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In this dissertation, three independent research papers are joined together by the 

common research theme of 'Women's access to household water' in India. The first 

two papers are based on the self-collected data from selected villages of Jharkhand, 

India. In these papers, I am studying the role of behavioral factors, like water quality 

perceptions and water handling practices in determining source choices, drinking 

water quality, and risk of diarrhea for women in rural households. The third paper uses 

the data provided by the Indian Human Development Survey and analyses the effect of 

access to piped water on women's time use and absenteeism from school for children 

in rural India.   

In the first paper, I use panel data collected for 30 villages in Jharkhand, under a 

household fixed effect model to study the reasons for low drinking water quality and 

its implications for health costs. The E. coli test results for water samples collected 

from the field are used as a proxy for water quality. We find that choosing safe water 

sources improves drinking water quality, but contamination can still happen at home. 

Thus, the households that use water filters and wash hands tend to have significantly 

better water quality and lower risk of diarrhea.  



In the second paper, I use revealed and stated preference data from Jharkhand to 

explore the role of perceptions of water quality in drinking water source choices when 

the physical quality of water is not known. A mixed logit model is used for this 

analysis. We find that taste and color based quality perceptions are significant 

determinants of drinking water source choices. Furthermore, households are willing to 

pay between 4 to 68 and between 2 to 40 U.S. Dollars per month for improvements in 

the taste and color of their drinking water.  

In the third paper, I study the impact of households' access to piped water on time 

savings and school attendance for children in rural India by using child and household 

fixed effects along with the non-self-community ratio as an instrumental variable for 

piped water. The results indicate that there are time savings for families that have 

access to piped water, which in turn reduces the number of days children miss school 

annually by 35 percent. We do not find any differences in school absenteeism by the 

gender of the child in rural India.  
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CHAPTER 1 

 

QUALITY PERCEPTIONS, AVAILABILITY OF SOURCES AND 

DRINKING WATER QUALITY IN RURAL INDIA 

 

1.1 Introduction  

 

Diarrhea is the second leading cause of death for children under the age of 5 in the 

world, with every year, 525000 children dying due to diarrhea (WHO, 2017). Diarrhea 

and other water-borne diseases could be a major problem for people who do not have 

access to safe drinking water. Almost one-third of the world population concentrated 

in the rural areas of South Asia and Africa do not have access to clean drinking water1. 

In the absence of access to safe drinking water, people drink contaminated water. If 

they fall ill, then they may incur economic costs in terms of health expenses, loss of 

productive time due to illness, and inability to work. Incurring time and health costs 

on water-borne illness could lead to the diversion of resources from other household 

expenses, including education and food. To ensure safe drinking water, both the 

policymakers and consumers need to know the quality of water, which requires tests 

for the presence of different disease-causing microorganisms. One proxy for good 

quality could be the absence of fecal indicator bacteria like E.coli in drinking water. 

The test results for the presence of E. coli in water can be used for calculating the 

health risk associated with unsafe drinking water and water-borne diseases.  

 
1 In 2015, 29 percent of global population lacked access to safe drinking water (Sustainable 

Development Goals Report, 2018). 
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The lack of access to good quality water is attributed to the lack of proper water 

infrastructure liked piped water taps. The type of water source available in a 

community, whether it is open source or closed, underground or surface, will 

determine the water quality at the source and ultimately at home. But the drinking 

water quality at home in many cases could also be dependent on the type of water 

handling, and water storage practices adopted, including the hygiene and sanitation 

environment of the house. The studies in the literature that address the question of 

access to good water quality as a question of lack of proper infrastructure fail to stress 

the importance of behavioral practices of water handling and home treatment of water 

that might play an important role in determining the drinking water quality. 

Furthermore, in many developing countries, there are no established standards for 

drinking water quality. The tests for drinking water quality are few and are far 

between. In such cases, people's perception of water quality and preferences over 

different types of water sources may affect drinking water quality at home.  

In this paper, we address three aspects of the problem of access to good quality 

drinking water and its implications for associated health costs. Firstly, we study the 

impact of both available water infrastructure and water handling practices on drinking 

water quality in a household. In the earlier literature,  different papers when studying 

the problem of health costs associated with unsafe drinking water have focused either 

on the type of sources or behavioral practices adopted inside a house. We conduct a 

comprehensive study researching the impact of both of these aspects. Secondly, in this 

paper, we analyze the role of perception of quality in determining objective water 

quality by affecting the selection of a source from available sources in the community. 
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This paper is a unique contribution to the literature as it uses a biomatrix for drinking 

water quality, links water infrastructure with water handling practices and measures of 

water quality, and calculates the risk of illness in areas where people have underlying 

perceptions about water quality2.  In the literature, it is assumed that access to certain 

source types provides a good quality of water. Instead of making a priori assumptions, 

which may or may not be accurate, we collect water samples from both the source and 

the household to test it for the presence of E. coli bacteria. We use these results to 

calculate the health risk associated with water-borne diseases for the households 

consuming contaminated water.  

The structure of the rest of the paper is as follows. The literature review for this paper 

is being provided in section 1.2. In section 1.3, the pathways for contamination during 

the process of water collection, storage, and drinking in the Indian rural context are 

being discussed. The conceptual framework behind this analysis is being explained in 

section 1.4. In section 1.5, we present the estimation strategy and equations used in 

this paper. The descriptive statistics and estimation results are being provided in 

sections 1.6 and 1.7. In section 1.7, we discuss the risk of illness associated with the 

presence of E. coli in the water for our data set. The last section, 1.9, contains the 

conclusion and policy implications of the paper. 

 

 

 

 
2 We find that to the best of our knowledge, this is first such study in the literature.   
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1.2 Literature Review 

 

United Nations have included 'access to clean drinking water and sanitation' as one of 

its sustainable development goals (SDG) that are essential for social and economic 

development. In the literature, studies have found that access to drinking water sources 

like piped water taps tends to reduce the diarrhea incidence especially for children 

under the age of 5 in many developing countries (Alves & Belluzzo, 2004; Galiani et 

al., 2005; Jalan & Ravallion, 2003; Jessoe, 2013; Kremer et al., 2009; Lamichhane & 

Mangyo, 2011; Naser et al., 2015; Novak, 2014). Thus, economists and policymakers 

have often advocated building improved water infrastructure like piped water systems 

in the rural areas for reducing the disease burden and health costs associated with 

drinking unsafe water. The presence of improved water sources in a community does 

not necessarily mean that people will use these water sources.  

Furthermore, even when households end up choosing an improved water source, 

behavioral factors inside a house like handwashing and home treatment of water may 

play a role in determining final water quality before drinking (Allcott & Rogers, 2012; 

Augier et al., 2016; Ma. et al., 2014; Clasen et al., 2007; Jessoe, 2013; Novak, 2014; 

Pérez-Flores et al., 2017; Sorenson et al., 2011). In this paper, we investigate the role 

of improved water sources and behavioral factors like handwashing and home 

treatment in determining drinking water quality  

In the literature, most of the other studies are inconclusive in terms of establishing the 

link between source improvement and home water quality except by Kremer based in 

Kenya (Kremer et al., 2009). In some studies, access to improved water sources like 
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piped water taps is shown to be associated with reduced diarrhea and better health 

outcomes (Galiani et al., 2005; J. Jalan & Ravallion, 2003; Lamichhane & Mangyo, 

2011; Naser et al., 2015). But in these studies, the water quality is not measured either 

at the source or at home. Improved source types are assumed to have better water 

quality. If there are better health outcomes, then it is assumed that it indicates better 

water quality at home as a result of access to better types of water sources.  

People's perception of water quality often influences the selection of a water source 

for drinking. In the literature, we find a few papers where the perception of quality 

plays a role in people's decision to choose between tap water and bottled water3 for 

drinking purposes (Etale et al., 2018; Lanz & Provins, 2016). The perception of water 

quality also plays a role when people decide whether they need to engage in home-

treatment of water before drinking (Lanz & Provins, 2016; Pérez-Flores et al., 2017). 

This focus of this set of literature is on urban areas with semi or fully developed 

markets for drinking water. This paper fills the gap in the literature by studying the 

role of quality perceptions of people in a rural area and its influence on their water 

source choices when there is no developed market for drinking water.  

The contribution of this paper to the existing literature is that it provides a 

comprehensive analysis of the relationship between source types, behavioral practices 

relating to water storage, home treatment, and sanitation environment inside a house 

with drinking water quality at home.  Instead of piecemeal studies looking at one 

aspect of this complex relationship, we combine all elements while controlling for the 

pathways of contamination of water inside and outside a house. Additionally, we 

 
3 Bottled water is purchased from the market where a market for drinking water exists.  
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incorporate the role of perception of quality based on color and taste in the choice of a 

water source when the objective quality of water is not known.  

 

1.3 Pathways for Contamination of Drinking Water in Rural India 

 

In rural India, we find that there is the incidence of large-scale water-borne diseases 

like diarrhea, absence of access to improved water sources, and widespread norms and 

perceptions about water quality, making it an ideal setting for this study.  Every year 

in India, about 13 percent of the total child deaths under the age of five are due to 

diarrhea. The central and state governments have tried to increase access to improved 

water sources, especially after 2005. However, there are still many people without 

access to clean drinking water in rural areas. In 2011, about 83 percent of the rural 

population had access to improved water sources, with about 31 percent having access 

to piped water taps at home (Census4, 2011). The water sources available in rural India 

like handpumps, tube wells, and piped water taps are defined as improved sources as 

they are covered and draw water from deep underground aquifers through pipes. The 

title 'improved sources' generally imply that these water sources are safe for drinking. 

But in practice, it need not be the case (Novak, 2014)5. Even if water sources defined 

as 'improved sources' are safe with no microbial contamination, it can still lead to 

lower water quality at home depending on the water handling practices, hygiene 

environment, and water treatment techniques adopted inside a house. 

 
4 Census of India, 2011. http://censusindia.gov.in/2011-Common/CensusData2011.html 
5 If there is any leakage in underground pipes it may lead to possible contamination of water sources 

that are generally assumed to be safe 

http://censusindia.gov.in/2011-Common/CensusData2011.html
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The water sources that are available in rural areas are generally public sources, with 

very few households having their own private drinking water sources. Most of the 

time, there are very few water quality tests undertaken to measure and maintain the 

drinking water quality of these water sources in terms of bacterial contamination of 

water. Under these circumstances, people make decisions about choosing a water 

source based on their perceptions of quality, which may or may not match with the 

objective measures of water quality (Pérez-Flores et al., 2017).  

India is a developing country with almost 70 percent of the population living in rural 

areas. One part of the problem of lack of access to clean drinking water at home in 

rural India is the lack of water infrastructure providing good quality water. The water 

sources which are generally available to rural households for drinking purposes are 

either surface water sources like well, river, streams, and ponds, or underground water 

sources like hand pumps, borewells. Piped water systems with public or private taps 

can get water either from a surface water source or underground water source6.  

One common assumption in the literature is that people will always use conveniently 

located water sources in comparison to the location of their houses inside a village.  

But people in rural areas, especially in India, have beliefs, perceptions, and social 

norms around drinking water that may influence their preferences over water sources 

available in the community. 

After the selection of a water source for drinking, households' members fetch water 

from this source and store it inside the house7. The burden of water collection typically 

 
6 Piped water systems most of the time access water from underground water tables.  
7 In the absence of household water sources at home, the family members travel large distances outside 

their home to fetch water for drinking purpose 
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falls on women in rural households. They often make multiple trips during the entire 

day, depending on the need for drinking water8 and the storage capacity in their house. 

The water is generally brought in open containers, carried on their heads, or in hands. 

The family member fetching water may stop on their way to the house to talk to other 

people in the village. It is possible that stopping on the way to the house may lead to 

contamination of water if they leave water containers on the ground, and it comes in 

contact with animals or small children. People store water in containers inside the 

house, which are often kept on the ground. There could be multiple pathways for 

contamination of this stored water. If small children or animals are roaming inside the 

house, it can increase the possibility of contamination of this water. They are taking 

out water from the container for drinking using different utensils like glass, mug, jug, 

or ladle (a bowl attached to a long handle). Except for ladle, all other utensils which 

are used for taking out water from the container can lead to contamination as it 

increases the possibility of dirty hands going inside the water. The presence of toilets 

and the practice of handwashing can affect the cleanliness of hands and thus the 

quality of drinking water. One way of improving quality is the home treatment of 

water via boiling or filtering with a water filter. The success of either of these methods 

depends on the timing and effectiveness of these treatments. If people undertake home 

treatment of water before storage and the other pathways of contamination relating to 

storage, water handling, and sanitation are not controlled, then it can still lead to 

contamination.  

 
8 The drinking water is also used for cooking in most of the rural houses. 
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To better understand the relationship between water source choice, water quality at 

home, and health outcomes, it is important to know the pathways for contamination 

that generally exists in a rural Indian household. The chart diagram provided below in 

Figure 1.1 depicts this process from source choice to the final act of drinking.  

 

Figure 1.1 Pathways for Contamination of Drinking Water in Rural India 

 

 

1.4 Conceptual Framework  

 

In this paper, we use a conceptual framework based on utility maximization by a 

household under certain simplifying assumptions. We consider each household as a 
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unit and ignore intrahousehold decisions and the allocation of resources within a 

household. For each household, there is a women representative that makes decisions 

regarding the allocation of resources and time in a way so that it can maximize the 

total utility for that household. Furthermore, we assume that there is no uncertainty; 

there is separability of consumption and production functions and the absence of 

dynamic relationships from period one to another. We also assume that the utility 

function is concave.  

Let's assume that for each household, the representative woman has a utility function 

as follows.  

 

  In this function,  X is numeraire good (price normalized to one) representing 

purchase and consumption of different goods by that household, H is the health 

function of that household,  is the perceived quality of the water9 consumed by the 

household and  is the leisure time consumed by the household. The utility function is 

positive and concave in all (first differential positive and second-order differential is 

negative) its four components. 

Furthermore, we have additional equations defining different elements of the above-

defined utility function. 

The health of the household H is a function of the objective quality of water Q and 

other health-related components defined by Z (which we assume to be constant for this 

 
9 We assume that the perceived quality of water at the source is same as the perceived quality at home 

and q* is the desired level of water quality at home which could be different from the q or could be the 

optimum value of q that maximizes the household’s utility. 
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analysis). If the objective quality of water Q increases, the overall health of the 

household H increases, provided there are no changes in Z. 

