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Abstract

Water insecurity, intensified by climate change, presents a significant challenge globally,
especially in arid and semi-arid regions of Africa. In northern Ghana, where agriculture
heavily depends on seasonal rainfall, prolonged dry seasons exacerbate water and food
insecurity. Despite efforts to improve water access, there is limited understanding of how
climate change preparedness affects water insecurity risk in rural contexts. This study
investigates the relationship between climate preparedness and water insecurity in semi-
arid northwestern Ghana. Grounded in the Sustainable Livelihoods Framework, data
was collected through a cross-sectional survey of 517 smallholder households. Nested
ordered logistic regression was used to analyze how preparedness measures and related
socio-environmental factors influence severe water insecurity. The findings reveal that
higher levels of climate change preparedness significantly reduce water insecurity risk
at individual [odds ratio (OR) = 0.35, p < 0.001], household (OR = 0.037, p < 0.001), and
community (OR = 0.103, p < 0.01) levels. In contrast, longer round-trip water-fetching
times (OR = 1.036, p < 0.001), water-fetching injuries (OR = 1.054, p < 0.01), reliance on
water borrowing (OR = 1.310, p < 0.01), untreated water use (OR =2.919, p < 0.001), and
exposure to climatic stressors like droughts (OR = 1.086, p < 0.001) and floods (OR = 1.196,
p < 0.01) significantly increase insecurity. Community interventions, such as early warning
systems (OR = 0.218, p < 0.001) and access to climate knowledge (OR = 0.228, p < 0.001),
and long-term residency further reduce water insecurity risk. These results underscore the
importance of integrating climate preparedness into rural water management strategies to
enhance resilience in climate-vulnerable regions.

Keywords: water—climate nexus; water insecurity; climate change preparedness; semi-arid
Ghana; rural livelihoods; climatic stressors; Sustainable Livelihoods Framework

1. Introduction

Water security refers to the reliable availability of an acceptable quantity and quality
of water to sustain health, livelihoods, ecosystems, and production, alongside the ability
to manage water-related risks to people, environments, and economies [1]. In contrast,
water insecurity refers to the lack of reliable access to sufficient, safe, and affordable water
necessary for sustaining well-being, livelihoods, and socio-economic development [2—4]. It
encompasses both physical scarcity and institutional or socio-economic barriers that prevent
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equitable access to water resources [5]. Water insecurity manifests through inadequate
availability, poor quality, seasonal variability, and high effort or time required to obtain
water, often resulting in negative health, livelihood, and psychosocial outcomes [6].

Water insecurity remains one of the most critical global sustainability challenges of
the 21st century, particularly as climate change intensifies the frequency and severity of
hydrological extremes such as droughts and floods [6]. Globally, over 2 billion people
lack access to safely managed drinking water, a figure projected to increase due to rising
global temperatures and changing precipitation patterns [7]. Climate-induced disruptions
to the hydrological cycle are particularly pronounced in arid and semi-arid regions, where
seasonal variability exacerbates the mismatch between water availability and demand [8].

Africa is among the continents most vulnerable to the impacts of climate change on
water resources [9]. This vulnerability is heightened by the region’s high dependency on
rain-fed agriculture, rapid population growth, and limited infrastructure for water storage,
distribution, and reuse [9]. Studies have shown that climate variability significantly impacts
water systems and rural livelihoods across the region [2—4,9]. For instance, research in East
and West Africa has demonstrated how recurrent droughts, erratic rainfall, and infrastruc-
tural limitations increase household vulnerability to both food and water insecurity [10-13].
Despite the growing body of research on water security in sub-Saharan Africa (SSA), much
of the existing literature remains concentrated on large river basins or urban centers, often
overlooking rural and semi-arid zones where the interplay between climate change and
water access is most severe [14-16].

In Ghana, water insecurity is a developmental concern, especially in the northern
part of the country, where climate variability is more severe [17]. The northern regions
experience a unimodal rainfall pattern, resulting in a long dry season that lasts up to
seven months annually [17]. Although various governmental and non-governmental
interventions have improved water infrastructure and access, including boreholes and
small-town water systems [17,18], these measures often do not address climate-related risks
or ensure sustainability in these areas. The persistence of seasonal water scarcity suggests
deeper systemic issues [17]. In particular, the capacity of local households and communities
to prepare for and adapt to climate stressors remains underexplored. Moreover, the human
cost of water collection, particularly in terms of time, effort, and health risks borne by
women and children, remains underexplored in climate adaptation discourse.

Northwestern Ghana, one of the climate-stressed and least developed parts of Ghana,
characterizes these challenges [17]. The region faces prolonged dry seasons (6—7 months
annually), minimal surface water, and increasingly unpredictable rainfall. Rural house-
holds depend on shallow wells, boreholes, and seasonal streams, which often dry up or
become unsafe during the dry season [19]. The predominant reliance on rain-fed agriculture
further compounds the vulnerability of households to climatic shocks [17,19-21]. Women
and children are particularly affected by gendered roles in water collection and manage-
ment [5,10,22]. While studies have examined water access and agricultural resilience in the
region [19,22-24], limited empirical research exists on how climate change preparedness
affects water insecurity risk at multiple levels—individual, household, and community.

This study fills this critical gap by examining the nexus between climate change
preparedness and water insecurity risk in northwestern Ghana. The main objective of this
study is to investigate the extent to which climate change preparedness reduces water
insecurity risk across individual, household, and community levels in the semi-arid context
of the Upper West Region. Specifically, the study seeks to

1. Assess the levels of climate change preparedness among rural households;
2. Examine the relationship between preparedness and water insecurity risk;
3. Identify socio-environmental factors that exacerbate or mitigate water insecurity.
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Against this backdrop, the study hypothesizes that rural households with higher
levels of climate change preparedness experience a significantly lower risk of severe water
insecurity in semi-arid northwestern Ghana. This study contributes to the academic
literature and practical policymaking. By empirically demonstrating the protective effects
of climate preparedness on water security, this study provides a pathway for more resilient
rural water systems. The findings offer evidence-based insights for stakeholders, including
local governments, Non-governmental Organizations [NGOs], and development agencies,
on designing and implementing climate adaptation strategies tailored to semi-arid contexts.
This study advances our understanding of the water—climate nexus in vulnerable settings
and underscores the importance of integrating preparedness into broader water security
and climate resilience frameworks in Ghana and across SSA.

