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ABSTRACT

Water security is a powerful concept that is still in its early days in the field of nutrition. Given the prevalence and severity of water issues and
the many interconnections between water and nutrition, we argue that water security deserves attention commensurate with its importance
to human nutrition and health. To this end, we first give a brief introduction to water insecurity and discuss its conceptualization in terms of
availability, access, use, and stability. We then lay out the empirical grounding for its assessment. Parallels to the food-security literature are
drawn throughout, both because the concepts are analogous and food security is familiar to the nutrition community. Specifically, we review
the evolution of scales to measure water and food security and compare select characteristics. We then review the burgeoning evidence for the
causes and consequences of water insecurity and conclude with 4 recommendations: 1) collect more water-insecurity data (i.e., on prevalence,
causes, consequences, and intervention impacts); 2) collect better data on water insecurity (i.e., measure it concurrently with food security and
other nutritional indicators, measure intrahousehold variation, and establish baseline indicators of both water and nutrition before interventions
are implemented); 3) consider food and water issues jointly in policy and practice (e.g., establish linkages and possibilities for joint interventions,
recognize the environmental footprint of nutritional guidelines, strengthen the nutrition sensitivity of water-management practices, and use
experience-based scales for improving governance and regulation across food and water systems); and 4) make findings easily available so that
they can be used by the media, community organizations, and other scientists for advocacy and in governance (e.g., tracking progress towards
development goals and holding implementers accountable). As recognition of the importance of water security grows, we hope that so too will
the prioritization of water in nutrition research, funding, and policy. Adv Nutr 2021;12:1058–1073.
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Introduction
The role of water in food security, nutrition, and overall well-
being has been underappreciated in the nutrition literature.
Traditionally, the field of nutrition has been attentive to
the role of water in sanitation and hygiene (WASH) in
the context of diarrheal diseases and child growth (1) and,
more recently, in environmental enteropathy (2). Hydration
status (3), especially apropos of sports nutrition (4), has
also received significant attention. Both enteric infections
and body water homeostasis are important for nutrition
and health, but water has been underexamined as an
essential nutrient compared with other key nutrients (5, 6).
Further, access and use of this essential nutrient affect many

other nutrition-related phenomena, such as agricultural
productivity, food-preparation practices, eating behaviors,
dietary diversity, infant and young child feeding practices,
and energy expenditure.

Water security, a broad term that is commonly used to
describe myriad water challenges (7), should be of interest
to the global nutrition community both because of the
prevalence and severity of water issues worldwide and the
many interconnections between water and nutrition. A
global water crisis has developed and is worsening, with an
increasing number of humans experiencing problems with
water being insufficient, excessive, and/or polluted (8, 9).
This crisis is occurring in high-income countries (HICs)
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and low- and middle-income countries (LMICs), and the
recognition of its globality led to the foundation of both the
Global Water Partnership and the World Water Council in
1996 (10). Currently, at least 4 billion people—more than
half the global population—experience severe freshwater
scarcity at least 1 mo per year (11). At the same time, several
hundred million people experience deleterious water excess,
both in riverine and coastal areas, from rising bodies of
water and excess rains, and the frequency of such episodes
is also increasing (12, 13). Further, chemical contaminants
(e.g., heavy metals, pharmaceuticals, plastic residues) and
biological contaminants (e.g., parasites, bacteria, viruses) are
found in water around the world (14, 15). This water crisis
is driven by rapid population growth, economic growth, and
urbanization that, in turn, increase domestic and irrigation
water demands. Global warming and changes in precipitation
patterns as well as aging infrastructure and underinvest-
ment in operations and maintenance in the water sector,
including on sewerage, further exacerbate these challenges
(16).

Much of the previous work on water security focused on
physical measurements of water at the level of population
or hydrological units (e.g., river basins, watersheds) or on
the adjacent field of sanitation (i.e., sewage disposal). This
meant that assessments of water resources and risks were at
a fairly large scale, often reported by country or state. The
first in-depth discussion of water security at the household
level appeared in a report by Patrick Webb and Maria
Iskandarani in 1998 (17). Approximately a decade later, social
scientists began to pay greater attention to lived experiences
with(out) water security among individuals and households,
investigating and eventually quantifying how water access
and use shaped people’s lives and their well-being (18–
22). This research was done by asking about the frequency
of experiences with anticipated or experienced problems
with access and use. Linkages between water and well-being
are best understood when exposure (i.e., water security) is
measured as close to the level of the outcome (i.e., food
security, nutrition) (23). Therefore, this consideration of
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water security experiences at the household and individual
levels represented an important development for the public
health nutrition community.

Our purpose in this Perspective is to make the case to the
nutrition community for the powerful but overlooked role of
water security for global food security, nutrition, and human
well-being. By giving household water security attention
commensurate with its importance to human nutrition and
health, we can better understand drivers of nutrition and
health inequities and gain new insights into how they
can be reduced, as well as mobilize public and political
will.

To that end, we first discuss the conceptualization of water
security and how it has been measured, with an emphasis
on household and individual metrics. Parallels to the food-
security literature are drawn throughout, both because the
concepts are analogous and food security is already a familiar
concept to the nutrition community. We then review the
burgeoning evidence for the causes and consequences of
household and individual water insecurity, concluding with
recommendations for action by the nutrition community,
including for research, funding, and policy.

Current Status of Knowledge
Conceptualizing water security
There are numerous definitions of the terms “water security”
and “water insecurity” because they are used by many
communities, from practitioners to scholars to politicians,
as well as across many disciplines (24). These definitions
have varied in regard to their emphasis on ecosystem well-
being, sustainability, governance, (defense of) infrastructure,
production and agricultural needs, human capabilities, and
sociocultural relations with water (7, 25, 26). Further, some
definitions consider human water needs only, while others
consider human populations and the environment in their
definition [cf. Table 1 in reference (25)].

The operationalization of these definitions has also varied
widely [cf. Tables 2 and 3 in reference (25)]. For example,
the unit of analysis may be the individual, household,
community, basin, watershed, or country. The measurements
may be objective (e.g., using satellite data) or subjective,
based on human recall. The recall period may be a few days,
a month, or a year.

Definitions of water security tend to consider 1 or more of
these 4 domains: availability, access, use, and stability (Figure
1) (23, 27). These domains are similar to those used in the
conceptualization of food security; to this point, Figure 1 is
adapted from a review on food security (28).

“Availability” refers to the physical existence of water “out
there” to be had. Water security can also be conceived of in
terms of access (i.e., can I get to it?). Availability is necessary,
but not sufficient, for access. Access, in turn, is necessary but
not sufficient for use (do I have enough acceptable and safe
water for all my needs?). Finally, stability (sometimes referred
to as reliability), which refers to the continuity of availability,
access, and use without change across time, is necessary to
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FIGURE 1 The 4 domains of water security are availability, accessibility, use, and stability. Household water insecurity occurs when any of
these domains are not present. Stability (or reliability) is represented by the arrow spanning availability, access, and use. Adapted from
references 23, 27, and 28 with permission.

ensure consistent availability, access, and use. In most cases,
the domains to the right in Figure 1 are predicated on those
to the left, which means that measuring phenomena towards
the right captures those to the left.

While water availability is a fairly straightforward phys-
ical phenomenon, access is more complex and is shaped
by structural and individual characteristics. For example,
physical access may be hampered by age, pregnancy status,
or physical fitness, even when water is physically available at
a 10-min walk. Infrastructural problems can also be a barrier
to physical access; water may be physically available 8 m
underground, but a broken pump, stolen bucket, or power
shortage may mean it is not physically accessible.

Economic access, or water affordability, can be hampered
by poverty and/or inflated water prices (29, 30). Sometimes
cultural proscriptions prevent water from being accessed.
For example, women in South Asia may be physically
able to fetch water but are prevented from doing so by
norms about women not being unaccompanied outside
the home or excluded because of their (lower) caste (31).
Finally, water may be in close proximity, but unequal access
occurs through sociopolitical processes, exclusion, biases,
and discrimination (32–34). For example, in North America,
inequity in water access is predominantly experienced by
indigenous people and people of color (35, 36).

“Use” is also a multifaceted domain, in part because
water serves so many purposes. A further complexity in the
concept of use is that acceptability can differ by purpose. We
have therefore distinguished acceptability for consumptive
and noningestive uses (Figure 1). Acceptability is based on
myriad factors, including objective and/or subjective safety,
organoleptic properties, spiritual and cultural beliefs, and
the intended use for the water (37–39). For example, in
Lebanon, tap water is considered safe for bathing but not
consumption because it is too saline, and tanker truck water
is considered safe for cooking, but not drinking, because of
bacterial contamination (40). Water can also be considered
unacceptable because of its providence. The water of Lake
Atitlan was disdained by some Tz’utujil Maya because of
terrible events associated with the Guatemalan Civil War, and

its chlorination was considered unpleasant to smell and taste
(41). In Appalachia, some people trust “city water” far less
than the more “natural” water from abandoned mines (42).
Additionally, water that is considered suitable for irrigation
may not be suitable for consumption because of salinity or
other contaminants (43, 44).

