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ABSTRACT
Little is known about the micro-scale spatial patterns of household 
water insecurity and their implications for community water inter
ventions. This cross-sectional study analyses the location data of 
250 households surveyed in Arua, Uganda, in August–September 
2017 to evaluate correlates and geospatial clustering of household 
water insecurity, that is, geographical patterns in how water inse
curity is experienced. The spatial cluster analysis identified clusters 
or outliers in every community, though with different spatial pat
terns. Household water insecurity was positively associated with 
food insecurity, round-trip fetching time, and water-related conflict 
within households and with neighbours. The observed spatial het
erogeneity provides a new view of how household water insecurity 
experiences may vary in space and time, and can help practitioners 
understand the heterogeneity of impact that is often observed in 
water interventions.
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Introduction

The world spends billions of dollars annually on water, sanitation and hygiene (WASH) 
projects, yet progress towards the global targets for Sustainable Development Goal 6 for 
universal safe water and sanitation is behind schedule (WHO/UNICEF, 2021) and 
slowed further by the COVID-19 pandemic (Howard et al., 2020). Understanding 
communities’ precise and diverse conditions, needs, and attitudes is crucial to the success 
of WASH interventions in improving the physical and mental health of those experien
cing water insecurity (Workman et al., 2021a). In practice, the underappreciation of these 
dynamics may help explain why up to half of WASH interventions fail after two to five 
years (UNDP Water Governance Facility/UNICEF, 2015).

Many water interventions test the effectiveness of a discrete water solution in a 
community, often a particular kind of well, or new filtration or disinfection media 
(Clasen et al., 2007). These types of interventions, and many municipal water service 
expansion projects, carry an implicit presumption of homogeneity in how community 
members experience water insecurity. But the complex set of socio-behavioural factors 
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that shape water decision-making (Smiley & Stoler, 2020) can result in heterogeneous 
water insecurity experiences, at both the community and household levels, that are in 
turn associated with other forms of resource stress and psychosocial phenomena 
(Workman et al., 2021b; Wutich & Brewis, 2014). The literature on WASH programme 
failure has examined the role of structural issues such as rigid research designs (Burton et 
al., 2021), ineffective cross-sector collaboration (Cronin & Pond, 2008; Weekly, 2021), 
and narrow monitoring and evaluation criteria (Stoler et al., 2023). Inadequate prior
itization of socio-behavioural factors is also an important consideration for why WASH 
programmes underperform, and is often attributed to insufficient community engage
ment in WASH project design, implementation and maintenance (Barrington et al.,  
2021; Nelson et al., 2021; Worsham et al., 2021).

Household water insecurity, broadly defined, has been associated with food insecurity 
(Brewis et al., 2020); worry, stress and shame (Brewis et al., 2021; Wutich et al., 2020); 
physical injuries (Venkataramanan et al., 2020b); and interpersonal conflict and violence 
(Cooper et al., 2021; Pearson et al., 2021). Women typically bear the emotional and 
physical brunt of water insecurity because they are usually responsible for obtaining 
household water and performing domestic chores such as cooking, cleaning and child- 
rearing (Bukachi et al., 2021). Households cope with water insecurity in similarly 
heterogeneous ways (Venkataramanan et al., 2020aa), for example, social networks can 
provide support in times of need through gifting and sharing of water (Rosinger et al.,  
2020; Wutich et al., 2018) and households may switch water sources (Pearson et al., 2016) 
or relocate their household (Pearson et al., 2015).

Increased attention to differential experiences of household water insecurity around 
the world has led to several new metrics to measure it (Octavianti & Staddon, 2021). One 
increasingly common metric is the cross-culturally validated Household Water 
Insecurity Experiences (HWISE) scale, which measures how frequently households 
experience various dimensions of water insecurity. The HWISE scale is a useful mon
itoring and evaluation tool for assessing the impact of household water interventions 
around the world (Slaymaker et al., 2020). Different versions of the HWISE scale have 
been used to demonstrate relationships with a range of social, demographic, economic 
and political factors (Brewis et al., 2020; Jepson et al., 2021; Pearson et al., 2021; Stoler et 
al., 2020; Venkataramanan et al., 2020b), but none of these studies explicitly accounted 
for household water insecurity as a spatial phenomenon or focused on the heterogeneity 
of water insecurity experiences. Previous applications of spatial analysis have primarily 
focused on analysing groundwater quality, household water sources or seasonality (e.g., 
Ferdous Hoque, 2023 Kulinkina et al., 2016; Stoler et al., 2012).

This study presents an exploratory analysis of the spatial patterns of household water 
insecurity and related phenomena in five rural communities of Arua, north-western 
Uganda. We focused on identifying the similarities and differences within and between 
communities to explore the spatial heterogeneity of household water insecurity in 
communities whose needs are typically portrayed as spatially and temporally homoge
nous by macro-level global development indicators (Price et al., 2021). This study 
evaluated two overarching research questions: To what extent do indicators of household 
water and food insecurity; perceived stress; and water-related worry, inadequate hygiene 
and conflict exhibit geospatial clustering? How might this inform development efforts? 
The spatial analysis explicitly tested the hypothesis that these household-level experiences 
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exhibit spatial patterns. We discuss how the observed spatial properties of these indica
tors may have important implications for the deployment of WASH interventions in 
different contexts.

Methods

Study site and sample

This study leveraged the geographical coordinates of 250 households surveyed in 
Arua, Uganda, as part of a larger Household Water Insecurity Experiences 
(HWISE) parent study (Young et al., 2019b). Arua was selected as a site representative 
of high-growth towns in rural Uganda given its role as a regional commercial 
corridor. About 80% of water sources are communally managed in Arua. An esti
mated 57% of Arua residents were reported to rely on boreholes, though over 10% of 
boreholes are reported to be non-functional (Ministry of Water & Environment,  
2022). In addition, due to increasing numbers of refugees from South Sudan and 
the Democratic Republic of Congo in the Arua area (Andreasi Bassi et al., 2018), the 
number of non-functional boreholes has increased due to pressure from excessive 
usage, which often led to residents relying on surface water sources (Associazione 
Centro Aiuti Volontari [ACAV], 2020). Although refugee status was not asked in the 
HWISE interviews for the safety of the respondents, the refugee population makes 
Arua a study site of particular interest in the context of ongoing political conflict and 
anticipated increases in climate migration in the region.

We conducted household surveys with individuals aged 16 years and older who were 
knowledgeable about their household’s water use. Interviews were conducted in August 
and September 2017, during Arua’s rainy season, by trained enumerators who were 
fluent in Lugbara, familiar with the area and context, and experienced in conducting 
survey research.

Households were selected using a multi-step cluster sample design which first 
involved obtaining a list of all villages in Arua district’s four rural counties, sorted by 
sub-county, as our sampling frame. One village was randomly selected from each sub- 
county using a random number generator, until there were five selected villages (popula
tion range = 326–930, mean = 562). Next, we randomly selected 50 households from each 
of the five villages, this time by applying a random number generator to a household 
listing at the village level, yielding a sample size of 250 households. The target sample size 
was predetermined by a power calculation from the parent study that was designed to 
validate the original HWISE scale (Young et al., 2019b). An extra list of randomized 
households was retained for each village to replace households where the field team could 
not locate a qualifying adult to participate, and 128 of the final 250 households were 
selected from this back-up list. We obtained informed consent from all participants and 
encountered no refusals to participate.