 

The objective quality of water Q, in turn, is a function of source quality (or source 

type-safe or unsafe) S, home treatment of water T, and water handling practices inside 

a house . We assume that if there is an improvement in source quality, it will 

improve home water quality Q, keeping everything else constant in this equation. 

Alternatively, if there is the adoption of home treatment techniques, it will improve 

water quality at home Q.  

 

Source quality S, itself, is a function of the distance to the source  and perception of 

water quality . Distance to the source  implies a time cost of water collection. We 

can denote the time spent on water collection . Larger is the distance to the source 

higher will be the time spent in water collection. 

 

We also define home treatment as a function of the perception of water quality .  

 

Using all these equations, we find that finally, the utility function in this framework is 

a function of , , and , 

 

The budget constraint for a household facing above stated utility function would be 
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For this analysis, we assume that the labor time spent in water collection  , in 

productive activities  , and leisure activities  are provided in such a way that it adds 

up to the total labor hour available for a household .  

 

The household can make two choices, either to home treat the water incurring the 

treatment cost of  or shift to a safe water source incurring the time spent in water 

collection  with the average opportunity cost of local wages W.  

For this analysis, we assume that the household is trying to maximize the utility 

function by maximizing the leisure or by minimizing the time spent in water 

collection, given the optimal values of perceived water quality and composite goods 

X. 

So, we write the utility function as 

 

 

We can also rewrite the budget constraint, so we have  

 

 

 

Let us assume that the right-hand side a monetary constant representing the maximum 

income, which the household could have if used all the labor hours productively. 

Then,  
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The langrage equation for (if the budget constraint is binding) for this utility 

maximization problem would be  

 

The first-order conditions will provide the following relationships in equilibrium  

 

 

 

From the first-order equation, we solve to get the optimum values,  

 

 

Or                                                             

 

The  optimum value of   is the desired level of perceived quality by a household in 

this framework. Each household chooses a source and decides on the adoption of 

home treatment techniques to achieve this desired level of perceived quality . There 

is a trade-off between the cost of treatment  and the opportunity cost of time spent in 

water collection W. The time spent in water collection  is a function of the distance 

to the source, and higher the distance to the source, higher will be the time spent in 

water collection. 



 

14 

 

We observe from the above equilibrium condition that if the cost of treatment  goes 

up, then the perceived quality at home will fall. The household will have to increase 

the time spent in water collection, maybe by shifting to a water source that is safe but 

at a larger distance from the concerned household to maintain the same level of 

perceived quality  at home.  

On the other hand, if the monetary wages W, goes up, then it will tend to substitute the 

time spent in water collection towards other productive activities reducing . It will 

mean shifting to a water source that is nearer to the house, reducing the time spent in 

water collection. If we want to maintain the desired level of water quality (which can 

fall by shifting to a nearer but unsafe source), then q must increase presumably by 

home treatment of water. 

If we differentiate the equation of objective quality Q  

 

with perceived quality , we get the following relationship,  

 

By construction, we have   a positive relationship. As the home treatment (assuming 

that it is effective) takes place, it would tend to increase the drinking water quality at 

home. Similarly   , it is also positive; if we shift to safer sources, i.e., source quality 

increases, we will tend to have a better objective quality of water at home. If the 

perceived quality of water fetched from a source goes up, that would mean that the 

households will be less likely to engage in-home treatment of water before drinking. It 
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means that  it will have a negative sign. The sign  is less clear. It will depend on 

whether households are correctly perceiving the water quality at the source or not. If 

the perception of quality is based on some factor that is systematically associated with 

lower source quality (S), then  it will have a negative sign. On the other hand, if the 

perception of quality is based on some factor that is systematically associated with 

higher source quality (S), then  it will have a positive sign. If   it has had a 

negative sign, then  it will be negative, indicating that the objective quality of water 

will fall with improvement in the perceived quality of water. Alternatively, if   it has 

had a positive sign, then  it will be positive or negative depending on the relative 

strength of the effect of home treatment on water quality. It will happen because home 

treatment will fall with an increase in q as compared to the effect of source quality on 

water quality at home.  

 

1.5 Estimation Strategy 

 

The chart diagram10 presented in Figure 1.2 indicates the relationships that are being 

analyzed in this paper. These relationships link the perception of quality to source 

choice and objective measure of water quality with implications for associated health 

costs.  

 
10 Only the first three boxes in this chart diagram are being analyzed in this paper. 
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Figure 1.2 Relationship between Perception, Source and Water Quality 

 

There are two sets of equations that define the relationship between quality 

perceptions, water source type, and drinking water quality at home. The first reduced 

form equation is based on the estimation of the selection of water sources (safe or 

unsafe sources based on the E. coli count in water) by a household using a household 

and year fixed effect model. 

                                                  (1) 
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In this equation  represents source type proxied by water quality at the source11. The 

other variables are,  representing different quality perception-based indicators,  

distance to the source, and  other household-specific control variables like wealth 

(asset level) of the household, female education level, number of children in the 

family, etc.  

The second equation in this set up is based on the estimation of drinking water quality 

using household and year fixed effect model. 

      (2) 

In this equation  represents the objective water quality measures at stored water at 

home12,  source type measured by source quality,  adoption of home treatment 

techniques at home before drinking water,  represents a set of water handling 

practices including handwashing,  representing different quality perception-based 

indicators,  distance to the source and  different households specific control 

variables, as explained above.  

The underlying hypothesis tested in this estimation framework of two interrelated 

reduced form equations are as follows. Does the perception of quality affects the 

selection of water sources for a household and if source choice (water quality at 

source) affects the drinking water quality at home along with water handling 

practices? We use the household and year fixed effect model, controlling for the 

 
11 S is measured here as a continuous variable indicating the presence of E. coli count at the source. If it 

is zero that indicates safe water sources, if it is greater than zero then indicating choice of unsafe water 

source. 
12 Objective measure of quality is also measured by the E.coli count in the stored water at home. If it is 

zero that indicates safe water sources, if it is greater than zero then indicating choice of unsafe water 

source. 
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household-specific and year specific unobserved variables that are not changing over 

time13 to estimate these two equations. 

 

1.6 Data Collection and Field Survey Design 

 

 An eighteen-month long field survey was conducted across 30 villages in two districts 

of Jharkhand state in India to collect panel data for two years. Two districts Khunti 

and Ramgarh were chosen that were about 60 Km from the state capitol Rachi for this 

field survey. Khunti is predominantly an indigenous population dominated district 

while Ramgarh has a more mixed social composition (caste wise). After the selection 

of these two districts, 15 random villages were chosen from each district. In each 

village, 30 households were randomly selected and surveyed. The field surveys were 

conducted by trained enumerators who knew the local language. In each household, a 

representative woman was interviewed to get details about the entire household. From 

each household, water samples were collected for testing the presence of E. coli 

bacteria in the water. Similarly, water samples were collected from each water source 

in the village that is being used for drinking purposes.  In the second year (2017-18), 

the households that were surveyed in the year 2016-17 were revisited to conduct 

interviews and collect water samples. The timeline for the data collection is being 

provided below by Figure 1.3.  

 
13 If there are any other time and household specific unobserved variables that might affect the source 

choice by a household, then it may create bias in the system.  
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         Figure 1.3 Timeline of Field Data Collection 

 

1.7 Estimation Results  

1.7.1 Descriptive Statistics  

 

In Table 1.1, we present the summary statistics for households in years 1 and 214 and 

the difference of means between years 1 and 2. From Table 1.1, we can observe that 

the proportion of households accessing safe water sources is around 50 percent in our 

data sets, and it remains the same across years 1 and 2.  

On the other hand, the awareness about the quality of water has changed between the 

years. About 50 percent of households reported that they understood the meaning of 

good quality water in the year 2016-17, and this percentage changed to about 90 

percent in the next year.  The percentage of households engaging in-home treatment 

has gone up from 60 to 70 percent. At the same time, the proportion of households 

having toilets at home increased from 40 percent to 70 percent in the year 2016-17. 

The average family size is the same across the two years, but the proportion of 

 
14 For this discussion, we refer year 2016-17 (the first round of survey) as year 1 and year 2017-18 (the 

second round of survey) as year 2.  
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children under the age of five shows a small difference. The presence of animals 

inside a home has gone down with only 30 percent of sample households reporting the 

presence of animals inside their house in year two as opposed to 50 percent in year 

one. We find a significant deterioration in average drinking water quality from year 

one to year two, as represented by the increase in the E. coli count found in stored 

water at home. 

Table 1.2 provides the summary statistics of the sample data after dividing it into two 

groups of households accessing safe and unsafe water sources15. As per expectation, 

the water quality measured at home is significantly better (low E. coli count) in 

households using safe drinking water sources.  Among the households selecting safe 

water sources, about 60 percent of the households adopt home treatments, while about 

70 percent of the households choosing an unsafe source do the same. The higher 

percentage of households reporting home treatment techniques while choosing unsafe 

sources could be due to two reasons.  

Either they know that they are using an unsafe source and want to compensate for that 

by adopting the home treatment method. Another explanation could be that filtering by 

cloth is adopted as a method of home treatment by the households choosing unsafe 

sources like well16. This method of home treatment may harm water quality instead of 

improving it.  

 

 

 
15 We divide households in safe source or unsafe source category based on the E. coli count found at the 

samples collected from their primary source of drinking water.  
16 In the field, a lot of people reported that they prefer filtering with cloth for the water collected from 

wells due to the possible presence of leaves, etc. 
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Table 1.1 Summary Statistics Based on the Survey Rounds (Years) 

  

There is no significant difference in awareness about drinking water quality between 

the people choosing safe or unsafe drinking water sources in Table 1.217. Still, the 

percent of households with the perception of quality based on the color of the water is 

significantly higher in the group of households choosing unsafe water sources (90 

percent as opposed to 70 percent). It indicates a mismatch between quality perception 

based on color and objective measure of quality based on E. coli count in the water. 

We will discuss this in more detail in the next section of this paper.  

 

 
17 In both the groups about 70 percent of the households reported that they understand meaning of water 

quality. 
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Table 1.2. Summary Statistics Based on the Quality of the Water at the Source 

  

In the literature, it is often assumed that the water sources defined as 'improved' will 

have better quality. We test this hypothesis by regressing source quality (measured by 

the E. coli count at the water sample collected from the source) against different 

source types available in our field area. The results of this regression are provided in 

Table 1.3. We find that the water sources assumed to be unsafe, like well and river, on 

average tend to have higher E. coli count and lower water quality. But for the sources 

assumed to be 'improved' like handpumps, piped water taps at home and borewells, 

there are cases when water from these sources are found to have high E. coli count and 

low quality. One reason for this is that sometimes there is fecal contamination of these 
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sources due to leakage from toilet tanks into underground tables and the pipes drawing 

water from these underground tables.  

 We found that, on average improved sources like hand pump and piped water taps at 

home have lower E. coli count compares to wells (constant term in Table 3). But the 

overall effect of the hand pump and piped water on the water quality (E. coli count) is 

not as expected18 

                    

Table 1.3. Effect of Source Types on Quality of Water at Source 

 

In the next part of this section, we present five graphs depicting the relationship 

between water source types, water handling, and treatment practices with the E. coli 

based measure of water quality.  In Figure 1.4, we show that accessing different kinds 

 
18 The overall effect of Hand pump is calculated by adding the constant term with the coefficient on 

Hand pump. As the constant term is bigger than the coefficient on Hand pump, the overall effect of 

Hand pumps on E. coli count at the source is positive. The same analysis is valid for piped water taps at 

home and borewells.  
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of water sources for drinking purposes has a disparate impact on the probability of 

good quality water at home. Using open sources like well have a low probability, 

while using handpumps have a high probability of resulting in good quality water at 

home. In Figure 1.5, we differentiate between the effect of different water sources on 

the good quality water at home between the households that engage in handwashing 

practices and those that do not. We find that the adoption of handwashing practices 

increases the probability of that household having better quality water at home. It is 

true across all types of water sources.  
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Figure 1.4. Effect of Types of Water Sources on Drinking Water Quality 

 

In Figure 1.6, we include the use of ladle along with handwashing practices to analyze 

the effect of these practices on the quality of water across different water sources. It 

can be observed from Figure 1.6 that the households that have adopted both 

handwashing and use of ladle in their house have the highest probability of having 
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good quality water at home. On the other hand, households that do not engage in 

handwashing practices or use a ladle for taking out water tend to have a low quality of 

water at home. This effect can be observed across all water sources, but it is more 

pronounced in relatively safer water sources like handpumps. The effect of different 

home treatment methods on water quality at home is being provided in Figure 1.7. It 

can be observed from this graph that among different methods of home treatment 

filtering by machine has the highest probability of resulting in good quality water at 

home. The method of boiling water before drinking also improves the chances of 

having good quality water as compared to no treatment of water.  
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Figure 1.5. Effect of Handwashing Practices on Water Quality across Different Water 

Sources 
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Figure 1.6. Effect of Water Handling Practices on Water Quality Across Different 

Water Sources 
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Figure 1.7. Effect of Home Treatment Methods on Water Quality Across Different 

Water Sources 
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Interestingly, we observe that filtering with a cloth reduces the probability of having 

good quality water at home as compared to the households without any treatment of 

water. It suggests that it would have been better for the households to not engage in 

any treatment than use the filtering of water with a cloth. These results and trends are 

valid across different types of water sources available in a community.  

In Figure 1.8, the effect of distance to the source on the quality of water at home is 

being presented. We can observe that shorter distance to the source increases the 

probability of having good quality water at home. There could be two possible reasons 

for this result.  
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Figure 1.8 Effect of Distance to the Source on the Quality of Water Across Different 

Water Sources 

 

A shorter distance to the source implies fewer chances of contamination of water 

during the travel from the source to the house. Secondly, a shorter distance to the 
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source might encourage people to make frequent trips to the source. That may lead to 

frequent handwashing practices as well as changing the water stored inside the house, 

thereby reducing the contamination of water. Observing the trend across different 

source types, we find that the positive effect of shorter distance on the good quality of 

water is higher in relatively safer sources like handpumps. Additionally, the difference 

in the effect of distance to the source does not vary much across different sources 

when the distance to the source is high, i.e., more than 500 meters. 

