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Food insecurity is a multidimensional and intricate problem, known to have
significant implications for individuals, communities, and countries worldwide.
Africa has become the continent that is experiencing this uncertainty the most.
Food Security (FS) encompasses several aspects such as availability, accessibility,
nutrient use, and supply system stability with time and, more recently, other
obliges to governance/agency and sustainability. Knowing the interconnection
between these aspects and the Ecosystems Services (ES) and understanding
the relationship and interactions between FS and ES is important. Moreover,
this knowledge may contribute to supporting policies that promote long-
term sustainable and secure food systems. Hereby, a conceptual framework
is presented, that examines interactions between food insecurity drivers and
ecosystem change drivers and the combined influence on ES. Our review
further introduces existing trade-offs between ES on account of agricultural
intensification vs. key existing strategies to promote sustainable agricultural
production. These strategies include climate-smart agriculture, sustainably
managed land, and effective handling of water resources. In the end, the
potential of Payment for Ecosystem Services (PES), as a suitable approach to
ensuring these strategies are adopted, especially in African countries where
sustainable financial incentives are currently under-explored is discussed. In
resume, this review aims to make a conceptual contribution to understanding
how drivers of food insecurity influence drivers of ecosystem changes, the
impact of these influences on the services of ecosystems, and how sustainable
agro approaches and PES introduction can help to reduce such negative impacts.

KEYWORDS

food security, payment for ecosystem services, sustainable agriculture intensification,
climate change adaptation, smallholder farmers

1 Introduction

Having enough food and making sure there is year-round access to it, is one of
the most important Sustainable Development Goals for 2030 (Atukunda et al., 2021).
However, the likelihood of experiencing extreme food insecurity grew from 8.4 to 10.2%
of global inhabitants (FAO, 2017). According to the 2024 report released on April 24,
there was an increase of 1 million people facing emergency levels of acute food insecurity
across 39 countries and territories (https://www.unicefusa.org/media-hub/reports/2024-
Global-Report-Food-Crises). Food insecurity is quite a complex phenomenon owing to
factors that differ in significance across regions and countries, and over time. According
to the Food and Agriculture Organization (FAO), food insecurity is “a condition that
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results from people not having reliable access to adequate
quantities of safe and healthy food.” (FAO and IFAD, 2013),
or the economic and social conditions that limit access to safe,
nutritious food—and sufficient amounts of it (https://www.
mckinsey.com/featured-insights/mckinsey- explainers/what-is-
food-insecurity). The likelihood of food insecurity in mostly of
African countries is always extremely high because of the constant
increase in population, hardship, violence, illness, erratic weather,
low agricultural production, and malnutrition (WHES, 2015).
There have been strong warnings by the FAO that, the Sustainable
Development Goal (SDG) of ending world hunger, implemented
by the United Nations (UN) would not be achieved if efforts are
not increased (Brander et al., 2021).

In Sub-Saharan Africa, most farms owned by smallholder
farmers are two hectares or smaller (70-80%) (Lowder et al,
2016). Small-scale farmers and their families rely on these small
lands for food and revenue from harvests. Although global food
and agricultural production have increased, associated with global
value chains, they are quite insufficient in ensuring that the most
vulnerable people can access food, or have stable access to sufficient
food, which is one pillar that has made very little progress as
a result of the volatile nature of global food prices (Swinnen
and Squicciarini, 2012), as well as political instability, conflicts,
and wars. Additionally, recognizing seasonal variations in food
availability is essential to designing and implementing strategies
for particular periods given the likelihood of catastrophic weather
occurrences (Wilhite et al., 2014). Among other things, variables
such as resource scarcity and ES deterioration are intrinsically
related to food insecurity, hunger, and malnutrition (Cruz-Garcia
et al, 2016). Moreover, increases in global food production,
however, result in greater conversion of forest lands for agricultural
production, which is causing the loss of vital ES and the extinction
of species (UNEP, 2012).

Ecosystem Services are the “benefits people derive from
ecosystems,” according to the Millennium Ecosystem Assessment
(2005). The Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (IPBES, 2018) also describes
these benefits as “Nature’s contributions to mankind”. These
advantages are divided into four categories: provisioning services,
regulation services, cultural services, and support services.
However, these categories have been boiled down to three major
topics following multiple scientific discussions throughout the
years. For example, Haines-Young and Potschin (2010) argue
that supporting services are “structures, processes, and functions
that characterize ecosystems” and so should not be included in
ES categories.

The recent expansion of the studies on how ES is linked to
food security is reflected in the recent increase in the number of
ES research published (Vihervaara et al., 2010). However, details
about the direct and indirect links between environmental services
and food security are dispersed throughout numerous periodicals
and academic publications. Food insecurity is a complex issue that
has several driving factors that may influence food security pillars
(Fyles and Madramootoo, 2016).

Human-induced and natural factors that bring about changes
in the ecosystem directly are referred to as drivers of ecosystem
change (Millennium Ecosystem Assessment, 2005). Regarding
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these drivers, several pieces of research (e.g., Emmerson et al,
2016; Watson et al., 2021; Pereira et al., 2022) assess the impact of
agriculture intensification, mostly on increasing provisioning ES,
however, literature on the existing trade-offs among the various
ES is less frequent (e.g., Power, 2010; Howe et al, 2014) and
even less when focusing on Africa. Moreover, there is a need to
discuss potential ways “to feed the world” without destroying large
ecosystems through, Climate Smart Agriculture (Lipper et al., 2015)
and Payments for Ecosystem Services.