This study was approved by the institutional review board (IRB) at the University of 
Miami (protocol number 20210117), with original data collection approved and super
vised by the Michigan State University IRB (protocol number 17-604). The authors have 
no competing interests to declare.
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Measures

This study geographically visualized and analysed household scores across several 
scales computed from the parent HWISE survey. The primary outcome of interest, 
the 11-item HWISE scale (HWISE-11), is computed from survey items that reported 
the frequency of various water insecurity experiences in the four weeks before the 
survey. Likert-type responses were individually scored from 0 to 3, with 0 = never, 
1 = rarely (one to two times in the previous four weeks), 2 = sometimes (three to 10 
times), 3 = often (11–20 times) or always (more than 20 times; Young et al., 2019a,  
2019b). We generated a score for each household by summing values across the 11 
items, resulting in a range from zero to 33, with higher scores indicating greater water 
insecurity. HWISE-11 scores have been shown to correlate highly with the original 
12-item HWISE scale (Stoler et al., 2020; Venkataramanan et al., 2020b). We also 
calculated the Household Food Insecurity Access Scale (HFIAS; Coates et al., 2007) as 
a measure of food insecurity, and the four-item Perceived Stress Scale (PSS-4; Cohen 
et al., 1983). In a comparison of 27 HWISE study sites, Arua had the sixth-highest 
site-level mean HWISE score – and highest among sites surveyed in the rainy season 
– and the third-highest HFIAS score (Stoler et al., 2021). We categorized households’ 
primary drinking water sources into five types: piped water, surface water (unpro
tected dug well, protected and unprotected springs, surface water), groundwater 
(borehole, tube well, protected dug well), rainwater, and other. The survey also 
collected demographic information, such as respondent age, number of household 
members, and self-reported income and wealth measures, as well as household water 
characteristics such as the number of minutes (round trip) required to fetch water, 
amount of drinking water storage and monthly financial expenditures on water.

Following an approach used by another HWISE study site in Torreón, Mexico (Jepson 
et al., 2021), we also measured the water insecurity subdomains of water worry, inade
quate hygiene and water-related conflict using subscores derived from related survey 
items.

A water worry subscore was constructed by adding the scores from two items, Worry 
and Angry, with a range of 0–6:

● In the last four weeks, how frequently did you or anyone in your household worry 
you would not have enough water for all of your household needs?

● In the last four weeks, how frequently did you or anyone in your household feel 
angry about your water situation?

A hygiene subscore was constructed from three items, Body, Hands and Children, with a 
range of 0–9:

● In the last four weeks, how frequently have you or anyone in your household had to 
go without washing their body because of problems with water (e.g., not enough 
water, dirty, unsafe)?

● In the last four weeks, how frequently have you or anyone in your household had to 
go without washing hands after dirty activities (e.g., defaecating or changing diapers, 
cleaning animal dung) because of problems with water?
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● In the last four weeks, how frequently have you or anyone in your household not 
had enough water to wash the faces and hands of children in your household?

The water-related conflict subscore was constructed by adding the values from items 
about the frequency of conflict with neighbours and within the household over water:

● In the last four weeks, how frequently did you or anyone in your household have 
problems with water that caused difficulties with neighbours or others in the 
community?

● In the last four weeks, how frequently did you or anyone in your household have 
problems with water that caused difficulties within your household?

The two questions that comprise the conflict subscore were also analysed separately to 
evaluate the potential difference in spatial patterning between these two types of water- 
related conflict, as they have been shown to be distinct, yet associated, phenomena 
(Pearson et al., 2021).

Spatial analysis

Household locations of all 250 participants were geocoded from their respective latitude 
and longitude coordinates using ArcGIS Pro 2.8.1 (Esri, Redlands, CA, USA). We began 
by computing frequency statistics for all measures and visualizing the household values 
of HWISE-11, HFIAS, PSS-4 and the water worry, hygiene and conflict subscores to 
qualitatively assess the presence of any spatial patterns. We computed mean centres and 
directional distributions to better understand the compactness and orientation of these 
spatial distributions. Each of the five communities was evaluated separately to account 
for their geographically disparate locations, and to facilitate spatial analysis within and 
between clusters.

We began our spatial statistical analysis by computing the global Moran’s I statistic to 
understand the overall (global) degree of spatial autocorrelation (i.e., statistically sig
nificant spatial patterning) for each community using an inverse distance spatial weights 
matrix. We then tested each community for the presence of spatial clusters for each scale 
and subscore by computing the local indicators of spatial association (LISA) and Getis– 
Ord Gi* statistics using an inverse distance-squared or K = 6 nearest-neighbours spatial 
weights matrix. As a robustness check, we tested a variety of spatial weights matrices that 
applied various distance decay models, distance thresholds or fixed numbers of neigh
bours. The inverse distance-squared matrix was most consistent with our expectations 
that water insecurity experiences are most likely to be shared by households separated by 
short distances. The theoretical basis for this expectation is twofold: (1) household-level 
experiences of water insecurity, food insecurity and water-related stress have been shown 
to be correlated in prior studies (Brewis et al., 2020; Stoler et al., 2020); and (2) water is 
physically heavy and inconvenient for households to move across longer distances. This 
spatial weights matrix was also the best compromise between the varying distributions of 
the households in each sample cluster.
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All the maps presented in this study were produced using a jitter function that 
randomly displaces each household’s longitude and latitude. We used donut-method 
geomasking which relocates each coordinate by at least a minimum distance, up to a 
maximum distance (Hampton et al., 2023), and has been shown to protect against 
positive and false identification of households (Seidl et al., 2018). We used this 
procedure to protect the privacy of participants and to ensure that all households 
are visible in each map, as some households share coordinates because they live in 
compound housing that shares the same roof. We deliberately do not report the 
donut-distance thresholds to reduce the precision of any attempt to reverse-geocode 
respondent locations. Note that we implemented the geomasking in our maps after 
conducting the spatial statistical analysis on the actual locations; this caveat is 
important for interpreting patterns of spatial clusters or outliers in the maps.

The spatial analysis of each measure (water insecurity, food insecurity, etc.) is presented as 
a figure containing five pairs of maps corresponding to the five study communities. The pairs 
are arranged in rows for comparison of the spatial distribution of scores (top row) and the 
spatial cluster analysis results (bottom row) across the five sites. Our focus is understanding 
the ‘pattern of patterns’, so to speak, or the degree of spatial heterogeneity observed across the 
250 sampled households in the five study communities and across outcome measures, rather 
than the results from any single community.

Regression analysis

Finally, we fit multivariable ordinary least squares regression models of the HWISE scale 
scores to assess whether any associations with household characteristics in Arua were 
consistent with those found in previous household water insecurity studies. The purpose 
of this step was to confirm whether the water security experiences observed in Arua were 
typical of those observed elsewhere in the region and world. Specifically, we regressed 
HWISE scale scores on household socio-demographic characteristics, HFIAS scores, PSS 
scores and the two conflict items. The household socio-demographic characteristics were 
commonly used control measures known to influence household water use: age, house
hold size, number of children under 16 years of age, round-trip minutes fetching water, 
amount of drinking water storage (litres), money spent on water (US$), monthly income 
(US$) and self-reported relative wealth using the McArthur Scale of Subjective Social 
Status. To avoid endogeneity problems, we did not model the water worry or hygiene 
subscores because most of the items in these subscores are already included in the 
HWISE scale.

We used Pearson’s and Spearman’s correlation matrices to assess all independent variables 
for potential collinearity a priori, and we monitored variance inflation factors (VIFs) for 
collinearity while building our multivariable models, removing any factor with VIF > 5. We 
began building our multivariable model by introducing all items which demonstrated 
significant bivariate associations with the HWISE scale. We then iteratively added the 
remaining covariates and checked collinearity diagnostics until all independent variables 
were included in the final multivariable model. All correlation and regression analyses were 
performed using IBM SPSS Statistics v26.
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Results

Household characteristics

The demographic and household characteristics of our study participants are summar
ized in Table 1. Most respondents were women (85.6%), of whom the majority (89.7%) 
were responsible for acquiring water for their household. Most households had children 
less than 16 years old (88.4%), with a mean of 3.37 children (range = 0–10). Among 221 
households with children under 16 years, over half (55.2%) reported that their children 
had missed school at least once during the past four weeks to help fetch water. The mean 
reported round-trip time to fetch water was 51 min (SD = 40.1 min; range = 0–240 min). 
Most households relied on groundwater as their primary drinking water source (70%), 
and surface water as their primary non-drinking water source used for domestic pur
poses (55%).

