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Abstract: Global food security is a worldwide concern. Food insecurity is a significant threat to
poverty and hunger eradication goals. Agriculture is one of the focal points in the global policy
agenda. Increases in agricultural productivity through the incorporation of technological advances
or expansion of cultivable land areas have been pushed forward. However, production growth
has slowed in many parts of the world due to various endemic challenges, such as decreased
investment in agricultural research, lack of infrastructure in rural areas, and increasing water scarcity.
Climate change adversities in agriculture and food security are increasing. Recently, the COVID-19
pandemic has severely affected global food supply chains. Economic and social instability from the
pandemic contribute to long-term disturbances. Additionally, conflicts such as war directly affect
agriculture by environmental degradation, violence, and breaches of national and international trade
agreements. A combination of food security and climate change challenges along with increased
conflicts among nations and post-COVID-19 social and economic issues bring bigger and more
serious threats to agriculture. This necessitates the strategic design of policies through multifaceted
fields regarding food systems. In this comprehensive review, we explore how these three challenging
factors, COVID-19, climate change, and conflicts, are interrelated, and how they affect food security.
We discuss the impact of these issues on the agricultural sector, plus possible ways of preventing or
overcoming such adverse effects.
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1. Introduction

Food security is commonly understood as the availability of food in the household or
the community, or on national and global levels [1]. The World Food Summit of 1996 stated
that “food security exists when all people, at all times, have physical, social and economic
access to sufficient, safe and nutritious food to meet dietary needs for a productive and
healthy life” [2]. Food insecurity has many negative consequences on the health, nutritional
status, and behavior of both children [3] and adults [4,5]. One of the joint reports from the
FAO, IFAD, UNICEF, WFP, and the WHO reported that 702–828 million people faced acute
food insecurity in 2021, almost 150 million more than in the pre-pandemic period [6]. In
the context of the US, a report from USDA Economic Research Service (ERS) showed that
around 14.3% of American households are food insecure, and 5.6% of these can be classed
as highly food insecure households [7]. In the current scenario of increasing population
growth and the increasing average life span of individuals, producing more food to ensure
food security is a necessary condition in order to combat both poverty and hunger. Given
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the inextricable tie of food to agriculture, an increase in productivity and growth of the
agriculture sector as well as sustainable expansion at the global level through cutting-edge
advancements is essential in this context [8]. However, to achieve food security, we should
consider its broader, multi-faceted dimensions, bringing the depth and breadth of scope of
multiple disciplines to this issue as well as the challenges surrounding it.

Agriculture is the major source for food and many livelihoods, and it is one of the
major components that can enable the mitigation of both poverty and food insecurity
issues. However, agriculture alone cannot fill the gaps related to food insecurity, but, rather,
needs simultaneous institutional and industrial development [9]. Still, without addressing
ways to increase agricultural production efficiency and outcome, food security cannot
be achieved at a global scale. Improvements in agriculture can help farmers enhance or
maximize outcomes at the same level of resources by increasing productivity [9]. Achieving
sustainable global food security requires the combined integrated efforts on physical,
social, economic, political, health, nutritional, and environmental levels as well as adequate
policies and trade balance, both nationally and globally [10]. Therefore, addressing global
food security with a sustainable approach is a multi-faceted issue. Among many factors,
there are a few major issues around the world that need to be central concerns of nations. In
the current context, these issues include the interface of pandemic issues and post-pandemic
situations, climate change, and related conflicts that directly affect food and agricultural
systems. Without a consensus on these issues, purposeful policy actions and their effective
implementation seem daunting, and make the challenge to end hunger seem unachievable.

This comprehensive review focuses on the challenges in sustainable agriculture and
food security, the interrelationship between these factors, and potential resolutions and
opportunities underlying the current influence of climate change, post-pandemic situations,
and conflicts.

2. Methodology

Figure 1 shows the outline of the methodological steps we followed in our compre-
hensive literature review. The five main steps include the literature identification or the
sources/resources lookup, their selection and screening, the development of a conceptual
framework, discussion of the problem and its resolution, and the derivation of a synopsis
and inferences. We conducted a thorough review of related research through various
sources such as Pubmed, Scopus, Web of Science, and Google Scholar. We considered
several studies, systematic reviews, and meta-analyses published after the year 2000. We
specified a set of important keywords and combinations of them, including “food security”,
“climate change”, “COVID-19”, “pandemic”, “conflict”, “agriculture”, “sustainability”,
etc. in order to identify the breadth and the depth of relevant studies. The search allowed
us to gather literature on global food security, climate change, and food and agricultural
systems in the past two decades, to screen the relevant studies, and to build connections
to the recent food and agricultural studies as well as the reports related to the COVID-19
pandemic and various conflicts in the world. Building a conceptual framework, we assess
and elaborate how the trio of the challenges of climate change, the pandemic, and conflicts
have interacted to affect the global agricultural systems and food security. We then present
a discussion and elaboration of the challenges and potential resolutions based on our
synopsis of the literature and the inferences we have drawn from it. We restricted our
review to the studies published in the English language, and we took into consideration
the relatedness of the studies and the reliability of the sources.
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3. Conceptual Framework of Interrelation between Pandemics, Climate Change,
and Conflicts

Usually, pandemics, because of the risk of negative health consequences and even
death, create restrictions in the work system, limiting the operation of agriculture, indus-
tries, trade, and business, inevitably causing a plateau (or decline) in economic growth.
Threats from pandemics are multidimensional and interconnected. From the social perspec-
tive, to a certain extent, the COVID-19 pandemic has changed our behavior, social attitudes,
and lifestyles, such as working from home, fewer face-to-face interactions, etc. [11]. It has
also slowed the responses of different countries that were acting against environmental
issues, threatening our ability to respond to climate change in time, including delays in
international negotiations for biological diversity, weakened climate policies, interruption
of environment-related scientific research, the higher use of plastic-made consumables like
gloves and masks as well as plexiglass and other disposable plastic items, and increas-
ing litter resulting from such disposables in the big cities [12]. It has been reported that
greenhouse gas (GHGs) emissions and air pollutants have been lower during the pandemic
due to less demand for global energy use, such as flying, driving, etc. However, these
results are temporary with short-term outcomes that will not have a significant impact on
the overall reduction in GHGs. Instead, more negative and long-term impacts on climate
change are expected because of negative secondary effects and their interactions [13], and,
moreover, saving energy is negatively counterbalanced by the behavioral and systemic
responses to the preventative measures during the pandemic, such as depression and other
mental health problems. Moreover, the reduction of GHG emissions and pollutants during
the pandemic was counterbalanced by the “rebound effect” [11], where emissions and
pollutants increase during the rebuilding period when life starts to return to normal in
order to make up for lost time and save the economy. These anthropogenic activities could
well exacerbate climate change in the long run. Although pandemics do not have a decisive
effect on existing conflicts or the evolution of new ones, they can have some transformative
effects on international politics due to changing social and economic dynamics [14]. This
effect could worsen the pre-existing conflicts among nations or spark the emergence of
new ones.
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Climate change is one of the most challenging environmental issues of the twenty-first
century. The US National Climate Assessment in 2018 noted that the climate on earth
is changing more rapidly than at any point in modern history because of human-related
activities [15]. Climate change generally includes shifts in weather patterns, changes in long-
term patterns or average weather parameters, and the occurrence of unexpected extreme
environmental events that are primarily due to greenhouse gas emissions [16]. Interactions
between these changes and COVID-19 have also been studied, and it has been found that
high temperatures combined with high humidity might suppress COVID-19, causing virus
transmission and seasonal patterns alternating between the northern and southern hemi-
sphere, which have, indeed, shown differences in COVID-19 transmission [17]. Due to the
impact of climate change on various weather parameters such as precipitation, temperature,
and humidity, which are directly or indirectly proportional to virus transmission, it could
complicate the pandemic and post-pandemic situation by creating an environment for the
future spread of such diseases. Furthermore, climate change can reshape the geographic
range in which certain animals live, especially in the tropical regions, which harbor many
types of infectious diseases, and this adds adversity to conditions that are already often
precarious [18].

Some studies have reported that climate change could drive the risk of violent conflicts,
although this finding is highly contested among researchers. It has been estimated that
about 3–20% of conflicts over the past century are somehow associated with climate change.
Mach et al. (2019) suggested that an increase in global temperature by approximately 2 ◦C is
estimated to increase conflict-related risks by 13%. The reduced opportunities produced by
responses to a pandemic can increase violence (in other words, people whose livelihoods are
affected may find violence to be an alternative), and the decrease in agricultural productivity,
the increased price of commodities, and uneven socioeconomic development are just some
of the other mechanisms by which climate change could increase the risk of conflict [19].
Indeed, warming caused by climate change is one of the factors influencing the risk of
civil war in countries in Africa due to the socio-economic effects of disrupted climate
patterns [20].

