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ARTICLE INFO ABSTRACT

Keywords: Water problems due to scarcity, inaccessibility, or poor quality are a major barrier to household functioning,
Water needs livelihood, and health globally. Household-to-household water borrowing has been posited as a strategy to
Borrowing alleviate unmet water needs. However, the prevalence and predictors of this practice have not been system-
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Water availability

atically examined. Therefore, we tested whether water borrowing occurs across diverse global contexts with
varying water problems. Second, we tested if household water borrowing is associated with unmet water needs,
perceived socio-economic status (SES), and/or water-related system failures, and if water access moderated (or
changed) these relationships. Using survey data from the Household Water Insecurity Experiences (HWISE)
study from 21 sites in 19 low- and middle-income countries (n = 5495 households), we found that household-to-
household water borrowing was practiced in all 21 sites, with 44.7% (11.4-85.4%) of households borrowing
water at least once the previous month. Multilevel mixed-effect logistic regression models demonstrate that high
unmet water needs (odds ratio [OR] = 2.86], 95% confidence interval [CI] = 2.09-3.91), low perceived SES
(OR = 1.09; 95% CI = 1.05-1.13), and water-related system failures (23-258%) were all significantly associated
with higher odds of water borrowing. Significant interactions (all p < 0.01) between water access, unmet water
needs, and water-related system failures on water borrowing indicate that water access moderates these re-
lationships. These data are the first to demonstrate that borrowing water is commonly used by households
around the world to cope with water insecurity. Due to how prevalent water borrowing is, its implications for
social dynamics, resource allocation, and health and well-being are likely vast but severely under-recognized.

1. Introduction

In 2017, 2.1 billion people, or 29% of the global population, lacked
access to safely managed water while 11% lacked access to improved
water services within 30 min round-trip from the household (WHO and
UNICEF, 2017). Many more live in places with poor water quality, in-
adequate sanitation, and excess water due to flooding, all which likely
exacerbate household water insecurity (Mekonnen and Hoekstra, 2016;
WHO and UNICEF, 2017; Young et al., 2019a). Hydroclimatic pertur-
bations related to climate change will likely increase risk of water
problems around the world and undermine clean water availability by

affecting precipitation and evaporation patterns (Konapala et al.,
2020). In fact, projections indicate that up to 5 billion people around
the world will deal with water contamination problems and water
shortages by 2050, and that populations living in sub-Saharan Africa
and South Asia will most acutely experience these negative effects
(Chaplin-Kramer et al., 2019).

The myriad costs of living with water insecurity shape many aspects
of life. Water insecurity has numerous implications for health and
human biology (Rosinger and Young, 2020), such as: heightened ex-
posures to water-borne infectious pathogens and mosquito-borne dis-
eases (Akanda and Johnson, 2018), elevated exposures to
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environmental toxins (Stoler et al., 2019), higher risk of dehydration in
children (Rosinger, 2018), traumatic injuries and risk of sexual assault
(Geere et al., 2018; Sorenson et al., 2011), heightened food insecurity
(Brewis et al., 2020; Workman and Ureksoy, 2017), and elevated levels
of depression and other mental illnesses (Boateng et al., 2020; Cooper
et al., 2019; Cooper-Vince et al., 2018). In addition, water insecurity
can lead to loss of productive time (Pruss-Ustun and Organization,
2008) and increased financial strains (Javidi and Pierce, 2018). Overall,
water problems and related contamination are estimated to be the cause
of 1.8 million premature deaths per year (Landrigan et al., 2017).

Over the last century, public water systems, particularly in high-
income countries, have increasingly enabled access to safe, abundant,
and affordable water, thereby radically improving human health and
life expectancy (Bartram and Cairncross, 2010; Cutler and Miller, 2005;
Staddon, 2016). Recognizing that access to clean water underlies many
aspects of human health and well-being, universal and equitable access
to improved and affordable drinking water has been adopted as UN
Sustainable Development Goal 6.1 (Bartram and Cairncross, 2010). Yet,
projections indicate that gains in water access may halt or even reverse
in coming decades (Chaplin-Kramer et al., 2019; Konapala et al., 2020;
McDonald et al., 2011; Mekonnen and Hoekstra, 2016; Mullin, 2020).
This is due to a combination of factors, including: (1) growing socio-
economic inequalities, (2) water quality failures, such as inadequate
water monitoring, maintenance, and remediation by public health and
water agencies, (3) water availability failures related to insufficient
coverage and infrastructural aging, and growing water use which affect
(4) water access, (5) market supply failures related to ownership, al-
location, and availability, and (6) higher frequency and intensity of
dangerous climatic events (Adane et al., 2017; Cinner et al., 2018;
Elliott et al., 2017; McDonald et al., 2011, 2014). This suggests that
water-stressed households will need to find additional means to cope
with water challenges, often outside of governmental or other institu-
tional support, to meet their day-to-day water needs (Adane et al.,
2017; Cinner et al., 2018; Elliott et al., 2017; Nelson et al., 2020).
Previous research has identified some coping strategies, like using
multiple water sources when dealing with water stress (Elliott et al.,
2017; Majuru et al., 2016), or reducing barriers to water storage for
times of need (Cinner et al., 2018), but there is far less work examining
direct water transfers between households.

Household-to-household water transfers are one possible under-
examined coping response that have important implications for (re)
shaping the distribution of water within communities. A limited his-
torical and ethnographic record suggests that “water sharing” — trans-
fers of water as either gifts or loans — is one way that humans have
historically dealt with extreme water insecurity (Wutich and Brewis,
2014; Wutich et al., 2018). For example, among the Ju/'hoansi in the
African Kalahari, people formed sharing relationships called xaro that
enabled them to access water and other resources in times of need
(Wiessner, 2002). Such sharing (called jie shui) was also common in
parts of western China through the 1990 s (Clarke-Sather, 2017). Other
examples of water sharing have been documented among Muslims in
the context of prayer and the White Mountain Apache gifts of sacred
water (Wutich et al., 2018). However, water sharing can have many
negative ramifications as reciprocity can be both socially and finan-
cially costly (Dirks et al., 1980; Sahlins, 2017). These observations sit
within a wider set of studies that show how humans in small-scale so-
cieties often devise self-organized systems for sharing critical and lim-
ited resources, such as food, which have played a large role in our
evolution, cognitive and emotional function, and adaptation to new
environments (Ember et al., 2018; Wiessner, 2002; Wutich and Brewis,
2014).

Few studies have documented household-to-household water-
sharing practices within communities dealing with water scarcity
(Pearson et al., 2015; Wutich et al., 2018). Water borrowing is defined
as asking for water from another household or neighbor and receiving it
with or without an expectation of anything in return (Wutich et al.,
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2018). A pilot study of water sharing practices in eight community sites
in Sub-Saharan Africa suggested that water borrowing was common in
that limited context, that most transfers were effected as gifts between
neighbors, and that direct or explicit reciprocity was not expected
(Brewis et al., 2019). There are currently no studies, to our knowledge,
that empirically examine water sharing beyond a single region (Cole,
2017; Stoler et al., 2019; Wutich, 2011). It is therefore still unknown
whether these practices are common globally, and how structural and
environmental factors shape them.

Classic reciprocity research indicates that giving and receiving in
reciprocal exchange systems tends to bind people together in mutual
solidarity, esteem, and prestige (Cashdan, 1985; Mauss, 2002;
Wiessner, 1982). However, more recent research on reciprocity broadly
(Gonzalez de la Rocha, 2001; Moser et al., 1997), and water sharing
specifically (Wutich et al., 2018), suggests that it may be more bur-
densome in contemporary economic contexts. For example, people who
borrowed water in Cochabamba, Bolivia were more likely to report
fear, worry, bother, and anger over water than individuals who did not
borrow water (Wutich and Ragsdale, 2008). Shame and embarrassment
were common when people requested water loans repeatedly or were
denied requests (Wutich, 2011; Wutich et al., 2016). As such, the
hidden costs of water sharing have not yet been established cross-cul-
turally, but could potentially include status loss, social indebtedness,
time costs, and health risks (Stoler et al., 2019; Wutich and Brewis,
2014; Wutich et al., 2018).

