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In climate-sensitive areas, such as Sub-Saharan Africa, South Asia, the 

Middle East and North Africa, and Small Island Developing States, 

where climatic exposure interacts with socioeconomic inequality and 

limited adaptive capacity, climate change has become a serious threat 

to food security. The lack of a framework that explains how climatic 

hazards are communicated through all four dimensions of food security 

and how adaptation outcomes are conditioned by governance is the 

unique conceptual gap, notwithstanding the expansion of research. The 

evidence on climate consequences, adaptation tactics, and policy 

responses is critically synthesised in this narrative review. Predefined 

Boolean search phrases were used to find peer-reviewed English 

language journal articles published between 2015 and 2025 that were 

indexed in Scopus. Full texts were evaluated as needed after titles and 

abstracts were checked; non-journal publications and research unrelated 

to the relationship between food security and climate change were not 

included. The literature was categorised into four interrelated themes: 

policy, governance, and implementation; access, nutrition, and uneven 

vulnerability; adaptation and resilience; and disruptions to availability 

and stability. The synthesis shows that through interacting biophysical, 

market, nutritional, and institutional processes, climate change impacts 

all four aspects of food security: availability, access, utilisation, and 
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stability. Finance, information and extension services, inclusive 

involvement, institutional capacity, and cogent cross-sectoral policy all 

contribute to the effectiveness of climate-smart agriculture, livelihood 

diversification, and resilient infrastructure. The review offers an 

integrated paradigm for climate change, food security, adaptation, and 

governance that connects structural vulnerability and hazards to distinct 

food security outcomes and positions adaptation and governance as 

interdependent mediators. This approach offers a foundation for 

context-sensitive research and policy and explains why technically 

comparable interventions provide varied results in different 

circumstances. Relying just on Scopus may leave out grey literature and 

pertinent studies that are indexed elsewhere. 
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Introduction  

 

As its consequences on agricultural systems, food supply chains, and human lifestyles become 

more apparent, climate change has become one of the biggest risks to global food security. 

Global food production systems are changing as a result of rising temperatures, changing 

precipitation patterns, extended droughts, floods, and an increase in the frequency of extreme 

weather events, especially in areas with low ability for adaptation (El Bilali et al., 2020; Hang 

et al., 2025). All nations are impacted by climate change, but its effects are more severe in 

vulnerable areas, such as Sub-Saharan Africa, South Asia, the Middle East and North Africa 

(MENA), and portions of Latin America, where food insecurity is made worse by a reliance on 

rain-fed agriculture, pervasive poverty, inadequate institutional capacity, and resource 

limitations (Anshida et al., 2024; Elkhalfi et al., 2025). Sustainable development and the 

accomplishment of the Sustainable Development Goals (SDGs), especially SDG 2 (Zero 

Hunger) and SDG 13 (Climate Action), are threatened by these interrelated challenges, which 

also jeopardise agricultural productivity and the overall operation of food systems. 

 

The four internationally recognised dimensions of food security food availability, food access, 

food utilisation, and food stability are all impacted by climate change and go beyond 

agricultural output (El Bilali et al., 2020; Firdaus et al., 2019). While disruptions to markets 

and food supply chains increase price volatility and limit family access to nutrient-dense food, 

climate-induced losses in agricultural yields, animal productivity, fisheries, and water 

resources reduce food availability (Tóth et al., 2008; Ziervogel & Ericksen, 2010). 

Concurrently, declining food quality, increasing malnutrition, and micronutrient deficiencies 

underscore how  
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climate change affects food consumption, especially for women, children, and marginalised 

groups (Aberman & Tirado, 2014; Karimdjanov et al., 2025). By making food systems more 

susceptible to frequent climatic shocks and socioeconomic disturbances, the cumulative 

consequences of these changes further jeopardise their long-term stability (El Bilali, 2021; 

Richardson et al., 2018). Therefore, addressing food security in the context of climate change 

necessitates an integrated systems approach that takes into account institutional, social, 

economic, and environmental aspects concurrently rather than separately. 

 

Even though research on food security and climate change is expanding quickly, there are still 

many significant gaps in the body of current work. According to Anshida et al. (2024) and El 

Bilali et al. (2020), studies often look at agricultural production, nutrition, climate adaptation, 

or food policy separately rather than as interrelated parts of food systems, indicating a lack of 

conceptual integration across disciplines. Second, empirical data is still geographically 

unequal, with significant focus on certain nations or areas and little comparative understanding 

across susceptible locations (Alemu & Mengistu, 2019; Elkhalfi et al., 2025). Third, the 

development of cohesive theoretical frameworks is hampered by inconsistent terminology, 

including the use of concepts like vulnerability, resilience, adaptation, climate-smart 

agriculture, and food system resilience (Hang et al., 2025; Ziervogel & Ericksen, 2010). Lastly, 

it is challenging to find transferable policy lessons or best practices capable of enhancing food 

security under changing climatic conditions because implementation models for climate 

adaptation differ significantly across institutional, socioeconomic, and governance contexts 

(Ferranti, 2023; Purbawan et al., 2026). Together, these restrictions limit the synthesis of 

evidence and make it more difficult for scholars and decision-makers to develop 

comprehensive, context-sensitive solutions. 