Consumption-related water use includes water that is
drunk as well as eaten. Water is found in all foods, and some
cooking techniques (e.g., boiling, steaming) substantially
increase their water content. The noningestive uses of water
are far more numerous. These include practices for sanitation
and hygiene—for example, washing hands, dishes, and foods;
bathing; laundry; and sewage disposal. Water is also integral
to the economic productivity of households and individuals;
it is used for irrigation of crops that are eaten or sold
and integral to job functions like food stalls, hair salons,
gardening, and car washes, as well as to industrial processes
and products. For all of these reasons, the domain of use in
water insecurity is more complex than that in food insecurity.

The fourth domain of water security is stability (or
reliability). Social, economic, environmental, and political
instability all can affect the stability of water security. Stability
can vary across seasons; it can also fluctuate within the week
or even the day. For example, seasonal shortages in rainfall
can limit availability, and flooding (seasonal or otherwise)
can lower water quality when flood waters contaminate water
for human use with, for example, manure, oils, and pesticides.
On a shorter timescale, water access can be shaped by
fluctuations in health, income, and relationships with those
who control water delivery. Diurnal stability can be shaped
by queues for water—they are often far shorter after dark—
or citywide cuts in power that prevent pumps from delivering
water, thereby creating further disparities in access by storage
capacity in the home.

A final complexity in conceptualizing water insecurity
is that there are several terms that are related to, but not
synonymous with, water insecurity (Figure 2). Sometimes
they are explicitly defined, such as in the case of water stress,
water scarcity, and water risk (45) as well as plumbing poverty
(46), but sometimes they have no explicit definition. These
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FIGURE 2 There are many overlapping terms used in discussions
of water insecurity.

terms touch on aspects of water security including quantity,
access, and quality, and are included here so that the reader
can see where there is overlap with the domains of water
security (Figure 1).

Empirical grounding for assessing water insecurity:
measures and indicators across 4 domains
Many measures and indicators are used to assess these
4 domains of water. Most of these are at the level of
physical availability. Water availability is typically assessed
objectively—for example, using satellite data or hydrological
flow gauges (47). This assessment is usually done across a
large spatial area, such as the level of a country, state, or basin.
These values are sometimes divided across a population to
estimate per capita water availability, which is useful for
projecting changes across time (48). In the same way that
food balance sheets do not capture the heterogeneity of
food distribution (49), per capita water availability does not
capture information about access, use, stability, or disparities
within populations.

There are fewer ways to measure the various types of
access. Physical access to drinking water is most commonly
measured by the drinking water service ladder, developed
by the WHO/UNICEF Joint Monitoring Program for Water
Supply, Sanitation, and Hygiene (50). With 6 questions, the
proportion of the population using safely managed drinking
water services can be calculated (51). This measure is indi-
cator 6.1.1 for the Sustainable Development Goal (SDG) on
safe water and sanitation. Because this measure captures only
population-level data related to drinking water, however, it
does not capture information on intrahousehold variation
in access or use for cooking and the many noningestive
purposes. Economic access to water is typically measured
based on the proportion of income spent on water, with
suggested affordability thresholds ranging from 2% (52) to

5% (53) of a household’s income. We know of no measures or
indicators of cultural acceptability or political access—that is,
how the distribution of water has been shaped by relations of
power (54).

Water use has several measures and indicators, almost
all of which pertain to measuring aspects of water quality,
especially safety, objectively. There are scores of tests for
assessing physical characteristics (e.g., turbidity) as well as
chemical characteristics and biological contaminants. Several
contaminants are of great relevance to nutrition-related
health—for example, fluoride levels for bone and tooth
health, salinity for blood pressure, and campylobacter for
diarrhea. These tests require a range of expertise, equipment,
time, and financial resources (55); some of these are field-
friendly, but most are not (56).

Hydration status, or the process of body water homeosta-
sis, can be considered as a proxy measure of consumptive wa-
ter intake. However, in the same way that body composition is
shaped by many factors beyond food consumption, hydration
is also shaped by factors beyond water consumption (57),
which makes it less valuable for assessing water security. For
example, beyond water intake, differences in environmental
conditions and exposures, physical activity, medications, and
body composition all affect hydration status (58). Further,
hydration status can vary widely over the day, changing in
response to water intake and expenditure. Hydration status
can be noninvasively measured using urinary biomarkers
such as urine-specific gravity, urine osmolality, or urine color
(59).

Experience-based measures of human water security can
capture many of the domains shown in Figure 1. Most
experience-based scales ask about access and use, such as
the frequency of being unable to bathe or prepare foods
because of problems with water. Most of these measures
also ask about the frequency of fear of insufficiencies of
water of necessary quantity and acceptable quality. Because
availability is necessary for access and use, availability
is indirectly measured by these scales. Acceptability and
safety are implicit in some items in experience-based scales,
such as the frequency of insufficiency of enough water to
drink. Stability across time can be captured depending upon
the recall period in cross-sectional studies, or by asking
about the uncertainty of water supply or using repeated
measures.

Household and individual food- and water-insecurity
scales
Because household and individual water insecurity are
analogous constructs to household and individual food
insecurity, and the latter are familiar to many in the nutrition
and public health communities, it is illustrative to discuss
the various scales available for measuring both constructs
(Table 1).

The research and policy on household and individual
food security are far more advanced than that for water
security, in large part because the field is older and there
are more ways of measuring household and individual
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TABLE 1 Similarities and differences between the Household Food Insecurity Access Scale, the Food Insecurity Experiences Scale, and the
Household Water Insecurity Experience Scale1

HFIAS (60) FIES (61) HWISE (62)

Date published 2007 2013 2019
Number of items 9 8 12
Response type Likert: never, rarely, sometimes,

often
Yes, no Likert: never, rarely, sometimes,

often/always
Range 0–27 0–8 0–36
Categorizations and cutoffs None, mild, moderate, severe;

cutoffs established using an
algorithm

None, moderate, severe; cutoffs
vary by population, determined
using Item Response Theory
(63)

Dichotomous; ≥12 indicates
water insecurity (62)

Applicable to households Yes Yes Yes
Applicable to individuals An individually focused scale

has been developed (64)
Yes Individually focused items are

being implemented by Gallup
World Poll

Recall period Month Month or year Month for HWISE, year for
individually focused items
implemented by Gallup World
Poll

Dimensionality Unidimensional Unidimensional Unidimensional
Equivalence established No Yes Yes, in LMICs; untested in HICs
Guttman ordering Yes Yes No
Suitable in HICs Yes Yes Untested
Suitable in children Untested Used for ages ≥15 y Untested
Short form The Household Hunger Scale

(65) assesses only household
hunger

No Yes, HWISE-4 (66) is highly
correlated with full scale and
correctly classifies
water-insecure households

1FIES, Food Insecurity Experience Scale; HFIAS, Household Food Insecurity Access Scale; HIC, high-income country; HWISE, Household Water Insecurity Experiences; LMIC, low-
and middle-income country.

food security (28, 67–69). Measures include household
consumption and expenditure surveys (70), dietary diversity
(71), and the food-consumption score (72). The Coping
Strategies Index (73) and the Household Economy Approach
(74) are 2 participatory methods for the measurement of
household food insecurity.

Several direct, experience-based measures of household
and individual food insecurity have been developed (Table 1).
Four constructs are important for understanding experiences
of food insecurity: quantitative, qualitative, psychological,
and social aspects (75). The first experience-based scales for
food insecurity were developed from in-depth qualitative
research and experiential learning through engagement in
communities in the United States in 1992. Items developed
from this work were eventually adapted for the USDA House-
hold Food Security Survey Module in 1995 (76). At this point,
several site-specific measures of food insecurity were devel-
oped, such as those for Bangladesh (77) and Burkina Faso
(78).

Interest in using experience-based questionnaires quickly
expanded globally, eventually resulting in 3 frequently used
questionnaires: the Household Food Insecurity Access Scale
(HFIAS), the Latin American and Caribbean Household
Food Security Measurement Scale (ELCSA), and the Food
Insecurity Experience Scale (FIES). These 3 measures of
food insecurity are composed of similar sets of items
assessing 4 subconstructs of food insecurity: uncertainty,

compromised dietary quality or preferences, eating less,
and going hungry (75). The psychological subconstructs
of lack of choice and need to make compromises are not
assessed; neither are the 2 social subconstructs of accessing
food in socially unacceptable ways and socially or culturally
nonnormative patterns of eating.

The HFIAS was developed in 2007 to assess the impact of
interventions and programs on household food security (60).
In response to national and provincial anti-hunger programs
in some Latin American countries (e.g., Brazil in 2003 and
Colombia in 2004), a number of country-specific experience-
based scales were adopted, modified, and validated (79, 80).
The regional experiential scales converged in the ELCSA in
2007 (81, 82). This scale was proposed to provide equivalent
assessment of the prevalence of household food insecurity
in the region across contexts. ELCSA was subsequently
incorporated in national surveys such as Living Conditions
and Nutrition and Health surveys (e.g., in Guatemala in 2011
and Bolivia in 2018). In Mexico (83) and El Salvador (84),
data collected using a related scale became part of a multi-
dimensional poverty assessment by the National Evaluation
Council. Because the HFIAS was created for program evalu-
ation, equivalence in assessing prevalence was not a priority.
The Household Hunger Scale (85), which is composed of a
subset of 3 HFIAS items, was developed to have a scale that
was equivalent across settings but only assesses severe food
insecurity.

