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Abstract

Stunting in developing economies like Nigeria is strongly linked to sources of water 

consumed by children under five. This linkage matters as water has been linked to all four 

pillars of food and security. This paper helps to address a gap in the literature on how sources of 

water are linked to stunting in children under five years  rural households in Nigeria. We use 

panel data from the three waves of the Living Standard Measurement survey of households in 

Nigeria, a representative of Africa's most populous nation. Our empirical approach includes 

regressions with household fixed effects to account for time-invariant unobserved and 

observed characteristics that could jointly determine stunting. We find that the sources of 

water available in Nigeria increases the probability of stunting in children under five. 

Specifically, borehole on average increase stunting by 0.11 at the 0.01 level of significance and 

well increases stunting by 0.12 at the 0.01 level of significance implying these secured sources 

of water are not necessarily safe for direct consumption by children. Our finding is relevant to 

future policies on nutrition education for mothers to improve the nutrition of their children.

Introduction

The challenge of malnutrition is huge, posing serious health issues which, also, translates to 

economic problems for about one third of the world's population consuming poor diets 

(International Food Policy Research Institute (IFPRI), 2016). While sub-Saharan Africa is 

still struggling with high rates of underweight and stunting in children under five, with the 

proportion of stunted children being 41% (World Health Organization (WHO), 2017), 

malnutrition still remains a burden in Nigeria. According to National Bureau of Statistics 

(NBS), (2017) in Premium Times, wasting prevalence increased marginally from 10.2% to 

10.8%. Nigeria's Demographic and Health Survey (DHS), (2013) reports small improvements 

in rates of stunting: from 42 percent of children in 2003 to 37 percent of children in 2013 

(DHS, 2013). Anthropometric indices like weight for age, height for age, especially of under 5 

children are used to assess the nutritional status of children from birth to 59 months of age 

(Food And Nutrition Technical Assistance (FANTA), 2013).  Stunting is associated with an 

array of health and economic consequences, including a greater risk of infections in 
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childhood, diminished cognitive development, poorer educational outcomes, and lower 

economic productivity and earnings in adulthood (Black, et al. 2008). Height-for-age 

indicates linear growth in a child. Low height-for-age also called stunting is a consequence of 

long term, cumulative inadequacies of health and nutrition (Pradeep et al., 2013).Mechanisms 

underlying stunting still remain unexplored in Nigeria.As one of the fastest urbanizing 

country in the continent, Nigerian is experiencing significant challenges in providing access to 

water for her population. Uncontrolled urbanization affects sanitation mainly through 

overcrowding of communities, constraints to quality housing, and reduced freshwater 

availability due to increasing consumption of water and water-intensive goods and pollution 

(He et al., 2018). The situation is exacerbated by poor environmental management and 

regulation which are failing to prevent the pollution of fresh water resources by accumulation 

of household and industrial waste water effluents (Ijaiya and Joseph, 2014). Water, sanitation, 

and hygiene (WASH) has been linked to all four “pillars” of the food and nutrition security 

framework (Cumming and Cairncross, 2016), as immediate or proximate risk factors, but also 

as more distant causes. The mostdirect pathway that links poor WASH to undernutrition is via 

repeated bouts of diarrhea (Brown et al., 2013; Casanovas et al., 2013). Water crisis is looming 

large in the rural areas as well which is felt especially during the dry seasons, leaving as high as 

70% of the households in serious water insecurity (Ishaku et al., 2011).

Methodology

The population for this study consisted of children under the age of five years in Nigeria. The 

GHS-Panel survey is modeled after the Living Standard Measurement Study (LSMS) surveys 

and is representative at the national, zonal, and rural/urban levels. This World Bank survey 

consists of an unbalanced panel from three waves (2010, 2012 and 2015). The data were 

collected at the household level, the modules used for this analysis include the asset module, 

health module, roaster module and housing module. Only households with children under age 

5 and below were selected and after conversion to z-scores, outliers following WHO 

recommendation for the range of stunting were  dropped, bringing the total number of children 

used for  this analysis to24,813.

