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Abstract

The impact of climate change on food security is increasingly severe, posing significant risks to the
stability of global food systems. Rising temperatures, altered precipitation patterns, and more frequent
extreme weather events disrupt agricultural productivity, leading to reduced crop yields and livestock
performance. These changes threaten the availability of food and exacerbate malnutrition, particularly
in vulnerable populations across developing nations. Additionally, climate-induced stressors such as
soil degradation, water scarcity, and increased pest and disease prevalence further compromise
agricultural sustainability. Economic instability caused by fluctuating food prices intensifies the
challenge, making it difficult for low-income households to access nutritious food. Effective adaptation
strategies, including the development of climate-resilient crops, sustainable farming practices, and
enhanced food distribution networks, are essential to mitigate these adverse effects. Coordinated global
efforts and robust policy measures are crucial to address the multifaceted challenges posed by climate
change and to ensure long-term food security for all populations.
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Introduction

Addressing hunger remains one of the critical challenges of our era (Ban, 2012) ). Hunger is
a multifaceted issue with numerous causes, such as increasing food demand, dietary changes,
and extreme weather events, among other factors. Additionally, pressure on the global food
system is anticipated to grow further. For instance, with the world population projected to
rise, demand for agricultural products is expected to increase by roughly 50% by 2030
(Bruinsma, 2003) 2. This shift will necessitate a move toward more sustainable
intensification of food production systems (Garnett et al., 2013) 3%, Despite the fact that
current global food production can theoretically meet global caloric needs, food insecurity
remains widespread. Approximately two billion people experience food insecurity for at least
part of the year (Gleadow et al., 2009) B! and about 815 million people, mostly in
developing countries-with 60% in Sub-Saharan Africa and South Asia-suffer from diets
lacking adequate calories (FAO, 2017) 27, Climate change, largely driven by economic
activities, is directly impacting agricultural production and, by extension, food security
(Easterling et al., 2007; Schmidhuber & Tubiello, 2007; Thornton et al., 2009) 2 481,
However, adapting to climate change through both agricultural interventions and shifts in
social and institutional frameworks offers potential to alleviate food insecurity (Easterling et
al., 2007; Howden et al., 2007) 12> 34, Agriculture is estimated to account for around 14% of
annual greenhouse gas (GHG) emissions (Johnson et al., 2007; Cohen et al., 2008; Nelson,
2009; Sarris, 2009), while changes in land use, including deforestation, add another 19%
(Cohen et al., 2008; Nelson, 2009) 35 1 29 Consequently, adjustments within the
agricultural sector could significantly contribute to climate change mitigation and have
implications for food security.

In this chapter, we will focus on the climate change situation in North Africa, a region where
studies on climate variability are limited. We will also explore the potential impacts of
projected global climate changes on various aspects of agriculture in this region and, in turn,
the implications for food security.

Climate change and its impact on the spatial distribution of arable land
Agriculture is currently the dominant form of land use worldwide, playing an essential role
in supporting human societies.
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However, agricultural practices are also the primary driver
of many land-use impacts (Tilman et al., 2001; Green et al.,
2005) 7 321 Roughly 40% of the Earth’s available land
surface is now used for agriculture, much of which has
replaced grasslands, savannas, and forests. Human-driven
land use changes have significantly altered Earth’s
landscape, diminishing ecosystems' abilities to provide
essential resources such as freshwater, forest products, and
food, as well as vital services like water and air quality
regulation, climate moderation, and soil preservation (Foley
et al., 2005) 1,

Deforestation of tropical forests for agriculture or grazing
contributes between 12% and 26% of global CO, emissions
(Houghton, 2003) 33, and land use changes can also alter
regional and global climates (Pielke et al., 2002) 13
Additionally, 20-30% of accessible surface water is
currently used for irrigation, and human-driven nitrogen
fixation through crop production and fertilizers now equals
or exceeds natural nitrogen fixation processes (Cassman &
Wood, 2005) 161,

