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Abstract: Both child mortality and water stress are included into the Sustainable 

Development Goals (SDGs). Existing studies have explored the relationship between child 

mortality and water stress with different perspectives, however, the results vary due to 

differences in methods and context. There is still insufficient cross-country comparative 

research on the association between child mortality and water stress under the framework 

of SDGs. This article uses data of 20 developing countries to explore the association 

between child mortality and water stress, based on the path analysis methodology. The 

results show that in term of statistics, the level of water stress is negatively but 

insignificantly associated with child mortality in developing countries. This unconventional 

result is explained by a number of possible reasons such as high reliance on food importation 

in some developing countries, and also the indirect link between water stress and child 

mortality via a country’s socioeconomic development (measured by national poverty rate). 

The results enrich scientific knowledge of and provide practical implications to the 

interactions between SDGs. 

1. Introduction 

There is a sustained scientific and policy interest in the availability of water resources 

and the management of water, including water-use efficiency (e.g., Bauer et al, 2020). 

An indicator widely-used to measure the availability of water resources is the level of 

water stress, which has different definitions at both qualitative and quantitative 

dimensions. For example, Kummu et al (2016, p2) define water stress as ‘…the impact of 

high water use (either withdrawals or consumption) relative to water availability’. Under 

the framework of the United Nations (UN) Sustainable Development Goals (SDGs), the 

World Bank defines the level of water stress as ‘ratio between total freshwater withdrawal 

by all major sectors and total renewable freshwater resources’ (World Bank, 2021), which 

has been formally accepted as an indicator (SDG indicator 6.4.2) to measure the 

progress of achieving SDGs. This definition has the advantage of relatively easy to 

measure and high availability of data, which are important reasons for its inclusion as a 

global level indicator. Also environmental water requirements are incorporated into this 

concept.   

Child mortality also attracts attentions from researchers and practitioners. A widely 

selected indicator to measure child mortality is the under-5 mortality rate, which refers to 
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the amount of (predicted) deaths per 1,000 children before reaching age five. This 

concept is rather straightforward which seldom causes misunderstanding. Its simplicity 

and wide adaptation become important reasons for its inclusion as an SDG indicator 

(3.2.1). 

This article explores the relationship between SDG indicator 3.2.1 ‘under-five 

mortality rate’ and SDG indicator 6.4.2 ‘level of water stress’ (United Nations, 2021), with 

the perspective that different SDGs (and also different SDG indicators) are interactive 

with each other (e.g., Liu, 2020). Previous studies have explored the association between 

child mortality and water stress from different perspectives. A typical link between child 

mortality and water stress is that unavailability of water may lead to negative health 

impact on children, which may result in higher child mortality. For example, Bizuneh et al 

(2017) and He et al (2018) use Ethiopia and Nigeria as case studies to show that lack of 

access to water may lead to higher probability of diseases in children, which is an 

important reason of child mortality. However, based on panel data of 59 countries, 

Headey and Palloni (2019) find that access to water is not significantly related to 

children’s health, with an exception that installation of piped water into households may 

reduce child stunting. Another cross-national study of 41 countries demonstrates that 

child mortality is not significantly with water supply, although unimproved water supply is 

harmful to children’s health (Geere and Hunter, 2020). 

Water stress also affects child mortality as the former has a direct impact on food 

security, which is related to nutrition and child mortality. For example, Suárez-Varela et 

al (2018) argue that water is essential for food production, processing, and preparation. 

In the specific case of Morocco, water scarcity is a challenge which needs to be addressed 

in order to underpin food security (Suárez-Varela et al, 2018). Similar situations take 

place in many other countries especially the developing world (e.g. Qiu et al, 2012), 

where agriculture is more resource-extensive and thus require large amounts of water 

supply. Vanham and Leip (2020) also argue that properly addressing the challenge of 

water stress is essential for a sustainable food system. Given the widely-perceived 

connection between hunger and death of children (Lucas et al, 2019), it is able to 

understand that water stress is a factor which may lead to child mortality.   

Water stress is strongly associated with sanitation and hygiene services, which is 

also a reason of its connection with child mortality. For example, with an Ordinary Least 

Squares (OLS) analysis, Geere and Hunter (2020) demonstrate that the use of sanitation 

facilities would increase health outcomes among children. Similarly, Headey and Palloni 

(2019) find that although improvements in sanitation may not significantly reduce child 

stunting and wasting, they can reduce child mortality and widely-observed fatal diseases 

such as diarrhea. Although Gera et al (2018) do not find robust evidence to support 

water, sanitation, and hygiene’s (WASH) strong impact on child mortality, they realize 

the potential health benefits of WASH and support the provision of adequate access to 

WASH. In fact, water is very substantially influenced by, and also has strong influence on 

sanitation and hygiene, that is a reason why these three terms are often mentioned and 

abbreviated together. 