2. Theoretical Framework

This study is grounded in the Sustainable Livelihoods Framework (SLF) [25]. The SLF
highlights that livelihoods are shaped by multiple factors—at individual, household, and
community levels—and offers insight into how these factors influence vulnerabilities and
adaptive capacities in response to environmental stressors [26].

The SLF identifies several key components (livelihood assets, vulnerability context,
livelihood strategies, outcomes, and their interconnections) fundamental to understanding
water security as a vital component of livelihoods. Firstly, it categorizes livelihood assets
into human, social, natural, physical, and financial capital [27]. Human capital, which
encompasses individuals’ skills, knowledge, and experience, is pivotal in empowering
farmers to make informed decisions about water management [28,29]. Our study highlights
that perceived climate preparedness is a significant predictor of water security; thus,
enhancing human capital through education and training is vital. When farmers gain a
deeper understanding of climate dynamics, they are better equipped to devise effective
coping strategies for water-related challenges [30,31].

Social capital is another critical component of the SLF, referring to the relationships
and networks that facilitate cooperation and the sharing of resources. Strong community
cohesion and the exchange of local knowledge significantly influence water security. By
fostering social networks, smallholder farmers can enhance their collective capacity to
respond to water shortages, ultimately reducing their vulnerability to such challenges [32].
Natural capital, particularly water availability, is integral to the livelihoods of these farmers.
The SLF underscores the need for the sustainable management of natural resources, as
adverse climatic events—like droughts and floods—can severely affect water availability
and, consequently, the livelihoods dependent on it [33].

The framework also emphasizes the importance of physical capital, which includes
the infrastructure necessary for efficient water access and management, such as water
supply systems and irrigation. Investment in this physical infrastructure is crucial, as our
results indicate it significantly reduces farmers’ time retrieving water. Financial capital
also plays a significant role, as access to financial resources allows households to invest in
alternative water supply solutions, like rainwater harvesting systems or water treatment
technologies [33]. Financially stable households can better mitigate the effects of water
insecurity by implementing adaptive strategies [34].

Furthermore, the SLF recognizes that livelihoods operate within a vulnerable context
influenced by external factors, including economic, political, environmental, and social
dynamics [25]. Climate variability, particularly the impact of droughts and floods on water
availability, exemplifies a critical vulnerability factor [35]. This framework highlights that
stressors can diminish livelihood options and exacerbate smallholder farmers” pressures.
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Understanding the context of vulnerability is essential to identifying risks that threaten
water security and require adaptive responses.

Lastly, the SLF outlines various livelihood strategies that individuals and households
develop to enhance their livelihoods and mitigate risks. These strategies may involve diver-
Sifying income sources, investing in water-saving technologies, or engaging in community-
level initiatives like forming cooperatives for water resource management. Our study
reveals significant relationships between specific water management practices, such as
treating water and receiving early warnings, and improved water security, reflecting the
adaptive strategies farmers can use to counteract vulnerability. Ultimately, the outcomes
derived from these efforts are tied to the sustainability and resilience of livelihoods. When
smallholder farmers manage water insecurity effectively, it improves livelihood outcomes,
such as food security, economic empowerment, and environmental sustainability. More-
over, the long-term residency of individuals within a locality contributes to their knowledge
of local water management practices, demonstrating how positive outcomes can reinforce
adaptive capacities and resilience within communities.

3. Materials and Methods
3.1. Study Context

The study was conducted in the Upper West Region [UWR], located in the northwest-
ern part of Ghana [17]. Covering an area of approximately 18,476 square kilometers, the
region is located between longitudes 1°36’ and 3° west and latitudes 9°48 and 11° north
(Figure 1). With a population exceeding 901,500, the region is primarily rural, and approx-
imately 80% of its residents depend on subsistence agriculture for their livelihoods [17].
The UWR stands out as one of Ghana’s poorest areas, with a Multidimensional Poverty
Index (MPI) score of 0.348, significantly exceeding the national average of 0.112 [36]. More
than 65% of the region’s population lives in multidimensional poverty, with high rates in
districts such as Wa West (61.9%), Wa East (48.7%), and Nadowli-Kaleo (40.6%), where this
study was conducted [36]. The UWR is formally classified as part of the tropical savanna
(Aw) zone under the Képpen climate classification [37]. However, due to its prolonged dry
season, limited water availability, and increasing exposure to environmental stressors such
as bushfires, droughts, dry spells, floods, heat waves, storm surges, new pests, diseases,
and erratic rainfall, the region is often described in practical terms as functionally semi-
arid. These factors exacerbate insecurities related to water, food, nutrition, energy, and
health [19,22,38]. For instance, the region experiences a unimodal rainfall pattern with an
average annual rainfall of between 700 and 1050 mm [38]. Approximately 80% of the popu-
lation in the region depends significantly on ecosystem services or nature-based activities,
which are adversely affected by climate change [39]. Climate variability also affects water
sources, causing the drying of water sources and reduced groundwater recharge, affecting
rural communities dependent on wells, streams, and boreholes, further compounding
household vulnerability [19,22,37]. The district’s limited and old water infrastructure ex-
poses the region to water insecurity [17,18]. Vulnerability resulting from climate change
exacerbates the negative impacts on livelihoods, encompassing human, social, physical,
financial, and natural capital [25]. As an institutional response, the Ghana National Cli-
mate Change Policy (NCCP) and National Adaptation Plan (NAP) provide comprehensive
guidelines for Ghana’s climate change adaptation, with a specific focus on strengthening
institutional arrangements, developing effective monitoring and evaluation systems, and
implementing priority adaptation programs across various sectors [40]. However, the de-
centralized implementation of these plans and policies is challenged by limited institutional
capacity, inadequate funding, and poor climate information services [41,42]. This study,
therefore, explores the integration of climate preparedness into water management.
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Figure 1. Map of Ghana’s UWR showing the study districts (authors” construct).

3.2. Data Collection

This study is part of a larger investigation into the impact of the Community Resource
Management Area (CREMA) on improving livelihoods and enhancing climate change
resilience in the Upper West Region of Ghana. The sampling and data collection procedures
have been published elsewhere [43]. The study received ethical approval (Project ID:
121340) from the Non-Medical Research Ethics Board (NMREB) at the University of Western
Ontario, Canada.

