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A B S T R A C T

Water insecurity is shaped not only by water availability but also by governance and service systems, an issue 
that is increasingly pressing in cities. In the African policy context, the Africa Water Vision 2063 and Policy, 
positions water security and safe sanitation as central to achieving Agenda 2063. Framing household water 
insecurity through reliability and spatial equity, speaks directly to these continental aspirations. This study 
examines household water insecurity in three Namibian towns, (Ongwediva, Rundu, and Windhoek), which 
differ in their hydroclimatic conditions and water supply systems. Drawing on the 12-item Household Water 
Insecurity Experiences (HWISE) scale and supplementary survey data, we examine how the severity of household 
water insecurity varies across towns and across socio-spatial groups within each town. The findings show sig
nificant between- and within-town differences. Windhoek, the capital city and economic hub of the country, 
faces severe physical water scarcity. Respondents in Windhoek report lower water insecurity scores, which could 
be explained by the city’s long-standing investment in augmenting the water supply and consistent promotion of 
water demand management strategies. Rundu, the second-largest town, is located in a water-rich basin (the 
Okavango Basin) and has the highest household water insecurity scores. These findings could result from 
inadequate and ageing water infrastructure and institutional constraints that affect the continuity of supply. In 
Ongwediva, relatively high levels of service coverage do not fully protect households from insecurity, as the 
system remains vulnerable due to its dependence on a long-distance transboundary transfer corridor that is 
affected by other factors, such as power cuts. In town comparisons reveal that informal and higher-density 
suburbs tend to have higher insecurity scores than other residential areas. These findings suggest that house
hold water security is rarely the result of hydrology alone. Infrastructure constraints, institutional capacity, and 
climate variability often intersect in ways that shape the reliability of water services.

1. Introduction

Urban water security is often framed as a problem of inadequate 
supply. Yet for many households in low- and middle-income countries, 
water insecurity is experienced less through absolute scarcity and more 
through water that is irregular, unreliable, unsafe, unaffordable, or 
insufficient for daily use [1–4]. This suggests that hydrological 

availability alone does not fully explain urban water insecurity [5–7]. 
Even where water resources are comparatively abundant, insecurity 
may still arise due to limitations such as inadequate treatment and 
storage capacity, limited water distribution network coverage and the 
condition of distribution networks, service allocation, pricing, and the 
institutional arrangements through which services are delivered to 
urban residents [5–7].
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These pressures are often most visible in informal neighbourhoods, 
where settlement conditions shape both who receives services and the 
reliability of those services [1,8–10]. Thus, supply interruptions should 
not be viewed merely as technical failures. They may also reveal how 
infrastructure constraints and institutional choices translate into uneven 
access to water services across different residential areas [11–14]. What 
appears to be a problem of continuity is, in many cases, also a problem of 
governance, inequality, and the uneven distribution of service reliability 
[5–7].

It is in this context that experiential measures of water insecurity 
become especially useful. The Household Water Insecurity Experiences 
(HWISE) scale was developed as a standardised tool for capturing 
household water insecurity experiences across diverse social and 
geographic settings [15,16]. Its contribution lies in moving beyond 
conventional access-based indicators to capture lived dimensions of 
insecurity, including worry, interruption, insufficiency, and the 
everyday consequences of unreliable access [16–19]. This is particularly 
relevant in urban contexts, where formal access may be present but 
service reliability and predictability remain uneven [17,20,21].

Recent studies suggest that experiential scores are most informative 
when interpreted within the context of how urban water services actu
ally operate [16,21,22]. Charilaou and Hussein [23] illustrate this in 
their work in Jordan, where they developed and validated a context- 
sensitive index that incorporates intermittent water supply and house
hold adaptation. Their study suggests the interpretation of experiential 
measures is strongest when grounded in operational evidence about how 
the water system works in practice [23].

Without that context, severity scores may describe uneven outcomes 
without fully explaining the service environments that help produce 
them [16,21]. This concern is recognised in the methodological litera
ture, which notes that experiential scales, while highly valuable for 
comparison, are to some extent reductionist and would benefit from 
supplementary, locally grounded evidence on service conditions and 
governance [16,21]. Studies that explicitly connect experiential mea
sures to the context of urban water provision or intermittent supply 
make this point clearly, showing that operational conditions matter for 
interpretation [23].

The present study addresses that gap by pairing HWISE with a 
structured system-context module (Table 1B) and using both to interpret 
cross-town variation in the severity of household water insecurity. The 
value of this approach is that it allows experiential outcomes to be read 
alongside the service levels, infrastructure conditions, and operational 
constraints that are likely to shape them.

Namibia offers a relevant setting for examining how water avail
ability is translated into everyday household experience under con
trasting service conditions. The country is one of the driest in sub- 
Saharan Africa, yet its towns differ in both aridity and in how bulk 
water supply and distribution systems are designed and managed 
[24–27]. This makes it possible to ask whether household water inse
curity is more closely associated with hydrological endowment, service 
reliability, socio-spatial inequality, or some combination of these 
factors.

The three study towns, Windhoek, Rundu, and Ongwediva, reflect 
sharply contrasting hydroclimatic and service-delivery arrangements. 
Windhoek faces acute physical scarcity and has responded through long- 
term supply augmentation and demand management, including direct 
potable reuse and managed aquifer recharge [26–28]. Ongwediva is less 
arid, but its supply depends on a long-distance transboundary transfer 
corridor (Kunene system) whose performance is affected by constraints 
such as power cuts, and operational maintenance along the Calueque- 
Oshakati Canal [29,30]. Rundu, by contrast, is located along the Oka
vango River yet continues to face constraints in treatment, storage, and 
distribution capacity, affecting the continuity of supply [31,32]. These 
differences create a useful within-country basis for comparing how 
contrasting water resource settings and service conditions are translated 
into household experience.

