frontiers
in Sustainable
Food Systems

'.) Check for updates

OPEN ACCESS

EDITED BY
Cosmas Parwada,
Midlands State University, Zimbabwe

REVIEWED BY

Veronica Makuvaro,

Midlands State University, Zimbabwe
Tukae Mbegalo,

Mzumbe University, Tanzania

*CORRESPONDENCE
Lewis Chisengele
lewischise@gmail.com

RECEIVED 04 November 2025
REVISED 04 February 2026
ACCEPTED 06 February 2026
PUBLISHED 11 March 2026

CITATION

Chisengele L and Nyanga PH (2026)
Livelihood vulnerability of food systems
in Agro-Ecological Region | of Southern
Zambia.

Front. Sustain. Food Syst. 10:1739547.
doi: 10.3389/fsufs.2026.1739547

COPYRIGHT

© 2026 Chisengele and Nyanga. This is
an open-access article distributed under
the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permitted which does
not comply with these terms.

Frontiers in Sustainable Food Systems

PUBLISHED 11 March 2026

TYPE Original Research
pol 10.3389/fsufs.2026.1739547

Livelihood vulnerability of food
systems in Agro-Ecological
Region | of Southern Zambia

Lewis Chisengele* and Progress H. Nyanga

Department of Geographical Sciences, Environment and Planning, School of Natural and Applied
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Climate change has significantly disrupted the food systems and livelihoods
of low-resource rural communities, particularly in Southern Zambia's
Agroecological Region |. Agroecological Region |, receives mean annual
rainfall of less than 800 mm with an increasing reliance on rain-fed agriculture.
This study evaluates the vulnerability of food system livelihoods to climate
change in Kazungula, Gwembe, Chirundu, and Siavonga districts using the
LVI-IPCC framework outlined in the sixth assessment report (IPCC-AR6)
of the Intergovernmental Panel on Climate Change. The LVI-IPCC for the
respondents was formed by combining its three components; exposure,
sensitivity, and adaptive capacity from 195 rural households, who were selected
using a stratified random sampling method. LVI was employed to identify
the differential vulnerability of the four districts to climate change effects.
An explanatory sequential mixed-methods design was employed, in which
quantitative household survey data (n = 195) were first used to construct the
Livelihood Vulnerability Index (LVI) and LVI-IPCC metrics, followed by focus
group discussions and key-informant interviews to contextualise and interpret
observed vulnerability patterns. Results show that households across all districts
perceived climate change primarily through erratic rainfall, droughts, rising
temperatures, and shifting rainfall seasonality, with perceived climate risk
intensity varying significantly by district due to differences in livelihood sensitivity
and adaptive capacity rather than hazard exposure. With regards to vulnerability,
Siavonga had the highest vulnerability (LVI-IPCC = 0.0711) due to high exposure
and limited adaptive capacity, while Kazungula had the lowest vulnerability
(0.022). Dependence on rain-fed crop production was the main factor affecting
sensitivity across districts. Farmers perceived rising temperatures, erratic rainfall,
and reduced yields, confirming the consistency between the measured and
perceived risks. These findings indicate that the impacts of climate on food
systems stem from interconnected biophysical and socioeconomic pressures. It
is crucial to strengthen the adaptive capacity of smallholder farmers in this region
through irrigation interventions, livelihood diversification, and integrating early
warning systems and climate-information services. The study provides evidence
to guide district-level adaptation planning and facilitates the development
of context-specific strategies that increase the resilience of food systems in
Agroecological Region | and similar regions in Southern Zambia.

KEYWORDS

agroecological region |, climate change vulnerability, food systems resilience, livelihood
vulnerability index, LVI-IPCC framework, smallholder, Zambia

01 frontiersin.org


https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://doi.org/10.3389/fsufs.2026.1739547
http://crossmark.crossref.org/dialog/?doi=10.3389/fsufs.2026.1739547&domain=pdf&date_stamp=2026-03-11
mailto:lewischise@gmail.com
https://doi.org/10.3389/fsufs.2026.1739547
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fsufs.2026.1739547/full
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Chisengele and Nyanga

1 Introduction

Climate variability continues to undermine food systems
globally by disrupting production, markets, and consumption
pathways (Schneider et al, 2023).
disproportionately affected because they are heavily dependent

Semi-arid regions are

on climate-sensitive livelihoods. Limited adaptive capacity,

poor infrastructure, and institutional weaknesses intensify
these effects in Sub-Saharan Africa (Makondo and Thomas,
2024). Southern Zambias Agroecological Region I (AER

