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Abstract

This study analyses the importance of understanding the nexus between food systems and climate change
responses in Central Africa. Despite the diversity of agriculture in the region, climate-related challenges
such as changing rainfall patterns and increasing natural disasters significantly impact food production and
distribution. Climate change responses in the region have focused on improving food systems, including
developing climate-resilient crops and agricultural practices, as well as local food storage and distribution
systems. These efforts are essential to increasing the resilience of Central African food systems and
addressing broader climate change mitigation and adaptation goals. However, significant challenges exist
in ensuring that such responses are effectively implemented. These challenges include broader systemic
issues related to governance, infrastructure, and trade. Additionally, it is crucial to ensure that climate
change responses consider the unique perspectives of different groups within society, such as female farmers
and indigenous peoples. Warning systems for food security and basic climate information services are still
at an early stage. This study aims to address these challenges by synthesising and analysing the existing
literature. Ultimately, the goal is to better understand and address the nexus between food systems and

climate change responses in Central Africa.
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1. Introduction

The IPCC (Intergovernmental Panel on Climate Change) Special Report on Land highlights the importance
of the global food system to global climate change. Food systems are estimated to be responsible for one-
third of global anthropogenic greenhouse gases (GHG) emissions (Crippa et al. 2021). Therefore, it is
crucial to incorporate this into response efforts focused on reducing global emissions. In addition, the food
system is particularly vulnerable to the effects of climate change, including decreased and unstable crop
yields. For instance, Anwar et al. (2013) found that climate variability is strongly associated with maize
yield variations in sub-Saharan Africa's agricultural areas with large mean farm sizes. Given the close link
between the food system and climate, understanding their intersection has become a critical aspect of the
global environmental agenda.

The food system is a complex and diverse industry that varies across geographical regions and even
within the same country, depending on different factors. This system is similar to other sectors in that it
involves labour division, where certain regions are highly specialised in producing agricultural inputs, while
others excel in producing specific agricultural products. The recent crisis in Ukraine exemplifies how the
production and consumption of food occurs in different locations, making food a vital global industry. Not
all parts of the world share the same reality regarding food security. Africa continues to struggle with the
challenge of achieving food security, having missed out on its green revolution, in contrast to Asia and
South America.

While the Horn of Africa has highly publicised hunger issues, other regions on the continent are also
facing food insecurity due to low development indicators. Central African countries, specifically those in
tropical rainforest zones (the focus of this study), are currently facing agricultural constraints, including
limited availability of agricultural inputs, pests, diseases, and inadequate breeding materials. These
challenges are further compounded by climate change and the need to increase agricultural productivity
while preserving natural ecosystems, such as the Congo Basin, and its ecological services. Additionally,
Central African countries rely heavily on inputs from countries outside the continent, highlighting the
dependence of their food security on both national conditions and the functioning of international relations
and agendas.

Several countries in Central Africa are currently working to develop climate change responses within
the United Nations Framework Convention on Climate Change (UNFCCC). These responses include
policies such as National Determined Contributions (NDCs), National Plans for Adaptation (PANS),
REDD+ strategies, and efforts to conserve biodiversity through the Convention on Biodiversity (CBD).
However, these responses have not adequately addressed the issue of food security. It often seems to certain
stakeholders that the objectives of climate change responses are pursued at the expense of food security in
Central Africa. Little consideration has been given to the vulnerability of food systems to climate change.

Thus, food security in Central Africa needs to be addressed by considering the other crises (wars, poverty,
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pressure on natural resources, etc.) faced by the region (Jones and Franks 2015). Therefore, this study aims
to better understand the link between the food system and climate change, as well as the current responses
implemented in Central Africa.

Considering the unique context and realities of each location, it is vital to contextualise the implications
of food systems and incorporate them into climate change responses. This study analyses (1) the contribution
of the food system to ecological fragility and (2) how food security related to forest management plays a

crucial role in both adaptation and mitigation responses to climate change.

2. Food systems

Food systems are a complex and multifaceted concept that encompass various aspects of food production,
management, and consumption. They go beyond agricultural practices and food processing that bring food
from the farm to the table, to the cultural, economic, and political systems that shape how food is distributed
and consumed (Rosenzweig et al. 2021). The food systems approach theoretically considers all the
components, interactions, and related effects in the food system. This holistic approach moves beyond
focusing on single sectors, sub-systems, or disciplines, thereby widening the framing and analysis of a
particular issue, resulting from a complex web of interwoven activities and feedback (Crippa et al. 2021).