 

In light of these difficulties, a thorough narrative review is both important and relevant in order 

to identify rising research priorities, critically analyse existing evidence, and consolidate 

current understanding. A narrative review offers more flexibility for combining various 

conceptual viewpoints, theoretical advancements, local experiences, and policy approaches 

from multidisciplinary literature than systematic reviews, which mainly focus on 

methodological aggregation. With evidence from environmental science, agriculture, 

economics, nutrition, public policy, and development studies, this method is especially suitable 

for analysing the complex relationships between climate change and food security. 

Additionally, by combining policy responses with adaptation techniques, it is possible to find 

common themes, implementation gaps, and potential for enhancing resilience in susceptible 

areas. This information may be used to influence future research and evidence-based 

policymaking. 

 

Therefore, by analysing the main effects of climate change on food security, assessing 

adaptation strategies used in various contexts, and evaluating policy responses intended to 

improve food system resilience, this narrative review seeks to critically synthesise the body of 

research on the relationship between climate change and food security in vulnerable regions. 

This is how the rest of the paper is structured. The methodology used for the narrative review 

is described in the next section. The effects of climate change on the four aspects of food 

security are then summarised, adaption options used in sensitive areas are reviewed, and current 

policy responses are examined. In order to enhance resilient and sustainable food systems, the 

paper's conclusion identifies research gaps, discusses policy implications, and suggests future 

study topics. 
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Literature Review  

 

In order to compile and assess the corpus of research on the relationship between food security 

in vulnerable areas and climate change, this study used a narrative review methodology. 

Narrative reviews offer more flexibility for integrating findings from multidisciplinary 

literature, identifying conceptual developments, comparing theoretical perspectives, and 

highlighting emerging research gaps than systematic reviews, which are intended to address 

specific research questions through thorough evidence aggregation (Ferrari, 2015; Green et al., 

2006). A narrative review was thought to be the best method for creating a thorough and 

interpretive synthesis of the available data because of the complexity of climate change, food 

security, adaptation, and policy responses across various geographic and socioeconomic 

situations. 

 

Because of its broad coverage of excellent peer-reviewed publications in the fields of 

environmental science, agriculture, economics, public policy, sustainability, and 

interdisciplinary research, the Scopus database was the only one used for the literature search. 

Because of its thorough bibliographic coverage and strict indexing criteria, Scopus is widely 

regarded as one of the biggest abstract and citation databases and is often suggested for 

evidence synthesis (Elsevier, 2024). The search strategy was created utilising Boolean 

operators and several synonymous terms that represented the main ideas of the review in order 

to guarantee transparency and reproducibility. The Scopus database was searched using the 

following string: 

 

("climate change" OR "global warming" OR "climatic shifts" OR "environmental change") 

AND ("food security" OR "food safety" OR "nutrition" OR "food access") AND ("vulnerable" 

OR "at-risk" OR "marginalized" OR "disadvantaged") AND ("regions" OR "areas" OR 

"communities" OR "populations") AND ("impact" OR "effect" OR "influence" OR 

"consequence") AND ("adaptation" OR "resilience" OR "mitigation" OR "strategies") 

 

Only peer-reviewed journal articles written in English and published between 2015 and 2025 

were included in the search. In order to ensure that the evaluation included current knowledge 

pertinent to current global climate and food security concerns, this timeline was chosen to 

incorporate recent advancements in climate science, food systems research, and adaptation 

policy. Examining article titles, abstracts, and, if needed, full texts to ascertain their 

applicability to the review's goals constituted additional screening. 

 

The procedure of choosing articles was transparent but interpretive, in line with the 

methodology of narrative reviews. Studies that addressed the connections between food 

security and climate change, looked into the effects on populations or regions that are at risk, 

assessed adaptation or resilience tactics, or talked about policy solutions that are pertinent to 

food systems were included. Excluded were articles that only addressed unrelated 

environmental issues, conference papers, editorials, book reviews, solely technical agricultural 

breakthroughs with little bearing on food security, and publications with insufficient 

conceptual or methodological importance. In order to find recurrent patterns, conceptual 

connections, policy implications, and areas where the literature is still fragmented, the chosen 

studies were thematically synthesised rather than statistically aggregated. This method 

preserved the contextual diversity typical of research on food security and climate change while 

facilitating the integration of evidence across disciplines (Ferrari, 2015). In order to extract 

literature exploring the synergy between food security and climate change, the search method 
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included a customised combination of Boolean operators and particular term clusters, the 

specifics of which are recorded in Table 1. 

 

Table 1: Search Strategy 

 

Component Description 

Database Scopus 

Search String 

("climate change" OR "global warming" OR "climatic shifts" OR 

"environmental change") AND ("food security" OR "food safety" OR 

"nutrition" OR "food access") AND ("vulnerable" OR "at-risk" OR 

"marginalized" OR "disadvantaged") AND ("regions" OR "areas" OR 

"communities" OR "populations") AND ("impact" OR "effect" OR 

"influence" OR "consequence") AND ("adaptation" OR "resilience" OR 

"mitigation" OR "strategies") 

Publication 

Timeframe 
2015–2025 

Language English 

Document 

Type 
Peer-reviewed journal articles 

Inclusion 

Criteria 

Studies addressing climate change and food security; impacts on vulnerable 

regions or populations; adaptation, resilience, mitigation, or policy responses; 

relevant conceptual or empirical research. 

Exclusion 

Criteria 

Conference papers, editorials, book reviews, non-English publications, 

studies unrelated to food security, articles lacking sufficient relevance to the 

review objectives, and duplicate records. 

Selection 

Approach 

Titles and abstracts were initially screened, followed by full-text assessment 

where necessary. Eligible studies were synthesized thematically using a 

narrative review approach to identify conceptual trends, evidence gaps, 

adaptation strategies, and policy responses. 