Building on anthropological theory related to water insecurity and
reciprocity (Wutich and Brewis, 2014), here we provide a global ana-
lysis of water borrowing as a cross-cultural phenomenon in commu-
nities dealing with water problems in low- and middle-income countries
(LMICs). Our first objective was to examine how widespread the prac-
tice of water borrowing was among households in the prior month in 21
diverse, low-resource communities, spanning sub-Saharan Africa, the
Middle East, Central/South America, and Asia (Fig. 1; Table 1). Our
second objective was to test if borrowing water was predicted by unmet
water needs (operationalized as not having enough water/having water
problems affecting bathing, washing hands, drinking water, changing
foods cooked, going to sleep thirsty, and no water whatsoever in the
household). We also examined how perceived socioeconomic status
(SES), water quality failure (proxied by perceived water safety), water
availability failure (i.e., interruptions to daily life due to water), market
supply failure (i.e., inability to buy water because there is nowhere to
buy it from), water access failure (i.e., roundtrip time to fetch water
including wait time), and seasonal differences were associated with
borrowing water.

We hypothesized that greater unmet water needs, lower SES, each of
the water system failures, and the dry season would be associated with
higher probability of households borrowing water due to higher vul-
nerability, fewer resources to pay for water or water infrastructure,
greater water stress, and less water availability in the environment,
respectively. Second, we hypothesized that access to water, as mea-
sured by round-trip water fetching time, moderates the relationship
between unmet water needs and the other failures and borrowing water
due to higher time demands needed to acquire water regardless of other
underlying water issues. Finally, we conducted a sensitivity analysis to
test how household water insecurity experiences relate to water bor-
rowing as an alternative way to capture unmet water needs and water
system failures. We conclude with reflections on the implications of
widespread water borrowing for future research on water security and
insecurity, especially at the individual and household scales.

2. Materials and methods

We used data from the Household Water InSecurity Experiences
(HWISE) study to estimate prevalence of water borrowing practices.
Briefly, in 2017-2018, the HWISE study systematically collected com-
parative evidence on water borrowing in diverse, low-resource
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communities known to have water issues by the researchers working in
the sites, spanning sub-Saharan Africa, the Middle East, Central/South
America, and Asia (Young et al., 2019a, 2019b). Households were
randomly-sampled from within geographically defined districts or
neighborhoods (Young et al., 2019b). All respondents provided in-
formed consent and the main study was approved by IRB board at
Northwestern University with additional approvals obtained for each
study site. A detailed description of sampling, study design, and details
related to water problems, including all IRBs of record across sites, is
provided elsewhere (Young et al., 2019a, 2019b). Adults who self-
identified as being knowledgeable about the water situation in their
household were eligible for inclusion. Interviews were conducted in
their native language. They reported the frequency of inter-household
borrowing in the previous month and other water-related household
factors. For this study, we restricted our analysis to 21 sites in 19
countries that had more than 40 households with complete covariate
information (n = 5870 households total in the 21 sites; n = 5495
households with information on water borrowing; full description of
analytic sample below) (Fig. 1). See Table 1 for site-specific data related
to sampling design, sample size, water source, and other details.

2.1. Dependent variable

To assess water borrowing, the respondent for each household was
asked: “In the last 4 weeks/30 days, how frequently have you or anyone
in your household asked to borrow water from other people?”
Responses were “never” (0 times), “rarely” (1-2 times), “sometimes”
(3-10 times), “often” (11-20 times), or “always” (20 + times). We ex-
amined the distribution of responses to this question across sites and
dichotomized responses into households that borrowed water at least
once in the previous month and those that had not.

2.2. Independent variables

Unmet water needs was constructed through responses to six
questions asked in the same format that represented a range of water
issues (See Supplemental Table 1 for variable operationalization). These
were: “In the last 4 weeks/30 days, how frequently has there/have you
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or anyone in your household __ because of problems with water” 1)
Changed what was eaten, 2) had to go without washing hands after
dirty activities, 3) gone without washing their body, 4) not been as
much water to drink as you would like, 5) gone to sleep thirsty because
there wasn’t any water to drink, 6) been no water whatsoever in the
household. The response categories were “never” (0 times) =0,
“rarely” (1-2 times) =1, “sometimes” (3-10 times) =2, “often”
(11-20 times) = 3, and “always” (20 + times) = 4. A single component
was extracted through principal components analysis, which explained
58.5% of the variation. We then created tertiles within sites from this
variable so that unmet need would be comparable across sites. Uneven
tertiles reflect clumping of results in some sites where the score ties
were lumped at the lower score (SI Appendix, Fig. 2a).

Perceived socioeconomic status: To consider how inequalities re-
lated to socioeconomic status within sites may relate to borrowing
water, respondents were shown a ladder [modified from the MacArthur
ladder of Subjective Social Status (Adler et al., 2000; Giatti et al.,
2012)] and asked to point to a rung on it to indicate their household’s
relative socio-economic standing compared to others in their commu-
nity. The scores ranged from 1 (highest standing) to 10 (lowest
standing) (SI Appendix, Fig. 2b).

Water quality failure: As an indicator of potential institutional or
public health failure in ensuring access to clean water, participants
were asked about the number of times they consumed water they
perceived to be unsafe. “In the last 4 weeks/30 days, have you drank
water that you thought was unsafe?” We analyzed responses as never,
1-2 times, or 3 or more times (which included the responses of some-
times, often [11-20 times], and always [20 + times]) to provide an
equal distribution in the categories since the often and always responses
were not reported frequently across sites (SI Appendix, Fig. 2c).

Water availability failure: To examine failure in water availability,
we asked respondents about the number of times their days were in-
terrupted due to water: “In the last 4 weeks/30 days, how many times
has your day been interrupted/changed plans due to problems with the
water situation.” We analyzed responses as never, 1-2 times, or 3 or
more times (SI Appendix, Fig. 2d).

Market supply failure: To examine a proxy for market supply failure,
we asked participants about their household’s inability to purchase
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Fig. 1. Location of the 21 HWISE sites in 19 countries used for this analysis.
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water when they wanted to: “In the last 4 weeks/30 days, how many
times have you tried to buy water but there was nowhere to buy it
from.” Again, responses were analyzed as never, 1-2 times, or 3 or more
times (SI Appendix, Fig. 2e).

Water access failure: To determine access and the time cost or re-
lative distance to the primary water source, we asked participants how
many minutes a round-trip took to fetch water at their primary drinking
water source, including wait time. We categorized responses as 0 min
(which indicated that they had a tap on their premises), 1-29 min,
30-59 min, and 60 or more minutes (WHO and UNICEF, 2017) (SI
Appendix, Fig. 2f).

Season of data collection: As rain and flooding influence the relative
supply of water households have access to, it may also affect likelihood
of borrowing water. Since water supplies may be lower in the dry
season due to less rain, we examined the season of data collection. Site
investigators reported the season of data collection, which were cate-
gorized as dry, rainy, or neither dry or rainy.

Water insecurity score: We constructed our household water in-
security scores using items from the HWISE Scale (Young et al., 2019a).
Following Stoler (Stoler et al., 2020), we used an adapted 11-item
version of the cross-culturally validated 12-item HWISE Scale because
one question was not asked in some sites. The 11-item score accounted
for 99.3% of the variation in the 12-item HWISE Scale scores (Stoler
et al., 2020). Some of these items were the same questions used for the
unmet water needs and failure variables, but as a single index related to
water availability, quantity, hygiene, and psychosocial dimensions [full
description available in (Young et al., 2019a)]. Responses to each
question were scored from O to 3 as: 0 = “never”, 1 = “rarely” (1-2
times in the previous four weeks), 2 = “sometimes” (3-10 times),
3 = “often” (11-20 times) or “always” (20 + times). We summed the
score for each household for the 11 items, and treated this as a con-
tinuous variable ranging from 0 to 33, where higher scores indicate
greater water insecurity.

2.3. Demographic controls

The demographic variables that were included in the analysis as
control variables were: 1) whether the household was rural or urban/
peri-urban (as identified by site leads), 2) the sex of the household head,
3) age and age-squared as this relationship may change over the life-
course due to changing needs and abilities, 4) whether the primary
drinking water source was improved (WHO and UNICEF, 2017) (piped,
stand pipe, tubewell, protected borehole, protected dug well, protected
spring, rainwater, small water vendor, tanker truck, or bottled water) or
not (unprotected dug well, unprotected spring, surface water, other
person, or other), and 5) whether the household had 5L of drinking
water per person stored in the household or not (Gleick, 1996). These
covariates were selected a priori based on documented factors that af-
fect water availability and needs within households, which may affect
borrowing water (Gleick, 1996; WHO and UNICEF, 2017).

