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Abstract: Climate change threatens food security in Southern Africa by disrupting rainfed production,
rural incomes, dietary quality, and the stability of food supplies. This qualitative review examines these
linkages and identifies adaptation pathways relevant to smallholder farmers. Database and repository
searches initially identified 45 records; after screening titles, abstracts, and full texts, 20 core sources
were retained for thematic analysis, while supplementary sources were used for conceptual and
methodological context. The synthesis shows that rising temperatures, erratic rainfall, droughts, and
floods shorten growing seasons, reduce soil moisture, damage crops and livestock, and intensify
seasonal food insecurity. Farmers respond through crop diversification, drought-tolerant crops,
conservation agriculture, agroforestry, water harvesting, livelihood diversification, and climate-
information services. However, adoption remains uneven because finance, irrigation, extension, secure
land tenure, infrastructure, markets, and usable forecasts are limited. The paper argues that no single
intervention is sufficient. Effective adaptation requires coordinated packages that connect farm-level
practices with inclusive institutions, climate services, rural infrastructure, and social protection. Such
integration can strengthen food availability, access, utilisation, and stability without treating
smallholders as a homogeneous group.
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1. Introduction

Climate change is one of the most acute challenges facing the world today, with far-reaching
consequences for food systems, including in developing areas such as Southern Africa [17]. The region is
highly vulnerable because it relies on climate-sensitive sectors, especially agriculture. Most agricultural
production in Southern Africa is rain-fed and therefore highly vulnerable to climate variability [27].
Smallholder farmers are an important part of local and regional food systems but are particularly
susceptible to changes in rainfall and temperature. The region has already experienced rising
temperatures, shifts in rainfall patterns, and increased instances of extreme weather events in recent
decades. These changes have disrupted agricultural cycles and reduced productivity [37]. They impact
the four dimensions of food security: availability, access, utilisation, and stability. Climate pressures
cause immediate shocks and longer-term stresses to these dimensions. This is further aggravated by
decreasing agricultural productivity, which puts additional pressure on already vulnerable systems as
the demand for food increases [4, 57]. Smallholder farmers usually have limited access to resources such
as irrigation, improved seeds, and financial services [67]. This limits their capacity to deal with climate-
related problems effectively. FFood security is more difficult to improve because climate change interacts
with other factors, such as land degradation and market volatility. However, there is increasing
awareness of the need for adaptation strategies targeted to the needs of smallholder farmers [7, 87.
These strategies aim to improve resilience and sustain agricultural productivity. Regional and
international arrangements address climate adaptation, but implementation varies from country to
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country. The objective of this paper is to assess the relationship between climate change and food
security in Southern Africa, with particular emphasis on adaptation pathways for smallholder farmers.

2. Literature Review
2.1. Climate Change Trends in Southern Africa

The impact of climate change in Southern Africa is well documented, and there is strong evidence of
rising temperatures across the region [97. Studies have shown that mean temperatures have been rising
gradually over the last few decades, contributing to changes in agro-ecological circumstances.
Increasing temperatures have caused higher rates of evapotranspiration, leading to less moisture in the
soil and increased stress on crops and water resources [107]. Rainfall patterns are more erratic and less
predictable. The rainy season is usually short and ends early, reducing the length of the growing period
[117. This unpredictability affects historical farming calendars and prevents farmers from planning
agricultural activities. Drought is one of the most serious climate-related hazards in the region and has
increased in frequency and severity [127]. Such prolonged dry periods are disastrous for crop production
and livestock systems and often cause widespread agricultural losses. The eftects are compounding, and
communities often have little time to recover between successive drought seasons. Droughts are the
most common hazard, but in some locations, floods are becoming more severe. These floods can destroy
crops, damage infrastructure, and cause soil erosion, consequently reducing future agricultural
productivity.

