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Abstract: Water insecurity may precipitate interpersonal conflict, although no studies to date have
rigorously examined these relationships. We examined relationships between household demograph-
ics, water insecurity, regional conflict, and interpersonal conflict over water. Using survey data from
eight sub-Saharan African countries, we found that interpersonal conflict within and outside the
home is associated with multiple domains of water insecurity, particularly accessibility. Further-
more, we found that higher levels of remote violence and protests are associated with greater within
household conflict, whereas riots and violent armed conflict are associated with greater conflict
between neighbors. Our findings expand upon the current literature by examining factors affecting
interpersonal conflict over water, which may become increasingly important as precipitation patterns
and land temperatures change in this region.

Keywords: rainfall; climate change; protests; interpersonal conflict; violence; water insecurity

1. Introduction

Sustainable access to adequate quantities of acceptable quality water (i.e., water
security) [1] is fundamental for human health and societal well-being. Yet, an estimated four
billion people around the world live in regions with water scarcity for at least one month
of the year [2]. Disparities in water access are related to geographic, economic, and social
divisions [3] and are anticipated to be exacerbated by increases in extreme weather events
and changing rainfall patterns caused by climate change [2]. These changes and disparities
are compounded by water-intensive behaviors, such as excess freshwater withdrawal,
related to increasing rates of urbanization and economic development [4]. Macroeconomic
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changes and political upheaval further undermine equitable water availability, accessibility,
affordability, quality, and reliability [5,6].

The increasing interconnectedness and transboundary nature of water flows and trans-
actions render water governance a global issue [3,7,8]. Consequently, conflict occurrence
over water resources is multiscalar [9-11] and highly contextual [12], ranging from physical
conflicts (e.g., water wars) to contested power relations [13]. At the nation-state level,
transboundary water agreements are a common strategy for grappling with the governance
challenges associated with the uneven distribution of water and the transboundary nature
of waterways [13]. A critical hydro political perspective on these agreements suggests they
are shortsighted stopgaps to conflict that ignore or fail to consider the socio—ecological
dynamics driving conflict over water resources [13-15]. From this perspective, transbound-
ary agreements are a good example of hydro-hegemony [16,17] because they suffer from
asymmetric power-relations that better position the powerful party to leverage a variety of
tactics and strategies to move towards consolidated control over water resources [18].

While transboundary agreements between nation—states are certainly visible, high-
profile examples of conflict and cooperation related to water resources, a growing body
of work is beginning to analyze conflict and power dynamics at a more localized, sub-
national level. For example, Garrick et al. [12] reviewed work on water reallocation from
rural to urban areas, which is increasing due to rising levels of urbanization in the Global
South. In regard to water and conflict directly, a preponderance of research has focused
on regional scale conflict at the country and sub-national level with varied results [19-24].
Mack et al. [25] categorize this body of work into four groups. One group of studies
found no linkage between water and conflict [26,27] and suggests this linkage may operate
through other pathways (e.g., human health, food security). A second group found drier
conditions or lower than average rainfall is associated with conflict [22,28,29]. These studies
support the idea that scarce conditions produce conflict [30-32]. A third group found that
wetter conditions are associated with conflict [19,33,34], arguing that during times of
above-average rainfall, there is an abundance of resources, and, therefore, conflict is more
productive than in times of scarcity [35,36]. Lastly, the fourth group of studies found that
any deviation from normal leads to conflict [37-39]. This diversity of findings may be
related to the type of conflict in question [20,39]. For example, Hendrix and Salehyan [20]
found that violent conflicts, such as battles and riots, were more likely in wetter years while
non-violent conflicts, such as protests and strikes, were more likely in drier years.

Within the growing body of work on water and conflict at finer spatial
scales [19,27,28,34,38,40], there are few studies analyzing the link between interpersonal
conflict and water where interpersonal conflict can be considered as conflict between indi-
viduals typically within a familial or social network relationship. Examples of this type of
conflict include domestic intra-household disputes and violence [41,42], disputes over land
tenure [43,44], and robbery. We hypothesize that water would impact the incidence of inter-
personal conflict (including domestic violence) because of stress produced by coping with
water insecurity directly or concomitant economic conditions and food insecurity [45,46].
Violent conflict between neighbors within the same community may also be possible due
to climate-related migration [47]. Evidence from prior work also provides support for
linkages between water and conflict. A study in rural Tanzania, for example, found that
rainfall deviations (both positive and negative) led to the increased murder of ‘witches’,
who are often elderly women [48]. Sekhri and Stoneygard [49] also found lower rainfall
was associated with increased domestic violence and dowry deaths in India.

Prior research highlights that specific water insecurity domains may influence conflict.
In particular, spending large amounts of time collecting water has been associated with
greater conflict [50]. Evidence from East Africa suggests that when women are unable to
provide or fetch adequate water or do not complete housework due to time spent fetching
water, they are at risk of intimate partner abuse [51]. Unreliability and inaccessibility of
water have also been shown to increase conflict between neighbors in Uganda [52]. At the
regional scale, conflict (both armed and unarmed) may cause higher stress and tension
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within households, thereby precipitating interpersonal conflict. Likewise, areas with higher
population density may experience higher levels of stress over limited water resources,
thus resulting in conflict both within the household and possibly between neighbors.