1062 Young et al.



Supported by the evidence gathered using these previous
scales, especially the ELCSA, the FIES was established by
the FAO to provide cross-context equivalent assessment of
the prevalence of individual food insecurity globally. This
questionnaire has been fielded in ∼150 countries through the
Gallup World Poll and is the basis for SDG indicator 2.1.2, the
proportion of people experiencing moderate or severe food
insecurity (61).

Questionnaires leading to scales for measuring food
insecurity were initially developed to be answered by adults
under the assumption that adults, especially women, were
most knowledgeable about the household food situation.
Subsequent research has shown that individuals within
households can experience food insecurity differently (86–
88), that children are aware of and take responsibility for food
insecurity (i.e., actions like reducing food intake, earning
money to pay for food) (89–91), and that parents often do not
know about their children’s experiences (92). These insights
have led to the development and validation of scales for
measuring experiences of food insecurity among school-age
children and adolescents in the United States (93), Venezuela
(94, 95), and Lebanon (96, 97). It has since been shown that
children’s reports of their food insecurity more accurately
predict child outcomes than adults’ reports of their children’s
food insecurity (95). These investigators, in collaboration
with others and UNICEF, are currently testing a scale for
measuring child experiences of food insecurity for global
use.

Experiences with water insecurity have been measured
for a much shorter time. The first effort at quantifying
experiences of water insecurity was led by Amber Wutich
(18) with Kathleen Ragsdale in Bolivia in 2008 (19). Since
then, a number of site-specific scales have been developed
to measure either household or individual experiences with
water insecurity [cf. Table 3 in reference (18)]. Typically,
these scales ask about the frequency of 10–20 water-related
activities in a specified time frame, usually the prior month.
The first cross-culturally suitable scale is the Household
Water Insecurity Experiences (HWISE) Scale (62, 98). It was
finalized in 2019 and has been validated for use in LMICs
(Table 1).

The HFIAS (60) and FIES (61) are the most widely used
experience-based measures of food insecurity globally. The
HWISE scale is currently the sole globally suitable measure
of water access and use (62). These 3 scales are described and
compared in greater detail in Table 1.

Drivers and consequences of household- and
individual-level food and water insecurity
Given the extensive history of using validated food-security
scales in both high- and low-income settings, the de-
terminants of household and individual food insecurity
have been well documented. Household access to adequate
quantities and qualities of food, land ownership, production
of food for one’s own consumption, poverty, education,
employment, income, and psychosocial factors have been

regularly identified as shaping household- and individual-
level food insecurity (28, 99, 100).

Water security is now emerging as critical for food security
via multiple pathways (101–103). Similar to food security,
predictors of water security have included socioeconomic
and demographic characteristics (e.g. education, size of
family, urban residence, poverty, income, and assets) (17,
62, 104). Although wealthier families are likely to be more
water secure because they have resources to spend on
buying water and storage systems (105–107), water insecurity
has been observed across the wealth gradient—that is, not
all households are able to “buy” themselves out of water
insecurity (29). Household and individual determinants of
water security distinct from food security include those
related to the nature of the water system (quality, quantity,
and reliability of the supply, water source, and the time
required to collect water) as well as factors related to social
identity and status. Because the measurement of household
and individual water insecurity is in its early days, more
determinants are likely to emerge.

Food insecurity has serious and pervasive consequences
for human health and well-being. These well-established
consequences of food insecurity result through both nutri-
tional and non-nutritional mechanisms (108). For example,
food insecurity can compromise food intake and thereby
lead to malnutrition. Food insecurity is also a profound
stressor. Distress, adverse family and social interactions,
worry, anxiety, deprivation, and alienation can occur well
before any changes in nutritional status. These, in turn, lead
to poor health outcomes in adults and children, including
poor mental health (e.g., depressive symptoms, risk of
suicide, poor subjective well-being); poor physical health re-
sulting from development and poor management of chronic
diseases; and impaired learning, social developmental delays,
and behavior problems in children (108).

To date, the evidence for the health and economic
consequences of water insecurity (23) is much scarcer than
that for food insecurity (109). Some of the best evidence we
have of the consequences of water insecurity is that it is a
critical psychosocial stressor detrimental to mental health;
poor mental health can, in turn, impact nutrition in a variety
of ways. Some of the first work on the mental burdens of
problems with water described people as “suffering from
water” as well as suffering for water (110). This local idiom
of distress signified the holistic toll that water insecurity
had on people’s well-being, with implications that extend
into nutrition, such as expending extra calories to acquire
water. Water insecurity has since been linked with heightened
worry, anger, frustration, and distress (19, 20, 33, 62, 110–
114) as well as increased depressive symptoms (101, 112, 113,
115, 116). Increased psychosocial stress arising from water
insecurity, as with other stressors, can also increase appetite,
cause overeating, and be deleterious to body fat metabolism
(117).

Water insecurity is undoubtedly directly associated with
nutritional outcomes. Water insecurity is deleterious for child
feeding and nutrition (33, 118–121) and is associated with
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food insecurity (62, 103, 112); the sole longitudinal study
on individual food and household water insecurity found
that water insecurity precedes food insecurity (101). It will
be important to understand if water insecurity leads to
micronutrient deficiencies such as anemia and vitamin D
deficiency, as has been the case with food insecurity (122,
123). Further, households and individuals that experience
both water and food insecurity face a higher risk of the
dual burden of malnutrition (121) as well as higher odds of
dehydration (124). For all these reasons water insecurity is
also a source of stress, as discussed above.

One of the key nutritional consequences of water insecu-
rity is increased risk of diarrhea among both children and
adults (120, 125–127). Diarrheal diseases can undermine
growth and development and are a leading cause of mortality
particularly among children under 5 y in LMICs.

Additional tolls of water insecurity include bodily harm.
Water fetching entails increased risk of falls and other
accidents, which can cause bone breaks, bruising, and other
musculoskeletal injuries (128, 129). There can also be risk
of physical or sexual assault while fetching or queuing for
water in some areas (129, 130) as well as violence from male
partners when there is insufficient water in the household
(33).

Water insecurity has serious economic consequences by
necessitating a larger portion of income to be spent on water
and undermining health and livelihood strategies (29, 30,
131). When individuals and households do not have enough
water to cook, irrigate crops, or water livestock, economic
subsistence strategies fail (33, 102, 104). For example, in parts
of coastal Bangladesh, increased salinity of groundwater
and soils has impeded farmers’ ability to grow crops. As a
result, many move to urban centers and change livelihood
strategies (132). Severe drought and water scarcity, as well
as extremely wet growing seasons in India, are associated
with higher risk of suicide among farmers, particularly
those in poverty, due to economic ramifications of crop
loss (133, 134). Water-related avertive water expenditures
(i.e., spending to compensate for the loss of a resource or
facility) can be significant. For example, in many urban
areas, the lack of stability of piped water has led many
better-off households to develop back-up water systems, such
as storage tanks that can be filled when piped water is
working and wells that tap into groundwater below their
dwellings; poorer households must rely on borrowing water
from neighbors, walking long distances, or other non–
cash-dependent strategies (135, 136). In the United States,
purchasing bottled water after water quality violations is a
fairly common and sometimes very costly avertive strategy
(137).

Water-security strategies that rely on groundwater
withdrawal also have deleterious economic consequences.
Groundwater removal contributes to land subsidence
(sinking) in cities all over the world, including Mexico City
(138), Tehran (139), and Jakarta (140). Subsidence has caused
billions of dollars of infrastructure and property damage;
this is caused by shifting land and increased flooding from

subsidence, as well as the resultant loss of property value
(141).

Finally, water insecurity can have major political conse-
quences, from local conflicts about water access and use to
political crises and even wars between countries (8, 142).
These conflicts can, in turn, have economic and health
consequences.

In sum, water insecurity has detrimental impacts on
mental, nutritional, physical, economic, and political well-
being, but the extent of the damage has yet to be documented.
There is therefore an important role for the nutrition
community to play in helping to uncover the burden of water
insecurity on well-being and elucidating the mechanisms by
which this harm occurs.

Advancing water insecurity in nutrition research
Four key actions can significantly advance our understanding
of water insecurity and its role in inequities in public health
nutrition. The following actions can also reduce inequities in
water and food security, nutrition, and well-being.

Collect more water-insecurity data.
The incorporation of experience-based questionnaires about
food insecurity into small- and large-scale studies catalyzed
a large body of research that established that food insecurity
is widespread and that even mild food insecurity plays a
harmful role in people’s lives (143, 144). The plausibility
that water insecurity is prevalent and has major impacts on
health is high, but far more data are needed from household
and individual studies until this can be stated definitively.
The development of the HWISE scale has made possible
the collection of such data on the role of water insecurity
in health outcomes around the world in studies done by
scientists, multilateral agencies [e.g., International Food
Policy Research Institute (IFPRI)], and nongovernmental
organizations (e.g., Oxfam, Innovations for Poverty Action).
It has also been implemented within Demographic Health
and Survey sites in Bangladesh and Ethiopia.

Data on the prevalence of water-insecurity experiences
are currently being collected in the Gallup World Poll, in
collaboration with United Nations Educational, Scientific,
and Cultural Organization (UNESCO) and Northwestern
University (145). This work means that water-insecurity
experiences will be benchmarked in more than half of
the world’s population by 2021, including in China, Brazil,
India, and much of Africa. By modifying HWISE items
to ask about individual experiences over the prior year,
the items are consistent with Gallup phrasing and can be
compared across seasons, populations, and geographies. This
set of items will allow a better understanding of individual
experiences of water insecurity among adults and how
they vary by a variety of sociodemographics. These data
can also be merged with other nationally representative
datasets (e.g., the India Comprehensive National Nutrition
Survey) to investigate relations with a variety of nutritional
outcomes.
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Childhood water-insecurity experience indicators have
yet to be developed. Children’s experiences with water
insecurity are expected to differ from those of parents,
similar to differences found between children’s and parents’
assessment of children’s food-insecurity levels (91, 94, 95).