3.3. Measurement of Variables

The outcome variable is household water insecurity. To measure this, we utilized
the Household Water Insecurity Experience (HWISE) Scale [44]. This scale comprises
12 questions about the water-related difficulties experienced by households in the past
month (Figure 2). These questions address emotional distress (such as worry, anger, and
shame), disruptions in hygiene practices (e.g., water for washing or bathing), difficulties in
consumption (such as inadequate water for drinking or needing to adjust food intake due
to limited water availability), and other disturbances related to water. The responses were
categorized into four options: “never” (0), “rarely” (1-2 times) (1), “sometimes” (3-10 times)
(2), and “often and always” (over 10 times) (3). The scores were then summed up, ranging
from 0 to 36. Households with HWISE scores 0 = water-secure, 1-18 = moderately water-
insecure, and 19-36 = severely water-insecure. The HWISE Scale is widely used in different
categories [10-13,44,45].
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Figure 2. The 12 dimensions of the Household Water Insecurity Experience (HWISE) Scale.

The focal independent variable is “perceived climate change preparedness”, defined
in line with the World Meteorological Organization’s conceptualization of preparedness
as an individual’s or household’s self-assessment of their ability to anticipate, plan for,
and respond to the impacts of climate change [46]. Climate change preparedness (CCP)
encompasses proactive actions aimed at reducing vulnerability, enhancing resilience, and
improving adaptive capacity in the face of climatic hazards. To operationalize this concept,
respondents were asked to rate their level of preparedness to address key climate-related
stressors experienced in their communities, including droughts, floods, pests and dis-
eases, erratic rainfall, dry spells, and storm surges, within the past 12 months. Responses
were categorized into three self-assigned levels, each with practical implications on the
ground: Poor (0): This indicates households that had taken little to no action to prepare for
climate-related hazards. In practice, these households lacked contingency plans, had lim-
ited knowledge of climate risks, or had no access to resources for coping with such events.
Satisfactory (1): This represents households that had undertaken some level of prepared-
ness, such as basic knowledge of risks, informal household-level strategies (e.g., storing
water or food), or participation in community discussions, but lacked more formal or
comprehensive plans. Good (2): This reflects households actively engaged in preparedness
activities, including adopting resilient farming practices and accessing support programs to
reduce climate-related vulnerabilities. This categorization captures not only self-perception
but also reflects observable behaviors and coping strategies reported by respondents during
the survey and field observations. Other scholars have used these measurements in similar
contexts [47]. In line with the existing literature on climate change, water security, and
the smallholder context [10-13,34,47-51], we accounted for various individual, household,
and community predictors (refer to Table 1). For example, an asset-based method was
utilized to measure household wealth by converting the ownership of 35 items—ranging
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from agricultural tools and durable goods to livestock—into binary variables (1 = owned,
0 = not owned). These assets included tractors, farm equipment, mobile phones, water
pumps, refrigerators, and various animals such as cattle, goats, and poultry. A Principal
Component Analysis (PCA) was conducted on these variables to develop a composite
wealth index. Based on their index scores, households were then grouped into five wealth
quintiles—poorest, poorer, middle, richer, and richest. Also, early warning refers to formal
or informal information received by households in advance of climate-related hazards,
specifically droughts, floods, storm surges, erratic rainfall, and dry spells. These warnings
are disseminated through multiple channels, including radio broadcasts, community sensi-
tization programs led by NGOs, messages from the Ghana Meteorological Agency, and, in
some cases, traditional knowledge shared by community elders. Respondents were asked
whether they had received any such early warnings related to these stressors within the
past 12 months, providing insight into household-level access to climate risk information.
Again, water borrowing refers to the practice of households temporarily obtaining water
from neighbors, relatives, or other nearby households during periods of water scarcity. This
informal coping mechanism is common in the study area, particularly during droughts,
dry spells, or other disruptions to regular water access. Respondents were asked whether
their household had engaged in water borrowing within the past 12 months as a measure
of household-level coping strategies for water insecurity.

Table 1. Predictors of water insecurity and SLF theoretical relevance.

Predictor Predictor Codin SLF Theoretical
Category 8 Capital/Dimension  Relevance
(Ore= Ie)l;)eoc;ness Measures adaptive
. . prepat g Human Capi- capacity and
Focal Independent Perceived climate 1 = satisfactory e
. tal/Vulnerability awareness,
Variable change preparedness preparedness, . : -
Context influencing resilience
2 = good
to shocks.
preparedness)
Age may affect
Age of primary Continuous Human Capital experience, fabor
farmer capacity, and
decision making.
Education enhances
(0 = no formal knowledee
Education education, 1 = formal Human Capital &€
. preparedness, and
education) . .
adaptive practices.
Individual-Level Social G%nder roles
Covariates Gender (0 = male, 1 = female) Human /Socia influence water
Capital access and
responsibilities.
(0 = single, Marital status can
. 1 = married, . . affect household
Marital status 2 = divorced/ Social Capital structure and
widowed/separated) decision making.
(0 = monogam Affects household
Marital structure B samy Social Capital dynamics and

1 = polygamy)

resource allocation.
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Table 1. Cont.

Predictor Predictor Codin SLF Theoretical
Category & Capital/Dimension  Relevance
, Reflects access to
Tl.m e spent on round . Physical /Natural water infrastructure
trip fetching water Continuous .
(min) Capital and source
availability.
Distance to water . Physical /Natural Indicates proximity
source (km) Continuous Capital and physical effort to
obtain water.
Water-fetching Health impact and
injuries (monthly Continuous Human Capital phy51.c al nSk.
count) associated with
water collection.
Water struggles due Etrr ee?sleer;?;tosfgf;ti
to availability Continuous Natural Capital environmental
(monthly count) .
scarcity.
Water borrowing in Indicates reliance on
& (0=no, 1 =yes), Social Capital social networks for
Household-Level the past months copin
Covariates pims-.
Quality of
Subjective water B B . . infrastructure for
storage facility 1= good, 2 = poor Physical Capital water storage and
management.
. Hygiene behavior
Water treatment (0=yes, 1=no) E}aly?giﬂ/Human and infrastructure
P availability.
Larger households
Household size 0=1+4,1=5%8, Social Capital may face more
2=9+4), pressure on water

resources.

Household wealth

(0 = richest,

1 = richer,

2 = middle,
3 = poorer,

4 = poorest)

Financial Capital

Economic capacity to
invest in water access
and adaptation.