Climate change has significantly affected agricultural productivity in Southern Africa, particularly
tor staple crops like maize. Food production has become less reliable due to variability in rainfall and
rising temperatures, which have reduced yields [137. Crop failures are increasingly reported, especially
in drought years. Phiri et al. [147, in a study of Zimbabwean smallholder farmers’ cropping choices and
patterns, showed that small-grain crops like sorghum and millet are often promoted as more resilient
alternatives [ 147]. However, uptake has been patchy owing to cultural preferences, market constraints,
and limited access to improved seed varieties. Maize nevertheless remains dominant, even though it is
vulnerable to climate stresses. Climate change has also had a negative impact on livestock production.
The reduction in available pasture due to drought and land degradation has reduced livestock health
and productivity. Water shortages further aggravate these problems and lead to increased mortality
rates among animals [15]. Changes in crop and livestock productivity have significantly affected the
resilience of agricultural systems.

2.2. Climate Change and the IFour Dimensions of IF'ood Security

Climate change has resulted in increased food insecurity in Southern Africa [167]. Millions of people
experience periodic food shortages, particularly in drought years. These shortages have serious
consequences for nutrition, health and general well-being. The most vulnerable are smallholder farmers,
who depend mainly on rain-fed agriculture [177]. Limited access to financial resources, technology and
infrastructure reduces their ability to adjust to fluctuating climatic conditions, and they are
disproportionately affected by climate shocks [187. The impacts of climate change on the four
dimensions of food security—availability, access, utilisation and stability (Figure 1)- are variable. Food
availability is limited by falling agricultural productivity, while access is constrained by falling incomes.
Household diets are less diverse, which reduces their nutritional quality. This vulnerability is
exacerbated by socio-economic factors such as poverty, inequality, and limited market access [197].
These factors are interconnected with climate change and pose complex challenges requiring integrated
solutions to improve food security outcomes.
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Climate pathways across the four dimensions of food security
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Figure 1.
Climate pathways across the four dimensions of food security in Southern Africa.

To address climate change impacts in Southern Africa, adaptation strategies have been a major
focus. Farmers have increasingly adopted practices such as crop diversification, conservation
agriculture, and water harvesting to improve resilience [207]. These strategies are intended to reduce
risk and stabilise production in a changing climate. Indigenous knowledge systems have important
implications for climate change adaptation. Some farmers rely on traditional indicators, such as animal
behaviour and plant phenology, to forecast weather and guide farming decisions [217]. This knowledge,
built over generations, is still useful in the local setting. Indigenous knowledge remains valuable, but its
practical reach can be strengthened when it is combined with accessible scientific forecasts and
appropriate agricultural technologies [21, 227. The literature stresses the urgency of developing
integrated adaptation strategies that harness local knowledge and scientific innovation [7, 237.
Strengthening institutional support, improving access to information, and promoting climate-smart
agriculture are key steps towards building resilience and ensuring food security in the region.

3. Methodology

This study employed a qualitative desktop-review design based on the analysis of secondary
sources. Qualitative review techniques support the synthesis of existing knowledge, identification of
recurring themes, and development of a deeper understanding of social, environmental, and policy-
related issues from already published sources [247]. The literature search was carried out in major
academic databases and online repositories, including JSTOR, Scopus, Web of Science, ScienceDirect,
Taylor & Francis Online, SpringerLink, Google Scholar, and institutional websites. The literature
search was conducted using specific keywords and Boolean search terms. The keywords included
climate change, climate variability, food security, food insecurity, Southern Africa, SADC, smallholder
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farmers, rainfed agriculture, agricultural productivity, drought, floods, adaptation strategies, climate-
smart agriculture, resilience, vulnerability, food availability, food access, food utilisation, and food
stability. To narrow the search and ensure that the selected sources were closely aligned with the
objectives of the study, Boolean combinations such as “climate change” AND “food security” AND
“Southern Africa”, “smallholder farmers” AND “adaptation strategies”, “climate variability” AND
“rainfed agriculture”, and “food insecurity” AND “climate change adaptation” were used.