Food security is one of the key concepts in the study of food systems, which refers to the ability of
individuals and communities to access safe, nutritious, and culturally appropriate foods (Tendall et a/l. 2015).
Nonetheless, achieving food security requires addressing issues such as poverty, inequality, and food deserts
as well as balancing economic and environmental sustainability. Another related concept is food sovereignty,
which emphasises local control over food production and distribution. This approach aims to promote
community self-sufficiency and resilience, while also addressing cultural and ecological considerations
(Van der Ploeg 2014).

Food justice is an important aspect of food systems. It addresses the unequal distribution of and access
to food based on factors such as race, class, and geographic location. This concept aims to address issues
such as food deserts, which are locations where residents have limited access to healthy and affordable food,
and food insecurity, which refers to the lack of consistent access to food (Meenar and Hoover 2012). This
approach to food systems also considers the social and cultural dimensions of food and seeks to promote
equitable access to food that is nourishing and culturally appropriate.

Analysing the environmental impacts of food production and consumption is crucial when studying food
systems. This includes an examination of the impact of food production on soil health, water resources, and
climate. This approach seeks to promote agroecological solutions, such as regenerative agriculture, that
prioritise soil health, biodiversity, and ecosystem services (Gosnell ef al. 2019). Additionally, the economic
and political structures that shape food systems at local, national, and global levels must be considered.

These include issues such as land ownership, labour rights, and international trade policies.
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Hence, food systems are an amalgamation of various endeavours, including the interactions and
connections among individuals that exist within a community to convert raw materials into end products
and their subsequent utilisation and elimination (Tubiello ef al. 2021). By understanding these interrelated
factors, food systems research can promote food sovereignty, security, justice, environmental sustainability,
and economic viability. In theory, within the framework of systems theory, a food system can be seen as an
intricate network (Mesarovic and Takahara 2006), as each of its components can be categorised as a
subsystem. The study of a food system involves examining the connections and interdependence of
individuals and organisations throughout the system to (1) ascertain system effectiveness, (2) measure
external effects, (3) comprehend human behaviours, (4) understand the development of food systems, (5)
evaluate the impact of changes (such as policies, interventions, or shocks), and (6) identify areas of high
risk and points for intervention. Unfortunately, in Central Africa, with its socio-economic and environmental
complexities, few studies have conducted a thorough analysis of how the food system is affected by global,

regional, and national socio-economic and environmental dynamics.

3. Food system in Central Africa

3.1. Food systems components

Food systems in Central Africa face a range of challenges including climate change, political instability,
and limited resources. In some countries such as the Central African Republic and the Democratic Republic
of'the Congo (DRC), conflict and violence have disrupted food production and distribution systems, leaving
many communities with limited access to food. In other countries such as Cameroon and Chad, climate
change and desertification have had a significant impact on agricultural production, leading to reduced
yields and increased food insecurity. Despite these challenges, a range of initiatives and programs aimed at
improving food systems in the region have been introduced. These include efforts to promote sustainable
agriculture, build resilience to climate change, and improve access to markets and financing for small-scale
farmers.

Food systems are complex and multifaceted systems that include a range of components involved in
production, processing, distribution, and consumption. Different countries in Central Africa have different
food systems that reflect their unique cultures, landscapes, and histories. For example, in Cameroon, cassava
is a staple crop that is used to produce a range of food products, including fufu and garri. In Chad, millet
and sorghum are important crops used to make a range of dishes, including couscous and porridge. There is
also significant transboundary food circulation in Central Africa (Nkendah 2013). Beef meat sold in Gabon
originates from Cameroon and Chad. Additionally, Cameroon exports food to Congo Brazzaville. As a
result, urban cities in Central Africa are familiar with food from neighbouring countries. In these cities,
which attract populations from rural areas, traditional food systems (consisting of local/traditional

knowledge passed down through generations as part of intangible heritage) coexist with imported food
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components and practices. The food system in Central Africa is constantly evolving, reflecting the region’s
migration patterns and increasing globalisation. In many countries, traditional food systems have come
under pressure from changing diets and the availability of processed foods. Efforts are being made to
promote traditional foods, improve nutrition, and reduce the dependence on imported food products. These
efforts involve a range of stakeholders, including governments, civil society organisations, and international
development agencies (Sneyd ef al. 2015).