To this point in time, however, fine-grained studies about violence between neigh-
bors within the same community (e.g., village, city block) are scarce. This is particularly
true for studies on water security and conflict, given the focus of prior work on rainfall
patterns [48,49]. We, therefore, examined the relationship between demographics, water in-
security, and interpersonal conflict over water both within households and with neighbors
using household-level data (n = 2728) from nine sites across eight countries in sub-Saharan
Africa. First, we hypothesized that interpersonal conflict over water within and outside
the home would be associated with larger household size, female household head, lower
relative socioeconomic position, and lower income and age. Second, interpersonal conflict
over water within and outside the home would be associated with at least one water
insecurity domain: (i) quantity, (ii) quality, (iii) reliability, (iv) accessibility, or (v) cost,
even when adjusting for food insecurity and demographic characteristics. Third, inter-
personal conflict over water both within and outside the home would be more frequently
affirmed in sites with higher levels of local conflict (both armed and unarmed) and/or
higher population densities.

2. Materials and Methods
2.1. Sample

The data used in this study were from the Household Water Insecurity Experiences
(HWISE) study, which was conducted between 2017 and 2018 [53]. We restricted the
current analyses to only sites within sub-Saharan Africa (nine sites from eight countries;
n = 2728 households). At all sites, informed consent was obtained prior to data collection
by a trained field member with Internal Review Board oversight (from a variety of in-
stitutions) and administered in an appropriate local language (for details, see [53]). The
survey was conducted with one eligible adult per household who self-identified as being
knowledgeable about the household’s water situation. We further restricted the analyses to
households for which we had complete data on all variables used in analyses (n = 2163),
yielding our final analytical dataset (Figure 1).

2.2. Interpersonal Conflict over Water

The survey questions related to conflict over water were, “In the last 4 weeks, how
frequently did you or anyone in your household have problems with water that caused
difficulties with neighbors or others in the community?” and “In the last 4 weeks, how
frequently did you or anyone in your household have problems with water that caused
difficulties within your household?” Enumerator training for these questions focused on
our intention to capture conflicts related to problems with water [54]. Training at each
site involved at least one formally appointed lead investigator responsible for consistent
training of all enumerators over 1-2 days. The first portion of the training curriculum
was didactic, relying on a survey manual. The remainder was interactive and tactile,
involving piloting and troubleshooting issues. Responses were in the form of frequency
rankings from “never” (0 times) to “always” (more than 20 times in the last four weeks).
For descriptive statistics, we generated a binary variable for each, representing any conflict
versus no conflict in the prior four weeks.

2.3. Demographic Characteristics

Information on respondent age, sex of household head, and the number of children
in the household was collected. Monthly cash income was measured through a survey
question: “What is the primary monthly income for your household?” This was converted
into USD using conversion rates at the time that data collection was completed at each
site. We then calculated site-specific z-scores of monthly income. Because income was not
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within a study site, as done in previous work [55].
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Figure 1. Map of study sites and proportions of households reporting conflict over water within the household or

with neighbors.

Participants were shown a picture of a ladder and asked, “Please think of this ladder
as representing the socioeconomic standing of people in your community. At the top of
the ladder are those who are best off; they have the most money, the most education, the
most respected jobs. At the bottom are people who have the least money, least education,
and least respected jobs. Where would you place yourself on this ladder?” to measure the
relative socioeconomic position (SEP). This MacArthur Scale of Subjective Social Status [56]
has values, which we coded to range from high status (10) to low status (1).

Food insecurity scores were generated using the 9-item Household Food Access
Insecurity Scale (HFIAS) (0 = low, 27 = high) [57], using Likert-type responses and a 4-week
recall period. Field staff recorded the cluster/site’s urban versus rural category and the
season in which data were collected (wet, dry, or neither wet nor dry).

2.4. Domains of Water Insecurity

We used five questions to represent different domains of water insecurity (Table 1).
Responses to all items, except those that related to accessibility, were in the form of
frequency rankings from “never” (0 times) to “always” (more than 20 times in the last four
weeks). Accessibility was recorded as roundtrip time, in minutes, to a household’s primary
water source.
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Table 1. Water insecurity domains and survey questions.

Water Insecurity

Domain Question
Quantit “In the last 4 weeks, how frequently did you or anyone in your household worry
y you would not have enough water for all of your household needs?”
Qualit “In the last 4 weeks, how frequently have you or anyone in your household actually
uatty drunk water that you thought was unsafe?”
“In the last 4 weeks, how frequently have you or anyone in your household’s day
Reliability been interrupted by your water situation, including getting or distributing water
within the household?”
Accessibility How long (in minutes) does it take to go to the water source, get water, and come

back (including wait time)?”

“In the past 4 weeks, approximately how much money did you spend on getting

Cost water for your household?”

