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Abstract 
Climate change poses significant pressures on the sustainability of global agricultural systems and food security 
stability. This study aims to analyze the development of global literature on climate change adaptation in the 
agricultural sector and identify conceptual gaps and future research directions. The study employs a Systematic 
Literature Review (SLR) approach combined with bibliometric analysis of reputable international publications. A 
total of 39 articles were selected for final analysis. The results indicate that agricultural adaptation research has 
grown rapidly over the past two decades, with a primary focus on Climate-Smart Agriculture (CSA), ecosystem-
based resource management, production system diversification, and the integration of digital technologies such 
as precision agriculture and artificial intelligence. However, the literature remains fragmented and technically 
oriented, with limited integration between technological innovation, farmers’ adaptive capacity, institutional 
governance, and the dimensions of food security and social equity. This study proposes an integrative conceptual 
framework that links technological innovation, ecosystem sustainability, socioeconomic capacity, and public 
policy in strengthening the resilience of the global food system. These findings provide theoretical contributions 
and policy implications for accelerating sustainable agricultural transformation amid the dynamics of climate 
change.  
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1. Introduction 

Climate change has become a systemic threat to the global agricultural sector due to rising 

average global temperatures, rainfall variability, and the increasing frequency of extreme weather 

events such as droughts and floods. The latest synthesis report from the Intergovernmental Panel on 

Climate Change (IPCC AR6) affirms that the agricultural sector is one of the most vulnerable sectors to 

global warming, with strong evidence that climate change has already reduced crop productivity across 

various tropical and subtropical regions. 

Quantitatively, global studies show that every 1°C rise in temperature has the potential to reduce 

yields of major crops such as wheat and maize by 3-7% per degree of warming. An analysis published 

in the journal Nature Climate Change by Chen et al. (2017) estimated that without adaptation, global 

maize production could decline by approximately 7.4% per 1°C increase in temperature, while wheat 

could decline by approximately 6%. This decline is occurring at a time when global food demand 

continues to rise alongside world population growth, which is projected to reach nearly 10 billion people 

by 2050 according to the United Nations. 

From a food security standpoint, the Food and Agriculture Organization reported that 

approximately 733 million people experienced hunger in 2023, and climate change has become one of 

the main factors exacerbating global food vulnerability. Furthermore, more than 30% of the world’s 

agricultural land is exposed to recurring drought stress, directly impacting production stability and the 

income of smallholder farmers. 
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Conceptually, the response to climate change in the agricultural sector has evolved through the 

Climate-Smart Agriculture (CSA) approach popularized by Lipper (2014). CSA emphasizes three main 

pillars: sustainable productivity improvement, strengthening adaptive capacity and resilience, and 

mitigation of greenhouse gas emissions. However, its implementation has often focused on technical 

innovations such as stress-tolerant varieties and irrigation efficiency without adequate integration of 

socioeconomic and institutional aspects. 

Research by Zonneveld (2020) shows that the success of adaptation is strongly influenced by 

farmers’ adaptive capacity, market access, financing, and public policy. Production system 

diversification, entrepreneurship and gender inclusion (Shahbaz, 2023), and ecosystem-based resource 

management (Obaisi, 2022) have been proven to strengthen agricultural resilience. 

The development of smart farming and precision agriculture has also expanded adaptation 

strategies through the integration of big data, IoT, and artificial intelligence (Mavi, 2025; Patel, 2023). 

Nevertheless, these technological innovations are rarely linked systematically to food security and 

social equity. In addition, the contributions of women and local knowledge in adaptation, as 

demonstrated by Singh (2025) and Imoro (2021) have not yet been fully mainstreamed in global policy. 

Accordingly, a conceptual gap remains in integrating adaptation, agricultural sustainability, and 

food security within a single systemic framework. Based on this context, a study is needed that not only 

identifies trends and research clusters in global literature on climate change adaptation in sustainable 

agriculture, but also formulates an integrative conceptual framework that explains the 

interrelationships between technological innovation, adaptive capacity, ecosystem sustainability, and 

food security.  