Further to these more direct links between water stress and child mortality, scholars 

also find water stress is related to socioeconomic development, or sometimes is part of 
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socioeconomic development, and therefore can affect child mortality in an indirect 

approach. For example, Huang et al (2019) show that water-use efficiency and relevant 

technology can have an impact on water stress. Access to such technology may be 

unequal which often results in depletion of (water) resources and creation of poverty and 

poverty gaps (Mirza et al, 2019), and poverty is widely-known for its influence on child 

mortality. Adams et al (2020) illustrate that water stress affects more on the mortality of 

poor people (including children) living in the Global South. For example, poor people 

living in the Global South may not have adequate access to water and therefore need to 

physically fetch water with heavy containers, which leads to injuries and deaths 

(including children). 

Existing literature has contributed to knowledge and practice enormously. However, 

even though water stress and child mortality have been included into the SDGs, previous 

studies touch less on their relationship with the perspective of SDGs, including the 

interactions between different SDGs and also different SDG indicators. In addition, in 

comparison with in-country case studies, cross-country comparisons related to this topic 

is still insufficient, especially in the developing context. Practical implications and the 

applicability of policy recommendations are also reduced due to the above-mentioned 

reasons. 

Therefore, this article aims to enrich the scientific and practical knowledge to bridge 

these gaps. By using the data from twenty developing countries (low-income and 

lower-middle-income countries as classified by the World Bank), this article has the 

objective to generate more cross-national knowledge and implications. Exploration on 

the connections between water stress and child mortality under the framework of SDGs 

would enable the article to explore more about the interaction between different SDGs 

(as well as different SDG indicators). Such interactions may also assist policy-makers to 

properly balance and prioritize different SDGs (and also SDG targets). Furthermore, by 

adding path analysis, this article would extend the in-depth analysis on the mechanism of 

how water stress affect child mortality. 

The remaining parts of the article will be arranged as followed. The next section will 

introduce the research methodology and the data. The section after the next one will 

summarize the empirical results and discuss the results, with special emphasis on the 

interactions of different SDGs. A number of practical implications will also be provided 

based on the results. In the conclusion, the main contributions of the article will be 

mentioned, and the shortcomings are also acknowledged, which will provide spaces for 

future research in this field. 

2. Methodology and data 

2.1. Methodology 

This article uses OLS to analyze the relationship between level of water stress and 

child mortality. OLS is a tool to identify the strength of relationship between a responsive 

variable and one or more explanatory variables, based on the least-squares technique to 

minimize the deviation from the best-fit line. This is a common method which has been 

used to identify whether and how child health is attributable to environmental factors 
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(e.g., Doeffinger and Hall, 2020; Shaw et al, 2020). This is possibly because of its 

convenience when applying in relatively simpler models (e.g., with fewer variables, 

without the objective to identify causal relationships). Since other socioeconomic factors 

also affect child mortality, this article chooses ‘percentage of population living below the 

national poverty line’ (United Nations, 2021) as an instrument variable to reflect 

socioeconomic factors of a country (in this article, it appears in the name ‘national 

poverty rate’). This is not only because of the consensus that poverty is associated with 

economic development, income level, and technology progress (Mirza et al, 2019), but 

also because of the easy access to the data. It is also an SDG indicator (1.2.1), which 

enables a better analysis of interactions between SDGs. 

Furthermore, as shown in the previous literature, water stress may also affect child 

mortality indirectly such as via socioeconomic factors, this article also conducts a path 

analysis to test this indirect means. The whole path can be shown in Figure 1 as below. 

That means, as shown by the arrows in Figure 1, water stress can affect child mortality 

directly, and also indirectly via its impact on national poverty. National poverty can also 

affect child mortality. The possible endogeneity problem, such as the possibility that the 

national poverty rate can cause the changes of level of water stress, is excluded by the 

differences in the year of data for different variables. In other words, something 

happened latter cannot be the causal reasons of something happened earlier. Therefore, 

in this article the data for national poverty and child mortality are later than data for 

water stress. That is why in Figure 1 there is no arrow pointing at the level of water stress. 

 

Figure 1. Path analysis of water stress and child mortality 

The standard OLS regression is written as: 

Child mortality=b0+b1 (Level of water stress) + b2 (National poverty)+ e, where b0, b1, b2 

are coefficients and e is the error term. 