I) exemplifies such vulnerability. The region receives less
than 800 mm of annual rainfall and experiences recurrent
droughts, high evapotranspiration, and soil fertility decline. These
climatic stresses directly threaten smallholders™ livelihoods and
local food security [Zambia Statistical Agency (ZSA), 2022].
Agroecological Region I has recently experienced increased
climatic shocks (Makondo and Thomas, 2024; Chisengele and
Nyanga, 2025a). Rain-fed agriculture, with maize, sorghum,
and cowpeas as dominant crops, is the main source of
livelihood. Limited irrigation, weak infrastructure, and poor
access to climate-information intensify risk (Chisengele and
Nyanga, 2025a). Most farmers rely on subsistence systems
with low input use and limited diversification, increasing their
exposure to rainfall fluctuations and market shocks (Makondo
and Thomas, 2024). The interaction of climatic and socio-
economic pressures defines the vulnerability of food systems in
this region.

Southern Zambia’s Agro-Ecological Region I faces chronic
food insecurity, worsened by recurrent droughts and floods.
In 2019/2020, 2.3 million rural people (25% of the rural
population) were severely food insecure, with 16% in IPC Phase
3 (Crisis) and 3% in Phase 4 (Emergency), particularly in
Gwembe, Chirundu, Siavonga, and Kazungula (Southern African
Development Community, 2019). Vulnerability assessments show
that 45 to 60%
experience moderate to severe food insecurity, with Gwembe,

of rural households in Southern Province

Siavonga, and Chirundu consistently among the highest-risk
districts due to drought-induced yield losses exceeding 40% and
livestock mortality (Southern African Development Community,
2019; Government of the Republic of Zambia, 2023; African
Risk Capacity, 2022). In 2023/2024, 2.04 million people (21%
of the rural population) faced acute food insecurity (IPC
Phase 3 or worse), including 58,440 in Phase 4, affecting
76 districts, many in Southern Province (Government of the
Republic of Zambia, 2023). In Zambia, 76% of smallholder
farmers remain vulnerable, with female-headed households most
affected (Ngoma and Finn, 2024). This context of entrenched
and severe food insecurity underscores the relevance of LVI-
IPCC vulnerability analysis to disentangle exposure, sensitivity,
and adaptive capacity, thereby clarifying the magnitude of results
and guiding targeted resilience interventions such as irrigation
and early warning systems (World Bank, 2018). Within this
context vulnerability assessment frameworks offer a critical tool
for disentangling the relative contributions of exposure, sensitivity,

Abbreviations: LV, Livelihoods Vulnerability Index; IPCC, Intergovernmental
Panel on Climate Change; AER, Agro Ecological Region.
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and adaptive capacity in shaping household and district-level
resilience outcomes.

Globally, integrated frameworks linking exposure, sensitivity,
and adaptive capacity are increasingly being used to examine food
system vulnerability (Hahn et al., 2009; Saha et al., 2024). These
frameworks explain how climate hazards influence household
assets and institutional environments, shaping resilience outcomes
(Mandal et al., 2025). For example, Zou and Yoshino (2017) applied
spatial composite indices to identify hotspots of environmental
vulnerability in China, demonstrating that physical and social
variables jointly determine risk. In Bangladesh, Ali and Hossen
(2022) found that reliance on a single livelihood source amplified
household sensitivity to climatic stress. Similarly, Tofu et al. (2025)
demonstrated that asset diversification and institutional support
significantly reduce vulnerability in Ethiopia’s arid zones.

The Livelihood Vulnerability Index (LVI) and LVI-IPCC
have been applied to quantify the composite vulnerability
levels in smallholder contexts across Asia (Phuong et al,
2023; Yu et al, 2024; Kumari et al., 2025). These studies
that
more than physical exposure. Similar findings have emerged

reveal socio-economic  sensitivity drives vulnerability
from Ghana, Kenya, and Ethiopia, where the risk of climate
vulnerability increases due to dependence on rain-fed crops,
limited markets, and inadequate adaptive capacity (Omoyo
et al., 2015; Baffoe and Matsuda, 2018; Zeleke et al., 2023).
These studies emphasise the multidimensional nature of food
system livelihood vulnerability and the need for integrated
adaptation strategies.

In Zambia, growing research has explored how climate change
interacts with livelihoods and ecosystems to produce vulnerability.
Makondo and Thomas (2024) examined multidimensional poverty
and ecosystem-based adaptation and concluded that vulnerability
is perpetuated by structural inequality and weak institutional
capacity. However, few studies have disaggregated these patterns
by district or focused on Agroecological Region I, where
climatic stress is most acute. Existing assessments remain
largely descriptive and lack spatially differentiated evidence to
guide adaptation planning (Farinds-Dasi et al, 2024). They
also seldom integrate farmers risk perceptions, which are
essential for understanding behavioural responses and adopting
climate innovations.

