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Abstract

This research highlights the need for climate change adaptation in Indonesia, a country highly vulnerable to climate
change impacts that threaten national food security. This research aims to explore published global studies' findings
and identify adaptive solutions that can be implemented in Indonesia. This research method uses bibliometric analysis
with the Scopus database as the primary data source. The findings of this study show a significant increase since the
early 2000s, dominated by countries such as the United States, India, the United Kingdom, Australia, and China.
However, there is an imbalance in the representation of research from other countries, including Indonesia, which
faces similar challenges but still needs to be fully represented in the global academic literature. These findings indicate
the need for further research in climate change mitigation, livelihoods, nutrition, and resilience. The implications of
these findings also highlight the importance of Indonesia increasing carbon absorption capacity, adaptation to climate
change, and food system resilience for national sustainability. Integrating these findings into local policies can
strengthen adaptive food systems and ensure people's access to safe food in the future, with the support of cross-sector
collaboration and green technology.
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Introduction

The urgency of this research is critical, considering that Indonesia, as an archipelagic country, is vulnerable to the
impacts of climate change. Climate change refers to long-term changes in temperature and weather patterns in a region
or worldwide [1]. Data shows that an increase in average temperatures in Indonesia, changes in rainfall patterns, and
an increase in the frequency of natural disasters such as floods and droughts are detrimental to the agricultural sector
[2]. In general, climate change can reduce agricultural productivity [3], threaten national food security, and affect the
livelihoods of millions of farmers [4]. This research is very urgent in finding practical and innovative adaptation
solutions to reduce the negative impacts of climate change and ensure sustainable food security in Indonesia.

The problem of food security in Indonesia is increasingly complex and urgent due to the actual impacts of climate
change. Changes in rainfall patterns cause uncertainty in the growing season while increasing temperatures cause
thermal stress in plants and reduce crop yields [5]. More frequent natural disasters, such as floods and droughts,
damage agricultural land and irrigation infrastructure, disrupting food supply chains [6]. In addition, climate change
affects land productivity and accelerates land degradation, further limiting the ability of agriculture to meet national
food needs [7]. As a result, food security is disrupted, food prices rise, and low-income communities are the most
affected.

Similar problems are also found in several other countries, where food security is closely correlated with climate
change. For example, in Sub-Saharan Africa, climate change is causing prolonged droughts and drastic reductions in
crop yields, triggering food crises and famine [8]. Farmers in this region need help adapting to changing climatic
conditions and worsening food security. Additionally, in South Asia, countries such as India and Bangladesh face
similar challenges with increasing frequency of floods and cyclones that damage crops and agricultural infrastructure
[9].

Food security related to climate change is a global problem that is increasingly urgent and complex [10]. In many
regions, as described above, climate change is causing increases in average temperatures, unpredictable changes in
rainfall patterns, and increased frequency of natural disasters such as floods and droughts. These impacts disrupt
agricultural production, reduce crop yields, and damage irrigation infrastructure, threatening food security at the
national and regional levels. In addition, climate change is accelerating land degradation and limiting agriculture's
ability to meet the population's food needs. This global challenge requires innovative adaptation and mitigation efforts
to address the ever-increasing threat to food security worldwide.

Farmers and governments in various countries have taken necessary steps to deal with the impact of climate change
on food security. Farmers are starting to adopt sustainable agricultural practices that are more environmentally
friendly, such as using plant varieties that are more resistant to heat or drought stress, as well as more efficient water
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management and technology [11]. Farmers are also expanding the use of modern technologies, such as weather
information systems and precision farming techniques, to improve seasonal predictions and more optimal crop
management [12]. On the other hand, governments are investing in better irrigation infrastructure, training farmers on
adaptive farming practices, and developing policies that support the diversification of food sources and disaster risk
management [13]. This collaborative effort is essential to improve food security amidst the growing challenges of
climate change.