 

1.7.2 Regression Results: Determinants of Drinking Water Quality 

  

The estimation results for the regression of source type (proxied by source quality) on 

different quality perception indicators, distance to the source, and several household 

level control variables are provided in Table 1.4. In the first two columns, we provide 

household fixed effects, and in the last two columns, village fixed effects results are 

being provided. It can be observed that as the distance to the source of drinking water 

increases, the E. coli count at the source also increases, making it unsafe. This 

significant positive relationship remains there even when we control for other 

variables. One possible reason for this positive relationship is that often sources like 

wells and rivers are situated outside the village near the agricultural fields. At the same 

time, hand pumps, borewells, and piped water taps are located inside the village. Since 

well and river generally have a higher E. coli count (as can be observed from Table 

1.3), this could explain why the increase in distance tends to imply that the household 

is choosing a relatively unsafe water source.  
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We use three quality perception indicators in this analysis, based on the color of water, 

the taste of water, or the perceived risk of not falling ill (diarrhea). All three of them 

are binary indicators. We are interested in the interaction of these variables with the 

variable measuring quality awareness19. 

From Table 1.4, it can be observed that the households that understand water quality 

and whose perception of water quality is based on the color of water tend to have, on 

average, a higher E. coli count at the source. It means that the households who decide 

their primary source of water based on the color of the water tend to choose relatively 

unsafe water sources. The reason behind this lies in the fact that in rural Jharkhand, 

there is little turbidity in water collected from wells2021 while the pipes used in hand 

pumps or piped water systems are often of low quality. The pipes used are often old 

and get rusted easily. It could create a red color in the water from hand pumps and 

piped water taps.  

Also, if the pipes in the piped water system or borewells get broken, it can lead to a 

mixing of mud into pipes creating a brownish color in the water. Under these 

circumstances, households choosing water sources based on the color of the water may 

tend to choose water sources like well that is relatively unsafe. On the other hand, the 

households that understand the meaning of water quality and choose water sources 

based on the taste of water tend to choose water sources with lower E. coli count at the 

source.  We do not find any impact of the perception variable based on the perceived 

risk of being ill on the quality of water at the source.  

 
19 Labeled as ‘Understands quality’ in the above Table 1.4.  
20 Except maybe in some short period of Monsoon.  
21 As our data was collected over winter and spring seasons in both the survey rounds, we do not face 

this problem. 
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Table 1.4: Effect of Perception of Water quality on Source Choices 

 
 

The result from the estimation of equation (2) is being provided in Table 1.5. In this 

equation, the drinking water quality at home22 is being regressed on the source type 

(proxied by source quality), water handling practices like handwashing, quality 

perception indicators, and distance to the source. We find that in all the four 

 
22 As measured by the presence of E. coli in drinking water stored at home. 
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formulations of household and village fixed effects23, the source quality has a positive 

impact on drinking water quality at home. In other words, if there is lower E. coli 

count at the source water (better water quality at the source), this tends to lower E. coli 

count at stored water at home (better water quality at home).  

Additionally, we find that the practice of handwashing after using a toilet tends to 

lower E. coli count, i.e., improve water quality at home. Different households can 

adopt different home treatment techniques to improve drinking water quality at home. 

In our data, households adopt either boiling of water, filtering with a cloth, or using 

filters before drinking water if they choose to conduct home-treatment of water. It can 

be observed from Table 1.5 that in the household fixed effect model home-treatment 

variable has a positive sign indicating that it tends to increase the E. coli count 

(reducing water quality at home), but the relationship is not significant. 

In column 3 of Table 1.5, in a village fixed effect model, home treatment tends to 

weakly reduce the E. coli count at stored water at home. In columns 2 and 4 of Table 

1.5, we look at the effect of different types of home treatment techniques like boiling 

water, filtering with cloth, and using filters on E. coli count in the water at home. We 

find that in both household and village fixed effect models, using filters tends to 

significantly reduce the E. coli count at home (improve drinking water quality). But 

only in the village fixed effect model, the treatment method of boiling water reduces 

E. coli count in stored water at home significantly. 

 

 
23 The results for these 4 formulations are provided in the 4 columns of Table 5.  
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Table 1.5. Effect of Source Types (Quality) and Water Handling Practices on Water 

Quality at Home 
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In columns 2 and 4 of Table 1.5, we present results relating to the three quality 

perception indicators (based on color, taste, and risk of being ill) and their interactions 

with the wealth and education level of the female representative from sample 

households. All the three quality perception indicators, as well as their interaction with 

quality awareness variable, are not significant in this regression24. If we combine these 

results with the results in Table 1.4, it seems that the effect of the quality perception 

indicators on water quality at home operates indirectly via source choice (source 

quality).   

 

1.8 Health Risk Associated with Unsafe Drinking Water 

 

Different water-borne diseases are often a result of different types of microorganisms 

in the drinking water. Ideally, one would like to measure pathogen levels of different 

disease-causing microorganisms to calculate the risk of illness associated with 

drinking contaminated water. Unfortunately, it is not always feasible to identify the 

presence of different pathogens in drinking water25. According to the world health 

organization guidelines, the presence of a fecal indicator bacteria like E. coli can be 

used as a proxy for drinking water quality as it is easy to test and cost-effective in 

terms of testing. The presence of fecal indicator bacteria like E. coli often indicates the 

presence of other pathogens in water. The presence of disease-causing microorganisms 

in the water increases the probability of infection and disease, but the outcome 

 
24 We have not presented the coefficient on these terms due to space restricts but they are included in 

this regression.  
25 It is often found that the presence of pathogenic micro-organisms in water is erratic and testing for it 

is costly and not straight forward. 
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depends on the immune system of a particular individual. The risk of illness lies in the 

probability distribution of the hazard represented by disease-causing microorganisms 

in water.  

The acceptable value of E. coli in drinking water is zero. The presence of E. coli in 

water above the levels of zero can cause infection and may constitute a health risk for 

the concerned individual. We assume the single hit and independent action theory of 

infection (which means that even a single microorganism can cause infection and no 

threshold limit is needed). For proper Quantitative microbiological risk assessment 

(QMRA), we need to conduct tests in labs for different pathogens in the drinking 

water. As we do not have this data, we use measured values of E. coli26 in the water as 

a proxy for the possible presence of pathogens to get an idea about the risk of illness. 

We use a dose-response function as often used in the epidemiology literature. The 

dose is calculated by multiplying the drinking water consumed per day with the value 

of E. coli found in the water sample collected from a household. We divide this value 

of dose with the total number of family members in a household to get the average 

dose consumed in a day27. After calculating the value of the average daily dose (intake 

of E. coli), we run a regression of disease incidence on the dose28. The predicted value 

of y variable (disease incidence as a binary variable) is the probability of illness that is 

being plotted in Figure 1.9. 

 
26 These values of E. coli bacteria in the water are calculated using the most portable number (MPN) 

method.  
27 There are also consideration of weight, age group and source types while calculating dose. We are 

ignoring all these for the time being. 
28  We are using linear regression, but we can try exponential, beta-poisson and logisting regression for 

further analysis. 
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Figure 1.9 E. coli in Drinking Water and Risk of Diarrhea 

 

For this analysis, we have divided the value of E. coli consumed (dose) into five 

different categories where 1 means the lowest category of E. coli intake and 5 

indicates the highest E. coli in the sample data. It can be observed from the following 

graph that as the dose of E. coli consumed increases, the probability of illness 

increases. The risk of illness (standard deviation of falling sick) is more or less the 

same at levels from 1 to 4 and increases only at level 5 of E. coli dose intake29. 

 

 

 
29 The categories for dose of E. coli in the graph are as follows. The category 1 is for zero intake of E. 

coli, 2 is for daily dose between 0 to 100, 3 is for daily dose between 100 to 500, 4 is for daily dose 

between 500 to 1000 and category 5 is for daily dose above 1000.  
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1.9 Conclusion  

 

This paper analyzes the determinants of drinking water quality in a rural setting of 

India where the objective water quality is not known, and the selection of water 

sources for drinking is based on people's perception of water quality. Using a two-year 

panel data collected from 30 villages in Jharkhand in India, we find that the earlier 

method of defining improved sources by source types without undertaking tests for 

water quality is not correct. In our field survey, we collected water samples from 

different water sources and tested them for the presence of E. coli bacteria. We found 

that the sources that are considered unsafe, like well and rivers, are indeed unsafe with 

high E. coli count, but the sources that are considered improved water sources like 

hand pumps, bore wells and piped water taps are not always safe and sometimes 

indicate a high count of E. coli30. Thus, contrary to the literature, instead of defining 

safe sources by source types, we use the absence of E. coli at the source as an indicator 

of safe sources with good water quality. 

Additionally, the estimation results reveal that people's perceptions about water 

quality, specifically relating to the color and taste of the water affect water source 

choices. Households that understand the meaning of quality of water, and base their 

quality perceptions on the color of water, choose the water sources that looks colorless 

or clean. Due to the nature of public infrastructure in rural Jharkhand, these 

households tend to end up selecting water sources with higher E. coli count like wells.  

 
30 This will happen if there is underground fecal contamination of these sources due to leakage from 

underground pipes and septic tanks of home toilets. 
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Thus, the perceptions based on the color of water tend to leave a household with 

unsafe water source choices compared to those households whose quality perceptions 

are not based on the color of the water. Furthermore, households that understand the 

meaning of water quality and have perceptions based on the taste of water tend to end 

up selecting relatively safer water sources. The analysis in the paper indicates that the 

quality of the water at the source, selected for drinking by a household tends to have a 

significant positive impact on the water quality at home31.  The water handling 

practices and hygiene practices inside a house affect drinking water quality at home. 

We find that the practice of handwashing after using a toilet32 tends to significantly 

reduce the E. coli count in stored water at home.  

 Among the different home treatment techniques used in the field area, we find the use 

of water filters is the only method that tends to improve drinking water quality at 

home. We do not find any significant impact of the use of ladle33 on drinking water 

quality at home, contrary to our expectations. On preliminary analysis, we find that 

there a positive relationship between the probability of falling ill and consuming E. 

coli contaminated water. Households with higher intake of unsafe water (E. coli 

contaminated water) have a higher probability of falling ill compared to those that 

drink safe water. The risk of illness is highest for the households that are consuming 

more than 1000 liters of E. coli colonies on an average daily intake.  

The results and analysis of this paper suggest that we need to build water 

infrastructure in the villages of India. The investment in building water sources like 

 
31 The water sources that have higher E. coli count at the source (lower water quality at source) tend to 

have higher E. coli count at home (lower water quality at home). 
32 Conditional on the presence of toilet inside a house. 
33 For taking out water from the storage container.  
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piped water taps at home, hand pumps, or borewells can help improve the source 

quality and, ultimately, the home water quality. But this can only happen if the 

underground water tables from which these sources draw water are not contaminated. 

To ensure this, the construction of these systems, as well as the maintenance 

afterward, needs to be done carefully. The building of good quality water 

infrastructure is necessary but not sufficient to ensure good quality water inside the 

home. We also need to maintain hygiene and sanitation environment inside a house.  

Along with building more toilets, we need behavior change programs centered around 

handwashing and the adoption of water filters for home treatment before drinking. We 

found in this paper that the perceptions of water quality based on taste and color 

influence the selection of water sources for drinking by a household. In such 

situations, it is important to change people's perceptions of the quality of water 

through behavioral programs in a way that the perception of quality matches the 

objective quality of water at the sources. A system of frequent measurements of 

objective quality of water for microbial contamination and dissemination of this 

knowledge among the villagers can also help improve drinking water quality at home 

and reduce the associated health risk34.  

 

 

 

 

 
34 In the meantime, the pipes used for handpump, piped water systems and borewells can be changed so 

that there is no color in the water from these sources. This can ensure that the color-based quality 

perceptions do not make people choose wells over these water sources in rural Jharkhand.  
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CHAPTER 2 

 

ARE PEOPLE MAKING CORRECT CHOICES? DRIVERS OF 

WATER SOURCE CHOICES IN RURAL JHARKHAND 

 

2.1 Introduction 

 

In our daily life, many of us make choices about almost everything from selecting the 

clothes to wear to buying products for consumption. Our perceptions and preferences 

govern these choices. In many countries of western Europe, clean and safe water is 

being provided at home through piped water, and people drink it by filling a glass 

from the tap. They believe that the water supplied from piped water tap at their home 

is safe for drinking. Regular tests for quality of water and public disbursement of the 

quality test results help in supporting and maintaining this belief. One can say that the 

perception of quality coincides with objective measures of quality in an ideal situation. 

But even in developed countries, there are times when people doubt the quality of 

water being supplied from piped water at their homes. In these situations, it has been 

observed that people start buying bottled water from the market for drinking. They 

choose between using the piped water provided at their home or purchasing water 

from the market for drinking based on their perception of water quality. The 

perceptions of water quality could be based on several factors that would affect water 

source choices, and these factors generally differ in a developing and developed 

country. 
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This desire to have clean drinking water is widespread, from the poorest of regions to 

the wealthiest. The difference is that people who live in the less developed parts of the 

world suffer from lack of proper water infrastructure, do not have systems for regular 

water quality tests, and water markets are absent or not fully developed.  In a rural 

community of a developing country like India, people choose water sources from the 

available sources in the community. If there is only one source available in the 

community, then there is no question of a choice, people will have to use the available 

source for drinking purposes. But in cases where more than one source is available (in 

numbers as well as in terms of types of sources), people choose among available 

sources. The sources available in a rural community in India are generally public, 

which are supplied by the government or are common property sources like a river. 

There is another option of building a private source by independent households for 

their personal use. However, this option is viable only for those households that can 

and are ready to invest in their private sources of water.   

There should be periodic testing of water quality and disbursement of this knowledge 

among the public. If the objective quality of water is known to everyone, then one 

would expect the water quality test results to influence people's choices (keeping in 

mind people's trust in the credibility of these sources). But in the rural areas of India, 

there are almost no tests for water quality. Even if there are some random occasional 

water quality tests, they are not repeated, standards are not maintained, and the results 

are not made public. In the absence of actual information about the objective tested 

quality of water, people's perception of the quality determines their water source 

choices. Distance to the source and travel time spent in the collection of water is an 
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important factor that affects whether people's choice of a water source. But people also 

travel a distance to fetch water by leaving the nearest sources if they feel that a source 

has better color, better taste or low risk of making them ill. In this paper,  we use a 

revealed preference data and a stated preference data to analyze the impact of 

perception indicators of water quality on water source choices as well as their 

willingness to pay for an improvement in these indicators.  

There is an acute lack of safe water sources in Indian villages, and we need 

government or other developmental agencies to invest in building water infrastructure. 

But we also want people to use these sources for drinking purposes. People don't 

necessarily use better quality water sources if they are made available to them. It 

depends a lot on their perception of water quality. Thus, there is a need to understand 

these quality perceptions and how they drive water source choices.  

