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Abstract 
 
Ethiopia has one of the highest child malnutrition rates in the world. A considerable effort to monitor 
child malnutrition rates over the last two decades shows that, despite some improvements, 
approximately half of the children under five are still malnourished. Much of the burden of deaths 
resulting from malnutrition, estimated to be over half of childhood deaths in developing countries, can 
be attributed to just mild and moderate malnutrition. Several biological and social economic factors 
contribute to malnutrition. Using the 2000 Ethiopia Demographic and Health Survey data, this study 
examines the impact of access to basic environmental services, such as water and sanitation, on the 
probability children are stunted and underweight. The focus is on the impact of externalities associated 
with access to these services. We find that biological factors, such as child’s age and mother’s height, 
and social economic factors, such as household wealth and mother’s education, are important 
determinants of a child’s nutritional status. This is consistent with the findings of most studies in this 
literature. With respect to the environmental factors, we find that there are indeed significant 
externalities associated with access to water and sanitation at the community level. The external 
impacts of community level of access to these services are an important determinant of the probability 
a child is underweight. Our results also show that the external impact of access to water is larger for 
children living in rural areas.  
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1. Introduction 
 

Ethiopia has one of the highest child malnutrition rates in the world. A considerable 

effort to monitor child malnutrition rates over the last two decades shows that, despite some 

improvements, approximately half of the children under five are still malnourished (Alderman 

and Christiaensen, 2001). Much of the burden of deaths resulting from malnutrition, estimated 

to be over half of childhood deaths in developing countries, can be attributed to just mild and 

moderate undernutrition.1 Underweight children are particularly vulnerable to increased risk 

of death from infectious illnesses such as diarrhea and pneumonia (WHO, 2002). For those 

children that do survive, the impact of chronic malnutrition in the first few years of life are 

long lasting and can lead to cognitive and physical developmental deficits, higher levels of 

chronic illness and disability in adult life (resulting in reduced work capacity), as well as 

adverse pregnancy outcomes (low birth weight).  

Several biological and social economic factors contribute to malnutrition. A 

conceptual framework developed by UNICEF, and extended by Engle, Menon, and Haddad 

(1997), recognizes three levels of determinants of children’s nutritional status. The immediate 

determinants of children’s nutritional status are dietary intake and health status. These are in 

turn influenced by underlying determinants: food security, adequate care for mothers and 

children, and a proper healthy environment, which includes the availability of safe water, 

sanitation, health care, and environmental safety. The ability of households to translate 

resources to achieve food security, care, and a healthy environment are limited by political, 

economic, cultural, and social factors at the community and national level, which are the basic 

determinants of children’s nutritional status (Smith and Haddad, 1999).  

Previous studies have concentrated on the impacts of several of the underlying 

determinants, particularly maternal education and access to health care, on malnutrition rates. 

Maternal education, which is often used as a proxy for the quality of care received by 

children,  is identified as a key determinant of nutritional outcomes. Maternal education can 

                                                 
1 Pelletier (1994) is the source of this much quoted statistic. The analysis in the current World Health Report 
estimates the deaths of 3.7 million young children in 2002 were related to malnutrition. The World Health 
Organization benchmark considers the proportion of children whose weight for age score falls one standard 
deviation below the standardized population mean and a woman’s body mass index below 20 to be mildly 
malnourished.  
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influence nutritional outcomes through several channels, such as directly transmitting health 

knowledge to mothers, teaching numeracy and literacy skills needed to diagnose and 

appropriately treat common child health problems, and exposing women to modern medical 

treatment (Glewwe, 1999). Education can also raise women’s self-confidence and status in the 

household, enabling women to take a more active and effective role in intra-household 

decision making and in obtaining health care assistance (Smith and Haddad, 1999; Alderman, 

Hentschel, and Sabates, 2002). Several other recent studies support these findings with regard 

to the important role of maternal education (Gragnolati, 1999; Christiansen and Alderman 

2001; Sahn and Stifel, 2002).   

Thomas and Strauss (1992) focus on the impacts of community infrastructure (piped 

water, sewerage, and health care) and local market conditions (prices for six food groups) on 

children’s height in Brazil. They find that water and sewerage facilities significantly affect 

children’s height, particularly for older children in urban areas. These results do not hold for 

rural areas, where the lack of access to modern infrastructure makes it difficult to measure a 

“healthy environment.” They emphasize the importance of controlling for the effects of 

community infrastructure to obtain unbiased estimates of the impacts of maternal education 

and income on children’s health. Recent development in the literature examines the impact of 

other households’ investments in education (Glewwe, 1999; Alderman, Hentschel, and 

Sabates, 2002) and water and sanitation infrastructure, on children’s health (Alderman, 

Hentschel, and Sabates, 2002). Of particular interest in this line of investigation are the 

potential positive externalities in the production of children’s health associated with the 

decision of neighboring households to invest in education and water and sanitation services.  

The focus of the current study is to examine the impact of externalities associated with 

access to water and sanitation services, for which the empirical evidence so far has been 

mixed. Gragnolati (1999), for example, finds that the proportion of households with access to 

piped water has a positive impact on Guatemalan children’s nutritional status (measured by 

stunting). However, the opposite outcome is found for access to sanitation. Alderman, 

Hentschel, and Sabates (2002) find that impact of sanitation investments in the neighborhood 

dominate both the impact of sanitation and piped water investments at the household level, 

with rural households being more likely to benefit from their neighbor’s investments in both 

services. We examine the relationship between access to water and sanitation services at the 
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household and neighborhood level on children’s nutritional status, controlling for the effects 

of important determinants of nutritional status identified in the literature. Data from the 2000 

Ethiopia Demographic and Health Survey (DHS) are used for the analysis, which estimates 

the probability of children being stunted and underweight.   

The paper is structured as follows. Section 2 describes the Ethiopia DHS dataset used 

for the analysis. Section 3 focuses on the problem of malnutrition in Ethiopia and provides 

some statistics on the demographic and geographical characteristics of the surveyed 

population. Section 4 introduces the theoretical framework adopted for the analysis, which 

follows Alderman, Hentschel, and Sabates (2002), and the empirical strategy employed. 

Section 5 discusses the econometric specification of the model and the econometric issues that 

arise in the estimation of the specified model. Section 6 presents the results of the analysis. 

Section 7 concludes. 

 

2. The Ethiopia Survey 
 

The 2000 Ethiopia DHS is a comprehensive, nationally representative population and 

health survey conducted in Ethiopia.2 The survey interviewed 15,367 women between 15 and 

49 years of age to collect information regarding fertility and family planning behavior, child 

mortality, children’s nutritional status, the utilization of maternal and child health services, 

and knowledge of HIV/AIDS and STDs. The survey was carried by the Central Statistical 

Authority (CSA), with technical assistance provided by ORC Macro as a part of its 

MEASURE DHS+ project. The survey took place between February and May 2000, 

following the harvesting season of the main Meher crops, maize and sorghum, which account 

for 90 to 95 percent of total cereal production. 