Conflict can simply be defined as a disagreement due to actual or perceived opposition
of needs, values, and interests [21]. International conflict can be referred to as the con-
flicts between nations around the world or between people and organizations of different
countries [22]. Conflicts among nations, especially violent conflicts and outright wars,
undermine systems and devastate the economy, social balance, developmental plans, and
policies. Imbalances in these contexts could impact climate change. For instance, the current
conflict between Russia and Ukraine could change mitigation policies as territorial and
political decisions override climate ones, and they could also detrimentally affect the proper
execution of existing climate policies due to the limited supply of global energy transition
given that both of these countries are big manufacturers of the supplies needed for green
technologies, which include solar panels, electric vehicle batteries, and wind turbines [23].
Moreover, conflicts might have negative effects on the pandemic situation, too. Social and
economic instability that result from conflict between nations provide shocks that oblige
people to migrate from one place or country to another. This migration further complicates
pandemic mitigation efforts due to the logistics and pressures of migrating populations,
which can only yield a variety of complications and difficulties. Conflicts also create distress
to people as they cause death and long-term injuries in families and communities, and they
can also cause resource crises due to draining resources such as food and medicine. Due to
these reasons, people are forced to migrate [24], and due to larger contact among people or
crowds from the flow of people during migration, this could increase the transmission of
disease, adversely affecting recovery efforts during pandemic, and detrimentally impacting
the health of migrants [25]. Figure 2 provides a summary and outline of the linkage and
interrelation between a pandemic, climate change, and conflicts.
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4. Trio of Challenges
4.1. Climate Change: Challenge to Agriculture, Crops, and Food Supply

The concept of climate change includes both global warming caused by greenhouse gas
emissions due to human activities as well as large-scale shifts in weather patterns resulting
from global warming [26]. In recent decades, human activity has had unprecedented effects
on the Earth’s climate system and triggered massive global change. A large part of the
warming is attributed to greenhouse gas emissions, of which carbon dioxide and methane
account for more than 90% [27]. These emissions are mainly caused by fossil fuel burning
(coal, oil, and natural gas), along with agriculture, livestock production, deforestation, and
manufacturing. The resulting warmer temperatures cause evaporation to increase, resulting
in more intense storms and extreme weather events. The WHO has stated that climate
change is one of the greatest threats to global health as it might threaten people with food
insecurity, flooding, infectious diseases, extreme heat, economic disbalance, and displace-
ment. Agriculture contributes to 15% of all global emissions, primarily methane and nitrous
oxide, with a significant contribution from the livestock production and management sector.
Livestock emissions contribute about 8–10.8%, but life cycle analysis has shown that it
can amount to over 18% of greenhouse gas emissions [28]. Enteric fermentation, liming,
extensive use of fossil fuels, and fertilizer production for organic farming are the main
sources of greenhouse gas emissions from the livestock industry.

With the increase in global population, modern agriculture is going to face the chal-
lenge of meeting food supply considering worldwide sustainability goals. There is an
urgent requirement to take measures to mitigate the negative effects of climate change and
aid sustainable development goals (SDGs), specifically in the agricultural sector worldwide,
with a specific focus on ensuring food security [29]. Changing climate could jeopardize
agricultural production by making it increasingly vulnerable to yield losses and economic
instability, as well as increasing pest infestations and invasive weeds [30–32]. The agricul-
tural sector is extremely vulnerable to climate change because of its size and sensitivity to
weather conditions. Climate change can severely impact crop production, as it depends
on the combination of various environmental factors, such as precipitation, relative hu-
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midity and temperature, pollinating agents, and weather events [26]. Mostly, the effects
of climate change are severe in tropical regions, since tropical crops are more susceptible
to high-temperature stress during high temperatures rise. Increased temperatures alter
climate patterns in complex ways. Temperature fluctuations, daytime and night-time
high and low temperatures, duration and intensity of extreme cold or hot weather, and
timing will all have different effects on crops, mostly during reproductive, grain-filling, or
maturing stages. High temperatures during pollen development or during seed or grain
production, in combination with drought, significantly reduce crop yields in cereal crops
like maize [30]. In some other nutrient-dense crops, late frosts after early spring warming
can reduce crop production, decreasing the chilling period (for example grapes, apples, and
winter grain crops require a chilling period). Lobell et al. [33] found that a 1 ◦C increase
in temperature can decrease yields of the major food and cash crops by 5% to 10%. It has
been projected that climate change is likely to reduce wheat, corn, and rice yields in China
by 18.26 ± 12.13%, 45.10 ± 11.55%, and 36.25 ± 10.75% by 2100, respectively [34]. This not
only applies to field crops, as a study in Mexico also shows that coffee production may
not be suitable for growers in the coming years if the temperature continues to rise—a
34% reduction in current production has been projected [35]. Furthermore, the plant–water
relations are also likely to be impacted by extreme changes in these parameters [36].

Plant responses to each type of climatic alteration are species specific as they have
specific response thresholds [37]. For instance, Fodor et al. [30] illustrated that photosyn-
thesis in C3 plants is more sensitive to higher CO2 levels than in C4 crops. A sensitivity
analysis using CERES (Crop Estimation through Resources and Environmental Synthesis)
also showed that wheat and rice yields in Northwest India will potentially increase by 28%
and 15%, respectively, when levels of CO2 are doubled (Malhi, G.S. et al., 2021). However,
studies also suggest that the increased thermal stress due to the higher temperatures associ-
ated with high CO2 overshadows the positive impact of yield gains. In the case of acute
water shortage and thermal stress, the yield of rice and wheat is projected to decline even
with raised CO2 in the future [38].

Cropping systems, weather, and pests could have unpredictable interactions due to
climate change. For example, the changing climate or weather pattern of an area can
increase the susceptibility of crops to various pests, diseases, and weeds in that area.
Climate change can enhance pest populations and their migration, negatively impacting
agricultural yields, since pest populations depend largely on environmental factors such
as humidity and temperature. In one of the studies [31], it is highlighted that the major
ramification of climate change and globalization is due to unpredictability and uncertainty
of interactions between the weather, cropping systems, and pests. Indeed, the yield losses
due to insect pests account for more than 40% worldwide [39]. This will continue to increase
as more aggressive pests and diseases are likely to invade and threaten food security on a
global scale. Different research relates how a milder climate shift toward the colder poles
will improve the potential of crop production [40,41], and, in contrast, hotter and drier
conditions in semi-arid areas of the world will have limited agricultural production [42].
Studies like Ma et al. (2023) [43] also predict that global warming of 2 ◦C or more is likely
to change the structure of agricultural production, which may result in a continued decline
of grain planting areas and the continued growth of cash crop planting areas in ecologically
vulnerable regions, making grain security more difficult.

As climatic change intensifies, it also invites new pest threats to that region, and
agricultural production is increasingly vulnerable to yield losses and economic instability
from these growing pest populations. In addition to geographical distribution and the
growth rate of insect pest populations, climate change also affects insect phenology by
increasing the number of generations. The earlier onset and increased duration of the
growing season due to changing climate has favored insect species to have more genera-
tions, leading to higher population levels at the end of the season. This also increases the
risk of migrant pest invasion and pest outbreak. For example, the three common insect
species of Africa, Tuta absoluta, Ceratitis cosyra, and Bactrocera invadens, have increased
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their habitat suitability across the mainland and continent, particularly in regions close
to its most suitable habitat [44]. Similarly, a study on potato tuber moth (Phthorimaea
operculella) revealed that the insect pest’s damage potential would be greater in warmer
regions with its prevalence, and is expected to spread to temperate areas with increased
damage potential [45]. Pest infestations of several crops are predicted to worsen with
climate change, but will vary from one region to another, and will also depend on pests’
adaptability to climate change. Climate change also affects the development and survival of
pathogens. Increasing temperatures are projected to limit the growth of certain pathogens,
such as Puccinia striiformis, while increasing atmospheric CO2 concentrations could provide
favorable growing conditions for Fusarium pseudograminearum [46]. These studies suggest
that climate change has contributed to the occurrence of recent pest and disease outbreaks.
This indicates that with the projected increase in global temperatures, the frequency of pest
outbreaks in agricultural fields may also increase.

Equally important as the climate continues to change is that it can both directly and
indirectly impact the growth, development, and reproduction of weeds, making them
more competitive, and potentially leading to increased weed infestations. Additionally,
changes in land use and agricultural practices driven by climate change can indirectly
create more favorable conditions for weed growth, further exacerbating the issue. This
can have negative consequences for agricultural productivity, biodiversity, and ecosystem
functioning. For instance, weeds compete with the main crops for water and nutrients, as
they show higher nutrient requirements than crop plants [32], and they negatively impact
crop yields. Weeds that are C3 are more sensitive to increased CO2 concentrations as they
can increase their leaf area and biomass with this. While C3 weeds pose a major threat to C4
plants, C4 weeds in C3 crops become less invasive [47]. Changes in climate patterns such
as sudden shifts in weather influences the dynamics of crop–weed competition and can
impact the mode of action of herbicides [48]. Climate change is projected to have a favorable
influence on the weeds of wheat crops, which are vital to world food security [49]. The loss
of crop yields and agricultural production due to climate change can increase food prices,
and it can have detrimental effects on agricultural welfare—a study estimates around 0.3%
annual loss of Global GDP by 2100, for example [50]. An increase of 1 ◦C in mean surface
temperature can cause a yield loss by 10% to 25% in three major cereal grains: rice, maize,
and wheat [51]. This could have massive worldwide economic repercussions, especially
given that developing countries are projected to face severe negative consequences of
climate change [52]. In India, agriculture is going to be severely affected by changing
climate, for example, as the temperature is predicted to rise between 2.33 ◦C and 4.78 ◦C
along with a doubling of CO2 concentration [53]. In Africa, one of the most vulnerable
areas to climate change, the yield of major crops in drought-prone areas is expected to
decline by more than 50% by 2050 and 90% by 2100 [54].