Household decision
making

(0 = male head,

1 = female head,
2 = joint decision
making)

Social Capital

Gendered power
dynamics affect
resource allocation
and adaptation.
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Table 1. Cont.

Predictor Predictor Codin SLF Theoretical
Category & Capital/Dimension  Relevance
(0 = no experience,
1 = droughts,
2 = floods, 3 = other . Indicates exposure to
L L Vulnerability .
Climatic stressor climatic stressors climatic shocks
. . Context/Natural .
experience experienced (storm Capital affecting water
surge/erratic p security.
rainfall/dry
spells/pests/diseases)
Measures
Recelyed early (0=no, 1= yes) Human/ Social institutional support
warnings Capital and preparedness
systems.

. Institutional
Communlty-LeV81 Climate/disaster (0=no0, 1 = yes) Structures,/Processes readiness to manage
Covariates action plans -ne =y climate-related water

risks.
Access to climate
Climate knowledge (0=no, 1 = yes) Human/Social information
support systems Sno L=y Capital enhances adaptive
capacity.
(0=10or less, Place attachment and
Years residing in 1=11-20,2 =21-30, Social Capital local knowledge of
locality 3 =31-40, 4 = 41-50, p environmental
5=>51-60, 6 = 61+) changes.
_ . Captures spatial
. . (0= Nadowli-Kaleo, Natural/Contextual  variability in water
Geographic location 1= Wa East, 2 = Wa - .
Variable access and climate

West).
exposure.

3.4. Data Analysis

The analysis used a three-stage approach: univariate, bivariate, and multivariate. The
univariate analysis calculated descriptive statistics and summarized key sample charac-
teristics. Given that the dependent variable, “Water Insecurity”, is an ordered categorical
variable, the study employed ordered logistic regression (OLR) at both the bivariate and
multivariate stages of analysis. OLR is suitable for modeling ordinal outcomes as it pre-
serves the natural ranking of the response categories while estimating the influence of
predictor variables. This approach allowed for the examination of how socio-demographic-,
household-, and community-level factors are associated with the likelihood of households
experiencing varying levels of water insecurity. At the bivariate level, the analysis focused
solely on “Water Insecurity” as the dependent variable, with different variables serving
as independent variables to predict the various influences on severe water insecurity ex-
perience. At the multivariate level, this study employed nested multiple OLR to predict
severe water insecurity at the individual (Model 1), household (Model 2), and community
(Model 3) levels while continuously controlling for preparedness (the focal independent
variable) and the different covariates. The analysis was strengthened by a likelihood esti-
mation method for calculating odds ratios (ORs), where values greater than one (OR > 1)
or less than one (OR < 1) indicated a higher or lower likelihood of smallholder farmers
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experiencing severe water insecurity, respectively. The OLR formula used in this analysis is
expressed as follows [52]:

P(Y; <1 Pl
( ij > =ay+ Z(ajkxijk+ Vl],C: ],Q—l)
k=1

s (1 ~P(Y; < 1))

where (Yjj < 1) denotes the likelihood of an event occurring, (1 — P(Yj; < 1) characterizes
the likelihood that the event will not happen, i represents the coefficient element, Xjjx
denotes the determining variables, k = 1 shows the initial, p — 1 shows the final explanatory
variables, and «0 and ) — 1 are intercept components. Vij characterizes the different terms
in the model [52]. We utilized a likelihood estimation method to calculate the odds ra-
tios [52] for households reporting water insecurity. The OLR coefficients are shown as odds
ratios. Odds ratios exceeding one (ORs > 1) show a higher likelihood of experiencing severe
water insecurity, and odds ratios below one (ORs < 1) demonstrate a lower likelihood [50].
We examined the regression model for multicollinearity by utilizing the Variance Inflation
Factor (VIF). The VIF values for all variables were below 2.0, with a 1.30 VIF average,
indicating minimal multicollinearity in the multiple regression model. The model’s reli-
ability was further evaluated using the R-squared, Akaike Information Criterion (AIC),
and Bayesian Information Criterion (BIC). The final model achieved an R-squared of 0.42,
signifying that it accounted for 42% of the variance in water insecurity outcomes, and the
AIC (257.087) and BIC (375.274) suggested a good model fit. This comprehensive analysis
was conducted using Stata 19.

4. Results
4.1. Univariate Results

Table 2 shows the demographics of smallholder farmers in Ghana regarding water
insecurity. The average water insecurity score was 7.54, with 41.59% of farmers categorized
as water-secure, 40.43% as moderately insecure, and 17.99% as severely insecure. Regarding
preparedness, 35.40% reported poor preparedness, 50.68% satisfactory, and 13.93% good.
Most primary farmers were male (62.86%), married (77.37%), and had no formal education
(71.95%), with an average age of 44 years. On a household level, farmers spent an average
of 28.5 min fetching water, located about 2.36 km from the source. They reported an
average of 5.53 water-fetching injuries and 6.22 struggles with water availability per month.
Community-level data showed that many farmers experienced climatic stressors, with
floods affecting 33.85% and droughts 26.31%. Additionally, 71.95% had not received early
warnings about climate events, and 81.24% reported that their communities did not have
climate or disaster action plans. These results highlight significant challenges in water
security and the need for better climate adaptation support for farmers in Ghana.

Table 2. Demographic characteristics of smallholder farmers” water insecurity experience in Ghana.

Predictor Categories Predictors Percentage (%)/Mean £+ SD
Water insecurity 7.541 +9.443
. Water secure 41.59
Dependent Variable Moderately water insecure 40.43

Severely water insecure 17.99




Water 2025, 17, 2014

11 of 23

Table 2. Cont.

Predictor Categories Predictors Percentage (%)/Mean £+ SD
Preparedness
. Poor 35.40
Focal Independent Variable Satisfactory 50.68
Good 13.93
Age 44.372 £ 14.080
Education
No formal education 71.95
Formal education 28.05
Gender
Male 62.86
Individual-Level Covariates i;;}ii}:l status 37.14
Single 10.83
Married 77.37
Divorced/widowed/separated 11.80
Marital structure
Monogamy 61.70
Polygamy 38.30
Tlrpe spent on round trip to fetch water 98.487 -+ 29.400
(minutes)
Distance to water source (km) 2.357 + 3.104
Number of water-fetching Injuries (counts 5506 + 3.751
per month for the past year)
Water struggles due to availability (counts 6.215 + 3223
per month for the past year)
Water borrowing in the past months
No 35.01
Yes 64.99
Subjective water storage facility
Good 38.30
Poor 61.70
Household-Level Covariates X\éaster treatment 48.55
No 51.45
Household size
1-4 26.89
5-8 43.71
9+ 29.40
Household wealth
Richest 20.89
Richer 17.60
Middle 19.92
Poorer 16.63
Poorest 24.95
Household decision making
Male head 76.98
Female head 15.09
Joint decision making 7.93
Climatic stressors experienced
. . No experience 5.61
Community-Level Covariates Droughts 26.31
Floods 33.85
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Table 2. Cont.