Monthly household incomes ranged from 0 to 2 million Uganda shillings (UGX) (= 
US$564.19 as of August 2017), with a mean of UGX64,702.45 (US$18.25). Using the 
MacArthur Scale of Subjective Social Status (range = 1–10, 1 being the highest), partici
pants self-reported a mean score of 7.7 (SD = 2.5), with a median of 9. The average 
amount spent on water in the past four weeks was UGX1129.86 (US$0.32), although 
three households reported spending UGX20,000 (US$5.64).

Water insecurity

HWISE-11 scores (n = 227) ranged from 0 to 30 with a mean of 11.9 (SD = 8.0). 
Communities 1 and 2 had mean scores of 16.5 and 15.1, respectively, while the other 
three communities had mean scores less than 11. In the top row of maps in Figure 1, 
community 4 appears to have the lowest HWISE-11 scores, while higher HWISE-11 

Table 1. Mean (SD) of household demographics and resource insecurity measures in five communities 
of Arua, Uganda.

Community

Measure 1 2 3 4 5 All

Age 35.0 (13.24) 38.1 (15.50) 34.6 (12.60) 38.3 (17.16) 36.9 (15.43) 36.5 (14.76)
Household size 6.3 (2.94) 5.6 (3.18) 6.7 (2.88) 6.0 (2.78) 5.7 (2.87) 6.1 (2.87)
Number of children under 16 3.6 (2.28) 3.2 (2.18) 3.7 (2.26) 3.0 (1.98) 3.3 (2.11) 3.4 (2.16)
Minutes fetching water,  

round trip
65.6 (40.52) 63.7 (48.61) 41.0 (32.11) 43.1 (35.85) 39.3 (33.80) 50.6 (40.06)

Amount of drinking  
water storage (l)

21.8 (11.50) 22.6 (12.96) 23.3 (11.63) 31.0 (31.52) 23.3 (14.68) 24.4 (18.25)

Money spent on water (US$) 0.35 (0.31) 0.23 (0.10) 0.12 (0.14) 0.62 (1.03) 0.22 (0.84) 0.31 (0.63)
Monthly income (US$) 8.4 (10.83) 11.6 (22.64) 38.6 (104.01) 12.9 (16.97) 15.5 (18.26) 17.5 (50.20)
Self-reported relative wealth 

(ladder)
8.4 (2.19) 8.0 (2.58) 6.6 (3.16) 7.7 (2.21) 7.9 (2.15) 7.7 (2.54)

Water insecurity (HWISE-11) 16.5 (5.77) 15.1 (7.79) 10.0 (7.52) 7.9 (7.52) 9.8 (7.96) 11.9 (8.02)
Food insecurity (HFIAS) 13.2 (3.73) 15.7 (4.13) 11.4 (5.56) 8.7 (5.33) 10.7 (6.34) 11.9 (5.58)
Perceived stress (PSS-4) 9.5 (1.89) 9.0 (1.96) 9.0 (1.37) 8.2 (1.65) 9.1 (2.00) 8.9 (1.83)
Water worry subscore 3.9 (1.54) 3.2 (1.66) 2.4 (2.02) 1.7 (1.69) 2.2 (1.75) 2.7 (1.90)
Hygiene subscore 3.7 (1.87) 3.5 (2.65) 2.1 (2.03) 1.8 (2.04) 2.5 (2.62) 2.7 (2.37)
Conflict subscore 2.1 (1.45) 2.0 (1.78) 0.8 (1.15) 0.9 (1.40) 1.4 (1.44) 1.5 (1.55)
Intrahousehold conflict 1.0 (0.92) 0.8 (0.92) 0.4 (0.67) 0.4 (0.70) 0.6 (0.84) 0.7 (0.84)
Conflict with neighbours 1.1 (0.79) 1.2 (1.11) 0.4 (0.66) 0.5 (0.89) 0.8 (0.81) 0.8 (0.92)
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scores are scattered throughout communities 1, 2 and the northern area of community 3. 
The Moran’s I global test for spatial autocorrelation (Table 2) only revealed statistically 
significant clustering of HWISE-11 scores in community 4 (I = 0.32, Z = 2.27, p = 0.02), 
though community 3 trended towards significant clustering (I = 0.24, Z = 1.88, p = 0.06). 
The LISA statistic detected clusters of high HWISE-11 scores in the southern area of 
community 1, the north-west of community 3, along one of the roads in community 4, 
and a cluster of low scores in community 5 (Figure 1, bottom row). The LISA statistic 
identified at least one spatial outlier, which is either a high score surrounded by low 
scores or vice versa, in all communities.

Food insecurity

The mean HFIAS score among all households (n = 239) was 11.9, and much like the 
HWISE scores, the first two communities had higher mean HFIAS scores than the other 
communities. The highest mean, 15.7 (SD = 4.1), was in community 2, and the lowest 
mean, 8.7 (SD = 5.3), was in community 4. The top row of Figure 2 presents the 
distribution of HFIAS scores; community 2 appears to have the highest levels of food 
insecurity, while community 4 appears to have the least severe food insecurity. The LISA 

Figure 1. Spatial distribution by quintile (top row) and spatial cluster map (bottom row) of Household 
Water Insecurity Experiences (HWISE-11) scale scores by community (1–5).

Table 2. Global Moran’s I tests of spatial autocorrelation for five communities by measure in Arua, 
Uganda (presented as I-statistic, Z-statistic).

Community

Measure 1 2 3 4 5

Water insecurity (HWISE-11) 0.05, 0.58 0.05, 0.53 0.2, 1.88 0.32, 2.27* 0.18, 1.17
Food insecurity (HFIAS) 0.17, 1.59 0.11, 0.93 0.03, 0.37 0.36, 2.67** −0.13, −0.7
Perceived stress (PSS-4) 0.17, 1.57 −0.22, −1.48 −0.12, −0.71 −0.13, −0.83 0.21, 1.56
Water worry subscore 0.09, 0.90 −0.15, 0.91 0.26, 2.08* 0.21, 1.58 0.14, 1.04
Hygiene subscore 0.15, 1.39 0.15, 1.22 0.06, 0.57 0.27, 2.02* 0.28, 1.89
Conflict subscore −0.03, −0.66 −0.08, −0.43 0.09, 0.84 0.10, 0.84 −0.26, −1.60
Intrahousehold conflict 0.00, 0.20 −0.04, −0.17 0.06, 0.62 −0.06, −0.31 −0.16, −0.97
Conflict with neighbours −0.02, −0.04 −0.05, −0.21 0.03, 0.36 0.14, 1.16 −0.12, −0.65

Note: *p < .05; **p < .01.
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statistic (Figure 2, bottom row) identified spatial clusters or outliers in each of the five 
communities, with multiple clusters of both low and high HFIAS scores in communities 
2 and 4, despite these communities having the lowest and highest overall mean HFIAS 
scores respectively. The Moran’s I test only detected statistically significant patterning of 
HFIAS scores in community 4 (I = 0.36, Z = 2.67, p = 0.008).

Perceived stress

Community-level mean PSS-4 scores ranged from 8.2 to 9.5, and the mean of all house
holds (n = 250) was 8.9 (SD = 1.8). While PSS scores appeared to be heterogeneously 
spread throughout the communities (top row of Figure 3), community 4 had the lowest 
overall scores. The Global Moran’s I statistic did not identify statistically significant 
clustering of PSS scores in any of the five communities. The LISA statistic identified the 
highest number of clusters and outliers in community 4, with many low-high outliers 

Figure 2. Spatial distribution by quintile (top row) and spatial cluster map (bottom row) of Household 
Food Insecurity Access Scale (HFIAS) scores by community (1–5).

Figure 3. Spatial distribution by quintile (top row) and spatial cluster map (bottom row) of Perceived 
Stress Scale (PSS-4) scores by community (1–5).
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along the edge of the sample, and clusters of both low and high scores in the centre of the 
community (bottom row of Figure 3). The LISA statistic generally identified fewer 
clusters and outliers of PSS scores than for the other measures assessed, but still identified 
clusters and outliers in each community.