Forty-five (45) sources were initially identified, including journal articles, policy documents,
institutional reports, and other relevant grey literature. The sources were evaluated for relevance,
credibility, and fit with the focus of the study. After screening the titles, abstracts, and full texts, 20
sources were retained as the core evidence base for thematic coding. Sources were included if they:
tocused on climate change, food security, or adaptation by smallholder farmers; were directly relevant to
Southern Africa or provided insights that could be applied to the region; were published in English;
were available in full text; and offered empirical, conceptual, or policy-based evidence relevant to the
study. Recent publications, particularly those published from 2017 to 2026, were prioritised, but older
sources were also considered when they presented basic definitions or conceptual insights. Sources were
excluded if they did not address climate change, food security, or smallholder agriculture directly;
tocused on regions of limited relevance to Southern Africa; lacked academic or policy credibility; were
opinion-based without supporting evidence; duplicated other sources retrieved; or were not available in
tull text. Content analysis is suitable for documentary and secondary-data research because it enables
the researcher to identify patterns, meanings, and repeated themes in textual data [25, 267]. The selected
sources were read several times to identify key issues related to climate change impacts, smallholder
vulnerability, food security outcomes, and adaptation strategies. Relevant information was coded and
placed into thematic categories. The major thematic areas of analysis were: climate change impacts on
food security, vulnerability of smallholder farmers, adaptation strategies, constraints to adaptation, and
policy responses for resilience building. The analysis was interpretive: similarities, differences, and
recurring arguments across the selected sources were compared and synthesised. Supplementary
sources cited elsewhere in the paper provide conceptual, methodological, and regional context and were
not counted among the 20 core sources. Figure 2 summarises the evidence-selection process.

Evidence-selection pathway

IDENTIFIED

45 records
Database and repository searches

SCREENED

45 records
Titles, abstracts and full texts

CORE EVIDENCE

20 sources
Included in thematic coding

Twenty-five records were excluded after relevance and eligibility assessment; supplementary sources support context and methods.
Figure 2.
Evidence-selection pathway for the qualitative desktop review.

3.1. Thematic Synthesis

The coding framework organised evidence into five themes: climate impacts on food security,
smallholder vulnerability, adaptation strategies, barriers to adaptation, and policy responses. The
analysis compared convergence, divergence, and causal pathways across empirical studies, policy
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documents, and credible grey literature. Because the included sources differed in design, setting, and
outcome measurement, findings were synthesised qualitatively rather than pooled statistically. Table 1
presents the resulting thematic matrix.

Table 1.

Summary of thematic findings, food-security implications and priority responses.

Theme Key finding Food-security implication Priority response

Erratic rainfall, drought, heat, and e, . . . .

. . ! . i ught, T, Availability, income, diets, and | Climate-resilient  production

Climate impacts floods  disrupt  planting, yields, e . .

. . seasonal stability deteriorate. and early warning.

livestock, and soils.

Dep er.ldence o rfiinfed farming Repeated shocks reduce . R .
Smallholder combines with limited access to . Finance, irrigation, extension,

. - Lo . recovery capacity and deepen ’
vulnerability finance, irrigation, tenure security, . . . tenure and market support.
o7 . household food insecurity.

markets and information.

Women and marginalised groups often
. X Unequal resources weaken . .
Gender and | have less access to land, credit, . Gender-responsive and
. . . . . household and community | . .
inequality extension services, and decision- . inclusive programmes.

. resilience.

making.

Diversified crops, drought-tolerant Scale  locall appropriate

seeds, conservation agriculture, | Risk is spread and production Y pprop

Farm adaptation

agroforestry, water harvesting, and
livelihood diversification.

can become more stable.

packages and connect local and
scientific knowledge.

Barriers

Weak institutions, poor infrastructure,
limited extension services, unusable
forecasts, land degradation, and policy
inconsistency.

Adaptation remains uneven,
and vulnerability persists.

Coordinated institutions,
infrastructure, services, and
targeted protection.

Overall synthesis

Climate  pressures interact with
structural and socioeconomic
constraints.

Food insecurity persists when
support is fragmented or
inaccessible.

Integrated action across
production, livelihoods,
infrastructure, governance and
social protection.