Search 

Strings 

(Predictive Analytics OR Machine Learning) AND (Lean Management OR 

Lean 4.0) 

Publication 

Years 
2015 – 2025 

Inclusion 

Criteria 

Peer-reviewed articles; English language; focus on predictive-Lean 

integration 
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Component Description 

Exclusion 

Criteria 

Non-peer-reviewed white papers; studies of traditional Lean without digital 

context 

 

Conceptual Background 

 

Definitions 

 

Long-term changes in the Earth's climate system brought about by both natural variability and 

human activity specifically, the rise in greenhouse gas concentrations in the atmosphere are 

referred to as climate change. The defining signs of modern climate change, according to the 

Intergovernmental Panel on Climate Change (IPCC), are rising global temperatures, altered 

precipitation patterns, rising sea levels, and an increase in the frequency and severity of extreme 

weather events (IPCC, 2023). With disproportionate effects on developing nations and climate-

sensitive industries like agriculture, these climate shifts have significant ramifications for 

ecosystem functioning, agricultural production, environmental sustainability, and human well-

being (Hang et al., 2025). 

 

The Food and Agriculture Organization (FAO) framework is widely used to define food 

security. According to FAO (2009), food security is the state in which all people, at all times, 

have physical, social, and economic access to enough safe, nutritious food that satisfies their 

dietary needs and food preferences for an active and healthy life. The four interconnected 

pillars of this multifaceted idea are food availability, food access, food utilisation, and food 

stability. By lowering agricultural production, upsetting food supply chains, raising food price 

volatility, and jeopardising nutritional quality and dietary diversity, climate change affects each 

of these dimensions (Aberman & Tirado, 2014; El Bilali et al., 2020; Firdaus et al., 2019). As 

a result, food security should be viewed as a multifaceted result influenced by institutional, 

social, economic, and environmental issues rather than only an agricultural problem. 

 

The relationship between food security and climate change requires an awareness of 

vulnerability. According to the IPCC, vulnerability is the tendency or inclination of people, 

groups, or systems to suffer negative consequences from climate-related risks, as defined by 

exposure, sensitivity, and adaptation capacity (IPCC, 2023). When it comes to food security, 

vulnerable areas are defined by a high reliance on livelihoods that are susceptible to climate 

change, pervasive poverty, poor governance, poor infrastructure, and restricted access to 

financial and technological resources. Particularly in Sub-Saharan Africa, South Asia, Small 

Island Developing States (SIDS), and portions of the Middle East and North Africa, these 

circumstances intensify the negative effects of climate shocks on agricultural production and 

household food security (Anshida et al., 2024; Elkhalfi et al., 2025). 

 

The ideas of resilience and adaptation are closely linked to vulnerability. In reaction to real or 

anticipated climatic stressors, adaptation refers to changes in human or environmental systems 

that lessen possible harm or allow civilisations to take advantage of new opportunities (IPCC, 

2023). Climate-smart agriculture, better irrigation systems, livelihood diversification, 

sustainable land management, and institutional reforms are some examples of adaptation 

strategies (Anshida et al., 2024). In contrast, resilience refers to the ability of communities, 
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institutions, and food systems to foresee, absorb, recover from, and adapt to climate 

perturbations while preserving vital functions (Purbawan et al., 2026). Strategies for enhancing 

food security under shifting climatic conditions are based on the complimentary ideas of 

adaptation and resilience. 

 

Key Theories or Frameworks 

 

The FAO's Four Pillars of Food Security Framework serves as the main theoretical foundation 

for the connection between climate change and food security. This framework offers a thorough 

lens through which to view how the availability, accessibility, utilisation, and stability of food 

are all impacted by climate change (FAO, 2009). The paradigm acknowledges that 

socioeconomic factors, market accessibility, nutrition, public health, and institutional 

governance all interact together to establish food security results rather than focusing only on 

agricultural productivity. This methodology is regularly used in current research to assess the 

multifaceted effects of climate variability and extreme weather events on vulnerable 

populations (El Bilali et al., 2020; Firdaus et al., 2019). 

 

The IPCC's Vulnerability Framework, which defines climate risk as the interplay between 

climate hazards, exposure, vulnerability, and adaptive capacity, is a second significant 

conceptual viewpoint (IPCC, 2023). According to this concept, food insecurity results from 

both the incidence of climatic hazards and the socioeconomic factors that influence how 

communities react to those hazards. According to Anshida et al. (2024) and Richardson et al. 

(2018), smallholder farmers, marginalised communities, and areas that rely significantly on 

rain-fed agriculture are more susceptible to food insecurity due to their increased exposure and 

susceptibility as well as their low potential for adaptation. This viewpoint clarifies why 

comparable meteorological events may result in noticeably different food security outcomes in 

various geographical areas. 

 

By acknowledging that interrelated systems encompassing production, processing, 

distribution, marketing, consumption, and government provide food security, the Food Systems 

Framework expands the analysis. Multiple stages of these food systems are simultaneously 

disrupted by climate change, which affects consumer access, market functioning, 

transportation networks, agricultural output, and nutritional consequences (El Bilali et al., 

2020; Tóth et al., 2008). Because it emphasises the relationships between environmental 

change, economic development, institutional capacity, and public policy rather than 

concentrating solely on agricultural production, this systems perspective has grown in 

popularity. 