Chisengele and Nyangas (2025a) recent synthesis work
deepened this understanding by reviewing Southern Zambia’s
drivers of change, knowledge systems, and vulnerability patterns.
Their analysis underscores that Region I experiences increased
exposure to drought and extreme temperatures, but weak
knowledge integration between scientific and indigenous
systems undermines local resilience. They further argued that
the resilience of the food system depends on bridging this
divide through participatory learning and localised adaptation
strategies. Despite these advances, empirical district-specific
analyses, particularly those that link quantified vulnerability
indices with farmers’ climate perceptions, remain limited. Other
regional studies have highlighted the importance of integrating
quantitative assessments with risk perception. Rehman et al.
(2023) and Saha et al. (2024) found that smallholders’ climate
change perceptions often mirror measured vulnerabilities, such

as rising temperatures, erratic rainfall, and declining yields.
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Farmers’ climate change awareness shapes adaptive decisions
and influences community resilience. Including perception data
enhances the understanding of vulnerability and strengthens
the policy relevance of index-based assessments. However, such
integration is rarely implemented in the agroecological region
I of Zambia, particularly in Southern Province, leaving a gap
in localised evidence for resilience programming (Zeleke et al.,
2023).

Climate change affects food systems through both direct and
indirect pathways. The direct effects include declining yields and
crop failures, whereas the indirect effects involve disruptions
in markets, transport, and labour availability (Schneider et al,
2023). Drought episodes disrupt supply chains, reduce household
incomes, and increase reliance on food assistance in Agroecological
Region I in Southern Zambia Repeated exposure to such events
reduces coping capacity, reinforcing poverty cycles. Livelihood
diversification remains low, and access to credit or extension
services is often constrained (Makondo and Thomas, 2024).
Despite periodic humanitarian interventions, generations of
vulnerability persist. Improved vulnerability assessments are
essential for developing global adaptation policies. Recent advances
employ spatial composite indices and multiple indicators to
identify vulnerability hotspots (Zou and Yoshino, 2017; Srivastava
et al,, 2025). Mandal et al. (2025) demonstrated how resilience
investment is informed by integrating climatic and socio-
economic indicators. Applying similar tools in Agroecological
Region I in Zambia can help policymakers efficiently allocate
These
include promoting small-scale irrigation, strengthening climate-

resources and design context-specific interventions.
information systems, and enhancing livelihood diversification to
buffer against rainfall shocks (Saha et al., 2024; Srivastava et al.,
2025).

Despite extensive global evidence, research on food system
vulnerability in Southern Zambia remains inadequate. Few studies
have generated district-level evidence linking exposure, sensitivity,
and adaptive capacity across the Zambezi Valley. The limited
integration of risk perception and food system perspectives has
constrained the understanding of how climate impacts propagate
through local economies (Ali and Hossen, 2022). Additionally,
empirical data on AER I determinants of adaptive capacity, such
as access to markets, institutions, and social capital, remain
scarce (Makondo and Thomas, 2024). These knowledge gaps limit
evidence-based planning for climate-resilient livelihoods.

Therefore, this study assesses the vulnerability of food system
households to climate impacts in the Agroecological Region I of the
Kazungula, Gwembe, Chirundu, and Siavonga districts of Southern
Zambia. The LVI and LVI-IPCC frameworks are used to quantify
vulnerability and identify key drivers. The research also analyses
how farmers” perceptions correspond with measured vulnerability
levels, providing a nuanced understanding of local risk realities.
The findings contribute to the resilience agenda of Zambia
by generating actionable insights for district-level adaptation
planning. Ultimately, this study strengthens the empirical
foundation for designing context-specific strategies that enhance
smallholder resilience within Southern Zambia’s semi-arid, rain-fed
food systems.
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This study makes three key contributions. Firstly, it provides
district disaggregated assessment of food system livelihood
vulnerability in Agro-Ecological Region I, an area that remains
underrepresented in vulnerability research. Secondly, it applies
the Livelihood Vulnerability Index (LVI) and the IPCC-aligned
LVI-IPCC framework to explicitly link exposure, sensitivity and
adaptive capacity of food system outcomes. Thirdly, it integrates
farmers’ perceptions of climate risk with index-based vulnerability
metrics, thereby strengthening the interpretive and policy relevance
of the analysis. Empirically, the study employs an explanatory
sequential mixed methods research design, combining household
survey data from 195 households with focus group discussions and
key informant interviews. The quantitative analyses include index
construction, comparative statistics, and regression modelling
complemented by qualitative thematic analysis.