In addition, the government is also active in promoting policies and incentives that encourage the use of renewable
energy and sustainable agricultural practices [14]. These initiatives include increasing farmers' access to green
technologies, such as solar panels for irrigation or organic fertilizers, which help reduce agriculture's carbon footprint
and increase resource efficiency. At the international level, cooperation between countries and international
organizations is increasingly being increased to exchange knowledge and technology and support the development of
adaptive capacity for countries most vulnerable to climate change [15]. This joint effort is essential to create a more
resilient and sustainable food system in the future.

Although the issues of food security and climate change have attracted global research attention, more research is
needed that explicitly disentangles the complexity of these issues, with a focus on the case of Indonesia. Global studies
tend to only partially integrate Indonesia's local context, such as unique geographic, demographic, and socio-economic
conditions and specific challenges in agriculture and food security. Apart from that, minimal research still needs to
examine this issue using a bibliometric analysis approach. More in-depth and focused research is needed to understand
in detail how current global research trends and existing findings can be adapted to the Indonesian context and identify
appropriate and sustainable adaptation solutions.

This research aims to explore essential findings from various cases published in the global literature regarding the
impact of climate change on food security. This study evaluates these findings to identify patterns, strategies, and
practices successfully implemented in other countries, focusing on aspects that Indonesia can learn from and adapt. In
addition, this research also examines current research trends in the context of climate change and food security to
highlight the latest innovations, methodological approaches, and significant findings that can provide additional
insights into developing relevant and effective adaptation solutions for Indonesia. Thus, it is hoped that this study can
contribute to increasing Indonesia's adaptive capacity and food security in the future,

Method

This research method uses bibliometric analysis to investigate published climate change and global food security
literature. This approach involves identifying, collecting, and analyzing data from various scientific articles in related
academic databases. Using bibliometric techniques such as trend analysis and theme mapping, this research describes
publication trends, research focus, and the evolution of research topics in this field. This research provides a
comprehensive overview of the development and direction of global research related to climate change and food
security using a bibliometric analysis approach.

The academic database chosen as the research data source is the Scopus database. The Scopus database was chosen
because it extensively covers multidisciplinary scientific literature, including climate change and food security [16].
Another advantage is its ability to access indexed articles that have undergone an expert review process, providing
high validity and quality to the data collected [17]. To collect data, this research uses keywords based on document
titles, namely "Climate change" and "food security," as the basis for the search, ensuring that relevant and vital
documents can be identified and analyzed comprehensively in this bibliometric study.

The data collection results in July 2024 found 899 published documents. The data visualization stage is carried out in
two stages: utilizing the analysis results available in the Scopus database and the Vosviewer analysis tool. Data
visualization from databases helps display research trends based on the number of documents, affiliations, and
frequently cited documents. On the other hand, Vosviewer helps map and analyze research themes that influence
discussions around climate change and food security. Analysis using Vosviewer was carried out by moving 889
documents into the analysis tool.

In this study, no specific restrictions were applied regarding publication year, affiliation, document type, or specific
subject area other than using the keywords "Climate Change" and "food security" as the basis for the search. This
approach allows for data that spans a wide range of geographic contexts, methodologies, and viewpoints in the relevant
literature to be included. Without these limitations, bibliometric studies can more broadly capture the range of
contributions and perspectives related to climate change and food security globally, ensuring that the data analyzed
reflects the diversity and complexity of existing research.

Results And Discussion

Global research trends on climate change and food security

This section reveals several significant findings related to global research trends on climate change and food security.
Considering the growing number of documents, this research highlights the increasing interest in this field from
various academic institutions and researchers worldwide. Affiliation analysis provides an overview of the
contributions of different countries to the scientific literature. At the same time, identifying frequently cited documents
shows the research's primary focus and intellectual impact. These findings provide an overview of the dominant
information flows in global climate change and food security research.
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Figure 1. Research trends on climate change and food security based on number of documents

Figure 1 shows research trends on climate change and food security based on the number of documents indexed in the
database from 1993 to 2024. The data shows a significant increase in the number of publications on this topic since
the early 2000s, with a peak occurring in 2022 with 114 documents, although there was a slight decrease in 2023 and
2024. This reflects increasing interest in understanding the impact of climate change on food security, driven by the
need to address increasingly global challenges. The findings also reveal year-on-year variations in the number of
documents, reflecting changes in research focus and global priorities regarding climate change and food security. The
period between 2010 and 2020 shows fluctuations in the number of publications, while recent years show an increasing
trend, indicating that this topic is receiving increasing attention in the global academic literature.
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Figure 2. Research trends on climate change and food security based on author affiliation

Apart from the number of documents above, other trends based on the author's country affiliation were also identified
in Figure 2.

