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1 | INTRODUCTION
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Abstract

Climate change is a constant threat to global food security. In Sub-Saharan
Africa (SSA), extended dry spells, heavy rainfall, flooding, and tropical storms
have driven a large percentage of the population to a severe food crisis. Climate-
smart agriculture (CSA) is a potential comprehensive solution whose adoption
can mitigate climate change and its ramifications on the state of food security in
the region. CSA combines innovation, the use of technology, extensive research,
stakeholder involvement, and data to increase food production, optimize resource
allocation and utilization, and enhance the region's ability to feed its population.
The adoption of CSA has succeeded in increasing agricultural productivity in sev-
eral parts of SSA and will help towards the building of resilience food systems
across the region amid constant and unpredictable climate change and its far-
reaching impacts in the region. For the sustained and universal adoption of CSA
within the region, there is a need for more stakeholder involvement in its devel-
opment and adaptation to the needs of specific communities. Furthermore, it is
necessary to leverage the positive impact of the approach by expanding its scope
beyond climate change mitigation to prevention and control, and ultimately help
in achieving the United Nations SDG 2 and 13.
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land by 2025 (Masipa, 2017). As a result, crop yields have

Climate change is a major threat to global food security.
In Sub-Saharan Africa, climate change manifests through
extended periods of drought, lack of rainfall, floods, and
high temperatures. These weather changes have signifi-
cantly reduced agricultural productivity, and are expected
to lead to the loss of two-thirds of the continent's arable

fallen to alarming levels, with the limited output of sta-
ple grains such as maize, rice, sorghum, and wheat ren-
dering the region incapable of feeding its population.
Consequently, Sub-Saharan Africa is facing a food secu-
rity crisis that will worsen if solutions to mitigate climate
change and its impact on the region's food security are
not implemented.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2023 The Authors. Food and Energy Security published by John Wiley & Sons Ltd.

Food Energy Secur. 2024;13:e509.
https://doi.org/10.1002/fes3.509

wileyonlinelibrary.com/journal/fes3 1of 6


https://doi.org/10.1002/fes3.509
www.wileyonlinelibrary.com/journal/fes3
mailto:
https://orcid.org/0000-0003-3846-847X
https://orcid.org/0000-0002-4069-0419
http://creativecommons.org/licenses/by/4.0/
mailto:h.onyeaka@bham.ac.uk
http://crossmark.crossref.org/dialog/?doi=10.1002%2Ffes3.509&domain=pdf&date_stamp=2023-09-29

20f6 .
_I_Wl LEY— Food and Energy Securlty.

AKINSEMOLU ET AL.

Efforts to increase crop yield, restore the region's abil-
ity to sustain its growing population, and mitigate the
impact of climate change on food production have led to
the adoption of Climate-smart agriculture (CSA). CSAis a
combination of approaches that target the transformation
of agricultural systems to establish, restore, and maintain
food security amid unfavorable climate change (Wester-
mann et al., 2018). The approaches leverage technology
for data collection, communication with stakeholders,
and coordinating regional efforts to boost food security
through sustainable agricultural practices.

The approaches that make up CSA include resource-
use efficiency and conservation. As a promising solution to
Sub-Saharan Africa's climate change-driven food security
problem, CSA has the potential to restore the region's lost
soil fertility, optimize water storage and usage and boost
crop yield (Branca et al., 2021). However, the adoption and
implementation of CSA across Sub-Saharan Africa face
three debilitating challenges despite the solution's positive
implications for the future of food security in the region.
Fortunately, increased investment, the inclusion of all
stakeholders in decision-making, and partnerships with
African governments can help overcome the challenges of
limited knowledge among farmers and other stakehold-
ers, inadequate funding, and political interference.