In addition to efforts aimed at improving food production and distribution, there is growing recognition
of the importance of addressing the broader social and economic factors that influence food systems in
Central Africa. For example, poverty, inequality, and inadequate infrastructure can all limit access to food
and contribute to food insecurity in the region. These issues are particularly acute in rural areas, where most
agriculture occurs and opportunities for employment and economic development are often limited.
Addressing these challenges requires a multifaceted approach that includes increasing investments in rural
infrastructure, improving access to financing and markets for small-scale farmers, and promoting policies
supporting sustainable agriculture and small business development.

Another important aspect of food systems in Central Africa is the role of women. Women play a critical
role in the food systems across the region, from farming and processing to distribution and preparation.
However, they often face significant barriers to participating in these activities, including limited access to
resources, discriminatory social norms and practices, and limited access to education and training. For
example, farms managed by women are cultivated much less intensively than male-managed farms because
of the limited ability of women to acquire technological input in the DRC, Rwanda, and Burundi (Ochieng
et al. 2017). Women have less access to rural credit, extension services, and social capital than men. Efforts
to promote gender equality and empower women in food systems can help improve productivity and
sustainability, reduce poverty and hunger, and promote social and economic development. These efforts
include measures to enhance women's access to land, technology, and financial resources as well as to
promote more equitable gender relations within households and communities.

Non-timber forest products (NTFPs) are an important component of food systems in Central African
countries, providing a range of products such as fruits, nuts, and medicinal plants. Non-timber forest
products represent many goods and services with multiple uses that are beneficial for the well-being of
populations that are dependent on them (Ngansop ef al. 2019). Although NTFPs are often harvested from
natural forests, they can also be grown in agroforestry systems, providing an important source of income
and nutrition for small-scale farmers. However, trade in NTFPs is often informal and unregulated, leading
to poor prices for producers and unsustainable exploitation of natural resources. A range of initiatives have
been aimed at promoting the sustainable harvesting and trade of NTFPs, including the development of

certification schemes and the establishment of community-based forest management programs (FAO and
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UNEP 2020). These efforts can help ensure that NTFPs continue to provide benefits to local communities
and contribute to the broader goals of poverty reduction and sustainable development in Central Africa.

In Central Africa, 86 million people living in or near forests depend on natural resources for a significant
part of their diet (Eba'a Atyi ef al. 2009). Among NTFPs, the most collected are Marantaceae leaves, Gnetum
spp. (Eru or Fumbua), Dacryodes edulis, caterpillars, mushrooms, fish (smoked and fresh), and bush meat
(Nkem et al. 2010). Their use varies according to cultural and dietary habits. According to Pagezy (1993),
the Ntomba society in the DRC rely on 74 uncultivated plants, which encompasses 26 types of mushrooms
for sustenance. In addition, they consume 118 different animals and an assortment of fish. Bahuchet (1985)
documented a diverse range of nourishment in the Central African Republic, consisting of nine types of
tubers, nine varieties of foliage, 19 types of seeds, 14 species of fruits, and 22 types of mushrooms. In the
southern region of Cameroon (van Dijk and Wiersum 1999), nearly 200 animals and 500 plant species are
used in 1200 ways as NTFPs. This diversity of products and uses reflects the role of NTFPs in people's diets
and can be used as a means of subsistence by the local population, thus contributing to the fight against food
insecurity. Sundriyal and Sundriyal (2001) highlighted that wild edible foods are rich in vitamins, protein,
fat, sugars, and minerals, and depending upon their availability, can be used in different seasons throughout
the year. Year-round availability allows people to have access to food sources, especially during seasons of
low agricultural production. De Merode et al. (2004) reported that during the lean season, in DRC
consumption of agricultural produce declined by nearly 50%, whereas that of wild plants increased by 200%,
bushmeat by 75%, and fish by 475%. Although NTFPs are a source of income for people, they are also a
source of food and nutrients, and thus, a livelihood that can contribute to the fight against food insecurity.

Managed sustainably, they can serve as a framework for climate change responses.

