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Abstract 
 

This study assesses the effects of water and sanitation on health for children 0-5 years old 

in Peru. Our health outcomes are the prevalence of diarrhea; three anthropometric 

indicators of nutritional status: weight-for-age, height-for-age and weight-for-height z-

scores; and three malnutrition indicators measuring severe cases of low anthropometric 

measures: stunting, wasting, and underweight. Data for the empirical analysis are 

independently pooled cross-sections constructed from the Demographic Health Survey 

(DHS) carried over 1986-2010. We use district fixed-effects regressions that control for a 

comprehensive set of potential confounders. Our basic results suggest that access to piped 

water, flush toilet and latrines reduce the prevalence of diarrhea. These variables are 

associated to better nutritional outcomes, but there is variation across the different health 

outcomes. 

 

JEL Codes: I12, I15 I31, Q53  
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1 Introduction 
 

Sustainable and equitable access to safe water supply and sanitation are widely 

acknowledged as important development goals. The World Health Organization defines 

improved sources of sanitation to be flush toilets connected either to a sewage system, a 

septic tank or a pit latrine, ventilated pit latrine, pit latrine with slab and composting toilets. 

Meanwhile, the improved sources of water are piped water, public tab or standpipe, tube-

well or borehole, protected dug well, protected spring and rainwater collection. The vital 

importance of adequate water systems for human health and well-being has been 

recognized for many years. Increasing access to safe drinking water and reducing child 

mortality constitute crucial goals for most developing countries around the world. At the 

2000 Millennium Summit, member countries of the United Nations agreed to a set of eight 

goals to reduce poverty by 2015, among which are reducing by half the proportion of 

people without sustainable access to safe drinking water and basic sanitation, and reducing 

child mortality by two thirds. A mid-period review showed a solid progress towards the 

drinking water target with the exception of Sub-Saharan Africa. However, the overall 

progress towards adequate sanitation facilities is much weaker: at the current rate of 

progress, in 2015, the world will miss the target by 13% (WHO, 2010). By 2008, 2.6 billion 

people still do not use improved sanitation facilities and 884 million people are lacking 

improved sources of drinking water (WHO, 2010). 

 

According to Fink (2010), children bear the greatest health burden linked to poor 

water and sanitation facilities. Health deterioration may occur through a broad range of 

mechanisms, including ingestion of contaminated water (i.e. fecal-oral route), lack of water 

for adequate hygiene, poorly managed water systems, as well as to unhygienic practices in 

food preparation and disposal of excreta. These factors place diarrheal disease due to unsafe 

water, sanitation and hygiene as the second leading cause of death in children under five 

years old, with a death toll higher than 1.5 million every year (WHO, 2009). This health 

burden, however, is easily preventable through the interruption of the transmission 

mechanisms by providing access to safe drinking water and a system for hygienic removal 

of sewage. In developing countries, children under three years old experience, on average, 

three episodes of diarrhea every year, mostly as a result of contaminated food and water 

sources. Though diarrhea has been identified as one of the major contributor to the burden 

disease caused by inadequate water and sanitation systems, malnutrition and a variety of 

diseases of diverse origin have also been associated with this burden (cholera, polio, 

trachoma). 

 

For these reasons, the lack of access to safe and improved water supplies contributes 

to ongoing poverty, both through the economic costs of poor health and household 

expenditure on water supplies arising from the need to purchase water or the time and 

energy wasted in collection (Galdo and Briceño, 2005). As a response, several countries are 

investing in the expansion of the water and sanitation provision systems. In Peru, Programa 

Agua para Todos (PAPT), a social program aimed to reduce the lack of drinking water and 

sanitation services, has constructed around 500 thousands communal connections to the 

water and sanitation system between 2006 and 2011. PAPT has been considered one of the 

biggest programs in this area, however, its focus has been the mere expansion of 
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connections, without additional efforts. Given the important amount of investments in this 

area a study about the effects of such a program is required. This is even more relevant, if, 

as the following literature review shows, there is evidence regarding how insufficient is the 

expansion of the service if other complementary interventions (education on hygiene 

practices, institutional arrangements for the provision of the service, improving quantity 

and quality of the water itself, etc.) are not considered, just as happened with PAPT. 

 

This study assesses the impact of water and sanitation on child health and mortality 

outcomes in Peru. Data for the empirical analysis come from the Demographic Health 

Survey (DHS) carried over 1986-2010. The paper is organized as follows. The following 

section presents a review of the literature. It is shown there that there is an extensive set of 

studies arguing in favor of the positive effects of water and sanitation on health and other 

outcomes, especially for children. However, the literature has also raised the how 

ineffective may the expansion of this service be if no additional determinant factors of 

health and wealth are also implemented. Section 3 presents the methodology, and section 4 

describes the characteristics of the data used. Results are presented in section 5. Finally, 

concluding remarks are presented in section 6. 

2 Literature review 
 

Even though the health effects of water and sanitation intervention have historically been 

self-evident, recent research has focused on quantifying its impact on child mortality 

through water-related diseases, and on understanding the mechanisms through which these 

occur (Galdo and Briceño, 2005). Quantifying the impact of water and sanitation 

interventions, however, is a major challenge due to methodological complexities and 

confounding variables (Bose, 2009). According to Pattanayak et al (2007), while numerous 

studies have attempted to investigate the relative importance of different interventions, thus 

far, there are relatively few impact evaluations that have been sufficiently rigorous to allow 

for a quantified reduction in disease to be estimated, which is necessary to show that water 

supply and sanitation policies are effective in delivering many of the expected outcomes. 

Major methodological flaws in previous research include: (i) comparability of treatment 

and control groups; (ii) sample size required; (iii) misclassification bias; and (iv) recall bias 

in ascertaining disease status. 

 

There are two main methods of assessing infrastructure impacts found in the 

literature. The first is to compare average outcome indicators between two or more 

populations that have the facility and those that do not. A wide range of techniques have 

been implemented to control heterogeneity among these two groups; in some cases no 

controls have been used, but often some form of matched comparison is made, in particular 

using propensity score matching. According to Zwane and Kremer (2007), many studies of 

water and sanitation infrastructure provision lack of a plausible comparison group 

neglecting systematic differences between treated and non-treated areas and, thus, cannot 

isolate a causal treatment effect from service provision. Failure to control for differences in 

village characteristics could severely bias such comparisons. The second method found in 

the literature is to run a cross-sectional regression of the outcome indicators on dummy 

variables for facility placement, allowing for observable characteristics entering as linear 
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controls (Jalan and Ravallion, 2003). Cases that are similar across observable 

characteristics, however, may differ systematically along dimensions that are difficult to 

measure “confounding” the interpretation of results. Naïve comparisons of mean incidence 

of diarrhea between children from households with access to improved sanitation and 

drinking water sources with those without it would likely understate the true impact given 

that the former may have better overall health environment compared to the latter. 

 

Aside the methodological debate, there is strong evidence that large-scale 

investments in water and sanitation infrastructure can have massive impacts on child 

mortality. In a review based on 67 studies, Esrey et al (1985) analyzed the relationships 

between diarrheal disease and a set of factors such as water quality, water availability and 

excreta disposal. The findings from this review suggest that median reductions in diarrheal 

disease from water availability (-25%) were higher than those recorded for water quality 

improvements (-16%). Combined improvements in quality and availability led to greater 

median reductions in disease incidence (-37%). In a subsequent review of 56 rigorous 

studies, Esrey et al (1991) suggested that median reductions in diarrheal disease morbidity 

rates were relatively low from all improvements, unless those were combined with 

sanitation improvement. A review by Fewtrell et al (2005) finds similar results.  

 

More recently Waddington et al (2009) conducted a systematic review that 

overcomes some limitations of previous reviews, such as variability in the outcome variable 

across studies, changes in the composition of comparison groups, variation in the 

estimation procedures, and concerns regarding the internal validity of included studies. 