Agricultural expansion has had significant environmental
impacts, including biodiversity loss, tropical deforestation,
habitat fragmentation, soil degradation due to erosion and
salinization, greenhouse gas emissions, and negative effects
on regional climates, air quality, and water resources.
Furthermore, the intensification of agriculture has been
linked to an increase in infectious diseases. However,
despite these environmental challenges, agricultural
expansion and intensification have been crucial in meeting
the food demands of a rapidly growing population, creating
a trade-off between environmental health and food security
(Cassman & Wood, 2005) 161,

Although projections from different General Circulation
Models (GCMs) vary, there is a consensus that climate
change will significantly impact agriculture. Changes in
crop productivity and yields due to climate change will
differ across regions, reshaping agricultural production
patterns. A rise in global temperatures of less than 2 °C over
the next century may bring benefits to temperate regions-
such as milder winters, longer growing seasons, and
increased yields for certain crops. However, the ability to
adapt to warming depends heavily on access to technology
and economic resources. In contrast, in subtropical and
tropical regions, where dryland agriculture is common and
crops are near their temperature limits, rising temperatures
are expected to reduce yields.

Overall, global agricultural productivity may decline over
the next century, particularly affecting vulnerable areas,
leading to greater food insecurity, especially in drought-
prone regions of Africa. Although current research suggests
that agricultural technology and practices have not yet fully
adapted to these climate shifts, incorporating adaptive
strategies could improve resilience. Furthermore, higher
CO; concentrations may enhance crop productivity, though
the complex interactions between elevated CO> levels and
climate change create additional uncertainties (Choudhary,
2018) 1171,

Numerous studies have investigated the global distribution
of arable land under both current and future climate
conditions, focusing on biophysical factors (Cramer &
Solomon, 1993; Xiao, 1997; Bot et al., 2000; Ramankutty et
al., 2002) 20,50, 3. 401 However, these studies often overlook
uncertainties in land classification and climate projections
(Ahamed et al., 2000) . To improve land availability
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assessments, it is essential to address these uncertainties,
particularly when evaluating land on a global scale using
international datasets. Recently, Cai et al, (2011) U3
proposed a logic-based model to assess global agricultural
land availability by using probability-based land suitability
values.

Understanding the environmental and socio-economic
impacts of agriculture on the Earth requires accurate global
datasets on arable land distribution and vegetation cover
change (Bauer et al., 2003; Donner & Kucharik, 2003) >
231, Advances in data collection, such as combining satellite-
derived vegetation data with soil-based agricultural
inventories, have contributed to improved agricultural land
cover datasets (Donner, 2003; Leff et al., 2004,
Ramankutty, 2004) 2223 36,401,

Projections indicate that several African countries may face
substantial agricultural losses by 2100 due to climate
change, affecting up to 47% of total losses in Africa.
Countries like Algeria, Morocco, Nigeria, Cameroon, and
South Africa are predicted to experience significant
reductions in agricultural areas. Another group, including
Zambia, Niger, Chad, Burkina Faso, and Togo, may suffer
losses exceeding 70% of their agricultural areas, with severe
impacts on GDP, particularly in Niger, Chad, and Burkina
Faso (Mendelsohn et al., 2000) 371,

Different methodologies assess climate change impacts on
crop yields, such as using empirical models that correlate
crop growth with climate. Schlenker and Lobell (2010) 4!
used weather and crop production data to predict yield
changes in Sub-Saharan Africa by the mid-21* century.
They estimated declines in aggregate production of -22% for
maize, -17% for sorghum and millet, -18% for groundnut,
and -8% for cassava. While most crops showed sensitivity to
climate variables, cassava was less affected, likely due to its
resilience as a root crop with a variable growing season.
Overall, addressing uncertainties in land classification and
climate impacts is essential for accurate agricultural
projections, as climate change is likely to exacerbate food
insecurity, particularly in vulnerable regions of Africa.