In Jharkhand, we observed that sometimes instead of choosing a water source nearer 

to the house or sources which are considered safer, people select other water sources. 

These are the sources which they perceive to be a better source. It may seem puzzling 

or strange behavior. However, their perceptions drive these decisions. These 

perceptions are formed by their acquired knowledge, practices, social and cultural 

norms, and peer effects of their neighbors in the community. Instead of assuming or 

taking it for granted that once provided access to people will choose the safest or 

nearest sources, it is essential to understand people's behavior and their perceptions. 

Different countries, different communities have different practices and norms related 

to drinking water, which may also affect their choices. A better understanding of 

people's behaviors and their perceptions can allow us to make better policy decisions. 
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It will guide us in the making of a drinking water policy with a clear understanding of 

where to invest, how to invest, and what kind of behavioral programs should be 

accompanied by to make it more effective.  

The structure of the rest of the paper is as follows. After the introduction, sections 2.2 

and 2.3 contain a literature review and a conceptual framework for the methods used 

in the analysis. Section 2.4 has an explanation of the revealed preference and stated 

preference data used in the paper. In section 2.5, we have the descriptive statistics of 

these data sets.  Section 2.6 contains the estimation results and willingness to pay 

calculations for both data sets, and we conclude in section 2.7.  

 

2.2. Literature Review 

 

In the literature, there is a set of papers that use discrete choice models to explain the 

choice of a particular water source for a specific purpose (Madanat & Humplick, 

1993; Mu & Briscoe, 1990; Persson, 2002; Whittington et al., 1990). These papers are 

concentrated in rural areas of developing countries. The paper by Mu and Briscoe (Mu 

& Briscoe, 1990) estimated the value of time spent in collecting water from different 

sources of water in a multinomial logit model. It was based in Kenya, where people 

chose water from the available choices in the community like the kiosk, well, and 

vendors. The price and time spent in the collection of the water are determining the 

choice of water source in Mu and Briscoe (Mu & Briscoe, 1990) 's paper. In another 

paper by the same authors, they use the above-stated variables along with the number 
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of women in the family, income, and female education for estimating the choice of 

water source for a household.  

In the Madanat and Humplick (Madanat & Humplick, 1993) paper, a joint analysis of 

the choice of a water source choice and decision to take out a piped water connection 

is undertaken using a sequential maximum likelihood estimation method. They use 

cross-sectional survey data from Pakistan. Compared to Mu and Briscoe (Mu & 

Briscoe, 1990), this paper distinguishes between the sources of water used for 

different household purposes. The assumption of sequential choices when these two 

decisions (of taking piped water connection and selection of a water source in the 

community) seem to be a joint decision is the one major limitation of this paper.  

Using the nested conditional logit model, Persson (Persson, 2002) analyses the choice 

of water sources for drinking purposes in the rural Philippines. In this paper, input 

prices, income (as a proxy for taste), and household size are the factors that are used 

for calculating the choice probabilities. Intercepts corresponding to each water source 

choice are included in the regression to account for different utility from the selection 

of different water sources in the data. As the choice set could be different for different 

families living in different communities, the nested conditional logit model design was 

proposed. But only the conditional part of the model is estimated due to lack of 

enough observations in the data. The results of this paper indicate that the price (time 

cost) of any alternative reduces the choice probability of that alternative. At the same 

time, income (a proxy for taste) has no significant effect on it.  

Another study in recent years on water source choices is by Sahn et al. (Boone, Glick 

& Sahn, 2010). This paper explores the choice of a water source by households in 
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Medagsaker using a conditional logit model. In their analysis, the choice of water 

source is a function of the distance, time spent in water collection and household 

characteristics like the education of family members. It also estimates the determinants 

of time spent in the collection of water for adult family members and children, 

regressing it on the distance to the water source and other household characteristics. 

The results in the paper indicate that the time spent in the collection of water is 

positive and significantly associated with the distance to the water source. 

Furthermore, it finds that female family members spend more time in the collection of 

water in general. The children spend more time in the collection of water in rural 

areas, and having more adult members in the family reduces the time spent by any 

individual in the collection of water.  

Another paper in the literature is by Kremer and others (Kremer et al., 2011) based on 

spring water treatment at the water source in Kenya. In their paper, they found that the 

contingent valuation estimate was much higher than the travel cost and experiment-

based calculation of willingness to pay for the water quality improvements (Kremer et 

al., 2011). 

The second set of literature is focused on a more urban setting with semi or fully 

developed markets for drinking water. In this literature, especially in the recent years, 

there have been papers that have found perception of drinking water quality as one of 

the main factors influencing water source choices (Cheabu & Ephraim, 2014; Doria et 

al., 2009; Sajjadi et al., 2016; Kinyuru et al., 2014; Onjala et al., 2014). But there have 

not been many studies in this literature looking at the effect of quality perception on 

water source choices that would be relevant in a rural setting.  
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In the literature,  we also find some discrete choice experiments on social norms, 

information, quality of water, health, and household behavior. One such study is the 

Opower electricity company-related experiments(USA)(Allcott & Rogers, 2012). In 

this study, the effect of social norms on household behavior was researched. Letters 

were sent to the users along with their electricity bill, indicating the usage of 

electricity relative to their neighbors to understand the effects of social norms on 

individual/household behavior (Allcott & Rogers, 2012). Similar to the electricity 

usage experiments, there were experiments conducted on water usage, which are 

known as the Cobb County experiment(USA)(Ferraro et al., 2011; Ferraro & Price, 

2013). In these experiments, letters were sent to water users along with their bills, 

indicating the usage by the neighbors. Both research studies reported a decline in the 

usage by treatment households compared to the control after receiving the social 

comparison messages.  

Another factor that might affect source choices for water is the taste preferences for 

water. Taste preferences might be based on beliefs formed through experience, 

information and knowledge about associated health effects, the risk associated with 

water, social norms and behavior of the peers in selecting water sources (Doria et al., 

2009; Espinosa-García et al., 2015; Huber & Mosler, 2013). Then there are also 

chemical and sensory parts relating to taste preferences of water (Puget et al., 2010). 

There is also a part due to advertisement and brand names, which is more critical 

when there are developed markets for drinking water. In rural areas of developing 

countries like India, these markets most of the time do not exist, so brand names and 

advertisements may not have much impact on taste preferences. But the other factors 
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like experience, information, and belief about associated health risk and social norms 

might affect the taste preferences for drinking water in rural India.  

In most of the earlier literature set in rural areas, the focus was on the distance to the 

source and household characteristics like income in the determination of water source 

choices. But it did not include the role of perception-based variables in water source 

choices. On the other hand, the literature that did include perception-based factors was 

based in an urban setting and developed water markets and did not take into account 

the role of distance and travel cost in fetching water.  

In an urban setting, people are making choices between piped water supplied at home 

or bottled water from the market. That is quite different from a rural setting with a 

non-existent drinking water market and people making choices between mostly public 

sources available in the community.  In this paper, we analyze the role of perception of 

quality and taste preference along with the distance to the source in choice of a 

drinking water source. It is the first such study (to the best of our knowledge) that 

combines these two sets of literature. The contribution of our research lies in the fact 

that we aim to use more explanatory variables and a mixed logit model allowing for 

household heterogeneity in the discrete choice model for drinking water source choice. 

We use a revealed and stated preference data to analyze the role of perception based 

indicator in water source choices and compare the willingness to pay measures 

calculated for both types of data sets. It is also the first study (to the best of our 

knowledge) conducting choice analysis for water sources in rural India. 
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2.3  Conceptual Framework 

 

Let us suppose that there are n alternative water sources available to a household in a 

community. These are exclusive, exhaustive, and finite number of alternative water 

sources from which the household chooses one at a given point of time for drinking 

purposes. 35 

The representative individual for household r chooses a water source alternative j only 

if it maximizes the utility for that household. There are attributes of the water sources 

and the household characteristics which jointly determine the choice of a particular 

alternative water source for any household in a village. The basic underlying 

assumption is that a household maximizes its utility given the set of choice of water 

sources available to it.  

Suppose there are total N alternative water sources, then a representative individual in 

household r will choose water source j if  

∈ {𝑁} 𝑎𝑛𝑑 𝑖≠𝑗 

If Y is a variable representing the choice of water source j then 

=1 

𝑖𝑓    ≥      𝑓𝑜𝑟  𝑗,𝑖 ∈ {𝑁} 𝑎𝑛𝑑  𝑖≠𝑗 

 
35 Even though people might be using more than one source at a time, in theory, our observations from 

the field provide evidence against that. So, we assume that at one point in time, any household chooses 

only one source from the available sources to be used for drinking purposes. Thus, by construction, the 

choice set in this analysis consists of all finite water sources available in the community but not their 

combinations.  
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= 0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 

The household's unobserved utility from choosing any source of water is assumed to 

be an additively separable function under a random utility model. It consists of an 

observed term (indirect utility which is observed and can be calculated from the data) 

and a random error term.         

= + ,     𝑓𝑜𝑟 𝑗∈𝑁 

It means that  

=1 

𝑖𝑓 + ≥ +      𝑓𝑜𝑟 𝑗,𝑖 ∈ {𝑁} 𝑎𝑛𝑑 𝑖≠𝑗 

= 0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 

Any discrete choice model allows us to estimate the probabilities of choosing a 

particular source of water given the attributes of the water source and the household 

characteristics. If the utility function for a household is as defined above, then in terms 

of the random utility model the probabilities associated with choosing water source j 

would be  

𝑃𝑟𝑜𝑏( =1) = 𝑃( + ≥ +  ) 𝑓𝑜𝑟 𝑗,𝑖 ∈ {𝑁} 𝑎𝑛𝑑 𝑖≠𝑗 

𝑃𝑟𝑜𝑏( =1) = 𝑃( − ≥  −  ) 𝑓𝑜𝑟 𝑗,𝑖 ∈ {𝑁} 𝑎𝑛𝑑 𝑖≠𝑗 

For the identification of this discrete choice model and estimation of the actual utilities 

and the choice probabilities associated with it, the distribution of the error term needs 

to be defined. The variables which enter into the determination of the indirect utility 

function also have to be specified.  
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In different discrete choice models, there are different specifications for the variables 

which enter into the indirect utility function for a household. The variables which 

enter the utility function, in this case, would be the household characteristics and the 

attributes of water sources. Generally, a multinomial logit model incorporating both 

the attributes of the water sources and the characteristics of the household takes the 

form of a conditional logit model as follows.  

If X is the household characteristics for a household r and Z is the vector of attributes 

of particular water source j for household r then the indirect utility (observed part of 

the utility function) would be  

= + 𝛼  

In the conditional logit model, the characteristics of water sources Z vary for each 

water source j for household r. Still, the household characteristics X remain the same 

for a household r across all water sources j.  

Let's assume that the indirect utility or the observed part of the utility is a function of 

demand for water and composite goods  

=  ( ,𝐶) 

Another way of writing it would be, 

where the water quantity demanded is a function of the characteristics of water source 

choices and the specific household characteristics in the following manner.  

=  ( , ) 

The constraint for this utility maximization problem would be  

𝐶∗𝑝+ ∗  ≤  
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Where  is the income of household r, p is the price of composite good and  is the 

price of collecting water (time cost of collection of water converted into monetary 

equivalents using wage rates).  

The household or the individual tries to maximize its utility given the constraints on 

the water demand and the consumption of the other composite goods. The water 

source alternative, which leads to the maximization of the household's utility given the 

constraints and the household and water source characteristics, is the one which is 

chosen by the household. Since the dependent variable is discrete, the demand 

functions and the choice probabilities cannot be derived simply by using the first-order 

conditions of a utility maximization problem. Instead, the utility functions will be 

directly applied to find out the demand function and choice probabilities.  

Under the assumption of Independence of Irrelevant Alternatives (IIA) and 

homogeneity of the population's preferences lack of variation of household 

characteristics across different water source choices within a household,  a conditional 

logit model can be used to estimate the household choices of water.  

In this model, it can be assumed that the error term follows extreme value distribution 

and the model, and the estimation procedure becomes similar to the standard 

multinomial logit models. In the simplest case, it can also be assumed that both 

indirect utility and the water demand functions are linear in their parameter.  

Under these assumptions, the following equation can be derived for household r 

choosing water source j.  

                                                    = + 𝛼 +   
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where the utility  is maximized when water source j is chosen, and the value of  

is equal to one.  

If the assumption of IIA does not hold and there is household heterogeneity, then we 

cannot use the conditional logit model. In that case, we use a mixed logit for the 

choice of a water source, which allows for household heterogeneity in preferences as 

well as the violation of the independence of irrelevant alternative criteria.  

If the preferences of people vary across a village, that would mean that instead of one 

constant value of  in the sample data, it follows a probability distribution with a 

density function as  that explains the heterogeneous preferences driving water 

source choices in the data set.  

If we assume that f(beta) follows a normal distribution, we can have a mixed logit 

model, where the probability of choosing a particular source will be given by  

 

 

2.4 Fieldwork and Data Construction 

 

There are two sets of data that are being used in this paper, revealed preference, and 

stated preference data. In this section, we explain in detail the fieldwork and data 

construction method used for creating these two data sets used in this paper.  
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2.4.1 Revealed Preference Data 

 

We collected a two-year panel data from 30 villages in the Jharkhand state of India. 

The 30 villages in the data have different sets of available water sources from which a 

household chooses a water source for drinking each year. As the water sources in these 

villages are generally not constructed by one development agency, there are 

differences in the mode of construction as well as the final source type.  Due to this 

reason, it is not realistic to assume that one water source from one village will be the 

same as a water source of that type from another village. For example, we cannot say 

that for an individual choosing a water source well in the village one is the same as 

another well in village two. 

For this reason, we create a universal choice set consisting of all possible sources 

comprising of all sources in different villages. A household in a village chooses from 

the sources available in their village. The distance between villages makes it almost 

impossible for a household to select a source from another village.  It is a varying 

choice set in which households in each village are choosing sources from the same set 

of water sources, and households in different villages are choosing from a different set 

of sources. However, by construction, each household is exposed to the same universal 

choice set of sources.  

We collected data from 15 villages in each district Khunti, and Ramgarh of Jharkhand 

state in India, with 25 randomly chosen households from each village for two years, 

2016-17 and 2017-18.  Data were collected through the interview-based survey of a 

representative woman from each household. The distance from each sample household 
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to all the water sources available in the community was measured during the field data 

collection. Using this distance data, we calculate travel costs to each source in the 

village for sample households irrespective of whether that is the source chosen by that 

household or not. We use these travel costs and the information about the selected 

source to construct a discrete choice data set for each household surveyed in a village. 