Figure 2. Research trends on climate change and food security based on author affiliation

Research trends on climate change and food security show the dominance of contributions from countries such as the
United States, India, the United Kingdom, Australia, and China in the scientific literature. The United States stands
out with 174 documents, followed by India with 93, and the United Kingdom and Australia with 82 and 64 documents,
respectively. China and South Africa contributed 57 documents, while Germany, Canada, Italy, and Nigeria also
played significant roles with 36 and 51 documents. This research reflects global interest in addressing the challenges
of climate change and food security, with widespread contributions from many countries.

The implication of the dominance of countries such as the United States, India, the United Kingdom, Australia, and
China in climate change and food security research is that there is strong global attention to these issues from a
scientific and policy perspective. The rich literature from these countries reflects their commitment to scientific
research in facing this global challenge. It underscores their role in formulating and influencing international policy
regarding climate change and food security. It also reflects inequalities in access to resources and research capacity
between countries, which must be addressed to ensure an inclusive and effective global response to this challenge.

It is also a fact that the contribution of countries like Indonesia still needs to be improved even though this country
has similar challenges in food security and climate change. Although Indonesia is one of the countries with rich
biodiversity and significant vulnerability to climate change [ 18], the contribution of scientific research from Indonesia
in this domain has yet to reach a level commensurate with the challenges. This could indicate expanding access,
increasing research capacity, and closer international collaboration so that Indonesia can play a more active role in
solving this global problem while ensuring sustainable food security and effective climate change mitigation at the
national and global levels.
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Apart from the trends mentioned above, Table 1 also identified another trend, namely the number of citations. The
number of citations reflects how often a scientific work is cited by other researchers in their literature, showing its
impact and influence on that field of study [19]. Discussions about the number of citations are essential because they
can provide insight into the most influential works and contribute significantly to understanding and handling climate
change and food security issues globally.

Table 1. Document with the highest number of citations

Title Year Citation
Soil carbon sequestration impacts on global climate change and food 2004 5,576

security

Prioritizing climate change adaptation needs for food security in 2030 2008 2,136
Climate change impacts on global food security 2013 1,999

Global food security under climate change 2007 1,394
Simultaneously mitigating near-term climate change and improving | 2012 968

human health and food security

The main findings of the first study show that the carbon sequestration capacity of agricultural and degraded soils
could account for 50 to 66% of historical carbon losses, estimated at 42 to 78 gigatons of carbon. The recommended
technology and characteristics, such as soil texture, structure, rainfall, temperature, farming systems, and soil
management, influence organic carbon uptake. Strategies to increase soil carbon pools include restoration, forest
regeneration, no-till farming, cover crops, nutrient management, fertilizer and sludge applications, improved grazing,
water conservation, efficient irrigation, agroforestry practices, and planting energy crops on land-wasted land. Besides
increasing food security, carbon sequestration can also reduce fossil fuel emissions by 0.4 to 1.2 gigatons of carbon
per year, or around 5 to 15% of total global fossil fuel emissions [20]. Thus, efforts to increase soil carbon sequestration
can help overcome global climate change and support the sustainability of the global food system by significantly
increasing crop yields.

Findings from the second study highlight the importance of prioritizing the need for adaptation to climate change to
achieve food security by 2030. The climate risks to crops in 12 food-insecure regions were analyzed to identify
adaptation priorities based on crop statistical models and climate projections from 20 general circulation models. The
research results show that South Asia and South Africa are two regions that could experience negative impacts on
several crops important for food-insecure human populations if adequate adaptation measures are not taken. In
addition, this study found that the level of uncertainty varies widely between crops so that adaptation priorities will
be strongly influenced by the risk attitudes of investment institutions [21]. This highlights the need for timely and
effective adaptation measures to protect food security in regions most vulnerable to the impacts of future climate
change.