Having nationally-representative data from the Gallup
World Poll will be highly valuable for benchmarking water
security across nations (146), but cross-sectional data should
be complemented by data from other designs to assess the po-
tential consequences of water insecurity. The incorporation
of measures of experiences with water insecurity in studies in
which health and economic outcomes are carefully measured
is crucial. One example of such a study is Oxfam’s use of
the HWISE scale in the Democratic Republic of Congo and
Zambia, concurrent with measures of diarrhea, resilience to
cholera, life satisfaction, and governance (126).

More data on water insecurity are also needed from
impact assessments (146). Far too often, water-security
interventions are assessed based on the infrastructure built,
rather than how that infrastructure impacts daily lives.
The HWISE scale provides a simple and direct way of
measuring differences in experiences with access and use.
For example, HWISE was implemented by Oxfam in control
and intervention villages in Sierra Leone to assess the
impact of a water intervention on water access and use,
and revealed a dramatic decrease in HWISE scores between
intervention and comparison sites (Jaynie Vonk, personal
communication 2020). The HWISE scale could also be useful
in designing and evaluating the impact of multiple-use water
services interventions, such as those described by Winrock
International and others (147). The recent availability of
a short form of the HWISE scale, the HWISE-4 (66),
facilitates the collection of water security in surveys where
questionnaire space is limited, such as telephone surveys. The
implementation of the HWISE-4 in an 8-country study of the
short-term impacts of coronavirus disease 2019 (COVID-19)
on rural women by IFPRI and others has revealed positive
correlations between water- and food-insecurity severity
(148). Because data will be collected across several waves, it
will also be possible to detect changes in water security over
time.

Experiential measures of water insecurity could become
a useful tool (146) in the suite of global monitoring
indicators that are measured as part of the SDGs (149).
This would allow greater comparison across countries and
regions and the measurement of improvement in outcomes
following investments in water security. By giving global
recognition to the importance of monitoring experience-
based water security, this indicator could complement other
water-monitoring indicators being collected, such as those
by the Joint Monitoring Program (50), and would provide
benchmarks for resource allocation and for the development
of coordinated policies across government actors in charge of
water and food security.

To facilitate the collection of these types of data globally, it
will be imperative to make (translations of) water-insecurity

scales easily available. To that end, the HWISE scale is freely
available for implementation and we are currently housing
translations into other languages (150). As more groups
translate the HWISE scale, we will be posting them to the
website; dozens more languages will become available upon
completion of the 2020 data collection by Gallup World
Poll. Further, publishing findings about water insecurity in
languages besides English will also be important for dissem-
ination and awareness of this issue. The many publications
in Spanish and Portuguese about food-insecurity experiences
surely helped these indicators to be adopted throughout Latin
America (e.g., 151, 152).

Collect better water-insecurity data.
We have several recommendations about how these various
types of water-security data (i.e., on prevalence, causes,
consequences, intervention impacts) should be measured.
For one, we encourage food insecurity and its sister concept,
water insecurity, to be measured jointly (23, 103, 146). Mea-
suring water insecurity concurrently with other potentially
germane nutritional outcomes, such as dietary diversity, will
help disentangle the contributions of either or both to key
nutrition outcomes, such as stunting, undernutrition, and
overnutrition, as well as other outcomes of public health
interest, including mental and physical health outcomes
(114).

Measuring individual variation in food and water insecu-
rity within the same households will allow us to understand
differential nutritional effects of each on various household
members. Doing so using instruments that yield data that
are comparable across space and time will help us understand
how water and food insecurity covary, as well as how trends
change in both the general population and in subgroups
(146).

Studies in which both water and food insecurity are
measured repeatedly across time will provide information
on causal relations between these two frequently associated
phenomena (62, 101, 103, 112). A longitudinal design will
also allow for evaluations of both short- and long-term
effects of water insecurity on a range of outcomes, from
growth to cognitive performance and educational attainment
(23). Further, longitudinal studies in the first 1000 days of
life will provide critical information about how water and
food insecurity and their consequences may affect health
trajectories intergenerationally (23).

In terms of monitoring and evaluation, establishing base-
line indicators of both water and food security before water
(and nutrition) interventions are designed, developed, and
implemented, and monitoring changes in these indicators as
these interventions mature, can provide empirical evidence
of the synergies in nutrition and water security (153, 154).
A particular focus needs to be placed on marginalized
households and marginalized individuals within households
in order to reveal and reduce disparities in nutrition and well-
being (155).
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Consider food and water issues jointly in policy and
practice.
For far too long, the nutrition and water sectors have
been siloed (146). For example, the UN General Assem-
bly designated 2016−2025 the UN Decade of Action on
Nutrition and 2018−2028 the UN International Decade
for Action on Water for Sustainable Development. These
two Decades and the SDGs they support (SDG 2 and
SDG 6) are intimately intertwined. To date, however,
collaboration by these two landmark initiatives has been
lacking. They can, however, be brought together by interdis-
ciplinary exchanges across international, national, and local
levels.

At the highest level, interactions can be improved within
UN agencies. The exploration of linkages or possibilities for
joint interventions is nascent, with no systematic programs
in place (102, 156). A recent report, however, lays out three
specific actions for integrating across the SDGs beyond
closer collaboration between the work programs of the UN
Decade of Action on Nutrition and the International Decade
for Action on Water for Sustainable Development. These
include 1) implement nutrition-sensitive agricultural water
management, 2) ensure the environmental sustainability of
diets, and 3) address social inequities in water–nutrition
linkages (102).

A further opportunity for international, cross-disciplinary
interactions is the Community of Practice on Water and
Nutrition Linkages under the aegis of the FAO’s Global
Framework on Water Scarcity and Agriculture Partnership
(WASAG) (157). This community is composed of academics,
practitioners, and policymakers from both the water and
nutrition communities. This group exchanges ideas on cross-
sectoral linkages, develops research and insights, and aims to
advance policy action.

One example of an arena in which food and nutrition
issues should be considered jointly is the water footprint of
nutritional guidelines. Improved food security and nutrition
can carry substantial costs in terms of increased pressures
on water systems and ecosystems. Further, because food pro-
duction, processing, and transportation can carry enormous
burdens in terms of water use and water pollution (e.g.,
fertilizer and pesticide run-off, slaughterhouse drainage),
similar diets can have vastly different water, biodiversity, and
climate change footprints, depending on where and how they
are produced and consumed (158, 159). It is urgent that
nutrition strategies become more water and environmentally
sensitive; food-based dietary guidelines must focus on diets
that are less environmentally destructive while meeting
nutritional needs (160).

Strengthening the nutrition sensitivity of agricultural
water-management practices, especially irrigation, is also key
to integration across disciplines (161). Given that >80%
of all water withdrawn by humans is used for crops and
livestock, doing so could dramatically improve nutrition
outcomes. Strategies to increase the nutrition sensitivity of
agricultural water-management practices include developing
irrigation infrastructure in locations where diets are poor,

developing irrigation systems that integrate fishponds, ir-
rigating more nutrient-dense crops, and linking irrigation
development with nutrition messages (153, 162). Irrigation
practices should, of course, consider water availability and
sustainability—for example, boreholes should not be drilled
where water tables cannot support them. Finally, these
strategies should involve women throughout the entire
process and consider water needs for multiple purposes,
beyond irrigation, including domestic use. The recent focus
on multiple-use water services or systems that interlink water
provision for WASH and irrigation purposes provides a
useful basis upon which water–nutrition linkages can be
further developed (163).

Ultimately, experience-based scales should be considered
for improving governance and regulation across food and
water systems because there is a strong influence and
interdependence between these two systems. As an example,
the food industry is deeply embedded in water systems. The
large amounts of water used by soda and infant formula
companies (e.g., 4000 L of water are used for every 1 kg
of powdered milk produced) have potentially enormous
consequences for water access and use by private citizens.
Transboundary water agreements between governments,
such as those between Mexico and the United States (164) or
Israel and Palestine (165), can also adversely shape individual
access and use of water, sometimes for better, sometimes for
worse.

The best way to bring together the food- and water-
security worlds is through building and sustaining strong
coordination among the key stakeholders responsible for
food and water systems governance. Identifying who the
key stakeholders are and how to design an intersectoral
governance structure at international, national, and local
levels will require multilevel community participatory imple-
mentation research based on sound implementation science
frameworks (166).

Make our findings available to shape advocacy and
governance.
An important lesson from experience-based food-security
scales is that they can yield indicators that are easy to
explain to, and be understood by, lay people. This means
they can garner attention from the media, which, in turn,
shapes public opinion, which, in turn, pressures decision
makers to take action (167). For example, in Mexico,
media coverage of the first application of ELCSA led to
the term “food insecurity” becoming part of the lexicon of
Mexican journalists, government officials, and policymakers
(168). It also led the president to establish an intersectoral
commission for understanding the causes and potential
solutions to the problem of food insecurity. The scale can also
be used to show governmental negligence. In Brazil, heavy
media coverage of increases in food insecurity was used to
contradict the assertion by the sitting Brazilian government
that there was no hunger (168). These data and media
coverage were also used by the then former president, Luiz
Inácio Lula da Silva, to illustrate how the achievements of his
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government in dramatically reducing, poverty, inequalities,
and food insecurity between 2003 and 2010 had been undone
by the subsequent administration.