2.5. Regional Scale Conflict

To estimate proximity to regional conflict among survey participants, we used the
latitude and longitude coordinates of the center of the sampling cluster. We then extracted
the number (point data) and type of conflict event occurring between 2016 and 2018
within 500 km of this location using the Armed Conflict Location and Event Database
(ACLED) [58]. A distance of 500 km was used because this was deemed a reasonable
distance of regional conflict affecting neighboring areas. These values were then assigned
as a cluster-level measure of conflict (mean = 1674.5, sd = 1525.5, range: 341 to 5266). We
also conducted a sensitivity analysis examining differing buffer sizes (100 km, 1000 km)
and by type of conflict (battles, riots, protests, strategic development, remote violence,
violence against civilians) (see Table S10 for descriptive statistics).

2.6. Population Density

To assign population density to participants in the survey, we used 1 km resolution
population data [59] and the coordinates of the sampling cluster to extract the population
density of each cell within 10 km of each cluster location for the year 2015 (most recent year
preceding the survey data period). A distance of 10 km was used as a reasonable distance
to characterize a village and surrounding areas in a rural setting or the density of a city,
based on previous village survey work [60]. We averaged these values (population/km?)
and assigned the average population density to each household (mean =3183.2, sd = 6868.1,
range: 53.7 to 24,062.0).

2.7. Statistical Analyses

We first generated descriptive statistics for the demographic characteristics and each
domain of water insecurity, stratified by whether or not the household experienced conflict
within the past four weeks. We then evaluated differences for each using unequal variances
t-tests for continuous variables, Wilcoxon rank-sum tests for ordinal variables, and chi-
square tests for count data.

Before addressing the hypotheses, we first evaluated potential multicollinearity be-
tween our independent variables of interest. We did so by creating a correlation matrix
(Table S1) and determined that multicollinearity was unlikely an issue (no correlations
exceeded 0.55). To address our first hypothesis, we used multi-level ordinal logistic regres-
sion models with frequency of either conflict with neighbors or within the household as the
dependent variable. We included demographic variables as independent variables (female
head of household, age, number of children, relative SEP, and monthly cash income z-score).
We also included whether the survey was conducted in the dry season and accounted for
clustering within sampling clusters (e.g., neighborhood) and within each study site.

To address our second hypothesis, we estimated similar regression models, with the
addition of five independent variables representing separate domains of water insecurity
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(quantity, quality, accessibility, reliability, and cost) as independent variables. We also
included the food insecurity score as a potential confounder.

To address our third hypothesis, we estimated regression models (similar to those used
for hypothesis 2), with the addition of two cluster-level variables: conflict within 500 km
and average population density within 10 km. To further ensure that multicollinearity
was not an issue in our regression modeling, we estimated the variance inflation factor
(VIF) for each model. All models had VIFs < 1.5, indicating no issues. Due to concerns
over the differences in water insecurity contexts across rural and urban settings, we also
fitted stratified models for our most complex models (with all independent variables). All
statistical analyses were conducted using Stata v16 (StataCorp, College Station, TX, USA).

3. Results

Among all study sites, Arua, Uganda had the highest (44.7%), and Singida, Tanzania
had the lowest (8.2%) proportion of households experiencing conflict with neighbors over
water (data not shown in tabular form; Figure 1). Kahemba, Democratic Republic of
Congo (DRC) had the highest (73.5%) and Lagos, Nigeria, the lowest (7.7%) proportion of
households experiencing conflict within the household over water. Kampala, Uganda had
the highest level of regional conflict (1 = 5266; mostly violent armed conflict or battles), and
Kahemba, DRC had the lowest (1 = 341), followed closely by Lilongwe, Malawi (n = 347).
Population density was highest in Lagos, Nigeria (1 = 24,061.99) and lowest in Singida,
Tanzania (n = 53.75).

We found that households with conflict with neighbors over water had more children
(3.1 versus 2.8, p = 0.040), higher food insecurity scores (11.3 versus 7.4, p < 0.001), and a
smaller proportion experiencing a dry season during the survey (33% versus 49%, p < 0.001)
(Table 2). These households also had a lower self-reported relative SEP (4.1 versus 5.1,
p < 0.001), but no difference was detected for the site-specific z-scores of relative SEP. Like-
wise, these households had lower monthly cash income ($75.90 versus $157.50, p < 0.001),
but no difference was detected for the site-specific z-scores of monthly cash income. Re-
spondents in rural settings reported lower levels of conflict compared to those residing in
urban areas, and in both settings, conflict with neighbors was lower than conflict within
the home. For every domain of water insecurity, conditions were worse in households
experiencing conflict with neighbors over water in the past four weeks.

Table 2. Descriptive statistics for demographics and water insecurity domains by whether or not the household experienced

conflict with neighbors in the past four weeks. p-values are for group difference tests.