We then repeat this exercise for sample households in different villages and combine 

this data to construct a choice data based on the universal choice set. In each 

household, we use the revealed data about quality perception indicators (based on 

taste, color, and no perceived risk of falling ill; these are all binary indicators with 1-0 

values)36 to construct village averages for each of the water sources in the community. 

We use this village averages as the values of different quality based perception 

indicators associated with various sources for a household. Since we do not have 

individual reported values on individual perception indicators except for the chosen 

source by a household, this is the best alternative method that we could use in this 

analysis. Using village level averages for perception-based indicators for different 

water sources can also control to some extent, the possible endogeneity in individual 

quality perceptions. People's experiences, like the history of illness, may affect 

people's perceptions as well as their source choices. Using the village averages 

indicates using community-based quality perceptions that can act as a proxy for 

individual perceptions. Still, at the same time,  one would expect them to be 

uncorrelated with personal experiences and old illnesses in a household.   

 
36 Likert scale indicators did not work as people were not able to respond to them in pilot study. 
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In the revealed preference data set, there are alternative specific constants for different 

types of water sources available in the community like well, hand pumps, Chua37, and 

river. These are publically available sources which anyone can use in the village38. But 

each household also has the option of choosing to build a private source of its own, 

which other people in the community are not allowed to use. There are also piped 

water taps in households that get water from a piped water system in the village. These 

connections are also private most of the time but can be public too when instead of 

individual taps, there are public taps in the village linked with a piped water system. 

To differentiate between the nature of the public and private source and its effect on 

water source choices, we have constructed two separate discrete choice data. In the 

public data set, it has only publically available sources, and the households that choose 

private sources are removed from the data set. The second data set contains both types 

of households, public sources, along with privately-owned water sources. Each 

household should be exposed to the same set of choices. To ensure that we assume 

that a household which is choosing public sources now can, in theory, choose to build 

a private source of its own.  We introduce a private source choice for these households 

and create discrete choice data for analysis39. 

 

 

 
37 A smaller well built around natural water fountains (springs) in Jharkhand. 
38 Provided that there are not unstated caste based restrictions on open access of public sources which 

we do not observe in our field villages in Jharkhand.  
39 We understand the limitation which income and other households specific variables, observed or 

unobserved variables may place on this assumption, but for the sake of data construction, we assume it 

anyway. 
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2.4.2 Stated Preference Data 

 

The stated preference data is collected from 200 randomly chosen sample households, 

by selecting 20 respondents each from 10 villages. These households and villages are 

a subset of those from which we had collected panel data used for the construction of 

the revealed preference data set. The same woman representatives who had been 

interviewed in the panel data survey were asked to take part in the stated preference 

data collection. Each respondent was provided with a sheet with pictures40 containing 

a description of two alternative water sources A and B (with no alternative specific 

constant). These sources are defined by three attributes, distance to the source, color of 

the water, and taste of the water. Based on the description of these two sources, the 

women were asked to choose the source which they would prefer. Their answers were 

recorded on a separate sheet by the survey enumerator. Each respondent was presented 

with eight such choice questions. All of the eight choice questions which the woman 

was asked to answer contained different choice sets of sources A and B defined by 

varying levels of the three attributes – distance, taste, and color.  

The data for one household contains answers for eight choice questions. Each answer 

constitutes one data point in the construction of stated preference data. So, we have 

multiple data points for each household. Since there are no alternative specific 

constants in this data sets, the only way one choice differs from other is through the 

level of attributes and the cost of travel (defined by the distance to the source).  

 
40 A sample of the sheet containing choice sets used in the collection of stated preference data is being 

provided in the appendix.  
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There are three levels for each attribute of water source constructed and used in a 

choice set, i.e., taste, color, and distance. These levels for each attribute are ranked 

from low to high (or high to low check; it is rated best to worst). The levels are 

constructed based on the information collected in the pilot study conducted before the 

actual discrete choice data collection.  This entire exercise of data collection was done 

from January 2018 to February 2018 in Ramgarh district of Jharkhand state of India.  

 

 

2.5  Descriptive Statistics and Estimation Results 

2.5.1 Summary Statistics: Revealed Preference Data 

 

The summary statistics for the public sources revealed preference data set are being 

provided in Table 2.A.1 in the appendix. The mean values of different variables are 

provided in separate columns, depending on water source choices made by different 

households in the data. We observe that, on average, some of the variables have 

similar values across households choosing different types of water sources. Some of 

the other variables have entirely different values across sources. For example, the 

proportion of upper caste and lower caste people choosing a water source is more or 

less the same across the sources except in Chua. We find that compared to other 

sources, a slightly higher proportion of lower caste people choose Chua. The 

percentage of children under five and the proportion of married women among survey 

respondents are distributed similarly between different sources. The age of the female 

respondents is similar across various alternative sources, with those choosing Chua 
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being slightly younger.  The asset index is a ratio of the number of assets available in a 

household as with a total of 22 possible assets. The mean value for the asset index is 

similar across different source types with a slightly higher value for people using 

piped water taps. It indicates that better-off families in a village tend to choose piped 

water connections. The average levels of female education show interesting trends. 

The households that choose the river for drinking purposes have the lowest completed 

education levels for female survey respondents. In contrast, those choosing Chua are 

the ones with the highest level of completed education compared to others. The four 

factors determining source choices, travel cost, taste perception of water, color-based 

quality perception, and perceived risk of falling ill differ between different source 

types. It is expected as these differences are the factors driving source choices for 

households in a village. 

In Table 2.A.2 in the appendix, we provide the summary statistics for the revealed 

preference data, which include privately-owned sources. The results in different 

columns correspond to various source alternatives. The results of the summary 

statistics are more or less similar to the earlier table (Table 2.A.1). The only difference 

is having an additional source type of privately-owned water source for households in 

the data.  

Distance to the source determines the time cost of traveling and influences a choice of 

water source for people living in rural communities. But distance is not the only factor 

determining this choice. If the distance to the source were the only factor determining 

people's choice, then they would choose the water source nearest to their house. We 

plot the percentage of people choosing their closest water sources in the sample 
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villages, and the result is provided in Figure 2.1. From Figure 2.1, it can be observed 

that in the communities in our sample, there is a substantial proportion of households 

that are choosing sources situated far away from their house. About 40 percent of the 

total households in the data decided to fetch water from sources, which are further 

away from their home.  
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Figure 2.1: Distribution of Houses Choosing the Nearest Source for Drinking Across 

Different Villages 

 

It indicates that there might be other factors apart from the distance to the source and 

the time cost of traveling, which might affect people's water source choices.  
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In Figure 2.2, we plot the households in each village for which the quality perception 

of the chosen source matches the objective quality of water. In the panel data set, we 

had also collected water samples from the sources and tested them for the presence of 

E. coli bacteria as a proxy for drinking water quality. From Figure 2.2, we can observe 

the proportion of households in each village for which the perception of quality 

matches and non-matches with the tested water quality of the source.   
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Figure 2.2  Distribution of Chosen Sources in Different Villages Showing a Match 

between Perception and Objective Measures of Water Quality 
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In the sample villages, at most, 20 percent of the household had a match between the 

perception of quality with the measured objective quality. 

In other words, in these houses, the chosen source had a good quality of water (safe 

source with zero E. coli count) with coincided with their perception of quality. But 

there are also villages with not a single sample household for which objective quality 

of water matched with people's perception of quality. In the majority of the 

households, perception of quality does not match with objective water quality. Since 

people do not know their quality of water (objective tested values), the perception of 

quality seems to be the main factor determining source choices. We will explore the 

role of perception of quality in source choices in more detail in the next section of 

regression results. 

 

2.5.2 Summary Statistics: Stated Preference Data 

 

The summary statistics for the stated preference data sets are provided in the appendix 

Table 2.A.5. We can observe that all the household-specific variables have precisely 

the same average values for unlabeled sources A and B. The values of time cost of 

traveling to the source, taste, and color based quality perception indicators are almost 

the same on average. The questionnaire and choice sets for state preference data were 

designed in a way to ensures that these average values should be the same for all the 

variables of the model.  

The households which were interviewed for stated preference data collection had the 

following characteristics. On average, the women respondents were 31 years old, were 
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educated till 5th standard, and came from families with six members. In our sample,  

there was an almost equal proportion of households came from upper and lower castes 

groups. Furthermore, we find that on average, each household had about six assets 

(out of 22), and the ratio of children under 5 in the family was 0.12.  

 

2.5.3 Estimation Results: Revealed Preference Data 

2.5.3.1 Effect of Perception on Source Choices 

 

A mixed logit approach is used where there is random heterogeneity in consumer 

preferences. For our data set, we assume that there are continuous unobserved 

variations in people's perception of drinking water quality. The four parameters of the 

model (travel cost, taste, color-based quality perception, and perceived risk of illness) 

follow a continuous normal distribution. We take into account the panel data 

structure41 and use random draws for simulation of the preference parameters of the 

model. In Table 2.1, we present results from mixed logit estimation of source choices 

for two models with alternative specific constants and different attributes of water 

sources. In Model A, we assume that the travel cost is fixed while the other three 

perception-based indicators have a random normal distribution. In model B, we 

assume that travel cost is distributed normally. The estimated coefficients provided in 

Table 2.1 are the mean and standard deviation of the distribution of different variables, 

indicating the presence of heterogeneous preferences. From the two models in Table 

2.1, it can be observed that model B has a grater log-likelihood and is a better fit for 

 
41 It means that each observation of a household is treated as independent point (case) for analysis.  
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the data. Thus, the other results for this data set (public source choice revealed 

preference data) are calculated using the estimation results from model B of Table 2.1. 

Using this model, we calculate the willingness to pay and the average marginal effects 

of different attributes of source choices. These results are provided in Table 2.2 and 

Table 2.3. The estimated coefficients from column 2 of Table 2.1 represents the 

relationship of choice of a source with its attributes.  

This relationship is valid for the households that have preferences corresponding to the 

mean value of the distribution. From column 2 of Table 2.1,  we can say that there is a 

significant negative relationship between travel cost and source choices. There is also 

a significant positive association between different quality perception indicators and 

source choices for households whose preferences lie on the average part of the 

distribution of these attributes.  

We repeat the entire analysis for the revealed preference data set, including the 

choices of privately owned sources. The mixed logit regression coefficients for this 

data set are provided in Table 2.2. The comparison of the two models and their log-

likelihood values indicate that model B with randomly distributed travel cost is a 

better fit to the data. We can observe from column 2 of Table 2.2 that an increase in 

travel cost significantly reduces the probability of choosing a source. In contrast, 

improvement in the perception-based indicators increases this probability. These 

results are valid for the households that have the preferences corresponding to the 

average values for travel costs and other quality perception indicators. The willingness 

to pay calculations and marginal effects of different perception based indicators on the 
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choice of a source for this data set, which includes private source choices are being 

provided in columns 2 of Tables 2.3 and 2.4.  

Table 2.1 Effect of Perception Indicators on the Choice of a Source (Revealed 

Preference Data with Public Sources) 

 

 

2.5.3.2 Willingness to Pay (WTP) 

 

The willingness to pay for improvement in perception based water quality indicators is 

calculated for both sets of revealed preference data sets (without privately-owned 

source choices and with it). These results are provided in Table 2.3. From column 1 of 
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Table 2.3, we can note that a household is willing to pay 8 Indian rupees to have an 

improvement in the taste of the drinking water. This result is valid for the household, 

which has average coefficients for travel cost and taste-based perception indicator as 

provided in Column 2 of Table 2.1.  

 

Table 2.2 Effect of Perception Indicators on the Choice of a Source (Revealed 

Preference Data including Private Sources) 

  

In other words, to have a taste of water that the household like (dummy variable with 

value 1), they would be willing to pay 8 Rs extra per day or 240 Indian rupees per 
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month (about 3 U.S. dollars in a month)42. A household with average preferences (in 

the distribution of cost and perception indicators) will be willing to pay about 5 Indian 

rupees per day (150 Indian rupees per month or about 2 U.S. dollars per month) to 

have a water source with better color (or no color). They will also be willing to pay 4 

Rs per day (120 Indian rupees per month or 1.5 US dollars per month) to have a better 

source with no perceived risk of illness. The willingness to pay for revealed preference 

data, including privately owned sources, is provided in column 2 of Table 2.3.  

 

Table 2.3: Willingness to Pay Estimates for Revealed Preference Data 

 
Willingness to pay (in Indian Rs per day) 

Variables Public Data Data including private 

source 

Taste preference 8.45 9.06 

Color (quality 

perception) 

5.28 3.74 

No perceived 

risk of illness 

3.95 2.63 

 

We find that while the willingness to pay has gone up slightly for improvements in the 

taste of water while it has gone down for color and no perceived risk of illness 

compared to data with no privately owned source choices. 

 
42 This may seem quite small but compare it with a daily wage of 150-200 Indian rupees for people in 

villages in Jharkhand. In order to have an improvement in the taste of their drinking water people are 

willing to give up one day’s wages.  
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2.5.3.3 Average Marginal Effects 

 

Table 2.4 Marginal Effects for Revealed Preference Data 

Marginal effects (with no interaction terms) 

 
Public data Data including private 

source 

Taste preference 0.36 0.41 

Color (quality 

perception) 

0.16 0.12 

No perceived risk of 

illness 

0.13 0.08 

 

 

The average marginal effects of different quality perception indicators for the revealed 

preferences data set is being provided in Table 2.4. On average, if a household likes 

the taste of water, the probability of choosing that source increases by 35 percent in 

the data set with only public source choices and by 41 percent when privately own 

source choices are included in the data. If they like the color of the water, then the 

probability of choosing that source increases by 16 and 12 percent respectively in 

public and public-private revealed preference data sets. If they believe that there is no 

perceived risk of illness associated with a source,  then the probability of choosing that 
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source goes up by 13, and by 8 percent in public and public-private revealed 

preference choice data sets. 

 

2.5.3.4 Choice Probabilities 

 

The average choice probabilities associated with different water sources are provided 

in Table 2.5. These results are calculated as a comparison to the base alternative, 

which is the river in this specification43. From Table 2.5, it can be observed that the 

highest choice probability compared to the choice of the river is associated with Chua. 