3.2. Status of the food system trend in Central Africa

The food system in Central Africa has undergone a rapid transformation over the past few decades. With a
population of over 150 million people, the region has experienced significant urbanisation, economic growth,
and changes in dietary patterns. Despite these changes, many challenges remain for the food system,
including food insecurity, malnutrition, and limited access to markets, particularly in rural areas (FAO and
UNEP, 2020). One of the key trends in the food system in Central Africa is the growth of urban areas and
the concomitant rise in the demand for processed and convenient foods. This trend has been shaped by a
range of factors including changes in lifestyle and work patterns, increased income levels, and the
availability of imported goods. However, it has also contributed to the decline of traditional food systems
and the erosion of local food cultures as consumers turn to more convenient and readily available options
(United Nations Development Programme(UNDP) and United Nations Research Institute for Social
Development (UNRISD) 2017).
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Another trend in the food system is a growing awareness of the need for sustainable and equitable food
production and consumption. This is reflected in a range of initiatives aimed at promoting sustainable
agriculture, reducing food waste, and improving nutrition. According to the Food and Agricultural
Organization (FAO 2019), there is a growing emphasis on the role of small-scale farmers and agroecology
in addressing food security and poverty reduction in the region. However, despite these efforts, many
challenges remain in the food industry. Climate change is one of the most pressing issues threatening to
disrupt food production and exacerbate food insecurity in the region (Sonwa et al. 2014). Moreover, political
instability and conflict continue to undermine food systems in countries such as the DRC and the Central
African Republic, leading to the displacement of farmers and the disruption of food markets (Sneyd et al.
2015, Enenkel et al. 2015).

In response to these challenges, a range of initiatives have been introduced, aimed at promoting
sustainable food systems and improving food security in Central Africa (Sneyd ef al. 2015, Ndjouenkeu et
al. 2010). These include efforts to promote agroecology and sustainable agricultural practices, strengthen
local food systems, and improve access to markets and financing for small-scale farmers. In addition, there
is growing attention to the need for policies that support equitable and sustainable food systems, such as
food labelling and certification schemes, and measures to promote inter-sectoral collaboration and resource
sharing. Although the food system in Central Africa has undergone significant transformation in recent
years, challenges remain. Climate change, political instability, and economic inequality pose significant
threats to regional food security and sustainability. However, there are also opportunities to promote
sustainable and inclusive food systems that support small-scale farmers, preserve local food culture, and
promote nutrition and health. Addressing these challenges requires a multi-sectoral approach that involves

the government, civil society, private sector, and research institutions.

4. Food production and ecological consideration in Central Africa

4.1. Food crops and biodiversity

Central Africa is renowned for its rich biodiversity, making it one of the most important regions on the
continent in terms of ecological abundance (Eba’a Atyi et al. 2008). The Congo Basin is notable for its high
biodiversity, encompassing a wide range of ecosystems, from coastal to mountainous regions. These include
plains, plateaus, inland waters, peatlands, mangroves, savannahs, steps, and semi-dry and humid areas.
Numerous species thrive in these habitats, some of which are exclusive to the region. In recognition of
Central Africa’s diverse agrobiodiversity, several protected areas have been established to safeguard it.
However, it is important to note that not all biodiversity in the region is confined to these protected areas.
Biodiversity is common in rural landscapes and coexists with areas suitable for food production. The Congo
Basin forests are under significant pressure for their biodiversity and biological resources, resulting in forest

degradation and deforestation. There are a multitude of causes for deforestation, including logging for
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timber, fuel, cooking, and agriculture at both large and small scales. Large-scale commercial and local
subsistence agriculture accounted for 40 and 30 % of tropical deforestation between 2000 and 2010,
respectively (FAO and UNEP 2020). According to International Union for Conservation of Nature (IUCN)
data, agriculture is a major cause of global endangerment and is responsible for the loss of approximately
60% of amphibians and birds and 20% of plants worldwide (Muluneh 2021). In the Congo Basin, an
estimated 84% of the forest disturbance areas are due to small-scale, non-mechanised forest clearing for
agriculture (Tyukavina et al. 2018) and unmonitored forest loss and fragmentation in the region have a
direct effect on the habitats of valuable plants (Mbile et al. 2006). It has been clearly established that
agricultural expansion contributes not only to deforestation and degradation but also to biodiversity loss,
notably through the higher use of fertilisers and pesticides.

However, the effects of biodiversity loss vary, depending on the food crop system used. Slash and burn
agriculture practiced by local populations has a significant impact on biodiversity that could lead to the
extinction of some species, the weakening of ecosystems through weak system resilience to diseases (both
animal and plant) and invasive species. Large-scale agriculture has more a noticeable impact. Monoculture
systems reduce aerial and underground biodiversity and cause genetic erosion and low food diversity. Palm
oil concession areas in the DRC and road infrastructure increased by 34% in the three years between 2011
and 2013 (Yingheng and Wigglesworth 2017). In 2017, palm oil plantations comprised at least half of the
area of disturbed forests in all parts of the Littoral Region of Cameroon (Mahmoud et al. 2019).