No Conflict with Any Conflict with
Neighbors in the Past Neighbors in Past Total p-Value
4 Weeks 4 Weeks
Age, mean (sd) § 35.9 (12.3) 37.6 (13.6) 36.3 (12.6) 0.080
Number children, mean (sd) § 2.8 (1.9) 3.1 2.1) 2.9 (1.9) 0.040
Relative socioeconomic position, mean (sd) } 5.1 (2.5) 4.1 (2.3) 49 (2.5) <0.001
Relative socioeconomic position z-scores by
site, mean (sd) § 0.0 (1.0 0.0 (1.0) 0.0 (1.0) 0.251
Monthly income in USD, mean (sd) § 157.5 (363.5) 75.9 (139.6) 140.3 (330.8) <0.001
Monthly income z-scores by site, mean (sd) § 0.0 (1.0) 0.0 (1.0) 0.0 (1.0) 0.740
Food insecurity score, mean (sd) 7.4 6.9) 11.3 (6.4) 8.2 (7.0) <0.001
Dry season, % ® 48.5 33.3 45.3 <0.001
Urban, % ® 38.3 21.7 56.9 0.001
<0.
Rural, % ® 24.6 19.3 43.1
Female hh, % © 24.0 26.1 244 0.357
Quantity: Worried about not having enough 1.0 a.2) 16 (1.2) 12 (1.2) <0.001
water, mean (sd) ’ ’ ’ ’ ’ i :
Quality: Drank water you thought was 038 1.2 13 (1.3) 09 (1.2) <0.001
unsafe, mean (sd) f ’ ’ ’ ’ : ! :
Water Reliability: Day been interrupted due

insecurity eliability: ag een Interrupted due to 0.6 (1.0) 13 (1.0) 0.8 (1.0) <0.001

domains water, mean (sd) t
Accessibility: Minutes return trip to collect 399 (46.4) 483 48.1) 417 (46.9) 0.001
water, mean (sd) { ’ ’ ’ . . ’ :
Cost: % hh income spent on water/month,
mean (od) § 7.0 (14.6) 9.1 (15.6) 75 (14.8) 0.012

§ = t-test allowing for unequal variance between groups; $ = Wilcoxon rank sum test; ® = Chi-squared test; Bolded values p < 0.05.
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In comparison, households that experienced conflict within the household over water

also had more children, higher food insecurity scores, lower relative SEP, lower cash income,
and higher water insecurity scores for every domain (Table 3). There were, however,
some notable differences. Households experiencing internal conflict over water had older
respondents, lower z-scores of relative SEP, larger proportions experiencing a dry season
during the survey, lived in urban areas, and had a female head of household. Strikingly,
the average walking time to collect water for households with internal conflict was double
that of households without internal conflict (66 min vs. 30 min, p < 0.001)

Table 3. Descriptive statistics for demographics and water insecurity domains by whether or not the household experienced internal

conflict in the past four weeks. p-values are for group difference tests.

No Conflict within Any Conflict within
Household in the Past 4 Household in Past 4 Total p-Value
Weeks Weeks
Age, mean (sd) § 35.6 12.0 37.5 13.2 36.2 12.5 0.001
Number children, mean (sd) § 2.7 1.9 3.1 2.0 29 1.9 <0.001
Relative socioeconomic position, mean (sd) f 54 24 3.8 2.3 49 2.5 <0.001
Relative socioeconomic position z-scores by 01 10 _o1 10 0.0 1.0 <0.001
site, mean (sd) §
Monthly income in USD, mean (sd) § 176.6 390.7 744 139.7 143.5 334.3 <0.001
Monthly income z-scores by site, mean (sd) § 0.0 1.0 0.0 1.0 0.0 1.0 0.491
Food insecurity score, mean (sd) 6.2 6.1 12.0 7.1 8.1 7.0 <0.001
Dry season, % ® 42.1 54.4 46.1 <0.001
Urban, % ® 52.0 67.2 56.9 <0.001
Female hh, % ® 21.1 31.8 24.6 <0.001
Quantity: Worried about not having enough 08 11 18 13 11 12 <0.001
water, mean (sd) . : . . . h .
Quality: Drank water you thought was
unsafe, mean (sd) 1 0.6 1.1 15 13 0.9 12 <0.001
Water security ~ Reliability: Day been interrupted due to

domains water, mean (sd) £ 0.5 0.8 14 1.1 0.8 1.0 <0.001
Accessibility: Minutes return trip to collect 29.9 36.6 66.1 55.7 416 46.8 <0.001
water, mean (sd)
Cost: % hh income spent on water/month, 6.9 14.0 86 16.4 75 14.8 0.015
mean (sd) §

§ = t-test allowing for unequal variance between groups; § = Wilcoxon rank sum test; & = Chi-squared test; Bolded values p < 0.05.

None of the demographic characteristics were independently associated with the
frequency of conflict with neighbors over water (Table 4, Model A). However, number of
children, relative SEP, and monthly cash income z-scores were all associated with conflict

over water within the household (Table 4, Model B).

Table 4. Ordinal logistic regression modeling results for associations between demographic characteristics and conflict with
neighbors (Model A) or within the household (Model B).

Model A: Frequency of Conflict Model B: Frequency of Conflict within
with Neighbors the Household
p- 950/0 p- 950/0
B se Value Conf. Interval B se Value Conf. Interval
Female head of household —0.09 0.14 0.499 —0.36 0.17 0.14 0.12 0.209 —0.08 0.37
Number kids 0.05 0.03 0.091 —0.01 0.11 0.08 0.03 0.004 0.03 0.13
Relative socioeconomic —~005 003 0094 -011 001 | —018 003 <0.001 —024 —0.12
position
Monthly income z-score —001 006 0932 -012 011 0.11 005 0029 001 0.21
(USD)
Age 0.00 0.00 0.587 —0.01 0.01 0.00 0.00 0.945 —0.01 0.01
Dry season —0.60 0.58 0.305 —1.74 0.54 0.71 0.68 0.298 —0.63 2.05