4.2. COVID-19 Food Crises: A Unique and Complex Crisis

History shows that epidemics and pandemics have often resulted in food shortages
and even famine, primarily due to disrupted food production and distribution chains.
Food production and distribution are disrupted due to the loss of humans and the labor
directly associated with the food systems. The Justinian plague led to the decimation of
25% of Constantinople’s population, for example, and this caused the extinction of farming
settlements and food shortages [55]. Likewise, the bubonic plague killed 25–30% of the
population in Europe. This disease unevenly affected and killed the families of millers,
bakers, and other food producers, disrupting food production and processing [56].

The COVID-19 pandemic has compounded the adverse effects on the highly vulnerable
populations that are already grappling with poverty and hunger. The pandemic has been
devastating for the global system on multiple levels. Though COVID-19 is a human
health issue, its implications are diverse and profound. An estimated 113 million people
worldwide were already living in food-insecure conditions before the COVID-19 crisis [57].
The World Food Program (WFP) predicted that an additional 130 million people could
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be pushed into hunger because of the pandemic [58]. Unlike food crises in the past, the
COVID-19 food crisis is different and complex as it has many interconnecting dynamics
with food systems (Figure 3). More specifically, the pandemic perturbed every component
of the food system, from production to consumption. First, there were major disruptions in
the supply chains because of multiple factors, such as lockdowns and the illness of food
system workers, to name just two. Second, the slowdown of economic activities triggered
by the pandemic resulted in greater unemployment and had a severe impact on food
accessibility and affordability. Third, multiple complex factors caused uneven food prices
at a local and global level, which led to increased hunger in the developing world [59].
Examples of food supply chain disruption and its impact are listed below:

a. The airline industry is a critical component of the global supply chain. However, the
airline industry was short-staffed with approximately 4.8 million people as a result
of SARS-CoV-2 virus containment measures. This reduced the air cargo capacity by
7.7% [60].

b. According to a study conducted across 143 countries, it was reported that inflation rose
by 7% in 2021. This increase in inflation was attributed to supply chain disruptions
triggered by the COVID-19 pandemic [61].
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From a production perspective, the pandemic affected producers in diverse ways.
Growers faced a shortage of workers during the harvesting and planting season.
Vyas et al. (2021) [62] reported that the lockdown measures during the early phase of
the pandemic greatly impacted India’s labor and input availability. Labor-supply shocks
heavily hit labor-intensive enterprises such as fruit and vegetable production. Ridley
and Devadoss (2021) [63] estimated a loss of over $12 million (conservative scenario) in
fruits and vegetables due to labor-supply shocks during the initial phase of the COVID-19
outbreak in the US. These losses were incurred in essential commodities such as lettuce,
onions, grapes, and apples, primarily concentrated in states like California, Arizona, and
Washington. Moreover, growers faced challenges in procuring agricultural inputs such as
seeds and agrochemicals during the early phase of COVID-pandemic [64]. Additionally,
the pandemic made it harder for growers to sell their crops and livestock products [65].

From the consumers’ side, food availability was heavily affected due to the limited
mobility of food that resulted from lockdown and quarantine measures. Consequently,
many countries experienced a rise in domestic food prices, increased poverty, and weak
currencies. The lockdown measures directly affected the population employed in the
informal sectors. The pandemic adversely affected the purchasing power of consumers.
COVID-19 also led to a surge in food fraud, such as food adulterations, misrepresentations,



Sustainability 2023, 15, 8280 9 of 22

and food crimes [66]. This led to an increased risk of exposure to unsafe foods. Because
local outlets or vendors closed due to lockdowns or curfews, consumers were forced
to go to expensive outlets such as supermarkets, which reduced the purchasing power
further. Overall, consumers’ ability to access food was severely affected [67]. The COVID-19
pandemic affected multiple aspects of the macro-economy, too, including credit markets,
exchange rates, and overall economic activities, all of which impacted agricultural and food
demand [68]. The existing long-term effects on food security have resulted primarily due
to both the direct and the indirect effects of the measures used to contain the virus, which
slowed down economic activity, resulted in income loss, and reduced purchasing power.

Post-Pandemic Ripples of the COVID-19 Pandemic

The impact of the pandemic on food security lasted far beyond the pandemic period
if low-income households were not supported with subsidized or free access to food,
especially in developing countries, where the conditions affect food availability and food
affordability even more sharply. Even if supply chain issues are eventually minimized and
maneuvered towards post-pandemic situation, the influence of the pandemic on hunger
could remain for a long period [69]. Losing jobs makes people vulnerable to poverty,
hindering their ability to buy food. So, it is likely that poverty will increase in the post-
pandemic period.

Nundy et al. (2021) [70] suggested that while recovering from the pandemic triggered
a crisis, the progress towards sustainable development goals (SDGs) that had been hoped
and worked for before the pandemic might even become worse after it. A meta-analysis
conducted by Wang and Huang (2021) [71] found that the COVID-19 pandemic had a
detrimental impact on 17 SDGs. Poverty is one of the most important SDGs that can
directly influence global food security. Between 1990 and 2015, extreme poverty globally
dropped by an average of 1% per year, with the rate of decline plateauing from 2013 to
2015 [72]. However, the pandemic-triggered job losses, and deprivation impacted more
on those who were already poor and vulnerable, and it pushed millions of new people
into poverty. The poor populations created by the pandemic also include those residing
in urban areas, those with better education, and those less likely to work in agriculture.
The pandemic has likely widened income inequality and threatened the inclusive recovery
and future growth potentials. In the aftermath of the pandemic, the economic recovery
likely depends on the extent to which it tackles this process toward the reduction of global
hunger and food insecurity problems.

4.3. Conflicts among Nations Drive Scarcity and Impact Global Food Security

Conflict is one of the key elements that represent a threat to the global food system and
food security. It can be classified depending on the actors and the area involved, as well
as the number of people killed in battle. General categories of conflicts are low-intensity
conflicts, which happen in local regions; interstate (country vs. country); intrastate (within
the country, government vs. non-state group, etc.); internationalized intrastate conflict
(intrastate conflict with significant foreign interference); and one-sided violence by the
government or non-government group to civilians [73]. A country is at war if the annual
direct conflict-related death exceeds 1000. According to Croicu and Sundberg in 2017 [74],
interstate conflict has been the leading conflict for many years, while internationalized
interstate conflicts have been increasing in recent years. However, conflict, regardless of the
type, affects food security, although the extent could certainly differ. Furthermore, factors
such as local food production, dependency on food import, and the economic status of
the country could determine the extent of the effect of the violence on the food security of
the country. Martin-Shields and Stojetz (2019) [73] report that the risk of food insecurity is
greater in low-income countries than in high-income countries because the former have a
greater prevalence of undernourishment, food deficit, percentage of cereals/roots/tubers
consumption, food price volatility index, and cereal import dependency ratio. Short- and
long-term threats to global food and nutritional security could stem from a variety of
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conflict-related factors and repercussions. All of these factors and consequences are inter-
connected and include lower crop production, a rise in food prices, a decline in biodiversity,
the loss of infrastructure, and the possibility of a nuclear winter and climate change.

4.3.1. Decrease in Crop Production

A decrease in crop production is one of the major consequences of the conflict that
poses a great threat to global food security. Different factors play a role in decreasing crop
production, although the unavailability of resources like field labor, agricultural inputs,
and their higher prices are the major reason behind it. During the war, farmers could not
attend to their fields to plant and even harvest crops that were already planted. There is
a higher risk of global food insecurity when war breaks out within or between countries
with a higher share of food exports in the global food market. For example, the current
conflict between Russia and Ukraine has presented a huge risk to global food security as
some effects, such as an increase in the price of food, fuel, and fertilizer, are already seen
worldwide. Russia and Ukraine are the leading producers and exporters of food and cash
crops, such as wheat, maize, rapeseed, sunflower seeds, and sunflower oil, while Russia is
one of the leading providers of nitrogen, potash, and phosphate fertilizer [75]. As reported
in the executive summary by the FAO (2022), 20–30% of the area sown in winter remained
unharvested in Ukraine, while farmers did not plant crops in spring at their full capacity.
In addition, the decreasing income of a farmer in one season could impact the farming
decision the next year. Furthermore, many trade sanctions against Russia could impact the
agricultural inputs imported into Russia, such as seeds and pesticides affecting agricultural
crop production and its export in the global food market, as they are highly dependent on
seeds and pesticides in other countries. Because of the Russia–Ukraine war, international
grain and vegetable oil price indices have already increased, while increased prices of fuel
and fertilizer could affect crop production in the coming year, further exacerbating the
already higher food prices in the global food market.