This review, therefore, specifically addresses the effects of
agricultural intensification on ES and the resultant trade-offs
overlooked. By highlighting the impact of such trade-offs and
advocating for strategies like Climate Smart Agriculture and
Payments for Ecosystem Services, the manuscript drives the
conversation forward on sustainable agricultural measures and
the need for financial incentives. This work may serve different
stakeholders such as African governments, civil society, the
commercial sector, and other parties involved in ecologically
sensitive investments and land use choices. Ultimately, this
study contributes to creating a more holistic understanding
of sustainable agriculture needs, its positive impact on ES,
and the importance of evolving adaptation strategies in the
face of climate change and food insecurity more specifically
for Africa.

This review begins with Sections 1, 2, being the introduction
and methodology, respectively. Sections 3, 4 delve into the drivers
of food insecurity and the drivers of ecosystem changes from
the African perspective. Interactions and linkages between food
insecurity drivers and drivers of ecosystem changes, and their
impact on ecosystem services are discussed in Section 5. Section
6 highlights four key sustainable farming strategies that could be
used to decrease the negative impact caused by the interactions
of these drivers. Section 7 is a summary of future research trends
and Section 8 is the conclusion with remarks and suggestions for
future research.

2 Methodology

The focus of this review is on drivers of food insecurity
and drivers of ecosystem changes and their influences on one
another and related ES from the African perspective. Literature
and publications were selected from three main databases,
ScienceDirect, Google Scholar, and Web of Science, to obtain a
wider pool of high-quality literature. Key words used include, “Sub-
Saharan Africa,” “Africa,” “drivers of food insecurity,” “interactions
between drivers,” “impact of food insecurity drivers,” “impact of
agriculture intensification,” and “drivers of ecosystem changes.” To
obtain an equilibrated relation of papers between both types of
drivers, we selected publications that were between the years 2000
and 2023.

In all,
two thousand results obtained from the various databases,

twenty publications were selected from over
after thorough screening with the help of inclusion and
exclusion criteria. The criteria were to ensure that all selected
papers were relevant, valid, and reliable for the best quality

of review.

frontiersin.org


https://doi.org/10.3389/fsufs.2024.1272332
https://www.mckinsey.com/featured-insights/mckinsey-explainers/what-is-food-insecurity
https://www.mckinsey.com/featured-insights/mckinsey-explainers/what-is-food-insecurity
https://www.mckinsey.com/featured-insights/mckinsey-explainers/what-is-food-insecurity
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Aryee et al.

Inclusion criteria:

e The paper must be a study conducted in Africa or focus on the
African context, mainly sub-Saharan Africa, and either food
insecurity drivers or drivers of ecosystem changes, or both.

e The paper must be peer-reviewed and published.

e The paper must be published between the years 2000 and 2023.

e The paper must focus on at least one of the keywords used
“Sub-Saharan Africa”,

»

“Africa”, “drivers of food insecurity,” “interactions between

drivers,” “impact of food insecurity drivers,” “impact of agriculture
intensification,” and “drivers of ecosystem changes”

e The paper must be published in English.
Exclusion criteria:

e All non-peer-reviewed articles were eliminated to ensure the
highest quality of papers.

e Papers published before the year 2000 were eliminated.

e Papers other than English

published in languages

were removed.

With the help of these screening criteria, we were able to select
the most reliable and relevant articles for this literature review. The
analysis of the selected articles provided a reliable understanding of
the drivers of food insecurity, how they interact with one another,
their influence on drivers of ecosystem changes, and how they affect
ecosystem services in Africa.

3 Food insecurity in Africa and its
drivers

Regarding Africa, over 50% of Africans experience moderate or
severe food insecurity, with East Africa having the highest rate (63%
or 272 million people), Southern Africa coming in second (54%
or 35 million people), West Africa coming in fourth (48% or 183
million people), and North Africa having the lowest rate (30% or
70 million people) (FAO et al., 2019). Specifically, in Sub-Saharan
Africa (SSA), over 220 million people lack sufficient food, and about
three-quarters of these people are inhabitants of rural communities
(FAO, 2014). Farming being the main source of livelihood, they
rely on the produce from their farming activities to feed themselves
and generate income for other needs. They are however often
susceptible to extreme weather such as drought and floods.

In the African context according to Wudil et al. (2022), the
key drivers are high inflation affecting food prices, low crop
productivity due to the reduced level of natural resources, climate
change, inadequate funding for irrigated agriculture research, and
rapid population increase. According to Fyles and Madramootoo
(2016), the key food insecurity drivers globally are, increasing food
demands, climatic change, natural resource availability, biofuel
production, and no infrastructure investment from the public
and private sector and development in agricultural research. The
degree of importance may, however, vary between countries based
on physical, economic, and social differences. An illustration of
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the interactions between the drivers of food insecurity and how
they affect one another is shown in Figure 1. The influence of
global food insecurity drivers on the African continent is then
further discussed.