A two-stage sampling procedure was adopted, using the 1994 Population and Housing 

Census as the sampling frame. In the first stage, 540 enumeration areas (EA)—139 in urban 

areas and 401 in rural areas—were selected using systematic sampling with probabilities 

proportional to the population size. A listing of all households in each of the selected EA was 

produced and 27 households per EA were selected in all regions in the second stage. This 

                                                 
2 The information concerning the survey described in this section comes from the Ethiopia Demographic and 
Health Survey 2000 report produced by the Central Statistical Authority and ORC Macro.  
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resulted in a total of 10,449 observations. The two stage sampling procedure adopted ensures 

that statistically reliable estimates of key demographic and health variables are available for 

all regions of Ethiopia.3  

The Ethiopia DHS used three questionnaires for the survey. The household 

questionnaire collects information on basic socioeconomic characteristics of all household 

members, such as the age, sex, marital status, education, and so on. It also includes 

information on the dwelling, such as the floor, ceiling, wall materials, and the number of 

rooms; the source of drinking water and the type of toilet facilities used by the household; as 

well as ownership of a variety of durable assets. The women’s questionnaire collects 

information on reproductive history; contraceptive use and knowledge; fertility preferences; 

antenatal, delivery, and postnatal care; infant feeding practices, child immunization and 

health; among other things. All eligible women (15-49 years of age) and children born after 

September 1994 were weighed and measured. Finally, the males’ questionnaire interviews 

eligible males (15-59 years of age) in every fifth household to collect information on the 

respondent’s background; contraceptive knowledge and use; marriage; fertility preferences; 

attitudes about family planning; and knowledge of HID/AIDS and STDs. Interviews were 

completed for 99 percent of occupied households, with no difference in the overall response 

rate for urban and rural eligible women. Rural men were slightly more likely than urban men 

to have completed an interview.  

 

3. Malnutrition in Ethiopia 
 

The Ethiopia DHS data add to the vast and growing international database on 

demographic and health variables collected as a part of the MEASURE DHS+ project. These 

surveys have been carried out in 32 countries in Sub-Saharan Africa, facilitating the 

comparison of malnutrition indicators among low income countries in the region. In a well-

nourished population, the distribution of children’s height and weight at a given age 

approximates a normal distribution. For comparison purposes, children’s height and weight 

                                                 
3 The sample population in Affar and Somali excluded the nomadic population and therefore some bias in the 
representativeness of the regional estimates for these two regions may occur. However, the population in these 
two regions relative to the country as a whole is small and it is unlikely the sampling strategy affects the 
reliability of the national and urban-rural estimates.  
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measurements are standardized according to the International Referenced Population defined 

by the U.S. National Center for Health Statistics. The three commonly used indicators of 

malnutrition are height-for age, weight-for-age, and weight-for height. Children whose 

measurements fall below two standards deviations from the reference median are generally 

considered malnourished. Each indicator captures different aspects of malnutrition. 

Stunting, or low height for age, is considered an indicator of chronic malnutrition. 

Height for age measures linear growth and therefore a low score is indicative of a cumulative 

growth deficit. Stunting is often the result of inadequate feeding practices over a long period 

and/or repeated illness. It is likely to persist even after these conditions are eliminated. 

Wasting, or low weight-for-height, measures body mass in relation to body length and is 

generally considered to reflect acute malnutrition. As an indicator, wasting is likely to vary 

over short periods of time due to food availability and disease prevalence. Underweight, or 

low weight for age, is a composite of height for age and weight for height. It is generally 

considered a general indicator of malnutrition, since a child that is underweight could be 

stunted or wasted, or both stunted and wasted.    

Table 1 compares the proportion of children malnourished, according to the 

definitions discussed above, in Ethiopia and other low-income Sub-Saharan countries. The 

data used to calculate the indicator averages for low income Sub-Saharan countries include all 

countries for which DHS data for children under five years of age was available over the past 

decade.4  If more than one survey was available for a given country, only data from the most 

recent survey was included. Compared to other low-income Sub-Saharan countries, Ethiopia 

has the second highest rate of stunting and underweight. The proportion of children stunted is 

50 percent higher than the average for those countries. In general, children in rural areas are 

more likely to be stunted than children in urban areas. The difference between the proportion 

of children underweight is also significantly higher. However, comparisons between the 

proportion of children underweight and wasted needs to be qualified, as different surveys took 

place in different years. Restricting the sample to surveys that took place between 1999 and 

2001, however, does not significantly affect the regional average for these indicators. It is also 
                                                 
4 We restricted the sample to surveys carried out since 1991. Some DHS datasets only collected children’s 
measurement data for children under 3 years of age. Since the Ethiopia dataset includes these measurements for 
all children under five, we chose to make the comparison with similar datasets. Alternatively we could have 
chosen to restrict the samples to children under 3 years of age only, then all data would be comparable.  
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worth noting that during 1999/2000, Ethiopia suffered its worst food crisis since the 1984/85 

famine. We do not have information to what extent other countries may or may not have faced 

a similar crisis. 

 

Table 1. Malnutrition Indicators Across Sub-Saharan Africa 

    Rural Urban Full Sample 
Ethiopia (2000) Stunted 52.3 41.6 51.2 
  Underweight 48.6 34.0 47.1 
  Wasted 11.3 5.4 10.7 
      
Average for Low Income Stunted 37.0 25.7 34.1 
 Sub-Saharan Countries Underweight 28.3 18.0 25.9 
  Wasted 8.0 6.2 7.5 
    
Note: countries included and the year the survey took place are: Benin (2001), Burkina Faso (1998/99), 
Cameroon (1991), Chad (1996/97), Cote d’Ivory (1998/99), Ghana (1998), Guinea (1999), Kenya (1993), 
Madagascar (1992), Malawi (2000), Mauritania (2000/01), Namibia (1992), Niger (1992), Nigeria (1990), 
Rwanda (1992), Senegal (1992/93), Tanzania (1999), Uganda (2000/01), Zambia (1996), Zimbabwe (1999) 
 

The discussion now focuses on the prevalence of malnutrition inside Ethiopia. Table 2 

shows the geographical variation in the prevalence of children stunted and underweight. 

Addis Ababa and Dire Dawa, the most urbanized areas of Ethiopia, show a considerably 

lower rate of malnourished children. In Tigray and Ahmara, in the northern part of Ethiopia, 

and the Southern Nations, Nationalities and People (SNNP) more than half of the children are 

malnourished. Several factors impacting food production, such as primitive agriculture 

practices, recurrent droughts, and long lasting civil wars, contribute to the high prevalence of 

malnutrition in Ethiopia. It is worth noting, however, that some of the regions with the highest 

rates of malnutrition are also the food surplus regions of the country (Haidar and Demissie, 

1999). While food production is an important factor, it is does not necessarily ensure 

household food security. Also, as Alderman and Garcia (1994) stress, household food security 

alone is not sufficient to improve the children’s nutritional status.  

 
 
 
 
 



 8

Table 2. Malnutrition Indicators for Ethiopia, by Region 

 Height for Age  Weight for Age  

 
% below  
–2 SD 

 
Mean Z 

% below  
–2 SD 

 
Mean Z 

Number of 
Children 

Residence      
Urban 41.6 -1.7 34.0 -1.4 1,067 
Rural 52.3 -2.1 48.6 -1.9 9,328 

       
Region       
Tigray 55.3 -2.1 47.9 -1.9  689 
Affar 47.6 -1.9 50.5 -1.9  94 
Amhara 57.0 -2.3 51.8 -2.0  2712 
Oromiya 47.2 -1.9 42.4 -1.7  4288 
Somali 46.2 -1.7 44.3 -1.6  83 
Benishngul-Gumuz 41.3 -1.7 42.3 -1.7  101 
SNNP 55.4 -2.3 53.7 -2.0  2237 
Gambela 37.0 -1.3 39.0 -1.6  23 
Harari 37.3 -1.5 27.1 -1.4  21 
Addis Ababa 26.8 -1.1 14.1 -0.9  165 
Dire Dawa 30.5 -1.1 30.8 -1.3  36 
Notes: Reported means are adjusted for sample probabilities 
 

The two most important risk factors contributing to malnutrition are insufficient food 

intake and repeated infectious illnesses. Table 3 shows the proportion of children 

malnourished and with diarrhea and fever by age groups and by the mother’s level of 

education. The proportion of children malnourished increases significantly with age—

particularly between the first and second year of life. The World Health Organization (WHO) 

recommends exclusive breastfeeding for children under 6 months and the introduction of solid 

and semi-solid food around the age of 6 months. The Ethiopia data shows that most children 

under the age of 6 months are predominantly breastfed, although only about a third are 

exclusively breastfed, as it is recommended by the WHO.   