Localized civil war within countries also affects food security status within the region
or in some cases globally but to less extent. The civil war in Syria reduced food production,
for example, as cultivation shifted to safer zones, decreasing the total area of production [76].
A decrease in crop production within the country and a poor economy to import food
resulted in a risk of food insecurity for the Syrian population. As discussed earlier, low-
income countries are always at a higher risk of food and nutritional insecurities resulting
from war.

4.3.2. Increased Food Prices

In the past few years, food costs have risen due to the pandemic (COVID-19) and the
climate change effect, which is now being exacerbated by the Russia–Ukrainian conflict. A
rise in food prices has had the greatest impact on the food and nutritional security of the
poor, as impoverished households spend a bigger proportion of their budget on food [77].
During the war, there is likely a food shortage, and this fear drives the price of food even
higher. When we consider the current scenario, different countries have restricted food
exports for fear of food shortage and further inflation due to the Russia–Ukraine war. For
example, Russia, Ukraine, Serbia, and India have imposed restrictions on wheat export
from their countries, and Egypt, Algeria, and Argentina have all prohibited the export of
vegetable oils [78]. Around 20 countries have now banned the export of around 33 food
items, which is around 10.61% share of the global calorie market, excluding intra-EU
trade. This export restriction of many food items could further increase food prices in
food-importing countries due to food shortages. The high prices of agricultural inputs
such as gas, fertilizers, and seeds, etc. also play a significant role in the war-induced
increase in food prices, which eventually reduces food affordability as well as food and
nutritional security.
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4.3.3. Threat to Agro-Biodiversity

Higher agricultural biodiversity means the abundance of wild and domesticated
animals and plant species in the environment are used as sources of energy and nutrition.
Agriculture biodiversity is essential for the sustenance of agricultural crop production and
the development of resistance to threats due to climate change and nuclear war [79]. Many
wild species are not only sources of genetic variability but are also rich in micronutrients
and safe to eat; the inclusion of such species in the diet further helps to enhance diet
diversity and reduce nutritional insecurity [80].

Conflict among the countries, especially the ones with heavy machinery and nuclear
heads, could threaten agro-biodiversity. This jeopardizes the agricultural production
system, both terrestrial and aquatic, whether in regions or globally. In short, modern
warfare has the potential to destroy many natural wild habitats and kill many species in a
short period. Similarly, conflict could result in the exploitation of natural resources and
higher deforestation. The case study of conflicted regions like Ethiopia and Mozambique
has also proved the point discussed above [81]. The use of biological weapons (such as
plant and animal diseases) in the war could further affect biodiversity with their fast spread
and could even make some species extinct if biological weapons were used on a large
scale [82]. Therefore, a decline in agrobiodiversity due to interstate or intrastate conflict
could reduce food diversity and affect food and nutritional security.

4.3.4. Infrastructure Damage

Conflicts could also compromise the population’s food and nutritional security by
causing infrastructural damage. Those infrastructures could be ports, food processing
facilities, industries, or energy grids, as well as water supply channels. Damage to the
abovementioned infrastructures could result in a humanitarian crisis. Furthermore, billions
of dollars need to be spent to build damaged civilian infrastructure, which is a huge
economic burden for the countries in the war, which often leads to economic crises. For
example, as of May 2022, it was projected that the ongoing Russia–Ukraine conflict has cost
Ukraine approximately 97.4 billion USD in damage to its civilian infrastructure [83]. On
the other hand, damage to the ports and the port-related infrastructure directly affects the
import and export of goods, including agricultural inputs such as seeds. Even if crops are
produced, damage to the energy grid and processing facility or industry could hamper the
food processing capacity, affecting the prices and ultimately increasing the chance of food
and nutritional insecurities.

4.3.5. Nuclear Winter and Climate Change

In the context of increasing regional conflict and dispute among countries powered
with nuclear weapons, the chance of using nuclear warheads against each other increases.
Nuclear weapons not only directly kill thousands of people but have long-standing con-
sequences, including structural damage, resource depletion, and, more importantly, the
potential change in climate that causes a nuclear winter. A nuclear winter is the condition
of a global cooling effect that can potentially result after a heavy-scale nuclear war [84].
Thus, nuclear winter conditions would alter the scenario of global food production and
consumption, posing a threat to the global food system and food security. In addition, the
environmental effects of a nuclear war could travel without boundaries (such as smoke,
pollution, and chemical toxicity in the air) and cover a huge portion of the stratosphere,
reducing the amount of energy—in adverse extremes, this could produce a decade-long
reduction in the temperature of the earth, affecting solar radiation and the pattern of the
rainfall, which, in turn, would affect agricultural production. Jägermeyr et al. (2020) [85]
have investigated the potential impact of nuclear war on world agricultural production
using a simulation model that considers the possibility of a nuclear fight between Pakistan
and India. They reported that the global mean temperature could decline by 1.8 ◦C and
precipitation by 8% for at least 5 years due to the emission of more than 5 Tg soot from
the nuclear fire. They predicted a decrease in maize, wheat, rice, and soybean production
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by 13%, 11%, 3%, and 17%, respectively, for more than 5 years, with a scenario of using
only <1% of the nuclear arsenal currently present in the world [85]. This study only in-
cluded climate change’s effect on food production. We should note that there could be
other major effects on food production resulting from a nuclear war, such as infrastructure
damage, resource unavailability, human disease problem, labor shortage, and disruption
in the global food chains. The condition and threat to global food security would further
escalate if multiple countries with high nuclear power were involved in the war at their
full capacity.

5. Resolutions to Address a Triad of Modern Challenges to Agriculture and Global
Food Security

Agriculture in the twenty-first century has several challenges. It needs to meet in-
creased food demands for the increasing human population as well as satisfy sustainability
goals and adapt to climate change. Food production and supply are significantly compli-
cated by climate change scenarios, unexpected events such as pandemics, and conflicts
across nations. By the end of the twenty-first century, the temperature is projected to rise by
3.4 ◦C while CO2 concentration will be almost four times higher [26]. Such forecasts raise
serious questions about the sustainability of current farming systems as they are subjected
to these substantial threats. Moreover, epidemics and pandemics are uncertain with un-
precedented challenges. Similarly, international conflicts slow down human activities while
increasing resource depletion and structural damage. Hence, all these challenges faced by
the modern world and their interconnections necessitate policy integration strategies with
urgent implementation for long-term sustainability. Because of the interlinkage between
climate change, pandemics, and conflicts, it has become evident that these issues cannot
be addressed unless these factors are approached in an integrated way. Figure 4 shows
the summary of our discussion regarding the resolution, and in the following sections, we
present the key area that can be focused on when tackling these challenges.Sustainability 2023, 15, x FOR PEER REVIEW 13 of 23 
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5.1. Adapting to Changing Climate

Although adaptation strategies to the changing climate need to differ according to the
various world regions and to be site and climate specific, there are some promising basic
principles that one can stick to. For example, an increased level of component integration
and diversification in cropping systems can reduce the vulnerability posed by extreme
climatic conditions, thereby increasing resilience. Monoculture practices are vulnerable
to pest outbreaks, soil degradation, nutrient depletion, and other challenges compared
to diversified agroecosystems with multiple crops and vegetation. Diversified systems
enhance soil health, conserve water, and promote natural pest management, making them
more resilient to climate change impacts. Diversification also provides options to generate
revenue from the crop portfolio even if the yield in one crop fails. Integrated cropping
systems, such as having a continuous plant cover with winter annuals, summer annuals,
and perennials, and integration of livestock with crops, can also provide adaptation benefits.
Integrated cropping systems, such as integrated agroforestry (agriculture and silviculture)
and specifically planting trees in the landscape, can make farms more resilient in many
ways by improving the local micro-climate, increasing water availability, mitigating soil
erosion, and balancing the effects of harsh weather [86]. Shifting production from one
crop variety to another or locally adapted annual or perennial species may be another
option for adaptation. A recent evaluation also emphasized using practices based on
agroecological principles such as crop diversification, agroforestry, and mixed cropping
and livestock systems for improving food security and environmental sustainability [29].
These agroecological practices replicate the local environment, are affordable, ecologically
friendly, and culturally aligned, making them particularly beneficial for smallholder farmers
in poor and middle-income countries facing the climate crisis, helping them to build climate-
resilient communities that address the interrelated issues of climate change, food security,
and human health. While these adaptation strategies can reduce the impact of climate
change on agricultural productivity, at the same time, other studies, such as [87], suggest
that concrete irrigation water supply, extension, transfer of knowledge, technologies, and
credit facilities must also be used for better yields and positive impacts. Strategic planning,
implementation, and monitoring of cropping systems according to the changing climate
plays a pivotal role in sustainable food production. The European Green Deal of 2019
and Farm to Fork are the most recent efforts that recognize the role of integrated cropping
systems on production while dealing with the changing climate [88].