4. Results and Discussion
4.1. Climate Change Impacts on Food Security
Climate change has significantly impacted food production systems in Southern Africa, making
agriculture less reliable and sustainable. The region is highly dependent on rainfed agriculture, making
it highly vulnerable to climatic changes [27]. Increasingly volatile environmental conditions make
consistent agricultural production difficult to sustain Mugambiwa et al. [87. Yeleliere et al. [287 found
that, in rainfed farming systems, unpredictable rainfall disrupts planting schedules, making it
challenging for farmers to identify the right time to plant crops. Common consequences include
shortened growing seasons due to the late onset of rains and reduced overall crop performance due to
uneven rainfall distribution. Droughts are becoming more frequent and severe, posing a major threat to
food security. These prolonged dry spells cause large-scale crop failure and significant livestock losses
[297]. Many households lose sources of food and income during droughts, making them more
vulnerable. Higher temperatures also increase the rate of evapotranspiration, compounding agricultural
stress. This process reduces soil moisture and crop water availability, negatively affecting crop growth
[307]. Heat stress also lowers crop yields and affects livestock productivity. Extreme weather events,
such as floods, have also contributed to food insecurity [317.
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Floods are not as common as droughts, but they can be very damaging to crops, farmland, and rural
infrastructure. Soil erosion and nutrient loss following floods reduce agricultural productivity in
subsequent seasons [317. This combination of climate factors has led to reduced food availability across
wide parts of southern Africa. Fewer agricultural products mean fewer foods for households to eat or
sell and greater reliance on external aid. Agricultural incomes continue to fall, and access to food has
been negatively affected. In a study on adaptation to climate change and its impact on smallholder
tarmers’ food security in South Africa, Ogundeji [327] found that smallholder farmers who depend on
crop and livestock production for both subsistence and income experience reduced purchasing power.
This limits their ability to buy food, particularly when they are in need. Dietary diversity has
diminished, and nutritional outcomes have worsened. Households tend to shift to less diverse diets
consisting of cheaper and less nutritious food options [337]. This has serious health consequences,
particularly for vulnerable groups such as children and pregnant women. In many rural areas, seasonal
hunger is common. Many households face food shortages during the lean season [347]. These spells of
scarcity are becoming longer and more intense, and climate variability is playing a greater role.
“Climate change is a serious threat to the stability of food systems in Southern Africa. The effects
extend beyond production to food access, utilisation, and stability, indicating the need for holistic
strategies to tackle food insecurity in the region.”

4.2. Vulnerability of Smallholder Farmers

Smallholder farmers in southern Africa are among the most vulnerable to the effects of climate
change, mainly due to their limited access to critical resources. Such farmers typically have low financial
capacity to invest in adaptive measures or improved farming technologies [357]. This limits their ability
to respond effectively to climate shocks. They depend heavily on rain-fed agriculture and are therefore
more vulnerable. Smallholder farmers rely on seasonal rains, which are becoming increasingly erratic in
the absence of dependable irrigation systems. Their reliance on agriculture exposes them to climate
risks such as droughts and erratic rainfall, leading to fluctuations in agricultural output. Smallholder
farmers’ capacity to adapt is constrained by limited access to credit. Financial institutions tend to regard
small-scale farmers as risky borrowers, so they find it difficult to access loans. Farmers lack credit to
purchase important inputs such as improved seeds, fertiliser and water technologies to help them
become more resilient [36, 37]. Education and access to information also play a role in determining
vulnerability. Many smallholder farmers have low levels of formal education and are unable to access
timely and accurate climate information. This limits their knowledge of climate-smart agricultural
methods and constrains their ability to make informed decisions about farming activities.

Gender inequalities compound the vulnerability of smallholder farmers. Women, who constitute a
substantial share of the agricultural labour force, generally have limited access to land, credit and
extension services [387]. These constraints limit their ability to implement adaptation strategies and
increase their exposure to climate-related risks. Land tenure insecurity is another key issue affecting
smallholder farmers. In many parts of Southern Africa, farmers do not own the land they cultivate [357].
This discourages investment in soil conservation, irrigation infrastructure and other long-term
sustainability practices, as farmers cannot be sure of receiving returns on such investments. Smallholder
tarmers’ resilience is also affected by market access challenges. Poor road networks, high transportation
costs and limited market information limit their capacity to sell produce at competitive prices [397]. This
reduces opportunities for income and limits their ability to diversify livelihoods away from agriculture.
Infrastructure deficits, such as poor storage facilities, irrigation systems, and transportation networks,
limit resilience-building efforts [237. Lack of adequate infrastructure results in post-harvest losses,
limited water access, and challenges in accessing inputs and markets, thus further aggravating farmers’
vulnerability. Health challenges are also a major factor contributing to vulnerability. Diseases such as
malaria and waterborne diseases impact agricultural productivity by reducing the availability of
household labour [407. These challenges are exacerbated by limited access to healthcare services,
particularly in rural areas. These factors lead to a cycle of vulnerability that heightens smallholder
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farmers’ susceptibility to food insecurity [417. Meeting these challenges demands integrated
interventions to improve access to resources, bolster institutional support, and foster inclusive
development to build resilience among smallholder farming communities.