3.1 Population growth

Increased food demand is mainly driven by population
increase, a primary driver of global food insecurity. In the last 20
years, the population has increased by 1.6 billion people worldwide,
according to Mazzocchi et al. (2012), with low-income nations
with food shortages accounting for 78% of this growth. Farmers
will need to try to feed 40-86 million more people annually until
2050. The significant rise in living standards and dietary diversity
in nations with a middle income, where more than 70% of people
around the world reside, is increasing the strain on global food
security and amplifying this need for food (World Bank, 2013a).
Initially, gains in food production were mostly accomplished
through increasing land area, having dramatically accelerated in
the past 300 years, the rate of land use change. During the “Green
Revolution,” improved genotypes, fertilizers, herbicides, water, and
other agronomic practices were all used to intensify productivity.
Environmental consequences (such as excessive fertilizing and
leaching of pesticides) were generally disregarded throughout the
Green Revolution. Ethiopia, for example, was reported by the
World Bank (2019) to be the second most populated country in
sub-Saharan Africa, with over 100 million people. The country’s
population growth rate was also 3% per annum, higher than in
several African countries. The rapid population growth increases
the level of competition among inhabitants for social amenities
and food most importantly. The lack of adequate food to meet
the nutritional needs of over 100 million people will result in
malnutrition, stunted growth, starvation, and possibly death.

3.2 Natural resources availability

The quality and quantity of natural resources that are available
for crop cultivation and raising animals are being affected by
increased soil nutrient loss, increased land degradation and
desertification, and reduced freshwater levels. Agriculture is
responsible for the withdrawal of more than 90 percent of the
freshwater used for consumption and 70% of the worlds total
freshwater (Hoekstra et al., 2012). Globally, water demand has
been growing faster than population expansion, and agriculture
and other uses are increasingly competing for access to freshwater
resources (Palaniappan and Gleick, 2009). Attempts to produce
more to satisfy the rising demand for food led to excessive fertilizer
use, and bad irrigation systems, resulting in pollution. These
practices have caused salinization and contamination of several
water bodies where fresh water could be obtained (Fyles and
Madramootoo, 2016). As noted by Bossio et al. (2010), the primary
environmental issue limiting the production of small-scale farms
in Africa is nutrient deficiency. According to Jones et al. (2013),
annual yield losses in Sub-Saharan Africa are caused by a reduction
in nutrients, soil erosion, and increasing desertification, and range
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FIGURE 1
Interactions between drivers of food insecurity adapted from Fyles and Madramootoo (2016).

from 2 to 40%, being an average loss of 8.2%. Population growth,
urbanization, and industrialization have on the other hand caused
an increase in cropland losses due to the conversion of prime
agricultural lands to other uses (Fyles and Madramootoo, 2016).
A considerable number of forests have been destroyed as well due
to these conversions. Between 2000 and 2012, 1.5 million km? of
forests were estimated to be lost, with many of such losses occurring
in tropical areas (Hansen et al., 2013). In addition, deforestation
and bad management practices have contributed to increased cases
of water run-off and soil nutrient losses.

3.3 Climatic change

Climatic change increases food insecurity both globally and
locally, which has an impact on the volume of internationally
traded food output, and local produce (Lobell and Gourdji, 2012).
Predictions suggest, that more frequent and severe droughts are
likely to increase, affecting the levels of available water globally,
especially when 97% of Sub-Saharan African farmers rely on
rain to irrigate their crops, indicating their level of vulnerability
to the effects of variations in temperature and rainfall patterns
(World Bank, 2013b). Prominent levels of weather variability have
resulted from climate change, which negatively affects agricultural
productivity. Due to the adverse consequences of climate change,
it is expected that agricultural productivity in Africa will decline
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by 8-22%by 2050, which will worsen food insecurity in the
area (Mthembu and Hlophe, 2021). Food insecurity brought
on by climate change has affected several African nations that
are the most susceptible to its effects (Mfwango et al, 2022).
For example, Ethiopia is particularly sensitive to the immediate
and accompanying effects of changes in climate since it has an
agro-based economy and relies heavily on agriculture, which is
responsible for 45% of its GDP (Ferede et al, 2013). Ethiopia
has experienced repeated droughts in recent years, which have
drastically reduced the nation’s agricultural output led to food
shortages, and also contributed to existing conflicts, resulting in a
higher level of food insecurity.

3.4 Production of biofuels

Global biofuel production is being encouraged due to the
urgent need to cut carbon emissions, reduce the extraction of
fossil fuel, and global energy concerns. Demand for agricultural
products like sugar, maize, and oilseeds is now largely driven by
the developing biofuels sector. Previously mostly used as food,
these crops are now also used in the production of both biodiesel
and ethanol. Cultivation solely for biological fuel purposes takes
away resources that could be used to produce food, which in turn
decreases food supply and raises food prices. Global biofuel output
rose between 2000 and 2012 from 17.8 to 105.6 billion liters as a
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result of public policies supporting the biofuels industry (REN21,
2013).

Energy and fuel transition, or a gradual shift toward the use
of low-carbon energy sources like wind, solar, and bioenergy, is
required in Africa because of the rising energy demand, which
will grow twice as quickly as the global average due to an
expanding population (IEA, 2019). South Africa, for instance, is
actively establishing a biofuel business by utilizing the abundant
agricultural resources and biodiversity of the country. The nation’s
energy policy covers a wide range of biofuels, including traditional
bioethanol and biodiesel (Echendu et al., 2023). The potential for
the biofuel industry in Africa could potentially shift the focus of
farmers from production for consumption to production for fuel
which has a much higher economic return due to the increasing
demand. This creates more pressure on the already existing few
farmers who are unable to produce enough to feed the increasing
African population. Although it is currently not a direct cause of
food insecurity in Africa, because the biofuel market is not very
well-established, it could be argued that its potential to become one
is undeniable and therefore requires the attention of researchers
and policy leaders to find a way of preventing it, especially under
a petrol-based world crisis due to recurrent geopolitical tensions.