5.2. Precision Management of Agriculture

In addition to adapting to the changing climate, precision management of agriculture
can play a major role in making farming informed and more sustainable, without com-
promising crop productivity. This can become a larger part of the solution for reducing
different forms of nitrogen losses from agricultural cropland. Precision agriculture can
allow a grower to use fertilizers and other inputs more wisely and efficiently [89]. Modern
precision management technologies such as site-specific field management or variable-rate
application technologies allow for different rates and amounts of fertilizer to get applied
in different sections of the field, as soil fertility and yields differ even across a single field
and need different amounts of fertilizer. This technology helps to identify which areas
are fertilizer deficient and which have enough to supply throughout the growing sea-
son. This, in turn, can decrease the emissions of N2O, which is a potent greenhouse gas.
This also minimizes fertilizer runoff, preventing pollution in water bodies nearby. Such
actions taken to enhance agricultural efficiency while reducing environmental pollution
will have a positive impact on both food security and the reduction of greenhouse gas
emissions [90]. As a result, site-specific management practices can also play a crucial
role in mitigating agriculture’s adverse effects on the environment. In addition, precision
agriculture can also integrate site-specific data with decision support systems (including
crop and soil models that can simulate climate change projections). The adoption and
implementation of advanced internet technology, improved cropping and management
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techniques, enhanced agricultural services, and precision-based informed decisions can
greatly contribute to the promotion and success of climate-smart agriculture [91]. These
tools can also help to evaluate potential climate change scenarios, such as changes in crop
species selection, crop rotations, and other cropping systems and management practices,
thereby maximizing revenue.

5.3. Enhancing Food Production by Reducing Yield Gaps while Maintaining Sustainability

With a large increase in the urge for energy, grain, and livestock products for the in-
creasing human population, [92] projected that every unit of existing agricultural cropland
will need to produce substantially greater crop yields than current yield levels. However,
agriculture intended solely for high production would come along with different detri-
mental effects on the ecosystem. To ensure global food security with a minimal effect
on the environment, the existing agricultural land must be used more productively but
wisely. Focusing on the region where yields are currently limited by different resource
constraint factors can improve crop yields. Global spatial analysis by [93] observed large
variations across the different regions of the world, even within the regions where growing
conditions are the same, indicating the existence of huge yield gaps. Productivity can
be improved just by incorporating better management practices and supplying enough
resources in most of the regions of the world. For example, better nutrient management
and water availability can significantly increase yields across many crop-growing regions
of Africa, Asia, Latin America, and Eastern Europe, where yield gaps seem to be greater.
For example, [94] identified that enabling farmers in such regions with enough resources to
narrow these yield gaps and sustainably stabilize them is imperative to achieving long-term
global food security. Several studies across the world have supported the fact that such
existing gaps in production potential are exploitable and can be achieved under ideal
management [92,95,96]. Thus, reducing yield gaps can increase global food production and
contribute to global food security.

Progress has been made in developing the best management practices (BMPs) and
strategies for reducing yield gaps for major crops, yet there are several challenges to this. It
is important to address differences within a cropping system, niche, region, and the gross
productivity of the number of crops produced per year. Researchers [94,97] have found that
strategies such as limiting agricultural expansion, investigating the reasons behind yield
gaps on underperforming lands, better utilization of existing lands, increasing cropping
efficiency, shifting dietary patterns among people, and reducing waste could increase
food production from given resources or land without compromising the environment.
Production can also be maintained by reducing unnecessary uses of water resources,
nutrients, and agricultural chemicals [98]. So, the idea of increasing resource use efficiency
can maintain and probably also increase the sustainable food delivery system. The current
agricultural practice has disproportionately used resource inputs. Identifying low-efficient
areas and focusing on better management can allow more production. For example, in
places with water as a limiting factor, better land management practices and systems
should be built for better irrigation efficiency without compromising food production. In
addition, improved crop varieties that are resistant and adapted to climatic change can
be another opportunity for improvement. The beginning of any strategies for reducing
crop yield gaps must begin through a precise understanding of not only knowing their
size and geographical distribution but also the biophysical and socio-economic causes
behind these yield gaps at local, regional, and global levels. To summarize, the adoption
of resource-conserving practices, technologies, and services that increase crop yields with
lower water, labor, and input costs should be promoted.

5.4. Reducing Food Wastage

Another important strategy would be the better utilization of foods and reducing
food waste at different production and processing levels. There is a strong discrepancy
across the globe between crops are grown for direct human consumption and those used
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for animal feed. [94] observed that only 62% of crops produced globally are allocated to
human food. Food that is already in production or being produced can be better utilized
by properly allocating or channeling it to populations with a severe food insufficiency.
For food that is already in circulation, more can be done by reducing food waste. In
addition, [94] mentioned that a large amount of food is wasted along the supply chain and
only a small portion reaches ports of consumption. The FAO claims that about one-third
of food produced goes to waste; this percentage is even higher for developed countries.
To achieve global goals for food security and sustainability, it is necessary to effectively
manage and reduce the amount of food that is lost or wasted throughout the global food
supply chain. To accomplish this, three main steps are necessary: assessing the causes and
extent of food waste, educating the food supply chain on waste reduction, and creating
strategies to maximize efficiency for better utilization of foods and minimize waste. For
example, better processing, storage, transport, and allocation can simply improve food
availability by reducing food waste. On top of that, addressing this holistic issue also
requires a comprehensive approach that involves economic, environmental, and social
aspects of sustainability, as well as the active participation of all actors involved in the food
supply chain, including farmers, processors, distributors, sellers, and consumers, from the
production to the consumption stages [99].

5.5. COVID-19: A Wake-Up Call to Reconfigure Existing Food System

COVID-19 is undoubtedly a global problem, but, to some extent, it has also opened
opportunities for many stakeholders associated with food-supply chains. The pandemic
altered the way of buying and selling agricultural produce. More specifically, it accelerated
the transition from offline grocery stores to online. This is proved by the fact that online
stores experienced historically higher sales during the pandemic in 2020 and 2022 [100].

The current food system is best described by industrial production, processing, special-
ization, and trade of commodities via complex global supply chains extensively controlled
and managed by regional and international corporations. The COVID-19 pandemic imper-
iled the livelihoods of growers who specialize in crops as the demand for those fell during
the early phase of the pandemic. Similarly, the illness of workers associated with the food
system adversely affected the global supply chains. Additionally, export restrictions im-
posed by governments worsened food security in developing countries relying on imports.
These are indications that the current food system is incredibly vulnerable. As a result,
analysts are currently advocating transformative change in the current food system. The
COVID-19 pandemic marks an inflection point and warrants a fundamental shift in the
food system.

Given the fragile nature of the global food supply chain laid bare by COVID-19, there
is renewed interest in the local food system. The impacts of the pandemic might likely
catalyze the transition of agricultural production and business toward sustainability and
resiliency. For a long time, smallholders were not at the center of policy forums; however,
the COVID-19 food crisis proved that smallholder growers are the key stakeholders in
keeping the global food system functioning and resilient.

The adoptions of digital technologies such as robots, drones, toll-free numbers, and
autonomous machines will aid in countering the pandemic’s aftereffects and combating
potential food crises in the future [101]. Greater emphasis should be given to increasing
technological adoptions to enhance productivity, improve growers’ access to finance, and
manage the environment and resources. The sustainable, resilient, and secure food supply,
rational decision making, and income expenditure balance for both food producers and
consumers should be at the heart of the post-pandemic food systems [102]. Governments
and policymakers should emphasize the diversification of production as well as supply
chains, and they should implement social protection measures to build a resilient food
system in the face of the challenges posed by the COVID-19 pandemic, climate change,
and wars.
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5.6. Mitigate the Conflict Effect on the Food System and Nutritional Security

Conflicts increase the likelihood of food and nutritional insecurity in populations that
are already vulnerable due to climate change and pandemics such as COVID-19. Nonethe-
less, some measures or activities might be initiated to minimize the food and nutritional
insecurities that could be caused by different types of conflicts. As previously discussed,
countries with a significant reliance on food and agricultural imports are more susceptible
to food price inflation and food and nutritional insecurity. So, reducing the dependency on
food and agriculture-related inputs from other countries can make an individual country’s
food system more resistant, especially during pandemics and wartime. One approach to
increasing local food production could be the revitalization of the concept of the “victory
garden.” During World Wars I and II, the United States successfully implemented the
concept of victory gardens by encouraging families to plant vegetables on unused land
around them and encouraging them as a sign of patriotism. The main aim of the victory
garden was to reduce commercial food demand and reduce packaging and transportation
needs by producing their food locally and supplying the remaining ones, as the war had
caused a significant reduction in food production [103]. Around 18–20 million American
families had victory gardens in 1944 during World War II, and these gardens supplied
around 40% of the total domestic demand for vegetables [104]. However, most people
gave up their victory gardens when life returned to normal after the war. The concept of a
victory garden is not only suitable during wartime but also to combat modern-day issues
such as climate change and food insecurities, and also for agricultural sustainability by
providing fresh and nutritious food to the local population. The idea of the victory garden
was also emphasized during the COVID-19 pandemic as a feasible solution to ameliorate
food and nutritional security challenges imposed by the pandemic [105].