 

2. Methods 

2.1. Research Design 
This study employs a Systematic Literature Review (SLR) approach combined with bibliometric 

analysis. The SLR was conducted systematically to ensure transparency, replicability, and objectivity in 

the literature selection process. Bibliometric analysis was used to map the structure of scientific 

knowledge through network visualization using VOSviewer software. This combined approach enables 

comprehensive analysis both qualitatively and conceptually, as well as quantitatively based on scientific 

publication data. 

2.2. Data Sources and Literature Search Strategy 
Research data were obtained from reputable international databases indexed in Scopus using 

Publish or Perish software as a tool for collecting publication metadata. The publication period used 

was 2006-2026, on the grounds that this period represents significant developments in global research 

related to food security and climate change. The literature search strategy used a combination of 

Boolean operators with the following keywords: (“food security” OR “food system resilience” OR “food 

sustainability”), (“sustainable agriculture” OR “climate-smart agriculture” OR “agroecology”), and 

(“climate change adaptation” OR “climate resilience”). This strategy was designed to capture 

multidisciplinary literature integrating environmental aspects, food systems, and adaptive agricultural 

technology in response to climate change. 

2.3. Inclusion and Exclusion Criteria 
Articles used in this study are reputable international journal articles with a direct relevance to 

the topics of food security, climate change, and sustainable agriculture. Selected articles were limited 

to publications from 2006 to 2025 to represent modern research developments in these fields. In 

https://projurnal.com/
https://ojs.projurnal.com/index.php/janr


 Dewi Susanti et al  

156 

addition, articles must be written in English and have complete abstracts and bibliographic metadata 

to ensure information quality and ease of bibliometric analysis. 

Conversely, articles that did not meet these criteria were excluded from the analysis. Excluded 

articles include duplicates, proceedings that did not undergo a peer review process, articles lacking 

clear keywords or abstracts, and articles with no direct relevance to the study’s focus on the 

interrelationship between food security, climate change, and sustainable agricultural systems. 

2.4. Data Selection and Analysis Procedures 
The literature selection process was carried out through several stages: initial article 

identification, screening based on title and abstract relevance, quality evaluation based on Scopus 

indexing, and elimination of duplicate articles. Articles that passed the selection were then subjected 

to extraction of their bibliometric metadata, including author, year of publication, keywords, journal 

source, and number of citations. The bibliometric data obtained were then analyzed using VOSviewer 

software to generate keyword co-occurrence network visualization maps, thematic cluster maps, and 

overlay visualizations showing the temporal development of research topics. 

 

3. Results and Discussion 

3.1. Bibliometric Network Analysis 
From 264 manuscripts evaluated through full-text eligibility, 39 articles met the inclusion criteria 

and were analyzed further. This literature serves as the basis for exploring research trends related to 

food security, climate change, and climate-smart agriculture, highlighting the evolution of topics from 

environmental impact analysis toward the implementation of technological and policy solutions that 

support long-term food security. 

 

 
Figure 1. Network Visualization of Research Keyword Linkages in Food Security and Climate 

Change Studies 
 

Figure 1 displays the interconnections of research keywords related to food security, climate 

change, and climate-smart agriculture. It is evident that “food security” constitutes the central node 

with the largest node size, indicating that this topic appears most frequently and serves as the primary 

focus in the literature. This node is strongly connected to climate change, food system, policy, and 

global food security, showing that the issue of food security is extensively studied in the context of 

climate change and food system policy. The green cluster depicts environmental and natural resource 

aspects such as environment, crop, soil, and natural resource, emphasizing the role of ecosystems in 
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food production. The light blue cluster highlights field-level implementation such as farmer, 

information, and climate-smart agriculture adoption, reflecting a focus on information transfer and 

technology adoption by farmers. Meanwhile, the yellow cluster relates to climate change impacts such 

as risk, adaptation, crop yield, and ecosystem, indicating a research direction toward mitigation and 

adaptation. Overall, this map shows that global research is increasingly moving toward an integrative 

approach linking climate change, agricultural technology innovation, policy, and food system 

sustainability to achieve long-term food security. 