Predictor Categories

Predictors Percentage (%)/Mean £+ SD

Community-Level Covariates

Other climatic stressors experienced (storm
surge/erratic rainfall /dry 34.24
spells/pests/diseases)

Received early warnings

No 71.95
Yes 28.05
Community-level climate and disaster

action plans

No 81.24
Yes 18.76
Climate knowledge support systems

No 73.69
Yes 26.31
Years of residing in the locality

10 or less 9.67
11-20 17.02
21-30 21.28
31-40 16.83
41-50 14.89
51-60 14.51
61+ 5.80
Geographic location

Nadowli-Kaleo 23.40
Wa East 32.30
Wa West 44.29

Note: Kilometers (km).

4.2. Bivariate Results

The bivariate results are shown in Table 3. The bivariate analysis assessed the factors
influencing severe water insecurity among smallholder farmers in Ghana. The primary
independent variable, preparedness, demonstrated a strong protective effect. Smallholder
farmers who reported good preparedness were less likely (0.394 £ 0.108, p < 0.001) to
experience severe water insecurity compared to those who reported poor preparedness.
Household-level factors also played a crucial role. Each additional minute spent fetching
water was associated with increased odds of experiencing water insecurity (1.009 & 0.002,
p < 0.001) compared to those who spent less time. Likewise, each additional unit increase
in the travel distance to fetch water (1.058 £ 0.010, p < 0.001) and a higher number of
water-fetching injuries per month (1.032 £ 0.023, p < 0.01) were linked to a greater risk of
severe water insecurity. Smallholder farmers who had borrowed water in the past month
(1.536 + 0.267, p < 0.001) were more likely to confront severe water insecurity than those
who had not. Poor water storage facilities (1.722 £ 0.294, p < 0.001) and a lack of water
treatment (2.679 & 0.459, p < 0.001) further worsened severe water insecurity. Regarding
household wealth, both poorer (1.241 £ 0.339, p < 0.05) and the poorest (1.647 £ 0.399,
p <0.001) households faced increased odds of severe water insecurity compared to the
wealthiest households. At the community level, smallholder farmers who experienced
climatic stressors such as droughts (1.365 & 0.577, p < 0.05), floods (2.311 &£ 0.957, p < 0.01),
and other extreme weather events (5.762 + 2.406, p < 0.001) had a significantly height-
ened risk of severe water insecurity. Conversely, those who received early warnings
(0.566 £ 0.106, p < 0.001) and accessed climate knowledge support systems (0.367 £ 0.073,
p < 0.001) were less likely to experience severe water insecurity compared to those without
these supports. Additionally, longer residency in the area appeared protective; individuals
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who had lived there for 21-30 years (0.454 & 0.147, p < 0.01) and 51-60 years (0.495 + 0.171,
p < 0.001) were less likely to experience severe water insecurity compared to those who
had lived in the locality for 10 years or less. Geographically, farmers in Wa East were
more likely (1.649 4 0.367, p < 0.01) to face severe water insecurity compared to those in
Nadowli-Kaleo.

Table 3. Bivariate ordered logistic regression predicting smallholder farmers’ severe water insecurity
experience in Ghana.

Predictor Categories Predictors OR + SE [95% CII

Preparedness (ref: poor)

Focal Independent Variable Satisfactory 0.871 £ 0.157 0.612-1.240
Good 0.394 £ 0.108 ***  0.230-0.675
Age t 0.995 + 0.006 0.984-1.007
Education (ref: no formal education)
Formal education 0.949 + 0.173 0.664-1.357
Gender of primary farmer (ref: male)

Individual-Level Female 1.140 £ 0.195 0.815-1.594

Covariates Marital status of primary farmer (ref: single)
Married 0.980 £ 0.257 0.586-1.639
Divorced /widowed /separated 1.241 + 0.429 0.630-2.444
Marital structure of primary farmer (ref:
monogamy)
Polygamy 1.004 £ 0.169 0.721-1.398
Tnpe spent on round trip to fetch water + 1.009 + 0.002 **  1.003-1.014
(minutes)

Household-Level

Covariates

Distance to water source (km) 1.058 + 0.010 ***  1.038-1.078
Number of water-fetching injuries 1 (counts per 1032 40023  1.086-1.079
month for the past year)

Water struggles due to availability + (counts per

month for the past year) 0.928 + 0.044 0.845-1.019
Water borrowing in the past months (ref: no)

Yes 1.536 + 0.267 ***  1.092-2.161
Subjective water storage facility (ref: good)

Poor 1.722 + 0.294 ***  1.231-2.407
Water treatment (ref: yes)

No 2.679 £ 0.459 ***  1.914-3.748
Household size (ref: 1-4)

5-8 0.956 £ 0.195 0.640-1.428
9+ 1.118 4+ 0.243 0.730-1.714
Household wealth (ref: richest)

Richer 0.832 4+ 0.220 0.495-1.398
Middle 0.970 £ 0.249 0.586-1.606
Poorer 1.241 £0.339* 0.726-2.121
Poorest 1.647 £ 0.399 ** 1.024-2.649
Household decision making (ref: male head)

Female head 1.452 + 0.337 0.921-2.288

Joint decision making 1.878 + 0.591 1.013-3.483
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Predictor Categories Predictors OR + SE [95% CI]
Climatic stressors experienced (ref: no event
experience)
Droughts 1.365 £ 0.577 * 0.596-3.128
Floods 2.311 £+ 0.957 ** 1.025-5.206

Community-Level
Covariates

Other climatic stressors experienced (storm
surge/erratic rainfall/dry spells/pests/diseases)
Received early warnings (ref: no)

5762 + 2.406 ***  2.542-13.063

Yes 0.566 £ 0.106 ***  0.391-0.819
Community-level climate and disaster action plans