Waddington et al provide a review of impact evaluations that examined the effectiveness of 

water, sanitation and hygiene intervention in reducing childhood diarrhea based on 65 high 

quality impact evaluation studies that pass fairly stringent inclusion criteria. The included 

studies cover 71 distinct interventions assessed across 130,000 children in 35 developing 

countries.  

 

They find that water supply interventions are not effective in reducing diarrhea 

prevalence among children. On the contrary, they find that water quality interventions --

such as filtration, chlorination, boiling and pasteurising drinking water, sanitation 

improvement interventions and hygiene interventions --in particular the provision of soap 

for hand washing-- are interventions highly effective in reducing diarrhea prevalence 

among children. In particular, their meta-analysis results shows that water quality 

interventions have an effect of 42 percent relative reduction in child diarrhea; sanitation 

improvements an effect of 37 percent; and hygiene an effect of 31 percent. However they 

emphasize the fact that much of the evidence on water quality interventions come from 

small populations and short time periods and when the analysis is restricted to studies 

conducted over longer periods the effectiveness of such interventions is much smaller. 

Restricting the analysis to studies conducted over periods of 12 months or longer, they find 

that water supply interventions turn effective with effect sizes of the same order of 

magnitude than those of water quality interventions: an effect of 18 percent relative 

reduction in child diarrhea.  

 

The review also provides an exploration of behavioral factors that promote or halt 

the effectiveness of interventions, in particular factors that determine the uptake and 
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sustainable adoption of interventions. When costs are perceived as larger than the benefits, 

adoption is slower and uptake is decreasing over time. In particular, preventive 

interventions such as water quality treatment and hygiene tend to be adopted more slowly, 

as benefits are difficult to observe. 

 

Bose (2009) estimates the health impacts of improved sanitation (measured as 

percentage of households with access to flush toilets, ventilated pit latrines and composting 

toilets)  using the incidence of diarrheal disease among Nepalese children below five years 

old as the health outcome. This author employed non-parametric methods (specifically, 

propensity score matching) to match children belonging to treatment groups with children 

in a comparison group without access to improved facilities to explain the observed decline 

in diarrhea rates among children from 2001-2006. The results suggested that long-term 

investments strategies, such as the provision of improved sanitation to household, can 

contribute towards the reduction of water-related diseases, raise child cognitive/physical 

development as well as the reduction of infant mortality. The mean improvement in the 

percentage of households with access to improved sanitation of 14% translated to a 

reduction of 5% in diarrhea prevalence; this impact, however, is more pronounced among 

children below 24 months of age, suggesting that benefits from improved access to 

sanitation would be greater for households with children below 2 years of age. The key 

shortcoming of this study is that there are important externalities associated with the 

provision of sanitation infrastructure that are not captured in the analysis which, 

consequently, might understate the health benefits. 

 

Fink et al (2010), evaluated the association between health outcomes in children and 

the source of household drinking water supply and the type of toilet using a data set of 171 

Demographic and Health Surveys in 70 low- and middle-income countries over the period 

1986 to 2007.
1
 Conditional on the same dwelling, family and nutrition conditions, the 

authors find that children lacking access to those services suffer more frequently from bouts 

of diarrhea as well as other water and sanitation related diseases, and, as a consequence, 

develop less relative to their age cohort. They explore the effect of water and sanitation on 

five different child health measures as dependent variables: (i) neonatal mortality; (ii) post-

neonatal infant mortality; (iii) the probability of dying between ages one and five, 

conditional on surviving to age one; (iv) the probability of having diarrhea in the two weeks 

before the survey, and (v) the probability of being stunted.  

 

Their findings suggest that both safe access to clean water and sanitation have 

positive effects on child health. Controlling for other household characteristics, children 

living in a household with high-quality toilet infrastructure have a mortality risk about 15% 

to 20% lower than that of children living in household with no toilet facility, 13% lower 

change of suffering from diarrhea in the short run, and are nearly 27% less likely to be 

stunted. For all age ranges, high quality sanitation seems to be more protective than basic 

latrines. Children in households with access to high quality water source have a lower risk 

                                                 
1
 Water source was coded as poor (rivers, lakes or standing rain), intermediate quality (springs, boreholes, 

standpipes, wells and dug wells but not part of a public piped system) and high (direct access to piped water 

or drinking water from vendors). Fallowing the same logic, toilet facilities were code as poor (no access to 

any toilet facilities), intermediate (access to a basic or improved latrine) and high (access to a flush toilet). 
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of diarrhea and being stunted, which is roughly 10% lower than those children with low 

quality water access. However, the effects of improved water infrastructure on child 

mortality are significant only for children aging 1 to 12 months. Those effects are robust to 

the inclusion of controls for human and physical capital of the household, and do not seem 

to vary much by age of the child. 

 

Jalan and Ravallion (2003) examine the impact of piped water on the prevalence 

and illness duration of diarrhea among children under the age of five using propensity score 

matching for the construction of comparison groups taking into account a wide range of 

village and household characteristics. The estimated mean impact indicates that access to 

piped water significantly reduces diarrhea prevalence and duration. Disease prevalence 

amongst those with piped water would be 21% higher without it and illness duration would 

be 29% higher. Galdo and Briceño (2005) also use a propensity score matching analysis to 

explore the impact of a water and sewerage expansion project on child mortality in Quito, 

Ecuador. They found that the average impact of the program, measured as a reduction in 

child mortality, ranged from 7.2% to 9%, depending of the matching technique used, 10% 

less than the naïve estimation, which includes all non-participants as the comparison group. 

Also, to account for time-invariant unobserved heterogeneity, the authors calculated the 

matching difference-in-difference estimator, and found a reduction of nearly 8% in child 

mortality for the program beneficiaries, resembling the results obtained with the propensity 

score matching method. 

 

While there is a large body of evidence for the effectiveness of adequate access to 

water facilities in the reduction of diarrhea, there is less evidence for the success of the 

provision of communal rural water infrastructure and latrines. Recent studies based on 

randomized trials do not find substantial health impacts from improved communal water 

sources (Kremer et al, 2006). Moreover, while rural water facilities can be long-lived if 

properly serviced, they fall into disrepair quickly due to poor maintenance (Zwane and 

Kremer, 2007). 

 

However, there are several studies showing that multiple factors interact 

simultaneously with the infrastructure investments to determine health outcomes (Jalan and 

Ravallion, 2003). The role of other inputs, particularly their complementary effect in 

relation to health outcomes, has increasingly gained attention in academic studies. Hygiene 

behavior and education are two of the most important interrelated factors. Individual 

choices, such as hand-washing and point-of-use water treatment, can break the chain of 

transmission of fecal-oral diseases, especially of diarrhea (Zwane and Kremer, 2007). As 

mentioned above, water supply and sanitation investments do not translate inexorably into 

health improvements because this mechanism presumes the existence of other conditions, 

such as adequate operation of facilities, their effective use, and sometimes even the 

existence of certain cultural or environmental conditions (Jalan and Ravallion, 2003). For 

this reason health outcomes can be augmented with practices such as oral re-hydration 

therapy, boiling and storage water, and with access to information and medical services. 

 

 

Several studies that have attempted to assess the complementary effects of inputs 

usually focused on differentials in health outcomes according to levels of education, 
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income or hygiene practices. According to Jalan and Ravallion (2003), both personal and 

domestic hygienic behaviors are known to play an important role in the prevalence and 

duration of diarrheal disease, and thus, should not be neglected. Researchers have 

suggested that good hygiene may result in a 33% reduction in diarrheal mortality (Esrey, 

1991). Hands are a common vector for the transmission of fecal-oral diseases and thus, 

hand-washing with soap at critical times, for instance after defecation, cleaning children, 

and before and after food handling, can interrupt the diarrhea disease transmission path. 