The mother’s education level is likely to be a significant factor influencing child 

feeding practices. The data show the introduction of other liquids takes place earlier than at 

the suggested 6 months of age—with children as young as 2 months of age consuming other 

liquids. Almost thirty percent of children under 6 months are also given plain water or other 

water based liquids or juices. The children of mothers with a primary education are breastfed 
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more frequently, although there are no significant differences in the length of breastfeeding 

between mothers with no education and primary education. 

It is somewhat more difficult to assess the adequateness of feeding practices at older 

ages, since this choice may be significantly restricted by food availability. The data show that 

only 44 percent of children between 6-9 months of age are consuming solid or semi-solid 

foods, as recommended. By 12 months, 85 percent of children are consuming solid or semi-

solid foods. Their diet consists mostly of foods made from cereals and legumes—only a third 

of the children 12 months of age are consuming vitamin A rich foods. Food availability may 

be a significant factor why less than 3 percent of children stop breastfeeding by 12 months. 

Table 3 also shows the prevalence of diarrhea and fever—the two most common 

symptoms of childhood infectious diseases. Fever, in particular, is usually a manifestation of 

malaria or other acute infectious disease. Both fever and diarrhea are major contributors to 

child mortality and high levels of malnutrition. The prevalence of diseases and malnutrition 

are interrelated, as diseases tend to reduce the appetite and interfere with the digestion and 

absorption of food consumed. This in turn exacerbates malnutrition, which makes the child 

more vulnerable to diseases, such as diarrhea and other infectious diseases.5  

The proportion of children with diarrhea more than doubles as the child reaches 6 

months of age. The highest rate of diarrhea incidence—around 38 percent—occurs in children 

in the 6-11 and 12-23 months age groups. Two factors may explain this increase in the 

incidence of diarrhea. First, children at this age are beginning consumption of other foods and 

may therefore be ingesting contaminated food or liquids. Second, children at this age are 

becoming more mobile and therefore may come into contact with potential hazards in their 

surroundings. A major risk factor in spreading infectious diseases are improperly disposed 

human feces. If feces are left uncontained, disease may spread either by direct contact or 

animal contact with feces. Seventy-seven percent of households do not dispose of children’s 

stool properly by throwing it in a toilet/latrine or burying it in the yard. The availability of 

                                                 
5 The figures reported in table 3 rely on the mothers’ recall of whether the child showed symptoms of the 
respective illnesses in the two weeks prior to the survey. It therefore may be subject to recall bias, as well as 
possible misdiagnosis.  
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toilet facilities clearly impacts the way a household disposes of children’s stool and 85 

percent of the households surveyed do not have access to any sanitation facilities.  

Children 6-11 and 12-23 months of age are also more commonly sick with fever—40 

and 35 percent, respectively. There are significant regional variations in the prevalence of 

fever, particularly in areas where malaria is more common (Affar and Gambela regions). Very 

few children with fever are taken to a health facility or provider for treatment. The mother’s 

level of education does not seem to influence the prevalence of children with fever. However, 

children of mothers with a secondary education are 7 percent less likely to have diarrhea than 

children of mothers with no education. More importantly, children of mothers with a 

secondary education are almost 3 times more likely to be taken to a health provider when they 

have diarrhea and are 50 percent more likely to receive oral hydration therapy. 

 

Table 3. Malnutrition and Prevalence of Infectious Diseases 

 Stunting 
 

Underweight Diarrhea 
 

Fever 
Child’s age (months)     
<6 10.6 6.6 15.4 25.7 
6-11 28.7 37.4 38.5 39.5 
12-23 57.2 56.1 37.1 35.4 
24-35 56.1 54.8 26.2 29.4 
36-47 60.7 49.6 16.1 24.1 
48-59 60.1 50.1 11.8 20.2 
     
Mothers education     
No education 52.9 49.6 24.4 28.3 
Primary 49.1 40.4 21.4 28.1 
Secondary and higher 32.9 27.7 17.1 29.8 
 
 
4. Empirical Strategy 
 

The main objective of the analysis is to estimate the impact of access to water and 

sanitation services on children’s nutritional status, while controlling for the effects of 

important determinants of nutritional status identified in the literature. In addition to 

estimating the impact of household access to water and sanitation services, the analysis also 

examines the additional impact the proportion of households with access to these services has 
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on the nutritional status of children. The approach adopted closely follows Alderman, 

Hentschel, and Sabates’ (2002) analysis of the nutritional status of children in Peru.  

 
 Model 
 

The nutritional status of a child is assumed to be a function of household inputs, such 

as nutrients (F, food), health (H), and child care (C). The nutritional production function can 

be written as: 

 
(1) ),,,,,( εiiiii eECHFNN =  

 

where E represents observed neighborhood environmental conditions, ei represents 

unobserved child specific characteristics, and ε unobserved community effects.  

Nutritional production functions, however, are rarely estimated. This is because inputs 

that go into the nutritional production function are likely to be endogenously determined.6 

Instead, the approach generally adopted is to estimate a nutritional demand equation. To 

derive this demand equation, we assume households maximize utility over consumption 

goods (G), leisure (L), and the nutritional status of members of the household (N): 

 
(2) ),,( NLGuU =  

 

subject to the above nutritional production function, time and budget constraints, to 

yield a nutritional demand function such as: 

 
(3) ),,,( iii EYnN µε=  

 

Where Y represents household resources, E environmental conditions, ε unobserved 

community effects, and µ is a random error term, which includes unobserved individual 

characteristics ei, as well as measurement error. Nutrient and health inputs are not included in 

the above equation—only factors which affect the level and efficiency by which these inputs 

are used are included. Clearly missing in the above demand equation are any relevant prices. 
                                                 
6 Some important child specific characteristics, such as length of breastfeeding, preceding birth interval, as well 
as partial information on food intake and health history are available in the Ethiopia DHS dataset. However, to 
be able to use these variables, a number of econometric issues must be overcome. 
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However, since prices are not likely to vary in a community and there is no time variation 

with cross sectional data, it could be argued that price effects get subsumed into ε, the 

unobserved community effects (Alderman, Hentschel and Sabates, 2002). How the data from 

the Ethiopia DHS is used to construct these variables is explained next. 

 
Variables 
 

Data from the Ethiopia DHS constitute the primary basis for the empirical analysis of 

the present study. The discussion here focuses on how this data has been used to construct 

variables used to proxy for Y, household resources, and E, environmental conditions, in 

equation (3) above. 

 
Individual characteristics 

Several control variables are included to control for heterogeneity at the individual 

level. Individual specific controls include the child’s gender, age, and the mother’s height. 

The age variable is included as a dummy variable for different age groups to control for the 

cumulative effect of malnutrition. Mother’s height is included to proxy for the child’s genetic 

endowment. Previous research suggests mother’s height is associated with a child’s birth 

weight and has a stronger impact on a child’s height than father’s height.   

