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Abstract:

Water is a fundamental human right and essential for the well-being of every person. Water insecurity affects children’s
health, education, and social functioning, severely disrupting their development, well-being, and life chances. A recent
global research agenda for children, outlining global priorities in WASH and Health, prioritizes the urgent
interdisciplinary and global research needed to support coordinated action across sectors that can deliver improved
WASH. To examine these links in more depth, this summary paper presents 15 evidence reviews exploring the pathways
through which water insecurity impacts on children’s health, education, and development in low-resource settings.
Together these reveal consistent themes in our understanding of these pathways; the groups of children at highest risk;
and those elements of effective responses. While effective responses vary widely by context, the evidence points to some
key components. Providing reliable household access to drinking water promotes health and development through
different pathways and is essential to ensure children are protected from the WASH-related health risks of water
insecurity. School-based water, sanitation, and hygiene services promote attendance and learning at school and can
dramatically improve children’s access to WASH. Collecting accurate monitoring data on children in WASH
interventions helps agencies in both sectors improve child-sensitive responses to impacts. Supporting caregivers to share
the burden of water insecurity reduces time poverty and stress, promoting household well-being. Building equitable and
resilient social and systems that support children and caregivers enables them to better navigate the direct and indirect
risks associated with water insecurity, which never impacts in isolation from WASH-related health, nutrition, education,
or protection systems. Supporting equitable and resilient systems through water-sensitive and child-sensitive planning
and investment is critical to building the conditions needed for water insecurity to be safely navigated. In addition to
these key components, we highlight the need to better understand children’s experiences of and responses to water
insecurity, especially in relation to their school participation, psychosocial stress, and health outcomes. Globally, progress
towards universal safe access to water is hindered by neglect of children in WASH service design, delivery, and
monitoring. We need to improve WASH responses for children.
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Introduction

Water is vital for human life and health (1). Over 663 million people worldwide lack access to safe drinking water and
adequate sanitation, resulting in over a million deaths each year (2). Young children are particularly affected, with an
estimated 1.4 million dying each year from diseases related to inadequate water, sanitation, and hygiene (3). The ability
to secure water dramatically affects households worldwide, and accessing water is time intensive and potentially
dangerous in many regions (4). This work is focused on water and hygiene as inseparable transformation factors for the
socio-economic empowerment of children. Transformational learning aimed at the appropriation of water allows children
to play with awareness and develop equity for the future (5). Water scarcity and insufficient water may also prevent
children from attending school or concentrating once in class (6).

Water insecurity, defined as the insufficient and uncertain access to adequate water, affects over 663 million people,
predominantly in Low- and Middle-Income Countries (LMICs) (7). This situation is aggravated by population growth,
rapid urbanization, inefficient use, climate change, poor infrastructure, lack of transparent governance, and conflict (8).
The relationship between water insecurity and children’s health, schooling, and overall development has received little
attention (7). The accumulation of environmental stresses determines each child’s developmental trajectory (9). Water-
related diseases impair hydration, sanitation, and hygiene, affecting both survival and development (10). Schooling is
essential for the development of cognition, life-skills, and socioemotional capabilities (11). Any interruption during
critical stages can lead to lethal consequences (12). Access to safe and sufficient water remains a major challenge across
several countries (13). Water chain is necessary for biodynamic children’s growth and development (14). Hence, further
in-depth studies are warranted to investigate the relationship between water and hygiene insecurity and child cognitive
and physical development (15).

Conceptual Framework

Dynamic perspectives on the connections between environmental stress and child development highlight the importance
of understanding how broader determinants create threats to children’s safety, learning engagement, and well-being (16).
One mechanism through which water insecurity negatively affects children is through its impact on learning and school
participation (17). Water collection can require substantial time, diverting caregivers from educational and recreational
interactions (18). Water-collection burden may accompany geographic mobility in search of water, further disrupting
time spent in school and encouraging attendance at schools with fewer resources (19). The decentralization of local
systems of governance and diminished community social capital due to aging and migration further limit the ability to
cope effectively with the unavailability of water (20). Children may therefore respond to experiences of frequent water
scarcity with greater reluctance to attend school, diminished engagement while in school, or even school drop-out
altogether (21).