2 Methodology

2.1 Description of the study area

This study was conducted in Agroecological Region I of
Southern Zambia, covering the districts of Kazungula, Gwembe,
Siavonga, and Chirundu as shown in Figure 1. This region is
located within the Zambezi Valley and is the country’s driest zone.
The average annual rainfall is less than 800 mm, and the average
temperature is 21 °C. The area experiences high evapotranspiration
rates and frequent dry spells, exposing households to food
insecurity. Soils are largely sandy and low in fertility, limiting crop
productivity without external inputs. Livelihoods in the region are
diverse but heavily dependent on rain-fed agriculture. The main
activities include crop and livestock production, fishing, and small-
scale trading. The dominant crops are maize, sorghum, cowpeas,
and groundnuts. The primary livestock assets are cattle, goats, and
poultry. Fishing on Lake Kariba and the Zambezi River provides
food and income sources. Seasonal trading of grain, charcoal, and
fish also contributes to household earnings. However, recurrent
droughts and unpredictable rainfall patterns increasingly threaten
livelihoods, underscoring the importance of assessing vulnerability
and adaptive capacity (Makondo and Thomas, 2024; Chisengele
and Nyanga, 2025a).

2.2 Research design

An explanatory sequential mixed methods design was adopted
to integrate quantitative and qualitative evidence. The design
allowed for the quantification of household vulnerability using
numerical indices, followed by qualitative explanations of observed
patterns. First, quantitative data were collected through semi
structured household surveys. This phase was followed by
qualitative fieldwork using focus group discussions (FGDs) and key
informant interviews (KIIs) to enrich interpretation. The design
ensured triangulation and improved the validity of the findings
through the convergence of data sources (Hahn et al., 2009; Saha
etal., 2024).
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FIGURE 1
Map of study areas.

2.3 Sampling procedure and sample size
determination

The study targeted rural households within the four districts
engaged in agriculture production. The sample size was determined
using a priori power analysis conducted in GPower software (Faul
et al,, 2007; Kang, 2021), assuming a medium effect size (f = 0.25),
a 95% confidence level and statistical power of 0.8. The choice
of a medium effect size conventional benchmarks for social and
environmental research as cited by Chaokromthong and Sintao
(2021) and is consistent with previous livelihood vulnerability
studies conducted in farming contexts (Saha et al., 2024; Kumari
et al., 2025; Mandal et al., 2025)

Although the power analysis indicated a minimum sample of
200 households, the sample size was increased to 204, distributed
equally among the four districts, to account for potential non-
response during fieldwork. However, only 195 complete and valid
household observations (Kazungula-52; Siavonga-43; Gwembe-
50 and Chirundu-50) were retained for the final analysis. A
multistage stratified random sampling technique was used. The first
stage involved purposive sampling of target districts representing
Agroecological Region I in the Southern Province of Zambia. The
second stage identified agricultural camps based on population

Frontiers in Sustainable Food Systems

density and livelihood diversity. Villages were randomly selected
within each camp, followed by a random selection of households
from village registers provided by local leaders. This approach
minimised sampling bias and ensured spatial representation across
the study zone.

Out of the 15 districts comprising the Southern Province,
six fall within Agro-Ecological Region I. This study purposively
focused on four of these districts namely Kazungula, Gwembe,
Chirundu, and Siavonga as these represent predominantly rural,
agriculture-dependent livelihoods within the Zambezi Valley and
exhibit high exposure to recurrent droughts and rainfall variability
(Makondo and Thomas, 2024). Livingstone was excluded due to
its highly urbanised economy, while Sinazongwe was excluded
due to overlapping livelihood characteristics with Gwembe. Within
the selected districts, agricultural camps constituted the primary
sampling strata. Kazungula District has 32 agricultural camps,
of which approximately 20 fall within Agro-Ecological Region I.
However, nearly half of these camps have undergone significant
land-use change from agriculture to tourism and cross-border
trade due to proximity to international borders with Zimbabwe,
Namibia, and Botswana, resulting in reduced agricultural activity
(Matanzima, 2024; da Corta and Bwalya, 2025). Siavonga and
Chirundu districts each comprise 10 agricultural camps, while
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TABLE 1 Summary of major components, sub-components, and associated vulnerability dimensions.