(ref: no)

Yes 1.163 £ 0.241 0.775-1.746
Climate knowledge support systems (ref: no)

Yes 0.367 £ 0.073 ***  (0.248-0.542
Years of residing in the locality (ref: 10 or less)

11-20 0.642 + 0.216 0.332-1.243
21-30 0.454 £0.147*  0.239-0.860
31-40 0.875 £ 0.295 0.451-1.698
41-50 0.576 £ 0.197 0.294-1.126
51-60 0.495 £0.171 **  0.252-0.974
61+ 0.548 £ 0.243 0.229-1.309
Geographic location (ref: Nadowli-Kaleo)

Wa East 1.649 £0.367*  1.065-2.551
Wa West 0.765 £ 0.160 0.507-1.152

Notes: p < 0.1, * p < 0.05, ** p < 0.01, ** p < 0.001; OR = odds ratio, SE = Standard Error, confidence interval = CI,
t = continuous, dependent variable (water insecurity).

4.3. Multiple Ordered Logistic Regression

The multivariate results are presented in Table 4, highlighting the factors that con-
tribute to severe water insecurity among smallholder farmers in Ghana at the individual,
household, and community levels. In the individual-level model, smallholder farmers who
rated their preparedness as good had lower chances of experiencing severe water insecurity
compared to those who rated their preparedness as poor (0.35 £ 0.099, p < 0.001). This
trend continued at the household level, where severe water insecurity significantly declined
for smallholder farmers who rated their preparedness as good (0.037 =+ 0.029, p < 0.001).
Other household-level factors also showed significant associations; each additional minute
required for a round trip to fetch water was associated with a slight increase in the likeli-
hood of experiencing severe water insecurity (1.0266 £ 0.006, p < 0.001). Additionally, a
rise in reported water-fetching injuries correlated with an increased risk of water insecurity
(1.066 £ 0.065, p < 0.01) compared to those without injuries. Not treating water substan-
tially increased the associated risk of experiencing severe water insecurity (2.640 £ 1.101,
p < 0.01) compared to those who treated their water. At the community level, smallholder
farmers who reported good preparedness had a lower risk of experiencing severe water
insecurity (0.103 = 0.105, p < 0.001). Also, an increase in the round-trip water-fetching time
(1.036 £ 0.007, p < 0.001) or water injuries (1.054 = 0.079, p < 0.001) increased the likelihood
of smallholder farmers experiencing severe water insecurity. Smallholder farmers who
experienced water borrowing in the past months were more likely to face the risk of severe
water insecurity (1.310 £ 0.182, p < 0.01) compared to those who did not experience water
borrowing. Smallholder farmers who reported not treating water (2.919 £ 1.459, p < 0.001)
were more likely to face severe water insecurity. Moreover, smallholder farmers who
experienced adverse climatic stressors—including droughts (1.086 & 0.126, p < 0.001) and
floods (1.196 £ 0.269, p < 0.01)—were more likely to face severe water insecurity compared
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to those who reported no such events. Conversely, smallholder farmers who received early
warnings about climate events were more protective against and less likely at risk of water
insecurity (0.218 £ 0.138, p < 0.001) compared to those who did not receive warnings. Small-
holder farmers who accessed climate knowledge support systems (0.228 £ 0.123, p < 0.001)
were less likely to be at risk of water insecurity compared to those without such systems.
Finally, longer residency in the locality was associated with reduced severe water insecurity,
particularly among smallholder farmers residing for 31-40 years (0.081 £ 0.080, p < 0.001),
41-50 years (0.071 £ 0.077, p < 0.001), 50-60 years (0.037 £ 0.044, p < 0.001), and over
60 years (0.063 £ 0.054, p < 0.01) compared to those who had lived in the area for 10 years
or less. Geographically, smallholder farmers in Wa West were less likely (0.063 =+ 0.054,
p < 0.001) to face severe water insecurity compared to those in Nadowli-Kaleo.

Table 4. Multiple ordered logistic regression predicting smallholder farmers’ severe water insecurity
experience in Ghana.

Nested Ordered Logistic Regression

Predictors

Preparedness (ref: poor)
Satisfactory

Good

Aget

Education (ref: no formal education)

Formal education
Gender (ref: male)
Female

Marital status (ref: single)

Married

Divorced/widowed/separated
Marital structure (ref: monogamy)

Polygamy

Time spent on round trip to

fetch water (minutes) t

Distance to water source (km) t
Number of water-fetching
injuries (counts per month for

the past year) t

Individual-Level Model Household-Level Model Community-Level Model
OR £ SE [95% CI] OR £ SE [95% CI] OR £ SE [95% CI]
0.891 £ 0.162 0.624-1.273  0.629 + 0.267 0.273-1.449 1.048 £ 0.574 0.358-3.067
0.35 4 0.099 *** 0.204-0.613  0.037 £ 0.029 *** 0.007-0.173 0.103 £ 0.105 ** 0.013-0.760
0.991 £ 0.007 0.976-1.006  1.023 & 0.017 0.989-1.058 1.043v0.023 0.997-1.091
0.832 £0.181 0.542-1.276  1.949 + 0.976 0.730-5.203 3.030 £ 1.906 0.883-10.399
0.993 £ 0.195 0.675-1.460  0.633 + 0.266 0.277-1.444 0.605 £ 0.331 0.207-1.769
1.023 £ 0.373 0.501-2.092  1.275 4+ 1.201 0.201-8.081 1.610 £ 1.752 0.190-13.597
1.472 + 0.616 0.648-3.344  1.701 + 1.854 0.200—4.406 2.770 £ 3.691 0.203-7.749
0.939 £ 0.225 0.587-1.504  2.088 +1.197 0.678-6.427 2.940 £ 2.023 0.763-11.330
1.0266 + 0.006 ***  1.014-1.038 1.036 £ 0.007 *** 1.021-1.052
1.026 £ 0.017 0.992-1.061 0.990 £ 0.021 0.949-1.034

1.066 £ 0.065 ** 1.046-1.104 1.054 £ 0.079 *** 1.010-1.122

Water struggles due to

availability (counts per month 1.024 + 0.065 0.904-1.159 0.941 £ 0.073 0.807-1.096
for the past year) t

Water borrowing in the past months (ref: no)