3.2. Temporal Evolution of Research Themes 

 
Figure 2. Temporal Evolution of Research Themes in Food Security and Climate Change 

Studies 
 

The visualization shown in Figure 2 is an overlay visualization map depicting the temporal 

development of research based on color gradients (approximately 2010–2025). Nodes in blue tend to 

represent older topics, while green to yellow indicate newer or trending topics. The map shows that 

“food security” remains the central area of study throughout the time period, with strong connections 

to climate change, global food security, and food system, indicating that the relationship between food 

security and climate change has long been a primary research focus. Topics that are relatively older 

(blue to blue-green) include climate change, impact, risk, and ecosystem, suggesting that the early 

phase of research placed heavy emphasis on environmental impacts and risks to food production. 

Meanwhile, newer topics (green to yellow) are shifting toward solution implementation and 

innovation, such as climate-smart agriculture, role, information, adoption, and farmer. This reflects a 

current research trend that is more applied and implementation-oriented, particularly on the adoption 

of climate-smart agricultural technology and the use of digital information to support farmers. 

Additionally, the emergence of keywords such as nanotechnology, solution, and strategy indicates a 

shift in focus from mere impact analysis toward the development of technologies and mitigation 

strategies. Overall, this map depicts the evolution of research from a descriptive approach concerning 

the impacts of climate change toward a solutions-based approach grounded in technological 

innovation, policy, and the implementation of sustainable agricultural practices to strengthen global 

food security. 

3.3. Integrated Conceptual Framework 
To understand the relationships between climate change adaptation, sustainable agriculture, 

ecosystem support, and farmers’ adaptive capacity, an integrated conceptual framework is required. 

This framework explains how the interaction among variables contributes to strengthening food 
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security and the long-term stability of food systems. The variable mapping and related literature 

synthesis are presented in Table 1. 

 

Table 1. Integrated Variable Mapping and Literature Synthesis 

Variable Key Indicators 
Conceptual 

Contribution 
Expected 

Impact 
Supporting 
Literature 

Climate 
Change 
Adaptation 

Climate-smart 
agriculture, crop 
diversification, water 
management, stress-
tolerant crops 

Adaptation strategies 
reduce climate risk on 
crop productivity and 
food supply stability 

Positive → Food 
Security 

(Aishwarya, 2024; 
Anas, 2025; 
Challinor, 2014; 
Kheir, 2025; Lipper, 
2014; Lobell, 2008) 

Sustainable 
Agriculture 

Agroecology, 
sustainable 
intensification, soil 
conservation, resource 
efficiency 

Sustainable agriculture 
maintains productivity 
while reducing 
environmental 
degradation 

Positive → 
Environmental 
Sustainability 

(Altieri, 2011; 
Bommarco, 2013; 
Foley, 2011; Garnett, 
2013; Keesstra, 2016; 
Kopittke, 2019) 

Ecosystem 
Support 

Biodiversity, ecosystem 
services, soil ecosystem 
function 

Ecosystem services 
strengthen agricultural 
resilience and long-term 
productivity 

Positive → Food 
System Stability 

(Aryee, 2024; 
Bengtsson, 2019; 
Griscom, 2017; 
Kazemi, 2018; 
Kremen, 2018) 

Farmer 
Adaptive 
Capacity 

Local knowledge, 
technology adoption, 
livelihood resilience 

Farmer adaptation 
capacity determines real 
implementation of 
adaptation strategies 

Positive → 
Household Food 
Security 

(Bryan, 2009; Falco, 
2011; Hahn, 2009; 
Mosha, 2025; 
Mwongera, 2020) 

 

Climate change adaptation, sustainable agriculture, ecosystem support, and farmers’ adaptive 

capacity constitute the four main pillars that are mutually integrated in maintaining food security and 

the sustainability of agricultural systems. Climate change adaptation plays a direct role in maintaining 

production stability through the application of climate-smart agriculture, water efficiency, and stress-

tolerant varieties. On the other hand, sustainable agricultural practices ensure long-term productivity 

while preserving soil quality, resource efficiency, and preventing environmental degradation. 