The measurement of global food insecurity by the FAO is
another example of data presented simply but sufficiently rig-
orously to attract the attention of many types of stakeholders.
As the name of the project, “Voices of the Hungry,” implies,
it gives expression to those experiences of the vulnerable
that might have otherwise been invisible (169). This voice,
in turn, can shape advocacy, governance, and regulation. For
example, with these data, it is possible to track global progress
towards the commitment to food as a human right (170). The
use of valid and reliable food-insecurity scales to measure
people’s experiences of food insecurity is also an important
way for local authorities and community organizations to
better understand their own situation and act accordingly.

Experience-based water-security tools can also help us
to track progress towards stated human rights and other
development goals. In 2010, a resolution was approved by
the UN General Assembly recognizing the access to safe
and clean drinking water and sanitation as a human right,
followed by a resolution by the Human Rights Council (171,
172). Like the recognition of the right to access to adequate
food and the right to be free from hunger, such resolutions
represent an important platform for the promotion of public
policy and programs. Global commitments are much easier
to made had for issues that can be quantified.

It is early days, but we are already seeing how the
quantification of experiences of water insecurity can be used
for advocacy. For example, the HWISE scale was used to
assess water insecurity in the Six Nations reserve in southern
Canada just prior to the outbreak of COVID-19. The evi-
dence that this generated about the high prevalence of water
insecurity was used to convince the Band Council (local
government) to pay for outstanding water bills and avoid
water shutoffs (Sarah Duignan, personal communication
2020).

Experience-based food-security scales have helped ad-
vance food-security governance because they provide in-
dicators that can help address the four conditions needed
for sound food-security governance (173). These are as
follows: 1) clear, participatory, and responsive planning,
decision making, and implementation; 2) efficient, effective,
transparent, and accountable institutions; 3) respect for the
rule of law, and equality and fairness in resource allocation
and service delivery; and 4) coherent and coordinated
policies, institutions, and actions. Hence, it is likely that
a similar outcome could be obtained for water-systems
governance using scales such as HWISE.

Experience-based food-security scales have also likely ad-
vanced food-security governance because they have SMART
properties (i.e., Specific, Measurable, Achievable, Relevant,
and Time-bound). They are specific, because they closely
measure the construct of interest; they are achievable as
their measurement can occur at a relatively low cost; they
are relevant because they are sensitive to economic crises or
growth changes; and they provide rapid feedback for timely

decision making and action (167). The SMART properties
of experience-based water-security scales are likely to be
confirmed given the similarities in their conceptual basis and
instrumentation (109). Hence, it is likely that decision makers
will select scales such as HWISE for tracking targeting,
implementation progress, and impact of water interventions
targeting households. Indeed, at the 2020 Stockholm Water
Week, Lord Zac Goldsmith, the British Minister of State for
Foreign Affairs, called out the HWISE scale as a “smarter
indicator” that quickly and reliably “promotes accountability
and transparency” (174).

Much can also be learned about the widespread adoption
of experiential scales based on lessons learned from food
security. For one, a top-down approach is not always the most
effective for the adaptation, adoption, and incorporation
of water-security scales in diverse national representative
surveys that are repeated over time or in routine monitoring
systems. The likelihood that water-security scales will be
embraced by governments and international organizations
tracking the SDGs will likely be greater if a bottom-up
approach is also followed.

The Brazilian Food Security Scale (EBIA) is a notable case
in illustrating how powerful a bottom-up approach can be
(175). The efforts that culminated with the national adoption
of the EBIA began in 2013, with the adaptation and validation
of mixed-methods studies of the US Household Food
Security Survey Module in urban and rural areas throughout
Brazil (167). This process was steered by a coalition of
academics, civil society, international organizations, and
the Ministries of Health and Social Development (81). In
less than 1 y, the government of Brazil had scaled up the
use of EBIA and invested over $1 million US dollars in
administering the EBIA to >130,000 households through the
2014 National Household Sample Survey (167). This allowed
the country to develop a national baseline to start tracking
household food insecurity through repeated household
expenditure surveys as well as health and nutrition surveys.
The process followed with the EBIA was then disseminated
and replicated in other Latin American countries, such as
Mexico (79, 80), leading to the harmonized Latin American
Food Security Scale (ELCSA) (82).

It is unlikely that national governments will take up the
FIES or the HWISE scale to the extent that ELCSA (and
the scales that led to it) has been adopted without similar
specific bottom-up efforts to do so. For one, governments are
often more responsive to local calls for data than they are to
those by international organizations. Further, the relatively
small sample sizes necessary for estimating the prevalence of
food (or water) insecurity across countries and world regions,
the primary reason for which FIES was developed (176), is
only 1000 for most countries. Such a sample size precludes
the level of data disaggregation needed for sound food- or
water-security policymaking in countries where there is any
heterogeneity.

In any engagement with advocacy and governance, it is
important to recognize that data on food and water insecurity
can be politically sensitive. Many countries, communities,
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and agencies are reluctant to share data that do not reflect
positively and do not want to highlight unaddressed vul-
nerabilities. For this reason, stakeholders may not want to
collect data in case it would reveal unflattering findings. If
such data are collected, they might not be shared, and if they
are shared, they may be aggregated across regions or even
countries. Thus, it may be important to demonstrate the value
of such data for effective policymaking, per the above, or to
help make the case for infrastructural investment to, at least
partially, override some of these concerns.

Better integration of water-security measurement, poli-
cies, and actions from the national to the local level is
needed, and there is precedent for doing so in the realm
of food security. There is also opportunity in the nutrition
policy community for evaluating if linking household food-
and water-insecurity information-management systems en-
hances governance across and within each system and/or
improves health and well-being.

Conclusions
In summary, water security is a powerful concept that is still
in its early days in the nutrition literature. This is important
because stable availability, access, and use of water have
intrinsic value as a human right and should be a goal in and
of itself. Further, water security also likely plays critical roles
in outcomes upon which the public health community has
broadly agreed as important: nutritional, mental, physical,
and economic well-being. Increased attention to the benefits
of ensuring water security and best practices for doing so are
therefore needed. As recognition of the importance of water
security grows, we hope that so too will the prioritization of
water in research, programming, funding, and policy.

Acknowledgments
We gratefully acknowledge the Household Water Insecurity
Experiences–Research Coordination Network for their in-
tellectual vibrancy and Jaynie Vonk and Sara Duignan for
their communications on unpublished data. We are also
grateful to the Global Nutrition Council for sponsoring our
plenary session at the ASN’s 2020 meeting. The authors’
responsibilities were as follows—SLY: conceived the article
and wrote the first draft in concert with EAF; EAF, ZJ, HM-
Q, RP-E, CR, and AYR: contributed to the writing; and all
authors: critically reviewed drafts and read and approved the
final manuscript.

References
1. Martorell R, Yarbrough C, Lechtig A, Habicht J-P, Klein RE. Diarrheal

diseases and growth retardation in preschool Guatemalan children.
Am J Phys Anthropol 1975;43:341–6.

2. Humphrey JH. Child undernutrition, tropical enteropathy, toilets, and
handwashing. Lancet North Am Ed 2009;374:1032–5.

3. Popkin BM, D’Anci KE, Rosenberg IH. Water, hydration, and health.
Nutr Rev 2010;68:439–58.

4. Murray B. Hydration and physical performance. J Am Coll Nutr
2007;26:542S–8S.

5. Kleiner SM. Water: an essential but overlooked nutrient. J Am Diet
Assoc 1999;99:200–6.

6. Jéquier E, Constant F. Water as an essential nutrient: the physiological
basis of hydration. Eur J Clin Nutr 2010;64:115–23.

7. Bigas H; United Nations-Water Task force for Water Security,
Institute for Water, Environment and Health. Water security
and the global water agenda: a UN-water analytical brief
[Internet]. Hamilton (Canada); 2013. [Cited 2020 Nov 6].
Available from: https://www.unwater.org/app/uploads/2017/05/
analytical_brief_oct2013_web.pdf.

8. World Economic Forum. The Global Risks Report 2020 [Internet].
Geneva (Switzerland); 2020. [Cited 2020 Nov 6]. Available from: http:
//www3.weforum.org/docs/WEF_Global_Risk_Report_2020.pdf.

9. Organisation for Economic Co-operation and Development. Water
and cities: policy highlights [Internet]. 2015. [Cited 2020 Nov 6].
Available from: https://issuu.com/oecd.publishing/docs/water_and_
cities_-_policy_highlight/1.

10. Biswas AK. Water crisis. Water Int 1999;24:363–7.
11. Mekonnen MM, Hoekstra AY. Four billion people facing severe water

scarcity. Sci Adv 2016;2:e1500323.
12. Kulp SA, Strauss BH. New elevation data triple estimates of global

vulnerability to sea-level rise and coastal flooding. Nat Commun
2019;10:4844.