Major Sub- component Typical indicators/ measures IPCC
component vulnerability
dimension

1. Socio-demographic Household size; age dependency ratio; education Mean household size; percentage of dependents; years of Adaptive capacity

profile level; female-headed households education; % female-headed households

2. Livelihood strategies Livelihood diversification; land ownership; access Number of livelihood sources; landholding size (ha); access Adaptive capacity
to credit; livestock ownership to loans (%); tropical livestock Units

3. Social networks Membership in farmer groups; institutional % households in groups; access to extension (%); % receiving | Adaptive capacity
linkages; remittances; participation in cooperatives remittances

4. Health access Access to medical facilities; disease prevalence; % households within 5 km of facility; % reporting illness; Sensitivity
distance to health centre Mean distance (km)

5. Food security Food sufficiency; market access; food diversity Months of adequate food; Distance to market (km); dietary Sensitivity

diversity score

6. Water access Water availability; source reliability; distance to % households with reliable source; frequency of shortage; Sensitivity
source; months of water shortages distance (km)

7. Natural disasters Drought frequency; flood incidence; temperature Number of droughts in 10 years; rainfall CV %; mean Exposure

and climate variability and rainfall variability temperature deviation (°C)

Gwembe has 16 camps, of which two fall within Agro-Ecological
Region II and were therefore excluded (Makondo and Thomas,
2024). The sampling frame was constructed using Ministry
of Agriculture records of active farmers which is defined as
households engaged in agricultural production for at least the past
5 years supplemented by village-level household registers obtained
from local leaders.

Although the number of agricultural camps and active farming
households varies across districts, equal household sample sizes
were adopted to facilitate robust comparative analysis of livelihood
vulnerability across districts (Awazi and Quandt, 2021). The
objective of the study was not to estimate population-weighted
prevalence but to examine relative vulnerability patterns across
distinct food-system contexts. Findings are therefore interpreted
comparatively rather than as population-level estimates.

2.4 Data collection methods
2.4.1 Quantitative data collection

data  werecollected

questionnaire administered between April 2025 and September

Quantitative using a pre-tested
2025. The questionnaire captured information on seven major
components consistent with the Livelihood Vulnerability Index
(LVI) framework: (i) sociodemographic profile, (ii) livelihood
strategies, (iii) health access, (iv) food security, (v) water access, (vi)
social networks, and (vii) natural hazards and climate variability.
Additional questions covered risk perception and adaptation
behaviours of the smallholder farmers. Data were collected by
trained enumerators fluent in English and local languages (Tonga,
Lozi, and Nyanja). To ensure data accuracy, consistency, and
ease of processing, the enumerators were trained on research
ethics, interviewing techniques, and digital data entry procedures
using ODK.

Frontiers in Sustainable Food Systems

2.4.2 Qualitative data collection

Three Focus Group Discussions (FGDs) were conducted per
district giving a total of 12 FGDs. Each district hosted one
male-only, one female-only, and one mixed-gender group, with
12 participants per FGD, ensuring gender balance. Discussions
explored perceptions of climate risks, coping strategies employed,
livelihood changes, and adaptation barriers. Key informant
interviews (n = 16) were conducted to capture institutional
perspectives on climate resilience. These included two traditional
leaders, one agricultural extension officer, one provincial climate
expert from Ministry of Agriculture, one climate resilience project
officer from NGOs, and two representatives from private seed
companies in each district. Interviews explored institutional roles,
adaptation interventions, and barriers to policy implementation.

2.5 Analytical framework: LVl and LVI-IPCC

This study applies the Livelihood Vulnerability Index (LVI)
framework proposed by Hahn et al. (2009), subsequently aligned
with the IPCC vulnerability framework to derive the LVI-IPCC.
The LVI organises indicators into seven major components,
which are regrouped under the IPCC vulnerability dimensions
of exposure, sensitivity, and adaptive capacity (Table 1). Exposure
indicators capture households’ experience of climatic hazards and
variability, including drought frequency, rainfall variability, and
temperature anomalies. Sensitivity indicators reflect the degree
to which food systems are affected by climate stresses, measured
through access to water, food security outcomes, and health-related
indicators. Adaptive capacity indicators represent households’
ability to cope with and adjust to climate impacts and include
socio-demographic characteristics, livelihood strategies, and social-
network variables. Normalisation of Indicators:
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All indicators were normalised using min-max scaling to
ensure comparability across units and measurement scales.
Subcomponents and major components were equally weighted
following standard LVI applications to avoid subjective bias (Hahn
et al, 2009; Phuong et al., 2023). The following quantitative
indicators were standardised to a 0-1 scale using the min-max
normalisation method:

Smax - Smin

Indexs, S

min — Smax (1)
where S; represents the observed value of the district, and
Smax and Smin are the maximum and minimum values across
districts, respectively.

Subcomponent aggregation: each sub-component score was
computed as the average of its standardised indicators.

Major component index: exposure, sensitivity, and adaptive
capacity of the major components were obtained by averaging their
respective sub-component scores.