2 | THE SITUATION OF FOOD
SAFETY AND CLIMATE CHANGE IN
SSA

The current food security and climate change situation
in Sub-Saharan Africa is critical. Changes in weather pat-
terns and extreme weather conditions have driven parts of
Eastern, West, Central, and Southern Africa into extreme
food insecurity. According to humanitarian organiza-
tions, the Greater Horn of Africa is experiencing its most
devastating drought in over 40years. Experts attribute
the drought to the raised temperatures of the Western
Pacific Ocean, which have led to significant rainfall defi-
cits in Somalia, Ethiopia, Kenya, and other countries in
Eastern Africa. Since the region relies heavily on rain-fed
agriculture, the extended dry spell has taken human lives,
led to massive crop failure, and caused the death of live-
stock (Haile et al., 2019). The crop failure and livestock
deaths have left millions of people in Somalia, Ethiopia,
Kenya, and Djibouti without enough food and water to
meet their daily caloric and nutritional needs. The situa-
tion is replicated across all other parts of Sub-Saharan Af-
rica (Baptista et al., 2022). In addition, changes in weather
patterns have subjected West and Central Africa to heavy
rainfall since July, according to the World Food Program
(Madjiangar, 2022). The extended periods of heavy rain

have led to the worst floods in the region in decades. The
floods have destroyed crops, limited the region's capacity
to grow food, displaced people, and swept their property,
leaving millions of people in West and Central Africa food
insecure. In Southern Africa, extended periods of drought,
deadly tropical storms, and heavy flooding in 2022 have
led to poor harvests leaving several countries, including
Malawi, Madagascar, Zimbabwe, Mozambique, and Ma-
lawi, severely food insecure. Figure 1 shows the selected
effects of climate change on food security in Sub-Saharan
Africa.

3 | THE BURDEN AND CURRENT
STATUS OF THE IMPACT OF
CLIMATE CHANGE ON FOOD
SECURITY IN SSA

The burden of the impact of climate change on food se-
curity in Sub-Saharan Africa falls on the residents and
governments of the respective countries in SSA, farmers
in the region, and humanitarian organizations. The resi-
dents of SSA bear the heaviest burden of the impact of
climate change on their food security. For instance, the
World Bank estimates that more than 656 million peo-
ple in Eastern and Southern African countries such as
Ethiopia and Madagascar are food insecure and report
significant challenges in their access to food that is safe,
nutritious, and enough to meet their daily caloric needs
(Kray et al., 2022). Equally, large numbers of people in
Central and West African countries such as Senegal,
Niger, Mauritania, Mali, Chad, Burkina Faso, and other
Sahelian countries are food insecure and do not consume
enough nutrients and calories for sustenance (UN Office
for the Coordination of Humanitarian Affairs, 2021). Con-
sequently, they battle malnutrition, starvation, and death
in extreme circumstances. Figure 2 summarises food inse-
curity in Sub-Saharan Africa by Country.

In addition, communities are sometimes forced to
abandon their homes and ancestral lands in search of
food and water. The government is the second stakeholder
on whom the burden of food insecurity in SSA falls. The
governing authorities of the countries in the region are
responsible for the rampant food insecurity due to their
inability to feed their people by solving the primary chal-
lenge of the vulnerability of the region's food systems to
climate change. The burden of adopting solutions such as
CSA to reduce the negative impact of climate change on
their region falls on them. The governments share the bur-
den with humanitarian organizations that provide food
and water to the food-insecure population and work with
other stakeholders, such as farmers in efforts to boost food
production sustainably.
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o DECREASED CROP YIELDS

- - Rising ternperatures and changes in rainfall patterns

3 have led 10 a decline in crop yields in several African
countries, such as Ethiopia, Nigeria, and Sudan
(Gray, 2021) .

DROUGHT

Southern Africa is facing its worst drought in 50
years, affecting agriculture and food production
{Belay Simane et al,, 2016).

Bad

e FLOODING

Flooding caused by climate change has led to
crop and livestock losses, displacement, and
outbreaks of diseases such as cholera in
Mozambigque (Cambaza et al, 2019).