13. Schreider SY, Smith DI, Jakeman AJ. Climate change impacts on urban
flooding. Climatic Change 2000;47:91–115.

14. Damania R, Desbureaux S, Rodella A-S, Russ J, Zaveri E. Quality
unknown: the invisible water crisis [Internet]. The World Bank; 2019.
[Cited 2020 Oct 12]. Available from: http://elibrary.worldbank.org/
doi/book/10.1596/978-1-4648-1459-4.

15. World Health Organization. Guidelines for drinking-water quality.
[Internet]. Geneva (Switzerland): World Health Organization; 2017.
[Cited 2020 Nov 6]. Available from: https://apps.who.int/iris/rest/
bitstreams/1080656/retrieve.

16. Rosegrant MW, Ringler C, Zhu T. Water for agriculture: maintaining
food security under growing scarcity. Annu Rev Environ Resour
2009;34:205–22.

17. Webb P, Iskandarani M. Water insecurity and the poor: issues and
research needs [Internet]. Bonn (Germany); 1998. [Cited 2020 Nov 6].
Available from: https://www.ssrn.com/abstract = 3316741.

18. Wutich AY. The effects of urban water scarcity on sociability
and reciprocity in Cochabamba, Bolivia[dissertation]. University of
Florida; 2006.

19. Wutich A, Ragsdale K. Water insecurity and emotional distress: coping
with supply, access, and seasonal variability of water in a Bolivian
squatter settlement. Soc Sci Med 2008;67:2116–25.

20. Stevenson EGJ, Greene LE, Maes KC, Ambelu A, Tesfaye YA,
Rheingans R, Hadley C. Water insecurity in 3 dimensions: an
anthropological perspective on water and women’s psychosocial
distress in Ethiopia. Soc Sci Med 2012;75:392–400.

21. Hadley C, Wutich A. Experience-based measures of food and water
security: biocultural approaches to grounded measures of insecurity.
Hum Organ 2009;68:451–60.

22. Crow B, Mcpike J. How the drudgery of getting water shapes
women’s lives in low-income urban communities. Gender Technol Dev
2009;13:43–68.

23. Rosinger AY, Young SL. The toll of household water insecurity
on health and human biology: current understandings and future
directions. WIREs Water 2020;7(6):e1468.

24. Jepson WE, Wutich A, Colllins SM, Boateng GO, Young SL. Progress
in household water insecurity metrics: a cross-disciplinary approach.
WIREs Water 2017;4:e1214.

25. Cook C, Bakker K. Water security: debating an emerging paradigm.
Global Environ Change 2012;22:94–102.

26. Varis O, Keskinen M, Kummu M. Four dimensions of water security
with a case of the indirect role of water in global food security. Water
Security 2017;1:36–45.

27. Slaymaker T, Johnston R, Young SL, Miller J, Staddon C. WaSH Policy
Research Digest Issue #15: measuring water insecurity [Internet].
2020. Report No.: 15. [Cited 2020 Nov 6]. Available from: https://
waterinstitute.unc.edu/files/2020/07/Issue_15_final.pdf.

1068 Young et al.

https://www.unwater.org/app/uploads/2017/05/analytical_brief_oct2013_web.pdf
http://www3.weforum.org/docs/WEF_Global_Risk_Report_2020.pdf
https://issuu.com/oecd.publishing/docs/water_and_cities_-_policy_highlight/1
http://elibrary.worldbank.org/doi/book/10.1596/978-1-4648-1459-4
https://apps.who.int/iris/rest/bitstreams/1080656/retrieve
https://www.ssrn.com/abstract = 3316741
https://waterinstitute.unc.edu/files/2020/07/Issue_15_final.pdf


28. Jones AD, Ngure FM, Pelto G, Young SL. What are we assessing when
we measure food security? A compendium and review of current
metrics. Adv Nutr 2013;4:481–505.

29. Stoler J, Pearson AL, Staddon C, Wutich A, Mack E, Brewis A, Rosinger
AY, Adams E, Ahmed JF, Alexander M, et al. Cash water expenditures
are associated with household water insecurity, food insecurity, and
perceived stress in study sites across 20 low- and middle-income
countries. Sci Total Environ 2020;716:135881.

30. Heymans C, Eberhard R, Ehrhardt D, Riley S. Providing water to
poor people in african cities effectively: lessons from utility reforms
[Internet]. Water and Sanitation Program. 2016. [Cited 2020 Nov 6].
Available from: https://openknowledge.worldbank.org/handle/10986/
25115.

31. Sultana F. Fluid lives: subjectivities, gender and water in rural
Bangladesh. Gender Place Culture 2009;16:427–44.

32. Mehta L. Politics and poetics of water: naturalising scarcity in western
India. New Delhi (India): Orient Blackswan; 2005.

33. Collins SM, Mbullo Owuor P, Miller JD, Boateng GO, Wekesa P,
Onono M, Young SL. “I know how stressful it is to lack water!”
Exploring the lived experiences of household water insecurity among
pregnant and postpartum women in western Kenya. Global Public
Health 2019;14:649–62.

34. Meehan K, Jepson W, Harris LM, Wutich A, Beresford M, Fencl A,
London J, Pierce G, Radonic L, Wells C, et al. Exposing the myths
of household water insecurity in the global north: a critical review.
WIREs Water 2020;7:e1486.

35. Dig Deep, US Water Alliance. Closing the water access gap in the
United States: a national action plan [Internet]. [Cited 2020 Nov
5]. Available from: http://uswateralliance.org/sites/uswateralliance.
org/files/publications/Closing%20the%20Water%20Access%20Gap%
20in%20the%20United%20States_DIGITAL.pdf.

36. Meehan K, Jurjevich JR, Chun N, Sherrill J. Geographies of insecure
water access and the housing–water nexus in US cities. Proc Natl Acad
Sci U S A 2020;117:28700–7.

37. Wilson NJ, Inkster J. Respecting water: Indigenous water governance,
ontologies, and the politics of kinship on the ground. Nat Space
2018;1:516–38.

38. Brooks YM, Collins SM, Mbullo P, Boateng GO, Young SL, Richardson
RE. Evaluating human sensory perceptions and the compartment
bag test assays as proxies for the presence and concentration of
Escherichia coli in drinking water in western Kenya. Am J Trop Med
Hyg 2017;97:1005–8.

39. Po M, Kaercher JD, Nancarrow BE, Photograph C. Literature review of
factors influencing public perceptions of water reuse [Internet]. 2003.
Report No.: CSIRO Land and Water Techn ical Report 54/03. [Cited
2020 Nov 6]. Available from: http://citeseerx.ist.psu.edu/viewdoc/
download;jsessionid=E90B5D6428CBED6C3829EF2CBF7EF734?
doi=10.1.1.197.423&rep=rep1&type=pdf.

40. Korfali SI, Jurdi M. Provision of safe domestic water for the promotion
and protection of public health: a case study of the city of Beirut,
Lebanon. Environ Geochem Health 2009;31:283–95.

41. Nagata JM, Valeggia CR, Smith NW, Barg FK, Guidera M, Bream
KDW. Criticisms of chlorination: social determinants of drinking
water beliefs and practices among the Tz’utujil Maya. Rev Panam Salud
Publica 2011;29:9–16.

42. Wies JR, Mays A, Collins SM, Young SL. “As long as we have the
mine, we’ll have water”: exploring water insecurity in Appalachia. Ann
Anthropologic Pract 2020;44:65–76.

43. Alberta Government. Guidelines for municipal wastewater
irrigation—open government [Internet]. [Cited 2020 Nov 5].
Available from: https://open.alberta.ca/publications/0778511502.

44. Rhoades JD, Kandiah A, Mashali AM. The use of saline waters for crop
production [Internet]. Rome: FAO of the United Nations; 1992. [Cited
2020 Nov 6]. Available from: http://www.fao.org/3/a-t0667e.pdf.

45. The Global Compact. Driving harmonization of water stress, scarcity,
and risk terminology [Internet]. 2014. [Cited 2020 Nov 6]. Available
from: https://ceowatermandate.org/files/Driving_Harmonization_of_
Water_Terminology_draft.pdf.

46. Deitz S, Meehan K. Plumbing poverty: mapping hot spots of racial
and geographic inequality in U.S. household water insecurity. Ann Am
Assoc Geographers 2019;109:1092–109.

47. Liu J, Yang H, Gosling SN, Kummu M, Flörke M, Pfister S, Hanasaki
N, Wada Y, Zhang X, Zheng C, et al. Water scarcity assessments in the
past, present, and future. Earth’s Future 2017;5:545–59.

48. Parish ES, Kodra E, Steinhaeuser K, Ganguly AR. Estimating future
global per capita water availability based on changes in climate and
population. Computers Geosciences 2012;42:79–86.

49. Barrett CB. Measuring food insecurity. Science 2010;327:825–8.
50. UNICEF; WHO. Progress on household drinking water,

sanitation and hygiene 2000–2017. Special focus on inequalities
[Internet]. 2019. [Cited 2020 Nov 6]. Available from: https:
//www.unicef.org/media/55276/file/Progress%20on%20drinking%
20water,%20sanitation%20and%20hygiene%202019%20.pdf.

51. WHO/UNICEF Joint Monitoring Program for Water Supply,
Sanitation, and Hygiene. Core questions on water, sanitation and
hygiene for household surveys: 2018 update [Internet]. UN Children’s
Fund and World Health Organization; 2018. [Cited 2020 Nov 5].
Available from: https://washdata.org/sites/default/files/documents/
reports/2019-03/JMP-2018-core-questions-for-household-surveys.
pdf.