2.5.1 LVI construction

Following standard livelihood vulnerability —assessment
procedures, household-level subcomponent scores were computed
by aggregating standardised indicators using a weighted approach.
To ensure internal consistency and comparability across
households, the aggregation was implemented as a normalised
weighted mean rather than an unscaled weighted sum.

LVI calculation: the Livelihood Vulnerability Index (LVI) was

calculated as a weighted average of all major components:
Si = ((Zk wi xik))/ (Ziw) 2)

where §; represents the subcomponent score for household i, Xik
denotes the standardised value of indicator k for household i, and
Wy is the assigned weight of indicator k. Normalising by the sum
of the weights ensures that the resulting subcomponent scores
are not mechanically influenced by the number or magnitude of
indicators and remain directly comparable across households and
districts. Where equal weighting was applied, Equation 2 simplifies
to the arithmetic mean of the standardised indicators within
each subcomponent.

LVI-IPCC framework: to align with the IPCC approach, the
three components were aggregated to compute the LVI-IPCC:

LVI; — IPCC; = (Exposure; — Adaptive Capacity;) x Sensitivity(3)

Positive values indicate higher vulnerability, while negative values
represent higher resilience.

2.6 Data analysis

The quantitative data were analysed using Minitab and R
Studio (R 4.5.1). Minitab was used for preliminary descriptive
and inferential statistical tests, including ANOVA and post-
hoc comparisons, while R Studio (version 4.5.1) was used for
index construction, regression analysis, correlation analysis
and, graphical visualisation given its flexibility for reproducible
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(Thulin, 2024).
summarised the socio-economic characteristics and indicator

statistical workflows Descriptive statistics
distributions. Inferential analysis, including ANOVA and Tukey
post-hoc tests, assessed statistical differences in LVI and LVI-IPCC
values across districts and gender categories. Correlation analyses
were conducted to examine the relationships between vulnerability
components and selected sociodemographic variables. To examine
factors associated with households’ perception that climate
change is occurring, a multivariable logistic regression model
was estimated (Equation 4a). The dependent variable was binary,
taking a value of 1 if the respondent perceived that climate change
is occurring and 0 otherwise. Explanatory variables included
household socio-demographic characteristics, livelihood attributes,

and district fixed effects. The model is specified as follows:

Logit [P(Y; =1)] = Bo+ B1log (1 + Income;) + BHHsize;
~+ BsAge; + BsGender; + BsEducation;
+ BesLand; + B District; + &; (4)

where Y; denotes household’s perception of climate change, B is
the intercept, By are estimated coefficients, and ¢; is the error term.
Odds ratios are reported to facilitate interpretation of effect sizes.
To assess determinants of perceived climate risk intensity, an
ordinary least squares (OLS) regression model was estimated
using the composite likelihood-severity risk score as a
continuous dependent variable (Equation 4b). The model included
perceived climate hazard exposure, household socio-economic

characteristics, and district fixed effects. The model is specified as:

Risk; = By + Bi1HazardIndex; + B, log (1 + Income;) + B3 HHsize;
+ BaAge; + BsGender; + BeEducation;
+ B7Land; + BgDistrict; + €; (5)

where Risk; represents the perceived climate risk intensity
for HHsize; represents household size, HazardIndex; captures
perceived exposure to multiple climate hazards, and the remaining
terms are defined as above. Model diagnostics were conducted to
assess multicollinearity and heteroskedasticity.

Qualitative data from FGDs and KIIs were analysed
thematically using NVivo. The transcripts were coded inductively
to identify patterns related to climate perception, adaptation
strategies, and institutional roles. Themes were triangulated with
quantitative findings to explain district variations and contextualise
vulnerability determinants. The results were integrated during
interpretation, consistent with the sequential explanatory design.

2.7 Ethical considerations

Before data collection, all participants were informed about
the study’s objectives, confidentiality, and voluntary participation.
Written informed consent was obtained from all participants.
Ethical approval was granted by the University of Zambia Natural
and Applied Sciences Research Ethics Committee (NASREC: 2025-
APR-007). Before the fieldwork, permission was also sought from
the District Agricultural Coordinating Offices (from the Ministry
of Agriculture) and traditional leaders. Data were anonymized and
securely stored to protect the respondents’ privacy.
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3 ReSUItS showed greater dispersion, with larger household sizes observed
. . Lo in Gwembe and Siavonga compared to Chirundu and Kazungula
3.1 SOC|o-demograph|c characteristics of (Figure 3). Income distributions were highly skewed across all
respondents districts, with low median monthly incomes and substantial
within-district variability, particularly in Kazungula and Gwembe