The effectiveness of hand-washing as a means to reducing diarrhea has been convincingly 

established in several settings. Lewin et al (2007) reviewed a set of studies associated with 

the impact of hand-washing; they found that this practice could reduce the risk of diarrhea 

by 42-44%. Luby et al (2004), report the results of a hand-washing promotion campaign 

aimed at mothers in a random sample of households in Karachi, Pakistan. Infants and 

malnourished children under age five living in treatment households had 39% fewer days of 

diarrhea compared with the control group after one year of intervention and observation. 

Han and Hlaing (1989) report a 40% reduction in diarrhea incidence among children under 

age two following hand-washing education and the provision of soap to a random sample of 

mothers in Rangoon. Point-of-use water treatment and improved water storage practices 

reduce the micro-bacteriological contamination of water held in homes. Evidence from 

randomized evaluations assessing the health impacts of various interventions to improve 

water quality at the point of use suggests that this is a promising way to reduce diarrheal 

incidence in 20-30% (Quick et al, 1999; Reller et al, 2003). 

 

There is also some evidence that the scale and relative impact of a single 

intervention depends strongly on the local circumstances and other factors. The quantity of 

water delivered and used for the households is an important aspect of domestic water 

supply, which influences hygiene and therefore public health. Based on estimates of 

requirements of lactating women who engage in moderate physical activity in above-

average temperatures, Howard and Bartram (2002) suggested that a minimum of 7.5 liters 

per capita per day will meet the requirements of most people under most conditions, but 

this water needs to be of a quality that represents a tolerable level of risk. A study in India 

that used nutritional status as a health measure suggested that water quality was the 

principal determinant for health in children under the age of three, whereas water quantity 

was the most important for children above the three (Herbert, 1985). Cutler and Miller 

(2005) evaluated the contribution of improved water quality to the epidemiological 

transition in U.S. cities using historical variation in the timing and location of water 

filtration and chlorination technology adoption. They find that clean water was responsible 

for about half the observed decline in mortality and almost two-thirds of the reduction in 

child mortality. 

 

Prost and Négrel (1989) argue that reducing the time required to collect water 

(including journey and waiting time) from 5 hours to 15 minutes, results in 30 times more 

water being used for child hygiene. It is suggested that reducing the time it takes to collect 

water will also incremented the amount of time available for child feeding, food preparation 

or more frequent feeding as well as better hygiene. In that matter, Galiani et al (2006) study 

the effects of the expansion of water network in urban shantytowns in Argentina through a 

specific project (Modelo Participativo de Gestión). They found that this program indeed 

reduced the distance traveled by household members to bring water to the house. The 
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provision of potable water through this program had also reduced water related 

expenditures between 70% and 80%.  

 

Another important question is how to deliver piped water and sanitation services in 

developing countries. Zwane and Kremer (2007) suggest that there is some evidence, at 

least in some settings, allowing private firms to provide piped water service can improve 

health outcomes. In fact, Galliani et al (2005) argue that through the privatization on the 

provision of water and sanitation services generates efficiency gains that will eventually be 

translated into expanded access and enhanced service quality, and thereby improve health 

outcomes. These authors study a privatization reform that took place for about 30% of 

municipal water companies in Argentina in the 1990s to identify the impact of ownership 

on child health. Using a difference-in-differences approach, they estimated that child 

mortality fell 5% to 7% in the areas that privatized their water services, and that the effect 

was largest in the poorest areas. 

 

Two of the most robust findings in analyses of factors associated with child health 

and mortality risks are persistent effects of maternal education and household income. In a 

study mentioned above, Jalan and Ravallion (2003) attempt to quantify the child health 

gains in terms of diarrheal disease from a expansion in access to piped water, and to 

analyze how these gains vary with household circumstances, particularly income and 

education. Stratifying the sample by quintiles based on income per capita, they found no 

significant child health gains amongst the poorest two quintiles. Also, health impacts from 

piped water tend to be larger and more significant in families with better educated adult 

women. Stratifying both by income and education to analyze the joint effects, they found 

that even in the bottom two quintiles, if a woman in the household has more than primary 

school then the household achieves significant gains from piped water in terms of lower 

prevalence and duration of diarrhea among children. However, the effect of education is 

absent in the upper quintiles. These results suggest that among poor households, the 

education of women is very important to achieve the child-health benefits from piped 

water. Galdo and Briceño (2005) also found no significant improvement among those in the 

bottom quartile and that even in the in the poorest quartiles, if a woman had at least primary 

education, then the household obtained significant gains from water and sanitation 

interventions. In general, the protective effect of maternal education on mortality is smallest 

in the neonatal period and increases with the age of the child, tends to be smaller on 

diarrhea risk than on mortality, and is very similar between mortality and stunting (Fink et 

al, 2010). These studies stress the importance of complementary private inputs on the actual 

benefits of piped water. 

 

Although improving water and sanitation interventions is important to breaking the 

cycle of poverty and disease, this literature review suggest that the scale and relative impact 

of interventions associated with safe water supply and sanitation facilities depend strongly 

on the local circumstances and are not sufficient conditions to improve child health. The 

source of ambiguity lies in the uncertainty about how public and private inputs interact and 

their complementary effects. Income poverty, lack of education and inadequate hygiene 

behavior may constrain the potential health gains from water and sanitation infrastructure 

improvements. This has important implications in the understanding of the incidence of 

local infrastructure development on child-health benefits. 



12 
 

3 Methods 
 

We begin by sketching a general analytical framework based on Behrman and Deolalikar 

(1988) to guide the empirical analysis. In particular, we assume that households maximize a 

utility function by choosing the consumption of goods and services ( ), the health ( ), 

and leisure ( ) of household members, as well as the number of household members 

(family size, ). The utility function also depends on taste norms ( ), which varies across 

households. Maximization is subject to a full-income budget constraint and production 

functions determining health, mortality, and nutrient intake. 

 

The health of a child depends on the consumption of nutrients, nutrient intake, the 

consumption of other goods and services, such as medicines, the quality of water and 

sanitation facilities available in the house, and the number of family members which enters 

to reflect congestion effects. It also depends on the education of her mother and the time 

she allocates to health-related activities. Education of the mother enters into the health 

production function of the child as more educated mothers might have more knowledge on 

healthy and nutritional practices, while time devoted to health activities is expected to 

impact health. Specific child and household characteristics also affect the health of a child. 

The health production function for child  can be expressed as: 

 

 
 

where  represents the nutrient intake,  stands for the type of water and sanitation 

available in the house,  and  represent the mother’s education and time allocated to 

health-related activities,  represents child’s  specific endowment such as innate 

healthiness, and  represents the household specific endowment, such as values attributed 

to health or the general environment. 

 

Mortality of a child results if her health falls below a minimum health survival level 

( ): 

 

 

 

Nutrient intake depends on consumption of food, which is part of , as well as on 

mother’s education and time allocated to health activities and the household environment:  

 

 
 

Education of the mother and the time she spends on health activities enter the 

production of nutrient intake because it is expected, for instance, that better knowledge of 

food selection, storage and preparation improve the nutrient content of food intake. 

 

The solution to the household utility maximization problem yields a reduced form 

health demand function (Behrman and Deolalikar, 1988; Strauss and Thomas, 1995, 2008) 

where all its arguments are exogenous to the household. The health demand function for a 

child  from household  observed in locality  and year  takes the general form: 
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where  represents the prices of the several inputs, and  represents child, mother, 

household and community characteristics. 

 

Note that in the specification of this reduced form demand function water and 

sanitation variables do not enter directly. Several studies include these indicators into health 

demand functions which are in reality quasi-reduced form demand functions (Behrman and 

Deolalikar, 1988). This specification can be misleading as the inclusion of water and 

sanitation does not lead to estimable parameters that can be associated either to production 

function parameters or reduced-form parameters. Any endogeneity of the added variables 

(in this case water and sanitation) shall be properly accounted in the estimation of the 

quasi-reduced form demand. 