Water worry

The mean water worry subscore for all households (n = 243) was 2.7 (SD = 1.9). 
Community-level mean water worry subscores ranged from 1.7 in community 4 to 3.9 
in community 1. The distributions of water worry scores in the top row of Figure 4 
suggest patterns in communities 3 and 4. The Moran’s I statistic identified statistically 
significant patterning of water worry scores in community 3 (I = 0.26, Z = 2.08, p = 0.04). 
The LISA statistic detected clusters of high subscores in the north of community 3 and in 
the centre and south-eastern edge of community 4 (Figure 4, bottom row), which, as 
expected, generally concurred with the spatial patterns of the HWISE score. Community 
2 was the only one to not have any clusters or outliers detected during spatial analysis.

Hygiene

The mean subscore for water-related hygiene issues among all households (n = 245) was 
2.7 (SD = 2.4), and community-level mean scores ranged from 1.8 in community 4 to 3.7 
in community 1. The distribution of hygiene subscores in the top row of Figure 5 was 
visually similar to the distribution of water worry subscores, yet Moran’s I was only 
statistically significant for community 4 (I = 0.27, Z = 2.02, p = 0.04). The LISA statistic 
identified clusters of high subscores in all five communities, and clusters of low subscores 
in communities 1, 2 and 4 (Figure 5, bottom row). As with water worry, high hygiene 
subscores tended to occur in the same regions as the clusters of high HWISE scores.

Figure 4. Spatial distribution by quintile (top row) and spatial cluster map (bottom row) of water- 
related worry subscores by community (1–5).
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Conflict

The mean conflict subscore (n = 245) was 1.5 (SD = 1.6), and communities 1 and 
2 again had higher mean subscores than the other three communities. Moran’s I 
did not detect any global spatial patterns for the water-related conflict subscore or 
for either of its two component items: conflict within the household and conflict 
with neighbours. The LISA statistic identified clusters of high conflict subscores in 
communities 1, 3 and 4, and clusters of low conflict subscores in communities 1 
and 2 (Figure 6, bottom row). These clusters tended to include different house
holds from those identified as clusters of HWISE scores. Figures 7 and 8 present 
intrahousehold conflict and conflict with neighbours separately; the overall pat
terns and presence of clusters were similar in communities 1 and 5, but diverged 
in communities 2, 3 and 4.

Figure 5. Spatial distribution by quintile (top row) and spatial cluster map (bottom row) of hygiene 
subscores by community (1–5).

Figure 6. Spatial distribution by quintile (top row) and spatial cluster map (bottom row) of water- 
related conflict subscores (including intrahousehold conflict and conflict with neighbours) by com
munity (1–5).

292 E. STUART ET AL.



Regression analysis

Our regression model assessed the association between the HWISE scale and age, gender, 
household size, time spent fetching water, HFIAS scores, PSS-4 scores, MacArthur ladder 
scores (a measure of perceived social standing), monthly income, intra-household con
flict and conflict with neighbours (Table 3). We modelled 197 households with complete 
information across all measures. The VIFs of all variables included in the model were less 
than 1.6. We observed statistically significant positive associations between the HWISE 
scale and food insecurity (B = 0.17, standard error (SE) = 0.07, p = 0.021), fetching time 
(B = 0.04, SE = 0.01, p ≤ 0.001), intra-household conflict (B = 3.22, SE = 0.47, p ≤ 0.001), 
and conflict with neighbours (B = 4.07, SE = 0.46, p ≤ 0.001). The association with gender 
approached significance (B = 1.68, SE = 0.93, p = 0.073), and age, household size, PSS 
score, social standing and household income were not associated with the HWISE scale. 
The multivariable model demonstrated good fit (R2 = 0.69), meaning that our set of 
covariates accounted for 69% of the variation in HWISE scores.

Figure 7. Spatial distribution by quintile (top row) and spatial cluster map (bottom row) of water- 
related intrahousehold conflict scores by community (1–5).

Figure 8. Spatial distribution by quintile (top row) and spatial cluster map (bottom row) of water- 
related conflict with neighbours by community (1–5).
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Discussion

This study explored the micro-scale spatial heterogeneity of household water insecurity 
experiences and related phenomena in five communities in rural Uganda. Mean scores 
for measures of water insecurity, food insecurity, perceived stress and water conflict 
generally varied within and between the communities, and our analysis identified at least 
one local cluster or outlier within each of the communities for nearly every measure. The 
variation in mean scores between the communities and the identification of spatial 
patterning within the communities provide evidence of spatial heterogeneity in water 
insecurity experiences at both the household and community levels. Our findings of 
spatially clustered water insecurity experiences within communities are consistent with 
patterns seen elsewhere in rural Uganda (Cooper-Vince et al., 2018). Such heterogeneity 
affirms the importance of community involvement, particularly during the needs assess
ment phase of water projects, to better tailor interventions to address varying local 
conditions, experiences and needs.

Although spatial analysis has been widely applied to the study of water-associated 
diseases such as cholera (Azman et al., 2018), shigellosis (Tang et al., 2014) and dengue 
fever (Anders et al., 2015), a limited body of research has demonstrated spatial patterns of 
water supply and demand at different scales, generally related to infrastructure and 
demographic factors such as race and class (Cooper-Vince et al., 2018; Habeeb et al., 
2023; Kulinkina et al., 2016; Nguyen et al., 2020; Stoler et al., 2012). Similar relationships 
have been demonstrated with plumbing and sanitation services (Deitz & Meehan, 2019; 
De Moura & Procopiuck, 2020).

Spatial patterns of household water security in rural Africa are shaped at the commu
nity level by physical environmental factors – e.g., roads, surface water bodies and wells – 
because water is cumbersome to move over long distances, and at the individual level 
through demographics such as age and gender, physical fitness, and social relations such 
as kinship and ethnicity, which can also influence access to water sources (Smiley & 
Stoler, 2020). Our results highlight the complexity of these interactions, as very few 
households persist in spatial clusters of water insecurity, food insecurity, perceived stress 
and conflict, even though several of these constructs were associated in multivariable 
analysis. We would expect these relationships to persist in other places, particularly 
where residents use multiple water sources. If they do, it may help explain why some 

Table 3. Multivariable regression model of the relationship between household water security and 
household socio-demographics, food insecurity, perceived stress and conflict over water (n = 197 
households).

Measure B SE 95% CI for B P VIF

Age 0.03 0.02 −0.01–0.08 0.153 1.11
Gender 1.68 0.93 −0.16–3.52 0.073 1.05
Household size −0.04 0.12 −0.27–0.20 0.766 1.05
Minutes fetching water, round trip 0.04 0.01 0.02–0.06 < 0.001 1.17
Food insecurity (HFIAS) 0.17 0.07 0.03–0.31 0.021 1.55
Perceived stress (PSS-4) −0.11 0.21 −0.51–0.30 0.607 1.19
Self-reported relative wealth (ladder) −0.20 0.14 −0.47–0.08 0.160 1.18
Monthly income (US$) −0.01 0.01 −0.02–0.01 0.476 1.09
Intra-household conflict 3.22 0.47 2.28–4.15 < 0.001 1.49
Conflict with neighbours 4.07 0.46 3.17–4.97 < 0.001 1.58

Note: SE, standard error; CI, confidence interval; VIF, variance inflation factor.
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water interventions yield such heterogeneous effects on water insecurity (Clasen et al.,  
2007). Despite the best of intentions, new water services likely become absorbed into the 
various patchworks of fragmented socio-spatial water needs observed around the world 
(Drew et al., 2021; Peloso & Morinville, 2014; Wright-Contreras et al., 2017).