Empirical Approach

Our empirical approach includes pooled ordinary least squares (OLS) and random effects 

probit regressions. The random effects estimation approach takes advantage of the fact that 

24,813 children under five from 880 households' were surveyed in multiple waves after 

outliers were dropped. Observed and unobserved characteristics that do not change between 

successive waves of the survey become useful in estimating the relationship between sources 

of households' water use and stunting of children. The dependent variable stunting was 
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measured as a dummy variable, 1 for children whose standardized z-score is less than -2 and 0 

for children whose z-score is greater than -2 indicating they are not stunted.

Results and Discussion

Descriptive  data

Table 1 summarizes the number of children stunted, sources of water like pipe borne water, 

borehole and well. Other variables summarized include household asset value used as a proxy 

for income, education of head of the household measured as a dummy variable, sex of the 

child,  no water flush and water flush, sickness of the child in the last one month, education of 

mother measures as a dummy variable and household size. On average only about 15% of the 

children under five in our population was stunted, 12% of children under five live in 

households' whose source of water is well, 24% live in households' whose source of water is 

borehole while 7% live in household's whose source of water is well. The log of the value of 

asset which is used as a proxy for income is 11.45 on average, the real value in naira is 

353,154.8 naira, this implies that majority of household surveyed were poor because 

considering the mean family size of 6.3, this annual income will translate to less than 1.25 

USD per day, the relative international poverty line. The average age of the household head 

was 45 years. On average 87% of head of households of children surveyed had a formal 

education, 36% reported they use toilets with no water flush system while 21% used a water 

flush toilet. 175 of children surveyed were sick in the last one month before the survey and 

98% of mothers of children under five have had a formal education and the average household 

size was 6.

Table 1: Descriptive statistics of data 
Variables Number 

of 
Children 

Mean Std. Dev. Minimum Maximum 

Stunted 24,813 0.15 0.36 0 1 
Pipe 24,813 0.12 0.32 0 1 
Borehole 24,813 0.24 0.43 0 1 
Well 24,813 0.07 0.26 0 1 
Log (Asset) 24,716 11.45 1.50 3.91 18.95 
Age of household head 24,486 45.44 12.35 18 85 
Education of head of household 23,986 0.87 0.33 0 1 
Sex of child 24,813 0.49 0.50 0 1 
Sex of head of household 24,813 0.50 0.50 0 1 
No water flush toilet 24,813 0.36 0.48 0 1 
Water flush toilet 24,813 0.21 0.40 0 1 
Sickness in the last one month 24,813 0.17 0.37 0 1 
Education of mother 24,813 0.98 0.11 0 1 
Household size 24,785 6.31 2.84 1 31 
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The estimates of the probit model and random effect probit regression are reported in  table 2. 

The result of the random effect probit regression is reported because of the obvious advantage 

of measuring unobserved heterogeneity. The coefficient on borehole was positive and 

significant at the 1% level indicating that a unit increase in the use of borehole will result to an 

increase in the probability of stunted children compared to those who use other sources of 

water this result agrees with (Hunter, 2009) who found that many improved water sources 

have poor reliability and are associated with increased health risk like diarrheal which is a 

major cause of stunting. The coefficient on well was positive and significant at the 1% level 

indicating that a unit increase in the use of well will increase the probability of stunting in 

children compared to those who use other sources of water. The result of negative association 

of these improved water sources to stunting is in line with (Heitzzinger et al, 2015) who found 

that improved water sources are not necessarily safe as children who drink from such sources 

had high contamination risk. The coefficient on asset which is a proxy for income is significant 

and negative, implying that an increase in asset will result in a decrease in the probability of 

stunted children, this result agrees with (Black, 2013) who found that increased wealth is 

associated with lower stunting. The result on the education of the household head which was 

measured as a binary variable shows that parents who are educated are less likely to have 

stunted children compared to parents who have no education, this is also in line with (Pradeep 

et al., 2013) who found that illiterate parents increased the odds of stunting. The result also 

shows that male children are more likely to get stunted compared to their female counterparts, 

this result agrees with (Pradeep et al., 2013) who found that male children are more likely to 

get stunted compared to their female counterparts. Households who are headed by males are 