 

In a randomized control trial (RCT), as in the studies described in Zwane and 

Kremer (2007), assignment to treatment is uncorrelated to observed and unobserved 

characteristics. Therefore, the average of the outcome for those not receiving the treatment 

in a RCT provides a suitable estimate of the counterfactual without selection bias. In an 

observational study, as in our case, it is not possible to rule out selection bias a priori. 

However, it is possible to construct the counterfactual of interest by imposing assumptions 

regarding the nature of selection on observables and unobservables (Heckman and Robb, 

1985). 

 

In practice, we express the quasi-reduced form health demand as: 

 

 
 

where  represents water and sanitation for household  observed in locality  and 

year ; and  represents characteristics of the child, her mother, the head of the 

household, and her household/dwelling. The terms  are unobserved child, 

household, community and year effects, and  is an idiosyncratic error term assumed to 

be uncorrelated with all other variables in the specification. If estimated free of biases, the 

coefficients on  identify the parameter of interest, that is, the effect of treatment on the 

treated. In our application, the treatment on the treated parameter answers the question 

“how does access to water and sanitation change children health outcomes had they not 

have access?” 

 

To clarify the importance of eliminating endogeneity in the estimation, let’s assume 

for a moment that  represents only access to piped water. For this single treatment, 

 for those with access to piped water (receive the treatment) and  for those 

without it. Health potential outcomes are denoted by  for those with access to piped 

water and  for those without it. Potential outcomes are not directly observed, what the 

researcher observes instead is the realization of the outcome which depends on the 

particular state. This can be expressed as , so we observe 

 only when  and   only when . Then, the average 
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treatment on the treated parameter can be expressed as: 

 

 
 

The last term in this expression is the counterfactual of interest: what the outcome 

for treated units would have been had they not received the treatment. This counterfactual 

is not directly observable, it has to be estimated. The estimation of the counterfactual is 

problematic because of the possibility of selection bias. 

 

In a linear regression of  on  representing a single treatment and no other 

covariates, what can be estimated is: 

 

 
 

so the estimated coefficient captures the causal effects of piped water on the health outcome 

plus selection bias, the last term in parenthesis. This bias occurs when treatment assignment 

is correlated to characteristics that might affect the outcomes in the absence of treatment. 

 

To reduce the possibility of selection bias, we control for several observable 

characteristics that might be correlated with health outcomes and water and sanitation. In 

addition, we take care of unobserved locality factors which might also be correlated to 

water and sanitation that may bias the estimation if not accounted for in the estimation. 

 

We include several covariates  in the regression to mitigate potential 

endogeneity of water and sanitation. The first group of covariates is comprised of child 

characteristics: dummies for the age in months and sex of the child, and a dummy 

indicating whether the child is the first born child. We also include a dummy indicating 

whether she was ever breastfed over the first six month of life. This variable is included to 

control for mother’s preferences about her child’s health that might make mothers prone to 

seek better or more secure sources of water and sanitation. The second group is comprised 

of mother’s age included as five-year group dummies and her educational attainment 

included as dummies for primary, secondary and higher education. These variables are 

included because more educated mothers might have more knowledge and information 

about how to take care of her child health but also might choose better water and sanitation 

conditions. The third group of covariates is comprised of head of household’s 

characteristics including her age, sex and educational attainment. These covariates are 

included to control for socioeconomic status of the household. The fourth group is 

comprised of household and housing characteristics, such as access to electricity, type of 

materials used in the floor, walls and roofs of the house or dwelling, and household 

ownership of durable goods. All these variables are included as proxies of the household 

wealth, permanent economic status or long-term income. 

 

In all our regressions we also control for the year and month of the survey, and for 

place of residence by natural region (coast, highland, Amazonian jungle) and rural/urban 

areas. All these variables are included as dummy variables. As we describe later, our health 

outcomes vary over time and across place of residence.  
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Beyond these controls for observable characteristics, there are three potential 

sources of unobserved factors that might be correlated with health outcomes and water and 

sanitation. As the theoretical model show, there are child, mother/household, and locality 

specific unobserved factors. If these unobserved factors are indeed correlated to water and 

sanitation and are excluded from the regression, water and sanitation become endogenous 

by omitted variable bias. Unobserved factors can be eliminated using the fixed-effects 

method as long as they are invariant among individuals, households or localities. 

 

In our data we are able to control for locality unobserved factors. In particular, we 

use a geo-political definition of districts. Today Peru is divided in 24 political regions and 

one constitutional province, nearly 200 provinces and over 1800 districts. However this 

political organization of the country has changed between 1986 and 2010 because regions, 

provinces or districts were split or because some districts were merged. We take care of 

tracking the original political definition of districts observed in 1986 over the years in order 

to get a unique definition of geo-political areas that we refer to as districts in or analysis. 

Given that our data are comprised of independently pooled cross-sections from several 

years as we describe later, using a constant geo-political definition of districts is crucial to 

control for unobserved local factors potentially correlated to water and sanitation. In 

particular, we remove district fixed-effects in our regression analysis aiming at purging 

local conditions that facilitate or hinder infrastructure development projects such as water 

and sanitation infrastructure. In our district fixed-effect regressions we use only within 

districts variation to identify the effects of water and sanitation. The district fixed-effects 

allows controlling for common factors within the district potentially correlated to water and 

sanitation but unobservable to us. 

 

Child unobserved factors cannot be addressed in our analysis because our data only 

yield one observation per child. Mother/household unobserved factors (such as tastes, 

values and norms) cannot be addressed either because water and sanitation variables are 

defined at the mother/household level, therefore there is no within household variation on 

these variables and a household fixed-effect will remove them from the regression. 

 

However, it is still possible that the idiosyncratic error  might be correlated with 

water and sanitation variables even after removing all other factors including the 

unobserved effects, and the fixed-effect regressions will yield biased estimates. In this 

situation instruments are required to remove the correlation between water and sanitation 

and the idiosyncratic error. Valid instruments in this context are variables that do not enter 

into the quasi-reduced health demand function, but must be correlated to water and 

sanitation and uncorrelated with the idiosyncratic error. Unfortunately, we have no 

available variables that satisfy instrument requirements. Given the difficulty of finding 

instruments for water and sanitation that can be excluded from the health regressions, the 

best way to reduce the extent of potential biases is to include a wide range of covariates. 

 

 

 



16 
 

4 Data 
 

The data analyzed in this study come from the Demographic and Health Survey (DHS). 

These are nationally-representative household surveys that provide data for a wide range of 

indicators of population, health, and nutrition. We have compiled all seven available DHS 

for Peru into a single pooled cross-section dataset that contains over 77 thousand individual 

child records spanning 24 years from 1986 to 2010.
2
  

 

The information in the DHS is collected through two main questionnaires: the 

household questionnaire and the selected women’s questionnaire. The household 

questionnaire provides general information about household members, such as kinship, 

gender, age, education, and information on housing characteristics. Among the 

characteristics of the dwelling are the water source and type of sanitation. This 

questionnaire also includes access to durable goods which are proxies for household 

wealth. 

 

The women’s questionnaire includes a section on woman’s information such as date 

and place of birth, migration and labor experience, and marital status. It also includes 

several sections on additional topics, including a birth history registry and health of 

children from 0 to 5 years of age. The birth history provides information on the date of birth 

for all live-born children, whether they were singletons or twins, their sex and whether they 

are still alive, and if any child died, the age at her death is also recorded. Information 

related to child’s health includes immunization and prevalence of illnesses such as diarrheal 

and respiratory diseases; it also includes measurements of height and weight and, in some 

survey rounds, hemoglobin measures. Using these data we construct several indicators of a 

child health status if the child is alive at the time of the survey.  