52. Teodoro MP. Measuring household affordability for water and sewer
utilities. J Am Water Works Assoc 2018;110:13–24.

53. Eberhard R. Access to water and sanitation in sub-Saharan Africa:
part I—synthesis report. [Internet]. Bonn (Germany): Deutsche
Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH; 2019.
[Cited 2020 Nov 6]. Available from: https://www.oecd.org/water/GIZ_
2018_Access_Study_Part%20I_Synthesis_Report.pdf.

54. Loftus A. Rethinking political ecologies of water. Third World Q
2009;30:953–68.

55. Thomas E, Andrés LA, Borja-Vega C, Sturzenegger G. Innovations
in WASH impact measures: water and sanitation measurement
technologies and practices to inform the Sustainable Development
Goals. Washington (DC): World Bank Group; 2018.

56. Thavarajah W, Verosloff MS, Jung JK, Alam KK, Miller JD, Jewett MC,
Young SL, Lucks JB. A primer on emerging field-deployable synthetic
biology tools for global water quality monitoring. npj Clean Water
2020;3:1–10.

57. Sawka MN, Cheuvront SN, Carter R. Human water needs. Nutr Rev
2005;63:S30–9.

58. Rosinger AY. Biobehavioral variation in human water needs: how
adaptations, early life environments, and the life course affect body
water homeostasis. Am J Hum Biol 2020;32:e23338.

59. Armstrong LE. Hydration assessment techniques. Nutr Rev
2005;63:S40–54.

60. Coates J, Swindale A, Bilinsky P. Household Food Insecurity Access
Scale (HFIAS) for measurement of household food access: indicator
guide (v. 3) [Internet]. Washington (DC): Food and Nutrition
Technical Assistance Project, Academy for Educational Development;
2007. [Cited 2020 Nov 6]. Available from: http://www.fao.org/
fileadmin/user_upload/eufao-fsi4dm/doc-training/hfias.pdf.

61. Cafiero C, Viviani S, Nord M. Food security measurement in a
global context: the Food Insecurity Experience Scale. Measurement
2018;116:146–52.

62. Young SL, Boateng GO, Jamaluddine Z, Miller JD, Frongillo
EA, Neilands TB, Collins SM, Wutich A, Jepson WE, Stoler
J. The Household Water InSecurity Experiences (HWISE) scale:
development and validation of a household water insecurity measure
for low-income and middle-income countries. BMJ Glob Health
2019;4:e001750.

63. Ballard TJ, Kepple AW, Cafiero C. The Food Insecurity
Experience Scale development of a global standard for
monitoring hunger worldwide [Internet]. Rome (Italy): Food
and Agriculture Organization; 2013. [Cited 2020 Nov 6].
Available from: https://www.google.com/url?sa = t&rct =
j&q = &esrc = s&source = web&cd = &ved = 2ahUKEwi9vOz3__
XsAhVbXc0KHb7YB2QQFjABegQIBhAC&url = http%3A%2F%2F

Water security, nutrition, and well-being 1069

https://openknowledge.worldbank.org/handle/10986/25115
http://uswateralliance.org/sites/uswateralliance.org/files/publications/Closing%20the%20Water%20Access%20Gap%20in%20the%20United%20States_DIGITAL.pdf
http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=E90B5D6428CBED6C3829EF2CBF7EF734?doi=10.1.1.197.423\&rep=rep1\&type=pdf
https://open.alberta.ca/publications/0778511502
http://www.fao.org/3/a-t0667e.pdf
https://ceowatermandate.org/files/Driving_Harmonization_of_Water_Terminology_draft.pdf
https://www.unicef.org/media/55276/file/Progress%20on%20drinking%20water,%20sanitation%20and%20hygiene%202019%20.pdf
https://washdata.org/sites/default/files/documents/reports/2019-03/JMP-2018-core-questions-for-household-surveys.pdf
https://www.oecd.org/water/GIZ_2018_Access_Study_Part%20I_Synthesis_Report.pdf
http://www.fao.org/fileadmin/user_upload/eufao-fsi4dm/doc-training/hfias.pdf
https://www.google.com/url?sa = t&rct = j&q = &esrc = s&source = web&cd = &ved = 2ahUKEwi9vOz3__XsAhVbXc0KHb7YB2QQFjABegQIBhAC&url = http%3A%2F%2Fwww.fao.org%2Ffileadmin%2Ftemplates%2Fess%2Fvoh%2FFIES_Technical_Paper_v1.1.pdf&usg = AOvVaw0MM3KcioD08OH62zdCROGr


www.fao.org%2Ffileadmin%2Ftemplates%2Fess%2Fvoh%2FFIES_
Technical_Paper_v1.1.pdf&usg = AOvVaw0MM3KcioD08OH
62zdCROGr.

64. Natamba BK, Kilama H, Arbach A, Achan J, Griffiths JK, Young
SL. Reliability and validity of an individually focused food
insecurity access scale for assessing inadequate access to food
among pregnant Ugandan women of mixed HIV status. Public Health
Nutr 2015;18:2895–905.

65. Deitchler M, Ballard T, Swindale A, Coates J. Introducing a simple
measure of household hunger for cross-cultural use. Washington (DC):
Food and Nutrition Technical Assistance II Project (FANTA-2) AED;
2011.

66. Young SL, Miller JD, Frongillo EA, Boateng GO, Jamaluddine Z,
Neilands TB; HWISE-RCN. Validity of a four-item household water
insecurity experiences scale for assessing water issues related to health
and well-being. Am J Trop Med Hyg 2021;104:391–4.

67. Leroy JL, Ruel M, Frongillo EA, Harris J, Ballard TJ. Measuring the
food access dimension of food security: a critical review and mapping
of indicators. Food Nutr Bull 2015;36:167–95.

68. Wolfe WS, Frongillo EA. Building Household food-security
measurement tools from the ground up. Food Nutr Bull 2001;22:
5–12.

69. Webb P, Coates J, Frongillo EA, Rogers BL, Swindale A, Bilinsky P.
Measuring household food insecurity: why it’s so important and yet so
difficult to do. J Nutr 2006;136:1404S–8S.

70. Fiedler JL, Carletto C, Dupriez O. Still waiting for Godot? Improving
Household Consumption and Expenditures Surveys (HCES) to enable
more evidence-based nutrition policies. Food Nutr Bull 2012;33:S242–
51.

71. Ruel MT. Is dietary diversity an indicator of food security or dietary
quality? A review of measurement issues and research needs. Food
Nutr Bull 2003;24:231–2.

72. World Food Program. Food consumption analysis: calculation
and use of the Food Consumption Score in food consumption
and food security analysis. Technical Guidance Sheet [Internet].
Rome: World Food Program; 2008. [Cited 2020 Nov 6]. Available
from: https://documents.wfp.org/stellent/groups/public/documents/
manual_guide_proced/wfp197216.pdf.

73. Maxwell D, Caldwell R. The Coping Strategies Index: field methods
manual, Second Edition [Internet]. [Cited 2020 Nov 6]. Available
from: https://documents.wfp.org/stellent/groups/public/documents/
manual_guide_proced/wfp211058.pdf.

74. Save the Children and the Food Economy Group. Household economy
approach (practitioners’ guide) [Internet]. 2000. [Cited 2020 Oct 12].
Available from: https://www.spring-nutrition.org/publications/tool-
summaries/household-economy-approach-practitioners-guide.

75. Wolfe WS, Frongillo EA, Valois P. Understanding the experience of
food insecurity by elders suggests ways to improve its measurement. J
Nutr 2003;133:2762–9.

76. Hamilton W, Cook J, Thompson W, Buron L, Frongillo E, Olson
C, Wehler C. Household food security in the United States in 1995
[Internet]. 1997. [Cited 2020 Nov 6]. Available from: https://fns-prod.
azureedge.net/sites/default/files/summary.pdf.

77. Frongillo EA, Chowdhury N, Ekström E-C, Naved RT. Understanding
the experience of household food insecurity in rural Bangladesh leads
to a measure different from that used in other countries. J Nutr
2003;133:4158–62.

78. Frongillo EA, Nanama S. Development and validation of an
experience-based measure of household food insecurity within
and across seasons in northern Burkina Faso. J Nutr 2006;136:1409S–
19S.

79. Mundo-Rosas V, Vizuet-Vega NI, Martínez-Domínguez J, Morales-
Ruán M del C, Pérez-Escamilla R, Shamah-Levy T, Mundo-Rosas V,
Vizuet-Vega NI, Martínez-Domínguez J, Morales-Ruán M del C, et al.
Evolución de la inseguridad alimentaria en los hogares Mexicanos:
2012–2016. Salud Publica Mex 2018;60:309–18.

80. Villagómez-Ornelas P, Hernández-López P, Carrasco-Enríquez B,
Barrios-Sánchez K, Pérez-Escamilla R, Melgar-Quiñónez H. Validez

estadística de la Escala Mexicana de Seguridad Alimentaria y la Escala
Latinoamericana y Caribeña de Seguridad Alimentaria. Salud Publica
Mex 2013;56:5.

81. Pérez-Escamilla R, Segall-Corrêa AM, Kurdian Maranha L, Sampaio
Md M de FA, Marín-León L, Panigassi G. An adapted version of the
U.S. Department of Agriculture Food Insecurity module is a valid tool
for assessing household food insecurity in Campinas, Brazil. J Nutr
2004;134:1923–8.