During intrastate (intra-country) conflicts, especially, relocation of the crop production
area along with the agricultural input such as labor to war-unaffected areas could help
to maintain the total agricultural production within countries. This approach could be
more useful in the country with an even distribution of arable land throughout the country.
Intrastate (intra-country) conflicts happening in different countries have shown a significant
reduction in crop production in war-affected regions and increased production in safer
areas. For example, crop production in the northwest and southeast regions (a safer zone)
increased in Syria after the insurgence of the Syrian civil war [76]. Therefore, relocating
agricultural resources contributes to an increase in crop production and reduces food
insecurity among war-affected populations.

Another strategy for developing a resilient food system during times of war is to focus
on heirloom local varieties and promote the production and consumption of locally avail-
able crop species. By doing so, dependence on the foreign seed supply chain and fertilizer
and pesticides is reduced, as local heirloom and wild varieties are typically resistant to
disease and drought and require less fertilizer than commercial hybrid cultivars [106]. The
cultivation of local varieties with low fertilizer requirements reduces the cost of production
for farmers, thereby helping to keep food prices affordable. Similarly, the inclusion of
local and wild edible species and their diversity in the diet could help to meet the body’s
nutritional needs [107]. Wild and locally available edible species are generally rich in
different bioactive compounds such as total phenols, vitamin C, flavonoids, anthocyanins,
and antioxidant compounds [108,109]. With these efforts, there could be potential to exploit
underutilized wild crop species as a possible food source for the future. Scholars [110]
have also discussed the potential use of underutilized wild crop spices to mitigate the
burgeoning issue of malnutrition and food insecurity.

Importantly, collaboration among countries on natural resource utilization such as oil,
minerals, and medicinal plants could help to reduce the risk imposed by the pandemic and
conflicts. For example, many countries have stopped the export of foods such as wheat,
vegetable oil, etc. to avoid future shortages of such goods in their countries [78], which is
driving food prices even higher, making certain goods unaffordable for many people. In
such circumstances, international dialogue and cooperation could be the key to reducing
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the global risk of food insecurity. By implementing a holistic approach, such as relocation
and better use of available resources, increasing local food production, incorporating
underutilized wild and diverse crop species into the diet, and fostering collaboration
between countries and people, the risk of food insecurity caused by conflicts could be
mitigated to some extent.

6. Conclusions

In this review article, we have assessed food and agricultural systems in the context
of three critical threats: pandemics like COVID-19, climate change, and conflicts among
countries. Presenting the review findings and discussing the inter-relation of pandemics,
climate change, and conflicts in food and agriculture, we posit that the trio of challenges
and their interfaces are remarkable in that they threaten anticipated goals on sustainability,
hunger reduction, and food security. Both short-term and possible long-term impacts
are apparent to the production and distribution systems and supply chains of food and
agriculture. Documentations and estimations on the individual effects of climate change,
COVID-19 situations, and conflicts not only show the direct effects through the distorted
food supply, food prices, and hampered consumption, but also indicate the further pro-
gression toward the long-lasting cause of critically alarming issues in agriculture, food,
and humankind. These include, for example, increasing incidences of extreme weather
and natural disasters of high impacts, invasion of more aggressive pests and diseases,
the decrease in crop production, distorted supply chains, increased public health issues
and illness, food scarcity, increased food prices, reduced agro-biodiversity, infrastructure
damage, and even the extreme of a decade-long nuclear winter. The interactive effects of
the factors in this trio could further escalate all of these issues to an even greater magnitude.

These issues and interactions have complex effects on food and agriculture. However,
to prevent or overcome the adverse effects, we should use some mitigation strategies
as possible resolutions. Climate change actions and adaptation efforts are increasingly
necessary to adopt and embrace along with strong global commitment. In production
agriculture, precision management and emphasized examination of specific managerial
and yield gaps could support the increase of food production. In distribution and food
supply chains, we should put strong efforts into the reduction of food waste and the
reconfiguration of food systems during COVID-19, climate change, and conflict-created
situations. Finally, we should use some strategies to make our food systems less vulnerable
to conflicts. We have presented a discussion of each of these prospects in the paper.

Environmental and climatic factors are integral parts, and, therefore, the changes in
these should be dynamically adopted in food and agricultural systems. COVID-19, its
uncertainty, and its effects have shown that adverse economic impacts of these issues
are not static but are sequential, dynamic, and long-term. This has helped to identify
vulnerable systems and to be prepared by building resilient food systems, and it has further
highlighted the roles of some specific factors that were not critically examined before.
For example, it has increased the realization of the roles of strong short supply chains,
smallholder growers and farmers, local supplies, innovations in food distribution systems,
urban and community gardening, and identifying yield and managerial gaps for focused
targets in enhancing production. Conflict situations have further suggested that we delve
into the food self-sufficiency prioritization of a nation. Even relatively less dependency of a
nation from others on critical aspects, such as food, helps to prevent extreme adversities of
famine and hunger during conflicts. With the possibility of global economic effects that are
hard to mitigate in the short term, our comprehensive findings have also suggested that
the food and agricultural systems should prioritize emphasizing enhancing resource use
efficiencies and allocative efficiencies in addition to production and technical efficiencies.
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50. Stevanović, M.; Popp, A.; Lotze-Campen, H.; Dietrich, J.P.; Müller, C.; Bonsch, M.; Schmitz, C.; Bodirsky, B.L.; Humpenöder, F.;
Weindl, I. The impact of high-end climate change on agricultural welfare. Sci. Adv. 2016, 2, e1501452. [CrossRef]

51. Deutsch, C.A.; Tewksbury, J.J.; Tigchelaar, M.; Battisti, D.S.; Merrill, S.C.; Huey, R.B.; Naylor, R.L. Increase in crop losses to insect
pests in a warming climate. Science 2018, 361, 916–919. [CrossRef]

https://doi.org/10.1017/9781009157926.001
https://doi.org/10.3390/su142113954
https://doi.org/10.1093/pcp/pcx141
https://doi.org/10.1007/s13593-014-0275-9
https://doi.org/10.18006/2020.8(4).441.446
https://doi.org/10.1088/1748-9326/2/1/014002
https://doi.org/10.1016/j.jeem.2016.12.001
https://doi.org/10.1007/s10584-006-9066-x
https://doi.org/10.1111/gcb.12023
https://www.ncbi.nlm.nih.gov/pubmed/23504722
https://doi.org/10.1016/j.ydbio.2016.07.023
https://www.ncbi.nlm.nih.gov/pubmed/27521050
https://doi.org/10.1016/S0168-1923(97)00064-6
https://doi.org/10.1017/S0021859605005708
https://doi.org/10.1098/rsif.2009.0111
https://www.ncbi.nlm.nih.gov/pubmed/19447817
https://doi.org/10.1007/s12571-010-0058-3
https://doi.org/10.1016/j.agrformet.2011.06.011
https://doi.org/10.3390/su15076211
https://doi.org/10.1371/journal.pone.0153237
https://doi.org/10.1016/j.agrformet.2012.06.017
https://doi.org/10.1111/j.1365-3059.2010.02414.x
https://doi.org/10.1007/s13593-016-0350-5
https://doi.org/10.1016/j.cropro.2020.105304
https://doi.org/10.1126/sciadv.1501452
https://doi.org/10.1126/science.aat3466


Sustainability 2023, 15, 8280 20 of 22

52. Bosello, F.; Zhang, J. Assessing Climate Change Impacts: Agriculture; SSRN Scholarly Paper 771245; Social Science Research Network:
Rochester, NY, USA, 2005. [CrossRef]

53. Kumar, R.; Gautam, H.R. Climate change and its impact on agricultural productivity in India. J. Climatol. Weather Forecast. 2014,
2, 109. [CrossRef]

54. Li, Y.; Ye, W.; Wang, M.; Yan, X. Climate change and drought: A risk assessment of crop-yield impacts. Clim. Res. 2009, 39, 31–46.
[CrossRef]

55. Ruddiman, W.F. The Anthropogenic Greenhouse Era Began Thousands of Years Ago. Clim. Chang. 2003, 61, 261–293. [CrossRef]
56. Mcevedy, C.; Jones, R. Atlas of World Population History, 1st ed.; Puffin Books/Penguine Books: London, UK, 1978;

ISBN-13: 978-0140510768.
57. Poudel, P.B.; Poudel, M.R.; Gautam, A.; Phuyal, S.; Tiwari, C.K.; Bashyal, N.; Bashyal, S. COVID-19 and its global impact on food

and agriculture. J. Biol. Today’s World 2020, 9, 221–225.
58. Crises, G.N.A.F. 2020 Global Report on Food Crises: Joint Analysis for Better Decisions; September update in times of COVID-19;

International Food Policy Research Institute (IFPRI): Washington, DC, USA, 2021.
59. Clapp, J.; Moseley, W.G. This food crisis is different: COVID-19 and the fragility of the neoliberal food security order. J. Peasant

Stud. 2020, 47, 1393–1417. [CrossRef]
60. Congestion All Around, from COVID in China to Gridlocks in L.A. Available online: https://www.freightright.com/news/

congestion-all-around-from-covid-in-china-to-gridlocks-in-la (accessed on 29 April 2023).
61. Carrière-Swallow, Y.; Deb, P.; Furceri, D.; Jiménez, D.; Ostry, J.D. How Soaring Shipping Costs Raise Prices around the World.