2.4. Statistical analysis

Analyses were estimated using Stata Version 15.1 (College Station,
TX). Spearman’s rank correlations were used to examine the relation-
ship between the main water-related system failure proxy variables and
water borrowing (SI Appendix, Table S2). Two-level, mixed-effect lo-
gistic regression models of 5495 households nested within 21 sites with
random intercepts for each site and robust standard errors clustered
within the sites were used to estimate the relationship between our
dichotomous outcome of borrowing water and predictors since house-
holds are nested within sites. These models, when estimates are ex-
ponentiated, provide odds ratios (Searle et al., 2009). First, we ex-
amined how household unmet water need tertiles were associated with
borrowing water adjusted for covariates. Models 2-6 (Table 2) then
examined how relative perceived SES and each additional failure proxy
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(water quality failure, water availability failure, market supply failure,
and water access failure) were associated with borrowing water to ex-
amine how their inclusion affected the strength of the relationship of
unmet water needs, controlling for socio-demographics and seasonality.

We next used post-estimation marginal standardization from the
multilevel mixed-effect logistic regressions using the fully-adjusted
model (Table 2, Model 6) to generate predicted probabilities of water
borrowing by the specified predictors (SI Appendix, Table S3-S7),
controlling for the distribution of the covariates to illustrate the abso-
lute effects within sites since the underlying prevalence of water
sharing varied widely across sites (Muller and MacLehose, 2014). Fi-
nally, we tested an interaction between water access or time to fetch
water including wait time with unmet water needs and the other three
failure variables to examine whether water access moderates (or af-
fects) these relationships. For this model, we included the fully adjusted
model and added separate interaction terms (SI Appendix, Table S8,
Models 1-4). We then generated the predicted probabilities as de-
scribed above.

As a sensitivity analysis, we re-estimated the fully adjusted two-
level, mixed-effect logistic regression model with household water in-
security as the primary predictor of borrowing water in place of unmet
water needs and the other water system failure variables (SI Appendix,
Table S9, Model 1). We then re-tested the interaction between water
access with water insecurity (SI Appendix, Table S9, Model 1.

2.5. Data availability

Dataset and associated code will be deposited at ICPSR. Protocol of
the HWISE study is available open access (Young et al., 2019b).

2.6. Analytic sample

We requested data in 2018 from all 24 HWISE sites that im-
plemented a random sampling design; 3 of those sites (Acatenango,
Guatemala [21% of households borrowed water], Gressier & Léogane,
Haiti [32%], Cear4, Brazil [15.1%]) had missing information on one or
more key covariates which did not allow for the modeling we proposed
to do. Therefore, our analyses were conducted on 21 sites, which in-
cluded a total of 5495 households with information on water bor-
rowing. Missing observations from covariates were dropped if the re-
spondent indicated that the question did not apply to them, they did not
know, or they declined to respond. In model 1, examining household
water need and controls, 4980 households had information on all
variables (Table 2, Model 1). In the fully-adjusted model, 4417
households had information on all independent variables and control
variables for water borrowing (Table 2, Model 6). To estimate whether
participants with missing covariate information differed from those
with complete data, we analyzed participant differences in age, sex of
head of household, household size, and percent borrowing water be-
tween those with and without missing covariate information. We found
no statistical differences in age (39.8 [14.7 SD] vs 39.9 [14.6 SD] years)
or household size (5.3 [2.9 SD] vs 5.3 [2.8 SD]), while sex of head of
household (60.0% vs 69.0% male) and percent reporting borrowing
water at least once in the previous 4 weeks (39.1% vs 43.6%) between
those with and those without missing covariate data differed slightly,
indicating that the missingness of covariate data likely occurred non-
systematically.

3. Results
3.1. Prevalence of water borrowing

To test our first hypothesis, we examined the overall prevalence of
borrowing across sites. Household water borrowing occurred at all 21

study sites, with 44.7% of sampled households reporting having bor-
rowed water at least once in the past month (Fig. 2a). However, there
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rurality.

was considerable inter-site variation in prevalence, from 11.4% of
households that borrowed water in urban Kathmandu, Nepal during the
rainy season where there was high reliance on privately purchased
water, to 85.4% in rural Punjab, Pakistan in the dry season where water
was primarily drawn from community standpipes and tubewells
(Table 1; Fig. 2a). Borrowing water was also prevalent in all seasons
sampled, though water borrowing was twice as common in sites sam-
pled in the dry season than the rainy season (55.7% vs 28.5%, Anova
F =183; P < 0.0001). It was common among households in both
urban/peri-urban and rural environments, though more common
among rural households (58.6% vs 39.9%; t=12.2; P < 0.0001)
(Fig. 2b, c). Additionally, a proportion of households at all perceived
SES levels reported borrowing water, though there was a strong inverse
association between water borrowing and greater SES (SI Appendix,
Fig. S1).

Some sites, like Cartagena, Colombia, had both high prevalence of
ever having borrowed water (83%) and a high proportion of households
that borrowed frequently (11.4% of households reported borrowing
water 20 or more times in the prior month). Other sites had lower
household prevalence of any borrowing but higher frequencies of bor-
rowing among those who did. For example, in Accra, Ghana where only
20.5% of households borrowed water, 2% of the households reported
20 or more water-borrowing instances in the prior month (Fig. 3).

3.2. Expectation of return

Of those that borrowed water, we asked what was expected to be
given in return. This was a free-form text answer to which 2829
households responded. Of these, 70.5% of the respondents who bor-
rowed said they were not expected to give anything explicit in return as
it was a gift/free, while 1.0% said that they gave thanks, gratitude, or
acknowledgement. Of the 28.5% of the sample (805 households) that
stated that something was expected in return, 71.8% stated they gave
water back at a later date, 18.0% stated they gave money, 3.6% re-
ported they gave food items like vegetables, fruit, or ingredients like
salt or sugar, 3.0% stated they performed labor, favors, or chores like
cleaning or fetching water, 3.1% reported a non-specified item as ex-
change, and 0.5% said they gave back electricity or charged items.

3.3. Regression analysis

To test our second hypothesis about factors that drive water bor-
rowing, we fitted two-level, mixed-effects logistic regression models
(Searle et al., 2009). The distribution of unmet water needs, perceived
SES, and water-related system failures varied across sites (SI Appendix,
Fig. S2a-f) and were strongly correlated with borrowing water (SI
Appendix, Table S2). We first examined this hypothesis by examining if
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Fig. 3. Percent of households in each site that reported borrowing water in previous 4 weeks, by frequency. Note: (n = 5495); sites ordered by region.

unmet water needs was associated with water borrowing after adjusting
for household-level and site-level covariates (Table 2, Model 1).

Borrowing water at least once was positively associated with unmet
water needs across all models, regardless of additional water system
failures (Table 2; Models 1-6). In the fully adjusted model, households
in the medium unmet water need tertile had more than two times
higher odds of borrowing water (odds ratio [OR] = 2.18, 95% con-
fidence interval [CI]: 1.49-3.19, P < 0.001) compared to the low
water need tertile, while households in the high water need tertile had
almost three times the odds of borrowing water (OR = 2.86, 95% CL:
2.09-3.91, P < 0.001) (Table 2; Model 6; Fig. 4).

Next, we tested whether perceived SES, proxies of water-related
system failures, and seasonality were associated with higher odds of
water borrowing (Table 2, Models 2-6; Fig. 4). As hypothesized, lower
perceived SES was positively associated with the odds of borrowing
water. Every unit reduction in perceived SES standing within the
community on the 10-rung McArthur-style ladder was associated with
9% greater odds of borrowing water (OR = 1.09; 95% CI: 1.05-1.13,
P < 0.001).

In the third model, we found that households that reported water
quality failures (i.e., drinking unsafe water) 3 or more times in the prior
month had 57% higher odds (OR = 1.57; 95% CI: 1.12-2.19,
P = 0.008) of borrowing water in the prior month. Households that
reported water availability failures (i.e., interruptions to their day due to
water problems) 1-2 times (OR = 1.81; 95% CI: 1.33-2.47, P < 0.001)
and 3 or more times in the preceding month (OR = 2.53; 95% CI:
1.68-3.81, P < 0.001) had higher odds of borrowing water compared
to households that did not experience daily interruptions. Similarly,
households that reported experiencing market supply failures (i.e., being
unable to purchase water when they wanted to) 1-2 times (OR = 1.51,
95% CI: 1.13-2.03, P = 0.006) or 3 or more times (OR = 1.52, 95% CI:
1.10-2.11, P = 0.011) in the previous month had higher odds of bor-
rowing water than households that did not report an inability to buy

water. Households with water access failures (i.e., longer fetching times)
had higher odds of borrowing water than households with taps on their
premises. Having a round-trip time of 60 or more minutes was asso-
ciated with 2.58 times the odds of borrowing water in the prior month
(95% CI: 1.77-3.76, P < 0.001).