 
Household resources 

No income or expenditure data is collected as a part of the DHS surveys. In the 

absence of such data, Filmer and Prichett (1998) have suggested the use of a wealth index, 

which can be constructed from information regarding housing characteristics and the 

possession of household durable goods. This is approach adopted in this study. The wealth 

index serves as a proxy for the household’s long-run wealth or economic status. Its reliability 

is dependent on having the appropriate weights for the assets. Using principal component 

analysis, factor scores are generated for each type of asset and determine the weight these 

assets receive in the construction of the asset based wealth index. The idea is to extract from a 

large number of variables the orthogonal linear combinations of the variables that best capture 

the largest amount of information common to all of the variables (Filmer and Pritchett, 1998). 
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Very poor households, however, may not acquire many durable goods and spend most 

of their income on consumption, particularly food consumption. Therefore a more complete 

assessment of the household’s wealth would need to include a consumption measure as well. 

Even when available, household food related expenditure or consumption data is an imperfect 

measure of welfare, as it does not take into account seasonal changes, the distribution of food 

within the household, and the variability of all individual household members needs. An 

alternative is to use an outcome based indicator that would reflect how these factors come into 

play. The use of the body mass index (BMI), defined as the weight in kilograms divided by 

the square of height in meters, has been suggested as a possible indicator of household food 

availability (James and others, 1999). It seems reasonable to expect that changes in food 

availability, such as seasonal food shortages, would be reflected in a low BMI. As women 

tend to be the most vulnerable household members, their BMI has been chosen as a proxy for 

household food availability. The cut off point of a BMI of less than 18.5 is generally regarded 

as an indicator of malnutrition, with a BMI of less than 16 regarded as a sign of severe 

malnutrition. A dummy variable, which takes a value of one if the mother’s BMI is less than 

18.5 is therefore used to proxy for household food insecurity.  

Maternal education has been identified as a significant determinant of children’s 

health in the literature. The analysis incorporates information on the education of the mother 

and her husband or partner. Eighty two percent of the women in the sample report receiving 

no formal education. Thirteen percent report at least some primary school. Given the low 

level of education in the sample, an additional year of education may be a significant factor 

and therefore the mother’s education variable is defined as the number of years of education. 

The husband’s or partner’s level of education is also defined as the number of years of 

education. Nearly two-thirds of the men report no education, twenty percent report some 

primary education, and  five percent report completing primary education.   

Household composition may affect how household resources are distributed among 

household members. Therefore, variables on household size, whether the household is headed 

by a female, and the number of children under 5 years of age are used in the analysis. 
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Environmental factors 

The environmental variables of interest in the current study are access to water and 

sanitation. Public health measures in developed countries, such as water purification, sanitary 

sewerage, trash and garbage collection, and reductions in food contamination, have led to a 

substantial decline in morbidity and mortality (Rustein, 2000). Removing contaminants from 

the living space of children in developing countries is an important means to improve 

children’s health and prevent their deaths. Research also suggests that access to water impacts 

health not just through the quality of water that is drunk, but also due to increases in quantity 

available, which can be used for cleaning and hygienic behavior (such as washing hands) 

(Burger and Esrey, 1994).   

Table 4 shows urban and rural households source of drinking water and type of 

sanitation facilities. Most previous studies on malnutrition have considered access to piped 

water in the dwelling as the definition of good water. However, in the rural areas in Ethiopia 

very few households have access to piped water. The five percent of rural households with 

access to piped water have to travel one hour, on average, to get to the water source. A 

significantly higher proportion of urban households—nearly 80 percent—have access to piped 

water in or outside their compound.  In general, water obtained from surfaces sources, such as 

river, lake, pond or dam, is considered unsafe (Rutstein, 2000). These sources are likely to be 

contaminated in an environment where there is a lack of sanitation facilities. As Table 4 

shows, a significant proportion of the rural population obtain their drinking water from these 

surface sources. Given that ninety percent of the rural population does not have access to any 

toilet facility, these water sources are likely to be contaminated. The definition of “safe water” 

used in the analysis tries to capture both aspects of water quality and availability. It includes 

piped water—whether inside or outside of the compound—as well as water from a well, as 

long as access to those sources is less than 30 minutes away from the household.7  

Less than one percent of households in our sample have a flush toilet or access to an 

improved ventilated latrine. There are considerable differences in access to sanitation between 

urban and rural households. Two thirds of urban households have access to some type of toilet 

                                                 
7 Adding the restriction that water be from sources 30 minutes or less from the household has a significant 
impact on results but not at the individual level. It only affects the significance and coefficient of the proportion 
of households that have access to water.  
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facility, primarily a traditional pit latrine. In contrast, over ninety percent of the rural 

population do not have access to any sanitation facilities. There is certainly a strong case to 

expect that access to sanitation brings about significant health benefits, as the proper disposal 

of human feces is likely to reduce the spread of infections diseases. However, the empirical 

literature on the effects of sanitation on child anthropometry and survival in developing 

countries is not conclusive (Gragnolati, 1999). This could in part be a result of the limited 

number of households with access to flushing toilets, which is often the definition of proper 

sanitation used in most studies. The lack of information on other determinants of a hygienic 

environment, such as the availability of garbage and human waste disposal sites, may also be 

a factor why the results in the literature concerning the effects of sanitation are not always 

consistent.  

In trying to capture the overall sanitary environment surrounding a household this 

study takes into account the disparities in access between urban and rural population, as well 

as some behavioral information regarding how households dispose of children’s stool. For 

urban households, proper sanitation is defined as access to a flush toilet or a latrine. For rural 

households, this definition is expanded to also take into account whether the household 

disposes of children’s stool properly, since that is likely to affect the household and its 

neighboring environment.  Sanitary conditions are more likely when children’s stools are 

thrown into a toilet, latrine, or buried into the yard. Unsanitary disposal includes throwing the 

stool outside the dwelling or yard, or rinsing it away.8  

 

Table 4. Water and sanitation access 

 Full Sample 
 

Urban Rural 
Source of drinking water    
Piped into dwelling  0.11  1.04  0.00 
Piped into compound  2.04 19.58  0.00 
Piped outside compound 11.01 59.03  5.44 
Open well  3.50  1.41  3.75 
Open spring 42.10  4.77 46.43 

                                                 
8 This is in line with the sanitation definition adopted by Alderman, Hentschel, and Sabates (2002), which 
excluded the types of situation where unhygienic treatment of human waste may occur due to the use of shared 
facilities, facilities not connect to a public net or septic tank, and open disposal human waste in canals, roads, 
etc. 
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Covered well  2.75  2.44  2.79 
Covered spring  5.42  2.80  5.72 
River 28.87  8.81 31.19 
Pond/lake/dam  4.15  0.00  4.63 
Rainwater or other  0.06  0.11  0.05 
    
Type of toilet facility    
Flush toilet  0.16  1.57  0.00 
Improved (ventilated) latrine  0.29  2.03  0.08 
Traditional pit latrine 13.72 63.11  8.00 
No facility, bush, field 85.83 33.28 91.92 
  
 

Of particular interest in this investigation are the possible external effects of other 

household’s investments and its impact on the common neighborhood environment. To 

capture these “neighborhood effects” variables with the average level of education and 

wealth, and the proportion of households with access to safe water and sanitation are created. 