Some studies have reported palm oil plantations to negatively affect the abundance and occurrence of a
wide range of taxa, including birds, invertebrates, and mammals (Fitzherbert ef al. 2008, Yue et al. 2015).
Indeed, the expansion of agriculture contributes to the loss of biodiversity through the loss of flora which
constitute habitats and food sources for wildlife. The fact that the expansion and intensification of
agriculture have been major drivers of past biodiversity loss and global ecosystem degradation is beyond
dispute (Norris 2008). The food crop system is not only a cause of biodiversity loss but could also be
considered a refuge for insects that contribute to the pollination system. Additionally, depending on the type
of crop cultivated, agricultural landscapes provide either a source of food for animals (mostly non-tree
crops), opportunities for shelter (non-edible tree crops), or both. Although agriculture is a source of many
goods and services, it is essential to develop new approaches that would allow farmers to settle while

increasing their yield and preserving biodiversity.

4.2. Food and carbon emission

Food system activities, including food production, transportation, and storage of wasted food in landfills,
produce GHG emissions that contribute to climate change. Climate change is one of the greatest challenges
of our era. This escalating issue poses a mounting danger to food systems as its consequences become

increasingly apparent. Surges in temperature, alterations in rainfall patterns, and occurrences of severe
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weather events, along with other ramifications, are presently diminishing agricultural production and
causing disruptions in food distribution. It is projected that by 2050, climate change will jeopardise the well-
being of millions of people, subjecting them to hunger, malnutrition, and poverty.

There is a great deal of ambition in food systems. Global conferences in 2021 emphasised the crucial
importance of transforming food systems to combat climate change and achieve various development
objectives. Efforts to tackle climate change are already in progress; however, they must be expedited by
accelerating innovation, revamping policies, adjusting market incentives, and enhancing financial support.
Climate change affects food systems and plays a significant role in their development. Recent calculations
suggest that food systems are responsible for over one-third of GHG emissions that lead to climate change,
underscoring the importance of reducing these emissions as part of any effort to mitigate climate change.
Additionally, the agricultural, forestry, and land-use sectors are currently the sole sectors with significant
potential to act as net emission sinks, removing more GHGs from the atmosphere than is released by
establishing and safeguarding carbon sinks in forests, oceans, and soils. The significance of food systems in
global climate discussions and solutions was acknowledged at the UN Food Systems Summit and UNFCCC
COP26 meetings in 2021. This recognition signifies a crucial change in prioritising food systems in global
conversations regarding the impacts and resolutions of climate change. However, the crisis remains
unaddressed because of an inadequate focus on and financial support towards agriculture and food systems.

Food systems have been identified as responsible for one-third of GHG emissions from human activity,
consequently putting agricultural yields at risk due to climate change impacts (Dinesh et al. 2021).
Transforming forests into agricultural land increases GHG emissions. For example, a hectare of forest,
which originally stored 308 tons of carbon per hectare lost 220 when transformed into agricultural land in
Cameroon (Kotto-Same et al. 1997). In a forest of Yangambi landscape in the DRC, 99% of its aboveground
biomass is transformed when transitioning to the cropping system(Mangaza et al. 2022). Food systems
account for up to 34 percent of the overall GHG emissions derived from farming and land utilisation,
preservation, transportation, packaging, manufacturing, retail, and consumption. This negatively impacts
global food security levels and Central Africa in particular. Recent calls have increased the need to transform
global food systems in response to various challenges, including climate change. This highlights the need
for a change in the use of the food system to reduce global GHG emissions. Greenhouse gas emissions are
significantly influenced by food systems, and it is crucial to contribute to mitigation efforts by implementing
alterations in agricultural practices and land utilisation. Additionally, more effective value chains and
decreased food loss and waste are essential. Agriculture plays an important role in climate change mitigation,