 

4.1 Water and sanitation variables 

 

Our main interest it to identify the effects of high quality water and sanitation on child 

health. The DHS ask for the household’s main source of water to assess the cleanliness of 

drinking water. There are several sources of water in the DHS data. We classify the 

different sources of water in three groups. In the first group we include running water 

coming from the public network; we label this group as piped water. In the DHS 

questionnaires this corresponds to piped water connected inside the house/dwelling or 

piped water outside the house but connected inside the building. 

 

In the second group we include water coming from public taps and from private or 

public wells; we label this group as public tap or well water. In some cases water coming 

from public taps is running water from the public network, but in some others it 

corresponds to water from the public network stored in public reservoirs. The DHS codes 

do not allow separating these two cases and for this reason water from public taps is 

grouped with water from wells. In addition the DHS codes do not allows identifying 

                                                 
2
 The 1992 DHS was carried out over the second half of 1991 and 1992; the 2004 DHS was carried out over 

2004 and 2008. We control for each year of the survey interview. 
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whether wells are protected or unprotected, only whether they are inside the yard/plot or 

whether they are public wells. In the third group we include all other sources of water. This 

includes (a) surface water, such as water from springs, rivers, streams, canals, dams, or 

water ponds; (b) rain water; (c) water from cisterns or tanker trucks; (d) water bought from 

neighbors; and (e) other unspecified sources of water. 

 

Similarly, we classify the different types of sanitary facilities in three groups. In the 

first group we include toilets connected to the public sewage network; we label this group 

as flush toilets. This group is meant to reflect high quality sanitation conditions. In the 

second group we include pit toilets, composting toilets and latrines; we label this group as 

latrines. These types of sanitation are improved types of sanitary facilities but of lower 

quality than toilets connected to the sewage network. In the third group we include other 

types of sanitation. 

 

These water and sanitation groups are included in the regression analysis as dummy 

variables using the low quality group or unimproved source/type in each case as the 

reference group. However, we also run regressions using more disaggregated categories for 

water sources to check the robustness of our results. 

 

Table 1 reports the evolution of access to these groups of water and sanitation from 

1986 to 2010. The percentage of children with access to improved sources of water and 

improved types of sanitation has increased over time. In particular, the percentage of 

children with access to piped water has increased from 38% to 69%. While this increase 

took place in rural and urban areas as well, the rise in access to piped water experienced in 

rural areas has been dramatic, going up from 7% to 57%; in urban areas access increased 

from 66% to 77%. 

 

Access to flush toilets increased from 23% to 47% while access to latrines increased 

from 9% to 36%. In rural areas, access to flush toilets rose from 1% to 8% and access to 

latrines from 4% to 60%. In urban areas, access to flush toilets rose from 43% to 69% and 

access to latrines from 14% to 22%. 

 

A limitation of the DHS data for the purposes of this study is they do not include 

measurements of water quality or sanitation conditions. The types of water and sanitation 

provide a proxy for its quality as better technology is associated with improved water and 

hygiene conditions, thus one should expect that piped water and flush toilet services 

provide better quality. However this association might not be perfect. For instance, poor 

management of water plants could lead to poor quality of water in the public pipe network. 

In the analysis we also explore whether water sanitizing practices has an effect on health 

and how it relates to the effects of water sources. 

 

 

A second limitation of the DHS data is that information on access to water and 

sanitation is recorded only for the time of the survey and there is no information about how 

long the household has had access to services connected to the public water and sanitation 

system. This is unfortunate because information on the timing of access to piped water and 

flush toilet might generate within-household variation among children that could be 
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exploited to remove unobserved household fixed effects that could be correlated with 

access to water and sanitation and children health. 

 

4.2 Outcome variables 

 

In our empirical analysis we explore the impacts of water and sanitation on three outcomes: 

the prevalence of diarrhea, and nutritional status indicators. Diarrhea is commonly used as 

an outcome variable in water and sanitation studies because is a symptom of 

gastrointestinal infections caused by several bacterial, viral and parasitic organisms spread 

by unsafe or contaminated water. In particular unsafe drinking water increases the risk of 

diarrheal diseases such as cholera, dysentery, or typhoid fever. 

 

Diarrhea is defined as having loose or liquid stools more frequently than is normal. 

In our DHS data, diarrhea is defined for 0-5 years old children as having three o more 

loose-stools over a twenty-four hour period in the two days preceding the survey. In the 

empirical analysis we construct a dummy variable taking the value of one if the child had 

an episode of diarrhea in the last 2 days and a value of zero otherwise. 

 

According to data from the DHS, as Table 2 shows, the prevalence of diarrhea has 

declined from the mid eighties to the mid 2000. In 1986, 32% of children between 0-59 

months of age suffered from diarrheal disease. This figure dropped to 18% by 1992-1996. 

Data for 2000 to 2010 show that the prevalence of diarrhea dropped further to 14% on 

average over these years. Pooling all DHS data, we find that the prevalence of diarrhea has 

been 16.3% on average in Peru between 1986 and 2010. 

 

The decline on the prevalence of diarrhea took place both in rural and urban areas. 

However, in urban areas most of the decline happened between 1986 and 1992 when it 

dropped from 30% to 16%; it dropped further to 13% by 2004-2008 and then has increased 

to 15% by 2010. Instead, in rural areas the prevalence of diarrhea showed a monotone 

declining trend from 35% in 1896 to 14% in 2010. One issue worth mentioning is that 

while the prevalence of diarrhea in rural areas was much higher than in urban areas from 

the mid eighties to the early 2000, by the late 2009-2010 both areas experienced very 

similar prevalence rates.  

 

These declining trends on diarrhea coincide with the rise on the percentage of 

children with access to piped water and improved sanitation over the same period. 

However, many other factors also might have affected diarrhea besides access to improved 

sources of water and types of sanitation. For this reason, we run regressions that control for 

a fairly comprehensive set of observable characteristics of the child, of her mother, of the 

head of her household and household and housing characteristics. In particular, we aim at 

controlling for variables that might be correlated with water and sanitation and health 

outcomes, such as the education of the mother or household wealth. Using within-district 

variation, these regressions also control for unobserved district specific characteristics that 

might be correlated to improved water and sanitation and improved health. 

 

We use several anthropometric indicators to assess early nutritional status. These 
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are based on physical body measurements such as height (length) or weight in relation to 

the age and sex of the child. Anthropometric measures in DHS are available for 1992, 1996, 

2000, 2005-2008, 2009 and 2010. Based on anthropometric indicators, a child nutritional 

status can be considered as the output of a health production function as we described 

earlier, where nutrient intake, water and sanitation, education of the mother and other 

individual and household variables are the inputs. 

 

Weight-for-height (W/H) is as an indicator of current nutritional status, it measures 

short-term changes in nutritional status such as recent, short-term inadequate nutritional 

intake, or recent illnesses such as diarrhea that cause weight loss. Low W/H relative to a 

child of the same sex and age in a reference population is referred to as “thinness,” while 

extreme cases of low W/H are referred to as “wasting.” Wasting may be the consequence of 

starvation or severe disease (in particular diarrhea), but it can also be due to chronic 

conditions. 

 

Height-for-age (H/A) is an indicator of cumulative linear growth, and measures 

long-term nutritional status. H/A reflects past or chronic nutrition deprivation or chronic or 

recurrent illness. Low H/A relative to a child of the same sex and age in a reference 

population is referred to as “shortness,” while extreme cases of low H/A are referred to as 

“stunting.” 

 

Weight-for-age (W/A) is a composite measure of weight-for-height and height-for-

age which makes its interpretation difficult because it confounds the effects of short- and 

long-term health and nutrition problems. Low W/A relative to a child of the same sex and 

age in a reference population is referred to as “lightness,” and extreme cases of low W/A 

are referred to as “underweight.” 