 

Finally, Climate-Smart Agriculture (CSA) offers an operational paradigm that links resilience, 

adaptation, and sustainable agricultural production. The FAO created CSA with the intention 

of boosting agricultural productivity in a sustainable way, lowering greenhouse gas emissions 

where feasible, and enhancing resilience and adaptability (FAO, 2013). It includes sustainable 

soil management, integrated pest control, drought-tolerant crops, efficient irrigation, and a 

variety of agricultural techniques (Anshida et al., 2024; Hang et al., 2025). This review 

connects CSA with the Four Pillars, IPCC Vulnerability, and Food Systems frameworks to 

offer an integrated paradigm for climate, food security, adaptation, and governance. Climate 

hazards enter through biophysical, market, nutritional, and institutional pathways; exposure, 

sensitivity, and adaptive capacity explain differentiated vulnerability; adaptation and 

governance mediate whether disruptions result in persistent food poverty. The framework thus 
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explains why the effectiveness of an intervention depends not just on its technical features but 

also on funding, information, infrastructure, involvement, institutional competency, and policy 

coherence. 

 

Thematic Review of Literature 

 

Instead of a series of reviews of individual studies, this review synthesises the information into 

four analytically linked themes that cover the main aspects of the climate change food security 

nexus in vulnerable countries. Theme 1 studies the impacts of climate change on food supply 

and system stability and theme 2 examines food access, nutrition and unequal socio-economic 

vulnerability. Theme 3 focuses on adaptation techniques and the shift from short term coping 

to longer term resilience; Theme 4 assesses policy integration, governance and persistent 

implementation gaps. Thematic structure helps to synthesise recurrent patterns, points of 

dispute, conceptual constraints and policy relevant insights from the diverse literature in a more 

comprehensible manner. 

 

Theme 1: Climate-Driven Disruptions to Food Availability and System Stability 

 

The most direct impact of climate change on food security is through its disruption of 

agricultural productivity and the ecological resources on which food systems depend. They 

include higher temperatures, altered rainfall patterns, recurring droughts, flooding, heatwaves, 

soil degradation, water shortages, and shifting pest and disease threats, which impair 

agricultural and livestock productivity. These implications are particularly significant in 

countries where agricultural production is mostly rain-fed and where irrigation, storage, crop 

insurance and agricultural extension services are still restricted. The attendant losses are not 

confined to particular harvests, as climatic shocks can affect growing seasons, reduce land 

productivity and increase interannual unpredictability in food supplies. Thus, food availability 

and stability are strongly related: lower average output decreases the amount of food given, 

while increased climate variability renders that supply less predictable over time (El Bilali et 

al., 2020; Firdaus et al., 2019; Tóth et al., 2008). 

 

There is widespread agreement in the literature that agricultural productivity is negatively 

affected by extreme weather events and gradual climate transitions, although research dispute 

on the main transmission mechanism. Production-oriented analyses tend to focus on 

biophysical effects on yields, soils, water resources and crop suitability, while food-systems 

perspectives pay more attention to the interaction between production losses, storage 

constraints, transportation failures, market disruptions and price instability. Geographical scale 

of analysis also differs. Studies at the regional and country level often point to site-specific 

combinations of rainfall dependence, land degradation and institutional weakness, while more 

general assessments stress that climate shocks can be transmitted through interlinked markets 

and supply chains even to areas not directly hit by an extreme event. Hence, the direction of 

the relationship is generally similar but the magnitude of the estimated magnitude and the 

dominant pathway differ depending on commodity, location, climate exposure, baseline 

productivity, and the adaptive capacity embedded in the food system (El Bilali et al., 2020; 

Firdaus et al., 2019; Tóth et al., 2008). 

 

An important drawback of this research continues to be its focus on agricultural production as 

the major measure of food security. While yield loss is an important measure, it does not fully 

represent the effects of climatic shocks on storage, distribution, household purchasing power, 
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diet quality, or the ability to maintain food access. Furthermore, many studies are limited to 

single hazards rather than compound or sequential events such as drought and subsequent price 

inflation, flooding and subsequent disease outbreaks, or heat stress paired with water scarcity. 

Evidence is also unequal among crops, livestock systems, fisheries and postharvest stages, 

thereby limiting cross-sectoral comparison. This analysis thus sees production disruption as 

one piece of a larger food system process and assesses how variations in availability interact 

with access, utilisation, susceptibility, adaptation and policy responses across climate-sensitive 

locations. 

 

Theme 2: Food Access, Nutrition, and Unequal Socioeconomic Vulnerability 

 

Climate change impacts on food security are not only related to the physical quantity of food 

produced but also to the economic and social ability of households to access and utilise 

adequate meals. Production deficits, damage to transport infrastructure, market interruptions 

and increased expenses of storage and delivery can raise food prices and make basic and 

nutrient-rich foods less affordable. Poor households are particularly vulnerable since food is a 

very substantial part of their spending, allowing little room to absorb higher prices or income 

losses. Climate sensitive disease, contaminated water, poor sanitation and low dietary diversity 

can further constrain food utilisation by decreasing the body’s ability to extract nutritional 

advantages from the food consumed. Climate change affects not just hunger and caloric 

adequacy but also malnutrition, nutritional deficiencies, food safety and health consequences 

in general (Aberman & Tirado, 2014; El Bilali et al., 2020; Firdaus et al., 2019). 