These averages are obtained from the non-self means of the respective variables, which are 

calculated by summing the variable of interest over the sample cluster and then subtracting 

the observation from the household and dividing this difference by the number of households 

in the cluster minus one.9 

The proportion of households with access to safe water in a given location may be 

largely determined by geographical and climatic factors. Households living in the highlands, 

where peaks are as high as 4,550 meters above seal level, face very different constraints from 

those living in areas 110 meters below sea level, such as the Afar Depression. Altitude 

measurements were taken using a global positioning device for each of the survey clusters and 

are included in the analysis.  

 
5. Econometric Specification 
 

This study examines the impact of the above variables on the probability a child is 

stunted and underweight. This choice for the dependent variable, rather than the actual Z 

scores, facilitates interpretation of the results, as most measures of malnutrition are reported 

as the proportion of children who fall in these categories. A child is stunted (y=1) if his or her 

                                                 
9 The clusters in the sample are relatively small and therefore it is likely the standard errors are large. This would 
bias parameters towards zero.  



 17

standardized height for age Z score falls two standard deviations or more below the standard 

population mean. Similarly a child is underweight (y=1) if the child’s weight for age Z score 

falls two standard deviations or more below the standard population mean. Otherwise, y=0. 

The vector x represents the variables discussed above. The regression equation can therefore 

be written as: 

 
(4) Prob )'()1( ixFy β==  
(5) Prob )'(1)0( ixFy β−==   

 

Under the assumption that in a well-nourished population the distribution of children’s 

height and weight at a given age follows a normal distribution, the probability a child is 

stunted or underweight is given by: 

 

(6) Prob ∫
∞

==
ix

dtty
'

)()1(
β

φ  

or with the function Φ used as a notation for the cumulative standard normal distribution, 
 

(7)  Prob )'()1( ixy βΦ==  
 

The model is estimated by the method of maximum likelihood, as with ordinary least 

squares x'β  cannot be constrained to the 0-1 interval and the estimation could produce both 

nonsense probabilities and negative variances. The joint probability function, or likelihood 

function, with independent observations can be written as: 

 
(8) Prob )'())'(1(),...,,( 102211 iyiynn xxyYyYyY ββ ΦΠΦ−Π==== ==  
 

or, 
(9) iy

i
y

i
n
i xxL −
= ΦΦ−Π= 1
1 ))'(())'(1( , ββ  

 
Taking the log of both sides, we obtain 
 

(10) [ ]∑ =
Φ−−+Φ=

n

i iiii xyxyL
1

))'(1ln()1()'(lnln ββ  
 

And the first order conditions for a maximum are given by10: 
                                                 
10 The proof that second order conditions for a maximum hold (i.e., the hessian matrix is negative definite) is 
provided in Greene (1997). 
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The two-stage sampling design of the DHS and most other household surveys, 

however, violates the assumption of independent observations. Households in a given cluster 

are more likely to be similar to one another in some respects than households in different 

clusters. The weighted or unweighted mean of variables are not affected by the two-stage 

design, but the design does increase the variability of these estimates compared with a simple 

random sampling design. If the sample design is ignored, the variance of estimated means 

using standard formulas will be too small. In addition, since the error terms in the regression 

are correlated across observations in the same cluster, without some procedure to correct these 

standard errors, the efficiency of the coefficients estimated will be affected (Deaton, 1997).   

Unless one fully parameterizes the correlation within clusters, the true likelihood 

function for the clustered sample cannot be written.11 However, the model can be estimated 

without parameterization of the within-cluster correlation using appropriate statistical 

techniques. These will estimate the β vector that maximizes the likelihood function that we 

would have if we had data on all individuals in the population. The variance estimates are 

computed as if the sample was drawn again and again using the same clustering scheme and 

the estimated β vector computed as the maximum of the “pseudo-likelihood”.12  

Another issue of concern for the estimation of the above model is the possible 

endogeneity of some of the variables chosen as explanatory variables. For example, if 

household access to water or sanitation is a choice variable, then it may be correlated with the 

unobservables attributed to the error term. Endogeneity may also be a concern with the use 

the mother’s BMI as a proxy for household food security. Failure to control for possible 

endogenous variables could lead to biased estimates. To test for the possibility of endogenous 

variables, two estimators can be compared, one consistent (and efficient) under the hypothesis 

that there is no endogeneity, but inconsistent if there is endogeneity, and the other consistent 

                                                 
11 Gragnolati (1999) specifies a variance components model and a random coefficients model in his study of 
malnourished children in Guatemala.  
12 The STATA 7.0 manual contains a more detailed discussion of the survey estimation commands that can be 
used in this case.  
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under both hypothesis (Kennedy, 1992). If there is no correlation between the regressors and 

the error term, then both estimators produce similar coefficient estimates. The Hausman test 

can be used to test the equality of the estimates produced by two different estimators.13 The 

more efficient estimator would be preferred if the Hausman test fails to reject its the 

consistency. 

Instrumental variables (IV) estimation can provide consistent coefficient estimates, as 

long as a unique solution to the estimation problems exists and the instrumental variables are 

uncorrelated with the error term in the model (Davidson and MacKinnon, 2004). However, it 

is known that IV estimates can be generally biased as well, particularly if the instrumental 

variables used are weak predictors of the endogenous explanatory variables (Davidson and 

McKinnon, 2004; Bound, et al., 1995). Given the limited number of variables available in the 

data which could be used as potentially good instruments, we test for endogeneity by 

comparing the results with and without the inclusion of possible endogenous variables to 

determine whether there is evidence of any potential bias. 

 

6. Results  
 

The results of the analysis are presented separately for underweight and stunting in 

Table 5 and Table 6. The first column of each table reports the results of the model which 

includes mostly child and household specific characteristics, including household 

environmental conditions. The second columns adds the impact of community environmental 

conditions, which are constructed from the non-self cluster means for access to water, and 

sanitation. This specification also includes the non-self cluster means for female education 

level and the wealth index. The primary objective of the analysis is to investigate the impacts 

of community access to water and sanitation on the nutritional status of children. The last 

column restricts the sample to include only observations from the rural population, which 

constitutes about ninety percent of our sample.  

                                                 
13 The assumption that one of the estimators is efficient is a demanding one. It is violated, for example, if 
observations are clustered, if probability weights are used, or if the model is somehow misspecified. Moreover, 
even if the efficiency assumption is satisfied, there may be a “small sample” problem. In some cases, the 
Hausman test may be undefined. However, a generalized Hausman test, which overcomes both of these 
problems, may be applicable (StataCorp. 2003). 
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As expected, child’s age, mother’s height, household wealth, and mother’s education 

are significant determinants of a child’s nutritional status. We included the mother’s height to 

control for a child’s genetic endowment and the high significance of this coefficient would 

suggest that there is indeed an intergenerational effect. However, one would not expect the 

mother’s height to directly influence the development of a child, and hence the child’s 

nutritional status, which explains the small impact of this variable. The probability of a child 

being underweight or stunted increases significantly as the child gets older. Children between 

12–23 months of age are at the highest risk of being malnourished and that risk remains very 

high as the child ages, particularly for stunting. The coefficient on the child’s gender is not 

significant in any of the regressions, suggesting there are no gender bias affecting the 

nutritional status of children in Ethiopia.14  

The impact of household wealth, as measured by the wealth index created, is to 

decrease the probability a child is underweight by about 4 percent and stunted by about 3 

percent. We would generally expect a lower impact of current household wealth on stunting, 

as stunting is a measure of chronic malnutrition reflecting the impact of the households’ 

current as much as past wealth.  