Bolded values p < 0.05.
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We found that the dry season, food insecurity, and water quality and reliability
were each independently associated with conflict with neighbors (Table 5, Model C). For
households experiencing a dry season during the survey, we expect a 0.96 decrease in
the log odds of being in a higher level of conflict with neighbors. In contrast, drinking
unsafe water, interruptions due to water, and food insecurity were associated with a higher
level of conflict with neighbors. When assessing the level of conflict within the household
(Table 5, Model D), we detected positive associations with the number of children, food
insecurity, and each domain of water insecurity, except cost (p = 0.054). However, the
magnitudes of association were small for food insecurity and accessibility. The most
pronounced association of these domains was reliability (3 = 0.64, p < 0.001). We also
detected a negative association with relative SEP.

Table 5. Ordinal logistic regression modeling results for associations between demographic characteristics, water insecurity
domains, and conflict with neighbors (Model C) or within the household (Model D).

. C . Model D: Frequency of Conflict within
Model C: Frequency of Conflict with Neighbors the Household
95% 95%
B se p-Value Conf. Interval B se p-Value Conf. Interval
Female head of household —0.13 0.14 0.341 —041 0.14 0.13 0.12 0.265 ~0.10 0.37
Number kids 0.04 0.03 0216 ~0.02 0.10 0.07 0.03 0.008 0.02 0.13
Relative socioeconomic 0.03 0.03 0.448 ~0.04 0.09 ~0.11 0.03 <0.001  —0.17 ~0.05
position
Monthly income z-score (USD) ~ —0.04 0.06 0.579 ~0.16 0.09 0.09 0.05 0.080 ~0.01 0.20
Age 0.00 0.00 0.860 ~0.01 0.01 0.00 0.00 0.401 ~0.01 0.00
Dry season ~096 0.43 0.027 ~1.80 —0.11 0.40 0.47 0.395 052 133
Food insecurity 0.05 0.01 <0.001 0.02 0.07 0.03 0.01 0.006 0.01 0.05
Quantity: Worried about not 0.11 0.06 0.052 0.00 0.22 0.14 0.05 0.004 0.05 0.24
having enough water
Quality: Drank water you 0.22 0.06 <0.001 0.11 033 0.18 0.05 <0.001 0.09 0.27
thought was unsafe
Reliability: Day been 0.55 007 <0001 042 0.68 0.64 006 <0001 052 0.76
interrupted due to water
Accessibility: Minutes return 0.00 0.00 0.093 0.00 0.01 0.01 0.00 <0.001 0.00 0.01
trip to collect water
Cost: % hh income spent on 0.00 0.00 0.251 ~0.01 0.00 0.01 0.00 0.054 0.00 0.01
water/month

Bolded values p < 0.05.

Regional conflict was positively associated with conflict with neighbors, but the
magnitude of the association was small (Table 6). In sensitivity analyses (see Supplementary
Materials Tables 51-59), buffer size did not appear to be important, as regional conflict
within 100 km and 1000 km yielded similar results to 500 km. When examining associations
by types of conflict, many results were similar to those for all types combined, with a few
exceptions. Conflict within the home was associated with remote violence and protests
and with population density in those models (Models 59 and S13).
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Table 6. Ordinal logistic regression modeling results for associations between demographic characteristics, water insecurity
domains, regional conflict, population density, and conflict with neighbors (Model E) or within the household (Model F).

Model E: Frequency of Conflict with Model F: Frequency of Conflict within the
Neighbors Household
p- 95% p- 95%
B se Value Conf. Interval B se Value Conf. Interval
Female head of household —0.14 0.14 0.325 —0.42 0.14 0.13 0.12 0.268 —0.10 0.37
Number kids 0.04 0.03 0.241 —0.02 0.09 0.07 0.03 0.010 0.02 0.12
Relative socioeconomic 0.03 003 038  —004 009 | —011 003 <0001 —017 —0.05
position
Monthly income z-score —004 006 0579 —016  0.09 0.09 005 0087 —001  0.19
(USD)
Age 0.00 0.00 0.859 —0.01 0.01 0.00 0.00 0.427 —-0.01 0.00
Dry season —0.84 0.36 0.021 —1.55 —-0.13 0.32 0.40 0.421 —0.46 1.11
Food insecurity 0.05 0.01 <0.001 0.02 0.07 0.03 0.01 0.009 0.01 0.05

Quantity: Worried about

; 0.11 0.06 0.053 0.00 0.22 0.14 0.05 0.004 0.05 0.24
not having enough water

Quality: Drank water you

0.21 0.06 <0.001 0.10 0.32 0.18 0.05 <0.001 0.08 0.27
thought was unsafe

Reliability: Day been
interrupted due to water

Accessibility: Minutes
return trip to collect water

0.55 0.07 <0.001 0.41 0.68 0.64 0.06 <0.001 0.52 0.76

0.00 0.00 0.109 0.00 0.01 0.01 0.00 0.001 0.00 0.01

Cost: % hh income spent

0.00 0.00 0.332 —0.01 0.00 0.01 0.00 0.054 0.00 0.01
on water/month

Mean population density
of cluster

Regional conflict 20162018
within 500 km of cluster

0.00 0.00 0.774 0.00 0.00 0.00 0.00 0.059 0.00 0.00

0.00 0.00 0.032 0.00 0.00 0.00 0.00 0.250 0.00 0.00

Bolded values p < 0.05.