3.5 Rise in food prices

To even out the distribution in the supply and the demand for
food on a global and regional scale, trade and market dynamics are
crucial. International unfair trade policies, agricultural assistance
programs in wealthier nations, and market liberalization have
increased poor countries’ reliance on food imports and made them
more susceptible to spikes in food prices (Madramootoo and Fyles,
2012).

To protect domestic food security after the dramatic increase
in food prices in 2007-2008, numerous nations employed trade
policies such as export taxes, quantitative export limitations, and
lower import tariffs. In the end, these actions or trade barriers
increased food prices and worsened the world’s food security which
affected the African continent the most (Rutten et al., 2013).
Agricultural markets that do not operate effectively, commonly in
African countries, are mostly a result of poor policies implemented
by the regional and local governments and institutions and
inappropriate infrastructures. Poor market performance, low local
consumer demand, and a lack of export opportunities severely
limit the chances for agricultural expansion in many African
nations. Sub-Saharan Africa’s agro-food policy needs to increase
food security also focusing on the sector’s rapid expansion (Iyles
and Madramootoo, 2016).

4 Ecosystem services and drivers of
ecosystem changes in Africa

There are considerable (sub)regional, and national variations in
biodiversity throughout Africa, which are a result of the continent’s
long and diverse history of ecological interactions with humans
as well as climatic and physical changes. A significant advantage
of the region’s efforts to achieve sustainable development is the
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immense natural resources, which have been collected over millions
of years and are combined with the wealth of indigenous and local
knowledge on the continent (IPBES, 2018).

Food items, drinks, living space, home furnishings, beauty
products, and medications are examples of tangible goods
that ecosystems may supply that improve our everyday lives
(Provisioning ES) with the African continent being the source of
many of these services. Despite being frequently neglected, the
various sorts of ecosystem contributions (e.g., Regulating ES) are
crucial in managing our living surroundings and preserving human
civilizations. Regulating ES assists in maintaining clean water flow
and safeguarding people from flooding and other dangers including
landslides, tsunamis, and erosion of land (IPBES, 2018). The
spiritual wellness of people, especially Africans, depends greatly on
ecosystems which can have profound cultural or religious meaning
(Cultural ES). Additionally, these offer chances for leisure activities
or the pleasure of the outdoors (Haines-Young and Potschin, 2010).
Ecosystems that are well-maintained have the potential to greatly
enhance human health and wellbeing (Finlayson et al., 2015).

Studies suggest that regulating ES provided in the SSA region
is on the decline due to agriculture intensification. For example,
152,000t of nitrogen per year is transported by smaller rivers and
dumped in an already eutrophied Lake Victoria in Eastern Africa
(Zhou et al.,, 2014). This is associated with the lack of soil cover,
which accelerates erosion, prevents rain infiltration, and promotes
topsoil loss (Lal, 1987). These effects are frequently accompanied by
nutrient transport and accumulation, such as into lakes and rivers
(Zhou et al,, 2014). Thus, the decrease in regulating ES will in turn
cause a decrease in the provisioning of ES such as food production
due to environmental degradation in the long run. Evidence has
shown that humans participate in several land use variations which
have led to several ecosystem changes. To better manage these
ecosystem changes and optimize the supply of ES, it is necessary
to comprehend the driving factors that influence these changes.

This paper discusses four main drivers and their direct negative
impact on ES. These drivers are climate variability, the utilization
of plant nutrients, land conversion, and lastly pests and diseases as
well as invasive species (Millennium Ecosystem Assessment, 2005).
These drivers were chosen based on Steffen et al. (2015) report on
the Planetary Boundary Framework, which shows that these four
boundaries have been crossed which amplifies the possibility of
creating permanent environmental changes.

A more recent report by Richardson et al. (2023) suggests that
six out of the nine boundaries have been crossed, increasing the
risk of permanent environmental changes even higher. Figure 2,
illustrates the various drivers of ecosystem changes and the
influences they have on each other. This provides a better picture
of the compounded effect of these drivers on the ecosystem and
creates an opportunity to find suitable solutions or approaches for
preventing these changes.

4.1 Climate variability
According to reports from the IPCC (2014), about 78% of global

greenhouse gas emissions have been from natural gas extraction,
with the remaining 22% associated with changes in land use, mainly
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the destruction of forests and, agricultural production. Regarding
climate change impacts the IPCC also indicates that there would
likely be significant regional heterogeneity in the overall impact of
climate change on yields of the key cereal crops in the African area
(Niang et al., 2014). According to “worst-case” forecasts, losses of
27-32% are predicted for maize, sorghum, millet, and groundnuts
by the middle of the century assuming a warming of around 2°C
over levels before industrialization (Schlenker and Lobell, 2010).
Precipitation differences and temperature influence the level of
crop production and food availability directly. Precipitation being
responsible for the supply of water and soil water content is
essential for overall crop development. According to Reilly et al.
(2003), even though a higher level of precipitation would lead to
a reduced viable yield, i.e. a reduction in the yield gap between
irrigating and relying on rainfall to produce, it could have an
unfavorable effect during high precipitation levels which results in
flooding and waterlogging (Falloon and Betts, 2009).

The temperature is also responsible for the duration of the
growing seasons of crops, mainly controlling the plant development
and water needs. Higher temperatures result in increased
water level requirements and in most African countries where
rainfed agriculture is commonly practiced, crop development and
production in general is affected due to reduced amount of water.
As stated by Niang et al. (2014), projected climate changes in Sub-
Saharan Africa might shorten the growing seasons for crops and
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fodder by an average of 20% by 2050 in Western and Southern
Africa, causing a 40% reduction in yields of grains and a reduction
in the total quantity of cereal used in the production of livestock.