Ecosystem support strengthens agricultural systems through ecosystem services such as biodiversity 

and soil function that support resilience against climate disturbances. Meanwhile, farmers’ adaptive 

capacity is the key implementation factor, as it determines the ability to adopt technology, local 

strategies, and household socioeconomic resilience. Overall, these four variables form a conceptual 

framework demonstrating that long-term food security can only be achieved through a systemic 

approach that combines technological, ecological, and social dimensions. 

Climate change exerts multidimensional impacts on sustainable agricultural practices and food 

production through temperature changes, precipitation patterns, increased frequency of extreme 

weather events, and degradation of natural resources that form the primary basis of agricultural 

production. Rising global temperatures have been demonstrated to affect plant physiology through heat 

stress, reduced photosynthetic efficiency, disrupted flowering, and accelerated growth cycles, 

ultimately reducing crop productivity, particularly for major cereal commodities such as wheat and rice 

(Asseng, 2011; Hatfield et al., 2011). Furthermore, extreme heat wave events and prolonged droughts 

have also been proven to cause global crop production declines and increase inter-seasonal food 

production volatility (Battisti, 2009; Lesk, 2016). These conditions reinforce the relationship between 

climate change and global food security risks, especially in developing countries with lower adaptive 

capacity. 
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From an agricultural ecology perspective, climate change also accelerates the dynamics of crop 

pest and pathogen spread. Shifts in agroclimatic zones enable pests and plant diseases to migrate to 

new areas, thereby increasing biotic pressure on food production systems (Bebber, 2013; Chakraborty & 

Newton, 2011). At the same time, crops face increasingly intense abiotic stresses such as drought, 

salinity, and temperature fluctuation, requiring complex molecular and physiological responses to 

maintain productivity (Ahuja, 2010; Bita, 2013). This combination of biotic and abiotic pressures widens 

the yield gap between production potential and actual production, thereby complicating the 

achievement of global food security targets. 

Climate change also significantly impacts water resource availability, which is a crucial 

component in sustainable food production systems. Declining groundwater reserves due to over-

exploitation and changes in the global hydrological cycle have increased the risk of water crises in major 

agricultural regions worldwide (Aeschbach-Hertig, 2012). This water scarcity not only affects crop 

production but also impacts the overall sustainability of food systems due to the close linkage between 

water, energy, and food within the water–energy–food nexus framework (Biggs, 2015; Hanjra, 2010). In 

addition, climate change also contributes to soil degradation, loss of soil carbon, and declining 

ecosystem functions that support long-term agricultural productivity (Keesstra, 2016; Lal, 2004a, 

2004b). 

In the context of the global food system, climate change exacerbates pressures on food production 

that are already facing challenges of population growth and rising food demand. Projections indicate 

that without effective adaptation, climate change may increase the number of people at risk of hunger 

in the coming decades (Dijk, 2021). Furthermore, the global food system also contributes to greenhouse 

gas emissions, creating a reciprocal relationship between climate change and food production (Clark, 

2020). This demonstrates that transformation toward sustainable food systems is important not only 

for adaptation but also for climate change mitigation. 

Sustainable agricultural practices increasingly emphasize the importance of adaptive approaches 

such as climate-smart agriculture, ecological intensification, and ecosystem-based resource 

management. These approaches integrate productivity improvement, enhanced resilience to climate 

change, and reduction of greenhouse gas emissions simultaneously (Bommarco, 2013; Lipper, 2014). In 

addition, the application of precision agriculture technology, the utilization of soil microorganisms, 

and crop biotechnology innovations also play a role in improving resource use efficiency and crop 

resilience to environmental stress (Bebber, 2013; Gebbers, 2010). From a global policy perspective, 

climate change and food security are now viewed as a dual crisis requiring simultaneous integration of 

food, agricultural, and environmental policies (Aerni, 2022). 

Food security in the context of climate change requires a multidimensional and mutually 

integrated approach, not merely production increases (Table 1). In general, the eight adaptation 

dimensions presented can be grouped into three major pillars: technological innovation, ecosystem 

management, and institutional and policy system support. All three work in a complementary manner 

to ensure food production stability in the short term while maintaining the sustainability of the food 

system in the long term. 