In our rural/urban sensitivity analyses, we found that in urban areas, the number of
children, dry season, food insecurity, reliability, population density, and broader conflict
were all associated with conflict with neighbors (Table 7, Model G). Results are similar
to our overall findings (Table 6, Model E), with the addition of population density and
number of children and the attenuation of the quality—conflict association. We also found
that conflict within the home was associated with number of children, relative SEP, income,
quality, reliability, accessibility, and cost (Table 7, Model H). In comparison to our overall
results (Table 6, Model F), we saw the addition of income and cost as predictors and the
attenuation of the associations for food insecurity and quantity. In rural areas, we found
that conflict was associated with water insecurity measures only (quantity, quality, and
reliability for conflict with neighbors and quantity, quality, and accessibility for conflict
within the household) (Table 8, Models I and ]).
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Table 7. Ordinal logistic regression modeling results for associations between demographic characteristics, water insecurity

domains, regional conflict, population density, and conflict with neighbors (Model G) or within the household (Model H) in

urban areas only.

Model G: Frequency of Conflict with Neighbors

Model H: Frequency of Conflict within the Household

95% 95%
B se p-Value Con(;. Interval B se p-Value Con;. Interval]
Female head of household —0.12 0.17 0.472 —0.46 0.21 0.20 0.14 0.157 —0.08 048
Number kids 0.07 0.04 0.059 0.00 0.15 0.08 0.03 0.031 0.01 0.14
Relative socioeconomic position 0.05 0.04 0.251 —0.04 0.14 —0.17 0.04 <0.001 —0.26 —0.09
Monthly income z-score (USD) —0.03 0.08 0.723 —0.18 0.12 0.14 0.07 0.031 0.01 0.27
Age 0.00 0.01 0.401 —0.02 0.01 0.00 0.01 0.940 —0.01 0.01
Dry season —0.97 021 <0.001 ~1.38 —0.56 0.70 0.46 0.127 ~0.20 1.60
Food insecurity 0.06 0.01 <0.001 0.03 0.09 0.02 0.01 0.094 0.00 0.05
Quantity: Worried about not ~0.06 0.07 0.333 ~0.19 0.06 0.02 0.06 0.680 ~0.09 0.14
aving enough water
Quality: Drank water you thought 0.08 0.07 0.242 —005 0.22 015 0.06 0.009 0.04 0.27
was unsafe
Reliability: Day been interrupted 057 0.08 <0.001 0.42 0.73 0.74 0.07 <0.001 0.59 0.88
ue to water
Accessibility: Minutes return trip 0.00 0.00 0.536 —001 0.00 0.01 0.00 0.013 0.00 0.01
to collect water
Cost: % hh income spent on 0.00 0.00 0.805 —0.01 0.01 0.01 0.00 0.017 0.00 0.02
water/month
Mean population density of cluster 0.00 0.00 0.016 0.00 0.00 0.00 0.00 0.061 0.00 0.00
Regional conflict 2016-2018 within 0.00 0.00 <0.001 0.00 0.00 0.00 0.00 0.536 0.00 0.00

500 km of cluster

Bolded values p < 0.05.

Table 8. Ordinal logistic regression modeling results for associations between demographic characteristics, water insecurity

domains, regional conflict, population density, and conflict with neighbors (Model I) or within the household (Model ]) in

rural areas only.

Model I: Frequency of Conflict with Neighbors

Model J: Frequency of Conflict within the Household

95% 95%
B se p-Value Conf. Interval B se p-Value Conf. Interval
Female head of household ~0.18 0.26 0.505 ~0.69 034 ~025 023 0282 ~0.69 0.20
Number kids ~0.04 0.05 0.386 ~0.14 0.05 0.05 0.05 0257 ~0.04 0.14
Relative socioeconomic position 0.02 0.05 0.677 —0.08 0.13 —0.04 0.05 0.379 —0.13 0.05
Monthly income z-score (USD) 0.06 0.13 0.661 ~0.19 030 0.06 0.10 0577 —0.14 0.26
Age 0.00 0.01 0.628 —0.01 0.02 —0.01 0.01 0.161 —0.02 0.00
Dry season 0.01 0.83 0.995 ~1.63 164 —0.84 073 0252 —228 0.60
Food insecurity 0.03 0.02 0.143 ~0.01 0.07 0.03 0.02 0.140 ~001 0.07
puantity: Worried about not 0.54 0.11 <0.001 0.32 0.75 0.53 0.09 <0.001 0.35 071
avmg enough water
Quality: Drank water you thought 030 0.09 0.002 0.11 0.48 022 0.08 0.005 0.06 037
was unsafe
Reliability: Day been interrupted 0.45 0.13 0.001 0.18 071 023 0.12 0.053 0.00 047
ue to water
Accessibility: Minutes return trip 0.00 0.00 0316 0.00 0.01 0.00 0.00 0.048 0.00 0.01
to collect water
Cost: % hh income spent on —0.01 0.01 0.189 —0.02 0.00 0.00 0.01 0.999 —0.01 0.01
water/month
Mean population density of cluster 0.00 0.00 0.166 0.00 0.00 0.00 0.00 0.990 0.00 0.00
Regional conflict 2016-2018 within - 9 0.00 0.214 0.00 0.00 0.00 0.00 0.497 0.00 0.00

500 km of cluster

4. Discussion

Bolded values p < 0.05.