4.3. Adaptation Strategies

In response to the impacts of climate change, Southern African smallholder farmers have gradually
adopted a variety of adaptation strategies [427]. These strategies aim to enhance resilience to
unpredictable climatic conditions and stabilise agricultural production while reducing vulnerability.
Their effectiveness varies, but they represent important efforts by farmers to adjust to evolving
environmental realities [437]. One of the most popular strategies is crop diversification. Farmers grow
different crops rather than only one staple, allowing them to spread risk across species with different
tolerances to climate stress [44]. This strategy increases the chances that at least some crops will
survive adverse conditions and therefore ensures some food security, even in years when harvests are
poor. There is increasing interest in promoting drought-resistant crops such as sorghum, millet and
cowpeas in many parts of the region. These crops are better adapted to low rainfall and high
temperatures than traditional staples such as maize [45]. Adoption has been slow, but these crops
provide a realistic alternative for sustaining agricultural productivity in areas where water is scarce.
Conservation agriculture is a major adaptation practice [467]. Minimum tillage, mulching, and crop
rotation help conserve soil moisture, improve soil structure, and reduce erosion. These practices
improve water-use efficiency and maintain soil fertility over time, leading to more resilient farming
systems. Agroforestry is another important strategy that combines trees with crops and livestock
systems [47]. Trees provide many benefits, including shade, nitrogen fixation to enhance soil fertility,
and protection from wind and water erosion. This approach promotes environmental sustainability and
increases agricultural productivity.

Water harvesting techniques have been adopted to address water scarcity challenges. Farmers use
methods such as rainwater collection, contour ridging, and small-scale storage systems to capture and
conserve water. These techniques support supplemental irrigation and help sustain crops during dry
spells. Livelihood diversification is also a critical adaptation strategy. Many households engage in non-
agricultural activities such as small-scale trading, artisanal work, or informal employment to
supplement their income [67. This reduces dependence on agriculture and provides a buffer against
climate-related crop failures. Migration has become an increasingly common coping mechanism among
rural households. Household members may migrate to urban areas or neighbouring countries and send
remittances home [487]. These financial resources help households manage food shortages and invest in
farming activities. Community-based adaptation initiatives have also played a significant role in
enhancing resilience. Farmers collaborate through local groups to share knowledge, pool resources, and
implement collective strategies such as water management and soil conservation [87. These initiatives
strengthen social networks and improve adaptive capacity at the community level. The use of climate
information services, including seasonal weather forecasts and early warning systems, is gradually
increasing [227]. Access to timely and accurate information enables farmers to make better decisions
regarding planting, harvesting, and resource management. However, despite the availability of various
adaptation strategies, adoption remains uneven due to constraints such as limited financial resources,
inadequate institutional support, and a lack of access to technology and information.

4.4. Barriers to Adaptation

Although there are various adaptation strategies, smallholder farmers in Southern Africa face many
barriers that constrain their effective implementation [497]. These barriers are interlinked and often
reinforce each other, making it difficult for farmers to build resilience to climate change [507. Resolving
these issues is important for improving food security and agricultural sustainability. Financial barriers
are among the most important obstacles to adaptation. Smallholder farmers often lack access to credit or
savings, which prevents them from investing in technologies such as irrigation systems, improved seeds,
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and farm inputs [517]. However, without financial resources, even well-informed farmers cannot
implement practices that could improve productivity and resilience. Weak institutional support further
hampers adaptation efforts. In many instances, government policies and programmes aimed at
supporting farmers are poorly coordinated or implemented [527. Limited institutional capacity hinders
the effectiveness of agricultural interventions and limits the outreach of support services to rural
communities. Another important barrier to adaptation is poor infrastructure [317]. Poor road networks,
storage facilities, and irrigation systems limit farmers’ access to markets, inputs, and water resources.
This constrains income opportunities, increases post-harvest losses, and reduces overall agricultural
efficiency [537. The lack of extension services constrains the dissemination of knowledge and skills
related to climate-smart agriculture. Many farmers do not have access to trained extension officers who
can guide adaptive practices. Therefore, awareness and adoption of modern farming practices remain
low in many rural areas.