To operationalise this water availability-service experience gap, the 
study draws on four analytical elements. Hydrological availability is 
represented through town aridity and water-source setting. Service 
reliability conditions are characterised by water-source arrangement, 
reservoir capacity, and risk exposure, as well as dominant operational 
constraints captured in the system-context module. Socio-spatial 

Table 1 
Study-site context: (A) demographic/climatic and supply characteristics; (B) 
contextual water-system configuration and performance indicators.

A. Summary of demographic, climatic, and water-supply characteristics of the study 
sites

Category Ongwediva Rundu Windhoek

Climate Semi-arid; summer 
rainfall zone; 
average annual 
rainfall 400–500 
mm; mean 
temperature ~ 
22.5◦C

Sub-humid to 
semi-arid; mean 
annual rainfall 
550–650 mm; 
warm tropical 
climate

Arid highland 
climate; mean 
annual rainfall ~ 
350 mm (highly 
variable); 
evaporation >
80% 

Population 44,000 (NSA, 2024) 118,600 (NSA, 
2024)

431,000 (NSA, 
2024)

Water Sources Calueque-Oshakati 
canal scheme 
(transboundary 
source from the 
Kunene River, 
Angola); bulk water 
supplied by 
NamWater; raw 
water treated at the 
Oshakati Plant

Okavango River 
(perennial river 
shared with 
Angola and 
Botswana); bulk 
water supplied by 
NamWater; raw 
water treated at 
the Rundu Plant 
and distributed 
locally

Surface dams, 
groundwater, 
boreholes, aquifer 
recharge, and 
direct potable 
water reuse, 
supported by 
advanced demand 
management; 
bulk water 
supplied by 
NamWater and 
MAFWLR

Economic 
activities

Tertiary town in 
Oshana Region: 
education, retail, 
services, and small- 
scale 
manufacturing

Regional capital of 
Kavango East: 
trade, subsistence 
agriculture, and 
public sector 
employment

National capital: 
government, 
finance, industry, 
services, and 
construction 
dominate

B: Contextual water-system configuration and performance indicators (triangulated 
from public reports)

Indicator Ongwediva Rundu Windhoek

Source 
configuration

Kunene River via 
Calueque-Oshakati 
transfer; treated at 
Oshakati; bulk 
supplied by 
NamWater [29,30].

Okavango River 
abstraction and 
treatment at the 
Rundu Plant; bulk 
supplied by 
NamWater 
[30,31].

Diversified 
portfolio 
including surface 
storage, 
groundwater, 
aquifer recharge, 
and direct potable 
reuse [26–28].

Redundancy 
and risk 
exposure

Low redundancy 
with high corridor 
dependence and 
transboundary 
exposure [30,31].

Low redundancy; 
moderate 
transboundary 
context, but 
household impacts 
are primarily 
shaped by local 
system 
performance risks 
[30,31]

Higher 
redundancy; 
drought exposure 
partly buffered by 
augmentation and 
demand controls 
[26–28,50]; 
Olivieri et al., 
2022.

Dominant 
reliability 
constraint 
shaping 
household 
experience

Transfer and 
pumping 
interruptions and 
aging conveyance 
infrastructure [29]; 
(OTC, 2023).

Treatment and 
storage limitations 
and high losses 
affecting 
continuity 
[31,32].

Overall system 
resilience is 
higher, but intra- 
urban service 
inequality 
remains a key 
vulnerability 
[26–28,50]
Olivieri et al., 
2022.
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inequality in service delivery is proxied through residential categories 
and dwelling formality. Household water insecurity severity is measured 
using the HWISE scale (0–36), ordered severity categories, and an 
actionable threshold distinguishing moderate-to-high insecurity 
(HWISE ≥ 12).

We assess household water insecurity using the HWISE scale together 
with household socio-economic and place-based measures. The analysis 
addresses three questions: (i) How does the severity of household water 
insecurity vary across these contrasting urban contexts? (ii) How is 
water insecurity distributed within towns across socio-spatial strata? 
and (iii) Which household and place-based characteristics are indepen
dently associated with increasing HWISE severity and with being clas
sified as at least moderately water insecure?

Methodologically, the study uses proportional-odds ordinal logistic 
regression to examine ordered severity patterns in standardised house
hold survey data. These findings are interpreted alongside the system- 
context module to identify service-delivery priorities relevant to reli
ability and equity. To strengthen interpretability for decision-makers 
and to reflect a commonly used actionable severity threshold, the 
analysis also includes a complementary binary logistic model that dis
tinguishes no-to-low from moderate-to-high household water insecurity.

This paper contributes to the urban water insecurity literature in 
three ways. First, it strengthens the interpretation of experiential mea
sures by pairing HWISE with transparent evidence on system context. 
Second, it shows that proximity to water resources does not necessarily 
translate into lower household water insecurity when reliability and 
equity differ across towns. Third, it identifies socio-spatial location and 
dwelling formality as consistent predictors of severity, providing a basis 
for equity-sensitive benchmarking that links lived outcomes to service 

reliability and governance priorities relevant to municipalities and local 
authorities. In doing so, the study supports a more people-centred 
approach to urban water assessment, one that treats insecurity not 
only as a question of supply but also of how services are organised, 
distributed, and experienced across unequal urban space.