It is an unexpected result but particularly relevant for this region of India. In rural 

Jharkhand, Chua is a small well, which is built around a natural fountain of water from 

in the ground. In places where water comes out from the earth naturally as a fountain 

or small stream (typically in low land areas in the farms in the outskirts of a village), 

villagers put a small structure of stones and bricks around. Compared to a well, the 

water level is quite high in Chua, and it tends to have a smaller circumference. During 

the pilot survey and group discussion with villagers, it was found that if there is a 

Chua in the village, people prefer to fetch water from it for drinking even if it is far 

away from the village.  

 

 

 

 
43 River is taken as the base alternative as we have observed that river is the most unlikely source to be 

chosen (most undesirable).  
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Table 2.5 Choice Probabilities of Different Water Sources in the Revealed Preference 

Data Set 

Choice Probabilities (compared to the river as a base alternative) 

 Public data 

Data including private 

sources 

Hand pump 0.122 0.130 

Well 0.133 0.150 

Chua 0.204 0.215 

Piped 0.036 0.065 

Private source 

 

0.007 

 

In Table 2.5, we find that the average choice probabilities attached with piped water 

tap compared to those of the river are small. It seems that people do not prefer 

choosing a piped water tap for drinking purposes compared to other sources in the 

community. It is an interesting result that may have policy implications for providing 

access to safe drinking water sources in rural India. To make piped water as the 

primary source for drinking, we need to have campaigns or behavior change programs 

that could influence people's perception in favor of piped water taps.  

Interaction effects 

The effect of different perception based indicators on water source choices may vary 

based on the age and income (wealth) of the households in the data set. To check these 

effects, we include the interaction of age, wealth (and other control variables) with the 

quality perception indicators. The results of a mixed logit analysis of source choices, 
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including the interaction terms with household-specific variables, are being provided 

in Tables 2.A.3 and 2.A.4 in the appendix.  

 

2.5.4 Estimation Results: Stated Preference Data 

2.5.4.1 Effect of Perception on Source Choices 

 

In the stated preference data collection, each respondent was presented with choices 

between two unlabeled sources A and B, which were defined by different levels of 

distance to the source, taste, and color of the water. The recorded choices presented a 

discrete choice data set. The estimation results of a mixed logit estimation for the 

choice of un unlabeled water source for this stated preference data sets are presented 

in Table 2.6. The time cost of travel is calculated using the distance to the source and 

uniform speed of walking. We can observe that it has a negative relationship with 

source choice. Greater the distance to the source less likely is a household to choose 

that source for drinking. But the significance of the relationship goes away when we 

allow travel costs to be random instead of fixed. Since the value of the log-likelihood 

is higher with random cost, taste, and color-based perception of water, we would 

prefer the model B in Table 2.6 for our analysis. It can be observed from Table 2.6, 

column 2, that both taste and color based quality indicators have a significant positive 

effect on source choices. It is a mixed logit analysis with random preference 

parameters. The results presented in Table 2.6 are for the people whose preference lies 

at the average part of the distribution of the parameters of the model. Both taste and 
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color based parameters of the model have three levels, 1, 2, and 3. Level 1 refers to the 

worst (least preferred option), and level 3 refers to the most preferred option.  

 

Table 2.6: Effect of Perception-based Indicators on the Choice of a Source (Stated 

Preference Data) 

 

These levels were determined after conducting a thorough pilot survey. In the case of 

the taste based indicator, level 3 is for no taste of water, and level 1 refers to a salty 

taste of water. In the case of color based indicator, level 3 is for transparent water with 

no color, and level 1 is for muddy water with brown color. So, the positive sign of the 

estimated coefficients for taste and color based perception indicators show that if a 

water source has better taste or color of water,  chances of choosing that water source 

increases. We also include household-specific control variables in the estimation by 



 

79 

 

interacting them with our alternative specific variables like taste and color of the 

water. The results of the mixed logit estimation with the interaction effects are 

provided in Appendix Table 2.A.6. 

 

2.5.4.2 Willingness to Pay (WTP) 

 

We use the results from column 2 of Table 2.6 to calculate the willingness to pay for 

quality improvements for people who have their preferences at the average part of the 

distribution of the parameters in a heterogeneous population. These willingness to pay 

estimated are being provided in Table 2.7. The time cost of traveling to a source is 

calculated by assuming that people work for eight hours for a daily wage of 200 Indian 

rupees. We find that households are willing to pay 159 Indian rupees per day or 4800 

Indian Rupees in a month (about 70 U.S. dollars) for improvement in the taste of the 

water of the source. For improvement in the color of water, they are willing to pay 94 

Rs per day or about 2800 Indian rupees per month (about 40 U.S. dollars )44.  

If we compare the willingness to pay for taste and color-based quality improvement in 

water in the stated preference data and revealed preference data, there is a vast 

difference. The willingness to pay measures estimated in the stated preference data 

seems more than the monthly income of many rural households. While in revealed 

preference data, people seem willing to pay in a month amounts that are equivalent to 

the daily wage of a laborer. It is important to note that the willingness to pay estimates 

in the revealed preference data, though seemingly small, is still more than what people 

 
44 These calculation of time cost of travel is done under the assumption of daily average wage of 200 

Indian Rupees per day and working time of 8 hours per day.  
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pay in villages of Jharkhand for getting piped water for a month (about 30-60 Indian 

rupees a month). In the literature, it is stated that the actual willingness to pay 

estimates would lie somewhere in between the revealed preference and stated 

preference estimates. Irrespective of the exact amount, the positive non-zero values 

indicate that households have a desire to see improvements in both the taste and the 

color of the water. This desire can be seen reflected in the willingness to pay estimates 

calculated using the reveled preference and stated preference choice data sets.  

 

Table 2.7: Willingness to Pay Estimates for Stated Preference Data 

 

 

 

 

 

 

2.6 Conclusion 

 

Correctly choosing a drinking water source in a rural community is essential for 

ensuring that safe water sources are being chosen. If there are safe water sources 

available in a community and people are choosing other sources, then it could be a 

cause for concern due to the risk of water-borne diseases and implied health costs. In 

this paper, we found that in the villages of Jharkhand, perception-based indicators of 

Willingness to pay estimates (in Indian 

Rupees per day) 

 
Taste of water Color of water  

WTP 159.19 93.89 
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water quality play an important role in determining source choices. Perception of 

water quality based on the taste of water, the color of water, or perceived risk of 

illness is driving the choice of water sources in rural areas along with the cost of 

traveling to the source. Households seem to not know about objective tests for water 

quality, and we found a large mismatch between the perception of quality and 

objective measure of water quality.  From the analysis of the revealed preference data, 

we find that Chua (similar to a small well) has the highest choice probability among 

all the water sources. Chua is one of the unsafe sources of drinking water45 , but 

people prefer it because they believe it has better quality.  

On the other hand, the choice probability associated with piped water taps (when 

available in the villages) is quite low. It indicates that people's perception of quality is 

making them choose sources that may not be safe for drinking.  The willingness to pay 

estimates shows the degree of people's desire to see improvements in the quality of 

water sources. In our field area, the quality is based on perception-based indicators of 

taste preference and the color of the water. Households are willing to pay about a 

minimum of 150 Indian Rupees per month and a maximum of 4800 Indian Rupees per 

month for improvements in the taste of water.  If we find a way to match the objective 

quality of water with the perception of quality for people in rural Jharkhand, then these 

estimates will also tell us people's willingness to pay for providing safe water sources 

in their communities.   

 

 
45 We have also tested drinking water quality from different sources in the field area using presence of 

E. coli bacteria in the water as a proxy for quality. In all the sample collected from Chua, we have found 

really high presence of E. coli in water.  
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APPENDIX TO CHAPTER 2 

 

Table 2.A.1: Summary Statistics for Revealed Preference Data (with Public Sources) 
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Table 2.A.2: Summary Statistics for Revealed Preference Data (with Private Sources) 
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Table 2.A.3: Effects of Perception Indicators and Household-specific Variables on 

Source Choice (Revealed Preference Data with Public Sources) 

 

 

 



 

85 

 

 

Table 2.A.4: Effects of Perception Indicators and Household-Specific Variables on 

Source Choice (Revealed Preference Data including Private Sources) 
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Table 2.A.5: Summary Statistics for Stated Preference 

Data
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Table 2.A.6: Effects of Perception-based Indictors and Household-specific Variables 

on Source Choice (Stated Preference Data) 
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Table 2.A.7 Attributes of Water Sources for the Construction of Choice Sets used in 

Stated Preference Data Collection 

 

 Attributes of Water Sources 

Levels of 

Attributes 

Distance Color of water Taste of water 

1 >300 meters Muddy (brown) 

 

Bitter (Hard water) 

2 50-300 meters Yellow (somewhat 

clear) 

 

Salty 

3 <50 meters Clear (no color) 

 

No Taste (sweet) 

 

 

 
 

Figure 2.A.1 Choice Set Example used in the Stated Preference Data Collection 
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CHAPTER 3 

ACCESS TO PIPED WATER, TIME SAVINGS, AND 

ABSENTEEISM IN SCHOOL: EVIDENCE FROM INDIA 

 

3.1 Introduction 

 

 

School attendance is essential for enrollment rates, completed grades, and overall 

school performance of children. It can affect the school dropout rates and ultimately 

may affect children's earning potential as an adult. The problem of school absenteeism 

is more prevalent for children in rural areas of developing countries like India. Schools 

are sometimes the only place where these children can study. They often come from 

households with illiterate parents, have no study environment at home, and have no 

money to pay for tuition and coaching classes outside schools. In such a situation, 

absenteeism from school can have a tremendous impact on the school performance of 

these children. One prominent cause for school absenteeism for children could be the 

burden of water collection from water sources situated far away from their houses. If 

the children are engaged in water collection from outside sources, then the time spent 

in water collection may cause delays and absenteeism from schools. As mostly the 

women and girls in the household are engaged in water collection, the effect of water 

collection could be more on the girls as compared to boys. Additionally, if the adult 

women in a family are engaged in water collection, it may result in the children, 

especially girls, in these households undertaking other chores in place of their 

mothers, sisters, or aunts. The burden of these additional chores may also indirectly 

cause them to miss school.  
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In rural India, the process of acquiring access to in-house piped water taps works at 

two levels. The government selects a village for establishing a piped water system. In 

rural Indian society, communities do not seem to make a group decision for accessing 

piped water inside a village. The decision to bring a piped water scheme in a village is 

imposed from above by the government or other development agencies. This decision 

is generally not driven by pressure from the community. Once the piped water system 

has come into the village, different households self-select themselves into the piped 

water system. The establishment costs and user charges for obtaining a piped water 

connection inside a community along with the preferences of the head of a household 

for clean water, and better child school outcomes drive the self-selection into piped 

water. 

We control for the household level selection into piped water by using an instrumental 

variable based on the non-self-community ratio46 of access to piped water. The non-

self community ratio is the proportion of households in a village that choose to get a 

piped water connection, excluding the household under consideration. Under the 

assumption that most of the variation in access to piped water lies at the household 

level and not at the community level, the non-self-community ratio will affect the time 

spent in the collection of water and absenteeism from school only through household 

access to piped water. An instrumental variable based on the non-self-community ratio 

 
46 Non-self-community ratio instrumental variable for household access to piped water is constructed by 

undertaking the following calculations. Total number of households that have access to piped water in a 

village are calculated with deduction of 1 from it if the concerned household have access to piped 

water. A ratio of this number with the total number of households in a village provides us with the non-

self-community ratio for a household.  
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seems to work well in predicting the household access to piped water after controlling 

for observed variables.  

In this paper, we analyze the effect of access to piped water on absenteeism from 

school for children who were in the primary and secondary school in 2005 in rural 

India.  In India, only about 40 percent of rural households have access to in-house 

piped water taps. In the absence of access to piped water, family members travel 

outside their homes to fetch water for drinking, cooking, bathing, and other household 

purposes. The time spent in collecting water from outside sources entails a loss of time 

for other activities like going to school. We use panel data of two years from the 

Indian Human Development Survey (IHDS) (with a gap of seven years) to find out the 

effect of access to piped water on school absenteeism for children in rural India.  

In the literature, there are papers on the effect of absenteeism of teachers from schools 

on school outcomes of children. But not many studies have focused on the impact of 

child absenteeism from school on school outcomes. Furthermore, until very recently, 

the literature on access to piped water had focused primarily on its health effects.  This 

paper is the first study connecting access to piped water with school absenteeism for 

children in the Indian context.  It makes an essential contribution to the literature by 

incorporating both the time-saving effects of piped water and school absenteeism from 

school for children in one study. We find that investment in piped water infrastructure 

will not only reduce the time spent in water collection; it can also affect the 

absenteeism for school going children in houses with access to pipe water.  

In section 3.2, we provide a brief literature review for this study. Section 3.3 of the 

paper talks about the drinking water policy in India. Section 3.4 contains a description 



 

101 

 

of the data used in the analysis. In section 3.5, we provide estimation methodology and 

reduced-form equations. In sections 3.6, we provide the estimation results and their 

discussion. Section 3.7 presents the conclusion of this paper.  

 

3.2 Literature Review 

 

The literature on the effect of household access to piped water concentrates on child 

health and water-borne diseases like diarrhea (Arnold & Colford, 2007; Clasen et al., 

2007; Devoto et al., 2012; Galiani et al., 2005; Gamper-Rabindran et al., 2010; Jalan 

& Ravallion, 2003; Kremer et al., 2011; Lamichhane & Mangyo, 2011; Mangyo, 

2008; Merrick, 1985; Timmins et al., 2008). Only in recent years, the focus has shifted 

on the effect of access to piped water on time spent in the collection of water and 

substitution of this saved time for other activities, including going to school for 

children.  

Some studies in recent years have analyzed the labor time use of women in a 

developing country and the way infrastructural changes like piped water can affect the 

distribution of time of women between different activities (Crow et al., 2012; Ilahi & 

Grimard, 2000; Koolwal & Walle, 2013; Meeks, 2017; Null et al., 2012). The labor 

time use pattern of women in a rural community in a developing country is often 

restricted by the existing labor markets and home production technologies. The home 

production technologies are dependent on the state of existing infrastructure and the 

institutional structure of the rural community (Fontana & Natali, 2008). Lack of 

necessary infrastructure like piped water taps implies that women spend a lot of time 
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on household chores and less time on market-based production activities (Koolwal & 

Walle, 2013). In his paper, Meeks (Meeks, 2017) finds that access to piped water 

tends to reduce the time spent in the collection of water at the household level by 170 

minutes on average per day. Furthermore, this saved time in water collection leads to 

an increase in the time spent on leisure activities by 80 minutes and in farm labor by 

90 minutes per day. He uses a panel data of Kyrgyzstan to derive these results.  