Impact of climate change on the agricultural industry
impact on soil

Soil is a fundamental part of terrestrial ecosystems,
influencing agriculture through its physical, chemical, and
biological properties (Singh & Gupta, 1977) ™. Soil
structure stability, which supports vital agronomic and
environmental functions, can be enhanced by incorporating
organic matter-a practice that boosts microbial activity and
strengthens soil composition (Six et al., 2004). However,
climate change significantly impacts soil health, leading to
issues like land degradation, especially in arid and semi-arid
regions (Verchot et al., 2007; IPCC, 2014) 2, Changes in
temperature, precipitation, and moisture affect the
decomposition and availability of organic matter, which
disrupts soil’s biological activity and reduces productivity.
Frequent climate-related events such as drought,
salinization, and erosion exacerbate soil degradation,
undermining its physical and chemical integrity (Zhang et
al., 2005) b1,

As soil organic matter reserves diminish, climate change
effects intensify, causing reductions in vegetation cover and
impacting local microclimates by reducing air humidity and
increasing soil temperature. Reduced vegetation also
increases the earth's albedo (reflectivity), which slightly
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cools the soil surface yet generally contributes to adverse
ecological outcomes. These climate-driven changes have
far-reaching consequences, leading to desertification,
erosion, silting, and increased soil salinity and acidity, all of
which impair agricultural productivity and ecosystem
stability.

Impact on water

Water resources are essential to ecosystems, but climate
variability is disrupting water availability, especially in arid
and semi-arid regions. Long periods of drought and irregular
rainfall have critical effects on the hydrological cycle, water
availability, and socio-economic activities (Bouziani, 2006)
©l In regions with arid, semi-arid, and sub-Saharan
climates, rising temperatures and decreasing rainfall are
particularly severe, causing prolonged droughts and reduced
water resources. Increased CO; levels, along with
temperature rises and reduced precipitation, accelerate land
degradation by intensifying drought conditions and reducing
vegetation cover. This decrease in plant cover reduces water
infiltration into groundwater and contributes to soil erosion.
Periods of consecutive years with low rainfall significantly
reduce water flow and contribute to hydrological deficits,
largely due to declining contributions from groundwater
sources (Mahé & Olivry, 1995; Bricquet et al., 1997) 19,
Since the 1970s, these trends have worsened, with
groundwater levels decreasing as rainfall deficits persist.
The resulting shortage of water resources, coupled with
reduced vegetation cover, places additional stress on
agricultural systems, limits crop yields, and challenges food
security in vulnerable areas.

Impact on air

The air we breathe is essential to life on Earth, yet its quality
is compromised by pollution, which has become one of the
foremost health and environmental issues of this century.
Air is composed primarily of nitrogen, oxygen, and carbon
dioxide, all of which are crucial for physiological functions,
plant growth, and crop yield, affecting the maturity and
quality of fruits and seeds. Any disturbance in air quality
can thus have direct and indirect impacts on plants and their
needs (Zhu et al., 2018) 21,

Today, climate change and air pollution are intensifying
greenhouse gas levels, including nitrous oxide (N20). The
widespread use of nitrogen-based fertilizers has further
contributed to rising atmospheric N2O emissions (Cai et al.,
1997) 4. Over recent decades, pollution from human
activities and natural events has become a major
environmental challenge. Growing populations and human
activities alter the atmospheric composition, leading to
significant ~degradation of the Earth's atmosphere
(Aghamohammadi et al., 2018) [11. The combined threats of
climate change and pollution present serious risks both now
and in the future (Cairncross et al., 2018) [Pl As air
pollution rises, it continues to contribute to the prevalence of
unpredictable respiratory and circulatory illnesses.

Impact on seed quality

Agriculture, vital to economic development, depends on
components like soil, air, water, nutrients, and organic
matter-all of which require stable, favorable conditions.
Climate conditions also play a crucial role, particularly in
seed germination, which depends on both internal factors
(seed health) and external environmental factors like
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moisture, temperature, light, and aeration (Bonner, 2008) 7!,
Optimal germination occurs at temperatures between 20-25
°C, while lower or higher temperatures reduce germination
rates.

Climate change, especially in arid and semi-arid regions, has
introduced more extreme conditions such as rising
temperatures, drought, and increased climate variability,
severely impacting seed germination and crop productivity
(Al-karaki et al., 2004) B, Drought and salinity particularly
limit agricultural yields, and unpredictable climate shifts,
with fluctuating wet and dry periods, disrupt the factors
essential for seed germination and plant growth. Moreover,
shorter winters due to global warming can cause seeds to
remain dormant longer, requiring more time for spring
germination. Consequently, climate change may delay or
hinder seed regeneration, with germination success
increasingly influenced by species-specific dormancy
responses to warming.