WATER SCARCITY

Weakened trade winds have disrupted
agricultural calendars, causing crop failures in
coastal West Africa.  Additionally, the
disappearance of Mount Kilimanjaro's icecap has
led to the drying up of rivers at the mountain's
base, causing tensions owver scarce water
(Zawierucha & Shain, 2019),

'®

LAND LOSS

Rising sea levels are expected to inundate
coastal cities and cause coastal land loss in
Tanzania, putting people and agriculture at
risk (Kalacska et al,, 2017).

DISPLACEMENT

Climate-related events such as drought,
flooding, and land loss are causing
populations to migrate, altering social
systems and potentially leading to food
insecurity (Oyinloye et al., 2018).

—WI LEYJ3—0f6

Overall Data cbtained from FAO. (2015). Climate Change
and Food Security: Risks and Responses; Food and
Agriculture Crganization of The United Nations: Rome, italy.

FIGURE 1 Selected effects of climate change on food security in Sub-Saharan Africa.

4 | CURRENT EFFORTS AND
CHALLENGES FACING THE
MITIGATION OF THE IMPACT
OF CLIMATE CHANGE ON FOOD
SECURITY

In recent years, stakeholders have made numerous efforts
to mitigate the impact of climate change on the produc-
tion of safe, nutritious, and adequate food globally. In
Sub-Saharan Africa, the most promising efforts to this
end are the mass adoption of CSA across the region, the
deployment of appropriate technology such as push-
pull technology, and the establishment of collaborative
partnerships among key stakeholders in agriculture. Al-
though SSA continues to grapple with mass food inse-
curity, the three efforts have improved food production,
albeit marginally, and promise to address some of the ef-
fects of climate change on agricultural productivity. Col-
laboration among stakeholders streamlines the adoption
and implementation of appropriate policies such as CSA,
which solves the problem of water scarcity and drought

through irrigation and farming methods that retain soil
moisture (Branca et al., 2021).

The desired outcomes of the adoption of CSA across
Sub-Saharan Africa align with two of the 17 Sustainable
Development Goals that were adopted by the United Na-
tions in 2015. SDG 2 targets the elimination of world
hunger to create a hunger-free world by 2030, while SDG
13 focuses on climate action and recognizes the need for
prompt action to address climate change and its effects
(FAO, 2015). CSA has the potential to eliminate food
insecurity and address climate change by transforming
agriculture through increased agricultural productiv-
ity, improving the resilience of SSA's food systems, and
reducing agriculture-related emissions of greenhouse
gases and other pollutants (Makate, 2019). All three
outcomes of the solution will drive Sub-Saharan Africa
toward the fulfillment of SDG 2 and 13 by improving the
continent'’s food security and driving the universal adop-
tion of sustainable agricultural practices that reduce
the emission of greenhouse gases across Sub-Saharan
Africa.
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FIGURE 2 Food Insecurity in Sub-Saharan Africa by Country. Adapted from the Food and Agriculture Organization of the United

Nations (2021).

One of the main challenges facing the above efforts
to mitigate the impact of climate change on food secu-
rity is the unpredictability of weather conditions, which
raises the need for enhancing the adaptability and resil-
ience of the region's food systems. Agriculture in SSA is
primarily rain-fed. In the past, farmers planned planting
activities around the rainy season to maximize output.
However, the rapid deterioration of the environment
has made it impossible to predict seasons in the region.
To address this challenge, CSA and other efforts to boost
food security in SSA must account for the unpredictable
weather patterns by providing a contingency for limited
rainfall, prolonged drought, and floods. The contingen-
cies will guarantee constant food production and ad-
dress the current vulnerability of Africa’s food systems
to climate change.

Second, Agriculture in SSA is primarily rain-fed. In the
past, farmers planned planting activities around the rainy

season to maximize output. However, the rapid deteriora-
tion of the environment has made it impossible to predict
seasons in the region. To address this challenge, CSA and
other efforts to boost food security in SSA must account
for the unpredictable weather patterns by providing a
contingency for limited rainfall, prolonged drought, and
floods. The contingencies will guarantee constant food
production and address the current vulnerability of Afri-
ca's food systems to climate change.