Climate changes have also increased the possibility of drought,
enhanced insect resistance, and reduced insect growth and
reproduction times, which have all made the extent of bug
outbreaks worse (Raffa et al., 2008). These insect outbreaks result
in invasions and the destruction of several crops and farm produce.
Throughout the middle of the 21st century, estimated crop output
losses due to global warming range from 18% in Southern Africa to
22% altogether in SSA (Niang et al., 2014).

4.2 Plant nutrient use

Extensive farming practices, like converting grassland into
cultivated land, constant tillage, pesticides, and inorganic fertilizer
application, have been shown to have a negative impact, e.g.,
on soil biodiversity, which is responsible for regulating ES. The
result has been a decline in soil quality in many areas, including
erosion, nutrient depletion, soil biodiversity losses, and a reduction
in the quality of the structure of the soil (Tsiafouli et al,
2015). Agricultural productivity is affected by deteriorating soil
conditions, which also reduces the ES that the landscape offers
(Squire et al, 2015). Soil biodiversity assessments in recently
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converted areas show that intensive land use is associated with
a lower soil faunal taxonomic richness and a reduced number of
functional soil organisms (Tsiafouli et al., 2015). In the year 2000,
annual nutrient depletion was believed to be 48 kilograms i.e., 26
kilograms of nitrogen, 3 kilograms of phosphorus, and 19 kilograms
of potassium (FAO and I'TPS, 2015).

Historically, the application of nitrogen fertilizers has been
estimated to account for 30-50 percent improvements in yields
(Zhu and Chen, 2002). Farming intensification has been made
possible in large part with the use of inorganic fertilizers in
production. Approximately 65% of SSAs agricultural land has
undergone degradation as a result of inadequate management
methods, which cause losses in soil biological, chemical, and
physical standards, diminishing the soil’s potential to sustain
agricultural production and deliver other ES (Zingore et al,
2015). Degraded soils impair yearly harvests by roughly 3%
(Zingore et al., 2015), which costs SSA around USD 68 billion
per year.

4.3 Land use/conversion
Land use/cover change as defined by Antwi-agyei et al. (2019),

is any human action or involvement that leads to the conversion
of one land use/cover into another or the intensification of an

10.3389/fsufs.2024.1272332

existing piece of land. Increased extension into forested regions and
cultivation on steep slopes are results of the loss of cropland. As
stated by Tully et al. (2015), when land use is altered—for example,
when it shifts from woodland to agriculture— important criteria
for the regulating, provisioning, and cultural services provided by
various ecosystems quickly decline.

Population increase has prompted the conversion of
forests into cultivated lands resulting in an increase in
agriculture intensification and the loss of tree species (Udo
et al, 2011). According to Zhang et al. (2018), crop rotation
is not being practiced, which results in nutrient mining
from the soil, erosion, and a higher risk of pest and disease
outbreaks. According to Elias (2017), soil erosion has caused
land degradation, particularly in South Africa. As stated by
Balabathina et al. (2020), various levels of soil erosion affect
more than 70% of the nation. This erosion causes reservoirs
to silt up and increases pollution by increasing suspended
sediment concentrations in streams, affecting ecosystems and
water consumption.

Research by Tata Ngome et al. (2019), to assess the lack of
food, experienced by Cameroonian households in the context of
deforestation, showed that higher deforestation led to a higher
level of food insecurity. The results of the research suggest that
deforestation and forest conversion into farmlands for production

do not guarantee long-term food security for existing households.
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According to Muyanga et al. (2013), farm sizes have gradually
decreased in Sub-Saharan Africa over the past 50 years, resulting
from rapid urban population growth which has led to converting
often very fertile land to residences and homes. Additionally,
because of the increased demand for resources, the growing
number of cities significantly strains the adjacent ecosystems
(Lambin et al., 2003). These conversions affect the amount of food
that can be produced locally and in effect amplifies the pressure on
available food.

4.4 Invasive species, pests, and diseases

Biological invasion usually occurs whenever organisms are
deliberately or accidentally introduced into a new environment
or ecosystem. Be it on land or underwater, to be able to invade
an ecosystem, invasive species must go through a series of stages
called the “invasion process” (Lockwood et al., 2005). Evidence
has shown that human-driven movement of organisms, deliberate
or accidental, has been responsible for a significant alteration of
species ranges and the introduction of several invasive species. For
instance, in Eastern Africa, the introduction of Prosopis juliflora
was carried out to provide wood products and more fodder for
livestock. However, an invasion of Prosopis juliflora amounted
to reduced groundwater provisioning (Dzikiti et al., 2013) and
availability of forage (Ndhlovu et al, 2011). In effect, invasive
species caused a decrease in ecosystem services and also increased
vectors of disease-causing organisms (Muller et al., 2017).