Finally, seasonality was significantly associated with reported water
borrowing practices. Being surveyed in the dry season was associated
with more than double the odds of borrowing water (OR = 2.15; 95%
CL: 1.10-4.20, P = 0.026) compared to sites surveyed in the rainy
season (Table 2, Models 1-6; Fig. 4).

We next used marginal standardization of the fully adjusted multi-
level mixed-effect logistic regression model to examine how the pre-
dicted probability of borrowing water changed within sites by unmet
water need and the proxy measures of water-related systems failures
(Fig. 5; SI Appendix, Tables S3-S7). The predicted probability of bor-
rowing water increased as unmet water need increased (Fig. 5a).
However, the underlying prevalence of water borrowing did affect the
relative increase reflected in the probability. For example, in a setting
with high prevalence of water borrowing, such as Punjab, Pakistan,
households in the low unmet water need tertile had 63% (95% CI: 48.9
— 77.0) predicted probability of borrowing water, which increased
among households in the high unmet water need tertile to 81% (95%
CI: 72.4 — 89.3) (SI Appendix, Table S3). Whereas in a setting with low
prevalence of water borrowing, such as Merida, Mexico, households in
the low unmet water need tertile had a 22% (95% CI: 13 — 32) predicted
probability of borrowing water, which increased to 42% (95% CI: 30 —
54) in the high need tertile — thereby almost doubling.

As households experienced higher levels of the proxy measures for
water quality, water availability, market supply, and water access
failures, they had a higher probability of borrowing water within and
across sites, though the shape of the association varied by failure. First,
drinking water perceived as unsafe three or more times in the prior
month was associated with higher probability of borrowing water
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Mixed-effect nested logistic regression examining the relationship of water need and institutional failures on odds of borrowing water.

1 2

3 4 5 6

Borrowed water

Odds ratio Odds ratio

VARIABLES (95% CI) (95% CI)

Unmet water need: Low tertile (REF) 1 1

Middle water need tertile 3.29%** 3.12%**
(2.22-4.87) (2.11-4.63)

High water need tertile 6.18%** 5.44%%*
(4.32-8.84) (3.84-7.70)

Relative SES (perceived standing) 1.11%%*

(1.05-1.18)

Water safety: None (REF)

Rarely (1-2 times)

Some or more (3 + times)

Day interrupted: None (REF)

Rarely (1-2 times)

Some or more (3 + times)

Unable to buy water: None (REF)

Rarely (1-2 times)

Some or more (3 + times)

Water fetching time: O min (in home: REF)

1-29 min

30-59 min

60 + minutes

Improved drinking water source (yes) 1.10 1.07
(0.84-1.44) (0.83-1.38)

Rainy season (REF) 1 1

Dry season 3.16** 3.09%*
(1.18-8.46) (1.19-8.03)

Not rainy nor dry season 2.22%* 1.98*
(1.06-4.66) (0.98-4.00)

Rural (yes) 1.20 1.17
(0.79-1.81) (0.81-1.70)

Drinking water storage greater than 5 L per person 0.89 0.90
(0.64-1.24) (0.65-1.24)

Age 0.99 1.00
(0.96-1.02) (0.97-1.02)

Age-squared 1.00 1.00
(1.00-1.00) (1.00-1.00)

Head of household sex (male) 0.98 1.00
(0.81-1.18) (0.83-1.20)

Observations 4,980 4,883

Number of sites 21 21

Borrowed water

Borrowed water Borrowed water Borrowed water Borrowed water

Odds ratio Odds ratio Odds ratio Odds ratio
(95% CI) (95% CI) (95% CI) (95% CI)
1 1 1 1
2.85%** 2.41%** 2.29% % 2.18%**
(1.94-4.17) (1.67-3.47) (1.57-3.33) (1.49-3.19)
4,53 3.25 3.09 2.86
(3.26-6.29) (2.33-4.52) (2.24-4.25) (2.09-3.91)
1.10%** 1.09%** 1.10%** 1.09%**
(1.05-1.16) (1.04-1.14) (1.06-1.14) (1.05-1.13)
1 1 1 1
1.34%** 1.27%* 1.19 1.23%*
(1.07-1.67) (1.03-1.56) (0.96-1.48) (1.00-1.51)
1.86%** 1.66%** 1.51%* 1.57%**
(1.41-2.45) (1.23-2.24) (1.10-2.08) (1.12-2.19)
1 1 1
1.96%** 1.88%** 1.81%**
(1.49-2.57) (1.40-2.52) (1.33-2.47)
2.57%%x 2.61%** 2.53%**
(1.73-3.80) (1.72-3.94) (1.68-3.81)
1 1
1.607'(** 1.51***
(1.18-2.17) (1.13-2.03)
1.58* 1.52%*
(1.13-2.21) (1.10-2.11)
1
1.51%**
(1.15-1.98)
1.63***
(1.14-2.33)
2.58%**
(1.77-3.76)
1.09 1.09 1.06 1.13
(0.83-1.42) (0.85-1.40) (0.84-1.32) (0.89-1.42)
1 1 1 1
2.73%* 2.44%* 2.23%* 2.15%*
(1.13-6.58) (1.14-5.24) (1.02-4.87) (1.10-4.20)
1.90%* 1.55 1.45 1.45
(1.03-3.49) (0.88-2.74) (0.79-2.66) (0.77-2.74)
1.14 1.19 1.22 1.13
(0.77-1.68) (0.82-1.71) (0.83-1.79) (0.78-1.64)
0.89 0.90 0.89 0.89
(0.64-1.23) (0.65-1.26) (0.64-1.24) (0.63-1.26)
0.99 0.99 1.00 1.00
(0.96-1.02) (0.96-1.02) (0.97-1.03) (0.97-1.03)
1.00 1.00 1.00 1.00
(1.00-1.00) (1.00-1.00) (1.00-1.00) (1.00-1.00)
0.99 0.96 0.97 0.98
(0.82-1.19) (0.79-1.17) (0.78-1.20) (0.79-1.21)
4,852 4,823 4,444 4,417
21 21 21 21

Robust 95% confidence intervals (CI) in parentheses.
% p < 0.001, ** p < 0.01, * p < 0.05.

Site-level clusters and constant included in model, but not shown. HH: Household; REF: Reference category; SES: Socio-economic status.

across sites (Fig. 5b; SI Appendix, Table S4). In contrast, there was more
of a linear increase in probability of borrowing water as interruptions to
daily activities due to water problems increased (Fig. 5c; SI Appendix,
Table S5). The unavailability of water for purchase even 1-2 times in
the prior month resulted in a statistically significant increased predicted
probability of borrowing water and that elevated probability stayed
constant when experiencing this 3 or more times (Fig. 5d; SI Appendix,
Table S6). Finally, as water access became more challenging, re-
presented by a longer round-trip and queue time to fetch water, re-
ported water borrowing increased, with the highest probabilities for
households with a 60 min or longer average round-trip to fetch water
(Fig. 5e; SI Appendix, Table S7).

3.4. Interaction analysis

Next, we tested how water access (round-trip time to source)
moderated unmet water needs and the other failures proxies. We found
significant interactions (SI Appendix Table S8, Models 1-4; Fig. 6a-d)
between round-trip time categories and at least one other category for
each of the other four predictors (all p < 0.01), indicating that water
fetching time moderates the relationship between unmet water needs,
the water-related system failure variables, and water borrowing.

For example, those households with 60 min or more water fetching
time per trip who have low unmet water needs had significantly higher
probability of borrowing water (52.9%, 95% CI: 39.6 — 66.2) than those
with water on premises (0 min) (21.6%, 95% CI: 14.3 — 28.8) with low
unmet water needs (Fig. 6a). But for households at medium and high
unmet water needs, there was not a significant difference by water
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Fig. 4. Multilevel mixed-effect logistic regression examining the relationship
between water need, perceived SES, water-related failures in water quality,
availability, market supply, and access, and seasonality in predicting water
borrowing. Notes: Model adjusted for all covariates listed and urbanicity of site,
sex of household head, whether the primary drinking water source was im-
proved or not, whether household had 5 L or more per person in drinking water
stored, age, and age-squared. Robust standard errors nested within sites.
n = 4417 in 21 sites. Ref: reference category. Full model in Table 2, Model 6.

fetching times in borrowing water.