3.4. Multidimensional Climate Adaptation Strategies 
Climate change adaptation efforts in sustainable agriculture do not focus solely on technical 

production aspects, but also encompass social, economic, and environmental dimensions. This 

multidimensional approach is crucial because climate change affects food systems comprehensively, 

from production and distribution to the stability of community food access. Therefore, the integration 

of various adaptation strategies is necessary to ensure the sustainability of agricultural systems while 
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simultaneously strengthening short-term and long-term food security. Details of climate change 

adaptation strategies in sustainable agriculture, along with their scientific mechanisms and impacts on 

food security, are presented in Table 2. 

 

Table 2. Climate Change Adaptation Strategies in Sustainable Agriculture and Their Impacts 
on Food Security 

Adaptation 
Dimension 

Specific 
Strategy 

Scientific 
Mechanism 

Short-Term 
Impact 

Long-Term 
Impact on 

Food Security 
Referensi 

Climate-Smart 
Agriculture 

Integration of 
CSA, digital 
farming, decision 
support systems 

Input 
optimization, real-
time climate 
monitoring, 
production 
efficiency 
improvement 

Crop yield 
stability 

More resilient 
food systems 
against climate 
shocks 

(Aishwarya, 
2024; Lipper, 
2014; Lou, 
2024) 

Agroecology & 
Ecological 
Intensification 

Crop 
diversification, 
crop rotation, 
biological pest 
control 

Enhancement of 
ecosystem services 
and biodiversity 

Reduced 
crop failure 
risk 

Sustainability of 
food production 
ecosystems 

(Altieri, 2011; 
Bommarco, 
2013; Kremen, 
2018) 

Genetic 
Engineering & 
Adaptive 
Breeding 

Heat-, drought-, 
and salinity-
tolerant crop 
varieties 

Stabilization of 
plant physiology 
under climate 
stress 

Stable 
productivity 
during 
extreme 
weather 

Long-term 
adaptation to 
climate 
variability 

(Ahuja, 2010; 
Bita, 2013) 

Water and Soil 
Management 

Irrigation 
efficiency, 
groundwater 
conservation, 
soil carbon 
management 

Increased soil 
water retention 
capacity and 
hydrological cycle 
stability 

Reduced 
drought risk 

Resource-based 
food production 
system 
resilience 

(Aeschbach-
Hertig, 2012; 
Hanjra, 2010; 
Lal, 2004a) 

Sustainable 
Intensification 

High production 
with low 
environmental 
footprint 

Nutrient 
optimization and 
land-use efficiency 

Increased 
food 
production 

Global food 
security without 
environmental 
degradation 

(Cassman, 
2003; Chen, 
2014; Garnett, 
2013) 

Digital 
Technology & 
Smart Farming 

AI, IoT, remote 
sensing, 
precision 
agriculture 

Predictive analytics 
and land 
management 
efficiency 

Production 
cost 
efficiency 

Technology-
driven food 
system 
transformation 

(Elijah, 2018; 
Gebbers, 
2010; Mavi, 
2025) 

Nature-Based 
Solutions 

Agroforestry, soil 
biodiversity 
restoration 

Microclimate 
stabilization and 
soil quality 
improvement 

Stable 
productivity 

Long-term 
agroecosystem 
resilience 

(Dagar, 2025; 
Griscom, 
2017; Kazemi, 
2018) 

Food System 
Policy & 
Governance 

Global food–
climate policy 
integration 

Synchronization of 
production, 
distribution, and 
adaptation 
strategies 

Food supply 
stability 

Sustainable 
global food 
system 
transformation 

(Aerni, 2022; 
Foley, 2011; 
Godfray, 
2010) 

 