Educational attainment was generally low across the study  (Figure 3).
area. Most respondents had attained primary education, while A total of 195 households were surveyed across the four
secondary education was less common and tertiary education was  study districts (Figure 1), with relatively balanced representation:
rare (Figure 2). District-level differences in educational profiles  Kazungula (n = 52), Gwembe (n = 50), Chirundu (n = 50), and
were modest, with no district exhibiting markedly higher levels of ~ Siavonga (n = 43). The results indicate that most respondents
post-primary education. (70%) were aged between 15 to 35 years, showing a predominantly
Household demographic characteristics displayed moderate  youthful farming population (Figure 2). Male-headed households
variability. Age distributions of respondents were broadly (= 58%) were slightly more represented than female-headed ones
comparable across districts, with similar median ages and  (Figure 3; Table 2A). Education levels were generally low with about
overlapping interquartile ranges (Figure3). Household size 72 of the respondents reporting having attained primary education,
while less than 5% reached tertiary level (Figure 4; Tables 2B, C). In
terms of household monthly incomes, the majority of respondents

(~60%) earned below ZMW 1,000 per month as shown in Figure 5.
Age distribution of household respondents by district Average household size clustered around four to six members
° (Figure 6).
60
gs‘) ,—l—\ 3.2 Household perceptions of climate risks
. and hazards
<
30 ‘ Perceptions of climate-related hazards were widespread across
the study area (Figure 7; Tables 3, 4). Decreasing rainfall was
2 T the most prevalent reported by 99.5% of the respondents
Q@‘& ﬁ"z v(\@\@ ﬁ}@@ followed by extended periods of severe droughts (96.9%), erratic
[$) [ 3
Distric‘fb ° rainfall patterns (88.7%), extended periods of drought, increasing
HGURE 2 temperatures, and delayed onset or early cessation of the rainy
Age distribution of household respondents by district. season (Table 4). Severe windstorms (54.4%), and wildfires were
perceived less uniformly but were still reported by about 17.4%
Gender distribution by district
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FIGURE 3
Gender distribution of respondents by district.
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of the respondents. District-level analysis revealed broadly similar
perception patterns, although the intensity and consistency of
reported hazards varied (Figure8). Gwembe and Chirundu
exhibited higher proportions of households reporting droughts
and rainfall variability, while Kazungula and Siavonga showed
relatively higher reporting of flood events and temperature

TABLE 2 Variables used in the regression analysis.

2A: Gender characteristics

Category n

Male 118 60.5
Female 77 39.5
Total 195 100.0

2B: Education level

Education level

No formal education 6 3.1
Primary education 145 74.4
Secondary education 41 21.0
Tertiary education 3 1.5
Total 195 100.0

2C: District descriptive statistics

District n

Kazungula 52 26.7
Chirundu 50 25.6
Gwembe 50 25.6
Siavonga 43 22.1
Total 195 100.0

10.3389/fsufs.2026.1739547

extremes (Table 5). Gender-disaggregated analysis indicated only
modest differences in hazard perceptions between male and female
respondents (Figure 9; Table 5). In most districts, both genders
reported similar exposure to major climate hazards, suggesting that
climate risks are widely experienced at the household level rather
than differentiated primarily by gender.

3.3 Perceived climate hazard exposure
index

To synthesise household-level perceptions of multiple hazards,
a perceived climate hazard exposure index was constructed. The
distribution of the index indicates moderate variability across
households, with most observations clustering around the mean
and relatively few extreme values (Figure 10; Table 5). Mean
exposure scores were broadly comparable across districts, with
Gwembe recording the highest mean exposure, followed closely
by Chirundu and Kazungula, while Siavonga exhibited slightly
lower average exposure (Table 5). However, analysis of variance
indicated that differences in mean exposure across districts
were not statistically significant (p < 0.005), suggesting that
perceived climate hazard exposure is relatively uniform across
Agro-Ecological Region L.

3.4 Determinants of climate change
perception

A logistic regression model was used to examine household-
level determinants of perceiving climate change. The dependent
variable captured whether respondents reported that the climate
is changing. Results indicate that household socioeconomic
and demographic characteristics had limited explanatory power

100%
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FIGURE 4
Education level by district.
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Household size by district.

(Table 6). Household income, household size, age, gender,
education level, and farmland size were not statistically significant
predictors of climate change perception. District effects were more
pronounced, with households in Gwembe showing higher odds
of perceiving climate change compared to the reference district,
although this effect was marginally significant (p < 0.093).

Overall model fit was modest, as reflected by Tjur’s R? (0.057),
indicating that perception of climate change is widespread and
only weakly differentiated by observed household characteristics
(Table 7).