3.5. Sensitivity analysis: Water insecurity as a predictor of borrowing water

We re-estimated the fully adjusted mixed effect logistic regression
model to test how household water insecurity score (in place of the
unmet water needs and water failure variables) was associated with
borrowing water. We found results consistent with the primary ana-
lyses, as each point higher on the water insecurity scale was associated
with 10% (OR = 1.10; 95% CI: 1.08, 1.13; P < 0.001) higher odds of
borrowing water (SI Appendix, Table S9, Model 1). Distance to water
source was again strongly associated with borrowing water and all
other covariates had similar relationships as prior models. We found a
significant interaction (P < 0.001) between water insecurity and

o
o

1
1
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distance to water source (SI Appendix, Table S9, Model 2). While the
households with water on their premises had the lowest probability to
borrow water at low water insecurity scores, the shape of the re-
lationship changed form and accelerated as water insecurity scores
increased, unlike those with long round-trip times to fetch water which
had more of a linear increase (Fig. 7).

4. Discussion

In this first global study of water borrowing, our primary objective
was to examine how widely this was practiced across diverse sites with
varying water problems. We found that water borrowing was reported
in all 21 study sites, that 44.7% of households reported at least one
borrowing event in the prior month, and that large variation existed
across sites as this behavior ranged from 11.4% to 85.4% of sampled
households. For those who borrowed, 71.5% stated nothing explicitly
was expected in return, whereas those with an expectation of return
primarily gave back water, money, food, or labor. Water borrowing
occurred across seasons, but was more common during the dry season
when water was scarcer, and degrees of rurality, suggesting that it
emerges organically as an informal response to escalating water pro-
blems regardless of other background conditions. When adjusting for
water system failures, rurality did not significantly predict likelihood of
borrowing water, signifying that other factors are more important in
predicting water borrowing. Whereas prior studies have highlighted the
hidden costs of household responsibilities for water acquisition (e.g.
attempting to find water from multiple sources, time costs, etc.) (Geere
et al., 2018; Majuru et al., 2016; Pattanayak et al., 2005), the present
study greatly expands this thinking. We present evidence that water
acquisition through non-market exchanges is much more widespread as
a coping response than previously documented (Pearson et al., 2015;
Schnegg and Linke, 2015; Wutich, 2011; Zug and Graefe, 2014), and
may even represent a universal cross-cultural coping strategy in
households living in communities with water problems, though the
extent to which it is relied upon depends on site and household level
conditions.

Second, we tested the hypothesis that greater unmet water need,
water-related system failures, and lower SES would be associated with
greater water borrowing. We found that households that experienced
the highest levels of unmet water need and water quality, water
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Fig. 6. Predicted probability and 95% confidence
intervals of borrowing water as reflected by inter-
actions between time to water source and a) unmet
water need tertiles; b) times drank unsafe water; c)
interruptions of the day’s activities; d) inability to
purchase water. Notes: Figures generated from
models 1-4 in Table S8 using marginal standardi-
zation adjusted for unmet water need, water safety,
daily water interruptions, inability to purchase
water, round-trip time to fetch water and interac-
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availability, market supply, and water access failures were more likely
to borrow water. This indicates that water borrowing is not just a
practice linked to a specific cultural setting. While there are docu-
mented cases of non-need based water sharing [e.g., the White
Mountain Apache gifts of sacred water (Goodwin, 1969; Wutich et al.,
2018)], we provide better and more systematic evidence that unmet
water needs and water-related system failures are strongly associated
with water borrowing. Moreover, we found that household water in-
security is strongly associated with borrowing water. Each point higher
on the water insecurity scale was associated with 10% higher odds of
borrowing water. Additionally, as predicted, we found that water bor-
rowing increased as perceived community SES decreased. This finding
further indicates that vulnerable households cope with water problems
by relying on outside channels to meet water needs. Households whose
round-trip time for fetching water was just 1-29 min still had 51%
higher odds of borrowing water than households that had water
available on premises, while many households were spending con-
siderably more time fetching water. While we did not ask households
specifically what conditions precipitated their borrowing water, that
households borrowed water even when their water source was on their
premises indicates that improved infrastructure does not ensure water
security. Indeed, intermittent water supply and unexpected interrup-
tions can lead these households to borrow water.

Finally, to test our hypothesis that limited water access may mod-
erate these unmet water needs and water-related failures on borrowing
water, we examined multiple interactions. Our results indicate that
having an hour or more round-trip to fetch water is associated with
greater water borrowing, even if households do not experience other
water-related system failures. It is clear that water fetching time shapes
borrowing behaviors even if the other risk factors, like unmet water
needs, are low. In fact, 56.7% of households in which fetching took
more than an hour borrowed water at least once in the prior month
despite not experiencing the other factors. That households with
medium and high unmet water needs did not have statistically different
probabilities of borrowing water by round-trip fetch time may indicate
that these households are already more vulnerable. This was further
supported by the results illustrating a significant interaction between
household water insecurity score and water access. Again, distance was
the predominant factor shaping borrowing water probability at low
levels of water insecurity, but as water insecurity increased, those who

T
1-2 times
Inability to buy water

10

3+

had water on their premises had a sharper acceleration in probability of
borrowing water, likely due to interruptions in supply.

These findings highlight the reality that even those households re-
porting access to “safe and affordable drinking water” (as specified in
SDG 6.1) may cope with water challenges in socially complex ways that
can create or reinforce future obligations to others (Cole, 2017; Mehta
and Movik, 2014; Satterthwaite, 2016). Such obligations can be ex-
tremely stressful, especially for households already facing multiple
material challenges (Wutich and Ragsdale, 2008). This is supported
qualitatively: In Labuan Bajo, one of the HWISE sites included here,
relations with neighbors were affected by “needing to ask” and “feeling
ashamed of asking”, giving some neighbors power over others and
creating indebtedness leading to further emotional strain. Moreover,
research on reciprocal exchange systems indicates that asymmetrical
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Fig. 7. Predicted probability and 95% confidence intervals of borrowing water
as reflected by interaction between time to water source and household water
insecurity score. Notes: Figure generated from model 2 in Table S9 using
marginal standardization adjusted for water insecurity, round-trip time to fetch
water, and interactions between round-trip time to fetch water and water in-
security, and perceived SES, season, urbanicity, sex of household head, whether
household had 5L or more per person in drinking water stored, whether
household used an improved water source, age, and age-squared. N = 4984 in
21 sites.
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resource sharing relationships between peers (e.g., from repeated bor-
rowing or gift-receiving) can lower the receiver’s social status
(Wiessner, 2002), though these dynamics are not well understood in the
context of water sharing. In the classic anthropological formulation of
Mauss, gifting (of anything, including water or food) was both a ma-
terial and a spiritual transaction, the giver and the receiver acting out a
social bond witnessed by the broader community (Mauss, 2002). This
bond could become a source of personal stress and strain in the absence
of any prospect of reciprocity, not least because ability to lend and
propensity to borrow seem to become part of a mutually reinforcing
cycle. While often there may not be an explicit obligation to return
water immediately, an implicit expectation of future return occurs in
some sites (Brewis et al., 2019).

As public water systems are predicted to be increasingly stressed by
local and global forces, such as global climate change (Adane et al.,
2017; Cinner et al., 2018; Elliott et al., 2017; Mapulanga and Naito,
2019; McDonald et al., 2011, 2014), our work portends a possible need
to understand the dynamics of water sharing and other non-market
water systems at the household level. Borrowing water may help solve
immediate crises but may also aggravate health and other risks by in-
creasing exposures and stress for those who must increasingly cope by
borrowing water (Stoler et al., 2019). This is further complicated by our
finding that households that have lower perceived SES, worse water
access, and higher water insecurity—that is, those who are already
amongst the most vulnerable—were more likely to borrow water. This
finding underlines the reality that while water borrowing is a proximate
means to cope, widespread use of water sharing under conditions of
need might inadvertently trap participating households in a vicious
cycle of poverty, low self- and community esteem, and social in-
debtedness. Nevertheless, water borrowing clearly has important social,
economic, and health tradeoffs beyond just receiving water for both the
receiving and lending households. Engaging in this practice may en-
hance (or erode) bonds between households, which may become ad-
vantageous later when the other party is in need (Wutich et al., 2018).
Social norms and cultural practices are clearly important to managing
critical water sources at multiple scales, including the household level
(Castilla-Rho et al., 2017; Koehler et al., 2018).