 

We use W/A, H/A and W/H measures as standard deviations, these measures are 

referred to as z-scores. The z-scores are calculated using the median and standard deviation 

of height and weight of a reference population taken from the WHO child growth standards 

for children of age 0-59 months (WHO 1995, WHO 2006). For instance, the H/A z-score of 

a particular child in our data is calculated by subtracting the median height of the reference 

population from the child’s height and dividing by the standard deviation of height of the 

reference population. 

 

Malnutrition indicators reflect extreme cases of low W/A, H/A and W/H. Children 

with H/A z-score are below the median by more than two standard deviations are classified 

as stunted. Children with W/H z-scores below the median by more than two standard 

deviations are classified as wasted. Children with W/A z-scores below the median by more 

than two standard deviations are classified as underweight. 

 

Table 2 also reports the evolution of nutritional status indicators between 1992 and 

2010 for children 0-59 months of age. Both the z-scores and the malnutrition indicators 

show a trend revealing improvements on child nutritional status over the 1992-2010 years. 

For instance, the W/A z-score increased from -0.43 standard deviations in 1992 to -0.25 

standard deviations by 2010 while the H/A z-score increased for -1.52 to -1.19 during the 

same period. This trend took place in rural as well as in urban areas, but children from 
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urban areas experienced larger improvements. 

 

However, despite these improvements, by 2010 about 1 out of 4 children of 0-59 

months were stunted in Peru. In line with other studies, we find that rural areas show much 

worse nutritional status indicators than urban areas over the whole period (Valdivia and 

Mesinas, 2002). In particular, figures from 2010 show that stunting affects 40% of children 

in rural areas and 15% in urban areas. 

 

 

5 Results 
 

5.1 Basic results 

 

Table 3 presents our basic regression results for diarrhea using a linear probability model 

and the 1986-2010 pooled DHS data. Water and sanitation are included in the regressions 

as categorical variables indicating access to piped or well water and the availability of flush 

toilet or a latrine, the excluded categories are other sources of water and none or other type 

of sanitary facilities. The estimated standard errors in the regressions account for the 

potential correlation between children from the same locality or DHS cluster. In the 

regression from column (1) we only control for the year and month of the survey, and place 

of residence by natural region and rural areas in addition to water and sanitation. The 

estimated coefficients for piped water, flush toilet and latrine are negative and statistically 

significant, suggesting that diarrhea decreases for children with access to them. For 

instance, access to piped water reduces diarrhea by 2.2 percentage points with respect to 

other sources of water, which implies a reduction of 14 percent on the prevalence rate of 

diarrhea. We find a similar impact for latrines. However, the magnitude of flush toilet is 

larger, implying a reduction of 29 percent on the prevalence rate of diarrhea. 

 

In the regression from column (2) we include several additional covariates in order 

to control for potential biases of water and sanitation. In this regression we control for 

children characteristics including dummies for age in months, gender, whether the child is 

the first born child, and whether she was breastfed. We also control for the mother 

educational attainment (primary, secondary and higher education, the reference category is 

no education) and age recorded in five-year age groups (the reference category is 15-19 

years), and the gender and age in ten-year age groups for the household head. We 

additionally control for access to electricity and household ownership of durable goods as a 

proxy of the household wealth or long-term income. When we include all these additional 

covariates in the regression we find the same qualitatively pattern revealed in column (1). 

However, the magnitude of the estimated coefficients decline with the addition of further 

controls, in particular for flush toilet and latrine. For instance, the coefficient for flush toilet 

falls from an absolute value of 0.048 to 0.028. 

 

The inclusion of covariates in the previous regressions allows us controlling for the 

potential endogeneity of water and sanitation. However, it is still possible that these results 
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are biased if there are unobservables correlated with the water and sanitation variables. As 

we discussed earlier, there are three potential sources of unobserved factors: child-specific 

unobserved factors, mother/household unobserved factors, and district or locality 

unobserved factors. These unobserved factors could be accounted for using the fixed-

effects method as long as they are time invariant. However, only district or locality 

unobserved factors can be account for in our estimation. Child unobserved factors cannot 

be addressed in our analysis because the DHS data only yield one observation per child. 

Mother/household unobserved factors (such as tastes, values and norms) cannot be 

addressed because water and sanitation variables are defined at the mother/household level 

so there is no within household variation on these variables and a household fixed-effect 

will remove them from the regression. 

 

In column (3) we report a regression that controls for the district fixed-effects in 

addition to all other covariates already included in the regression from column (2). As we 

described earlier, we take care to track districts over time keeping the geo-political 

definition of districts from 1986 constant. Removing district fixed-effects aims at purging 

for instance, local conditions that facilitate or hinder infrastructure development projects. In 

the district fixed-effect regression only variation within districts is used to identify the 

effects of water and sanitation which allows controlling for common factors within the 

district potentially correlated to those variables but unobservable to us. Our district fixed-

effects regression suggests that piped water, flush toilet and latrines reduce the occurrence 

of diarrhea. We estimate that piped water reduces the likelihood of diarrhea by 1.6 

percentage points; this represents a reduction of 10 percent on the prevalence rate of 

diarrhea. The results also suggest that flush toilet facilities reduces diarrhea by 2.9 

percentage points, implying a reduction of 18 percent on the prevalence rate of diarrhea, 

while latrines reduces the rate of diarrhea by 6 percent. 

 

Table 4 reports results for nutrition status indicators of district fixed-effects 

regressions. Columns (1)-(3) report results for z-scores (W/A, H/A, and W/H) and columns 

(4)-(6) report results for malnutrition indicators (wasting, stunting, and underweight). 

Concentrating on z-scores, our results suggest that piped water and flush toilet have a 

positive impact on W/A and H/A z-scores, latrines have a positive effect only on H/A while 

well water has a negative effect on H/A. Access to piped water increases W/A and H/A z-

scores approximately by 0.04 standard deviations. A similar impact is estimated for latrines 

on H/A. The estimated impacts of flush toilet are larger, 0.10 standard deviations on W/A 

and 0.19 standard deviations on H/A. In the case of W/H z-score, we find that only latrines 

have a negative impact of 0.02 standard deviations. Turning to malnutrition indicators, our 

results suggest that piped water has a negative impact on the likelihood of wasting of 1 

percentage point or about 12 percent of the rate of wasting but has no effects on the  

likelihood of stunting or underweight. Flush toilet and latrines reduce the rate of wasting by 

14 and 15 percent and the rate of stunting by 21 and 7 percent respectively. Well water is 

associated to a 5 percent increase on the rate of stunting. None of the water and sanitation 

indicators has an impact on the underweight indicator. 
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5.2 Including additional covariates to proxy wealth 

 

Our previous estimates include the most comprehensive set of common and available 

covariates in the full set of DHS data for Peru. However additional covariates are available 

for specific DHS survey years. In this section we explore alternative specifications of the 

set of covariates for particular sub samples (years) of our data. 

 

The DHS data include a wealth index which is meant to represent a more permanent 

economic status than income or expenditure, which are not available in the DHS (Rutstein 

and Johnson, 2004; Rutstein 2008). The wealth index is a summary measure that reflects 

dwelling characteristics, household ownership of durable goods, ownership of agricultural 

land and livestock for rural households, and water supply and toilet facility. The index is a 

weighted sum of these indicator variables, where the weights are constructed using 

principal component analysis (as suggested by Filmer and Pritchett, 2001). However, since 

the index provided by DHS data includes water and sanitary facility indicators, we do not 

use it directly in our analysis. Instead, we include additional covariates as further controls 

in our regressions to proxy wealth. 