In the latest worldwide review of 1,297 invasive species, it was
discovered that eleven of the twenty nations worldwide that are
most susceptible to invasive species are in Africa (Paini et al,
2016). Numerous invasive species have an impact on food crops,
particularly those native to Africa like sorghum (Sorghum bicolor),
pearl millets (Pennisetum glaucum), and hunger rice (Digitaria
exilis), which serve as dietary supplements or staples for a lot of low-
income customers (Tadele and Assefa, 2012). The most dangerous
pest of corn and sorghum in 18 African nations is the Chilo partelus
(Spotted stem borer), a pest of Asian origins that spread to Africa’s
eastern part in the 1950s (Yonow et al., 2017). Native to the Indian
subcontinent is the species known as Rastrococcus invadens (Mango
mealy insect). After being discovered for the first time in Benin
in 1980, this pest quickly expanded to both West and East Africa
(Neuenschwander, 2010). Although mango is its main host, it has
been seen on more than 100 plant species throughout the continent
of Africa. Mango output decreased by 89-100% in places that were
severely impacted (Bokonon-Ganta et al., 2002). Human transfer
of seedlings from nurseries has been the primary contributor to its
widespread introduction in the West African region.

5 Interactions between food insecurity
drivers and ecosystem change drivers
that affect ecosystem services

Drivers of food insecurity are seen to increase drivers of
ecosystem change, thereby affecting the ecosystem in general and
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affecting its capacity to provide goods and services that benefit
humans. Moreover, they interact with one another and potentiate
impact on drivers of ecosystem change. Population growth, for
example, increases the demand for food and the pressure on food
production, which potentially leads to a rise in food prices. The food
demand (indirectly) and production (directly) in turn increase land
use changes and thereby potentially affect the ecosystem’s ability
to regulate atmospheric content as well as nutrient cycle in the
soil. Moreover, over the years, food and fiber demand has been
increasing rapidly, putting the greatest strain on soils. Not just
population increase is to blame for this, but also higher per capita
calorific consumption as a result of increased wealth and changing
diets. As referred to above, evidence shows that current agriculture
intensification practices lead to an increase in provisioning ES at
the expense of regulating and cultural ES. The trade-off is observed
over time with continuous environmental changes and reduction
in ES such as biodiversity, erosion control, atmospheric control,
and others.

Based on our review and the works from Dobson et al.
(2005), Fyles and Madramootoo (2016), and Ofori et al. (2021)
we propose and illustrate here a conceptual framework showing
the linkages between the drivers of food insecurity and the drivers
of ecosystem changes and their influence on ES (see Figure 3)
considering key findings for Africa. Food insecurity drivers such
as population growth and increase in food demand, have brought
about land conversion rates rising together with inorganic fertilizer
usage, and these are major drivers of ecosystem change as well.
A major contributor to deforestation in Africa is the expansion
of smallholder agriculture, which is further driven by population
increase and the production of biological fuels (Millennium
Ecosystem Assessment, 2005). These expansions result in habitat
invasions that destroy pristine and culturally significant locations
and have an impact on biodiversity, which includes big animals,
birds, and reptiles that are also vital to tourism (Muhumuza and
Ballewill, 2013). For instance, the conversion of significant portions
of indigenous forest communities has impacted the hunting and
gathering Ogiek community’s traditional practices in Kenya’s Mau
Jungle (Chabeda-Barthe and Haller, 2018). These are examples of
cultural ecosystem services that are lost because of the interactions
between these two drivers.

Another significant cause of deforestation is the exploitation
of fuelwood for residential purposes, which is influenced by the
increase in population and the increased demand for food and
available resources. Eighty percent of the energy used in SSA comes
from fuelwood, with rural South Africa consuming an estimated
692 kilograms of fuelwood per year (Dovie et al., 2004). The gradual
rise in biofuel production also increases the burden on producers
and landowners. This adds up to the effects of climate change
since the ecosystem provided by trees such as carbon absorption
and the regulation of the atmosphere is removed or reduced.
Climate variability and extremes are one of the major drivers of
food insecurity globally and especially in Africa (World Health
Organization, 2018). As the rate of nitrogen fertilizer application is
increased, the rate at which nitrous oxide production and emitted
from soils exponentially increases, accounting for around half of
the total global anthropogenic nitrous oxide flux (Shcherbak et al,
2014).
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Reports have shown that by 2050, Sub-Saharan Africa wants
to utilize 7.7 million MT of fertilizer (Drescher et al., 2011). There
will be an increase in carbon emissions from both the manufacture
and usage of such a large amount of (extra) fertilizer. The predicted
increase in fertilizer applications necessitates knowledge of possible
consequences, even if the existing contributions to greenhouse
emissions from the use of mineral fertilizers and manure in SSA
are not nearly as large as in developed countries currently (van
Loon et al., 2019). The excessive use of nitrogen-based fertilizers
has other negative effects that are indirectly associated with the
soil, for example neighboring water bodies becoming eutrophic.
Eutrophication affects the quality of the water bodies making them
unusable, unattractive, and inaccessible to humans. This leads to
cultural ES losses like aesthetic value which could be obtained from
recreational activities like swimming or for tourist purposes.

In addition, bio-regulators are lost due to the excessive use of
chemicals and other human activities that affect the ecosystem. Bio-
regulators are organisms that can influence the population levels of
other soil creatures and also have a high potential for controlling
pests and diseases in the soil, especially important in terms of
tackling food insecurity. This regulating ES provided by bio-
regulators is lost due to extensive pesticides and inorganic fertilizer
application. Though the use of these chemicals may increase the
amount of provisioning ES, e.g., food and fiber in the short term, the
long-term effect is the loss of other ES. Insufficient soil quality, for
instance, encourages expansion of the land (habitat encroachment)
and inadequate groundwater recharge (Bob and Bronkhorst, 2010).