The path analysis model is further presented as below, where c0, d0, and f0 are constants, 

c1, d1, and f1 are coefficients, and e1, e2 and e3 are relevant error terms. The path analysis 

will show the beta values of the coefficients. 

Child mortality=c0+c1 (Level of water stress) +e1 

Child mortality=d0+d1 (National poverty) +e2 

National poverty=f0+f1 (Level of water stress) +e3 

2.2. Data 

Data of the level of water stress in the twenty selected developing countries are the 

percentages of freshwater withdrawn in the total available freshwater resources in each 

country. The twenty countries are selected not only because of geographic 

representativeness, but also due to the availability of data. All these figures are for the 

year 2014, which is also the most recent year when the level of water stress data is 

available. The under-five mortality rate data are all for the year 2019 (most recent). 

However, in the data source the figures are reported as per 1,000, and for the 

convenience of analysis and calculation, in this article the figures are converted into 
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percentages with division by 10. Data of poverty rate in these countries are for the year 

between 2015 and 2018 (inclusive), so that they will not cause problems related to 

endogeneity, as something happened later cannot become reasons of something 

happened earlier. In this case, the child mortality in 2019 cannot become reasons for 

poverty rates between 2015 and 2018, and poverty rates in 2015 or later cannot become 

reasons of level of water stress in 2014. The data are shown in the Table 1 below. 

Table 1. The dataset 

Country Level of Water 

stress (%) 

National poverty 

rate (%) 

Child mortality 

rate (%) 

Afghanistan 43.67 54.5 6 

Angola 0.68 32.3 7.5 

Bangladesh 3.79 24.3 3.1 

Bhutan 0.56 8.2 2.9 

Burkina Faso 9.49 41.4 8.8 

Chad 2.44 42.3 11.4 

Eswatini 32.35 58.9 4.9 

Ethiopia 11.6 23.5 5.1 

Gambia 1.45 48.6 5.2 

Lao PDR 1.39 18.3 4.6 

Malawi 11.08 51.5 4.2 

Moldova 13.22 23 1.4 

Mongolia 2.43 28.4 1.6 

Nicaragua 1.35 24.9 1.7 

Niger 3.75 40.8 8 

Nigeria 5.83 40.1 11.7 

Rwanda 1.44 38.2 3.4 

Tanzania 7.45 26.4 5 

Togo 1.77 55.1 6.7 

Zambia 2.14 54.4 6.2 

Mean 

(simple) 
7.89 36.8 5.5 

(Data source: World Bank Open Data https://data.worldbank.org/ accessed 20 January 2021) 

3. Results and discussion 

3.1. Results 

The regression results are shown in Table 2 below. 

Table 2. Regression results 

Dependent variable Coefficients Standardized coefficients (SD) R Square 

Child mortality b0= 2.02 

b1= -0.06 

b2= 0.107** 

 

SDb1= 0.062 

SDb2= 0.048 

0.223 

Child mortality c1= -0.006 SDc1= 0.062 0.00 

Child mortality d1= 0.425* SDd1= 0.044 0.181 

National poverty f1= 0.425* SDf1= 0.274 0.181 

(‘**’ and ‘*’ symbolize the statistical significance at 0.05 and 0.1 levels respectively) 

The results of path analysis can also be shown Figure 2 as following: 

https://data.worldbank.org/
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Figure 2. Path analysis results 

For the standard OLS regression, the results show that the level of water stress is 

negatively associated with child mortality in developing countries. As reflected by the 

value of b1, a one percentage point increase in the level of water stress, which mean a 

one percentage point decrease of the un-withdrawn freshwater resource will lead a 

reduction of 0.06 percentage point in child mortality. However, this value is statistically 

insignificant. A one percentage increase in national poverty rate will lead to an increase of 

child mortality by near 0.11 percentage point, and this is also significant in term of 

statistics.  

The beta values of the coefficients which are used for the path analysis also support 

the above findings. For example, level of water stress is very weakly associated with child 

mortality at country level, and the association is negative but insignificant in statistics. 

The R Square value (0.00) also shows that the level of water stress has very weak 

explanatory power to the differences in child mortality. To the contrary, child mortality 

rate is positively and significantly associated with national poverty rate. The beta value of 

d1 and f1 also suggest that the water stress’s influence on child mortality is almost 

completely through its impact on national poverty, while the direct impact is very weak.  

3.2. Discussion 

The statistical results in the previous section is beyond the traditional knowledge to 

some extent. The very weak and negative association between level of water stress and 

child mortality in developing countries is not consistent with previous studies in the 

introduction, which often find that the higher availability of water resources is 

contributory to the reduction of child mortality. A main reason to this unconventional 

result could be that the food production in some developing countries has no strong 

reliance on the water availability, as these countries import substantial amounts of food 

to satisfy the domestic demands (e.g., Ewing and Msangi, 2009).  