Our case study of Arua suggests that WASH projects should integrate local spatial 
context into their implementation plans. Water interventions most commonly prioritize 
the microbial quality of drinking water and may also address secondary issues related to 
water quantity, aesthetics, proximity and carriage, financial cost, predictability, gender 
dynamics, social exclusion, and governance. But few projects address all these factors, 
and this is precisely why a higher resolution view of household needs may help WASH 
interventions more accurately target the type and location of water services to maximize 
community impact. The collection of these types of data may present an opportunity for 
community engagement and building trust to avoid repeating past WASH failures 
(Barrington et al., 2022; Sindall et al., 2023) and is supported by a variety of participatory 
research designs (Roque et al., 2022). The complexity of human behaviour, and how it 
interacts with technology and market-based approaches, is also increasingly being recog
nized as an under-appreciated driver of the sustainability of water interventions 
(Brunson et al., 2013; Smiley & Stoler, 2020). This means that development programmes 
should either improve baseline assessments of water insecurity to understand socio- 
spatial issues and embrace multipronged (and potentially more expensive) interventions 
informed by diverse community needs (where appropriate), or have more realistic 
expectations about project impact.

Our regression model results were generally consistent with previous studies that have 
demonstrated similar associations between measures of household water insecurity and 
food insecurity (Stoler et al., 2020), time spent fetching water, female gender and conflict 
(Pearson et al., 2021). Although other studies have demonstrated associations between 
the HWISE scale and age, household size, PSS score, social standing and household 
income (Jepson et al., 2021; Shah et al., 2023; Stoler et al., 2020; Wutich et al., 2022), the 
conflict items had the strongest effect size on the HWISE scale in Arua. In a study of the 
relationship between water insecurity and conflict among nine Sub-Saharan African sites, 
Arua had the highest proportion of households experiencing any conflict with neigh
bours over water (44.7%) and was among the highest experiencing intra-household 
conflict over water (Pearson et al., 2021). It is important to remember that these 
associations do not establish causation, but are related to complex interdependencies 
with causation often going both ways (Workman et al., 2021b). Water insecurity, for 
example, may be a more likely driver, rather than consequence, of food insecurity (Brewis 
et al., 2020) and mental ill-health (Wutich et al., 2020).

Because refugee status was beyond the scope of these studies, we do not know if 
this strong association between water insecurity and conflict in Arua – or any of the 
spatial heterogeneity we observed – was attributable to heightened regional anxiety 
from the waves of South Sudanese and Congolese refugees, or other local factors. For 
example, water-sharing between households has been shown to be an important 
coping mechanism during times of water scarcity (Wutich et al., 2018). But water- 
sharing has also been shown to increase distress among participants (Wutich et al.,  
2022), which is especially plausible for newly arriving refugees with a limited local 
social network who may be more vulnerable to exploitative water-sharing 
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relationships. Conflict aside, the remaining relationships between food and water 
insecurity, demographics, and water source and fetching times were typical of other 
Sub-Saharan African water-stressed communities. Despite these similarities with other 
communities in the region, the observed spatial heterogeneity may also be related to 
Arua’s high degree of water and food insecurity, generally speaking, and could be 
confounded by refugee status, length of time living in Arua and other ethnic differ
ences that were not measured in this study.

Our results were also limited by our research design. First, our cross-sectional 
approach provided a snapshot of the 2017 rainy season that may not be representative 
of water insecurity in other seasons or years. Although water insecurity can change from 
day to day in urban Sub-Saharan Africa (Price et al., 2021), it is unclear whether these 
temporal effects would persist in rural communities and yield even more complex 
patterns of spatio-temporal heterogeneity. In addition, our non-spatially contiguous 
sampling design limits the detection abilities of the spatial statistical tests, particularly 
given the small sample size and irregular distribution of households in each community. 
The global test for spatial autocorrelation, Moran’s I, identified fewer patterns overall 
than LISA, but it is not unusual to find local pockets of spatial autocorrelation within a 
globally random pattern. LISA generally has high sensitivity and specificity and is most 
likely to yield false positives with high sample sizes (Moraga & Montes, 2011). By using 
more appropriate sample sizes, spatial sampling procedures, and explicit incorporation 
of existing water access locations, future studies could reduce the likelihood of detecting 
spurious clusters and outliers and provide more context for spatial patterns.

The spatial heterogeneity of water insecurity, food insecurity, water worry and water 
conflict observed in Arua underscores the complexity of these processes at the commu
nity scale and emphasizes the importance of participatory engagement and inclusivity in 
community-level WASH programmes. Fine-scale spatial variation of community mem
bers’ experiences, expectations and needs may well be another reason for the under
performance of WASH interventions. We suggest that WASH interventions may be 
better informed by spatial patterns in household-level water insecurity experiences than 
by community-level estimates of resource insecurity alone, and we advocate for further 
investigation into the potential of micro-scale geographical approaches in helping to 
improve WASH programme efficiency and equity.

Water insecurity’s dynamic relationship between people and water, shaped by 
policy, climate change, livelihoods and ability to flourish, requires that WASH inter
ventions be tailored to the diverse needs of the communities and households they 
serve. Many interventions use a one-size-fits-all approach to water interventions – 
such as community pumps with disinfection media, or household point-of-use filtra
tion and disinfection technology – with the tacit assumption that demographically 
similar households in a given community experience water insecurity in similar ways. 
But our results demonstrate that rural communities may display considerable varia
tion in resource stress and conflict, despite appearing to be relatively socio-demogra
phically homogenous according to census statistics and global development 
indicators. Local spatial approaches to household water insecurity can highlight 
diverse patterns of water insecurity experiences within and between regions and 
communities which could help WASH interventions better target those who would 
most benefit from new infrastructure investments.

296 E. STUART ET AL.



Acknowledgements

We thank the residents of Arua who welcomed us into their communities to conduct this work; 
and our survey enumerators, Josephine Wanyenze, Gloria Amaniyo, Francis Alonzi (deceased), 
Alex Candia, Christine Alesi, Doreen Ajonye, Florence Aputru and Beatrice Ayakaka.

CRediT author statement

E.S.: formal analysis, visualization, writing – original draft, writing – review and editing; J.S.: 
conceptualization, supervision, visualization, writing – original draft, writing – review and editing; 
A.L.P.: data curation, investigation, writing – review and editing; G.A.: investigation, writing – 
review and editing.

Disclosure statement

The authors have no interests to declare.

Funding

We acknowledge support from the Household Water Insecurity Experiences Research 
Coordination Network (HWISE RCN) [NSF grant number BCS-1759972]. Additional support 
was provided by the University of Miami College of Arts and Sciences Summer Research Program 
for Underrepresented Minorities and Women (ES).

ORCID

Eliza Stuart http://orcid.org/0000-0001-5159-9883
Justin Stoler http://orcid.org/0000-0001-8435-7012
Amber L. Pearson http://orcid.org/0000-0002-8848-1798
Gershim Asiki http://orcid.org/0000-0002-9966-1153

References

Anders, K. L., Nga, L. H., Thuy, N. T. V., Ngoc, T. V., Tam, C. T., Tai, L. T. H., Simmons, C. P., 
Trung, V. T., Kien, D. T. H., Wolbers, M., Wills, B., Chau, N. V. V., Tho, N. D., Simmons, C. P., 
& Truong, N. T. (2015). Households as foci for dengue transmission in highly urban Vietnam. 
PLOS Neglected Tropical Diseases, 9(2), e0003528. https://doi.org/10.1371/journal.pntd.0003528 

Andreasi Bassi, S., Tange, I., Holm, B., Boldrin, A., & Rygaard, M. (2018). A multi-criteria 
assessment of water supply in Ugandan refugee settlements. Water, 10(10), 1493. https://doi. 
org/10.3390/w10101493 

Associazione Centro Aiuti Volontari. (2020). Water is life: Rehabilitation of 20 water wells in Arua 
District, Uganda. https://www.acav.eu/en/water-is-life-rehabilitation-of-20-water-wells-in- 
arua-district-uganda/ 

Azman, A. S., Luquero, F. J., Salje, H., Mbaïbardoum, N. N., Adalbert, N., Ali, M., Bertuzzo, E., 
Finger, F., Toure, B., Massing, L. A., Ramazani, R., Saga, B., Allan, M., Olson, D., Leglise, J., 
Porten, K., & Lessler, J. (2018). Micro-hotspots of risk in urban cholera epidemics. The Journal 
of Infectious Diseases, 218(7), 1164–1168. https://doi.org/10.1093/infdis/jiy283 