Findings from the third study underscore the potential disruption climate change could have on global food security.
A strong and consistent pattern of impacts of climate change on crop productivity was found, which could significantly
impact food availability. The stability of the overall food system may be threatened due to short-term variability in
supply resulting from climate change. Although the impact is not yet clear on a regional scale, it is predicted that
climate variability and change will exacerbate food insecurity in regions currently vulnerable to hunger and
malnutrition. In addition, food access and utilization are also predicted to be affected indirectly through collateral
effects on household and individual income. They may be disrupted by losing access to drinking water and damage to
health [22]. This study emphasizes the need for significant investments in adaptation and mitigation measures toward
a "climate-smart food system," which is more resilient to the effects of climate change on food security.

The finding of the fourth article is that climate change has the potential to impact global food security significantly.
However, only food availability is often considered in simulation studies. Published results show that the impacts of
climate change could lead to a significant increase in the risk of famine, with estimates of between 5 and 170 million
additional people at risk of hunger by 2080, depending on socio-economic development assumptions. The possible
impacts on other critical dimensions of food security, such as stability, utilization, and access, are discussed
qualitatively, indicating the potential for further negative impacts beyond those currently evaluated with the model.
This article also identifies the strengths and weaknesses of current evaluation studies, suggesting improvements and
offering new directions for further analysis [23]. This emphasizes the importance of broadening the scope of research
to fully understand how climate change can affect food security and develop appropriate adaptation strategies.

The key findings of the fifth study show that reducing tropospheric ozone and black carbon emissions can improve
air quality, reduce global warming, and significantly impact human health and food security. By applying
approximately 400 existing emissions control measures, the study identified 14 measures that could effectively reduce
global warming by an average of about 0.5°C by 2050 by targeting methane and black carbon emissions. This strategy
is also estimated to avoid 0.7 to 4.7 million premature deaths from outdoor air pollution annually while increasing
annual crop yields by 30 to 135 million metric tons due to ozone reduction in 2030 and beyond. The benefits of
reducing methane emissions are valued at $700 to $5000 per metric ton, well above the marginal abatement costs of
typically less than $250. The selected control measures target different sources and affect the climate over a shorter
period than carbon dioxide reduction measures. Implementing these two measures significantly reduces the risk of
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exceeding the two °C threshold, demonstrating that this approach reduces the impacts of climate change and improves
food security and human health simultaneously [24].

These five findings highlight the complexity and urgency of the challenges faced in maintaining food security amidst
global climate change. It was found that increasing carbon sequestration by agricultural soils and adapting to climate
change could significantly improve global food security while reducing the impacts of climate change. Prioritizing
adaptation in South Asia and South Africa is needed to protect vital crops from the negative impacts of climate change.
In addition, the need to consider food stability, utilization, and access in response to climate change was emphasized
to face future challenges. Concrete measures such as reducing ozone and black carbon emissions also show great
potential in improving air quality and increasing crop yields; investing in adaptation and mitigation strategies is
essential in realizing a food system resilient to climate change.

Mapping global research themes on climate change and food security

This section maps global research themes on climate change and food security. This analysis identifies and explores
key themes emerging in the academic literature, enabling a deeper understanding of the research focus and themes
that still require further exploration. Mapping of global research themes on climate change and food security can be
seen in Figure 3.
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Figure 3. Mapping research themes on climate change and food security

Various research themes influence discussions around climate change and food security. However, several research
themes, including climate change mitigation, livelihood, nutrition, dan resilience.

Climate change mitigation refers to efforts to reduce or prevent the long-term impacts of climate change by reducing
greenhouse gas emissions and increasing carbon sequestration. In food security, mitigation strategies are essential in
protecting agricultural productivity and ensuring stable food supplies amidst changing climate conditions. Mitigation
measures aim to limit global warming and reduce disruption to food production systems by reducing emissions from
sources such as agriculture, industry, and transportation. Additionally, increasing carbon sequestration through
practices such as afforestation, soil carbon sequestration, and sustainable land management helps mitigate climate
change and strengthens resilience in agricultural ecosystems [25]. Effective mitigation strategies are critical to
maintaining food security by reducing climate-related risks and supporting sustainable food production systems
capable of facing future climate challenges.