4.1. Limitations

Direct observations of water borrowing might produce higher esti-
mates of this practice as households may forget one or more water
borrowing instances over the course of a month through recall bias.
Second, social desirability bias of household surveys may have affected
some responses to questions where the topic may have been sensitive,
like not having enough water to wash hands after dirty activities,
though all interviews were conducted in the participant’s primary
language by trained local intermediaries to minimize invasiveness and
improve rapport, and cognitive interviews were conducted to ensure
that questions could be answered (Krumpal, 2013). Third, this study
was cross-sectional and thus our results should be interpreted as asso-
ciations. While the one-month survey recall period for water borrowing
and the various predictors align, we cannot confirm the directionality of
these relationships. Nevertheless, previous longitudinal ethnographic
work supports our core findings that water borrowing is associated with
water need and water-related system failures (Pearson et al., 2015;
Schnegg and Linke, 2015; Wutich, 2011; Zug and Graefe, 2014). Ad-
ditionally, our data only identified whether households borrowed water
and how frequently. We did not collect information on how much water
was shared, the quality of the water shared, the source of the water, or
the impact on the neighbor’s stored water supply. Finally, while
random sampling was conducted within each site, sites were not
themselves selected to represent the larger geographic area within
which they were located. They nevertheless span distinct cultures and
settings from different world regions and thus serve as a reasonable
global test of this practice among communities dealing with diverse
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water problems.
5. Conclusions

This first global systematic study of water borrowing practices
across an array of low- and middle-income country sites yields four key
observations. First, household water borrowing is a cross-cultural
practice that occurs globally across sites. Borrowing water may be a
larger, and growing, component of daily life across the world than
previously thought. Second, greater unmet household water needs are
associated with more frequent water borrowing. Third, water bor-
rowing across and within sites may act as a response to broader failures
related to water quality, water availability, market supply, and water
access systems (both formal and informal) that constrain household
access to safe, reliable, and affordable water. Finally, water borrowing
is more common among water-insecure households that are likely the
most vulnerable (i.e., those who report the lowest perceived SES and
have the longest water fetching times) within these already water-
stressed communities. This suggests that water sharing is a coping re-
sponse borne of material deprivation and water insecurity, rather than
social preference; it is possible, however, that people who lack water
perceive themselves to have lower SES.

Further attention to water sharing networks in water-insecure set-
tings is critical for uncovering when, how, and why this virtually in-
visible, informal coping strategy works, as well as clarifying develop-
ment needs and potential interventions since many socioeconomic and
health-related tradeoffs are involved in this practice (Stoler et al.,
2019). Failure to acknowledge the prevalence of water sharing could
lead to misleading reporting of Sustainable Development Goal targets.
For instance, at an aggregate level, a high percentage of households
may have access to an improved source, recognized as a key target to
achieve SDG 6.1, but if that access is mediated through borrowing from
a neighbor’s hand pump or tap, it cannot be considered as a water-
secure outcome (Majuru et al., 2016). At a local level, failure to un-
derstand the dynamics of water sharing may also lead to inappropriate
development interventions that upend, rather than support, secure ac-
cess. Moreover, the challenging conditions faced by vulnerable house-
holds are likely to be worsened by projected changes to water avail-
ability through climate change and population growth (Konapala et al.,
2020; Steffen et al., 2018). This combination of climate change and
population growth may make borrowing a more important social phe-
nomenon in coming decades, rather than a vestige of a pre-modern past
when central water systems were unknown. As a global phenomenon,
water sharing could potentially be harnessed to improve community
resilience to natural and economic shocks (Cinner et al., 2018), but only
with great care to ensure that institutions do not shirk their duties of
public water provision and further shift that responsibility to residents.

HWISE-RCN Co-authors

Ellis Adams, Global Studies Institute, Department of Geosciences,
Georgia State University, USA. Jam Farooq Ahmed, Department of
Anthropology, University of Washington, USA. Mobolanle Balogun,
Department of Community Health and Primary Care, College of
Medicine of the University of Lagos, Nigeria. Michael Boivind,
Department of Neurology and Psychiatry, Michigan State University,
USA. Genny Carrillo, Department of Environmental and Occupational
Health, School of Public Health, Texas A&M University, USA. Stroma
Cole, Department of Geography and Environmental Management,
University of the West of England, Bristol, UK. Luisa Figueroa, School of
Human Nutrition, McGill University, Canada. Matthew Freeman,
Department of Environmental Health, Rollins School of Public Health,
Emory University, USA. Asiki Gershim, African Population and Health
Research Center, Kenya. Hala Ghattas, Center for Research on
Population and Health, American University of Beirut, Lebanon. Ashley
Hagaman, Department of Social and Behavioral Sciences, Yale School of



A.Y. Rosinger, et al.

Public Health, USA. Zeina Jamaluddine, African Population and Health
Research Center, Kenya. Desire Tshala-Katumbay, Department of
Neurology and School of Public Health, Oregon Health & Science
University, USA. Divya Krishnakumar, Anode Governance Lab, India.
Kenneth Maes, Department of Anthropology, Oregon State University,
USA. Joshua Miller, Department of Anthropology & Institute for Policy
Research, Northwestern University, USA. Milton Marin Morales,
Universidad Autonoma Del Beni Jose Ballivian, Bolivia. Patrick Mbullo
Owour, Department of Anthropology & Institute for Policy Research,
Northwestern University, USA. Ica Martin Muslin, Department of
Geography and Environmental Management, University of the West of
England, Bristol, UK. Monet Ghorbani, School of Human Evolution and
Social Change, Phoenix, Arizona State University, USA. Nasrin
Omidvar, Department of Community Nutrition, Shahid Beheshti
University of Medical Sciences, Iran. Amber L. Pearson, Department of
Neurology and Psychiatry, Michigan State University, USA. Hugo
Melgar-Quinionez, School of Human Nutrition, McGill University,
Canada. Cuauhtemoc Sanchez-Rodriguez, Department of Neurology
and Psychiatry, Michigan State University, USA. Roseanne Schuster,
School of Human Evolution and Social Change, Phoenix, Arizona State
University, USA. Sonali Srivastava, Anode Governance Lab, India.
Andrea Sullivan, Department of Geography, University of Miami, USA.
Yihenew Tesfaye, Department of Anthropology, Oregon State
University, USA. Nathaly Trivifio, Department of Civil Engineering,
Pontificia Universidad Javeriana, Colombia. Raymond Tutu, Global
Societies Program, Delaware State University, Dover, DE, USA. Jorge
Escobar-Vargas, Department of Civil Engineering, Pontificia
Universidad Javeriana, Colombia. Hassan Eini-Zinab, Shahid Beheshti
University of Medical, Tehran, Iran.

CRediT authorship contribution statement

Asher Y. Rosinger: Conceptualization, Formal analysis, Funding

acquisition, Investigation, Project administration, Resources,
Visualization, Writing - original draft, Writing - review & editing.
Alexandra Brewis: Conceptualization, Funding acquisition,

Investigation, Resources, Writing - original draft, Writing - review &
editing. Amber Wutich: Conceptualization, Funding acquisition,
Investigation, Resources, Writing - original draft, Writing - review &
editing. Wendy Jepson: Funding acquisition, Investigation, Resources,
Writing - review & editing. Chad Staddon: Funding acquisition,
Investigation, Resources, Writing - review & editing. Justin Stoler:
Funding acquisition, Investigation, Resources, Writing - review &
editing. Sera L. Young: Funding acquisition, Investigation, Resources,
Writing - review & editing. HWISE-RCN: Investigation, Funding ac-
quisition.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgment

This project was funded by the Competitive Research Grants to
Develop Innovative Methods and Metrics for Agriculture and Nutrition
Actions (IMMANA). IMMANA is funded with UK Aid from the UK
government. The project was also supported by the Buffett Institute for
Global Studies and the Center for Water Research at Northwestern
University; NIH/NIMH KO1 MH098902 and R21 MH108444; Arizona
State University’s Center for Global Health at the School of Human
Evolution and Social Change and Decision Center for a Desert City
(National Science Foundation SES-1462086); the Office of the Vice
Provost for Research of the University of Miami; the National Institutes

12

Global Environmental Change 64 (2020) 102148

of Health grant NIEHS/FIC RO1ES019841; Lloyd's Register Foundation
for Labuan Bajo; and College of Health and Human Development at
Pennsylvania State University for San Borja, Bolivia. Data were col-
lected in partnership with Ghana Water Company Ltd. and funded by
the Office of the Vice Provost for Research of the University of Miami
for Accra, Ghana. Texas A&M University- CONACyT Collaborative
Grant. We are very grateful to the field teams including the many
enumerators, translators, survey testers, and data entry staff identified
in Young et al. (2019b).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.gloenvcha.2020.102148.

References

Adane, M., Mengistie, B., Medhin, G., Kloos, H., Mulat, W., 2017. Piped water supply
interruptions and acute diarrhea among under-five children in Addis Ababa slums,
Ethiopia: a matched case-control study. PLoS ONE 12 (7), e0181516.

Adler, N.E., Epel, E.S., Castellazzo, G., Ickovics, J.R., 2000. Relationship of subjective and
objective social status with psychological and physiological functioning: Preliminary
data in healthy, White women. Health Psychol. 19 (6), 586.