A further key challenge is access to reliable climate information. Farmers often lack access to
weather forecasts and early-warning systems, or the forecasts are not understandable. This limits their
ability to make informed decisions regarding planting, harvesting, and risk management [227].
Traditional beliefs and cultural practices can also affect adaptation outcomes. Indigenous knowledge is
dynamic and valuable, but institutional programmes can fail if they either romanticise local practices or
dismiss them in favour of externally designed technologies [547. Policy inconsistencies create
uncertainty and reduce farmers’ confidence in long-term investment. Frequent changes in agricultural
policies, pricing systems and support programmes may interfere with planning and discourage farmers
from adopting new practices that require sustained commitment. Land degradation also compromises
the effectiveness of adaptation strategies. Soil erosion, nutrient depletion and desertification reduce
agricultural productivity and farmers’ ability to benefit from improved practices. Restoring degraded
land requires additional investment, which is unaffordable for many farmers [557. Social inequalities,
such as gender, income and access to resources, also influence adaptation capacity. Marginalised groups
are often more vulnerable to climate change because of limited access to land, credit and information
[56]. These inequalities will have to be addressed to ensure inclusive and effective adaptation. These
barriers highlight the complexity of climate adaptation in Southern Africa [57]. Concerted action to
address them needs to be holistic, addressing financial, institutional, social and environmental obstacles
to create an enabling environment for successful adaptation by smallholder farmers. The synthesis
therefore indicates that adaptation should be understood as a pathway rather than a menu of isolated
techniques. As Iligure 3 shows, farm-level responses can improve food-security outcomes only when
finance, infrastructure, extension, climate information, markets, secure tenure and inclusive institutions
make sustained adoption possible.
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Integrated adaptation pathway for smallholder resilience

CLIMATE RISKS FARM RESPONSES FOOD-SECURITY GAINS
Drought « heat « floods Diversified crops « soil and water More reliable production
seasonal uncertainty management « agroforestry « climate information income, diets and seasonal stability

ENABLING CONDITIONS

Finance « secure land tenure « irrigation and storage « extension services
accessible forecasts « markets « inclusive institutions and social protection

Figure 3.
Integrated adaptation pathway for smallholder resilience and food security.

5. Policy and Practice Implications

Policy should prioritise coordinated adaptation packages tailored to local agroecological and
socioeconomic conditions. Extension programmes can combine seasonal forecasts with indigenous
indicators and translate both into timely decisions about planting, crop choice, water allocation, and
livestock management. Public investment in small-scale irrigation, water harvesting, storage, roads, and
market information can reduce exposure across production and post-harvest stages. Financial services
should be designed around the risk profiles of smallholders rather than conventional collateral alone,
while land-tenure security is needed to encourage long-term investment in soil and water conservation.
Gender-responsive implementation is essential because access to land, credit, information, and decision-
making remains uneven. Social protection and disaster-risk financing should complement agricultural
interventions where repeated shocks exceed households’ capacity to adapt incrementally.

6. Conclusion

Climate change is undermining food security in Southern Africa through interacting effects on
production, income, nutrition, and the reliability of food supplies. Smallholder farmers are highly
exposed because rainfed agriculture intersects with limited finance, irrigation, infrastructure, extension
services, secure tenure, and market access. Farmers already use diverse responses, including crop
diversification, drought-tolerant crops, conservation agriculture, agroforestry, water harvesting, climate
information, and livelihood diversification. The review nevertheless shows that farm-level practices
cannot carry the burden of adaptation alone. Resilience depends on whether institutions make these
practices affordable, accessible, and sustainable. A coordinated pathway linking local knowledge,
scientific climate services, productive infrastructure, inclusive finance, social protection, and accountable
governance offers a stronger basis for protecting all four dimensions of food security. Future empirical
research should evaluate which combinations of interventions work for different groups and
agroecological settings, using transparent indicators of adoption, distributional equity, and food-
security outcomes.
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