Barrington, D. J., Sindall, R. C., Chinyama, A., Morse, T., Sule, M. N., Beale, J., Kativhu, T., 
Krishnan, S., Luwe, K., Malolo, R. D., Mcharo, O., Odili, A., Ravndal, K. T., Rose, J., Shaylor, E., 
& Wozei, E. (2021). Research brief: Amplifying local voices to reduce failure in the water, 

WATER INTERNATIONAL 297

https://doi.org/10.1371/journal.pntd.0003528
https://doi.org/10.3390/w10101493
https://doi.org/10.3390/w10101493
https://www.acav.eu/en/water-is-life-rehabilitation-of-20-water-wells-in-arua-district-uganda/
https://www.acav.eu/en/water-is-life-rehabilitation-of-20-water-wells-in-arua-district-uganda/
https://doi.org/10.1093/infdis/jiy283


sanitation and hygiene sector. WASH Failures Team. https://strathprints.strath.ac.uk/77889/1/ 
Barrington_etal_WASH_2021_Research_brief_amplifying_local_voices_to_reduce_failure.pdf 

Barrington, D. J., Sindall, R. C., & Shaylor, E. L. (2022). Learning from failure in environmental 
and public health research. Environmental Health Insights, 16, 117863022211040. https://doi. 
org/10.1177/11786302221104067 

Brewis, A., Roba, K. T., Wutich, A., Manning, M., & Yousuf, J. (2021). Household water insecurity 
and psychological distress in Eastern Ethiopia: Unfairness and water sharing as undertheorized 
factors. SSM – Mental Health, 1, 100008. https://doi.org/10.1016/j.ssmmh.2021.100008 

Brewis, A., Workman, C., Wutich, A., Jepson, W., Young, S., Adams, E., Ahmed, J. F., Alexander, 
M., Balogun, M., Boivin, M., Carrillo, G., Chapman, K., Cole, S., Collins, S., Figueroa, L., 
Freeman, M., Gershim, A., Ghattas, H., Hagaman, A., . . . Zinab, H., & HWISE-RCN. (2020). 
Household water insecurity is strongly associated with food insecurity: Evidence from 27 sites in 
low- and middle-income countries. American Journal of Human Biology, 32(1), e23309. https:// 
doi.org/10.1002/ajhb.23309 

Brunson, L. R., Busenitz, L. W., Sabatini, D. A., & Spicer, P. (2013). In pursuit of sustainable water 
solutions in emerging regions. Journal of Water, Sanitation and Hygiene for Development, 3(4), 
489–499. https://doi.org/10.2166/washdev.2013.136 

Bukachi, S. A., Omia, D. O., Musyoka, M. M., Wambua, F. M., Peter, M. N., & Korzenevica, M. 
(2021). Exploring water access in rural Kenya: Narratives of social capital, gender inequalities 
and household water security in Kitui county. Water International, 46(5), 677–696. https://doi. 
org/10.1080/02508060.2021.1940715 

Burton, J., Patel, D., Landry, G., Anderson, S. M., & Rary, E. (2021). Failure of the “gold standard”: 
The role of a mixed methods research toolkit and human-centered design in transformative 
WASH. Environmental Health Insights, 15, 11786302211018391. https://doi.org/10.1177/ 
11786302211018391 

Clasen, T., Schmidt, W.-P., Rabie, T., Roberts, I., & Cairncross, S. (2007). Interventions to improve 
water quality for preventing diarrhoea: Systematic review and meta-analysis. BMJ, 334(7597), 
782. https://doi.org/10.1136/bmj.39118.489931.BE 

Coates, J., Swindale, A., & Bilinsky, P. (2007). Household food insecurity access scale (HFIAS) for 
measurement of food access: Indicator guide (3rd ed.). Food and Nutrition Technical Assistance 
Project (FANTA), Academy for Educational Development.

Cohen, S., Kamarck, T., & Mermelstein, R. (1983). A Global Measure of Perceived Stress. Journal of 
Health and Social Behavior, 24(4), 385–396. https://doi.org/10.2307/2136404 

Cooper, M., Sandler, A., Vitellozzi, S., Lee, Y., Seymour, G., Haile, B., & Azzari, C. (2021). Re- 
examining the effects of drought on intimate-partner violence. PLOS ONE, 16(7), e0254346. 
https://doi.org/10.1371/journal.pone.0254346 

Cooper-Vince, C. E., Arachy, H., Kakuhikire, B., Vořechovská, D., Mushavi, R. C., Baguma, C., 
McDonough, A. Q., Bangsberg, D. R., & Tsai, A. C. (2018). Water insecurity and gendered risk 
for depression in rural Uganda: A hotspot analysis. BMC Public Health, 18(1), 1143. https://doi. 
org/10.1186/s12889-018-6043-z 

Cronin, A. A., & Pond, K. (2008). Article commentary: Just how big is the schism between the 
health sector and the water and sanitation sector in developing countries? Environmental Health 
Insights, 2, EHI.S986. https://doi.org/10.4137/ehi.S986 

de Moura, E. N., & Procopiuck, M. (2020). GIS-based spatial analysis: Basic sanitation services in 
Parana State, Southern Brazil. Environmental Monitoring and Assessment, 192(2), 96. https:// 
doi.org/10.1007/s10661-020-8063-2 

Deitz, S., & Meehan, K. (2019). Plumbing poverty: Mapping hot spots of racial and geographic 
inequality in U.S. household water insecurity. Annals of the American Association of 
Geographers, 109(4), 1092–1109. https://doi.org/10.1080/24694452.2018.1530587 

Drew, G., Deepika, M., Jyotishi, A., & Suripeddi, S. (2021). Water insecurity and patchwork 
adaptability in Bangalore’s low-income neighbourhoods. Water International, 46(6), 900–918. 
https://doi.org/10.1080/02508060.2021.1963031 

298 E. STUART ET AL.

https://strathprints.strath.ac.uk/77889/1/Barrington_etal_WASH_2021_Research_brief_amplifying_local_voices_to_reduce_failure.pdf
https://strathprints.strath.ac.uk/77889/1/Barrington_etal_WASH_2021_Research_brief_amplifying_local_voices_to_reduce_failure.pdf
https://doi.org/10.1177/11786302221104067
https://doi.org/10.1177/11786302221104067
https://doi.org/10.1016/j.ssmmh.2021.100008
https://doi.org/10.1002/ajhb.23309
https://doi.org/10.1002/ajhb.23309
https://doi.org/10.2166/washdev.2013.136
https://doi.org/10.1080/02508060.2021.1940715
https://doi.org/10.1080/02508060.2021.1940715
https://doi.org/10.1177/11786302211018391
https://doi.org/10.1177/11786302211018391
https://doi.org/10.1136/bmj.39118.489931.BE
https://doi.org/10.2307/2136404
https://doi.org/10.1371/journal.pone.0254346
https://doi.org/10.1186/s12889-018-6043-z
https://doi.org/10.1186/s12889-018-6043-z
https://doi.org/10.4137/ehi.S986
https://doi.org/10.1007/s10661-020-8063-2
https://doi.org/10.1007/s10661-020-8063-2
https://doi.org/10.1080/24694452.2018.1530587
https://doi.org/10.1080/02508060.2021.1963031


Ferdous Hoque, S. (2023). Socio-spatial and seasonal dynamics of small, private water service 
providers in Khulna district, Bangladesh. International Journal of Water Resources Development, 
39(1), 89–112. https://doi.org/10.1080/07900627.2021.1951179 

Howard, G., Bartram, J., Brocklehurst, C., Colford, J. M., Jr, Costa, F., Cunliffe, D., Dreibelbis, R., 
Eisenberg, J. N. S., Evans, B., Girones, R., Hrudey, S., Willetts, J., & Wright, C. Y. (2020). 
COVID-19: Urgent actions, critical reflections and future relevance of ‘WaSH’: Lessons for the 
current and future pandemics. Journal of Water and Health, 18(5), 613–630. https://doi.org/10. 
2166/wh.2020.162 