Soil is inextricably linked to food production and is also
responsible for providing several ES. Humans consume ~98.8%
of their daily calories from soil or land sources with just 1.2%
from sources that are water (FAO, 2017). The pressure on the soils
from intensification often leads to loss of fertility and destruction,
limiting the soils’ capacity to provide ES, e.g., the reduction or
inability to provide food or fiber. As a result, more sustainable
agronomic practices that match nitrogen supply are required.

In addition, agritourism, a rapidly expanding business where
urban residents travel to rural areas to enjoy farming activities
including farm restaurants, farm hostels, and farm walks, is one
advantage of healthy soil (Rogerson and Rogerson, 2014). It has
been also observed in Ghana (Appiah-Opoku, 2011) and Kenya
(Gathogo, 2013) that, practices that enhance soil health also offer
advantages for recreation and provide cultural ES.

6 Key strategies to promote food
security and ecosystem services in
African countries

Agriculture production levels or average yields only play a
minor part in maintaining food security (Foley et al., 2011). Food
insecurity levels continue to be on the rise in many African
countries. This awareness has prompted an active response from
a few African countries to adopt certain strategies to tackle food
insecurity in a more sustainable way that also ensures the provision
of ES. However, there is ongoing discussion regarding the best
agro-production systems for maximizing food availability, meeting
dietary needs, and protecting the environment, such as large-scale
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compared to small-scale, regional compared to global, monoculture
compared to mixed, or organic compared to inorganic (FAO, 2016).
Although there may be several strategies that have been adopted
or documented, this paper will highlight four key ones; climate-
smart agriculture, sustainable land use management, effective water
resource management, and ecosystem services payments.

6.1 Climate-smart agricultural practices

The implementation of Climate Smart Agriculture (CSA)
is becoming more crucial in policy and practice as long as
climate change and variability continue to pose serious threats
to food security (Miiller et al, 2020) and CSA is offering
an agro-paradigm for sustainable development that emphasizes
productivity improvement, adaptation and resilience, mitigation of
climate change, and protecting ecosystems in agricultural systems
(Kebeda, 2019).

Farmers can boost output, adjust to changing weather patterns,
and lower greenhouse gas emissions by using climate-wise
agricultural methods. Additionally, these techniques can support
sustainable water and land use, increase biodiversity, and boost soil
health. Overall, CSA may significantly lessen agricultural practices’
damaging environmental impact while maintaining food security
for current and future generations (Fedele et al.,, 2018). The success
of CSA initiatives in Africa, therefore, depends on removing the
obstacles that smallholder farmers must overcome to use them.

The tendency for small-scale farmers to adopt sustainable
farming in Africa has been the subject of several research works
(e.g., Ighodaro et al,, 2020). Senyolo et al.’s (2018) study revealed a
variety of CSA technical advancements that may be used, including
integrated soil management and conservation agriculture. There
are a few challenges, however, regarding the adoption of CSA.
For instance, smallholder farmers in Kenya encountered some
difficulties in implementing CSA techniques, according to Mugure
and Oino (2013), and these issues are mostly connected to
difficulties in accessing capital, reduced technical expertise, and
inadequate infrastructure. Despite the difficulties, implementing
eco-friendly technology in agriculture can significantly improve
small-scale farmers’ capacity to withstand the consequences of
changes in climatic conditions and eventually improve family
welfare (Danso-Abbeam et al., 2020).

6.2 Sustainable land use management

It will be impossible to achieve food security without
sustainable land use measures, which support the lasting viability
of the ecosystems and soil resources that underpin agricultural
activities (Wondie and Mekuria, 2018). According to Liu et al.
(2016), this strategy uses techniques to maintain and improve soil
fertility, lessen erosion, optimize water retention and drainage,
boost biodiversity, and protect natural resources including
wetlands and forests. Farmers may boost production and food
security in a way that is ecologically benign by applying sustainable
land use management strategies. Additionally, by encouraging
carbon absorption in soil and plants, sustainable land use

frontiersin.org


https://doi.org/10.3389/fsufs.2024.1272332
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Aryee et al.

management can aid in reducing and adjusting to the consequences
of climate change (Pandey and Bhusal, 2016).

Because technology cannot completely replace effective land
management techniques, attempts to create a “green revolution”
paradigm in Africa utilizing subsidies and inputs like fertilizers
have been expensive and unsustainable (Zougmoré et al., 2014).
Instead, soil management is a significant part of sustainable farming
and offers a powerful tool for controlling climate and a strategy to
protect ES and biodiversity (Ertiban, 2019).

Different sustainable land management techniques have been
suggested. Agroforestry, conservation farming, intercropping, and
crop rotation are some of these techniques (Masso et al., 2017).
According to research, intercropping and crop rotation have
the potential to increase soil productivity. Conservation farming
focuses on lowering soil tillage, increasing crop residue cover, and
improving soil organic matter, among other things (Zhichen et al.,
2015).

6.3 Effective water resource management

Water is a crucial resource for human life, economic growth,
and environmental sustainability, according to Komariah and
Matsumoto (2019). Previous regional studies in Eastern Africa have
shown that future drying will have a considerable influence on
agriculture and the growing season duration (Owusu et al., 2019).
To maximize water resource usage and ensure the effective disposal
of dirty water, specific management measures are required.

Successful collaboration policies involving efforts to manage
health, water resources, and the climate that focus on adaptive
methods and manage the risk of drought and flooding have
already been shown in projects in West Africa (Loucks, 2020).
Policymakers must take a variety of issues into account, including
socioeconomic growth, and environmental sustainability, and
adapt to climate change to manage water resources in Africa
successfully (Jones et al., 2017).