2. Materials and methods

2.1. Study setting and site selection

The study was conducted in three Namibian towns, Windhoek, 
Ongwediva, and Rundu. The three towns were selected to capture con
trasting combinations of hydroclimate, supply configuration, and sys
tem dependency within a common national governance setting (Fig. 1; 
Table 1). Windhoek represents an arid, portfolio-diversified system with 
long-standing investments in demand management, managed aquifer 
recharge, and direct potable reuse [26–28]. Ongwediva is semi-arid and 
transfer-dependent via the Calueque-Oshakati canal scheme linked to 
the transboundary Kunene River system [29,30]. Rundu is situated on 
the perennial Okavango River but faces documented constraints related 
to treatment, storage, and distribution performance [31,32].

To support interpretation of household-level results, we compiled a 
minimal system context profile for each town using publicly available 
reports and local authority documentation (Table 1B). The system 
context module is used as interpretive evidence to situate household 
experiences within documented service conditions rather than as causal 
explanatory variables. It summarises supply arrangement, redundancy, 
exposure to transfer corridor and transboundary risks, and operational 
constraints that shape service reliability. We use these descriptors to 

Fig. 1. Study sites (Ongwediva, Rundu, and Windhoek, Namibia) showing spatial variation in aridity zones.
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triangulate and interpret cross-town differences in HWISE outcomes and 
to identify plausible reliability-related priorities for municipal and 
utility decision-making.

2.2. Study design and data collection

We conducted a cross-sectional household survey to assess experi
ences of household water insecurity and associated household- and 
place-based characteristics. Data were collected through face-to-face 
interviews using a structured questionnaire administered by trained 
enumerators and captured electronically in Kobo Toolbox. Fieldwork 
was undertaken between March and June 2025.

2.3. Sampling and recruitment

The final sample comprised 692 households, including 394 in 
Windhoek, 194 in Rundu, and 104 in Ongwediva. Structured conve
nience sampling was used because complete household sampling frames 
were unavailable, and informal settlement layouts were dynamic 
[18,33]. To improve coverage, fieldwork was implemented across pre- 
defined residential categories in each town, including low-, medium-, 
and high-density formal areas and informal settlements. Enumerators 
conducted door-to-door recruitment and varied the time and day of 
visits to broaden coverage. Eligible respondents were adults aged 18 
years or older who self-identified as primarily responsible for or 
knowledgeable about household water acquisition and use. Given the 
non-probability sampling approach, findings are interpreted as 
comparative patterns across towns and socio-spatial strata rather than 
population prevalence estimates.

2.4. Measures

Household water insecurity was measured using the 12-item 
Household Water Insecurity Experiences scale [16,34]. Items were 
coded on a 0–3 frequency scale and summed to a total score ranging 
from 0 to 36, with higher scores indicating greater insecurity. A 12- 
month reference period was used to capture seasonal variability and 
episodic disruptions. Response anchors were coded as 0 for never, 1 for 
one to two months, 2 for some but not every month, and 3 for almost 
every month. Because longer recall periods may increase recall error, 
HWISE is treated as a comparative diagnostic and interpreted 
conservatively.

For descriptive reporting and ordinal modelling, scores were 
grouped into ordered categories comprising no-to-marginal insecurity 
(0–2), low insecurity (3–11), moderate insecurity (12–23), and high 
insecurity (24–36), consistent with prior applications [16,34,35]. For 
threshold-focused analyses, we additionally defined a binary outcome 
distinguishing no-to-low insecurity (HWISE 0–11) from moderate-to- 
high insecurity (HWISE 12–36). This dichotomisation supports inter
pretation around a policy-relevant severity threshold and improves 
stability for town-stratified comparisons when ordered-category models 
are sensitive to sparsity.

The questionnaire was translated into Oshiwambo and Rukwangali 
and pretested to ensure comprehension. Covariates were specified a 
priori and included residential location, dwelling type, respondent sex, 
employment status, household monthly income category, and disability 
status in the household. For the binary threshold models, selected pre
dictors were harmonised into analytically stable categories aligned with 
the binary regression specification, specifically, sex (female vs male 
[ref]); household size (≤6 members vs > 6 [ref]); dwelling type (formal 
vs informal [ref]); residential location (informal/high-density vs 
medium/low-density [ref]); employment status (unemployed vs 
employed [ref]); and income category (≤N$10,000 vs >N$10,000 
[ref]).

2.5. Data management and statistical analysis

Data were exported from Kobo Toolbox and analysed in IBM SPSS 
Statistics version 30. Quality assurance included range and consistency 
checks, duplicate screening, and verification of skip logic. Item-level and 
covariate missingness are reported in the Supplement. Regression 
models used listwise deletion, and analytic sample sizes are reported per 
model. “Don’t know” responses were treated as missing for item-level 
summaries.

We summarised household characteristics and HWISE distributions 
by town and residential stratum using counts, percentages, mean, 
standard deviation, median, and interquartile range. Internal consis
tency of the HWISE items was assessed using Cronbach’s alpha for the 
pooled sample and by town, with corrected item-total correlations. 
Bivariate associations between HWISE severity categories and cova
riates were examined using chi-square tests [36] and treated as 
exploratory.

To identify independent determinants of increasing HWISE severity, 
we estimated proportional-odds ordinal logistic regression models for 
the pooled sample and separately for each town, with covariates entered 
a priori. Effects are reported as odds ratios with 95% confidence in
tervals; town-specific models are interpreted cautiously where as
sumptions were challenged by sparse cells.