Jepson, W. E., Stoler, J., Baek, J., Morán Martínez, J., Uribe Salas, F. J., & Carrillo, G. (2021). Cross- 
sectional study to measure household water insecurity and its health outcomes in urban Mexico. 
BMJ Open, 11(3), e040825. https://doi.org/10.1136/bmjopen-2020-040825 

Kulinkina, A. V., Kosinski, K. C., Liss, A., Adjei, M. N., Ayamgah, G. A., Webb, P., Gute, D. M., 
Plummer, J. D., & Naumova, E. N. (2016). Piped water consumption in Ghana: A case study of 
temporal and spatial patterns of clean water demand relative to alternative water sources in 
rural small towns. Science of the Total Environment, 559, 291–301. https://doi.org/10.1016/j. 
scitotenv.2016.03.148 

Ministry of Water & Environment. (2022). Water supply atlas: Arua District. http://wsdb.mwe.go. 
ug/index.php/reports/district/22 

Moraga, P., & Montes, F. (2011). Detection of spatial disease clusters with LISA functions. Statistics 
in Medicine, 30(10), 1057–1071. https://doi.org/10.1002/sim.4160 

Nelson, S., Drabarek, D., Jenkins, A., Negin, J., & Abimbola, S. (2021). How community participa
tion in water and sanitation interventions impacts human health, WASH infrastructure and 
service longevity in low-income and middle-income countries: A realist review. BMJ Open, 11 
(12), e053320. https://doi.org/10.1136/bmjopen-2021-053320 

Nguyen, T. T., Ngo, H. H., Guo, W., Nguyen, H. Q., Luu, C., Dang, K. B., Liu, Y., & Zhang, X. 
(2020). New approach of water quantity vulnerability assessment using satellite images and GIS- 
based model: An application to a case study in Vietnam. Science of the Total Environment, 737, 
139784. https://doi.org/10.1016/j.scitotenv.2020.139784 

Octavianti, T., & Staddon, C. (2021). A review of 80 assessment tools measuring water security. 
Wiley Interdisciplinary Reviews: Water, 8(3). https://doi.org/10.1002/wat2.1516 

Pearson, A. L., Mack, E., Ross, A., Marcantonio, R., Zimmer, A., Bunting, E., Smith, A., Miller, J., 
Evans, T., & HWISE-RCN, N. (2021). Interpersonal conflict over water is associated with 
household demographics, domains of water insecurity, and regional conflict: Evidence from 
nine sites across eight sub-Saharan African countries. Water, 13(9), 1150. https://doi.org/10. 
3390/w13091150 

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 Interactions, 
19(8), 1–14. https://doi.org/10.1175/EI-D-14-0039.1 

Pearson, A. L., Zwickle, A., Namanya, J., Rzotkiewicz, A., & Mwita, E. (2016). Seasonal shifts in 
primary water source type: A comparison of largely pastoral communities in Uganda and 
Tanzania. International Journal of Environmental Research and Public Health, 13(2), 169. 
https://doi.org/10.3390/ijerph13020169 

Peloso, M., & Morinville, C. (2014). ‘Chasing for water’: Everyday practices of water access in peri- 
urban Ashaiman, Ghana. Water Alternatives, 7(1), 121–139. https://www.water-alternatives. 
org/index.php/alldoc/articles/vol7/v7issue1/237-a7-1-8 

Price, H. D., Adams, E. A., Nkwanda, P. D., Mkandawire, T. W., & Quilliam, R. S. (2021). Daily 
changes in household water access and quality in urban slums undermine global safe water 
monitoring programmes. International Journal of Hygiene and Environmental Health, 231, 
113632. https://doi.org/10.1016/j.ijheh.2020.113632 

Roque, A., Wutich, A., Quimby, B., Porter, S., Zheng, M., Hossain, M. J., & Brewis, A. (2022). 
Participatory approaches in water research: A review. WIREs Water, 9(2), e1577. https://doi. 
org/10.1002/wat2.1577 

Rosinger, A. Y., Brewis, A., Wutich, A., Jepson, W., Staddon, C., Stoler, J., & Young, S. L. (2020). 
Water borrowing is consistently practiced globally and is associated with water-related system 

WATER INTERNATIONAL 299

https://doi.org/10.1080/07900627.2021.1951179
https://doi.org/10.2166/wh.2020.162
https://doi.org/10.2166/wh.2020.162
https://doi.org/10.1136/bmjopen-2020-040825
https://doi.org/10.1016/j.scitotenv.2016.03.148
https://doi.org/10.1016/j.scitotenv.2016.03.148
http://wsdb.mwe.go.ug/index.php/reports/district/22
http://wsdb.mwe.go.ug/index.php/reports/district/22
https://doi.org/10.1002/sim.4160
https://doi.org/10.1136/bmjopen-2021-053320
https://doi.org/10.1016/j.scitotenv.2020.139784
https://doi.org/10.1002/wat2.1516
https://doi.org/10.3390/w13091150
https://doi.org/10.3390/w13091150
https://doi.org/10.1175/EI-D-14-0039.1
https://doi.org/10.3390/ijerph13020169
https://www.water-alternatives.org/index.php/alldoc/articles/vol7/v7issue1/237-a7-1-8
https://www.water-alternatives.org/index.php/alldoc/articles/vol7/v7issue1/237-a7-1-8
https://doi.org/10.1016/j.ijheh.2020.113632
https://doi.org/10.1002/wat2.1577
https://doi.org/10.1002/wat2.1577


failures across diverse environments. Global Environmental Change, 64, 102148. https://doi.org/ 
10.1016/j.gloenvcha.2020.102148 

Seidl, D. E., Jankowski, P., & Clarke, K. C. (2018). Privacy and false identification risk in 
geomasking techniques. Geographical Analysis, 50(3), 280–297. https://doi.org/10.1111/gean. 
12144 

Shah, S. H., Menghwani, V., Harris, L. M., Stoler, J., Brewis, A., Miller, J. D., & HWISE-RCN. 
(2023). Variations in household water affordability and water insecurity: An intersectional 
perspective from 18 low- and middle-income countries. Environment and Planning F, https:// 
doi.org/10.1177/26349825231156900 

Sindall, R. C., Barrington, D. J., & Shaylor, E. (2023). Learning from and preventing failure in 
WASH frontiers of sanitation: Innovations and insights 21, The sanitation learning hub. Institute 
of Development Studies.

Slaymaker, T., Johnston, R., Young, S., Miller, J., & Staddon, C. (2020). WaSH policy research digest 
issue #15: Measuring water insecurity. WaSH Policy Research Digest: https://waterinstitute.unc. 
edu/wp-content/uploads/sites/3640/2020/07/Issue_15_final.pdf 

Smiley, S. L., & Stoler, J. (2020). Socio-environmental confounders of safe water interventions. 
WIREs Water, 7(3), e1438. https://doi.org/10.1002/wat2.1438 

Stoler, J., Fink, G., Weeks, J. R., Otoo, R. A., Ampofo, J. A., & Hill, A. G. (2012). When urban taps 
run dry: Sachet water consumption and health effects in low income neighborhoods of Accra, 
Ghana. Health & Place, 18(2), 250–262. https://doi.org/10.1016/j.healthplace.2011.09.020 

Stoler, J., Guzmán, D. B., & Adams, E. A. (2023). Revisiting transformative WASH: Measuring 
impact. The Lancet Global Health. https://doi.org/10.1016/S2214-109X(23 

Stoler, J., Miller, J. D., Adams, E. A., Ahmed, F., Alexander, M., Asiki, G., Balogun, M., Boivin, M. 
J., Brewis, A., Carrillo, G., Chapman, K., Cole, S., Collins, S. M., Escobar-Vargas, J., Eini-Zinab, 
H., Freeman, M. C., Ghorbani, M., Hagaman, A., Hawley, N., . . . Young, S. L. (2021). The 
household water insecurity experiences (HWISE) scale: Comparison scores from 27 sites in 22 
countries. Journal of Water, Sanitation and Hygiene for Development, 11(6), 1102–1110. https:// 
doi.org/10.2166/washdev.2021.108 