There is a robust body of literature examining the relationship between water (in)

security, climate trends, and conflict broadly defined [19,20,61,62]. However, far less is
known about water insecurity and interpersonal conflict over water. Our study is one of
the first to examine the relationship between demographics, water insecurity, and regional
conflict using household-level data. The analysis moves beyond a consideration of water
availability to empirically consider other domains of water insecurity that may be related to
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interpersonal conflict (quality, reliability /sustainability, accessibility, and cost). Our results
showcase the nuances of household and community vulnerability to water insecurity and
provide insights into factors that are associated with conflict related to water.

Overall, our results indicate that households that experienced internal conflict and
those that experienced conflict with neighbors differed from households that did not
experience these types of conflict. In support of our first hypothesis, we found that conflict
over water within the home was associated with household size, relative SEP, and income
but not age or female-headed households. Specifically, households with more children
were more likely to experience conflict within the household, suggesting that conflict is
more likely when there are more individuals present. These results are consistent with prior
work which found below poverty level income [63] and the presence of children in the
household [64-66] increased the risk of interpersonal violence. They are also consistent with
studies of water collection in sub-Saharan Africa which found that women and children
spend a disproportionate amount of time fetching water [67,68] and that the amount of
time spent fetching water is associated with a higher risk of spousal abuse for women
within households [51]. But we note that income may be correlated with the availability
and accessibility of different forms of water infrastructure. Residential areas with a high
proportion of low-income households are more likely to have poorer water infrastructure
than residential areas with high-income households, so it is important to acknowledge
that the relationship between income and water insecurity may be associated with factors
beyond the household context.

Here, it is important to note some differences in results with regard to the specification
of income. We found higher levels of within-household conflict were associated with
higher income and lower relative SEP. These contradicting results may be explained by
issues associated with self-reported income in survey work [69-72]. Studies note, for
example, that high-income respondents report lower-than-actual earnings while low-
income respondents report higher-than-actual earnings [70,71,73]. But in the absence
of publicly available income tax or pension data, survey data are the only means of
collecting income information, albeit imperfect [72]. To attenuate reporting problems
associated with income, we included other measures of socioeconomic status (e.g., relative
socioeconomic position). Interestingly, none of the demographic characteristics were
associated with conflict with neighbors. Although our findings do not indicate causal
effects, the significant differences between households that experienced within and between
household conflict and those who did not support our predictions that demographic
characteristics are associated with interpersonal conflict.

In support of our second hypothesis, we found that interpersonal conflict both within
and outside the home was associated with at least one water insecurity domain. This is
consistent with the argument that strain and stress related to water insecurity could re-
sult in household-level conflict. The most common domain of water insecurity—lack
of accessibility—was evidenced most acutely in households that experienced within-
household conflict. Compared to households that did not report conflict within the home,
these households traveled, on average, twice the distance to a water source. This finding
echoes other research showing that greater distance from a water source is associated
with poorer health outcomes [74] and increased domestic violence in the home [75]. In
examining demographic and water insecurity variables in tandem, we found that higher
food insecurity, water quality and quantity issues, reliability issues, and access were all
positively associated with higher levels of conflict within the household. Interestingly,
cost was not associated with conflict. These findings suggest that when members of the
household struggle to access this key resource, internal strife may be more likely. Most
importantly, for each domain of water insecurity except cost, conditions were worse in
households experiencing conflict within the household. This suggests that water-insecure
situations may lead to micro-level aggressions within the household. Again, our findings
are cross-sectional;future longitudinal studies may provide causal insights.
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We also found that higher food insecurity, water quality issues, and reliability issues
were associated with higher frequency of conflict with neighbors when the survey was con-
ducted outside of the dry season. Since water quality and reliability were both associated
with higher conflict with neighbors, this suggests that improving infrastructure for water
provision or treatment may help to reduce conflict and strife at the community level. Since
this is one of the first studies to consider water quality and conflict, additional comparative
research and longitudinal studies are needed.

Our finding that there was less conflict with neighbors during the dry season pro-
vides evidence in favor of prior work indicating a link between dry conditions and less
conflict [58]. One explanation for this association is that there may be less demand for
water in agricultural households during the dry season because water is used primarily
for consumption; water is also needed for planting, growing, and harvesting during the
wet season. Another key finding related to seasonal changes in rainfall is that water un-
reliability was associated with increased conflict between households. In many countries
of sub-Saharan Africa, water security during the ‘wet’ or rainy season(s) can be less pre-
dictable/more variable than the dry season(s), in part due to climate change and increasing
rainfall variability. This means that water scarcity is more consistent during the dry sea-
son, and water is less reliable during the wet/rainy season, particularly in the context of
climate change.