as mentioned in the NDC documents of Central African countries.
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4.3. Food and climate change vulnerability
A primary issue in the twenty-first century is reducing the dangers posed by climate change on food systems.
The effects of climate change on crop yield are already evident in observable data (Lobell and Gourdji 2012).
Central Africa is not a highly polluted region; however, it is vulnerable to the effects of climate change
(Sonwa et al. 2014, Sonwa and Nkem 2014). The food sector in Central Africa is fully dependent on rain
fed agriculture which makes it highly vulnerable to climate change (Molua et al. 2023). The repercussions
and outcomes of climate change on agriculture are particularly harsh for nations with elevated initial
temperatures, regions with limited or already deteriorated lands, and lower levels of development that
possess minimal capacity for adaptation (Ngaiwi et al. 2023). Climate change has caused vulnerability not
only to forest ecosystems, but also to forest-dependent communities (Molua et al. 2023). The food system
is a collection of dynamic interactions that occur among various components. Food production, processing,
distribution, preparation, and consumption occur within the biogeophysical and human ecosystems
(Gregory et al. 2005). These encompass aspects of food supply (manufacturing, dissemination, and trade),
food entry (affordability, distribution, and choice), and food utilization (nutrient content, societal importance,
and food security (Meliko et al. 2023). Each stage of the system is continuously exposed to climate change.
Non-climate stressors such as population and income expansion, as well as the demand for animal-based
products, exert pressure on the food system in addition to climate change. Both climate- and non-climate-
related pressures affect four fundamental aspects of food security: availability, access, utilisation, and
stability (Mbow et al. 2019). The profound impact of climate variability and alteration on food systems is
particularly severe and poses a direct and palpable threat to livelihoods worldwide (Loboguerrero et al.
2020). The observed alteration in climate has already impacted food security through rising temperatures,
altered patterns of rainfall, and a higher occurrence of certain extreme events (high confidence) (Mbow et
al.2019). The effects of climate change on food security have global and regional consequences. All nations,
whether they are exporters or importers or rely on subsistence farming, will be impacted by climate change's
influence on agricultural food systems. Variations in average rainfall and temperature, along with an
increase in extreme weather events, have repercussions on farming, livestock production, forestry, and
fishing. Numerous consequences such as heightened land degradation and soil erosion, alterations in water
availability, loss of biodiversity, more frequent and severe pests, disease outbreaks, and disasters must be
addressed across various sectors (FAO 2008). In Central Africa, recent IPCC reports and others have

revealed the fragility of the food system under future climate change (Sonwa et al. 2014).

5. Food and climate change responses
5.1. Food and adaptation to climate change
Discussions on adaptation are taking place, particularly in Africa, because food systems are already affected

by anthropogenic greenhouse gases and aerosols emitted in the past, with continued emissions exacerbating
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these effects (Le Quéré et al. 2020). Sub-Saharan Africa, particularly Central Africa, is still on the absorptive
end, focusing primarily on adaptation measures. Food systems play a pivotal role in implementing climate
change adaptation policies (Molua 2022). Prominent choices for climate change adaptation in food systems
have been outlined and rely on proof and familiarity, particularly in Africa. These choices encompass
governmental policies and motivating resolutions, the food supply chain, and means of subsistence as well
as on-farm and fruitful terrain resolutions. Within this array of choices, the primary areas for governmental
investment in Africa can be categorised into five aspects: research and expansion, water administration,
infrastructure, sustainable land administration, and climate information services (Ba 2016).

The need for climate change adaptation is pressing yet attainable for food systems. The methods of food
production, distribution, and consumption must be modified in response to climate change to enhance rural
livelihoods and ensure nutritious diets for everyone, despite the rising demand for food due to population
and income growth (Swinnen ef al. 2022). A 3°C trajectory will cause catastrophic disruption to African
food systems within the next 30 years. A trajectory of 1.5°C offers additional possibilities for the adjustment
of African food systems yet necessitates immediate measures. The enhancement of African farmers'
resilience heavily relies on the crucial involvement of small-scale producers in adaptation investments.
Consequently, it is imperative to amplify and direct financial resources towards these farmers, livestock
caretakers, fishermen, and small enterprises (Pequeno et al. 2021). In nations where the food system not
only supplies nutrition but also stimulates the rural economy, it is crucial to contemplate the consequences
of transitioning towards nutritious eating habits in relation to the sustenance of small-scale farmers and the
impoverished rural population. In such instances, it is essential to handle the adverse effects on earnings and
livelihoods with caution as food systems evolve to provide accessible whole diets (FAO et al. 2020).

Ensuring access to sufficient food must be seen as a primary factor in determining the success of
adaptation efforts at both national and local levels. It is crucial to incorporate food security considerations
explicitly into the adaptation strategies of the agricultural, forestry, and fishery sectors in response to climate
change and variability. This can be accomplished by increasing the awareness of policymakers, offering
incentives, and advocating the implementation of resilient food production systems. In addition, it is
essential to prevent or eliminate maladaptive practices when adapting to climate change. Maladaptation

refers to measures that inadvertently increase vulnerability instead of reducing it (FAO 2008).