As a policy-relevant threshold analysis, we also estimated binary 
logistic regression models distinguishing no-to-low insecurity (HWISE 
0–11) from moderate-to-high insecurity (HWISE 12–36). Predictors 
were harmonised into stable categories for town-stratified models, and 
results are reported as odds ratios with 95% confidence intervals with 
standard model-fit statistics.

The Results are structured to test the paper’s central claim that 
household water insecurity does not necessarily track local water 
availability but is shaped by service reliability and uneven delivery 
across urban space. We interpret cross-town differences using system- 
context evidence on source setting, redundancy, and dominant reli
ability constraints (Table 1B), and we examine within-town inequalities 
using place-based indicators (residential strata and dwelling formality). 
We first report reliability-related experiences and town-level severity 
distributions, then assess bivariate associations, and finally estimate 
multivariable ordinal and threshold models to identify factors inde
pendently associated with increasing severity and with crossing into 
moderate-to-high insecurity (HWISE ≥ 12).

2.6. Ethics

Permission to undertake the study was obtained from the Chief Ex
ecutive Officers of the Local Authorities. Ethical clearance was granted 
by the Namibia University of Science and Technology Research Ethics 
Committee under delegated authority from the National Commission on 
Research, Science and Technology in Namibia. Written informed con
sent was obtained from all participants. Data were anonymised, stored 
securely, and managed in line with data protection best practices.

2.7. Methodological limitations

Two limitations are central for interpretation. First, convenience 
sampling may under- or over-represent certain groups; we therefore 
treat findings as comparative patterns rather than population prevalence 
estimates [18,33,37,38]. The 12-month recall period may introduce 
recall and social desirability bias; however, this trade-off was considered 
acceptable to capture seasonal and drought-related variability in 
household water insecurity experiences [16,34,39]. Overall, findings 
should be interpreted as analytically comparative rather than nationally 
representative [18,33,37,38].
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3. Results

Results test the central claim that household water insecurity can 
diverge from local water availability because it is mediated by service 
reliability and uneven delivery across urban space. We compare town 
profiles using the system-context module (Table 1B) and then estimate 
multivariable models for severity and for the moderate-to-high 
threshold (HWISE ≥ 12).

3.1. Household experiences of water insecurity in Ongwediva, Rundu, and 
Windhoek

3.1.1. Service reliability and drinking-water access
Across the sample, intermittency and predictability, rather than 

complete loss of access, emerged as central constraints shaping lived 
water insecurity. Only 25% of households reported uninterrupted sup
ply, while 43.1% experienced interruptions sometimes or almost every 
month, indicating widespread intermittency (Table S1). Just over half of 
respondents (52.6%) reported never lacking sufficient drinking water, 
while the remainder experienced intermittent shortages at least occa
sionally, suggesting that households often maintained drinking-water 
access despite disruptions (Table S1). More severe deprivation was 
also reported. Almost 40% indicated going to bed thirsty at least once, 
and 24.3% reported sometimes or frequently lacking usable or drinkable 
water.

These patterns are consistent with continuity failures as a proximate 
driver of episodic deprivation and stress, even where some drinking- 
water access is maintained. They provide the first link in the concept 
chain from service reliability to the behavioural and psychosocial con
sequences measured by experiential scales.

3.1.2. Psychosocial and behavioural dimensions
Psychosocial and behavioural responses show that coping is not an 

exceptional event but a routine adjustment to unreliable services. Im
pacts were common (Table S2). More than 60% of respondents worried 
about water sufficiency at least occasionally, and 40.5% reported being 
upset about their water situation sometimes or frequently. Water-related 
disruptions to household routines were also widespread. Thirty-six 
percent were unable to wash clothes at least occasionally, 35.1% 
changed daily schedules, and 32.8% altered meal preparation because of 
interruptions. Hygiene was affected, with 28.7% skipping handwashing 
and 31.4% skipping bathing sometimes or frequently (Table S2).

These responses indicate that reliability shortfalls translate into 
recurring coping burdens and psychosocial distress, reinforcing the 

mechanism through which intermittency and predictability shape 
HWISE severity. They also signal that observed severity differences 
across towns and neighbourhoods plausibly reflect systematic variation 
in reliability regimes rather than isolated household events.

3.1.3. Distribution of household water insecurity categories overall
Across all households, HWISE scores ranged from 0 to 36 (mean 

11.38; median 10), indicating substantial heterogeneity. Rundu recor
ded the highest severity (mean 17.92; SD 10.52; median 19), followed 
by Ongwediva (mean 9.96; SD 8.67; median 12) and Windhoek (mean 
8.53; SD 8.30; median 6). Overall, 33.7% of households were classified 
as moderately water insecure, 25.6% as low insecure, 24.1% as no-to- 
marginal, and 11.3% as highly water insecure (Fig. S1). The wide 
score range indicates meaningful within- and between-town variation in 
lived water insecurity, setting up the comparative test of whether 
severity aligns more closely with water availability or with system 
reliability and the spatial distribution of service.

3.1.4. Differences across towns
Marked between-town differences were observed (Fig. 2). Rundu 

showed the most severe profile, with 44% classified as moderately 
insecure and 27% as highly insecure; only 13% reported no-to-marginal 
insecurity. Ongwediva showed intermediate conditions, with a pre
dominance of moderate insecurity (55% moderately insecure) alongside 
a substantial no-to-marginal group (34%). Windhoek displayed 
comparatively lower severity, with 39% low insecure and smaller shares 
in moderate (23%) and high (6%) categories (Fig. 2).