 

The literature generally agrees that smallholder farmers, low‐income households, women, 

children, pastoralists and communities whose livelihoods are susceptible to climate change are 

disproportionately vulnerable, although there are differences in theories as to why these groups 

experience higher levels of food insecurity. Some stories focus on direct exposure to droughts, 

floods and temperature stress; others point to structural issues such as poverty, unequal access 

to land and credit, poor market integration, limited public services and lack of social safety. 

The literature also varies in terms of conceiving vulnerability as a geographically concentrated 

condition or socially differentiated process. Although regional analyses tend to highlight Sub-

Saharan Africa, South Asia, the Middle East and North Africa, and Small Island Developing 

States as climate hotspots, studies at the household level indicate that there can be significant 

variations within the same locality by income, gender, asset ownership, livelihood structure 

and access to institutions (Richardson et al., 2018; Wouterse et al., 2022). 

 

These results imply that food insecurity driven by climate cannot be attributed to climatic 

exposure alone. Vulnerability arises from the interplay of hazards and pre-existing socio-

economic imbalances, institutional shortcomings and limits on adaptive capability. However, 

most of the work relies on national averages or broad geographic categories that may mask 

subnational discrepancies and intrahousehold inequities. Nutrition and food utilisation likewise 

receive less attention than production and availability, despite their relevance for 

comprehending the long-term implications for human development. More attention to 

distributional results: who bears the costs of adaptation, who has access to new technology, 

and whose knowledge and priorities determine food-security actions. Thus, this analysis uses 

an equity-sensitive reading of vulnerable regions that includes the geographical exposure and 

social circumstances that shape differentials in food-security outcomes. 
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Theme 3: Adaptation Strategies and the Transition from Coping to Resilience 

 

The adaptation solutions mentioned in the literature include a range of farm-level technology, 

livelihood changes, postharvest enhancements, community-based efforts and broader 

investments in food-system resilience. Agricultural strategies frequently mentioned are 

drought-tolerant and heat-resilient crop types, enhanced irrigation, water harvesting, soil 

conservation, altered planting schedules, integrated pest management, crop diversification and 

sustainable land management. Outside the farm, livelihood diversification, increased food 

storage and processing, enhanced transport systems, climate information services, education, 

extension support and access to finance can lessen sensitivity to climatic shocks. These 

measures are intended to not only restore output after an unfavourable event, but also to 

strengthen the capacity of families and institutions to foresee, absorb, reorganise and recover 

from future disruptions (Purbawan et al., 2026; Wouterse et al., 2022; Ziervogel & Ericksen, 

2010). 

 

Agreement exists that adaptation is required, but the literature differs in its appraisal of the 

most successful techniques and the conditions under which they provide lasting food-security 

gains. While technological initiatives focus on enhanced seed types, irrigation efficiency and 

climate-smart production practices, socioeconomic approaches emphasise diversification of 

livelihoods, market access, social protection, institutional support and collective action. 

Evidence from smallholders shows that the ability to take on adaptation strategies is based on 

asset ownership, access to finance, perception of risk, information, and local institutions, not 

just on technical effectiveness. Some studies view adaptation as essentially incremental 

adjustment within current farming systems, whereas resilience-oriented research focuses on 

more transformative changes in livelihood structures, value chains, governance arrangements 

and resource management. This distinction is essential since actions that stabilise short-term 

output may not always diminish long-term vulnerability or improve all dimensions of food 

security (Purbawan et al., 2026; Wouterse et al., 2022; Ziervogel & Ericksen, 2010). 

 

However, there are also limitations in the adaptation literature, such as limited longitudinal 

examination, inconsistent definitions and lack of comparable indicators. Many studies discover 

or suggest adaption possibilities, but do not establish whether they lead to lasting improvements 

in the availability, access, utilisation and stability of food. The terms adaptation, coping, 

climate-smart agriculture, resilience and transformation are frequently employed 

inconsistently, which leads to conceptual ambiguity and makes cross-study comparability 

challenging. Moreover, maladaptation, costs of adoption, maintenance needs, trade-offs 

between policy objectives and the potential for interventions to assist relatively well-resourced 

farmers but exclude the most disadvantaged are typically inadequately considered. Thus, the 

evaluation distinguishes between short-term coping and adaptive capability and longer-term 

resilience and evaluates adaptation solutions in terms of feasibility, inclusiveness, scalability 

and contribution to multidimensional food-security goals. 

 

Theme 4: Policy Integration, Governance, and Implementation Gaps 

 

Policy solutions to the climate change and food security nexus need to be coordinated across 

sectors such as agriculture, water, nutrition, health, trade, infrastructure, disaster risk 

management, environmental protection and social welfare. The literature reviewed supports 

integrated policy frameworks that deal with all four elements of food security, rather than 
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equating food security policy to increased agricultural output only. Relevant measures include 

public investment in climate resilient infrastructure, agricultural research and extension, early 

warning systems, strategic food reserves, social safety nets, food assistance, risk financing, 

regional trade cooperation and targeted support to populations exposed to climate risks. 

Vulnerability assessment frameworks can help policymakers to translate climate hazards, 

sensitivity, and adaptive capacity into policy relevant priorities, while regional cooperation can 

help to mitigate the impacts of resource scarcity and supply disruption across national borders 

(El Bilali et al., 2020; Richardson et al., 2018; Ziervogel & Ericksen, 2010). 