Yes 1.998 £ 0.452 1.410-2.428 1.310 & 0.182 ** 1.098-1.979
Subjective water storage facility (ref: good)

Poor 1.566 & 0.720 0.635-3.859 2.165 + 1.368 0.627-7.473
Water treatment (ref: yes)

No 2.640 £ 1.101 *** 1.166-5.979 2.919 4 1.459 *** 1.095-7.777
Household size (ref: 1-4)

5-8 0.713 + 0.374 0.255-1.994 2.091 4+ 1.394 0.565-7.730
9+ 0.409 + 0.248 0.124-1.345 1.097 £ 0.810 0.258-4.668
Household wealth (ref: richest)

Richer 1.358 & 0.713 0.485-3.801 5.894 + 3.884 1.619-21.449
Middle 1.186 & 0.703 0.371-3.793 2.006 + 1.466 0.478-8.407
Poorer 2.321 + 1.802 0.506-10.632 1.676 & 1.616 0.253-11.089
Poorest 0.849 + 0.504 0.264-2.721 1.093 £ 0.800 0.260—4.594
Household decision making (ref:

male head)

Female head 1.543 £+ 1.033 0.415-5.731 0.814 £ 0.646 0.172-3.856
Joint decision making 0.482 + 0.279 0.154-1.502 0.406 + 0.286 0.101-1.621

Climatic stressors experienced
(ref: no event experience)
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Table 4. Cont.
Nested Ordered Logistic Regression
Droughts 1.086 + 0.126 *** 1.004-1.517
Floods 1.196 £+ 0.269 ** 1.013-2.880
Other climatic stressors
experienced (storm 1288 £1.768*  1.087-2.960
surge/erratic rainfall/dry
spells/pests/diseases)
Received early warnings (ref:
no)
Yes 0.218 4+ 0.138 *** 0.063-0.758
Community-level climate and
disaster action plans (ref: no)
Yes 0.498 + 0.263 0.177-1.402
Climate knowledge support
systems (ref: no)
Yes 0.228 + 0.123 *** 0.078-0.661
Years of residing in the locality
(ref: 10 or less)
11-20 0.179 + 0.171 0.027-1.168
21-30 0.246 + 0.236 0.037-1.619
31-40 0.081 + 0.080 *** 0.011-0.571
41-50 0.071 4+ 0.077 ** 0.008-0.602
51-60 0.037 £ 0.044 *** 0.003-0.378
61+ 0.048 + 0.069 ** 0.002-0.797
Geographic location (ref:
Nadowli-Kaleo)
Wa East 1.837 + 1.611 0.329-8.245
Wa West 0.063 + 0.054 *** 0.011-0.342
Log-likelihood —524.951 —119.237 —89.543
Pseudo R? 0.017 0.237 0.427
akg‘e Information Criterion 409 g9 288.474 257.087
Bayesian Information Criterion 1112.344 364.235 375.274

(BIC)

Notes: p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001; OR = odds ratio, SE = Standard Error, t = continuous, confidence
interval = CI, dependent variable (water insecurity).

5. Discussion

This study investigated the multidimensional drivers of water insecurity among
smallholder farmers anchored on the Sustainable Livelihood Framework (SLF) lens, which
emphasizes how the five forms of capital—human, social, physical, natural, and financial—
shape rural livelihoods [25]. The findings from this study reveal how vulnerabilities and
adaptive strategies are embedded within these livelihood assets.

Consistent with the hypothesis, smallholder farmers who reported good preparedness
had a significantly lower likelihood of experiencing severe water insecurity. Preparedness,
a key component of human capital, often reflects households” knowledge, skills, and
behavioral capacities to anticipate and respond to shocks [25]. This aligns with findings
from Ethiopia, where farmers with prior exposure to climate adaptation training reported
better outcomes during water-related crises [53]. In the UWR, where seasonal rainfall
variability is common, preparedness likely includes water harvesting, storage practices,
or the use of water-saving technologies [19,22,34]. These adaptive capacities enhance
resilience by reducing the dependence on unpredictable external water sources.

Another important finding is that increased time spent on round-trip water collection
was strongly associated with severe water insecurity. This finding reflects deficits in
physical capital, particularly in water infrastructure availability and proximity. Similar
results have been documented in rural Kenya and Malawi, where long distances to water
sources were linked to physical exhaustion, health challenges, and decreased time available
for income-generating activities [54,55]. In Ghana’s UWR, where communities are often
dispersed and infrastructure is limited, the physical burden of water fetching not only
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heightens insecurity but also exacerbates gender- and age-based vulnerabilities, as women
and children predominantly shoulder this responsibility [56,57].

Furthermore, water-related injuries increased the likelihood of farmers experiencing
severe water insecurity. Injuries, such as slips, falls, or musculoskeletal strain, diminish
human capital by reducing household labor availability [58,59]. Studies have reported
similar findings, where physical injuries during water collection led to increased medical
expenses and reduced on-farm labor capacity [59]. In the UWR, where healthcare access
may already be constrained, such injuries can have cascading effects on both health and
livelihood productivity, reinforcing cycles of vulnerability [60,61].

Invariably, smallholder farmers who reported borrowing water in the past month
were more likely to experience severe water insecurity. While water borrowing can serve
as a short-term coping mechanism, it often reflects deeper vulnerabilities in natural and
social capital from the SLF lens [25]. Households that rely on borrowed water typically
lack consistent access to their reliable sources, indicating stress on natural capital such as
local boreholes, wells, or rain-fed storage [62]. Moreover, while social capital can facilitate
water sharing within communities, repeated borrowing may signal strained relationships
or social exclusion, especially when borrowing becomes habitual rather than occasional [63].
Studies from Kenya and Ethiopia have shown that households engaged in frequent water
borrowing often reside in marginalized areas with limited infrastructure and may face
social tensions or stigma [64,65]. In Ghana’s UWR, reliance on water borrowing could
indicate physical scarcity and limited access to communal water governance mechanisms.
Therefore, while borrowing water may provide temporary relief, it is ultimately a symptom
of chronic water insecurity rather than a sustainable solution.