Interpreted alongside the system-context evidence (Table 1B), these 
cross-town patterns align with documented differences in reliability 
regimes. The Rundu profile is consistent with treatment, storage, and 
distribution constraints that limit continuity despite river proximity. 
Ongwediva’s profile is consistent with exposure created by transfer- 
corridor dependence, where reliability can be shaped by corridor dis
ruptions and upstream variability. Windhoek’s profile is consistent with 
greater redundancy, operational buffering, and demand management 
that reduce continuity failures despite aridity.

The comparative distribution of severity supports the study’s central 
claim that household insecurity does not simply track local water 
availability. Instead, cross-town differences are consistent with reli
ability regimes and exposure conditions documented in Table 1B, which 
shape the frequency and predictability of supply and the downstream 
coping and psychosocial burdens captured by HWISE.

Fig. 2. Distribution of HWISE categories by town.
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3.2. Bivariate associations between HWISE categories and household 
characteristics

This subsection reports unadjusted associations using chi-square 
tests. These results describe patterns and indicate where socio-spatial 
and household characteristics track severity, but they do not isolate 
independent determinants.

3.2.1. Residential zoning
Household water insecurity categories varied significantly by resi

dential zoning (χ2 = 102.02, df = 9, p < 0.001; see Fig. S1). Insecurity 
was concentrated in informal and high-density areas, while low-density 
suburbs showed the lowest burden, including no households classified as 
highly insecure. Medium-density suburbs showed a mixed profile, with 
substantial shares in no-to-marginal and low insecurity alongside a 
notable proportion of moderate insecurity. The residential zoning 
gradient is consistent with spatial differentiation in service reliability 
and buffering capacity, linking place-based inequality to experiential 
severity. This pattern motivates the multivariable tests of whether res
idential strata retain independent associations with severity once 
household characteristics are considered.

3.2.2. Dwelling type (bivariate association)
Dwelling type was significantly associated with HWISE categories in 

Ongwediva and Windhoek, but not in Rundu (Fig. S2). In Ongwediva, 
insecurity differed by dwelling type (χ2(6, N = 101) = 29.76, p < 0.001). 
In Rundu, no significant differences were observed (χ2(6, N = 183) =
2.52, p = 0.866). In Windhoek, dwelling-related disparities were pro
nounced (χ2(12, N = 371) = 112.65, p < 0.001), consistent with strong 
housing-linked differentiation in service experience. The town-specific 
pattern suggests that dwelling formality does not operate uniformly 
across contexts, and its relevance may depend on how housing is con
nected to differentiated service delivery within each system. This pro
vides a basis for testing whether dwelling type retains independent 
associations with severity in the multivariable models.

3.2.3. Household size (bivariate association)
Household size was generally not associated with HWISE categories 

in Ongwediva and Rundu (all p > 0.05). In Windhoek, a significant as
sociation was detected for households with 3–4 members (χ2 = 11.09, p 
= 0.011) (Fig. S3). Household size shows limited and context-specific 
association with severity, suggesting that place-based service differen
tiation may be more consequential for experienced insecurity than 
household composition in this sample.

3.2.4. Monthly household income
The association between income and household water insecurity 

categories differed by town (Fig. S4). In Ongwediva and Rundu, income 
was not significantly associated with HWISE categories (Ongwediva: 
χ2(12, N = 101) = 10.08, p = 0.609; Rundu: χ2(15, N = 183) = 14.52, p 
= 0.487). In Windhoek, income was significantly associated with 
household water insecurity categories (χ2(18, N = 371) = 52.41, p <
0.001), with higher-income households more frequently classified in no- 
to-marginal or low insecurity categories and lower-income households 
more frequently classified in moderate and high insecurity categories. 
The town-differentiated income pattern indicates that socio-economic 
disadvantage aligns with severity in some settings, but not consis
tently across towns. This strengthens the rationale for multivariable 
analysis that tests whether place-based indicators and dwelling for
mality account for severity patterns net of household socio-economic 
characteristics.

3.3. Multivariable determinants of HWISE severity (ordinal logistic 
regression)

We next test whether socio-spatial gradients remain associated with 

water insecurity once household characteristics are considered. If reli
ability regimes and service differentiation mediate the relationship be
tween water availability and household experiences, we expect 
residential strata and dwelling formality to retain independent associ
ations with severity. To identify independent determinants of increasing 
HWISE severity, we estimated proportional-odds ordinal logistic 
regression models for the pooled sample and separately for each town. 
For interpretability, we report adjusted odds ratios (aORs); values 
greater than 1 indicate higher odds of being in a more severe HWISE 
category. We complement these ordered patterns with a threshold model 
(HWISE ≥ 12) reported in Section 3.4.

3.3.1. Pooled model (Windhoek, Rundu, Ongwediva)
In the pooled model, HWISE severity was independently associated 

with residential location, disability status, and dwelling type (Table 2). 
Compared with households in low-density suburbs (reference), those in 
medium-density suburbs had higher odds of being in a more severe 
HWISE category (aOR = 1.58; 95% CI: 1.03–2.42; p = 0.037). House
holds without a person with disability had lower odds of greater severity 
than households reporting a person with disability (aOR = 0.58; 95% CI: 
0.35–0.97; p = 0.039). Relative to households in informal structures 
(reference), those living in apartments (aOR = 0.16; 95% CI: 0.08–0.30; 
p < 0.001) and formal houses (aOR = 0.29; 95% CI: 0.18–0.45; p <
0.001) had lower odds of increasing severity. Sex, employment status, 
and income were not independently associated with increasing severity 
(all p > 0.05).