 

There is general agreement on the need to integrate food security and climate policies, although 

the relative importance of adaptation, mitigation, market mechanisms, governmental 

involvement and community led governance differs between studies. Some approaches focus 

on agricultural modernisation and climate smart technologies, while others focus on social 

protection, agroecological practices, local knowledge and distributive justice. Similarly, trade 

and regional cooperation can increase food availability by shifting supplies between locations, 

but reliance on external markets can also make vulnerable countries more susceptible to 

international price volatility and climate-induced output shocks in other parts of the world. 

Further scenario-based evidence suggests that adaptation could compensate for some of the 

projected increase in food insecurity, but adaptation alone may be inadequate under high 

emissions pathways. Strong mitigation and substantial investment in adaptation are likely to be 

complementary rather than substitutable responses (Richardson et al., 2018; Ziervogel & 

Ericksen, 2010). 

 

The main policy gap is not so much the absence of suggested measures but ineffective 

execution, fragmented governance, inadequate financing and limited evaluation of policy 

impacts. Climate policies and food security plans are often developed by different 

administrative systems, resulting in overlapping mandates, misaligned objectives, and 

insufficient cooperation across levels of government. Equally, the models for implementation 

differ significantly among nations, making policy transfer problematic without consideration 

of institutional capability, political economics, local participation and resource restrictions. 

Moreover, vulnerability evaluations at the national level may be too aggregated to identify 

marginalised groups or to measure the extent to which interventions diminish inequality. Thus, 

the broader aim of this study is to combine research on impacts, adaptation, and policy 

implementation, and to clarify how integrated governance may transform information on 

climate risk into equitable and context sensitive gains in resilience in food systems. 
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Figure 1: Thematic Review of Literature 

 

Critical Discussion 

 

The last thematic assessment collated the present state of knowledge on the climate change 

food security nexus in vulnerable regions. Building on this synthesis, the present debate goes 

beyond descriptive reporting to critically review the literature along four analytical dimensions: 

regions of agreement, areas of disagreement, areas of knowledge lacunae, and broader 

theoretical, policy and practical consequences. This analytical approach contributes to a better 

understanding of the strengths and limits of the existing knowledge, identifies priorities for 

future research and informs more integrated and context sensitive solutions to enhance food 

security in a changing environment. 

 

Agreements in the Literature 

 

The literature examined reveals a broad consensus that climate change is a multidimensional 

driver of food insecurity, particularly in areas with high climatic vulnerability, socioeconomic 

deprivation and low adaptive capacity. Evidence from various geographical contexts 

consistently shows that increasing temperatures, shifting precipitation patterns, extreme 

weather events and environmental degradation negatively affect agricultural productivity, 

disrupt food supply chains and undermine the four dimensions of food security: availability, 

access, utilisation and stability (El Bilali et al., 2020; Firdaus et al., 2019; Richardson et al., 

2018). There is also broad consensus that vulnerable groups such as smallholder farmers, low-

income households, women and children are disproportionately impacted as climatic hazards 

intersect with existing structural inequities. Additionally, the literature has consistently pointed 

to adaptation and resilience-building as key elements of sustainable food systems, highlighting 

that climate related food insecurity cannot be addressed through production-oriented 

interventions alone (Anshida et al., 2024; Ziervogel & Ericksen, 2010). 
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Beyond these substantive conclusions, an essential convergence is the idea that food security 

should be conceptualised as an integrated systems issue, not as a merely agricultural outcome. 

Most of the recent studies argue for multiple policy responses, including technical innovation, 

institutional strengthening, social protection and reforms in governance. This consensus marks 

a significant theoretical transition from linear climate crop correlations to systems-oriented 

viewpoints that acknowledge the interconnection of environmental, economic, social and 

political phenomena. However, there is increasing consensus on the complexity of the climate 

change food security nexus. But corresponding advances in integrated empirical frameworks 

are comparatively limited, suggesting that conceptual consensus has outpaced methodological 

integration. 

 

Disagreements 

 

There is general consensus that climate change has negative implications, but the interpretation 

of the processes via which these impacts affect food security varies widely in the literature. 

Studies focusing on production mainly emphasise reductions in agricultural output due to 

climatic stressors, while research on food systems emphasise market disruptions, food 

affordability, nutritional outcomes, and institutional capacity (El Bilali et al., 2020; Toth et al., 

2008). The same disparity is apparent in the investigation of adaptation. Some studies focus on 

technological innovations such as climate-smart agriculture, improved irrigation and drought-

resistant crops while others argue that social protection, livelihood diversification, governance 

reform and community participation are equally important determinants of resilience 

(Purbawan et al., 2026; Ziervogel & Ericksen, 2010). Thus, there are many, sometimes 

conflicting, opinions in the literature about where adaptation investments should be prioritised. 

 

The conflicts are mostly around variations in academic orientation, analytical scale, and 

contextual assumptions, not opposing factual findings. In agricultural and environmental 

science, adaptation is often considered in terms of productivity and resource efficiency; in 

development, economics, and public policy studies, adaptation is often considered in terms of 

vulnerability, equity, and institutional efficacy. In addition, studies at the household, regional 

and global level generally highlight distinct priorities because they analyse different 

components of the food system. These differences illustrate that no single conceptual 

framework can effectively reflect the complexity of climate related food insecurity, 

highlighting the necessity of interdisciplinary methods that integrate environmental processes 

with socioeconomic and governance aspects. 