Climate change has great potential to disrupt livelihoods, especially in the context of food security, with impacts
spanning various economic and social sectors. For example, extreme fluctuations in weather patterns, such as drought
or floods, can reduce crop yields and threaten the sustainability of traditional agriculture. This affects farmers directly
and the entire food supply chain, including distribution, trade, and public access to food [26]. In addition, climate
change can affect other sectors related to food security, such as fisheries and livestock, through changes in water
temperature and feed availability. These impacts can also exacerbate socio-economic inequalities between rich and
poor regions and increase the risk of social conflict related to natural resources. Therefore, protecting livelihoods and
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food security from the impacts of climate change requires collaborative efforts in adaptation, mitigation, and capacity
building to face these challenges holistically.

Climate change has a significant impact on food security, especially in terms of nutritional aspects. Changes in extreme
weather patterns, such as more frequent droughts or floods due to climate change, can disrupt food production and
reduce the availability of nutritious food [27]. This has the potential to increase malnutrition in already vulnerable
communities, exacerbating stunting, vitamin deficiencies, and other health problems. In addition, climate change can
also change the nutritional composition of plants and food resources, potentially affecting the quality of available
food. Thus, to overcome the impact of climate change on nutrition and food security, a comprehensive strategy is
needed to increase food security by strengthening sustainable food systems and ensuring people's access to safe,
nutritious, and sufficient food.

Climate change highlights the need for solid food security, which includes the ability of food systems to survive,
recover, and adapt after experiencing external disruptions caused by extreme weather and climate change. Resilience
in this context requires the food system to face challenges such as drought, floods, or temperature spikes that can
disrupt agricultural production and access to food. Required strategies include agricultural diversification to reduce
single-source risks, investment in disaster-resilient infrastructure, and development of policies that support adaptation
and innovation in sustainable agriculture [28]. Strengthening the capacity of local communities to manage and adapt
to the risks of climate change is also crucial in building resilient food security in the future.

In facing the complex challenges climate change presents for food security, mitigation efforts, restoring livelihoods,
improving nutrition, and strengthening food system resilience are very important. Mitigation strategies that effectively
reduce greenhouse gas emissions and increase carbon absorption from the soil can maintain the sustainability of food
production amidst unstable climate conditions. Meanwhile, protecting livelihoods and improving nutrition through
sustainable food systems is crucial to ensuring access to safe and nutritious food for all. On the other hand, strong
food system resilience, supported by agricultural diversification, disaster-resistant infrastructure, and community
adaptive capacity, will help overcome external challenges that are increasingly occurring due to climate change.
Through global collaboration and shared commitment, we can build a solid foundation for sustainable and adaptive
food security in the future.

Global research on climate change and food security: A lesson for Indonesia

The findings from the existing study bring a deep understanding of the impact of climate change on global food
security, with significant implications relevant to the Indonesian context. First, increasing the carbon sequestration
capacity of agricultural and degraded soils has excellent potential to reduce global emissions and increase crop
productivity. Practices such as soil restoration, agroforestry, and nutrient management can reduce vulnerability to
climate change and support a sustainable food system in Indonesia. This is crucial considering that Indonesia is an
agricultural country with challenges to land degradation and wide geographic diversity.

Second, studies on adaptation to climate change highlight the importance of rapid and practical reactions to threats to
food security in South Asia and South Africa. These findings are relevant for Indonesia, considering that this country
is highly vulnerable to climate change, including threats to crop yields and food availability [29]. Timely and risk-
based adaptation strategies are urgently needed to protect farmers' livelihoods and ensure national food security. In
addition, investment in climate-smart food systems is also essential to reduce the negative impacts of climate change
on public health and the domestic economy as a whole.