Moreover, households that did not treat their water were significantly more likely
to report severe water insecurity. This behavior intersects with financial and human
capital—some households may lack the resources to purchase treatment supplies (e.g.,
filters, chlorine) [66]. Some households may treat their water due to concerns about quality,
while others may lack awareness of the benefits of water treatment. Comparable trends
have been found in Ethiopia, where lower levels of education and income were linked
to the reduced uptake of household water treatment methods [67]. Holvoet found that
education and exposure to information about water treatment significantly increase the
likelihood that households will treat their water [68]. In Ghana’s UWR, where poverty
rates are among the highest nationally, such constraints (e.g., limited access to education
and healthcare, inadequate infrastructure, insufficient economic opportunities, and envi-
ronmental challenges, such as erratic rainfall and soil degradation) likely contribute to
untreated and unsafe water use, thereby increasing vulnerability [69].

Importantly, smallholder farmers exposed to adverse climatic stressors—including
droughts and floods—were significantly more vulnerable to water insecurity [6,70]. These
findings highlight the fragility of natural capital under climate stress [9]. In similar agroeco-
logical zones across the Sahel, recurrent droughts and erratic rainfall have been identified
as major drivers of water scarcity and disruption of rural livelihoods [8]. In northern Ghana,
where rain-fed agriculture dominates, climate extremes can lead to the drying of rivers and
boreholes, soil erosion, and disruptions to traditional water-sharing arrangements, all of
which exacerbate water insecurity [20,71].

Again, smallholder farmers who received early warnings about climate events were
more likely to be protected from severe water insecurity. This underscores the importance
of social capital and access to institutional support systems [25]. Early warning systems
provide vital lead time for households to plan for water storage, adjust their agricultural
calendars, or temporarily relocate livestock [46]. Studies elsewhere in SSA have highlighted
how community-based early warning mechanisms enhance adaptive capacity and reduce
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vulnerability to climate-related shocks [72,73]. In Ghana, expanding such systems through
local radio, extension services, and mobile platforms could offer a cost-effective strategy
for strengthening resilience [46].

The study also found that access to climate knowledge support systems, such as
agricultural extension, meteorological information, or community training, was linked
to a reduced risk of severe water insecurity. This reflects a strengthening of human and
social capital, allowing farmers to make informed decisions and adopt sustainable water
management practices [25,74]. A study in Rwanda found that farmers with access to climate
advisory services were more likely to engage in adaptive behaviors such as rainwater har-
vesting and conservation agriculture [75]. Building locally relevant knowledge platforms
in the UWR can bridge the information gap and empower communities.

Likewise, longer-term residency in the community was associated with lower levels of
water insecurity. Farmers who had resided in the area for over 30 years were significantly
less likely to report severe water insecurity compared to those who had stayed in the area for
a shorter period. From the SLF perspective, long-term residency strengthens social capital
by fostering stronger community networks, local knowledge of water sources, and estab-
lished coping mechanisms [76,77]. Studies from Zimbabwe and Mozambique support this
finding, showing that long-standing community members are more effectively integrated
into communal water management and informal resource-sharing arrangements [78,79].
This insight is particularly important for policymakers aiming to support newly resettled
or migrant populations who may lack these embedded social structures.

Geographic variations revealed that smallholder farmers in Wa West were less likely
to face severe water insecurity than those in Nadowli-Kaleo. This may reflect differences
in physical and natural capital across districts from the SLF lens [25]. Wa West may
benefit from more robust water infrastructure, improved soil water retention, or increased
institutional investments. Regional water access and infrastructure disparities have been
documented in other parts of Ghana and West Africa [80,81]. Understanding each district’s
specific ecological and infrastructural conditions is crucial for targeting interventions and
achieving equitable water security outcomes.

Despite this study’s contribution, it has limitations that should be acknowledged. First,
the cross-sectional design limits the ability to infer causality between the identified factors
and water insecurity. While associations are evident, longitudinal data would be needed to
confirm temporal relationships and capture changes over time. Second, the study relied
primarily on self-reported data, which may be subject to recall or social desirability bias,
especially on sensitive topics such as preparedness or water treatment behaviors. Addition-
ally, although this study assessed multiple climate stressors independently, low response
rates for specific events, such as storm surges, erratic rainfall, and dry spells, necessitated
combining these stressors into a single category for statistical analysis. This approach,
while necessary for robust analysis, may obscure nuanced differences in how communities
experience and respond to these distinct stressors. Third, the analysis did not include
detailed hydroclimatic or geospatial data on water availability and infrastructure, which
could have provided more nuanced insights into the environmental and infrastructural
drivers of water insecurity. Finally, although the study focused on northwestern Ghana, its
findings may not be generalizable to other regions in Ghana or across sub-Saharan Africa,
given the different ecological, cultural, and governance contexts. Future research could
benefit from mixed-methods approaches and a broader geographic coverage to enhance
the robustness and applicability of the findings.
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6. Conclusions

This study contributes to the growing literature on rural water insecurity by identify-
ing key drivers among smallholder farmers in northwestern Ghana through the Sustainable
Livelihood Framework. The findings highlight that water insecurity is not merely a func-
tion of water availability but is intricately tied to multiple dimensions of livelihood capital,
including human preparedness, physical access to infrastructure, natural resource quality,
and social support networks. Farmers with better preparedness, access to early warning
systems, climate knowledge support, and long-term residency were less likely to experi-
ence severe water insecurity. Conversely, those affected by adverse climatic events, long
water collection times, untreated water use, water injuries, and water borrowing were
at significantly higher risk. These insights underscore the multifaceted nature of water
insecurity and the need for integrated responses that address both immediate needs and
long-term structural vulnerabilities.

7. Policy Direction

The findings of this study offer several implications for policy and development
interventions aimed at reducing water insecurity in rural Ghana and similar settings. First,
strengthening human capital through education and preparedness programs, particularly
on water management, treatment practices, and climate adaptation, is essential. Second,
investments in physical infrastructure, such as boreholes, rainwater harvesting systems, and
safe water storage facilities, should be prioritized in underserved communities to reduce the
time burden and physical risks associated with water collection. Third, enhancing natural
capital by protecting local water sources from contamination and improving watershed
management will help ensure the quality and sustainability of water supplies. Fourth,
strengthening social capital through community-based early warning systems, peer support
groups, and inclusive water governance can foster collective resilience. Finally, policies
should recognize and address spatial disparities in water access by targeting interventions
in high-risk districts, such as Nadowli-Kaleo. A coordinated, multi-sectoral approach—
linking water, health, agriculture, and climate services—will be critical to securing water
for livelihoods and resilience in the face of escalating environmental and socio-economic
pressures.
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