 

Gaps 

 

Research on climate change and food security has increased significantly but many important 

information gaps remain. First, empirical information is geographically uneven, with studies 

concentrated in selected nations and regions and few comparative cross regional studies 

(Anshida et al., 2024; Elkhalfi et al., 2025). Second, there is a major part of the literature that 

is still focused on agricultural output, and very little studies focus on food utilisation, nutrition, 

food system governance and long-term stability using integrated analytical frameworks 

(Aberman & Tirado, 2014; Firdaus et al., 2019). Third, the use of inconsistent terminology for 

concepts like vulnerability, resilience, adaptive capacity, climate-smart agriculture, and 

transformation inhibits comparison between studies and impedes cumulative theoretical 

growth. 
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Another crucial methodological limitation is the design. Most existing research is cross-

sectional, context specific or descriptive and provides little information on the longer-term 

effectiveness, scalability and equality implications of adaption tactics. In particular, 

comparative analyses of policy implementation, institutional performance and governance 

effectiveness are relatively rare, but they are relevant for the conversion of scientific 

information into practical consequences. Furthermore, interactions between climate hazards, 

economic shocks, political instability and food system disruptions are rarely studied together 

and future research should aim to use systems-based, inter disciplinary and longitudinal 

approaches that can better capture the changing nature of climate related food insecurity. 

 

Implications 

 

The conclusions presented in this paper have several theoretical, research, and policy 

ramifications. Theoretically, they advocate for a shift away from production centric models 

and toward integrated food systems frameworks that clearly acknowledge the interplay of 

institutional, governance, climatic, environmental, and socioeconomic elements. Rather than 

analysing vulnerability, resilience, adaptive capacity, and food system dynamics separately, 

future conceptual improvements should integrate them into cohesive analytical models. In 

addition to facilitating comparative study across vulnerable locations and bolstering 

interdisciplinary collaboration, such integration would enhance theoretical consistency (El 

Bilali et al., 2020; Richardson et al., 2018). 

 

Practically speaking, the research indicates that coordinated efforts that go beyond agricultural 

productivity are necessary to improve food security under climate change. Investments in 

climate-smart agriculture should be paired with increased social protection, policies that are 

attentive to nutrition, robust infrastructure, market expansion, early warning systems, and 

inclusive governance. Developing context specific adaptation measures that take into account 

regional variations in institutional capacity, socioeconomic situations, and climate exposure is 

equally crucial. Therefore, longitudinal evaluation of adaptation outcomes, comparative policy 

analysis, and integrated assessment frameworks that may support equitable and resilient food 

systems in vulnerable regions while guiding evidence-based decision making should be given 

top priority in future research. 

 

Recommendations and Future Directions 

 

Recommendations for Practice 

 

The results of this narrative review imply that practitioners should use an integrated, climate 

resilient approach that addresses all four elements of food security, not just agricultural 

productivity. Farmers, agricultural extension services, development practitioners and local 

organisations should promote climate-smart agricultural methods such as drought-tolerant crop 

varieties, efficient irrigation systems, sustainable soil management, integrated pest 

management and crop diversification. These approaches should be reinforced by livelihood 

diversification, improved postharvest management and enhanced access to climate information 

services to strengthen adaptive capacity and reduce vulnerability to recurrent climatic shocks 

(Anshida et al., 2024; Purbawan et al., 2026). Equally crucial is the integration of nutrition-

sensitive strategies so that adaptation efforts not only increase food production but also enhance 

dietary quality and household nutritional outcomes (Aberman & Tirado, 2014). 

 



  
  Volume: 8 Issue: 29 (September 2026) PP. 1739-1759 

1753 
 

Continuous education, technical training and community participation are also required to 

enhance local capacities for effective implementation. Practitioners should design adaption 

techniques that are contextually relevant and that incorporate indigenous knowledge with 

scientific information and take into consideration regional environmental circumstances and 

socio-economic realities. Regular monitoring and evaluation of adaptation activities are 

required to measure their success in terms of food availability, access, utilisation and stability. 

Such evidence-based practice would boost continuous learning, increase resource allocation 

and build the long-term resilience of vulnerable communities (Ziervogel & Ericksen, 2010). 

 

Recommendations for Policy or Organizational Use 

 

Governments, international development agencies, and regional bodies should improve policy 

integration by mainstreaming climate adaptation into the overarching policies for food security, 

agricultural development, nutrition, the environment, and disaster-risk management. Policy 

interventions need to go beyond agricultural output and address structural vulnerabilities 

impacting food affordability, market access, social protection, infrastructure and institutional 

capacity. Investing in climate-resilient infrastructure, early-warning systems, agricultural 

research and extension, digital climate information services, and sustainable water 

management should be prioritised to reduce the long-term vulnerability of food systems (El 

Bilali et al., 2020; Richardson et al., 2018). Vulnerable groups like smallholder farmers, 

women, children and marginalised rural communities should receive special attention through 

targeted financial support, insurance and inclusive adaptation programs. 

 

At the organisational level, the efficient implementation demands more collaboration across 

government agencies, research institutes, civil society organisations and the commercial sector. 

Organisations should set up cross-sectoral governance systems that allow information 

exchange, joint planning and coordinated resource mobilisation across agricultural, health, 

trade and environmental sectors. Moreover, standardised vulnerability assessment frameworks 

and performance indicators need to be created to evaluate the effectiveness of policies and 

support adaptive decision-making. Strengthening institutional accountability and evidence-

based governance will facilitate the translation of scientific information into practical initiatives 

that can increase food security under changing climate conditions (Ferranti, 2023; Ziervogel & 

Ericksen, 2010). 