Effect of climate change on food security

Food security defined by the FAO as consistent access to
sufficient, safe, and nutritious food for a healthy life-is a key
concern for developing countries. It comprises four main
components: food availability, stability, access, and
utilization. Factors affecting food security include
population growth, urbanization, land and water use
changes, economic trends, and climate change (FAO, 2012;
Von Braun, 2007) . Approximately 2 billion people
worldwide are food insecure, with the highest rates in
regions like sub-Saharan Africa and South Asia, which face
poverty, fragile markets, and low agricultural productivity
(FAO, 2017) 127,

Climate change is expected to have significant impacts on
the food system and food security, especially in vulnerable
areas (Wheeler & Von Braun, 2013) ™. As climate
variables change, they affect agricultural productivity, water
resources, and food supply chains. For instance, reduced
rainfall and increased drought can lower crop yields, raising
food prices and affecting economic access to food. The
impact of climate change on water resources further
exacerbates these issues, especially in arid regions (Alcamo
et al., 2007) ¥,

Global food production could suffer unevenly distributed
impacts, with developing countries in Africa and South Asia
expected to be among the hardest hit. These regions are less
capable of adapting to climate-related challenges like
changing rainfall patterns, extreme weather, and rising
temperatures, which threaten both food production and local
economies. Climate change may disrupt precipitation
patterns, reduce available land, and increase water scarcity,
which would affect food security for a global population
expected to reach 9 billion by 2050. Model projections by
the International Institute for Applied Systems Analysis
(ITASA) estimate that irrigation needs could rise by 45% by
2080, further intensifying water shortages (Fischer et al.,
2007) 281,

Some studies suggest that global warming could initially
boost crop yields due to increased atmospheric CO», but this
effect may primarily benefit developed countries with
adaptive capacity. In equatorial regions, however, warming
is likely to reduce crop yields, especially in countries with
high poverty levels. Sub-Saharan Africa and South Asia are
particularly vulnerable to food production declines due to
drought and water scarcity (Droogers & Aerts, 2005) 24,
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The International Water Management Institute projects that
South Asia’s wheat production could decline by 50% by
2050, equal to around 7% of global wheat output (de
Fraiture et al., 2008) 21,

Reduced rainfall and higher temperatures are also expected
to increase water needs for irrigation due to higher
evapotranspiration rates. Areas already experiencing water
scarcity, such as parts of Africa and South Asia, are likely to
face intensified food security challenges as water demands
outpace supply, leading to worsened malnutrition and
poverty (Brown & Funk, 2008) Y. In some developing
countries, agricultural production could fall by up to 40% if
climate change remains unmitigated (Cline, 2007) 181,

Conclusion

Ensuring food security and sustainability remains a pressing
global challenge. Many countries struggle to provide
adequate, nutritious food to support healthy lives for all their
citizens. Climate change is widely recognized as a serious
threat to food security, particularly for the world’s most
vulnerable populations, highlighting the need for urgent
adaptation measures. However, the overall impact of climate
change on food security is complex and not fully
understood, as many effects are difficult to quantify and
depend on various assumptions.

Current research suggests that climate change will likely
decrease crop yields and reduce arable land, with tropical
regions-already facing high levels of food insecurity-
expected to experience the most severe impacts. Although
global food production could theoretically meet global
demand, issues in distribution, management, and access
prevent equitable food availability.

To address these challenges, comprehensive food security
strategies are essential. These should include measures for
managing climate-related risks, securing food storage and
distribution, and implementing robust monitoring systems.
While climate change is a significant factor influencing food
systems, it is one among many drivers, and its effects vary
widely across regions. Adaptation strategies aimed at
enhancing food availability, access, stability, and utilization
can mitigate some impacts of climate change on food
security. However, these adaptations must be carefully
assessed for their long-term effects on the global ecosystem
to ensure sustainable progress.
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