One of the papers on the time-saving effects of access to piped water is by Ilhai and 

Grimrad (Ilahi & Grimrad, 2000). In this paper, they use a cross-sectional data of 1991 

to analyze the effect of access to piped water on time allocated to other activities by 

the woman in Pakistan. They find that the distance to the water source affects both the 

decision to collect water from outside and the time spent in water collection by a 

woman. The results from this paper indicate that 'as access to water deteriorates, there 

is a reduction in the probability of collection of water, but for those women who 

continue to collect water more time has to be spent in water collection' (Ilahi & 

Grimrad, 2000). This paper concludes that access to piped water leads to time savings 

and may increase the time spent in other activities by women, but it does not look at 

its effect on school outcomes per se.  

There could be a substitution of the freed-up time from water collection as a result of 

access to piped water for other household chores like preparing children for school or 

child care. In the literature, the effect of improvement in water infrastructure on time 

spent in child care is ambiguous. It can work in two ways. If the adult women in the 

family were mainly engaged in child care, then they can use the freed-up time from 

water collection for child care. It can also mean that they might use freed up time for 
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other market-based labor activities like a farm or non-farm work, which might imply a 

higher burden on adolescent girls to take care of younger children in the family 

(Koolwal & Walle, 2013).  

Similarly, the effect of access to piped water at home on school outcomes for girls 

going to school is not very clear (Masuda & Cook, 2013; Nauges & Strand, 2013; 

Zhang & Colin, 2016). Some papers find that access to piped water reduces the burden 

of water collection on adolescent girls and thus improves their school outcomes 

(Nauges & Strand, 2013). But it is also possible that women in a household with 

access to piped water taps substitute their freed-up time from water collection for farm 

or non-farm activities, leaving the burden of child care or other household chores on 

girls in the family. In such cases, the increased burden of child care or other household 

chores on adolescent girls may adversely affect their school outcomes. In their paper, 

Nauges and Strand (Nauges & Strand, 2013) use a pseudo panel of four years of 

Demographic Household Survey (DHS) data for children in the school-going age in 

Ghana to analyze the effect of time spent in the collection of water on school 

attendance of girls at the community level. They find that for the communities that 

spend more than twenty minutes in water collection, there is a significant reduction in 

the average school attendance of girls. In another paper, Masuda and Cook (Masuda & 

Cook, 2013) use a quasi-experimental method and find that in Ethiopia, improved 

water access positively affects boy’s school attendance compared to girls.  

Most of the papers in this literature have focused on the short-term effects of piped 

water on health, time savings, and school outcomes. In contrast, Zhang and Colin 

(Zhang & Colin, 2016) paper analyses the long-term effects of treated piped water 
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systems on completed years of schooling for youth between 18 to 25 years of age. 

Their (Zhang & Colin, 2016) paper is a study based in China that conducted surveys 

after 20 years of operation of the piped water systems. They find that there is a 

significant impact of access to treated piped water on the completed years of 

schooling, especially for girls in their data.  

The papers that studied school absenteeism for children with improved water sources 

did not explicitly analyze its time-saving results. The literature on the effect of access 

to piped water on time use patterns of women did not look at its effect on the school 

attendance of children. This paper address that gap in the literature by studying both of 

these effects of access to piped water in one paper, establishing a link between 

changes in time spent in the collection of water and school absenteeism for children. 

Furthermore, this paper addresses the issue of endogeneity to some extent by using 

panel data with the child fixed effect model along with the use of an instrumental 

variable for access to piped water. It is the first study addressing this problem in the 

context of South Asia, specifically in rural India.  

 

3.3. Drinking-Water in India and Government Water Policy 

 

In India, there is a central government policy initiative National Rural Drinking Water 

Program (NRDWP) for providing clean drinking water to households in rural areas. 

One of the main objectives of the NRDWP is to provide houses in villages with access 

to the piped water instead of other previously favored water sources like hand pumps. 

By 2017, this policy directives aim to  
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‘ensure that at least fifty percent of rural households are provided with piped water 

supply; at least thirty-five percent of rural households have piped water supply with a 

household connection; less than twenty percent use public taps, and less than forty-

five percent use hand pumps or other safe and adequate private water sources.’  

Apart from this central government policy, there are also state-specific policies 

providing piped water access to rural households in different states of India.  

 

 

Figure 3.1 Distribution of Sources of Drinking Water in Rural India 

 

The distribution of water sources in rural India for the years 2005 and 2012 is being 

provided in Figure 3.1. It can be noted down from Figure 3.1 that around 30 percent of 

the household had access to piped water in 2005. In 2012 this changed to about 37 

percent. In 2005, the largest proportion of sample households were using handpumps. 
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But that changed to piped water taps in the year 2012. Furthermore, Figure 3.1 

indicates that there is variation in the sources of water used for drinking purposes in 

each year and across the years. It enables us to carry out the estimation analysis for 

access to piped water, time savings, and absenteeism from school. 

 

3.4 Data  

 

In this paper, we use the Indian Human Development Survey (IHDS) data for India. It 

is a panel data of two years, 2004-05 and 2011-12, collected by the University of 

Maryland and National Council of Applied Economic Research of India (NCAER). 

The first round of data was collected in 2004-05, by conducting surveys of a total of 

41554 urban and rural households in a way that it was a nationally representative of 

India. The first round of the study was spread across 33 states of India, in 384 districts, 

1503 villages, and 276 towns and cities. This round collected data by surveying 

215,754 individuals in 41554 households.  About fifteen percent of the households 

surveyed in 2004-05 were not covered in the second round of the survey in 2011-2012. 

Additionally, some new households were included in the second round of the study. It 

was done to compensate for the attrition in the data from the first round of the survey. 

In this paper, we use the individual and household modules after merging data for the 

households and individuals who were surveyed in both the rounds. 

The household-level data is being used for estimation of the effect of access to piped 

water on time spent in the collection of water. To estimate the impact of access to 

piped water on absenteeism from school for children in classes 1 to 8 in the year 2004-

05 (first round of the survey), we use the individual-level data for the two rounds of 
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IHDS survey. Some variables are available only at the household level. For the second 

part of the analysis, we merge these variables with the individual-level panel data. 

 

3.5 Estimation Methodology 

 

In this analysis, we use an instrumental variable for piped water access binary 

variable. This instrumental variable is defined as the non-self community ratio or 

leave-out ratio47 . 

 is the proportion of households in a village that choose to get a piped water 

connection, excluding the house under consideration, 

=1  for household h in time t 

= 0   for household h in time t 

Where  is the total number of households in a village with a piped water 

connection, and ‘Pop’ is the total number of households in a village. An instrumental 

variable  needs to satisfy the inclusion and exclusion criteria. We find from the 

data analysis that the non-self community ratio meets both inclusion and exclusion 

criteria for instrumental variables.  

We find that there is a strong correlation between piped water binary variable and 

. If a more substantial proportion of households in a village take piped water 

connections (higher value of ), then there is a higher chance for a particular house 

 
47 In the literature, both names are used. In the rest of the paper, we will be using non-self community 

ratio and represent it with . 
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in that village to get a piped water connection48. In India, the selection into piped 

water is private and based on monthly paid user fees.  Under the assumption that most 

of the variation in access to piped water lies at the household level and not at the 

community level, the non-self-community ratio (  will affect the time spent in the 

collection of water and absenteeism from school only through household access to 

piped water.  

For analyzing the effect of access to piped water on time spent in the collection of 

water, we use the household fixed effect model of estimation. This model allows us to 

control for the unobserved time-invariant household-specific variables that might 

affect the time spent in collecting water at the household level. The estimation 

equation used for the analysis of time savings is as follows. 

                                                  (1) 

 

In this equation  represents the household ‘h’ with access to piped water in time 

t49,  is the log of total time spent in the collection of water per day for 

household ‘h’ in time t,  represents household level control variables like the 

education level of the head of the household, the proportion of female family 

members, the ratio of children in the family, household assets, and the number of 

animals in the household ‘h’ in year t. In this equation  represents year fixed effects 

and  controls for unobserved time-invariant household characteristics for household 

h. In this setup,  describing the impact of access to piped water on the time spent in 

the collection of water is the central coefficient of interest. 

 
48 We also find that  satisfies the checks for weak instruments (value of F statistic is above 10).  
49 It is a dummy variable. 
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If there are time savings for households with access to in-house piped water taps, then 

it might influence the absenteeism from school for children in these households. It 

could happen directly via substitution of time spent in the collection of water by 

children for preparing and traveling to school from their house on time. The effect 

would be more prominent if they have to travel a distance to reach schools situated in 

other villages.  Additionally, access to piped water can affect school absenteeism for 

children indirectly through substitution of time of women in these households from 

water collection towards child care and household work, thereby freeing school-going 

children in their homes from these activities. A third pathway could be that in houses 

with piped water taps, women can divert their time from water collecting activities 

towards activities that involve preparing breakfast, bathing, and dressing children so 

that they get ready for school on time. 

Using a child fixed-effect model, the estimation equation for absenteeism from school 

for a child will be as follows. 

                                (2)                        

In the above equation  represents the number of days in an academic year child ‘c’ 

in household ‘h’ and year ‘t’ has been absent from school;  represents the 

access to piped water in household h in year t;  describes year fixed effects and  

controls for unobserved time-invariant child characteristics for child c in household h;  

 are the child level control variables like the age of the child, gender of the child, 

marriage status, school type, school enrollment status and medium of instruction;  

are household-level control variables like the proportion of children and female family 

members in the family, household asset index, education level of the female head of 
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the household, highest education level in the family, and availability of water storage 

facilities.   

The selection into piped water by a household seems to be a decision, based on 

parental preferences for improved water sources. There could be child-specific 

unobserved variables related to parental preferences for investment in child education, 

which could affect the decision to get connected to a piped water system. If that is the 

case, then the maximum likelihood estimation results in a child fixed effect model for 

school absenteeism could be biased and inconsistent. The possible endogeneity in the 

system is addressed by using the non-self-community ratio50 as an instrumental 

variable for piped water dummy for analyzing the effect of piped water on 

absenteeism from school for children. 

                                                                         (3) 

In this equation,  is the non-self community ratio instrumental variable defined as 

the proportion of households in a village that choose to get a piped water connection, 

excluding the house under consideration. For this instrumental variable to work, there 

has to be a high correlation between variables  and .  

We use the non-self-community ratio of access to piped water as an instrumental 

variable for household access to piped water for both the regression equations51. For 

 
50 Non-self-community ratio instrumental variable for household access to piped water is constructed by 

undertaking the following calculations. Total number of households that have access to piped water in a 

village are calculated with deduction of 1 from it if the concerned household have access to piped 

water. After that a ratio of this number with the total number of households in a village provides us with 

the non-self-community ratio for a household.  
 
51 In the first regression analysis, the dependent variable i.e. log of time spent in collection of water is a 

continuous variable. For continuous variables, the estimation procedure using fixed effect model is 

carried out under the assumption of normal distribution of the error term. In the second regression 

analysis, days of absence from school for a child in an academic year is a count variable. In case of 
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the first reduced form equation, as it is a linear estimation process, we use 2 stage least 

squares (2sls) method of instrumental variable estimation. For this equation (1) and 

equation (3) are used together in the estimation process. First, we run the regression 

for equation (3). We then use the estimated values  from equation (3) into the 

estimation of equation (1) and use a household fixed effect model to estimate equation 

(1).  

For the second reduced form equation as school as the number of days a child is 

absent is a count variable, the error terms follow a negative binomial distribution. Due 

to the non-linear nature of the equation (2), the control function method of 

instrumental variation is being used. In this estimation process, equation (2) and 

equation (3) are used together. First, we estimate equation (3) and calculate the 

estimated value of residuals for this equation. We substitute these values of residuals 

back into the estimation equation (2). We then derive the estimated coefficient of 

interest for piped water binary variables under the child fixed effect estimation model. 

If we just use equation (1) or (2) for estimation, then we get ordinary least square 

(OLS) estimation results under household fixed effect and child fixed effect models. If 

we use equation (3) with equation (1) and equation 2 (separately), then we get the 

instrumental variation (IV) estimation results.  

 

 

 
 

count variables, the error term does not follow normal distribution and another distributional 

assumption must be made regarding the error term to carry on the regression analysis. In this case, 

given the over-specification of the data, a negative binomial distribution for the error term is used. 
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3.6   Estimation Results  

 

3.6.1 Summary Statistics and Regression Results: Access to Piped Water and 

Time Spent in Collection of Water 

 

The summary statistics for the household level data with mean and standard deviations 

of the relevant variables used in the analysis are being provided in appendix Table 

3.A.1. The average time spent on collecting water at the household level is 88 minutes 

per day. The household asset index measures the number of household assets a house 

possesses, ranging from 0 to 30. The average number of household assets (household 

asset index) in the sample is 13. The average household size is 5, with two children on 

average per family in the data set.  

The Ordinary Least Square (OLS)  and instrumental variable (IV) estimation results 

for the effect of access to piped water on time spent in the collection of water in a 

household (equation (1) in section 3.5) are provided in Table 3.1. It can be observed 

from columns 1 of Table 3.1 that the regression coefficient for the access to piped 

water is negative and statistically significant. It indicates that households with access 

to piped water spend, on average, significantly less (about 36 percent less) time in 

collecting water compared to households that do not have piped water in a  household 

fixed-effect model52. Some of the other results in Table 3.1 column 1 have expected 

signs.  

 
52 For estimation under household fixed effect model the standard errors are clustered at the village 

level to control for possible correlation between error terms for households within a village.  
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Table 3.1: Effect of Access to Piped Water on Time Spent in the Collection of Water 

for a Household 

 

In column 2 of Table 3.1, the two stages least square (2sls) estimation results of the 

regression of time spent in the collection of water on piped water are reported using 

the leave-out ratio instrumental variable.  These results are obtained using a 2sls 

household fixed effect estimation model. We find that access to piped water reduces 

the total time spent in the collection of water per day at the household level by 39 

percent. 