The implications of water-security challenges for educational equity also raise important considerations (22). Children
from different demographic groups may face starkly divergent, salient, or compounding vulnerabilities or benefit from
different protective factors (23). For example, where water insecurity occurs disproportionately among the rural
population, water-access policies risk reinforcing existing urban-rural divides in educational opportunity (24). Aspects
of position privilege such as neighborhood poverty and ethnic minority status may further deepen inequities by
heightening environmental and other risks or by restricting access to institutional and material support in coping with
external challenges (25). Children’s time-use resulting from domestic water collection, attention capacity, perceptions of
water problems and related safety concerns remain unmonitored. Indicators such as repeat grade, non-enrollment, school
drop-out, and attendance patterns among the child count need to be evaluated (1).

Household and community social functioning at the family level can shift under pressures related to water security (26).
Caregivers may adapt by reducing or rearranging time allocated to teaching, supervising, interaction, recreational play,
and other activities that support children’s school readiness and overall psycho-social development (27). Possible changes
in the labor composition of caregiving activities are yet to be estimated. Important family and community social-
interaction mechanisms include: (1) time devoted to water collection and sanitation; (2) transitions in domestic tasks
taken on by various household members and gender shifts in parental expenditure of time; and (3) some extent of
avoidance of social interactions due to stigma or related feelings in domestic water scarcity situations (28-30) (table 1,
figure 1).

Table 1. Conceptual pathways linking water insecurity to child outcomes
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Figure 1: Conceptual pathway linking environmental stress, water insecurity, family burden, and child
outcomes

Educational Impacts of Water Insecurity on Children

Water insecurity negatively affects school attendance among children living in rural Uganda (8). The impact of unreliable
access to clean, potable water on educational enrollment and participation is conditioned by the age structure of the
household (16). Securing water for household needs requires a considerable share of the time and energy of parents and
caregivers; where these are in short supply, children undertake additional water-collection work, reducing the time
available for school (17). Water-stressed families experience an elevated psychosocial burden, which is thought to
compromise school performance, although the evidence base for this assumption remains underdeveloped (20).

The relationship between water insecurity and education is further complicated by gender, with girls significantly more
likely than boys to withdraw from school when water access is problematic (16). Water scarcity disproportionately
influences the educational engagement of children from poor households, as does rural residence (1). Addressing these
issues in Uganda’s educational system may require integrating water-supply initiatives with ongoing sectoral investments
and improvements in the overall governance environment (31). Relevant indicators would encompass access to improved
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water supply, volume used, physical accessibility, time taken to collect, treatment performed, and sources utilized for

drinking, cooking, and food preparation (32) (table 2, figure 2).

Table 2: Educational implications of child water insecurity and suggested monitoring indicators
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Figure 2: Educational impact cascade of water insecurity among children

Social Consequences for Families and Communities

Water insecurity imposed on households, particularly those with children, exerts a considerable strain on families and
communities, compromising social functioning, support systems, and resilience (33). Along with the exertion of
additional labour and time in acquiring water (and, consequently, a reduction of time available for other activities), water
stress aggravates existing gender inequalities and affects the division of responsibilities, carework productivity, and
access to social and community support (34). Experiencing distress, stigma, anxiety, and social pressures associated with
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water insecurity has negative consequences for both adults and children, constraining parental capacity to provide
emotional support and influencing development, behavior, and educational performance (35).

Health Implications Linked to Water Insecurity

Children depend on water to learn, grow, and thrive. Yet more than a third of children worldwide face water insecurity
(16). This level of risk compromises access to safe water for both drinking and hygiene, diluting the significance of at-
home and in-school sanitary facilities (13). Water insecurity has strong negative health effects independent of access to
safe drinking water, sanitation, and hygiene (9).

Health risks linked to water insecurity accumulate through direct physiological exposures and indirect social determinants
(36). Physiological pathways arise from insufficient hydration or the consumption of contaminated water; sanitation and
hygiene inability lowers infection control and adds exposure to inadequate healthcare (37). Social avenues emerge as
less attention is placed on nutrition, waterborne-water-related disease transmission grows with social disruption, and
water demands increase households’ time and labor burdens (38).