Available online: https://www.imf.org/en/Blogs/Articles/2022/03/28/how-soaring-shipping-costs-raise-prices-around-the-
world#:~:text=Studying%20data%20from%20143%20countries,by%20about%200.7%20percentage%20point (accessed on 29 April
2023).

62. Vyas, S.; Chanana, N.; Chanana, M.; Aggarwal, P.K. From Farm to Fork: Early Impacts of COVID-19 on Food Supply Chain. Front.
Sustain. Food Syst. 2021, 5, 658290. [CrossRef]

63. Ridley, W.; Devadoss, S. The Effects of COVID-19 on Fruit and Vegetable Production. Appl. Econ. Perspect. Policy 2021, 43, 329–340.
[CrossRef]

64. Roubík, H.; Lošt’ák, M.; Ketuama, C.T.; Procházka, P.; Soukupová, J.; Hakl, J.; Karlík, P.; Hejcman, M. Current coronavirus crisis
and past pandemics—What can happen in post-COVID-19 agriculture? Sustain. Prod. Consum. 2022, 30, 752–760. [CrossRef]

65. Jaacks, L.M.; Veluguri, D.; Serupally, R.; Roy, A.; Prabhakaran, P.; Ramanjaneyulu, G. Impact of the COVID-19 pandemic on
agricultural production, livelihoods, and food security in India: Baseline results of a phone survey. Food Secur. 2021, 13, 1323–1339.
[CrossRef]

66. Khan, S.A.R.; Razzaq, A.; Yu, Z.; Shah, A.; Sharif, A.; Janjua, L. Disruption in food supply chain and undernourishment challenges:
An empirical study in the context of Asian countries. Socioecon. Plan. Sci. 2022, 82, 101033. [CrossRef]

67. Béné, C. Resilience of local food systems and links to food security—A review of some important concepts in the context of
COVID-19 and other shocks. Food Secur. 2020, 12, 805–822. [CrossRef]

68. Workie, E.; Mackolil, J.; Nyika, J.; Ramadas, S. Deciphering the impact of COVID-19 pandemic on food security, agriculture,
and livelihoods: A review of the evidence from developing countries. Curr. Res. Environ. Sustain. 2020, 2, 100014. [CrossRef]
[PubMed]

69. Elavarasan, R.M.; Pugazhendhi, R.; Shafiullah, G.M.; Kumar, N.M.; Arif, M.T.; Jamal, T.; Chopra, S.S.; Dyduch, J. Impacts of
COVID-19 on Sustainable Development Goals and effective approaches to maneuver them in the post-pandemic environment.
Environ. Sci. Pollut. Res. 2022, 29, 33957–33987. [CrossRef] [PubMed]

70. Nundy, S.; Ghosh, A.; Mesloub, A.; Albaqawy, G.A.; Alnaim, M.M. Impact of COVID-19 pandemic on socio-economic, energy-
environment and transport sector globally and sustainable development goal (SDG). J. Clean. Prod. 2021, 312, 127705. [CrossRef]
[PubMed]

71. Wang, Q.; Huang, R. The impact of COVID-19 pandemic on sustainable development goals—A survey. Environ. Res. 2021, 202,
111637. [CrossRef] [PubMed]

72. Poverty and Shared Prosperity.Pdf. Available online: https://openknowledge.worldbank.org/bitstream/handle/10986/34496/
9781464816024.pdf (accessed on 21 June 2022).

73. Martin-Shields, C.P.; Stojetz, W. Food security and conflict: Empirical challenges and future opportunities for research and policy
making on food security and conflict. World Dev. 2019, 119, 150–164. [CrossRef]

74. Croicu, M.; Sundberg, R. UCDP GED Codebook Version 17.1; Department of Peace and Conflict Research, Uppsala University:
Uppsala, Sweden, 2017; pp. 1–38.

75. FAO. The Importance of Ukraine and the Russian Federation for Global Agricultural Markets and the Risks Associated with the Current
Conflict; Executive Summary; FAO: Rome, Italy, 2022.

76. Li, X.-Y.; Li, X.; Fan, Z.; Mi, L.; Kandakji, T.; Song, Z.; Li, D.; Song, X.-P. Civil war hinders crop production and threatens food
security in Syria. Nat. Food 2022, 3, 38–46. [CrossRef]

77. Artuc, E.; Falcone, G.; Porto, G.; Rijkers, B. War-Induced Food Price Inflation Imperils the Poor. VoxEU.org. Available online:
http://www.thethao247web.net/article/war-induced-food-price-inflation-imperils-poor (accessed on 3 March 2023).

https://doi.org/10.2139/ssrn.771245
https://doi.org/10.4172/2332-2594.1000109
https://doi.org/10.3354/cr00797
https://doi.org/10.1023/B:CLIM.0000004577.17928.fa
https://doi.org/10.1080/03066150.2020.1823838
https://www.freightright.com/news/congestion-all-around-from-covid-in-china-to-gridlocks-in-la
https://www.freightright.com/news/congestion-all-around-from-covid-in-china-to-gridlocks-in-la
https://www.imf.org/en/Blogs/Articles/2022/03/28/how-soaring-shipping-costs-raise-prices-around-the-world#:~:text=Studying%20data%20from%20143%20countries,by%20about%200.7%20percentage%20point
https://www.imf.org/en/Blogs/Articles/2022/03/28/how-soaring-shipping-costs-raise-prices-around-the-world#:~:text=Studying%20data%20from%20143%20countries,by%20about%200.7%20percentage%20point
https://doi.org/10.3389/fsufs.2021.658290
https://doi.org/10.1002/aepp.13107
https://doi.org/10.1016/j.spc.2022.01.007
https://doi.org/10.1007/s12571-021-01164-w
https://doi.org/10.1016/j.seps.2021.101033
https://doi.org/10.1007/s12571-020-01076-1
https://doi.org/10.1016/j.crsust.2020.100014
https://www.ncbi.nlm.nih.gov/pubmed/34977605
https://doi.org/10.1007/s11356-021-17793-9
https://www.ncbi.nlm.nih.gov/pubmed/35032263
https://doi.org/10.1016/j.jclepro.2021.127705
https://www.ncbi.nlm.nih.gov/pubmed/36471816
https://doi.org/10.1016/j.envres.2021.111637
https://www.ncbi.nlm.nih.gov/pubmed/34233155
https://openknowledge.worldbank.org/bitstream/handle/10986/34496/9781464816024.pdf
https://openknowledge.worldbank.org/bitstream/handle/10986/34496/9781464816024.pdf
https://doi.org/10.1016/j.worlddev.2018.07.011
https://doi.org/10.1038/s43016-021-00432-4
http://www.thethao247web.net/article/war-induced-food-price-inflation-imperils-poor


Sustainability 2023, 15, 8280 21 of 22

78. IFPRI. Food Export & Fertilizer Restrictions Tracker. Tableau Software. Available online: https://public.tableau.com/views/
ExportRestrictionsTracker/FoodExportRestrictionsTracker?%3Adisplay_static_image=y&%3AbootstrapWhenNotified=true&
%3Aembed=true&%3Alanguage=en-US&:embed=y&:showVizHome=n&:apiID=host0#navType=0&navSrc=Parse (accessed on 3
June 2022).

79. Pilling, D.; Bélanger, J.; Hoffmann, I. Declining biodiversity for food and agriculture needs urgent global action. Nat. Food 2020, 1,
144–147. [CrossRef]

80. Corrêa, R.C.G.; Di Gioia, F.; Ferreira, I.C.F.R.; Petropoulos, S.A. Wild greens used in the Mediterranean diet. In The Mediterranean
Diet, 2nd ed.; Preedy, V.R., Watson, R.R., Eds.; Academic Press: Cambridge, MA, USA, 2020; pp. 209–228. [CrossRef]

81. Jacobs, M.J.; Schloeder, C.A. Impacts of Conflict on Biodiversity and Protected Areas in Ethiopia; Biodiversity Support Program c/o
World Wildlife Fund: Washington DC, USA, 2001.

82. Dudley, J.P.; Woodford, M.H. Bioweapons, bioterrorism and biodiversity: Potential impacts of biological weapons attacks on
agricultural and biological diversity. Rev. Sci. Tech. Int. Off. Epizoot. 2002, 21, 125–137. [CrossRef]

83. Kyiv School of Economics. Ukraine: Infrastructure War Damage 2022. Statista. Available online: https://www.statista.com/
statistics/1303344/ukraine-infrastructure-war-damage/ (accessed on 6 June 2022).