Finally, we hypothesized that interpersonal conflict over water both within the home
and between neighbors would be more likely in sites with higher levels of regional conflict
(both armed and unarmed) or higher population densities. When looking at the possibility
that micro-level interpersonal conflicts may relate to larger scale conflict, we found that
regional conflict was positively associated with conflict between neighbors. Determining
the specific causal link is not possible with our cross-sectional data; it is plausible that
conflict with neighbors leads to more serious conflicts and vice versa. We did find that
this regional form of conflict was important at multiple scales (100 km, 500 km, and 1000
km) and for different types of conflict (riots, violent armed conflict). In contrast, protests
and remote violence were associated with conflict within the home. These findings are
consistent with prior work that suggests that conflict types vary within and between
states [9]. This implies that steps to reduce disagreements and conflict at the community
level could lead to a reduction in more serious, national-level types of conflict (e.g., riots).

In our sensitivity analyses, we observed that in urban areas, demographic, water
insecurity, and contextual variables were all associated with conflict. In contrast, in rural
areas, only water insecurity measures were associated with conflict. This suggests that
strains on households may be heightened in urban environments, which are comparatively
more costly than rural environments. The opportunity cost of time in fetching water may
also be a stressor for households, which raises the frequency of conflict. In urban areas,
formal and informal work opportunities are likely to be more available than rural areas, so
time spent fetching water is more costly than in rural areas.

4.1. Strengths and Limitations

In this study, we leveraged fine-grained household survey data in a large sample
across multiple countries to understand correlates of interpersonal conflict, including
demographics, household water insecurity domains, larger scale conflict, and population
density. To achieve this, we combined the strength of statistical methods used in prior
cross-country analyses with the detail of high-resolution household data to provide finer-
grained information about this relationship. In doing so, we made several contributions
to the literature. First, this study is one of the first to examine conflict over water using
fine-scale household data across multiple countries. Second, we move beyond water
availability to consider other domains of water insecurity that may be related to conflict,
including reliability, quality, and cost, which have not been considered in other studies.
Third, our results point to important household characteristics as contextual factors in the
link between water insecurity and interpersonal conflict.
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Still, this study has limitations that should be noted. Although we controlled for
households surveyed during the dry season, we did not include climate or rainfall data
in our analyses. Second, these results were based on cross-sectional survey data. Given
the limited sample size of these data, we are only able to comment on correlations and are
unable to establish a clear causal link between water insecurity and interpersonal conflict.
Other limitations include (i) our use of the same buffer sizes (100 km, 500 km, 1000 km)
regardless of site urban/rural status; (ii) potential recall bias over the past four-week period
by participants; and (iii) the lack of information about the exact nature of the conflict.

4.2. Future Research and Policy Implications

This paper is one of the first to examine the relationship between water and conflict,
considering multiple dimensions of water insecurity. Our novel line of inquiry ushers in
new avenues of additional investigation. Importantly, future work could further define
within household conflict to distinguish between sibling conflict, intimate partner violence,
and other forms of conflict. Likewise, conflict between neighbors could be expanded
beyond frequency to incorporate aspects of the severity of conflict. Additional work could
employ direct measures of rainfall to assess the findings of this paper further and obtain
more fine-grained results related to variations in the wet and dry season across sub-Saharan
Africa. Here, deviations from the long-term mean are recommended to assess whether
interpersonal conflict is more likely during the wet season, dry season, or is related to
deviations from average as prior studies have concluded [48,49]. Future work could employ
other study designs, such as field experiments, to try to establish a causal link between
specific domains of water insecurity and interpersonal conflict in order to contribute to
conflict prevention efforts. An examination of differences in the correlates of interpersonal
conflict by livelihood /occupation or primary water source type could also provide useful
insights. This would provide information about the people exposed to conflict and the
types of water sources (ground or surface) that are associated with conflict. In addition,
future work could examine legacies in water governance or social conflict as a context for
water insecurity and conflict today. This line of inquiry would provide information about
the institutional and historical underpinnings of interpersonal conflict.

Community and/or policy initiatives designed to mitigate water insecurity for vulner-
able households could also reduce interpersonal conflict within and between households.
In doing so, these initiatives should incorporate elements of water availability, quality,
accessibility, and reliability both as technical but also as political and economic issues.
Addressing these local-level water issues may also involve a consideration of the link
between community-level events as well as local cooperation, leadership, and governance
quality since local decision-making and cooperation will continue to be important aspects
of the resolution of conflict over water.

5. Conclusions

As climate, political, and economic conditions evolve across the world, so too will
the distribution of natural resources and potential conflict. Water is vital to life, and
water security is becoming increasingly variable, particularly in sub-Saharan Africa. There
remains a paucity of research about relationships between demographics, water insecurity,
and interpersonal conflict. This study found that some groups and households experiencing
water insecurity were more prone to conflicts over water within the household and between
neighbors, providing evidence that increasing water problems due to urbanization and
climate change may yield more conflicts at this scale. Our results also indicate a nuanced
picture of the relationship between interpersonal conflict over water and larger scale,
regional conflict. Without adaption and increased resilience at the local level, the impacts
of climate change and dynamic economic and political conditions, including water and
food insecurity, may make some households more vulnerable to conflict than others.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/w13091150/s1, Table S1: Correlation matrix, Table S2: Regression modeling results for
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