Water insecurity jeopardizes child health through multiple pathways (16). Adequate drinking water hydration supports
optimal physical health and cognitive development, while lacking it alters metabolic regulation, growth, and brain
development, reducing learning, school engagement, and education quality and impeding sustainable development
growth and improvement (1). Waterborne diseases—diarrheal illness, typhoid fever, cholera, schistosomiasis,
leptospirosis, and viral hepatitis—affect children’s health and educational potential (22). Inadequate sanitation and
hygiene services heighten water illness risk and limit retention of appropriate knowledge and practice. Water scarcity can
lead to poor hygiene practices, contributing to waterborne diseases (33) (table 3).

Table 3. Health and psychosocial consequences associated with water insecurity in children
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Environmental Stress and Child Development

Environmental stressors such as inadequate water supply, hygiene, and sanitation—along with related pressures on
caregivers and communities—threaten children’s developmental prospects (39). A diverse literature links physical
environments to child growth, health, education, and cognition, yet limited research systematically characterizes how
specific environmental stresses—such as water scarcity and insecurity—affect these dimensions (40). Because more than
two out of five children globally cannot access basic water services—including safe collection and sufficient quantities
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for health and wellbeing—they are at heightened risk (39). Water insecurity or scarcity shapes four developmental
pathways: children’s educational participation and attainment; psychosocial well-being; social and community
functioning; and health (41). Stressors—including limited access, lengthy collection times, contaminated supplies, and
competing demands—affect caregivers’ time use, income, health, social capital, and gender roles (42). These pressures
cascade through families to children, impinging on their schooling, cognitive load, safety, and broader well-being (43).

Although improved water supply and sanitation—delivered alongside hygiene education—are among the most widely
implemented and documented public health interventions, rigorous evidence on how insufficient water access affects
children remains scarce (44). Moreover, scant research exists on developmental channels through which environmental
stressors, including water insecurity, impede children’s prospects (45). Enhanced understanding of water-related and
other environmental stressors—and the cross-sectoral effects they engender—can inform interventions to simultaneously
improve educational attainment and developmental outcomes (8).

Policy and Institutional Responses

Water is central for child development, yet an estimated 330 million children experience water insecurity—disrupted
access to safe, sufficient water—indicating significant global concern (8). Water insecurity can impede educational
attainment, destabilize households and communities, and aggravate health risks, requiring urgent attention from national
and international policymakers (46). Crucial for development, regular access to suitable water is essential for maintaining
hydration levels, promoting proper hygiene practices, and preventing water-related disease transmission (47).
Furthermore, water insecurity constitutes an environmental stressor and socio-emotional hazard, with adverse effects on
cognitive development, psychosocial functioning, and overall well-being (48).

Disparities in water availability can perpetuate, exacerbate, or widen pre-existing inequities across educational, social,
and health dimensions (49). Already disadvantaged children face substantial barriers to educational performance, suitable
social environments, and solid health determinants. Insufficient water access compounds negative conditions and
amplifies existing challenges, especially among poor, rural, and/or minority households (50). In stressful environments,
health risks escalate considerably, diminishing development prospects through additional stressors affecting care
practices and physical growth (51).

Community Interventions and Resilience Building
Water security matters to child development. The educational, social, and health dimensions of water insecurity are
analyzed (39).

While water-related challenges such as the water-food-energy nexus, the climate crisis, and population growth threaten
water supplies, there is a lack of understanding of water insecurity that articulates the links between environmental effects
and children’s development (52). Definitions of water insecurity for households, schools, and communities need to be
specified. No child should suffer the consequences of an environmental issue (53).

Young people born into disadvantaged contexts—be they marked by rural-urban differences, socio-economic disparities,
or ethnic inequalities—face immediate hindrances to their personal agency or capability to drive change in their own
lives (54). Children in poor environments also tend to use their agency to indulge in activities that do not promote human
or capability development (55). Deprived families are less likely, for instance, to enrol their children in pre-school. Such
situations undermine human development and lifetime capabilities (56) (figure 3, table 4).