5.2. Food and climate change mitigation

Since the adoption of the Paris Agreement at the 2015 United Nations Climate Change Conference (COP
21), there has been a global embrace of more robust efforts to mitigate and stabilise the effects of global
warming. Numerous countries have revisited their plans to enhance efficacy or explore alternative solutions.
While emission reductions from energy, transportation, and other industrial sectors have received significant

attention in GHG emission mitigation policies, the same cannot be said for emissions stemming from food
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production. As a result, agriculture has the potential to become the primary contributor to global GHG
emissions by the middle of this century. Consequently, it is imperative that the agricultural sector plays its
part in addressing climate change if we are to achieve the targets set forth in the Paris Agreement, which
aim to limit global temperature increases to 1.5°C or well below 2°C.

Food systems contribute significantly to the release of greenhouse gases and should be involved in efforts
to reduce them. This can be achieved by altering agricultural methods and land utilisation, establishing more
effective supply chains, and minimising food loss and waste (Swinnen et al. 2022). Mitigation options for
reducing methane and nitrous oxide emissions from rice and other crops include alterations to irrigation,
cropping, and fertilisation. Similarly, changes in manure management, feed conversion, and feed additives
can be used to decrease enteric fermentation in livestock. According to the latest report from the IPCC on
climate change, there is a comprehensive analysis of GHG emissions in relation to climate mitigation and
food security. The report concluded that there are significant opportunities to achieve both objectives
simultaneously by adopting diets that align with health-based dietary recommendations, as stated by the
FAO (IPCC 2019, FAO et al. 2020).

Numerous encouraging advancements and strategies have the potential to address climate change in food
systems, enhance productivity and diets, and promote the inclusion of vulnerable groups. These include
novel plant types, renewable energy sources, and digital innovations, as well as modifications to trade
policies, landscape management, and social protection initiatives. To achieve these goals, it is necessary to
substantially increase funding for research and development, as well as other investments in sustainable
food system transformation. To stimulate and expedite climate action, it is crucial to implement food system
policies that establish improved market incentives, reinforce regulations and institutions, and allocate funds
for the research and development of climate-resilient technologies and practices.

The adoption of nutritious and sustainable diets offers significant opportunities for decreasing GHG
emissions from food systems and enhancing health outcomes. Examples of such diets include those rich in
whole grains, legumes, fruits, vegetables, nuts, and seeds but low in energy-intensive animal-based products
and discretionary foods (such as sugary drinks). Additionally, these diets adhere to carbohydrate limits. It
is estimated that by 2050, the overall technical potential for mitigating emissions through dietary changes
could range from 0.7 to 8.0 GtCO2-eq yr—1'!. This estimation considers reductions in emissions from
livestock and the sequestration of carbon in the soil on spared land. However, the potential health co-benefits
were not considered in this study. The actual mitigation potential of dietary changes may be even higher,
but its large-scale realisation depends on the choices and preferences of consumers, which are influenced
by social, cultural, environmental, and traditional factors, as well as income growth. Plant-based meat

substitutes, lab-grown meat, and edible insects have the potential to facilitate a shift towards healthier and

I GtCO2-eq yr-1 means gigatons per carbon dioxide equivalent per year. This is a standard unit used in estimating
greenhouse gas emissions.
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more environmentally friendly eating patterns. However, their environmental impacts and levels of
acceptance remain uncertain (Mbow et al. 2019).

Addressing the obstacles posed by climate change requires a complete overhaul of our food systems.
This calls for significant policy changes, considerable funding, and a supportive atmosphere that encourages
and welcomes innovation. The IPCC report highlights six key policy areas that primarily target developing
nations that are projected to endure the harshest consequences of climate change but lack the resources to
facilitate adaptation and the establishment of sustainable food systems. These policy priorities include
investments in research and development to foster innovation, promote healthier diets and more sustainable
production methods, strengthen value chains, and implement climate-smart financial strategies.

Food systems have the potential to achieve significant reductions in emissions and carbon sequestration
by establishing and safeguarding carbon sinks like forests. In Central Africa, it is crucial to prioritise the
promotion of agricultural practices that enhance productivity and reduce emissions in the region. Notably,
substantial greenhouse gas mitigation can be accomplished by decreasing nitrous oxide emissions from
fertilisers, methane emissions from paddy rice, and enteric fermentation (resulting from the digestion of
cattle and other ruminants). Additionally, reducing emission intensity within sustainable production systems
and minimising food loss and waste are effective strategies. On the demand side, shifting towards healthy
diets has been proven to contribute significantly to emissions reduction. By combining these efforts, we can

work towards achieving net zero emissions globally.