Table 2 shows that climate change adaptation strategies in sustainable agriculture encompass 

three main pillars: production technology innovation, ecosystem-based approaches, and food system 

policy and governance. From the perspective of technological innovation, Climate-Smart Agriculture 

https://projurnal.com/


Journal of Agribusiness and Natural Resources  

161 

(CSA), digital farming, genetic engineering, and smart farming emphasize input optimization, real-time 

climate monitoring, and stabilization of plant physiology to maintain short-term productivity and long-

term food system transformation. Ecosystem-based approaches such as agroecology, nature-based 

solutions, and soil–water management play a role in enhancing ecosystem services, water retention, 

and microclimate stabilization, which effectively reduces crop failure risk in the short term and 

strengthens agroecosystem resilience in the long term. Meanwhile, the policy and governance 

dimension functions as an integrative framework, ensuring the synchronization of production, 

distribution, and adaptation strategies, thereby providing food supply stability and supporting 

sustainable global food system transformation. Overall, the integration of these three pillars 

demonstrates that food security can be achieved through a combination of smart technology, ecosystem 

management, and adaptive governance. 

3.5. Integrative Conceptual Model of Climate Change Adaptation in Sustainable 
Agriculture 
The integrative Biophysical–Technology–Social model positions climate change adaptation in 

sustainable agriculture as an interconnected and dynamic system. Adaptation is not understood as a 

partial intervention, but rather as a transformation process that occurs through interaction among 

ecological capacity, technological innovation, and social-institutional support. Accordingly, food 

security and agricultural system sustainability are the outcomes of the integration of these three 

dimensions. 

 

 
Figure 3. Integrative Conceptual Model Analysis 

Source: Researcher’s compilation, 2025 

 

At the fundamental level, the biophysical dimension functions as the ecological foundation that 

determines carrying capacity and production stability. Land, water, and biodiversity management play 

a role in maintaining ecosystem functions, improving resilience to drought and land degradation, and 

reducing the risk of productivity decline due to climate pressures (Keesstra, 2016; Lal, 2004a). This 

BIOPHYSICAL DIMENSIONS 
Soil health, ecosystem services, biodiversity, water management  

(Lal, 2004; Keesstra, 2016; Griscom, 2017) 

TECHNOLOGY DIMENSION 
Climate-Smart Agriculture, Precision Farming, 

Genetic Engineering, Digital Agriculture 
(Lipper, 2014; Gebbers & Adamchuk, 2010; Ahuja, 2010) 

SOCIAL-INSTITUTIONAL DIMENSION 
Farmer adaptive capacity, governance, policy integration 

(Bryan, 2009; Aerni, 2022; Hahn, 2009) 

INTEGRATED OUTCOME 
Food Security (Availability, Access, Utilization, Stability) 
Environmental Sustainability & Food System Resilience 
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ecological stability is a prerequisite for the success of other adaptation strategies, because without well-

maintained natural resource quality, productivity improvements tend to be unsustainable. 

Subsequently, the technological dimension strengthens the system’s adaptive capacity through 

improved efficiency and responsiveness to climate variability. Climate-smart agriculture and precision 

farming approaches enable the optimization of input use, reduction of production risks, and 

stabilization of crop yields under conditions of climate uncertainty (Lipper, 2014; Gebbers & Adamchuk, 

2010). However, the effectiveness of technology does not stand alone, but rather depends on the ability 

of agricultural actors to access, adopt, and manage it appropriately. 

The social-institutional dimension serves as an enabling mechanism that bridges biophysical 

capacity and technological innovation with actual implementation at the field level. Farmers’ adaptive 

capacity, policy support, access to financing, and governance that is responsive to climate risks 

determine the extent to which adaptation strategies can be implemented consistently and sustainably 

(Bryan, 2009; Hahn, 2009). Without adequate institutional support, ecological and technological 

interventions risk encountering adoption limitations. 

Overall, the synergistic interaction among these three dimensions produces layered impacts on 

food security, particularly in terms of production availability and stability, which in turn contributes to 

the long-term sustainability of agricultural systems. Thus, this model affirms that climate change 

adaptation within the framework of sustainable agriculture must be positioned as a systemic 

transformation that integrates ecological, technological innovation, and social governance aspects 

simultaneously and sustainably. 

3.6. Policy and Practical Implications 
The findings of this study affirm that climate change adaptation in sustainable agriculture cannot 

be positioned as a separate sectoral intervention, but rather as part of a mutually interconnected social-

ecological system. The integrative conceptual model developed demonstrates that technological 

innovation, ecosystem-based management, farmers’ adaptive capacity, and food system governance 

form an interdependent structure that determines long-term food security stability. This perspective 

aligns with social-ecological systems theory, which emphasizes that resilience emerges from the 

dynamic interaction among ecological, social, and institutional components within one complex 

system. 