Stoler, J., Pearson, A. L., Staddon, C., Wutich, A., Mack, E., Brewis, A., Rosinger, A. Y., Adams, E., 
Ahmed, J. F., Alexander, M., Balogun, M., Boivin, M., Carrillo, G., Chapman, K., Cole, S., 
Collins, S. M., Escobar-Vargas, J., Freeman, M., Asiki, G., . . . Zinab, H. (2020). Cash water 
expenditures are associated 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. https://doi.org/10.1016/j.scitotenv.2019.135881 

Tang, F., Cheng, Y., Bao, C., Hu, J., Liu, W., Liang, Q., Chen, F., Peng, Z., Yu, R., Shen, H., Chen, F., 
& Wu, Y. (2014). Spatio-temporal trends and risk factors for Shigella from 2001 to 2011 in 
Jiangsu Province, People’s Republic of China. PLOS ONE, 9(1), e83487. https://doi.org/10.1371/ 
journal.pone.0083487 

UNDP Water Governance Facility/UNICEF. (2015). WASH and accountability: Explaining the 
concept. SIWI and UNICEF.

Venkataramanan, V., Collins, S. M., Clark, K. A., Yeam, J., Nowakowski, V. G., & Young, S. L. 
(2020a). Coping strategies for individual and household-level water insecurity: A systematic 
review. Wiley Interdisciplinary Reviews. Water, 7(5), e1477. https://doi.org/10.1002/wat2.1477 

Venkataramanan, V., Geere, J.-A. L., Thomae, B., Stoler, J., Hunter, P. R., & Young, S. L. (2020b). 
In pursuit of ‘safe’ water: The burden of personal injury from water fetching in 21 low-income 
and middle-income countries. BMJ Global Health, 5(10), e003328. https://doi.org/10.1136/ 
bmjgh-2020-003328 

Weekly, C. (2021). Lessons in failure: Applying an organizational learning framework to under
standing attitudes towards failure in development. Environmental Health Insights, 15, 
11786302211044348. https://doi.org/10.1177/11786302211044348 

WHO/UNICEF. (2021). Progress on household drinking water, sanitation and hygiene 2000–2020: 
Five years into the SDGs. WHO.

Workman, C. L., Brewis, A., Wutich, A., Young, S., Stoler, J., & Kearns, J. (2021a). Understanding 
Biopsychosocial Health Outcomes of Syndemic Water and Food Insecurity: Applications for 

300 E. STUART ET AL.

https://doi.org/10.1016/j.gloenvcha.2020.102148
https://doi.org/10.1016/j.gloenvcha.2020.102148
https://doi.org/10.1111/gean.12144
https://doi.org/10.1111/gean.12144
https://doi.org/10.1177/26349825231156900
https://doi.org/10.1177/26349825231156900
https://waterinstitute.unc.edu/wp-content/uploads/sites/3640/2020/07/Issue_15_final.pdf
https://waterinstitute.unc.edu/wp-content/uploads/sites/3640/2020/07/Issue_15_final.pdf
https://doi.org/10.1002/wat2.1438
https://doi.org/10.1016/j.healthplace.2011.09.020
https://doi.org/10.1016/S2214-109X(23
https://doi.org/10.2166/washdev.2021.108
https://doi.org/10.2166/washdev.2021.108
https://doi.org/10.1016/j.scitotenv.2019.135881
https://doi.org/10.1371/journal.pone.0083487
https://doi.org/10.1371/journal.pone.0083487
https://doi.org/10.1002/wat2.1477
https://doi.org/10.1136/bmjgh-2020-003328
https://doi.org/10.1136/bmjgh-2020-003328
https://doi.org/10.1177/11786302211044348


Global Health. The American Journal of Tropical Medicine and Hygiene, 104(1), 8–11. https:// 
doi.org/10.4269/ajtmh.20-0513 

Workman, C. L., Stoler, J., Harris, A., Ercumen, A., Kearns, J., & Mapunda, K. M. (2021b). Food, 
water, and sanitation insecurities: Complex linkages and implications for achieving WASH 
security. Global Public Health, 1–16. https://doi.org/10.1080/17441692.2021.1971735 

Worsham, K., Sylvester, R., Hales, G., McWilliams, K., & Luseka, E. (2021). Leadership for SDG 
6.2: Is diversity missing? Environmental Health Insights, 15, 11786302211031846. https://doi. 
org/10.1177/11786302211031846 

Wright-Contreras, L., March, H., & Schramm, S. (2017). Fragmented landscapes of water supply in 
suburban Hanoi. Habitat International, 61, 64–74. https://doi.org/10.1016/j.habitatint.2017.02. 
002 

Wutich, A., & Brewis, A. (2014). Food, water, and scarcity: Toward a broader anthropology of 
resource insecurity. Current Anthropology, 55(4), 444–468. https://doi.org/10.1086/677311 

Wutich, A., Brewis, A., & Tsai, A. C. (2020). Water and mental health. WIREs Water, 7(5), e1461. 
https://doi.org/10.1002/wat2.1461 

Wutich, A., Budds, J., Jepson, W., Harris, L. M., Adams, E., Brewis, A., Cronk, L., DeMyers, C., 
Maes, K., Marley, T., Miller, J., Pearson, A., Rosinger, A., Schuster, R., Stoler, J., Staddon, C., 
Wiessner, P., Workman, C., & Young, S. (2018). Household water sharing: A review of water 
gifts, exchanges, and transfers across cultures. WIREs Water, 5(6), e1309. https://doi.org/10. 
1002/wat2.1309 

Wutich, A., Rosinger, A., Brewis, A., Beresford, M., & Young, S., & HWISE-RCN. (2022). Water 
sharing is a distressing form of reciprocity: Shame, upset, anger, and conflict over water in 
twenty cross-cultural sites. American Anthropologist, 124(2), 279–290. https://doi.org/10.1111/ 
aman.13682 

Young, S. L., Boateng, G., Jamaluddine, Z., Miller, J., Frongillo, E., Neilands, T., Collins, S. M., 
Wutich, A., Jepson, W. E., & Stoler, J., & HWISE-RCN. (2019a). The Household Water 
InSecurity Experiences (HWISE) Scale: Development and validation of a household water 
insecurity measure for low- and middle-income countries. BMJ Global Health, 4(5), e001750. 
https://doi.org/10.1136/bmjgh-2019-001750 

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-Quiñonez, H., Schuster, R. C., Stoler, J. B., & 
Wutich, A., & HWISE-RCN. (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), e023558. https://doi.org/10.1136/bmjo 
pen-2018-023558

WATER INTERNATIONAL 301

https://doi.org/10.4269/ajtmh.20-0513
https://doi.org/10.4269/ajtmh.20-0513
https://doi.org/10.1080/17441692.2021.1971735
https://doi.org/10.1177/11786302211031846
https://doi.org/10.1177/11786302211031846
https://doi.org/10.1016/j.habitatint.2017.02.002
https://doi.org/10.1016/j.habitatint.2017.02.002
https://doi.org/10.1086/677311
https://doi.org/10.1002/wat2.1461
https://doi.org/10.1002/wat2.1309
https://doi.org/10.1002/wat2.1309
https://doi.org/10.1111/aman.13682
https://doi.org/10.1111/aman.13682
https://doi.org/10.1136/bmjgh-2019-001750
https://doi.org/10.1136/bmjopen-2018-023558
https://doi.org/10.1136/bmjopen-2018-023558

	Abstract
	Introduction
	Methods
	Study site and sample
	Measures
	Spatial analysis
	Regression analysis

	Results
	Household characteristics
	Water insecurity
	Food insecurity
	Perceived stress
	Water worry
	Hygiene
	Conflict
	Regression analysis

	Discussion
	Acknowledgements
	CRediT author statement
	Disclosure statement
	Funding
	ORCID
	References