Child-centered water security response model

Household safe water )
[ access ] [ School WASH services ]

Child heat® learning,
safety, and well-being

Health and nutrition ]

[ support
[ Monitoring child ]

[ Community participation ]

indicators

Figure 3: Child-centered water security response model
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Table 4: Policy, school, health, and community responses to protect children from water insecurity
Household and | Improve nearby, affordable, | Reduce time poverty, | Prioritize = poor,  rural,
community reliable, and safe water access | illness, and household | informal, and displaced
stress communities

School system Provide functional drinking | Protect attendance, dignity, | Track facilities by school
water, sanitation, hygiene, and | concentration, and | type, geography, and
cleaning services retention gender needs

Health and nutrition | Screen for water-related illness, | Prevent avoidable | Integrate with child health,

services dehydration, and household | morbidity and | nutrition, and caregiver
water stress developmental harm support

Social protection Support families facing high | Reduce harmful coping | Target households with
water costs or long collection | strategies affecting | children, disability, or
burdens schooling economic vulnerability

Data and | Collect child-sensitive | Make water insecurity | Disaggregate data by age,

governance indicators and include | visible in education and | gender, income, residence,
children’s perspectives health planning and marginalization

Measurement, Data, and Research Gaps

Measurement of water insecurity presents a challenge for scholarship and policy. Measurement must account for multiple
processes acting independently of access (57). Children’s experiences can differ from those of adults, and capturing
household access does not address environmental dimensions (1). Simply measuring supply or access fails to gauge
exposure to environmental risk (58).

Data availability impedes understanding of children’s water-related school participation and psychosocial stress (59).
Informal data-sharing agreements can facilitate sharing existing datasets with extensive coverage of schools and
communities in vulnerable areas (60). Representation of children’s perspectives is absent from both children’s and adult
subjective measures of water access (61).

Ethical Considerations in Research and Practice

Children are often uniquely vulnerable to the effects of environmental stressors, such as climate extremes and air
pollution, resulting in detrimental impacts on health, safety, learning, and overall wellbeing (62). Research has been
increasingly focused on exploring the relationships between environmental stressors and child development in low- and
middle-income countries (LMICs) situated in climate-sensitive regions (62). Yet there are still numerous gaps in
understanding how children are impacted, particularly regarding community-level risks where populations are
significant, public policy is limited, and potential intervention opportunities abound (63). Climate change is expected to
exacerbate multiple environmental stressors, further elevating the urgency of addressing these children’s needs (64).

Conclusion

Water security plays a vital role in the healthy development of children; neglecting this factor has substantial
consequences for educational systems, among other dimensions. A framework is proposed to analyze the broader
implications of water insecurity on education, social dynamics, and health processes, integrating interdisciplinary
perspectives from the literature.

Urgent action is needed to address water insecurity and its multifaceted consequences for children. Evidence shows that
lack of access to reliable water for households and institutions is a key impediment to children’s learning. Countries
across the globe—especially rural communities in low-income countries—experience intermittent or total unavailability
of water. Water insecurity at school increases logistical burdens associated with basic activities such as cleaning, drinking,
and sanitation, which in turn detracts from time available for education. Children face important trade-offs between
education and various household activities, such as fetching water and engaging in paid work. Scarcity of water can
generate additional psychological burdens that compromise concentration and retention of knowledge, ultimately
resulting in poorer educational outcomes.

School environments characterized by the absence of domestic water supply may also hinder pedagogical processes.
Water unavailability increases corrosion and the frequency of damage to teaching materials and sanitary facilities, can
expose classrooms to dust and other air pollutants, and is associated with increased multi-class teaching, thus reducing
the time devoted to each class. Excessive heat associated with climatic conditions occurring in the absence of water
supply affects cognitive performance and learning capacity. These conditions not only undermine educational
effectiveness, but can also increase school dropout rates, contributing to long-term accumulative disadvantage.

Access to water from domestic sources is restricted in many rural and low-income households. Water-fetching time
represents a significant share of children’s daily activities and increases with the distance travelled to water points. Such
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time poverty limits educational engagement in vulnerable constituencies while allowing children to enter the workforce.
Investments in water supply and sanitation improvement at the community level help not only address health concerns,
but also expand educational engagement and contribute to broader sustainable development efforts.
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Ibn Saud Islamic University (IMSIU) (grant number IMSIU-DDRSP2601)
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