Within the public policy framework, integrating climate change adaptation into national 

agricultural development strategies has become an urgent need. The climate-smart agriculture 

approach can function as a transformational instrument linking productivity improvement, adaptation 

to climate variability, and mitigation of greenhouse gas emissions simultaneously. However, innovation 

diffusion theory indicates that technology adoption is influenced by access to information, incentive 

structures, institutional capacity, and risk perception at the farmer level. Therefore, policy design needs 

to encompass financial support, fiscal incentives, strengthening of extension services, and climate 

information systems capable of reducing structural barriers to the adoption of adaptive agricultural 

innovation. 

Ecosystem-based approaches such as agroecology, soil conservation, soil carbon management, 

and biodiversity restoration carry strategic implications in the context of ecological economics. This 

theory emphasizes that ecosystem services possess economic value that is often not internalized within 

conventional production systems. Mechanisms such as payments for environmental services, climate 

finance, and carbon credit schemes can function as instruments for correcting market failures while 

simultaneously strengthening long-term agroecosystem stability. The integration of ecological 
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approaches in agricultural policy is also consistent with sustainability principles that emphasize the 

balance between productivity and natural resource conservation. 

The food system governance dimension highlights the importance of cross-scale coordination as 

explained in multi-level governance theory. Food security in the era of climate change requires policy 

synchronization at local, national, and global levels, particularly within the water–energy–food nexus 

framework. Disruptions to water or energy availability can directly impact food production and 

distribution, such that fragmented policy approaches risk generating inefficiencies and systemic 

vulnerability. Integration of food and climate policy is key in driving adaptive and low-emission food 

system transformation. 

The conceptual model developed provides implementation guidance for various stakeholders. 

Crop diversification, rotation, and agroforestry can be understood through risk portfolio theory, 

wherein production system variation reduces yield volatility due to climate uncertainty while 

simultaneously strengthening long-term soil ecological functions. The use of stress-tolerant varieties, 

efficient irrigation, and precision agriculture technology reflects the principle of resource efficiency, 

namely productivity improvement through data-based input optimization without increasing 

environmental pressure. 

For the agribusiness sector and technology providers, inclusive and contextual innovation is key. 

Agricultural digital transformation needs to be designed to be accessible to both small- and medium-

scale farmers, so as not to widen productivity and socioeconomic disparities. Training support, 

assistance, and local capacity strengthening are prerequisites for successful implementation. The role 

of financial institutions and investors is also strategic in accelerating the transition toward sustainable 

agriculture. From the perspective of institutional economics, appropriate financial incentives and 

regulations can direct production practices toward being more adaptive and low-emission. Investment 

in regenerative agriculture and nature-based solutions not only strengthens food security but also 

reduces systemic risk in global supply chains. Overall, climate change adaptation in agriculture is a 

structural transformation process that demands the simultaneous integration of technology, ecology, 

economics, and governance to build a resilient and sustainable food system. 

 

4. Conclusion 

This study demonstrates that climate change adaptation in the agricultural sector is a key 

component in maintaining the stability of the global food system. Although approaches such as 

Climate-Smart Agriculture have become the dominant framework in the literature, their 

implementation and development remain sectoral and have not yet been fully integrated with the 

social, institutional, and food system policy dimensions. Bibliometric analysis reveals a significant 

increase in adaptation-related publications, particularly on the themes of digital technology innovation 

and ecosystem-based resource management, yet the direct linkage to food security and social equity 

remains limited. The findings suggest that adaptation effectiveness depends not only on technical 

innovation but also on adaptive capacity, policy support, and inclusive governance. This implies the 

need for a systemic approach that integrates technological, environmental, and socioeconomic 

dimensions. By mapping the current research landscape and identifying these integration gaps, this 

study provides a foundation for future research to strengthen cross-disciplinary collaboration and 

mainstream gender and local knowledge into adaptation strategies. 
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