 

In Table 5 we include additional covariates to our district fixed-effects regressions 

of diarrhea on water and sanitation. Since not all these covariates are available in every 

DHS we run the regressions for the samples where they are available. Columns (1) to (5) 

report regressions using 1992-2010 DHS data. In column (1) we replicate the district fixed-

effects regression using only data from these surveys. The results are similar to those 

obtained earlier with the full 1986-2010 DHS data. The regression in column (2) adds the 

education of the household head. Education is included as a set of three dummies indicating 

primary, secondary and tertiary education, with no education serving as the excluded 

category. The inclusion of these dummies does not change our previous results. 

 

The regression in column (3) includes the ratio of rooms for sleeping to the number 

of household members. This index of overcrowding is a proxy of economic status, the more 

the number of household members per room for sleeping, the lower the economic status of 

the household. In this regression we loose some observations because the number of rooms 

for sleeping has missing values. However, still we find the same qualitatively results: piped 

water, flush toilets and latrines contribute to reduce the prevalence of diarrhea. 

 

The regression in column (4) controls for the type of materials used in the floors of 

the house or dwelling. This variable, alongside with the materials in the walls and the roofs, 

are proxies for wealth. The better the materials used in the house (such as cement or 

hardwood in the floors, bricks or cement in the walls, cement or hardwood in the roof), the 

higher the permanent economic status of the household. DHS data for 1992-2010 only 

contain materials in the floors. Our previous results are robust to the inclusion of this 

covariate in the regression. 

 

We also run a regression that includes head’s education, the overcrowding index 

and the materials in the floors together. The regression in column (5) reports the result. The 

inclusion of these covariates together slightly reduces the magnitude of the coefficients but 

we find the same qualitatively results.  
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Columns (6) and (7) report regressions using 1986-2010 DHS data. In these 

columns we explore what happens when we include the materials used in the floors of the 

dwelling as an additional covariate in the regression. Column (6) reproduces our basic 

district fixed-effects regression and column (7) reports the regression with the additional 

controls for floor materials. The results are very similar and the both quantitatively and 

qualitatively. 

 

Columns (8) and (9) report regressions using 1986 and 2000-2010 DHS. Column (8) 

reports a regression using these years but with the same specification of covariates as in our 

basic district fixed-effects regressions. Column (9) reports the regression results when we 

control for the materials used in the walls of the dwelling. Comparing the results in these 

two columns, we find very similar results. 

 

In Table 6 we restrict our sample to 2004-2010 DHS data. In these data we can also 

control for materials used in the roof of the dwelling as an additional control for 

household’s wealth. Column (1) reports a regression with the basic specification of 

covariates but restricting the data to 2004-2010. Columns (2) to (6) report regressions that 

include additional covariates one by one. Column (7) reports a regression that includes all 

the additional covariates together. Results in column (1) are similar to those obtained when 

using the full sample, although the estimated coefficients are slightly higher in absolute 

value. Including additional covariates in the regression do not change the results. 

 

Tables 7 and 8 report regressions that include additional covariates to our district 

fixed-effects regressions of nutrition indicators on water and sanitation. The odd-numbered 

columns replicate the basic specification, while even-numbered columns report regressions 

that include the overcrowding index and the indicators for materials used on floors, walls 

and roofs as additional controls for wealth in the specification. In general we find that the 

magnitude of the estimated coefficients declines in absolute value when we include further 

controls. Even though that the estimated standard errors do not change between the two 

specifications, the reduction on the magnitude of the coefficients implies a reduction of 

statistical significance in most cases. However the general pattern of previous results 

remains qualitatively unaffected. 

 

5.3 Alternative specifications of water source 

 

Table 9 reports regressions results of diarrhea on alternative specification of water source. 

In column (1) we include two dummies for piped water: piped water inside the dwelling 

and piped water outside the dwelling but inside presents the building. All other sources of 

water are combined in the excluded category. In this regression only piped water inside the 

dwelling has a negative effect on diarrhea, suggesting a reduction of diarrhea in 1.8 

percentage points. The estimated coefficient of piped water outside the dwelling but inside 

building is negative but not statistically significant, even using a one tail test. 

 

We also replicate the regressions from previous tables by defining the excluded 

category in the same way, but this time we disaggregate the included categories for public 
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taps and well water. In column (2) we report a regression where we include dummies for 

public taps, wells inside the building and public wells as separate categories. None of these 

variables seem to have an effect on diarrhea. In this specification our results for piped water 

remain unaffected. In particular, the coefficient of piped water inside the dwelling remains 

negative and statically significant and its magnitude is unaffected by the inclusion of the 

disaggregated categories for public tap and well water. 

 

In the last column of the table we include dummies for water from springs and for 

other surface water sources, such as rivers, lakes, dams, water ponds or streams. We find 

that these sources of water do not have an effect on diarrhea. Again, the result for piped 

water inside the dwelling is quantitative and qualitatively the same. Piped water inside the 

dwelling has a negative effect on diarrhea, reducing cases of diarrhea by 1.9 percentage 

points. 

 

We also find that the negative effect of flush toilet and latrines on diarrhea is not 

affected by the alternative specifications of water source. The estimated coefficients on the 

corresponding dummies for these categories of sanitary facility do not change across the 

alternative specifications. 

 

5.4 Testing for complementarities between water and sanitation 

 

In this section we test whether there are complementary protective effects of water and 

sanitation. In order to test for complementarities between water and sanitation, we include 

interaction terms into the regression equation. If the protective effects of water and 

sanitation reinforce each other, the estimated coefficients on the interaction terms should be 

negative. Even more, in order to conclude that complementarities are present in our data we 

should get statistically significant coefficients on the interaction terms.  

 

Results are reported in Table 10. The first column reproduces the base specification 

of our fixed-effects regression which only includes the main effects of water and sanitation. 

In column (2) we introduce the interaction terms between water and sanitation. None of the 

coefficient of the interaction terms turned statistically significant as column (2) shows. 

However, the precision of the estimated coefficients of the main effects decrease when we 

add the interaction terms into the regression equation. In particular, the estimated 

coefficient on flush toilet becomes statistically insignificant. This however, doesn’t imply 

that diarrhea prevalence is the same for those with access to and without access to flush 

toilets. Adding the interaction terms yield a less precisely estimated flush toilet coefficient 

because of the correlation between water and sanitation: among those without piped water, 

almost none have flush toilet; among those with well water, the majority have latrines. A 

joint test of the null hypothesis that both main and interaction effects are all zero yields a F 

statistic of $F(8, 7937) = 5.81$, so we reject the null. On the contrary, when we test the null 

hypothesis that the interaction terms are all zero, we obtain a F statistic of $F(4, 7937) = 

0.27$, so we cannot reject. 

 

In columns (3) and (4) we try a different specification by removing the well water 

variable from the regression equation. In this specification there is only one water variable, 
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the dummy for piped water, the public tap or well water is left in the reference category for 

water source. As shown in column (3) when we estimate the restricted regression equation, 

without the public tap or well water dummy, the estimated coefficients of piped water, flush 

toilet and latrines remain unchanged. In column (4) we include the water-sanitation 

interaction terms into the regression. We find a similar result than before: none of the 

interaction terms turn statistically significant while the precision of the main effects is 

reduced. The joint test for the hypothesis that both main and interacted effects are all zero 

yields a F statistic $F(5, 7937) = 9.07$ which allows us to reject the null. However the test 

for the hypothesis that the interaction terms are zero yields a F statistic $F(2, 7937) = 0.42$, 

so we cannot reject. In summary our results suggest that there is no convincing evidence in 

favor of complementarities between water and sanitation.  

 

5.5 Testing for protective effects of water sanitizing practices 

 

There is an open debate about whether there is a protective effect of access to piped water 

on health per se or there are healthy practices in the family, such as hand washing or 

boiling or chlorinating the water to make it safe for drinking, which actually have a 

protective effect against water-related diseases. We are able to test these competing 

explanations using DHS data. In particular, the 2000, 2004-08, 2009 and 2010 DHS 

collected information related to how water is managed at home. In particular, these DHS 

include questions about whether water is boiled or chlorinated for safe drinking. 