Net of measured household characteristics, place-based location and 
dwelling formality remain central predictors of severity, consistent with 
the proposition that socio-spatial differentiation in service reliability 
structures household experiences. Disability status is also associated 
with greater severity, suggesting heightened vulnerability to reliability 
shocks and associated coping burdens.

3.3.1.1. Windhoek. In Windhoek, independent determinants of severity 
were residential location and dwelling type (Table S4). Households in 
medium-density suburbs had higher odds of greater severity than those 
in low-density suburbs (aOR = 2.50; 95% CI: 1.25–5.01; p = 0.009). 
Living in an apartment (aOR = 0.05; 95% CI: 0.02–0.14; p < 0.001) or a 
formal house (aOR = 0.07; 95% CI: 0.03–0.16; p < 0.001) was protective 
relative to living in an informal structure. Income, sex, employment 
status, and disability status were not statistically significant (all p >
0.05). Within the arid capital, socio-spatial and housing-linked gradients 
remain associated with severity, indicating that reliability and service 
differentiation can persist even in systems with stronger portfolio 
redundancy and demand management.

3.3.1.2. Rundu. In Rundu, residential location was the only significant 
determinant of severity (Table S5). Compared with low-density suburbs, 
households in informal areas (aOR = 4.92; 95% CI: 1.18–20.50; p =
0.029), high-density suburbs (aOR = 5.24; 95% CI: 1.29–21.30; p =
0.021), and medium-density suburbs (aOR = 5.42; 95% CI: 1.51–19.50; 
p = 0.010) had higher odds of being in more severe categories. Dwelling 
type, income, sex, employment status, disability status, and household 
size were not statistically significant (all p > 0.05). In the river-adjacent 
town, neighbourhood location dominates severity patterns, consistent 
with a reliability regime where distribution performance and place- 
based service conditions structure lived insecurity more strongly than 
measured household socio-economic variables.

3.3.1.3. Ongwediva. In Ongwediva, none of the included covariates 
(location, sex, employment status, disability status, dwelling type, in
come, and household size) were statistically significant predictors of 
severity (all p > 0.05; Table S6). One residential stratum was not esti
mable, consistent with sparse data in that category. The absence of 
statistically significant household predictors is consistent with limited 
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power and may also suggest that system-wide drivers linked to corridor 
dependence shape household experiences in ways not well proxied by 
the included household covariates. This reinforces the value of inter
preting experiential outcomes alongside system-context evidence.

3.4. Predictors of at least moderate household water insecurity (binary 
logistic regression; HWISE ≥ 12)

To complement the ordered-severity models and reflect program
matically relevant targeting, we estimated binary logistic regression 
models distinguishing no-to-low insecurity (HWISE < 12) from at least 
moderate insecurity (HWISE ≥ 12). For these models, dwelling type and 
residential location were collapsed (formal vs informal dwelling; 
informal/high-density vs medium/low-density) to improve cell sizes 
and model stability (Table 3 and Tables S7–S9).

3.4.1. Pooled binary model (all towns combined)
In the pooled binary model, households in formal dwellings had 

substantially lower odds of being at least moderately water insecure 
(aOR = 0.41; 95% CI: 0.28–0.60; p < 0.001), while residence in 
informal/high-density areas increased the odds (aOR = 1.49; 95% CI: 
1.03–2.15; p = 0.036). Low-income households (≤ N$10,000 per 
month) were about twice as likely to be at least moderately water 
insecure compared with households above this threshold (aOR = 2.01; 
95% CI: 1.38–2.93; p < 0.001). Sex, household size, and employment 
status were not statistically significant predictors (all p > 0.05). The 
threshold results reinforce the ordinal findings that place-based location 
and housing formality are actionable predictors of crossing into 
moderate-to-high insecurity, consistent with service differentiation and 
reliability gradients as key pathways shaping household experience.

3.4.2. Town-stratified binary models
Patterns differed by town. In Windhoek, both housing and place 

remained decisive; formal dwellings were strongly protective (aOR =
0.18; 95% CI: 0.10–0.33; p < 0.001) and residence in informal/high- 
density areas increased the odds of being at least moderately water 
insecure (aOR = 2.52; 95% CI: 1.35–4.69; p = 0.004). In Rundu, the only 
significant predictor was income, with households earning ≤ N$10,000 
more likely to be at least moderately water insecure (aOR = 2.17; 95% 
CI: 1.03–4.54; p = 0.041). In Ongwediva, none of the included cova
riates were statistically significant (all p > 0.05) (Tables S7–S9).

The town-stratified threshold models show that the pathways into 
moderate-to-high insecurity are context-dependent. In Windhoek, place 
and housing remain decisive, consistent with differentiated service 
reliability across urban space. In Rundu, income distinguishes house
holds at the moderate-to-high threshold, suggesting that the costs of 
coping and buffering capacity may be more salient for crossing the 
threshold under the prevailing reliability constraints. In Ongwediva, 
non-significance aligns with either limited power or system-wide drivers 
that reduce differentiation by measured household covariates.

4. Discussion

This study shows that household water insecurity across three 
Namibian towns is structured less by local water availability than by the 
reliability regime and spatial distribution of urban water services. The 

Table 2 
Ordinal logistic regression results to establish the determinants of household water insecurity (*p < 0.05, **p < 0.01, ***p < 0.001).