We also conduct both the OLS and IV estimation for the sample households under the 

village fixed effect model. These results are being provided in the 3rd and 4th column 

of Table 3.1. We can observe that with a slight difference in the coefficient values, the 

effect of access to piped water on time spent in the collection of water is similar to 

those under the household fixed effect model. The similarity in results under 

household fixed effect and village fixed effect models indicates the robustness of our 

estimation results. 
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The results of the first stage regression of piped water on non-self community ratio 

instrument variables (IV) are provided in Appendix Table 3.A.253. The results in 

column 1 of Table 3.A.2 are from the household fixed-effect model. The coefficient 

on the non-self community ratio is positive and statistically significant, indicating a 

strong correlation between the non-self community ratio IV and access to piped water 

binary variable for a household.54 Column 2 of Table 3.A.2 contains the first stage 

regression results under the village fixed effect model. Again we observe that there is 

a strong correlation between access to piped water variable and non-self community 

ratio instrumental variable.  

 

3.6.2 Summary Statistics and Regression Results: Access to Piped Water and 

Absenteeism from school  

 

Individual-level Indian Human Development Survey (IHDS) panel data is used for 

analyzing the effect of access to piped water on absenteeism55 from school for 

children. The focus group of this analysis is the children who were in primary school 

(in classes one to five) and secondary school (in classes six to eight) in year one 

(2005) of the panel data. As we are interested in studying the effect of access to piped 

water on school absenteeism for children in rural areas, we only use the IHDS data for 

rural India. There is a two-year panel with a gap of 7 years, in the second year (2012), 

 
53 The first stage results are calculated using a linear probability model for regression of piped water 

dummy on the leave out ratio instrumental variable.  
54 The F statistic values for the first stage regression is above 10 negating the possibility of weak 

instruments in this setting. 
55 Number of days a school going child is absent from school in an academic year (9 months). 
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these children are in different classes at the secondary or high school level56. The 

summary statistics for the variables of interests in the individual-level IHDS data are 

provided in Appendix Table 3.A.3.  From Table 3.A.3, it can be observed that on 

average, a child misses three days of school in a month. Assuming a nine-month-long 

school year, this means that on average, there are 27 days of absenteeism from school 

for a child in rural India.   

 The number of days a child is absent from school is a count variable, and a negative 

bionomical regression model based on the maximum likelihood estimation method is 

used in this analysis. The results for the ordinary least square (OLS) and instrumental 

variables (IV) negative bionomical regression of the number of absentee days from 

school on access to piped water in a child fixed effect model 57 is provided in Table 

3.258. The regression results and the incidence rate ratios of the regression coefficients 

are presented in columns 2 and 4 of Table 3.2. The dependent variable  is ‘the 

number of absent days from school in a year.’ It is a count variable. In a count model, 

the effect of a variable on the dependent variable is better understood by using 

incidence instead of regression coefficients.  

 

 

 

 
56 The class in which they are in panel year 2, 2012 depends on their repetition rate, dropout rates and 

the initial age when they started studying.  
57 Robust standard errors are calculated for both child and household fixed effect model under the 

negative binomial regression using maximum likelihood estimation method. 
58 First stage results for regression of leave ration IV on piped water access are provided in the appendix 

Table A5. In this regression linear probability model is used.  
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Table 3.2: Effect of Access to Piped Water on School Absenteeism for Children in 

Primary and Secondary School 

 

In Table 3.2, the incidence rate ratios59 of different variables are provided. If the 

incidence rate ratios are less than one, then it indicates a negative effect of that 

variable on the dependent variable. If it is more than one, then it represents a positive 

effect. The first two columns in Table 3.2 show the estimation results for children who 

were in primary school (class 1 to class 5) in 2005, while columns 3 and 4 show the 

results for children in secondary school (class 6 to class 8) in 2005.   

 
59 Incidence rate ratios are calculated by taking exponential values of the MLE regression coefficients.  
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It can be observed from columns 1 and 2 of Table 3.2 that the effect of access to piped 

water on the ‘number of days a child is absent from school’ is negative and 

statistically significant under both OLS and IV regression analyses for children in a 

primary school in year 1. Access to piped water reduces the child absenteeism by 35 

percentage points under the child fixed effect model for these set of children (column 

2 of Table 3.2).  

In both the models (OLS and IV), the age of the school-going child has a significant 

positive effect on the school absenteeism for children who were primary school in the 

year 2005. If we increase in the age of a child by one year, it results in a 40 percent 

increase in school absentee days for that child. It could be because the older a child is, 

the higher is the possibility of him/her in being engaged in water collection or other 

household chores and miss school. We find from columns 3 and 4 of Table 3.2  that 

children who were in secondary schools (in classes six to eight) in 2005 experiences 

no significant reduction in absentee days from school after getting access to piped 

water in their homes. 

The other variable that has a significant impact on absenteeism from school for a child 

in a primary school in 2005 is the presence or absence of a water storage facility at the 

house. The household that has a storage facility for water tend to have significantly 

lower absentee days for a school going child in their house. It is because of two 

reasons. Firstly, if you have a water storage facility at home, then it means that you 

have to make fewer trips to the source once you get access to piped water. Households 

with no water storage facility tend to fetch water in multiple trips to the source of 

water. Also, for some of the activities like bathing, washing, and cleaning utensils, 
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they often occur at the source if there is no water storage at home. If there is a crowd 

at the source in the morning, these could mean an additional loss of time for children 

who have to get ready for school. It may lead to delays and absenteeism from school. 

Secondly, the presence of a storage facility for water indicates the wealth status of 

households. Households that are well off in a village can employ workers to undertake 

household chores, including fetching water and reduce the burden of these activities 

for school-going children.   

The completed years of education for a child also seem to have a small but significant 

effect on school absenteeism for children in a primary school in year 1. Higher are the 

average years of completed education for a child, more motivated he/she must be to 

attend the school, and lower would be the absenteeism from school for that child. The 

coefficient on the girl child dummy variable is negative (less than one) but not 

statistically significant. It indicates that on average, in households with access to piped 

water, a girl child is absent from school fewer days compared to a boy child. Still, the 

difference between the two is not statistically significant60. This result suggests that for 

children who were in a primary school in year 1 (2004-05), there are no significant 

gender differences among children in terms of absenteeism from school61. It is a 

surprising result as one would have expected the girl child to have more days of 

absenteeism from the school. One possible reason for this could be a rising awareness 

and change in attitudes towards girl child education in rural households in India.  

 
60 This result can be correlated to the results in time savings from access to piped water for girl child 

which was not statistically significant. Refer to the Table A5 in the Appendix for more detail.  

 
61 In order to understand the differential impact of access to piped water based on the gender of the child 

refer to the interaction effects presented in the next section of the paper.  



 

119 

 

As a robustness check, we conduct the regression analysis of school absenteeism for 

children on access to piped water using a household fixed effect model with the same 

set of variables and the same instrumental variable for piped water access. The OLS 

and IV results for this regression are presented in Appendix Table 3.A.5, with the first 

stage equation results being presented in Table 3.A.6. The incidence rate ratios are 

quite similar to the one achieved under child fixed effects for children who were in a 

primary school in the year 2005, indicating the robustness of our earlier results.  

 

Table 3.3: Effect of Access to Piped Water on School Absenteeism for Households 

with Only Boy Children 
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For the children in a secondary school in the year 2005, the magnitude of the effect on 

school absenteeism is similar to that in the child fixed effect model.  But there is a 

difference in the power of the result. Under household fixed effect estimation, access 

to piped water leads to a significant reduction in school absenteeism for children, 

under the child fixed effect model, this result was insignificant.  

Different types of households may experience a differential effect of access to piped 

water on school absenteeism. We have divided all families into three categories, 

houses that have only boy children, only girls, and those that have a mix of the two. 

The results for the OLS and IV regression for these three types of households under 

the child fixed effect model are provided in Tables 3.3, 3.4, and 3.5. We find that in 

these three types of houses, the children in primary school experience about a 35 

percent decline in their absenteeism from school (using the IV results from column 2 

of Table 3.3, 3.4, and 3.5). These results are similar to those provided in Table 3.2, 

column 2, for the entire sample without differentiating the type of families based on 

the gender composition of children.  

For the children in a secondary school in the year 2005, only the households with boy 

children show a significant decline in school absenteeism after access to piped water at 

home(column 4 of Table 3.3). In families with only girl children and with both girl 

and boy children (columns 4 of Table 3.4 and 3.5), access to piped water reduces 

school absenteeism. Still, the effect is not significant for children who were in a 

secondary school in the year 2005.  
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Table 3.4: Effect of Access to Piped Water on School Absenteeism for Households 

with Only Girl Children 

 

In rural Indian society, there is a patriarchal difference in the role of a girl child and 

boy child in different household chores, including water collection, which is often age-

dependent.  At a young age, a boy child may also contribute to household chores if 

asked by their mothers as they are not overly conscious of their gender identity. But as 

they grow older, they become less inclined to engage in household chores, especially 

water collection, as it is considered women’s work. In contrast, as girls grow and 

become adults, they are more and more engaged in household chores, including water 

collection.  
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Table 3.5: Effect of Access to Piped Water on School Absenteeism for Households 

with Both Boy and Girl Children (Mix Households) 

 

Furthermore, even after getting access to piped water at home, due to the intermittent 

supply of piped water, there is still some time spent in water collection in a household. 

In the families with only boy children in a secondary school in year one (2005), as 

they become grown-up adults in year two (2012), they probably do not engage in any 

water collection tasks. In these households, tasks like water collection from outside 

sources due to intermittent supply are carried out by women members of the family. 

The boy children are more focused on education and are attending schools more 

regularly. For households with only girl children, the girls who were in secondary 

schools in year one are now adult women in the family in year 2 (2012). They are 
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most probably still engaged in water collection from outside sources due to 

intermittent supply or engaged in other household chores. Thus, we do not observe any 

significant reduction in their school absenteeism rate as a result of access to piped 

water taps at home for households that have only girl children or a mix of boy and girl 

children in the secondary school in the year 2005. 

 In Table 3.2, we observed the gender of the child on their absenteeism from school. 

But it would be interesting to understand the differences in the impact of piped water 

on absenteeism from school by the gender of the child. We run the regression of 

school absenteeism on the interaction of access to piped water and gender of the child. 

The marginal effect of access to piped water on absenteeism from school for children 

of different gender (boy vs. girl child) calculated at different ages is depicted in Figure 

3.2. We explain the results in terms of incidence rate ratios. For a boy child in a 

household with no piped water, there is about a 24 percent chance of being absent 

from the school if he is of age five. For a girl child of age five, the chances of being 

absent from school are slightly lower at about 22 percent. As the households get 

access to piped water, we find that across both the boy and girl children, the marginal 

effect of access to piped water on school absenteeism is the same, i.e., about 17 

percent chance of being absent from school. As the age of the child increases, the 

chances of being absent from school declines for both a girl child and a boy child. This 

decline is present in both situations, when households have access to piped water, and 

when they do not have access to piped water.  
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Figure 3.2: Variation in the Marginal Effect of Access to Piped Water on School 

Absenteeism Based on the Gender of the Child 

 

The decline in the chances of being absent from school at any age is more substantial 

for a boy child compared to the girl child as a household gets access to piped water, 

but the difference is quite small. The marginal effect of access to piped water is thus 

larger for boy child than a girl child in terms of reducing absenteeism from school. 

We observe that access to piped water leads to a reduction in school absenteeism, but 

we do not find any significant differential impact based on the gender of the child. It is 

contrary to expectations, as one would expect a higher decline in rates of absenteeism 

for girl children as a result of access to piped water at home. In fact, in absolute terms, 

the reduction in absenteeism rates is slightly higher for a boy child compared to a girl 
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child. It indicates that there is a rising awareness about the education of girl children in 

rural India, especially when they are in primary school.  

 

3.7 Conclusion 

 

A nationally representative panel data of rural India is used in this paper to study the 

effect of access to piped water on time spent in water collection and absenteeism from 

school for children in primary and secondary schools in 2005. The variation in the 

non-self-community ratio of access to piped water is used for the identification of 

household access to piped water taps. We find that access to piped water leads to a 

significant reduction in time spent in the collection of water at the household level. 

This analysis is conducted by using 2sls instrumental variable estimation in a 

household fixed effect model. In the second part of this paper, the effect of access to 

piped water on school absenteeism for children in primary and secondary school is 

analyzed under a child fixed effect model. In this analysis, we find that there is a 

significant negative effect of access to in-house piped water taps on school 

absenteeism for children who were in a primary school in the year 2005 but not for 

children in secondary school. In other words, children who were in a primary school in 

year one (2004-05) and got access to piped water taps in their homes in the year 2012 

have a lower rate of absenteeism from school compared to others who did not get 

piped water connection.   

We find that, contrary to expectations, there are no significant differences in the 

absenteeism rates of girl and boy children in the sample households due to access to 
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piped water taps.  We differentiate between different types of families, depending on 

the gender mix of the children. We find that the results for children in a primary 

school in the year 2005 in houses with the only girls, only boys or mix households are 

similar to those achieved in the earlier estimation of the total child data with no 

differentiation in terms of gender mix of the family. But for those in the secondary 

school in the year 2005, the effect of access to piped water on school absenteeism is 

negative and significant only for households with boy children. For houses with only 

girl children or mixed households, the children who were in a secondary school in the 

year 2005 do not experience any significant decline in school absenteeism as a result 

of getting access to piped water. It indicates that for households with only boy children 

the access to piped water results in a reduction in school absenteeism both for children 

who were in primary and secondary schools in the year 2005.  

In this paper, we have demonstrated that access to in-house piped water taps is 

associated with savings in the total time spent in the collection of water in a household 

and reduced absenteeism from school for children in a primary school in the year 

2005. The improved attendance in school may have long term implications on dropout 

rates from school, child education, adult earnings for children in these households. 

This analysis helps in establishing the necessity of providing in-house piped water taps 

to rural households. Investment in piped water systems in villages of India will not 

only save time for family members engaged in water collection; it will also help in 

reducing school absenteeism for children, for both boys and girls.  
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APPENDIX FOR CHAPTER 3 

 

Table 3.A.1: Summary Statistics for Household Data 

 

Table 3.A.2: First Stage Effect of Non-community Ratio IV on Piped Water Access 

for Household Data 
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                                     Table 3.A.3 Summary Statistics for Individual data 
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Table 3.A.4: First Stage Effect of Non-community Ratio IV on Piped Water Access in 

Individual Data (Child Fixed Effect Model) 
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Table 3.A.5: Effect of Access to Piped Water on School Absenteeism for Children in 

Primary and Secondary School (Household Fixed Effect Model) 
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Table 3.A.6: First Stage Effect of Non-self Community Ratio IV on Piped Water 

Access in Individual Data (Household Fixed Effect Model) 
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