 

Future Research Directions 

 

Future research must adopt interdisciplinary techniques that incorporate environmental 

science, agricultural economics, nutrition, public health, governance and climate policy into 

comprehensive food-system frameworks. Longitudinal studies are particularly essential to 

assess the long-term effectiveness, sustainability and scalability of adaption measures under 

varying climatic and socio-economic situations. To enhance understanding on the role of 

institutional capacity, quality of governance and socioeconomic variables in shaping adaptation 

results across susceptible regions, comparative cross-regional analyses should also be 

broadened. Such study would increase the external validity of present findings and contribute 

to the creation of more transferable policy recommendations (Anshida et al., 2024; Richardson 

et al., 2018). 
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Further research is necessary to address the conceptual and methodological constraints noted 

across the literature. Future research needs to provide standardised definitions and 

measurement methods for key topics such as vulnerability, resilience, adaptive capacity, and 

food system change to promote comparability across studies. Agricultural production is 

comparatively better investigated than food utilisation, nutrition, postharvest systems, supply 

chain resilience and governance and deserves more attention. Finally, researchers should apply 

systems-based approaches that explore the linkages among climatic hazards, economic shocks, 

institutional responses, and social inequities to generate more comprehensive data to inform 

integrated adaptation strategies and policy creation. Progressing these research goals will help 

build a more cohesive theoretical framework and promote evidence-based decision-making for 

climate-resilient food systems (El Bilali et al., 2020; Firdaus et al., 2019). 

 

Conclusion  

 

This narrative review synthesised multidisciplinary literature on the nexus between climate 

change and food security in vulnerable regions by examining four interrelated dimensions: 

climate-driven disruptions to food availability and system stability; food access and 

socioeconomic vulnerability; adaptation strategies that strengthen resilience; and policy 

integration for sustainable food systems. The weight of evidence reviewed demonstrates in no 

uncertain terms that climate change is not only an environmental problem, but a systemic risk 

that impacts all dimensions of food security through complex interactions between climatic 

hazards, agricultural production, market dynamics, nutritional outcomes, institutional capacity 

and socioeconomic inequality. The severity of impacts differs among geographical contexts, 

yet the literature shows that the most vulnerable regions are disproportionately impacted as 

climatic risks are intensified by poverty, weak governance, poor infrastructure, and limited 

adaptive capacity (El Bilali et al., 2020; Richardson et al., 2018). 

 

Besides summarising the state of the art, this study advances the literature by synthesising 

disparate information into an integrated theme framework, rather than addressing agricultural, 

nutritional, socioeconomic and governance challenges as distinct research fields. The review 

indicates that multifaceted adaptation solutions backed by integrated policies, inclusive 

governance and resilient food systems are needed for effective responses to climate-related 

food insecurity. It additionally emphasises the continuing conceptual fragmentation, 

methodological inconsistency and uneven geographical coverage that continue to hamper 

theoretical growth and evidence-based policymaking. The review highlights key areas of 

convergence and divergence, providing a clearer conceptual basis for future multidisciplinary 

research and more cohesive policy planning for vulnerable regions. 

 

In the end, the capacity of governments, researchers, development organisations and local 

people to integrate scientific data with context-specific adaptation and governance measures 

will be critical to increasing food security in a changing climate. As climate risks continue to 

grow, future initiatives should move beyond reactive reactions to proactive, inclusive and 

resilient food-system reform that simultaneously addresses environmental sustainability, social 

equality and long-term human wellbeing. 

 

Limitations 

 

Several limitations should be considered when interpreting the findings of this narrative review. 

First, the literature search was restricted to the Scopus database, which, although 
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comprehensive and widely recognized for indexing high-quality peer-reviewed publications, 

may not capture all relevant studies available in other databases such as Web of Science, 

PubMed, CAB Abstracts, or regional indexing platforms. Consequently, some potentially 

relevant evidence, particularly grey literature, government reports, policy documents, and 

publications in non-indexed journals, may not have been included. Second, the review focused 

on studies published within the predefined timeframe used for article selection. While this 

approach ensured the inclusion of contemporary evidence, it may have excluded earlier 

foundational studies that continue to influence current theoretical and policy discussions. 

 

Another limitation concerns the uneven distribution of research across sectors and geographical 

regions. Much of the existing literature continues to emphasize agricultural production and 

climate impacts in selected regions, particularly Sub-Saharan Africa and South Asia, whereas 

comparatively fewer studies investigate food utilization, nutrition, governance, postharvest 

systems, fisheries, or urban food security. Furthermore, conceptual overlap among terms such 

as vulnerability, resilience, adaptive capacity, climate-smart agriculture, and food-system 

resilience complicates direct comparison across studies because definitions and measurement 

approaches vary considerably. These inconsistencies reflect broader conceptual fragmentation 

within the field and highlight the need for greater standardization in future research (El Bilali 

et al., 2020; Firdaus et al., 2019). 

 

Finally, the interpretive nature of narrative review methodology should be acknowledged. 

Unlike systematic reviews or meta-analyses that employ quantitative synthesis and formal 

quality appraisal procedures, narrative reviews emphasize conceptual integration, critical 

interpretation, and thematic synthesis (Ferrari, 2015; Green et al., 2006). Consequently, the 

organization of themes, interpretation of evidence, and identification of research priorities 

inevitably involve scholarly judgment. Nevertheless, transparent search procedures, clearly 

defined selection criteria, and thematic analysis were employed to enhance the credibility, 

coherence, and reproducibility of the review. These limitations do not diminish the value of the 

review but instead define the scope within which its findings should be interpreted and applied. 
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