 

Using DHS data from these particular surveys, we run our district fixed-effects 

regressions for diarrhea including a variable indicating whether the family boiled or 

chlorinated water for drinking. Results are reported in Table 11. The inclusion this variable 

into the regression yields a negative and statistically significant coefficient, but does not 

affect on the magnitude or statistical significance on the estimated coefficients of the water 

source or type of toilet variables. The coefficient of the indicator for boiling/chlorinating 

water is of the same order of magnitude than the corresponding coefficient for piped water. 

This suggests that boiling/chlorinating water reduces the prevalence rate of diarrhea by 10 

percent in addition to the reduction of diarrhea by access to piped water. 

 

We further test whether there are interactions effects between water sanitizing 

practices at home and the source of drinking water on diarrheal disease. In column (2) we 

report the results from our district fixed-effects regression of diarrhea on water sources and 

water sanitizing practices adding their interaction in the specification. The coefficients on 

the main effects turn more negative and remain statistically significant. The coefficient of 

the interaction effects are both positive but only the interaction between piped water and 

water boiling/chlorinating is marginally significant using a one-tailed test. The magnitude 

of the estimated coefficients suggests that piped water reduces the prevalence of diarrhea 

by 9 percentage points once water boiling/chlorinating practices main effect and its 

interaction with water sources are accounted for, this represents that piped water reduces 

the prevalence rate of diarrhea by 6 percent. 
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5.6 Heterogeneity on the effects of water and sanitation on diarrhea 

 

We also explore whether water and sanitation have differential effects on diarrhea 

according to the place of residence, mother’s education and age, as well as child’s age and 

gender. We let the whole vector of coefficients in our regressions to vary across these 

characteristics. Results are reported in Tables 12and 13.
3
  

 

As shown in columns (2) and (3) from Table 12, we find that piped water has a 

negative impact on diarrhea in rural areas, but not in urban areas (the estimated coefficient 

is negative but the standard error is too large). Flush toilets and latrines contribute to reduce 

the prevalence of diarrhea in both areas. According to the educational level of the mother 

(columns 4 and 5), we find that piped water, flush toilets and latrines reduce the prevalence 

of diarrhea, but the estimated coefficients are higher and estimated with more precision for 

mother with secondary or higher education than for mothers with primary or no education. 

We also find that the negative effects of piped water, flush toilets and latrines are larger for 

children with younger mothers (columns 6, 7, and 8). 

 

As shown in columns (2) to (6) from Table 13, according to the age of the child, 

piped water has a negative effect on diarrhea for children of age 0-11 months, 24-35 

months, and 48-59 months, but not for children of age 12-23 or 36-47 months. Water from 

public taps or wells has a negative effect on diarrhea for children of age 24-35 months but a 

positive effect for children of age 36-47 months. Flush toilets have a negative effect on 

diarrhea for all age groups, but the estimated coefficients are larger for children of age 12 to 

47 months. Latrines only have a negative effect on diarrhea for children of age 12-23 

months. As reported in columns (7) and (8), there is a negative effect of piped water on 

diarrhea among girls but not among boys, on the contrary it seems that the negative effect 

flush toilets and latrines are larger among boys than among girls. 

6 Conclusions 
 

In this study we analyze the impact of access to water and sanitation on child health in 

Peru. In our empirical analysis we use information from independently pooled cross-section 

data from the Demographic and Health Survey. Our pooled data contain over 77 thousand 

records for children of age 0-59 months, spanning 24 years from 1986 to 2010.  

 

Between 1986 and 2010, access to improved water and sanitation has increased in 

Peru nationwide and in rural and urban areas. The percentage of children with access to 

piped water (running water from the public utility network either inside the house or 

outside the house but inside the building) has increased from 38% to 69% among children 

of age 0-59 months. The increase was larger for children from rural areas, where access 

went up from 7% to 57%. Access to flush toilets increased from 23% to 47% while access 

to latrines increased from 9% to 36%. In rural areas, access to flush toilets rose from 1% to 

8% and access to latrines from 4% to 60%. In urban areas, access to flush toilets rose from 

43% to 69% and access to latrines from 14% to 22%. 

                                                 
3
 In the appendix we report results for nutritional status outcomes. 
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Over the same period, the prevalence of diarrhea and nutrition indicators showed 

improvement both at rural and urban areas. Diarrhea prevalence went down from 32% in 

1986 to 14% over 2004-2010. Nutritional status indicators also showed improvements. For 

instance, stunting went down from 40% to 23%. 

 

Naïve comparisons of health outcomes between children with different sources of 

water and types of sanitation suggest that children with access to improved water and 

sanitation have a lower prevalence of diarrheal disease, and better anthropometric 

indicators.  However, these simple comparisons might overshadow the effect of other 

variables correlated with children health and water and sanitation 

 

We estimate quasi-reduced form health demand functions using within district 

variation to reduce the possibility of selection bias. We control for several observable 

characteristics that might be correlated with health outcomes and water and sanitation, such 

as the age and education of the mother, the age education and sex of the household head, 

access to electricity, ownership of durable goods, and materials used in the floors, walls and 

roofs of the dwelling. In order to account for unobserved locality factors that might also be 

correlated to water and sanitation and might bias the estimation we take care of tracking the 

original political definition of districts in 1986 over the years in order to get a unique 

definition of geo-political areas that we refer to as districts. Using a constant geo-political 

definition of districts is crucial to control for unobserved local factors potentially correlated 

to water and sanitation. In particular, we remove district fixed-effects in our regression 

analysis aiming at purging local conditions that facilitate or hinder infrastructure 

development projects such as water and sanitation infrastructure. The district fixed-effects 

allows controlling for common factors within the district potentially correlated to water and 

sanitation but unobservable to us. 

 

Our district fixed-effects regressions suggest that: (a) piped water, flush toilet and 

latrines reduce the occurrence of diarrhea; (b) piped water and flush toilet increase W/A 

and H/A z-scores; and that (c) piped water, flush toilet and latrines reduce the likelihood of 

wasting and flush toilet reduce the likelihood of stunting. In particular, we estimate that 

piped water reduce by 10 percent the prevalence rate of diarrhea, flush toilet facilities 

reduce it by 18 percent, while latrines reduces it by 6 percent. 

 

Results from our district fixed-effects regressions of diarrhea are robust to the 

inclusion of different set of covariates. They are also robust to different, more 

disaggregated specifications of the source of water. In particular, we find that piped water 

connected inside the house has a protective health effect. Estimated coefficients for public 

taps, private wells, public wells, springs, and other surface water turned not statistically 

significant in our regression analysis. 

 

 

We also test whether water sanitizing practices, such as boiling or chlorinating 

water to make it safe for drinking has a protective effect on health. We find that these 

health-related practices indeed reduce the prevalence of diarrhea by 10 percent, an effect of 

the same order of magnitude than the effect of piped water. We also find that the inclusion 
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of water sanitizing in our diarrhea regression does not change the estimated impact of piped 

water. 

 

There are however two potential concerns. First, we were not able to control for 

child and mother/household specific unobserved effects. If these factors are correlated with 

water and sanitation, omitting them generates biased results. However, as we discussed 

earlier, our data do not allows controlling for these potential confounders. Second, it is still 

possible that water and sanitation are endogenous even after removing all other factors 

including the unobserved effects. If this is the case, our fixed-effect regressions will also 

yield biased estimates. Instrumental variables estimation would be suitable in this context. 

However, we have no available variables that satisfy instrument requirements. Given the 

unfeasibility of controlling for child and mother fixed-effects and the difficulty of finding 

instruments for water and sanitation, the best way to reduce the extent of potential biases is 

to include a wide range of covariates as we have done in our analysis. We recognize that 

further research is required. 
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