Overall Estimate p-value 95% Confidence Interval

Lower Bound Upper Bound

Threshold No-to-Marginal Water Insecurity − 2.059 0<.001 − 2.946 − 1.172
Low Water Insecurity − 0.744 0.098 − 1.624 0.137
Moderate Water Insecurity 1.507 0<.001 0.629 2.384

Location Informal Area 0.656 0.065 − 0.041 1.354
High Density Suburb 0.201 0.413 − 0.28 0.681
Medium Density Suburb 0.456 0.037* 0.027 0.885
Low Density Suburb (Ref) ​ ​ ​ ​

Sex Female 0.104 0.498 − 0.197 0.405
Male (Ref) ​ ​ ​ ​

Employment Status Unemployed 0.18 0.377 − 0.219 0.579
Retired − 0.704 0.086 − 1.506 0.099
Informally Employed 0.043 0.911 − 0.704 0.789
Self-Employed 0.344 0.166 − 0.143 0.83
Formally Employed (Ref) ​ ​ ​ ​

Monthly household income <N$5,000 0.468 0.076 − 0.049 0.986
N$5,001–10,000 0.218 0.407 − 0.297 0.733
N$10,001–20,000 0.134 0.574 − 0.334 0.603
>N$30,000 (Ref) ​ ​ ​ ​

Person with Disability? No − 0.541 0.039 − 1.054 − 0.027
Yes (Ref) ​ ​ ​ ​

Type of dwelling Apartment ¡1.852 0<0.001*** ¡2.494 ¡1.21
Formal house ¡1.246 0<0.001*** ¡1.695 ¡0.797
Informal Structure (Ref) ​ ​ ​ ​

Table 3 
Binary logistic regression results to establish factors influencing household 
water insecurity over all towns combined (HWISE ≥ 12) (*p < 0.05, **p < 0.01, 
***p < 0.001).

Predictor Category (ref) aOR 95% CI 
(lower)

95% CI 
(upper)

p

Sex Female (ref: Male) 1.023 0.706 1.484 0.903
Household 

size
6 members and 
below (ref: Above 
6 members)

0.913 0.632 1.318 0.625

Type of 
dwelling

Formal Dwelling 
(ref: Informal 
Dwelling)

0.407 0.279 0.595 0<0.001

Residential 
location

Informal and High 
Density (ref: 
Medium and Low 
Density)

1.486 1.027 2.151 0.036

Employment 
status

Unemployed (ref: 
Employed)

1.214 0.838 1.759 0.305

Income 
category

N$10000 and 
below (ref: Above 
N$10 000)

2.008 1.377 2.927 0<.001

Note: − 2 Log likelihood = 662.322; Cox & Snell R2 = 0.109; Nagelkerke R2 =

0.145; Hosmer-Lemeshow χ2 = 13.997, p = 0.082.
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central comparative finding is that hydrological endowment alone is not 
a reliable guide to household water security, consistent with evidence 
that experiential insecurity tracks continuity, distributional inequities, 
and operational performance as much as physical availability [16,34]. 
Windhoek, despite aridity, exhibited predominantly lower household 
water insecurity severity, whereas Rundu, despite proximity to a 
perennial river, recorded the highest severity. Ongwediva clustered 
around moderate insecurity in a setting characterised by dependence on 
a long-distance, transboundary supply [27,40].

Recent measurement research in intermittent supply contexts sup
ports reading this comparative pattern as a function of service condi
tions rather than hydrological endowment alone. Charilaou and Hussein 
[23] show that household water insecurity measurement is most infor
mative when it accounts for intermittency and household adaptation 
rather than treating experiential scores as independent of supply oper
ations [23]. In this study, we apply the same logic by interpreting HWISE 
patterns alongside documented reliability constraints and exposure 
conditions in each town. These contrasts reinforce the view that urban 
water insecurity is produced through how water is governed, distrib
uted, and maintained, not only by hydroclimatic conditions [34,41,42].

Across sites, descriptive and bivariate results show that informal and 
higher-density areas carry disproportionate burdens of water insecurity. 
This pattern aligns with scholarship demonstrating that intra-urban in
equalities in service continuity, pressure stability, and infrastructure 
quality are central to lived water insecurity in cities [9,16]. The multi
variable models refine this interpretation by distinguishing unadjusted 
associations from independent correlates of severity. In pooled analyses, 
residential location and dwelling formality remained the most consistent 
predictors of increasing household water insecurity severity, with 
disability status also associated with higher vulnerability. Income, 
employment, and sex did not remain statistically significant once 
neighbourhood context and housing formality were considered. This 
suggests that socio-economic position often shapes water insecurity 
through spatial and housing pathways that condition connection qual
ity, buffering options, and predictability of supply, rather than operating 
independently of service differentiation [9,16,17,34,43,44].

Town-specific models further indicate that the pathways shaping 
water insecurity differ across service systems. In Windhoek, medium- 
density neighbourhood and dwelling type remained associated with 
severity, indicating that intra-urban inequalities can persist even where 
system-level resilience and portfolio diversification reduce overall 
exposure. In Rundu, residential location dominated, implying that 
neighbourhood service conditions and distribution performance are 
particularly consequential in shaping lived insecurity. In Ongwediva, 
none of the included household predictors were statistically significant. 
Given the smaller sample and sparse categories, this pattern is consistent 
with limited statistical power and/or vulnerability that is less differen
tiated by measured covariates. It also points to the likelihood of system- 
wide drivers in transfer-dependent settings that are not well proxied by 
household characteristics alone, reinforcing the value of interpreting 
experiential metrics alongside service condition evidence.