6. Geopolitics implications on food systems and climate change
Zero Hunger is the second goal of the United Nations 2030 Agenda for Sustainable Development Goals. It
seeks to ‘End hunger, achieve food security and improved nutrition and promote sustainable agriculture’ by
2030. However, since 2015, the percentage of undernourished people increased to 690 million in 2019, up
by almost 60 million since 2014 (Laborde ef al. 2020). This estimate has been aggravated in recent years by
the COVID 19 crises, climate change, and, most recently, the war in Ukraine. In total, 130 million people
are at risk of hunger (World Food Programe(WFP), 2020). Currently, countries deploy multiple diplomatic
strategies to negotiate commodities such as wheat, rapeseed, and sunflowers. Trade is necessary to ensure
global food security. Thus, climate change interacts with resource security, health, trade, and armed conflict
in its various effects on food security. In the domain of climate variability, strategies can include irrigation
techniques, tree domestication, the adoption of techniques and innovation to reduce yield variability, and
adjusting crops to new seasonal calendars (Finger et al. 2011, Claessens ef al. 2012).

Seo et al. (2008) found that farmers shift the crops they plant to match the climate they face. Indigenous
knowledge must be considered, and in this vein, Nyong et al. (2007) concluded that the inclusion of
indigenous knowledge, which are abundant in regional substances, can enhance the creation of sustainable

strategies for mitigating and adapting to climate change. The incorporation of indigenous knowledge adds
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value to the development of such strategies. In Cameroon, Tingem and Rivington (2009) argued that
adaptation policies might mitigate some of this vulnerability. Maize, sorghum, and Bambara groundnut
showed good adaptive capacity, and new cultivars of other crops in the northern region were more suitable.

In Sud-Kivu, the DRC, farmers have shown a willingness to use other practices, such as integrated soil
fertility management, to overcome changes (Pypers ef al. 2011). Moreover, they have been an innovative
approach for overcoming food scarcity due to climate variability (Alinovi et al. 2007). The National
Program of Adaptation (PANA) initiative has brought more hope through the provision of climate
information at some pilot sites in the DRC. Deressa et al. (2009) argued that the level of education, gender,
age, and wealth of the household head could affect adaptation. Access to extension services and credit as
well as information on climate, social capital, agroecological settings, and temperature can also play a role
in adaptation. Farmers have proven highly adaptable to short- and long-term variations in climate and their
environment; they also have a high awareness of climate issues (Mertz et al. 2009).

Regarding the food system of Central Africa through a geopolitical lens, a main issue is the apparent
tension between the conservation of the Congo Basin Forest and peatland carbon stocks and biodiversity
versus the growth of small/big agricultural farming systems. Although the ecological services provided by
this forest are useful to humanity, the farming system is viewed as useful by smallholders and the national
economy. It generally appears as if the global community wants to achieve ecological goals at the expense
of small rural livelihoods and national economies of Central Africa. At the sub-Saharan level, regional water
cycling pumped by this forest allows rain beyond the Central African region, leading to climate connections
between several countries. While some agricultural products (mainly perennial crops) are exported from the
continent, the main imports (fertilisers, pesticides, etc.) are from outside Africa and thus contribute to linking
the food system of Central Africa to the global world.

Central Africa experiences geopolitical tensions related to natural resources, particularly in terms of food
production. Examples include conflicts between pastoralists and farmers as well as tensions between fishers
and pastoralists in the Lac Chad watershed. Additionally, the region is home to several countries, including
Chad, the Central African Republic, the DRC, and more recently Cameroon, which are prone to conflict.
These conflicts often result in population displacement and hinder the utilisation of arable land for food
production. Displaced populations are not only vulnerable to the effects of wars and tensions but also the
effects of climate change in their new environments. Furthermore, the abandonment of rural areas and their
food production potential in new areas exacerbate socio-economic and environmental pressures on host
communities and villages. These emerging pressures must be considered when planning responses to
climate change. It is essential to consider climate change in humanitarian responses when addressing the
food security of displaced people. Similarly, when framing responses to climate change, it is important to

consider the implications for food, and the conflicting nature of certain parts of Central Africa.
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7. Conclusion

Climate change poses significant challenges to food systems in Central Africa, and climate change responses
that focus on improving these food systems are essential for increasing resilience in the face of such
challenges. However, implementing effective responses requires addressing systemic issues related to
governance, infrastructure, and trade, while ensuring that responses consider the unique perspectives of
different groups within society. This study aims to contribute to these efforts by conducting a preliminary
analysis of the existing literature to better understand the nexus between food systems and climate change
responses in Central Africa. Finally, this study seeks to support efforts to develop and implement effective
responses to climate change in this region. This preliminary work needs to be complemented by other studies

from the perspective of structuring a climate-smart food system that is useful to both people and nature.
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