Our proxy for household food insecurity, whether the mother’s BMI is less than 18.5, 

is positive and significant in the equation for underweight, but not significant in the equation 

for stunting.15 Since a low BMI is a reflection of current nutritional status, it may not be a 

surprise that this measure of household food insecurity only affects the probability a child is 

underweight. As an indicator of household food insecurity, the coefficient on the BMI 

variable suggests that children in a household where the mother has a low BMI are about 6 

percent more likely to be underweight. Children living in a female headed household are also 

3 to 4 percent also more likely to be malnourished. The coefficient on household size is not 

significant in any of the regressions. The number of children under 5 years of age, however, 

has an adverse impact on the probability of a child being stunted but not underweight. It 

increases the probability of a child being stunted by 2.5 percent.  

                                                 
14 Sahn and Stifel (2002) examine whether mother’s schooling has a higher impact on daughter’s than son’s 
nutrition and whether father’s education favors son’s nutrition using DHS data for 14 African countries.  
15 The generalized Hausman test does not reject the consistency of the estimated model which includes the 
mother’s BMI. 
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The mother’s education variable is highly significant but its impact on reducing the 

probability a child is malnourished is relatively small—only about 1.5 percent. This is 

probably a reflection of the very low level of female education in Ethiopia, particularly in 

rural areas. In contrast, the father’s level of education is not significant in any of the 

equations. It is possible that the indirect effect of his education is already picked up by other 

variables, such as household wealth. 

We now come to the results on the variables regarding access to water and sanitation, 

the primary focus of this paper.16 We first discuss the results of the specification which 

includes only measures of a household’s own environmental conditions. While the 

coefficients for households’ own access to water and sanitation in both the underweight and 

stunting equation are negative, as expected, these coefficients are small and not significant. 

The results for the model including community environmental conditions for the whole 

sample and for the rural sample are discussed next. The coefficients on the proportion of 

households with access to these services are highly significant in the underweight equations. 

The large coefficient on these variables suggests a significant spillover effect of other 

household’s access to these services. These results, however, do not hold for stunting. Note 

also that the coefficients on the proportion of households with access to water and sanitation 

in the stunting equations are generally smaller. Trying to measure the impact of these 

variables on the proportion of children stunted can be a bit problematic, given that stunting is 

a reflection of chronic malnutrition. We only observe these variables at the time of the survey 

and therefore cannot account for their past impact on stunting.   

We also find a significant external impact on stunting from female’s education, as in 

the Alderman, Hentschel and Sabates (2002) study. However, this impact is small and does 

not hold for the probability of a child being underweight. Again, the weakness of the female 

education variable in this study is probably a reflection of the very low levels of education in 

Ethiopia. An alternative way to capture the role of knowledge would be to construct an 

indicator variable of “good care” practices relating to appropriate child feeding, preventive 

use of health facilities, knowledge of treatment options for common childhood illnesses. Ruel 

and others (1999) find that in some instances, these factors can mitigate the negative impacts 
                                                 
16 The generalized Hausman test does not reject the consistency of the estimated model which includes the 
household’s own access to water and sanitation. 
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of poverty and low maternal education. This is beyond the scope of the current analysis, but 

may be an interesting alternative to pursue in future work. The variable on the community 

level of wealth is not significant, despite its significance at the individual level. Given the 

high rates of poverty in Ethiopia, a household based asset measure of community wealth may 

not be the best indicator of a community’s general welfare.  

 

Table 5: Determinants of underweight, probit estimates 

 

Household 
Environmental 

Conditions 

Community 
Environmental 

Conditions 

Community Env. 
Conditions  

(Rural Sample) 
Variables 

 
Probability 
coefficients

Standard 
Error 

Probability 
coefficients

Standard 
Error 

Probability 
coefficients 

Standard 
Error 

Individual Characteristics       
Female^ 0.009 0.012 0.007 0.012 0.008 0.014 
Age 6-11 months^ 0.454*** 0.027 0.453*** 0.027 0.456*** 0.026 
Age 12-23months^  0.617*** 0.020 0.616*** 0.020 0.614*** 0.019 
Age 24-35months^ 0.599*** 0.021 0.598*** 0.021 0.598*** 0.020 
Age 36-47months^ 0.565*** 0.023 0.564*** 0.023 0.568*** 0.023 
Age 47-59months^ 0.574*** 0.023 0.574*** 0.023 0.572*** 0.022 
Mother’s height -0.001*** 0.000 -0.001*** 0.000 -0.001*** 0.000 
Household Characteristics       
Mother’s BMI 0.065** 0.027 0.064** 0.027 0.043 0.029 
Wealth index -0.042*** 0.006 -0.044*** 0.009 -0.037** 0.016 
Female head 0.040** 0.019 0.042** 0.019 0.042* 0.022 
Household size 0.003 0.003 0.003 0.003 0.004 0.003 
Children under 5 0.010 0.009 0.009 0.009 0.006 0.011 
Mother’s education -0.010*** 0.004 -0.009** 0.004 -0.011** 0.006 
Father’s education 0.000 0.001 0.000 0.001 -0.001 0.001 
Water^ -0.007 0.021 0.024 0.022 0.021 0.026 
Sanitation^ -0.023 0.016 0.007 0.017 0.014 0.019 
Community Characteristics       
% water   -0.087** 0.041 -0.109* 0.057 
% sanitation   -0.135*** 0.040 -0.136*** 0.050 
% female education   -0.003 0.008 -0.013 0.017 
% wealth index   -0.105 0.114 0.094 0.326 
Urban  0.027 0.033 0.132*** 0.040   
Altitude  1.83e-06 0.000 -3.57e-06 0.000 -2.82e-06 0.000 
       
Log Likelihood             -4759.79  -4747.36  -4149.46  
Notes:       
For continuous variables, the probability coefficients measure the marginal change in probability at the 

variable’s mean. For discrete variables (market by ^) these coefficients should be interpreted as the 
change in probability for a change of the dummy variable from 0 to 1. 

Robust standard errors, adjusted for clustering effect. 
***, **, * indicate significance at 99, 95, and 90 confidence levels, respectively 
Coefficient of dummy variables for different regions not reported 
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Table 6: Determinants of stunting, probit estimates 

 

Household 
Environmental 

Conditions 

Community 
Environmental 

Conditions 

Community Env. 
Conditions  

(Rural Sample) 
Variables 

 
Probability 
coefficients

Standard 
Error 

Probability 
coefficients

Standard 
Error 

Probability 
coefficients 

Standard 
Error 

Individual Characteristics       
Female^ 0.007 0.011 0.007 0.011 -0.003 0.012 
Age 6-11 months^ 0.297*** 0.029 0.295*** 0.029 0.312*** 0.027 
Age 12-23months^  0.547*** 0.019 0.546*** 0.020 0.541*** 0.018 
Age 24-35months^ 0.528*** 0.020 0.527*** 0.020 0.527*** 0.019 
Age 36-47months^ 0.563*** 0.019 0.562*** 0.019 0.555*** 0.019 
Age 47-59months^ 0.555*** 0.019 0.555*** 0.019 0.541*** 0.018 
Mother’s height -0.001*** 0.000 -0.001*** 0.000 -0.001*** 0.000 
Household Characteristics       
Mother’s BMI -0.022 0.029 -0.022 0.029 -0.039 0.015 
Wealth index -0.028*** 0.005 -0.026*** 0.008 -0.007 0.030 
Female head 0.030 0.018 0.031* 0.018 0.022 0.020 
Household size -0.002 0.003 -0.002 0.003 -0.001 0.003 
Children under 5 0.026*** 0.009 0.025*** 0.009 0.020* 0.010 
Mother’s education -0.016*** 0.004 -0.014*** 0.004 -0.014*** 0.005 
Father’s education 0.000 0.001 0.000 0.001 0.001 0.001 
Water^ -0.011 0.021 0.022 0.024 0.003 0.029 
Sanitation^ -0.031* 0.017 -0.017 0.018 0.004 0.020 
Community Characteristics       
% water   -0.031 0.039 -0.058 0.054 
% sanitation   -0.058 0.040 -0.062 0.047 
% female education   -0.015* 0.008 -0.030* 0.017 
% wealth index   -0.013 0.114 0.187 0.331 
Urban  0.028 0.033 0.098** 0.041   
Altitude  2.67 e-05 0.000  2.49 e-05 0.000  2.17 e-05 0.000 
       