This finding is also possibly due to the differences in water-use efficiencies across 

countries. Water-use efficiency, which is often reflected by the value of outputs per cubic 

meter of water used, is another SDG indicator (6.4.1) but not explored in this article. Cole 

et al (2018) find that socioeconomic factors such as income rather than natural factors 

such as precipitation affect more on water use including water-use efficiency. Bauer et al 

(2020) also suggest that water-use efficiency including the reuse of water is associated 

with levels of technology, that is another important restriction for several developing 

countries which usually have insufficient access to advanced technologies. 
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It is not beyond the popular belief that the level of water stress, which is a negative 

indicator of water availability, is positively linked with national poverty in developing 

countries. For example, this finding lends support to Baah-Kumi and Ward (2020), which 

argues that in developing countries such as Ghana and Bukina Faso, infrastructure such 

as water reservoirs can mitigate poverty. This is particularly in the context where water 

availability fluctuates sharply between wet seasons/years and dry seasons/years 

(Baah-Kumi and Ward, 2020), which may also be an important reason of the 

seasonal/annual fluctuations in economic performance and incomes in developing 

countries. 

The findings also support that interactions exist among different SDGs (e.g., Nilsson 

et al, 2006). For example, the relationship between poverty reduction (SDG Target 1.2) 

and child mortality (SDG Target 3.1) are demonstrated in this article. In addition, via the 

discussion with previous literature, the article also finds that SDGs related to water and 

sanitation (such as SDG 6) has interactions with SDGs about food, health, and 

infrastructure (such as SDGs 2, 3, and 9). Such interactions are complicated and vary 

across countries, which require further exploration in future. This is particularly the 

situation for some developing countries, which have relatively weak statistical capacities 

as reflected by the SDG Target 17.19.  

A number of practical implications and policy recommendations can be generated 

from this article. Firstly, since health outcomes including child mortality is strongly 

associated with national poverty rate which reflects the overall socioeconomic 

development, economic growth should still be prioritized in the national development 

strategies in these countries. Environment is certainly an important dimension of 

economic development, and it should be incorporated rather than excluded from national 

development strategies. Therefore, a more balanced approach with suitable prioritization 

of economic growth would be essential for many developing countries. Secondly, 

country-specific context must be considered in order to generate suitable evidence-based 

policies to achieve economic, health, and environmental outcomes. For example, it is 

necessary to identify a country’s technological level before exploring the association 

between water use and child mortality. Thirdly, statistical capacity in developing 

countries should be improved, which is essential to make well-informed developmental 

policies based on solid empirical evidence. This can also benefit future research in this 

field. 

4. Conclusions 

This article uses empirical evidence to explore the relationship between water stress 

and child mortality in twenty developing countries. National poverty rate is also selected 

as a control variable as it is a suitable compound variable to reflect the overall situation 

in the developing countries. The results suggest that the level of water stress is very 

weakly associated with child mortality, but instead, national poverty rate is positively and 

significantly associated with child mortality. In addition, as shown in the path analysis, 

level of water stress’s influence on child mortality is almost fully via the indirect means. 

This lends some support to existing literature. 



PESD 2021, 15, 1 56 

This article supports the research on the interactions between SDGs (including 

different SDG indicators). For example, the empirical evidence enriches the knowledge of 

the connections between SDGs about health, environment, and economic growth. Via 

further discussion with previous studies, the article contributes to explore whether and 

how different SDGs, especially those strongly related to health, poverty, environment, 

and infrastructure are interrelated to each other. This can generate suitable evidence to 

support well-informed and more balanced national development strategies, which must 

be considered in line with the national and regional contexts.  

The article is of course not without limitations. One shortcoming is the unavailability 

of data, which is a core reason why only these twenty developing countries are selected. 

Insufficient over-year data excludes the possibility to conduct panel data analysis. 

Another weakness is that the article cannot incorporate more variables from the SDGs, 

due to the limited number of data and countries selected. This also reduces the article’s 

capacity to explore more on the interactions between SDGs. This also suggests that there 

is still a long way forward to achieve the SDG Targets 17.18 and 17.19, which call for 

further improvements of data capacity. Future studies may also explore the relationship 

between water stress and child mortality in more developed countries, which may have 

better access to advanced technologies and healthcare services. A comparison between 

the situation in developed and developing countries may also generate interesting 

findings and provide evidence for more comprehensive policies to achieve the SDGs. 
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