Other challenges include the need for sustainabil-
ity, limited consultation among stakeholders, and lack
of funding for promising solutions. The agricultural in-
dustry causes climate change through the emission of
greenhouse gases, the use of unsustainable agricultural
methods that cause soil deterioration and erosion, and
the misuse of crucial resources such as water (Lynch
et al., 2021). The reduction of emissions, efficient use
of water, and maintenance of the integrity of soil must
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accompany other efforts to mitigate the role of climate
change on the availability of adequate, safe, and nu-
tritious food in Sub-Saharan Africa (Anita et al., 2010;
Venkateswarlu & Shanker, 2009).

5 | FUTURE DIRECTIONS

To mitigate the impact of climate change on food security
in Sub-Saharan Africa, it is crucial to promote the adop-
tion of CSA practices and technologies. CSA is a holistic
approach for improving food production and addressing
the challenges of climate change and it has the potential
to increase the resilience and sustainability of the region's
food systems. To support the adoption of CSA in Sub-
Saharan Africa, the following recommendations should
be considered:

First, CSA has proven to be effective in diversifying ag-
ricultural activities, increasing crop and livestock yields,
and enhancing environmental conservation (Branca
et al., 2021; Makate, 2019). However, for these benefits
to be realized, CSA must be adopted on a universal scale
and adapted to the needs of different communities. This
will require the involvement of farmers and communi-
ties in the decision-making process and the provision of
necessary resources and support, including technical as-
sistance, education, and training to drive the implementa-
tion of CSA practices by farmers.

Second, CSA approaches need to be adapted to the
needs of different communities through community in-
volvement and investment in research and development
to support the mainstreaming and adaptation of new CSA
technologies and practices to agriculture in SSA. For in-
stance, one of the components of CSA is the creation of
a dataset on soil fertility and management and the use of
the data to plot the distribution of drought-resistant crops
(Brandt et al., 2017). Involving communities and farmers
will fortify knowledge gained through research and devel-
opment and aid in the determination of the crop varieties
that thrive in different locations and earn the commit-
ment of the communities towards the adoption of CSA.
Biotechnologists can use the information to breed seeds
that thrive in extreme weather conditions to enhance the
food system's adaptability to climate change.

Third, CSA approaches must be fortified with ac-
tive steps to address and reverse climate change (Saj
et al., 2017). This will require collaboration, partnerships
between the private and public sectors, and consultation
among key stakeholders, including farmers, governments,
research institutions, and international organizations.
With the right support and investment, CSA and other ef-
forts can help to improve the adaptability and resilience
of Sub-Saharan Africa’s food systems and ensure the

availability of adequate, safe, and nutritious food in the
face of a changing climate.

Finally, investments in infrastructure, capacity build-
ing, and sustainability initiatives are necessary to support
the transition to more resilient and sustainable food sys-
tems in Sub-Saharan Africa. This will enable the wide-
spread adoption of CSA and other efforts to boost food
security in the face of climate change. By implementing
these recommendations, we can help promote the adop-
tion of CSA in Sub-Saharan Africa and contribute to the
creation of a more sustainable and secure food system in
the region.

6 | CONCLUSION

The Sub-Saharan Africa is experiencing its worst food
crisis in over 40years. The main driver of the crisis is
climate change, which has led to periods of extended
drought, floods, and tropical storms in different parts of
the continent. As a result, a significant percentage of Sub-
Saharan Africa’'s population is food insecure. CSA pre-
sents a holistic solution to the negative impact of climate
change on food security in SSA. The solution features a
comprehensive set of approaches that reinforce the adapt-
ability of the food system against climate change through
resource conservation, the development of resilient crop
varieties, and the adoption of farming methods that pro-
tect soil integrity. Over the past few years, stakeholders
have laid the groundwork for the implementation of CSA
in several parts of Sub-Saharan Africa. Ultimately, CSA
will effectively mitigate the effects of climate change on
agriculture and enhance food security in Sub-Saharan
Africa if adopted universally with the participation of all
stakeholders.
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