Of the four research themes that still require deeper exploration, each has relevant implications for the Indonesian
context in facing the challenges of climate change on food security. Mitigating climate change by focusing on reducing
greenhouse gas emissions and increasing carbon absorption can make a significant contribution to the sustainability
of Indonesia's food system. As a country with high levels of deforestation and rapid economic growth, Indonesia has
an excellent opportunity to implement reforestation, agroforestry, and sustainable land management strategies to
mitigate the impacts of climate change and increase agricultural productivity [30].

Furthermore, in the context of livelihoods, climate change can threaten the sustainability of farmers and the food
supply chain. Extreme weather fluctuations like floods and droughts can reduce crop yields and disrupt farmers'
economic stability. Risk-based adaptation strategies, including agricultural diversification and investment in disaster-
resilient infrastructure, are critical to protecting the livelihoods of Indonesian farmers and ensuring stable food
supplies. Third, the nutritional aspect is crucial because climate change can affect the quality and availability of
nutritious food. With various nutritional challenges such as stunting and vitamin deficiencies, Indonesia needs to
implement strategies to strengthen a sustainable food system to ensure people's access to safe and nutritious food
amidst changes in unstable weather patterns.

On the other hand, strong food system resilience is critical in facing external disturbances caused by climate change.
Agricultural diversification, disaster-resilient infrastructure, and community adaptive capacity will help Indonesia
reduce its vulnerability to climate fluctuations and strengthen national food security. Overall, integrating findings from
global research on climate change and food security provides valuable lessons for Indonesia to develop sustainable
and adaptive evidence-based strategies. Collaboration between sectors, investment in green technology, and
strengthening local capacity are crucial to building a resilient foundation for food security that can adapt to future
climate challenges.

Apart from that, from the findings of this study, Indonesia needs to be actively involved in distributing similar
discourse through scientific publications. Even though Indonesia has valuable knowledge and experience in dealing
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with the impact of climate change on food security, scientific documentation and publications regarding innovation,
adaptation strategies, and research results still need to be improved. By sharing this knowledge widely, Indonesia can
strengthen its position in the global arena as a contributor to food sustainability, gain international support, and expand
collaboration networks to improve global food security. This is an essential step in ensuring that solutions found in
Indonesia can be adopted and implemented effectively in other countries facing similar challenges, moving towards a
more sustainable and adaptive future under the pressures of global climate change.

Conclusion

Global research trends on climate change and food security show a significant increase in scientific interest and
publications since the early 2000s. Countries such as the United States, India, United Kingdom, Australia, and China
dominate contributions in this scientific literature, reflecting these countries' strong commitment and research capacity
in facing this global challenge. However, there are apparent disparities in the representation of research from other
countries, including Indonesia, which, despite similar challenges to climate change and food security, still needs to be
fully represented in the global academic literature. To address this, efforts are needed to expand access, increase
research capacity in less participating countries, and increase international collaboration to ensure an inclusive and
effective global response to this problem.

These findings also show the importance of developing further research on four main themes, namely climate change
mitigation, livelihoods, nutrition, and resilience. An in-depth exploration of the theme of climate change mitigation is
needed to identify effective strategies for reducing greenhouse gas emissions and increasing carbon absorption,
thereby maintaining the sustainability of the global food system amidst increasingly complex climate change
challenges. Meanwhile, further research on the livelihoods theme helps understand how climate change affects
livelihoods, especially in vulnerable agricultural communities. Nutrition research is needed to address the impact of
climate change on food quality and human health. In contrast, resilience research helps build resilient and adaptive
food systems in the face of external disruptions caused by climate change.

Overall, findings from global research on climate change and food security also provide Indonesia with valuable
lessons for facing these complex challenges with practical and sustainable strategies. Increasing carbon absorption
capacity, responsive adaptation to the threat of climate change, and focusing on mitigation and resilience of the food
system are the keys to ensuring national food sustainability and security. By integrating these findings into local
policies and practices, Indonesia can strengthen a food system that is adaptive to climate fluctuations, maintain the
sustainability of natural resources, and ensure people's access to safe and nutritious food in the future. Cross-sector
collaboration and investment in green technology innovation and local capacity building will be essential for building
a more sustainable future under the pressure of global climate change.
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