affirmative actions in India.

3) Planning Commission (2002), p. 411; Planning Commission (2013b), p. 301.

4) Iversen, Kalwij, Verschoor and Dubey (2014) also mentioned that, as is well known, SC hamlets
tend to be separate from the main village and often have their own drinking water source (p. 426).
5) The survey document mentioned that the survey was conducted from November 2004 and ended
mostly in October 2005. As we need information on year and month of an interview, we limit the sam-
ple to households with correct information on month and year of the interview after November 2004.

We drop 149 households from the sample in this process. Later, we use the interview year and month



20 The Kokumin-Keizai Zasshi, Vol. 220, No. b

to match households and individuals with monsoon variables prior to the interview. As questions about
diarrhea among children are related to the past one month of the interview date, we use a dummy vari-
able of summer months that takes the value of one if the interview took place between April and June.
As the survey has separate questions about water source during summer and other seasons, a dummy
variable for access to piped water is also adjusted to match the month prior to the interview.

6) As we have seen above, among the Hindu caste, the distinction between SC and non-SC is the only
crucial factor determining access to water sources. The addition of a Brahmin dummy does not change
the results qualitatively.

7) Scheduled Tribes (STs), sometimes called Adivasis, are another group of targets of affirmative ac-
tion in India. They are not strictly within the caste system, and their disadvantage largely comes from
the physical isolation of their habitation. As isolation might affect their access to piped water, we in-
clude the ST dummy as one of our control variables.

8) Details of the Census of India 2001 can be found at
http://www.censusindia.gov.in/2011-common/census_data 2001.html.

9) Terrestrial Precipitation: 1900 to 2010 Gridded Monthly Time Series (version 3.02), available at
http://climate.geog.udel.edu/ ~ climate/. The data contains monthly precipitation estimated at a 0.5
X 0.5 latitude / longitude degree grid. We take the four nearest estimates to each centroid of a district,

and calculate a weighted average with weights given by an inverse of the distance.
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