more likely to get stunted compared to households headed by females. Surprising, households 

who use no water flush toilets like latrine are less likely to have stunted children, this could be 

as a result of strict hygiene in the toilet and also the fact that most kids under 5 use the potty ( a 

bowl used by small children as toilet) as against normal toilets. As expected, the coefficient of 

water flush toilet is negative, implying a decrease in the probability of children who use a 

water flush system. Furthermore, children who were sick in the last one month before the 

survey were more likely to be stunted compared to children who were not sick. Also, children 

whose mothers have a formal education are less likely to be stunted compared to children 

whose mothers have no formal education, this result agrees with (Black, 2013) who found that 

mother's education reduces the probability of stunting in children. Household's with larger 

family size are less likely to be stunted, this could be as a result of higher family labour which 

could yield more income and improve their quality of life thereby reducing stunting.   Living 

in any of the 3 northern geo-political zones increases the probability of having stunted children 
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compare to those living in south-west, this is true and expected as stunting is not homogenous 

in Nigeria and people in the north suffer more stunting because the northern part of Nigeria is 

less developed compared to the south-west. The coefficient on the south-south geo-political 

zone in Nigeria is negative and significant at the 5% level implying that living in the south-

south of Nigeria reduces the likelihood of having stunted children compared to living in the 

south-west. Pipe borne water and age of household head did not exert any significant 

difference in the probability of stunting. The binary probit was run for robustness check.

Table 2: Effect of Water Sources on Stunted Children 

Variables Probit Random Effect Probit 

Regression (RE) 

Marginal Effects 

for RE 

Pipe born water -0.04(0.04) -0.003(0.04) -0.001(0.01) 

Borehole 0.48(0.03)*** 0.54(0.03)*** 0.11(0.01)*** 

Well 0.57(0.04)*** 0.59(0.04)*** 0.12(0.01)*** 

Asset -0.04(0.01)*** -0.04(0.01)*** -0.01(0.002)*** 

Head of household 

education 

-0.13(0.03)*** -0.15(0.03)*** -0.03(0.001)*** 

Age of household 

head 

-0.001(0.001) -0.001(0.001) -0.0002(0.0002) 

Sex of child 0.19(0.02)*** 0.19(0.02)*** 0.04(0.01)*** 

Sex of head of 

household 

0.14(0.02)*** 0.14(0.02)*** 0.03(0.005)*** 

No Water flush toilet -0.23(0.03)*** -0.19(0.04)*** -0.04(0.01)*** 

Water flush toilet -0.27(0.04)*** -0.23(0.04)*** -0.05(0.01)*** 

Sick in the past one 

month 

0.16(0.03)*** 0.16(0.03)*** 0.03(0.01)*** 

Mother’s education -1.78(0.09)*** -1.68(0.09)*** -0.35(0.03)*** 

Household size -0.04(0.004)*** -0.04(0.004)*** -0.01(0.001)*** 

North Central 0.29(0.03)*** 0.31(0.03)*** 0.06(0.01)*** 

North East 1.00(0.04)*** 0.97(0.04)*** 0.20(0.01)*** 

North west 0.77(0.04)*** 0.76(0.04)*** 0.16(0.01)*** 

South East 0.09(0.04)** 0.07(0.04) 0.01(0.009) 

South South -0.09(0.04)** -0.09(0.04)** -0.02(0.01)** 

Number of

Observation 

23864 23864 23864 

Constant 1.10(0.14)*** 0.99(0.14)*** 0.99(0.14)*** 

Log likelihood -8972.8949 -8935.8916 -8935.8916 

Standard errors in parentheses   

*** p<0.01, ** p<0.05, * p<0.1 
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Conclusion and Recommendation

The result of the panel regression shows that the current sources of improved water available 

should be in rural households in Nigeria will lead to the probability of increased stunting in 

Nigeria as they appear to be unsafe for consumption directly by children under five indicating 

that further treatments on the water gotten from these sources is needed to ensure a decrease in 

the probability of stunting in the study. The study recommends an improvement in the quality 

of water available to the public and a sensitization on the need for people to further purify 

water gotten from these sources before consumption.
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