Log Likelihood             -4793.99  -4789.11  -4129.64  
Notes:       
For continuous variables, the probability coefficients measure the marginal change in probability at the 

variable’s mean. For discrete variables (market by ^) these coefficients should be interpreted as the 
change in probability for a change of the dummy variable from 0 to 1. 

Robust standard errors, adjusted for clustering effect. 
***, **, * indicate significance at 99, 95, and 90 confidence levels, respectively 
Coefficient of dummy variables for different regions not reported 
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Tables 7 and 8 explore the impact of externalities due to access to water and sanitation 

by splitting the sample according to the neighborhood level of access to these services. 

Alderman, Hentschel, and Sabates (2002) suggest these externalities should be larger at low 

neighborhood levels of access to these services. In their study, they find externalities exist 

until about half of the neighborhood has access to sanitation. We report the results for these 

externality impacts according to whether at most one-third, one-half, and two-thirds of the 

households in a cluster have access to water and sanitation. The results on Tables 7 and 8 are 

fairly consistent for both underweight and stunting outcomes.  

When only one third of the population has access to water and sanitation, the spillover 

effect of those with access to water and sanitation are each considerably larger than when 

compared to the full sample results. For example, the spillover effect on Table 7 for water and 

sanitation is a decrease in the probability of being underweight of 37 and 44 percent, 

respectively. These coefficients are about 3 to 4 times larger than the coefficients reported on 

Table 5 above. As the level of access to these services approaches fifty percent of households, 

the spillover impact is only about twice as large as the benchmark. As more households obtain 

access to water and sanitation, the spillover effect for water is almost the same as in the 

benchmark case, while for sanitation, the impact is still somewhat higher.  

The results reported on Table 8 for stunting are very similar. However, recall that on 

Table 6, the external impact of access to water and sanitation on the probability of a child 

being stunted were not significant. In this case, therefore, we do not have a proper benchmark 

for comparison of these results. Yet, it is interesting to note how the results reported on Table 

8 for these variables change as the level of access to water and sanitation increases. When the 

community level of access to water and sanitation are low, the external impact of these 

variables are large and significant. As the level of access increases, the coefficient on these 

variables gets smaller and less significant, repeating the same pattern observed for these 

variables in Table 7. Surprisingly, the coefficients on the variables measuring wealth become 

positive, and significant in the case of neighborhood wealth.  
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Table 7:External impacts by level of access to water and sanitation for underweight 

 33% access 50% access 66% access 
Variables 

 
Probability 
coefficients 

Standard 
Error 

Probability 
coefficients 

Standard 
Error 

Probability 
coefficients 

Standard 
Error 

Individual Characteristics       
Female^ -0.001 0.015 0.001 0.014 0.004 0.014 
Age 6-11 months^ 0.449*** 0.030 0.441*** 0.028 0.456*** 0.027 
Age 12-23months^  0.612*** 0.022 0.606*** 0.020 0.612*** 0.019 
Age 24-35months^ 0.591*** 0.023 0.587*** 0.021 0.596*** 0.02 
Age 36-47months^ 0.559*** 0.026 0.556*** 0.024 0.565*** 0.023 
Age 47-59months^ 0.573*** 0.025 0.565*** 0.023 0.573*** 0.022 
Mother’s height -0.001*** 0.000 -0.001*** 0.000 -0.001*** 0.000 
Household Characteristics       
Mother’s BMI 0.058* 0.033 0.059** 0.030 0.055* 0.029 
Wealth index -0.027 0.020 -0.037** 0.016 -0.038*** 0.014 
Female head 0.028 0.025 0.042* 0.023 0.041* 0.022 
Household size 0.005 0.004 0.004 0.004 0.004 0.003 
Children under 5 -0.001 0.012 0.006 0.011 0.004 0.011 
Mother’s education -0.004 0.006 -0.014** 0.006 -0.015** 0.006 
Father’s education -0.001 0.001 -0.001 0.001 -0.001 0.001 
Water^ 0.009 0.036 0.012 0.030 0.019 0.027 
Sanitation^ 0.029 0.026 0.018 0.021 0.009 0.020 
Community Characteristics       
% water -0.366*** 0.141 -0.179** 0.089 -0.100** 0.072 
% sanitation -0.444*** 0.124 -0.245*** 0.076 -0.199*** 0.060 
% female education -0.009 0.021 -0.003 0.018 -0.002 0.016 
% wealth index 0.411 0.416 0.122 0.297 0.000 0.257 
Urban  0.113 0.098 0.189*** 0.062 0.131*** 0.051 
Altitude -1.99 e-05 0.000 -3.35e-06 0.000  2.09e-07 0.000 
       
Log Likelihood             -3078.94  -3733.04  -3992.91  
Notes:       
For continuous variables, the probability coefficients measure the marginal change in probability at the variable’s 

mean. For discrete variables (market by ^) these coefficients should be interpreted as the change in probability 
for a change of the dummy variable from 0 to 1. 

Robust standard errors, adjusted for clustering effect. 
***, **, * indicate significance at 99, 95, and 90 confidence levels, respectively 
Coefficient of dummy variables for different regions not reported 
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Table 8: External impacts by level of access to water and sanitation for stunting 

 33% access 50% access 66% access 
Variables 

 
Probability 
coefficients 

Standard 
Error 

Probability 
coefficients

Standard 
Error 

Probability 
coefficients 

Standard 
Error 

Individual Characteristics       
Female^ -0.001 0.014 -0.004 0.013 -0.006 0.012 
Age 6-11 months^ 0.315*** 0.032 0.319*** 0.030 0.313*** 0.029 
Age 12-23months^  0.538*** 0.022 0.542*** 0.020 0.541*** 0.019 
Age 24-35months^ 0.524*** 0.022 0.530*** 0.020 0.528*** 0.020 
Age 36-47months^ 0.548*** 0.022 0.558*** 0.020 0.557*** 0.019 
Age 47-59months^ 0.538*** 0.022 0.543*** 0.020 0.543*** 0.019 
Mother’s height -0.001*** 0.000 -0.001*** 0.000 -0.001*** 0.000 
Household Characteristics       
Mother’s BMI -0.030 0.035 -0.021 0.033 -0.027 0.032 
Wealth index 0.010 0.019 0.014 0.016 0.010 0.014 
Female head 0.017 0.024 0.018 0.022 0.025 0.021 
Household size 0.001 0.004 0.000 0.004 0.000 0.003 
Children under 5 0.018 0.012 0.021* 0.011 0.021** 0.010 
Mother’s education -0.012* 0.006 -0.017*** 0.006 -0.019*** 0.006 
Father’s education 0.001* 0.001 0.001 0.001 0.001 0.001 
Water^ 0.017 0.041 0.014 0.033 0.007 0.031 
Sanitation^ 0.014 0.029 0.022 0.023 0.008 0.021 
Community Characteristics       
% water -0.326*** 0.120 -0.122 0.077 -0.084 0.065 
% sanitation -0.246** 0.108 -0.145** 0.070 -0.108* 0.059 
% female education -0.023 0.020 -0.026 0.018 -0.024 0.016 
% wealth index 0.505 0.376 0.665** 0.318 0.599** 0.255 
Urban 0.022 0.071 0.116* 0.069 0.039 0.065 
Altitude  2.96e-06 0.000  1.69 e-05 0.000  1.50 e-05 0.000 
       
Log Likelihood             -3073.41  -3702.51  -3967.75  
Notes:       
For continuous variables, the probability coefficients measure the marginal change in probability at the variable’s 

mean. For discrete variables (market by ^) these coefficients should be interpreted as the change in probability 
for a change of the dummy variable from 0 to 1. 