Frontiers in Sustainable Food Systems

3.5 Livelihood Vulnerability Index (LVI)
across districts

Table 8 presents the Livelihood Vulnerability Index (LVI)
values disaggregated by district and major components. The LVI
scores range from 0.409 to 0.704 across the seven dimensions,
indicating moderate to high livelihood vulnerability among
smallholder households in Southern Zambias Agroecological
Region I. Siavonga (LVI = 0.535) and Gwembe (LVI = 0.531)
recorded the highest overall vulnerability scores, suggesting that
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TABLE 3 Descriptive statistics of household characteristics and food system vulnerability indices (n = 195).

Variable Skewness Kurtosis
Age (years) 195 44.66 9.39 44 20 68 —0.00 —0.46
Monthly income (ZMW) 195 2,523.44 2,740.24 1,000 300 20,000 2.97 14.81
Household size 195 6.25 2.48 6 2 15 0.58 0.22
Adult household members 195 2.07 0.37 2 1 4 1.39 6.30
Farmland size (ha) 195 7.50 3.19 8 3 15 0.44 —0.74
Exposure index (E) 195 0.59 0.17 0.59 0.18 0.91 —-0.19 —0.92
Sensitivity index (S) 195 0.51 0.08 0.51 0.19 0.70 —0.37 0.99
Adaptive capacity index (AC) 195 0.50 0.11 0.49 0.20 0.83 0.14 —0.19
LVI-IPCC 195 0.05 0.10 0.05 —0.26 0.28 0.00 —0.41

households in these districts face relatively greater livelihood stress.
Chirundu (LVI = 0.509) showed intermediate vulnerability, while
Kazungula (LVI = 0.496) was the least vulnerable, though still
within the moderate range. The most sensitive dimensions across
all districts were livelihood strategies, water access, and natural
disasters and climate variability. Livelihood strategies recorded
consistently high scores of between 0.626 to 0.655, reflecting over-
dependence on rain-fed agriculture and limited diversification into
oftf-farm income. Water access (0.473-0.602) was a major stressor,
especially in Kazungula, where recurrent droughts and shallow
wells constrain year-round availability. Natural disasters and
climate variability were critical in Siavonga (0.704) and Gwembe
(0.695), confirming recurrent drought exposure and erratic rainfall
patterns. By contrast, health and social networks registered
relatively lower vulnerability scores (0.387-0.518), suggesting
moderate access to basic services and community support. The
socio-demographic profile and food security components displayed
minimal district variation, implying structural vulnerability shared
across the study area. Overall, the composite LVI results highlight
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that Siavonga and Gwembe are the most vulnerable districts, while
Kazungula is the least.

3.6 Livelihood Vulnerability Index

3.6.1 Visual comparison of livelihood vulnerability
components

Figure 11 illustrates the Livelihood Vulnerability Index (LVI)
component profiles across the four study districts. The radar plot
clearly shows distinct differences among vulnerability dimensions.
Siavonga and Gwembe exhibit the widest polygons, indicating
higher overall vulnerability relative to Kazungula and Chirundu.
The spikes under natural disasters and climate variability confirm
that these two districts face frequent droughts and rainfall
variability. Elevated scores for livelihood strategies and water access
reflect over-reliance on rain-fed farming and limited off-farm
diversification options. In contrast, Kazungula displays narrower
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arms in most dimensions, suggesting relatively stronger adaptive
mechanisms through better water access and market connectivity.
Chirundu lies between the two extremes, showing moderate
vulnerability in most categories but reduced social-network
support. The convergence of lines across the health and food-
security components demonstrates shared systemic constraints
in basic service delivery and nutrition across Agroecological
Region I. Collectively, the spider diagram confirms that Siavonga
and Gwembe are the most climate-sensitive and least diversified
districts.

TABLE 4 Household perceptions of climate hazards in Agro-Ecological Region | of Southern

Zambia.
Extended periods of severe drought 96.9
Decreasing amount of rainfall 99.5
Late onset of the rainy season 96.4
Early cessation of the rainy season 89.7
Increasing maximum temperatures 95.4
Increasing minimum temperatures 55.1
Flood events more frequent 76.9
Erratic rainfall more frequent 88.7
Severe windstorms 54.4
Frequent experience of wildfires 17.4

This table shows that nearly all households perceived rainfall-related hazards and drought,
whereas hazards such as wildfires and windstorms were reported less frequently. The values
represent the percentage of households agreeing that the hazard has increased or become
more frequent.

10.3389/fsufs.2026.1739547

3.7 Spider diagram—LVI indicators
3.7.1 Livelihood Vulnerability Index (LVI)-IPCC

The livelihood Vulnerability Index-IPCC (LVI-IPCC) was
calculated by regrouping the seven primary indicators into three
IPCC-defined components n