Interpreting the between-town contrasts through Falkenmark’s ty
pology provides a useful heuristic for understanding how different forms 
of scarcity translate into household experience [45]. Ongwediva is 
consistent with systemic scarcity, where reliance on a single transfer 
corridor creates exposure to upstream conditions and infrastructure 
disruptions beyond local control [46,47]. Rundu is consistent with 
economic scarcity, where water availability does not translate into 
reliable household supply because treatment, storage, losses, and oper
ational constraints interrupt service delivery [48,49]. Windhoek illus
trates an institutional and infrastructural arrangement in which severe 
physical scarcity coexists with comparatively lower household insecu
rity, plausibly reflecting long-term investments in supply augmentation 
and demand management [27,28,50,51]. These typologies are used here 
as interpretive frames rather than causal explanations.

The findings also align with broader scholarship on the social and 

political construction of water scarcity, which emphasises that water 
insecurity is often produced through institutional arrangements, uneven 
infrastructure development, and governance practices rather than hy
drology alone [7,52]. In the Namibian cases examined here, households 
experience forms of “manufactured scarcity” where unreliable distri
bution systems amplify storage burdens, disrupt hygiene practices and 
household routines, and generate psychosocial stress associated with 
uncertainty of supply [9,16,34]. Ongwediva further illustrates how 
dependence on transboundary supply corridors can generate exposure to 
risks beyond municipal control, reinforcing arguments that reliability 
and coordination across scales are central components of urban water 
security [42,53–55].

The key implication of this work is diagnostic; household experien
tial insecurity shows where institutions are failing to deliver reliable and 
equitable continuity even when water is physically present. Across the 
Namibia cases, reliability is shaped by operational standards for conti
nuity and pressure stability, maintenance responsiveness, investment 
prioritisation, and coordination along transfer-dependent supply corri
dors. Framed this way, HWISE is not only a welfare metric. It is also a 
governance performance signal that supports equity-sensitive targeting. 
Policy and practice implications flow from the comparative finding that 
water availability does not reliably predict household water insecurity 
when reliability and equity differ. These priorities align with the Africa 
Water Vision 2063 and Policy, which emphasises reliable and equitable 
services and resilient water and sanitation systems as central to Agenda 
2063 aspirations [56]. Municipal strategies that focus mainly on 
expanding supply coverage may overlook the operational and spatial 
determinants that most strongly shape household experience. Where 
spatial disparities in service reliability are pronounced, municipalities 
and utilities should strengthen reliability governance through practical 
operational levers. These include routine neighbourhood-level conti
nuity monitoring, pressure management and zone-based stabilisation 
where intermittency reflects distribution constraints, and stronger 
complaint response and repair turnaround standards in underserved 
areas [22,51,57].

Targeted infrastructure upgrades should prioritise neighbourhoods 
where severity concentrates, with attention to connection quality, 
storage buffering, and distribution reinforcement in informal and high- 
density areas. In transfer-dependent towns, reliability governance 
should also include redundancy planning, contingency storage, and 
corridor-level risk monitoring to reduce exposure associated with single- 
source supply systems [16,17,34,48].

A practical next step to strengthen the evidence base is to integrate 
experiential water insecurity metrics with operational service in
dicators, such as continuity, pressure stability, intermittency duration, 
complaint resolution times, and coping costs. Linking experiential out
comes with service performance data would enable future research to 
test more directly the mechanisms through which institutional and 
infrastructural conditions translate into household water insecurity 
[16,52].

Emerging measurement work in intermittently supplied cities simi
larly emphasises the need to interpret experiential water insecurity 
alongside documented service conditions, including continuity and 
household adaptation strategies [23]. Given the cross-sectional, non- 
probability sampling design, the findings should be interpreted as 
comparative patterns rather than as representative prevalence esti
mates. They nonetheless identify where insecurity is concentrated and 
highlight reliability- and equity-related pathways that warrant priority 
in future mixed-methods and longitudinal research.

5. Conclusion

This study applies the HWISE scale across three Namibian towns 
with contrasting hydroclimatic conditions and water service arrange
ments and shows that hydrological endowment alone is an incomplete 
guide to household water insecurity. Windhoek, despite its aridity, 
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exhibited lower HWISE severity, while Rundu, despite proximity to a 
perennial river, recorded the highest severity. Ongwediva clustered 
around moderate insecurity within a water-transfer-dependent context. 
Across towns, insecurity was concentrated in informal and higher- 
density areas. In adjusted models, residential location and dwelling 
formality were the most consistent correlates of increasing severity, with 
disability status also associated with higher vulnerability. These patterns 
indicate that lived water insecurity is shaped as much by the reliability 
and spatial equity of service delivery as by physical availability.

The findings have practical implications for urban water governance. 
Strategies focused primarily on expanding coverage risk overlooking the 
operational conditions that structure household experience. Where 
intra-urban reliability gaps are pronounced, municipalities and utilities 
can strengthen household water security through routine monitoring of 
continuity at neighbourhood scale, pressure management and zone- 
based stabilisation where intermittency reflects distribution con
straints, and faster complaint-response with quick repair turnaround 
times in underserved areas. In water transfer-dependent systems, 
reducing exposure also requires risk-awareness planning that 
strengthens redundancy and contingency capacity.

This analysis is based on cross-sectional survey data collected 
through a non-probability design, so the results should be interpreted as 
comparative analytical patterns rather than representative prevalence 
estimates. The system-context module supports interpretation by situ
ating household experiences within documented service conditions 
rather than serving as a causal explanatory model. Future work can 
strengthen mechanism testing by integrating experiential measures with 
routinely collected service performance indicators such as continuity, 
intermittency duration, pressure stability, complaint resolution times, 
and affordability burdens, supporting equity-sensitive benchmarking 
that is actionable for urban utilities and local authorities.
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