Akanda, A.S., Johnson, K., 2018. Growing water insecurity and dengue burden in the
Americas. Lancet Planetary Health 2 (5), €190-e191.

Bartram, J., Cairncross, S., 2010. Hygiene, Sanitation, and Water: forgotten foundations
of health. PLoS Med. 7 (11), e1000367.

Boateng, G.O., Workman, C.L., Miller, J.D., Onono, M., Neilands, T.B., Young, S.L., 2020.
The syndemic effects of food insecurity, water insecurity, and HIV on depressive
symptomatology among Kenyan women. Soc. Sci. Med 113043.

Brewis, A., Rosinger, A., Wutich, A., Adams, E., Cronk, L., Pearson, A., Household Water
Insecurity Experiences-Research Coordination Network (HWISE-RCN), 2019. Water
sharing, reciprocity, and need: A comparative study of interhousehold water transfers
in sub-Saharan Africa. Econ. Anthropol. 6 (2), 208-221.

Brewis, A., Workman, C., Wutich, A., Jepson, W., Young, S., Household Water Insecurity
Experiences—Research Coordination Network (HWISE-RCN), 2020. Household water
insecurity is strongly associated with food insecurity: evidence from 27 sites in low-
and middle-income countries. Am. J. Hum. Biol. 32 (1), e23309.

Cashdan, E.A. 1985. Coping with risk: Reciprocity among the Basarwa of Northern
Botswana. Man:454-474.

Castilla-Rho, J.C., Rojas, R., Andersen, M.S., Holley, C., Mariethoz, G., 2017. Social tip-
ping points in global groundwater management. Nat. Hum. Behav. 1 (9), 640-649.

Chaplin-Kramer, R., Sharp, R.P., Weil, C., Bennett, E.M., Pascual, U., Arkema, K.K.,
Brauman, K.A., Bryant, B.P., Guerry, A.D., Haddad, N.M., et al., 2019. Global mod-
eling of nature’s contributions to people. Science 366 (6462), 255-258.

Cinner, J.E., Adger, W.N., Allison, E.H., Barnes, M.L., Brown, K., Cohen, P.J., Gelcich, S.,
Hicks, C.C., Hughes, T.P., Lau, J., et al., 2018. Building adaptive capacity to climate
change in tropical coastal communities. Nat. Clim. Change 8 (2), 117-123.

Clarke-Sather, A., 2017. State power and domestic water provision in semi-arid
Northwest China: towards an aleatory political ecology. Polit. Geogr. 58, 93-103.

Cole, S., 2017. Water worries: an intersectional feminist political ecology of tourism and
water in Labuan Bajo, Indonesia. Ann. Tourism Res. 67, 14-24.

Cooper, S., Hutchings, P., Butterworth, J., Joseph, S., Kebede, A., Parker, A., Terefe, B.,
Van Koppen, B., 2019. Environmental associated emotional distress and the dangers
of climate change for pastoralist mental health. Global Environ. Change 59, 101994.

Cooper-Vince, C.E., Arachy, H., Kakuhikire, B., Vofechovskd, D., Mushavi, R.C., Baguma,
C., McDonough, A.Q., Bangsberg, D.R., Tsai, A.C., 2018. Water insecurity and gen-
dered risk for depression in rural Uganda: a hotspot analysis. BMC Public Health 18
(1), 1143.

Cutler, D., Miller, G., 2005. The role of public health improvements in health advances:
the twentieth-century United States. Demography 42 (1), 1-22.

Dirks, R., Armelagos, G.J., Bishop, C.A., Brady, L.A., Brun, T., Copans, J., Doherty, V.S.,
Frankova, S., Greene, L.S., Jelliffe, D.B., et al., 1980. Social responses during severe
food shortages and famine [and comments and reply]. Curr. Anthropol. 21 (1),
21-44.

Elliott, M., MacDonald, M.C., Chan, T., Kearton, A., Shields, K.F., Bartram, J.K., Hadwen,
W.L., 2017. Multiple household water sources and their use in remote communities
with evidence from pacific island countries. Water Resour. Res. 53 (11), 9106-9117.

Ember, C.R., Skoggard, I., Ringen, E.J., Farrer, M., 2018. Our better nature: Does resource
stress predict beyond-household sharing? Evol. Hum. Behav. 39 (4), 380-391.

Geere, J.-A.-L., Cortobius, M., Geere, J.H., Hammer, C.C., Hunter, P.R., 2018. Is water
carriage associated with the water carrier’s health? A systematic review of quanti-
tative and qualitative evidence. BMJ Global Health 3 (3), e000764.

Giatti, L., Camelo, L.V., Rodrigues, J.F.C., Barreto, S.M., 2012. Reliability of the ma-
carthur scale of subjective social status - Brazilian longitudinal study of adult health
(ELSA-Brasil). BMC Public Health 12 (1), 1096.

Gleick, P.H., 1996. Basic water requirements for human activities: meeting basic needs.
Water Int. 21 (2), 83-92.

Gonzélez de la Rocha, M., 2001. From the resources of poverty to the poverty of re-
sources? The erosion of a survival model. Latin Am. Perspect. 28 (4), 72-100.

Goodwin, G. 1969. The Social Organization of the Western Apache: With a Pref. by Keith,
H. Basso: University of Arizona Press.

Javidi, A., Pierce, G., 2018. U.S. Households' perception of drinking water as unsafe and
its consequences: examining alternative choices to the tap. Water Resour. Res. 54 (9),


https://doi.org/10.1016/j.gloenvcha.2020.102148
https://doi.org/10.1016/j.gloenvcha.2020.102148
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0005
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0005
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0005
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0010
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0010
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0010
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0015
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0015
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0020
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0020
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0025
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0025
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0025
http://refhub.elsevier.com/S0959-3780(20)30731-7/h9015
http://refhub.elsevier.com/S0959-3780(20)30731-7/h9015
http://refhub.elsevier.com/S0959-3780(20)30731-7/h9015
http://refhub.elsevier.com/S0959-3780(20)30731-7/h9015
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0035
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0035
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0035
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0035
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0045
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0045
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0050
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0050
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0050
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0055
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0055
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0055
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0060
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0060
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0065
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0065
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0070
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0070
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0070
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0075
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0075
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0075
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0075
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0080
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0080
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0085
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0085
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0085
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0085
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0090
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0090
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0090
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0095
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0095
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0100
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0100
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0100
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0105
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0105
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0105
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0110
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0110
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0115
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0115
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0125
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0125

A.Y. Rosinger, et al.

6100-6113.

Koehler, J., Rayner, S., Katuva, J., Thomson, P., Hope, R., 2018. A cultural theory of
drinking water risks, values and institutional change. Global Environ. Change 50,
268-277.

Konapala, G., Mishra, A.K., Wada, Y., Mann, M.E., 2020. Climate change will affect global
water availability through compounding changes in seasonal precipitation and eva-
poration. Nat. Commun. 11 (1), 3044.

Krumpal, I., 2013. Determinants of social desirability bias in sensitive surveys: a literature
review. Qual. Quant. 47 (4), 2025-2047.

Landrigan, P.J., Fuller, R., Acosta, N.J.R., Adeyi, O., Arnold, R., Basu, N., Baldé, A.B.,
Bertollini, R., Bose-O'Reilly, S., Boufford, J.I., et al., 2017. The lancet commission on
pollution and health. The Lancet.

Majuru, B., Suhrcke, M., Hunter, P.R., 2016. How do households respond to unreliable
water supplies? A systematic review. Int. J. Environ. Res. Public Health 13 (12),
1222.

Mapulanga, A.M., Naito, H., 2019. Effect of deforestation on access to clean drinking
water. Proc. Natl. Acad. Sci. 116 (17), 8249-8254.

Mauss, M. 2002[1924]. The gift: The form and reason for exchange in archaic societies:
Routledge.

McDonald, R.I., Green, P., Balk, D., Fekete, B.M., Revenga, C., Todd, M., Montgomery, M.,
2011. Urban growth, climate change, and freshwater availability. Proc. Natl. Acad.
Sci. U.S.A. 108 (15), 6312-6317.

McDonald, R.I., Weber, K., Padowski, J., Florke, M., Schneider, C., Green, P.A., Gleeson,
T., Eckman, S., Lehner, B., Balk, D., et al., 2014. Water on an urban planet: urbani-
zation and the reach of urban water infrastructure. Global Environ. Change 27,
96-105.

Mehta, L., Movik, S., 2014. Liquid dynamics: challenges for sustainability in the water
domain. Wiley Interdiscipl. Rev. Water 1 (4), 369-384.