Robust standard errors, adjusted for clustering effect. 
***, **, * indicate significance at 99, 95, and 90 confidence levels, respectively 
Coefficient of dummy variables for different regions not reported 
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 7. Conclusion 
 

Malnutrition is a pervasive problem in Ethiopia and it is no doubt a direct consequence 

of widespread poverty. Analyzing the impact of different factors on children’s malnutrition is 

further complicated by Ethiopia’s vulnerability to frequent and severe droughts. Using 

demographic and health survey data, this study examines on the impact of access to basic 

environmental services, such as water and sanitation, on the probability children are stunted 

and underweight. The focus is on the impact of externalities associated with access to these 

services. Therefore, controlling for household access to these services, we look at how the 

proportion of households with access to these services in the community affects children’s 

nutritional status. 

We find that child’s age, mother’s height, household wealth and mother’s education 

are important determinants of a child’s nutritional status, which is consistent with the findings 

of most studies in this literature. The impact of mother’s education, however, is small and 

probably mostly a reflection of the very low level of female education in Ethiopia. With 

respect to the environmental variables, we find that there are indeed significant externalities 

associated with access to water and sanitation at the community level. The external impacts of 

the community level of access to these services are an important determinant of the 

probability a child is underweight. Our results also show that the impact of access to water is 

larger for children living in rural areas.  

As the proportion of households in the community with access to water and sanitation 

increases, the external impact on children’s nutritional outcomes diminishes, as expected. The 

external impact of community access to water and sanitation on the probability a child is 

stunted is only significant when the proportion of households with access to these services is 

low. As the level of access increases, however, the coefficients on these variables become 

small and no longer significant. Stunting is a chronic condition and is likely to persist even 

after elimination of conditions that contribute to it—these results are likely then a reflection of 

these circumstances.  

It is possible that unobserved variables, which are correlated with the community’s 

level of access to water and sanitation, are partly driving these results. However, in the 

absence of available data to control for community’s wealth, there is little we can do to 
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address this possibility. Therefore, the results of this study should be interpreted with care. 

With the availability of geographic coordinates in the DHS data, as data collection and 

availability for Ethiopia improves, such problems could be addressed in future research.  
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Table 9: Means and standard deviations for variables in this study 
Variable Definition Mean Std Dev. 

    
Child stunted =1 if height for age Z score is two std 

deviations below the std mean 
0.50 0.007 

Child underweight =1 if weight for height Z score two is std 
deviations below the std mean 

0.46 0.007 

Female =1 if female 0.49 0.007 
Age  Child’s age, in months 29.1 0.244 
Mother’s height  Height, in centimeters 1,565 0.875 
Mother’s BMI =1 if BMI<18.5 0.06 0.003 
Female head =1 if female is the head of the household 0.12 0.004 
Household size Household size 6.13 0.03 
Children under 5 Number of children under 5 years of age 1.85 0.009 
Mother’s education Number of years in school 0.82 0.027 
Father’s education Number of years in school 2.63 0.129 
Safe water =1 if household has access to piped water, 

well or spring water within 30 minutes 
distance 

0.09 0.004 

Sanitation =1 if household has flush toilet, pit latrine, or 
ventilated pit latrine 

0.14 0.004 

Disposal =1 if household disposes of children’s stool in 
toilet/latrine, or buries it in yard  

0.22 0.005 

    
Urban =1, if household lives in urban area 0.10 0.014 
Altitude Altitude in meters, at center of village/cluster 2,086 3.356 
    
Sample size 8023   
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Table 10: Correlation Coefficients 

 underwt stunt 
mother’s 
height bmi wealth hhsize under5

mother’s
education

father’s 
education

safe
water sanitation 

mean 
safe water 

mean 
sanitation

mean 
education

mean
wealth

underwt 1.00               
stunt 0.57 1.00              
mother’s 
height -0.09 -0.13 1.00             
bmi 0.04 -0.02 0.07 1.00            
wealth -0.21 -0.17 0.04 -0.05 1.00           
hhsize -0.01 0.00 0.08 0.02 0.01 1.00          
under5 -0.01 0.00 0.07 -0.01 -0.06 0.43 1.00         
mother’s 
education -0.17 -0.15 0.05 -0.03 0.71 -0.06 -0.08 1.00        
father’s 
education -0.08 -0.06 0.04 -0.03 0.35 -0.02 -0.01 0.30 1.00       
safe water -0.06 -0.05 0.03 0.02 0.21 -0.05 -0.03 0.15 0.06 1.00      
sanitation -0.11 -0.09 -0.01 -0.03 0.48 -0.01 -0.04 0.37 0.18 0.13 1.00     
mean 
safe water -0.11 -0.09 0.07 0.01 0.38 -0.03 -0.05 0.25 0.12 0.60 0.23 1.00    
mean  
sanitation -0.16 -0.13 -0.03 -0.03 0.61 -0.03 -0.07 0.46 0.22 0.22 0.66 0.34 1.00   
mean  
education -0.18 -0.15 0.01 -0.03 0.76 -0.03 -0.09 0.66 0.28 0.22 0.44 0.33 0.64 1.00  
mean 
wealth 0.05 0.05 -0.04 0.01 -0.40 -0.04 -0.02 -0.23 -0.12 0.063 -0.09 -0.03 -0.00 0.02 1.00 
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Appendix 
 
This appendix provides an overview of how to convert probit scores into changes in 
probability. 
 
We define the probit model by:  
 

(12) Prob (Y=1) = F(β’x) 
 
Since β’x has a normal distribution, 
 

(13) Prob (Y=1) = Φ(β’x) 
 
Suppose the result for a probit regression is given by: 

 
(14) Prob (Y=1) = Φ(β1x1 + β2x2 + α) 

 
The interpretation of β1 in terms of the probit index function is that a one unit increase in x1 
leads to an increase in the probit index by β1 standard deviations. Intuitively, to transform the 
results in terms of changes in probability, we can take as a starting point the mean values of x1 
and x2, which we denote by χ1 and χ2, respectively. The corresponding probability calculated 
at the mean, is given by Φ(β1χ1  + β2χ2  + α). To calculate the impact of a one unit change in 
x1, we evaluate Φ(β1 + β1χ1  + β2χ2  + α) and subtract from it Φ(β1χ1  + β2χ2  + α). The results 
presented above are in terms of the change in probabilities evaluated at the mean, which 
STATA automatically calculates when using the dprobit command.  
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