Agriculture and food systems, which account for 70% of
worldwide freshwater withdrawals, are crucial factors in managing
water resources in Africa (Cohim et al., 2021; Kishawi et al., 2022).
Approximately 90% of all freshwater usage worldwide and in Africa
is by irrigation so efficient water resource management is essential
for guaranteeing food security.

A few used strategies in agriculture include efficient irrigation
systems, rainwater gathering, and water recycling (Zhang et al.,
2019). Agronomic techniques that improve soil moisture retention
and the use of drought-resistant crop types can also help to lessen
the adverse consequences of water scarcity on crop output (Kumar
etal., 2022).

In sum, soil and water management, climate-smart agriculture,
and sustainable land-use techniques are just a few of the
interconnected strategies that must be considered, to achieve
food security sustainably and to reduce the drivers that change
ecosystems and the services they can provide. As part of the
key explained technologies that can contribute to sustainable
agricultural production, we also introduce a financial tool that
could be used to obtain farmers’ interest; Ecosystems Services
Payment (ESP). ESP can play a role in contributing to improving
food production and maintaining the needed ES. ESP related to
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conservation is now a relevant experiment taking place in some
countries across African (Corbera, 2012; Weatherley-Singh and
Gupta, 2015).

6.4 Introduction to Ecosystem Services
Payments

According to Ecosystem Services Payments (ESP), those who
get ES from the ecosystem remunerate landowners in cash
or in-kind in exchange for them adopting certain sustainable
land management methods/strategies that will lead to favorable
ecological results (Waruingi et al, 2021). The recent changes
to the agro-environmental policies of the EU and the UK have
shown an increasing interest in ESP (Bieroza et al., 2021). For
instance, the year 2005 marked the eleventh Conference of the
Parties (COP) at the UNFCCC, where RED (Reducing Emissions
from Deforestation) was first brought up. In 2007, at the 13th
UNFCCC COP, REDD+1 was discussed and introduced. REDD+
is referred to as “the largest experiment in ESP in the history of
the world” (Corbera, 2012), where it is anticipated that foreign
transfers of funds to underdeveloped countries or poor nations
will promote changes that will minimize deforestation and forest
degradation. REDD+ projects have been carried out in some
African countries including, Ghana, Tanzania, and Cameroon
(Weatherley-Singh and Gupta, 2015). However, these projects
focus on forest conservation and not on the adoption of sustainable
farming practices.

In principle, ESPs compensate landowners (e.g., conservation)
for the ES they render and charge the beneficiaries. Evidence shows
(Mahanty et al, 2013) that the ecosystem regulating services are
enhanced by this financial system, which also supports rural income
generation and farmers’ food security. ESP includes not only money
made by the initiative as a reward for participants but also demands
specialized support given by the administration of government to
carry out operations effectively (Smith et al., 2013). The preferences
of the surrounding communities have a significant impact on an
ESP program’s performance (Permadi et al., 2018). From empirical
studies, it has however been demonstrated that the appropriate
specification of ESP-related features influences the legitimacy and
efficacy of ESP projects (Kang et al., 2019; Ola et al., 2019).

7 Future research trends

Sustainable farming practices such as climate-smart techniques,
sustainable land use management, and effective and efficient water
resource management are being studied (e.g., the SustInAfrica
project and others financed by H2020) and the Task force rural
Africa (TFRA) under the Africa-Europe Alliance for Sustainable
Investment and Jobs is contributing for larger testing and escalation
in more African countries to suit specific cultural and demographic
settings, and most importantly, needs. It, however, requires a
significant amount of research in designing and testing these
techniques to suit various agroecological zones and socio-economic
contexts. The way forward considers the need to carefully identify
and value the ES provided by the adoption of specific sustainable
farming practices. This will help generate more interest from buyers
and stakeholders and create further awareness among policymakers
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of the potential implementation of ESP related to agricultural
production in Africa. We hereby argue that ESP schemes apart
support conservation, could also be used to motivate farmers to use
sustainable farming methods. We believe this would not only serve
as a form of compensation but also provide a sense of fulfillment
and prestige to farmers for being rewarded for protecting the
environment through these adoptions.

8 Conclusion

Food insecurity drivers have caused significant harm to the
ecosystem due to measures adopted to mitigate existing food
insecurity cases across the world. These measures have been shown
to only improve one group of ES at the expense of others.
These trade-offs cast a much larger shadow on the wellbeing of
humans and other living creatures. In addition, these measures
are only a short-term solution and therefore unsustainable in the
long run. Current intensification methods will result in further
ecosystem changes that will ultimately affect future yields and
outputs from production. The neglect of the visible destruction of
the ecosystems spells a total doom for several African countries
already experiencing the most amount of food insecurity. Not
only is it important to ensure that existing farming methods
are changed, but sustainable approaches must be enforced and
promoted in Africa.

In sum, to eliminate this compounding effect, policymakers
must incorporate measures to promote sustainable agricultural
practices. The financial mechanism of Ecosystem Services Payment
is fairly new and still requires further research but seems promising
in contributing to transforming agriculture intensification if we
intend to ensure food security in Africa and across the world.
Although our review paints a better picture of the interactions
between drivers of food insecurity and drivers of ecosystem
changes, it is limited to the African perspective and does not
provide a global view of these interactions. Meta-analysis was not
conducted which is another limiting factor of this review. For
future research, we suggest that a larger systematic review and
a meta-analysis be conducted in the context of other continents
such as Asia and Latin America to identify possible similarities or
differences that may exist in the interactions of these drivers.
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