Mekonnen, M.M., Hoekstra, A., 2016. Four billion people facing severe water scarcity.
Sci. Adv. 2 (2), e1500323.

Moser, C.O., Mcllwaine, C., Holland, J., 1997. Household responses to poverty and vul-
nerability: Urban management and poverty reduction. World Bank for the Urban
Management Programme.

Muller, C.J., MacLehose, R.F., 2014. Estimating predicted probabilities from logistic re-
gression: different methods correspond to different target populations. Int. J.
Epidemiol. 43 (3), 962-970.

Mullin, M., 2020. The effects of drinking water service fragmentation on drought-related
water security. Science 368 (6488), 274-277.

Nelson, D.R., Bledsoe, B.P., Marshall, S.J., 2020. From hubris to humility: Transcending
original sin in managing hydroclimatic risk. Anthropocene 30, 100239.

Pattanayak, S.K., Yang, J.-C., Whittington, D., Bal Kumar, K.C., 2005. Coping with un-
reliable public water supplies: Averting expenditures by households in Kathmandu.
Nepal. Water Resour. Res. 41 (2).

Pearson, A.L., Mayer, J.D., Bradley, D.J., 2015. Coping with household water scarcity in
the savannah today: implications for health and climate change into the future. Earth
Inter. 19 (8), 1-14.

Pruss-Ustun, A., WHO. 2008. Safer water, better health: costs, benefits and sustainability
of interventions to protect and promote health.

Rosinger, A.Y., 2018. Household water insecurity after a historic flood: diarrhea and
dehydration in the Bolivian Amazon. Soc. Sci. Med. 197, 192-202.

Rosinger, A.Y., Young, S.L., 2020. The toll of household water insecurity on health and
human biology: Current understandings and future direction. WIREs Water. https://
doi.org/10.1002/wat2.1468.

Sahlins, M., 2017[1972]. Stone age economics. London: Routledge. p. 376.

Satterthwaite, D., 2016. Missing the Millennium Development Goal targets for water and
sanitation in urban areas. Environ. Urbaniz. 28 (1), 99-118.

13

Global Environmental Change 64 (2020) 102148

Schnegg, M., Linke, T., 2015. Living institutions: sharing and sanctioning water among
pastoralists in namibia. World Dev. 68, 205-214.

Searle, S.R., Casella, G., McCulloch, C.E., 2009. Variance components: John Wiley & Sons.

Sorenson, S.B., Morssink, C., Campos, P.A., 2011. Safe access to safe water in low income
countries: Water fetching in current times. Soc. Sci. Med. 72 (9), 1522-1526.

Staddon, C., 2016. Managing Europe's Water Resources: Twenty-First Century Challenges.
Routledge.

Steffen, W., Rockstrom, J., Richardson, K., Lenton, T.M., Folke, C., Liverman, D.,
Summerhayes, C.P., Barnosky, A.D., Cornell, S.E., Crucifix, M., et al., 2018.
Trajectories of the Earth System in the Anthropocene. Proc. Natl. Acad. Sci. 115 (33),
8252-8259.

Stoler, J., Brewis, A., Harris, L.M., Wutich, A., Pearson, A.L., Rosinger, A.Y., Schuster,
R.C., Young, S.L., 2019. Household water sharing: a missing link in international
health. International Health 11 (3), 163-165.

Stoler, J., Pearson, A.L., Staddon, C., Wutich, A., Mack, E., Brewis, A., Rosinger, A.Y.,
HWISE Research Coordinating Network. 2020. Cash water expenditures are asso-
ciated with household water insecurity, food insecurity, and perceived stress in study
sites across 20 low- and middle-income countries. Science of The Total Environment
716, 135881.

WHO and UNICEF. 2017. Progress on drinking water, sanitation and hygiene: 2017 up-
date and SDG baselines. Geneva: World Health Organization (WHO) and the United
Nations Children’s Fund (UNICEF).

Wiessner, P., 1982. Risk, reciprocity and social influences on Kung San economics.
Politics and History in Band Societies. p. 61-84.

Wiessner, P., 2002. Hunting, healing, and hxaro exchange: a long-term perspective on
Kung (Ju/'hoansi) large-game hunting. Evol. Hum. Behav. 23 (6), 407-436.

Workman, C.L., Ureksoy, H., 2017. Water insecurity in a syndemic context:
Understanding the psycho-emotional stress of water insecurity in Lesotho, Africa.
Soc. Sci. Med. 179, 52-60.

Wautich, A., 2011. The moral economy of water reexamined: Reciprocity, Water
Insecurity, and Urban Survival in Cochabamba, Bolivia. J. Anthropol. Res. 67 (1),
5-26.

Wutich, A., Brewis, A., 2014. Food, water, and scarcity: toward a broader anthropology of
resource insecurity. Curr. Anthropol. 55 (4), 444-468.

Wutich, A., Brewis, A., Chavez, J.B.R., Jaiswal, C.L., 2016. Water, worry, and Dona
Paloma: why water security is fundamental to global mental health. Routledge,
Global mental health, pp. 57-72.

Wutich, A., Budds, J., Jepson, W., Harris, L.M., Adams, E., Brewis, A., Cronk, L., DeMyers,
C., Maes, K., Marley, T., et al., 2018. Household water sharing: A review of water
gifts, exchanges, and transfers across cultures. Wiley Interdiscipl. Rev. Water 5 (6),
e1309.

Wutich, A., Ragsdale, K., 2008. Water insecurity and emotional distress: coping with
supply, access, and seasonal variability of water in a Bolivian squatter settlement.
Soc. Sci. Med. 67 (12), 2116-2125.

Young, S.L., Boateng, G.O., Jamaluddine, Z., Miller, J.D., Frongillo, E.A., Neilands, T.B.,
Collins, S.M., Wutich, A., Jepson, W.E., Stoler, J., et al., 2019a. The household water
insecurity experiences (HWISE) scale: development and validation of a household
water insecurity measure for low-income and middle-income countries. BMJ Global
Health 4 (5), e001750.

Young, S.L., Collins, S.M., Boateng, G.O., Neilands, T.B., Jamaluddine, Z., Miller, J.D.,
Brewis, A.A., Frongillo, E.A., Jepson, W.E., Melgar-Quifonez, H., et al., 2019b.
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 9 (1) bmjopen-2018-023558.

Zug, S., Graefe, O., 2014. The gift of water. Social redistribution of water among neigh-
bours in Khartoum. Water Alternat. 7 (1).


http://refhub.elsevier.com/S0959-3780(20)30731-7/h0125
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0130
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0130
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0130
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0135
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0135
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0135
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0140
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0140
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0145
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0145
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0145
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0150
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0150
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0150
http://refhub.elsevier.com/S0959-3780(20)30731-7/h9025
http://refhub.elsevier.com/S0959-3780(20)30731-7/h9025
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0165
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0165
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0165
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0170
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0170
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0170
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0170
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0175
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0175
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0180
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0180
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0185
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0185
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0185
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0190
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0190
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0190
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0195
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0195
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0200
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0200
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0205
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0205
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0205
http://refhub.elsevier.com/S0959-3780(20)30731-7/h9035
http://refhub.elsevier.com/S0959-3780(20)30731-7/h9035
http://refhub.elsevier.com/S0959-3780(20)30731-7/h9035
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0220
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0220
https://doi.org/10.1002/wat2.1468
https://doi.org/10.1002/wat2.1468
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0235
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0235
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0240
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0240
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0250
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0250
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0255
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0255
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0260
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0260
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0260
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0260
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0265
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0265
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0265
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0285
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0285
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0290
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0290
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0290
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0295
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0295
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0295
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0300
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0300
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0305
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0305
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0305
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0310
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0310
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0310
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0310
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0315
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0315
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0315
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0320
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0320
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0320
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0320
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0320
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0325
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0325
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0325
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0325
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0325
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0330
http://refhub.elsevier.com/S0959-3780(20)30731-7/h0330

	Water borrowing is consistently practiced globally and is associated with water-related system failures across diverse environments
	1 Introduction
	2 Materials and methods
	2.1 Dependent variable
	2.2 Independent variables
	2.3 Demographic controls
	2.4 Statistical analysis
	2.5 Data availability
	2.6 Analytic sample

	3 Results
	3.1 Prevalence of water borrowing
	3.2 Expectation of return
	3.3 Regression analysis
	3.4 Interaction analysis
	3.5 Sensitivity analysis: Water insecurity as a predictor of borrowing water

	4 Discussion
	4.1 Limitations

	5 Conclusions
	HWISE-RCN Co-authors
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgment
	Appendix A Supplementary data
	References