82. Comité Científico de la ELCSA. Escala Latinoamericana y Caribeña
de Seguridad Alimentaria (ELCSA)—manual de uso y aplicación
[Internet]. Rome; 2012. [Cited 2020 Nov 6]. Available from: http://
www.fao.org/3/a-i3065s.pdf.

83. Consejo Nacional de Evaluación de la Política de Desarrollo
Social. Metodología para la medición multidimensional de la
pobreza en México [Internet]. Ciudad de México: Coneval; 2019.
[Cited 2020 Nov 5]. Available from: https://www.coneval.org.
mx/InformesPublicaciones/InformesPublicaciones/Documents/
Metodologia-medicion-multidimensional-3er-edicion.pdf.

84. Medición multidimensional de la pobreza en El Salvador: una
mirada a las familias con niñas,niños y adolescentes [Internet].
San Salvador: UNICEF; 2015. [Cited 2020 Nov 6]. Available
from: https://www.unicef.org/lac/sites/unicef.org.lac/files/2019-
01/Medicion_multidimensional_de_la_pobreza_compressed1.pdf .

85. Ballard T, Coates J, Swindale A, Deitchler M. Household Hunger Scale:
indicator definition and measurement guide [Internet]. Washington
(DC): Food and Nutrition Technical Assistance II Project, FHI 360;
2011. [Cited 2020 Nov 6]. Available from: https://www.fantaproject.
org/sites/default/files/resources/HHS-Indicator-Guide-Aug2011.pdf.

86. Coates JC, Webb P, Houser RF, Rogers BL, Wilde P. “He said, she said”:
who should speak for households about experiences of food insecurity
in Bangladesh? Food Sec 2010;2:81–95.

87. Hadley C, Lindstrom D, Tessema F, Belachew T. Gender bias in the
food insecurity experience of Ethiopian adolescents. Soc Sci Med
2008;66:427–38.

88. Nanama S, Frongillo EA. Women’s rank modifies the relationship
between household and women’s food insecurity in complex
households in northern Burkina Faso. Food Policy 2012;37:217–25.

89. Fram MS, Frongillo EA, Jones SJ, Williams RC, Burke MP, DeLoach
KP, Blake CE. Children are aware of food insecurity and take
responsibility for managing food resources. J Nutr 2011;141:1114–9.

90. Ghattas H, Sassine AJ, Aqeel M, Hwalla N, Obeid OA, Sahyoun NR.
Children’s experiences of food insecurity in Lebanon: a qualitative
study. J Hunger Environ Nutr 2018;13:28–39.

91. Bernal J, Frongillo EA, Herrera H, Rivera J. Children live, feel, and
respond to experiences of food insecurity that compromise their
development and weight status in peri-urban Venezuela. J Nutr
2012;142:1343–9.

92. Frongillo EA, Fram MS, Escobar-Alegría JL, Pérez-Garay M, Macauda
MM, Billings DL. Concordance and discordance of the knowledge,
understanding, and description of children’s experience of food
insecurity among Hispanic adults and children. Fam Community
Health 2019;42:237–44.

93. Fram MS, Frongillo EA, Draper CL, Fishbein EM. Development and
validation of a child report assessment of child food insecurity and
comparison to parent report assessment. J Hunger Environ Nutr
2013;8:128–45.

94. Bernal J, Frongillo EA, Rivera JA. Food insecurity reported by children,
but not by mothers, is associated with lower quality of diet and shifts
in foods consumed. Matern Child Nutr 2016;12:546–57.

95. Bernal J, Frongillo EA, Herrera HA, Rivera JA. Food insecurity in
children but not in their mothers is associated with altered activities,
school absenteeism, and stunting. J Nutr 2014;144:1619–26.

96. Sahyoun NR, Nord M, Sassine AJ, Seyfert K, Hwalla N, Ghattas H.
Development and validation of an Arab family food security scale. J
Nutr 2014;144:751–7.

97. Jamaluddine Z, Sahyoun NR, Choufani J, Sassine AJ, Ghattas H. Child-
reported food insecurity is negatively associated with household food
security, socioeconomic status, diet diversity, and school performance

1070 Young et al.

https://www.google.com/url?sa = t\&rct = j\&q = \&esrc = s\&source = web\&cd = \&ved = 2ahUKEwi9vOz3__XsAhVbXc0KHb7YB2QQFjABegQIBhAC\&url = http%3A%2F%2Fwww.fao.org%2Ffileadmin%2Ftemplates%2Fess%2Fvoh%2FFIES_Technical_Paper_v1.1.pdf\&usg = AOvVaw0MM3KcioD08OH62zdCROGr
https://documents.wfp.org/stellent/groups/public/documents/manual_guide_proced/wfp197216.pdf
https://documents.wfp.org/stellent/groups/public/documents/manual_guide_proced/wfp211058.pdf
https://www.spring-nutrition.org/publications/tool-summaries/household-economy-approach-practitioners-guide
https://fns-prod.azureedge.net/sites/default/files/summary.pdf
http://www.fao.org/3/a-i3065s.pdf
https://www.coneval.org.mx/InformesPublicaciones/InformesPublicaciones/Documents/Metodologia-medicion-multidimensional-3er-edicion.pdf
https://www.unicef.org/lac/sites/unicef.org.lac/files/2019-01/Medicion_multidimensional_de_la_pobreza_compressed1.pdf
https://www.fantaproject.org/sites/default/files/resources/HHS-Indicator-Guide-Aug2011.pdf


among children attending UN Relief and Works Agency for Palestine
refugees schools in Lebanon. J Nutr 2019;149:2228–35.

98. Young SL, Collins SM, Boateng GO, Neilands TB, Jamaluddine Z,
Miller JD, Brewis AA, Frongillo EA, Jepson WE, Melgar-Quiñonez
H, et al. Development and validation protocol for an instrument to
measure household water insecurity across cultures and ecologies: the
Household Water InSecurity Experiences (HWISE) scale. BMJ Open
2019;9:e023558.

99. UNICEF. Improving child nutrition: the achievable imperative for
global progress. New York: United Nations Children’s Fund; 2013.

100. Frongillo EA. Validation of measures of food insecurity and hunger. J
Nutr 1999;129:506S–9S.

101. Boateng GO, Workman CL, Miller JD, Onono M, Neilands TB, Young
SL. The syndemic effects of food insecurity, water insecurity, and HIV
on depressive symptomatology among Kenyan women. Soc Sci Med
2020;113043.

102. Ringler C, Paulo D. Water and nutrition: harmonizing actions for
the United Nations Decade of Action on Nutrition and the United
Nations Water Action Decade [Internet]. UN System Standing
Committee on Nutrition; 2020. [Cited 2020 Nov 6]. Available from:
https://www.unscn.org/uploads/web/news/document/Water-Paper-
EN-WEB-12feb.pdf.

103. Brewis A, Workman C, Wutich A, Jepson W, Young S; HWISE-RCN.
Household water insecurity is strongly associated with food insecurity:
evidence from 27 sites in low- and middle-income countries. Am J
Hum Biol 2020;32:e23309.

104. High Level Panel of Experts on Food Security and Nutrition. Water
for food security and nutrition. Rome: Committee on World Food
Security; 2015.

105. Nagpal T, Rawlings H, Balac M. Understanding water demand and
usage in Mandalay city, Myanmar as a basis for resetting tariffs. J Water
Sanitation Hygiene Dev 2020;10:680–90.

106. Pattanayak SK, Yang J-C, Whittington D, Kumar KCB. Coping with
unreliable public water supplies: averting expenditures by households
in Kathmandu, Nepal. Water Resour Res 2005;41:W02012.

107. Nauges C, Whittington D. Estimation of water demand in developing
countries. World Bank Research Observer 2010;25:263–94.

108. National Research Council. Food insecurity and hunger in the United
States: an assessment of the measure [Internet]. 2006. [Cited 2020
Nov 5]. Available from: https://www.nap.edu/catalog/11578/food-
insecurity-and-hunger-in-the-united-states-an-assessment.

109. Pérez-Escamilla R. Food security and the 2015–2030 Sustainable
Development Goals: from human to planetary health: perspectives and
opinions. Curr Dev Nutr 2017;1:e000513.

110. Ennis-McMillan MC. Suffering from water: social origins of bodily
distress in a Mexican community. Med Anthropol Q 2001;15:368–90.

111. Krumdieck NR, Collins SM, Wekesa P, Mbullo P, Boateng GO, Onono
M, Young SL. Household water insecurity is associated with a range of
negative consequences among pregnant Kenyan women of mixed HIV
status. J Water Health 2016;14:1028–31.

112. Workman CL, Ureksoy H. Water insecurity in a syndemic context:
understanding the psycho-emotional stress of water insecurity in
Lesotho, Africa. Soc Sci Med 2017;179:52–60.

113. Tallman PS. Water insecurity and mental health in the Amazon:
economic and ecological drivers of distress. Econ Anthropology
2019;6:304–16.

114. Maxfield A. Testing the theoretical similarities between food and water
insecurity: buffering hypothesis and effects on mental wellbeing. Soc
Sci Med 2020;244:112412.

115. Cooper-Vince CE, Arachy H, Kakuhikire B, Vořechovská D, Mushavi
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