84. Robock, A. Nuclear winter. Wiley Interdiscip. Rev. Clim. Chang. 2010, 1, 418–427. [CrossRef]
85. Jägermeyr, J.; Robock, A.; Elliott, J.; Müller, C.; Xia, L.; Khabarov, N.; Folberth, C.; Schmid, E.; Liu, W.; Zabel, F.; et al. A regional

nuclear conflict would compromise global food security. Proc. Natl. Acad. Sci. USA 2020, 117, 7071–7081. [CrossRef]
86. Liebman, M.; Helmers, M.J.; Schulte, L.A.; Chase, C.A. Using biodiversity to link agricultural productivity with environmental

quality: Results from three field experiments in Iowa. Renew. Agric. Food Syst. 2013, 28, 115–128. [CrossRef]
87. Magesa, B.A.; Mohan, G.; Melts, I.; Matsuda, H.; Pu, J.; Fukushi, K. Interactions between Farmers’ Adaptation Strategies to

Climate Change and Sustainable Development Goals in Tanzania, East Africa. Sustainability 2023, 15, 4911. [CrossRef]
88. Gargano, G.; Licciardo, F.; Verrascina, M.; Zanetti, B. The Agroecological Approach as a Model for Multifunctional Agriculture

and Farming towards the European Green Deal 2030—Some Evidence from the Italian Experience. Sustainability 2021, 13, 2215.
[CrossRef]

89. Wolfe, M.L.; Richard, T.L. 21st century engineering for on-farm food–energy–water systems. Curr. Opin. Chem. Eng. 2017, 18,
69–76. [CrossRef]

90. Balasundram, S.K.; Shamshiri, R.R.; Sridhara, S.; Rizan, N. The Role of Digital Agriculture in Mitigating Climate Change and
Ensuring Food Security: An Overview. Sustainability 2023, 15, 5325. [CrossRef]

91. Zhao, J.; Liu, D.; Huang, R. A Review of Climate-Smart Agriculture: Recent Advancements, Challenges, and Future Directions.
Sustainability 2023, 15, 3404. [CrossRef]

92. van Ittersum, M.K.; Cassman, K.G.; Grassini, P.; Wolf, J.; Tittonell, P.; Hochman, Z. Yield gap analysis with local to global
relevance—A review. Field Crops Res. 2013, 143, 4–17. [CrossRef]

93. Neumann, K.; Verburg, P.H.; Stehfest, E.; Müller, C. The yield gap of global grain production: A spatial analysis. Agric. Syst. 2010,
103, 316–326. [CrossRef]

94. Foley, J.A.; Ramankutty, N.; Brauman, K.A.; Cassidy, E.S.; Gerber, J.S.; Johnston, M.; Mueller, N.D.; O’Connell, C.; Ray, D.K.; West,
P.C.; et al. Solutions for a cultivated planet. Nature 2011, 478, 337–342. [CrossRef]

95. Grassini, P.; Eskridge, K.M.; Cassman, K.G. Distinguishing between yield advances and yield plateaus in historical crop
production trends. Nat. Commun. 2013, 4, 2918. [CrossRef]

96. Tittonell, P.; Giller, K.E. When yield gaps are poverty traps: The paradigm of ecological intensification in African smallholder
agriculture. Field Crops Res. 2013, 143, 76–90. [CrossRef]

97. Mueller, N.D.; Gerber, J.S.; Johnston, M.; Ray, D.K.; Ramankutty, N.; Foley, J.A. Closing yield gaps through nutrient and water
management. Nature 2012, 490, 254–257. [CrossRef] [PubMed]

98. Drinkwater, L.E.; Schipanski, M.; Snapp, S.; Jackson, L.E. Ecologically based nutrient management. In Agricultural Systems;
Elsevier: Amsterdam, The Netherlands, 2017; pp. 203–257.

99. De Boni, A.; Ottomano Palmisano, G.; De Angelis, M.; Minervini, F. Challenges for a Sustainable Food Supply Chain: A Review
on Food Losses and Waste. Sustainability 2022, 14, 16764. [CrossRef]

100. Morales, M. Post-pandemic consumer behavior towards e-commerce and retail stores in United States. Rev. Venez. Gerenc. 2021,
26, 47–64. [CrossRef]

101. Panghal, A.; Mor, R.S.; Kamble, S.S.; Khan, S.A.R.; Kumar, D.; Soni, G. Global food security post COVID-19: Dearth or dwell in
the developing world? Agron. J. 2022, 114, 878–884. [CrossRef]

102. Holtslander, C. Envisioning a Post-Pandemic Agriculture and Food System. Available online: https://www.nfu.ca/policy/
envisioning-a-post-pandemic-agriculture-and-food-system/?mc_cid=dd46ef471d&mc_eid=2846a16e39 (accessed on 29 April
2023).

103. Pack, C.L. Victory Gardens Feed the Hungry: The Needs of Peace Demand the Increased Production of Food in America’s Victory Gardens;
National War Garden Commission: Washington, DC, USA, 1919.

104. Lawson, L.J. Garden for Victory! The American Victory Garden Campaign of World War II. In Greening in the Red Zone: Disaster,
Resilience and Community Greening; Tidball, K.G., Krasny, M.E., Eds.; Springer: Dordrecht, The Netherlands, 2014; pp. 181–195.
[CrossRef]

https://public.tableau.com/views/ExportRestrictionsTracker/FoodExportRestrictionsTracker?%3Adisplay_static_image=y&%3AbootstrapWhenNotified=true&%3Aembed=true&%3Alanguage=en-US&:embed=y&:showVizHome=n&:apiID=host0#navType=0&navSrc=Parse
https://public.tableau.com/views/ExportRestrictionsTracker/FoodExportRestrictionsTracker?%3Adisplay_static_image=y&%3AbootstrapWhenNotified=true&%3Aembed=true&%3Alanguage=en-US&:embed=y&:showVizHome=n&:apiID=host0#navType=0&navSrc=Parse
https://public.tableau.com/views/ExportRestrictionsTracker/FoodExportRestrictionsTracker?%3Adisplay_static_image=y&%3AbootstrapWhenNotified=true&%3Aembed=true&%3Alanguage=en-US&:embed=y&:showVizHome=n&:apiID=host0#navType=0&navSrc=Parse
https://doi.org/10.1038/s43016-020-0040-y
https://doi.org/10.1016/B978-0-12-818649-7.00020-5
https://doi.org/10.20506/rst.21.1.1328
https://www.statista.com/statistics/1303344/ukraine-infrastructure-war-damage/
https://www.statista.com/statistics/1303344/ukraine-infrastructure-war-damage/
https://doi.org/10.1002/wcc.45
https://doi.org/10.1073/pnas.1919049117
https://doi.org/10.1017/S1742170512000300
https://doi.org/10.3390/su15064911
https://doi.org/10.3390/su13042215
https://doi.org/10.1016/j.coche.2017.10.005
https://doi.org/10.3390/su15065325
https://doi.org/10.3390/su15043404
https://doi.org/10.1016/j.fcr.2012.09.009
https://doi.org/10.1016/j.agsy.2010.02.004
https://doi.org/10.1038/nature10452
https://doi.org/10.1038/ncomms3918
https://doi.org/10.1016/j.fcr.2012.10.007
https://doi.org/10.1038/nature11420
https://www.ncbi.nlm.nih.gov/pubmed/22932270
https://doi.org/10.3390/su142416764
https://doi.org/10.52080/rvgluz.26.e6.4
https://doi.org/10.1002/agj2.20932
https://www.nfu.ca/policy/envisioning-a-post-pandemic-agriculture-and-food-system/?mc_cid=dd46ef471d&mc_eid=2846a16e39
https://www.nfu.ca/policy/envisioning-a-post-pandemic-agriculture-and-food-system/?mc_cid=dd46ef471d&mc_eid=2846a16e39
https://doi.org/10.1007/978-90-481-9947-1_14


Sustainability 2023, 15, 8280 22 of 22

105. Music, J.; Finch, E.; Gone, P.; Toze, S.; Charlebois, S.; Mullins, L. Pandemic Victory Gardens: Potential for local land use policies.
Land Use Policy 2021, 109, 105600. [CrossRef]

106. Tejendra, C.; Andrew, R. Evaluation of Heirloom and Commercial Cultivars of Small Grains under Low Input Organic Systems.
Am. J. Plant Sci. 2012, 3, 655–669. [CrossRef]

107. Gasparini, K.; dos Reis Moreira, J.; Peres, L.E.P.; Zsögön, A. De novo domestication of wild species to create crops with increased
resilience and nutritional value. Curr. Opin. Plant Biol. 2021, 60, 102006. [CrossRef]

108. Pereira, C.; Barros, L.; Carvalho, A.M.; Ferreira, I.C.F.R. Nutritional composition and bioactive properties of commonly consumed
wild greens: Potential sources for new trends in modern diets. Food Res. Int. 2011, 44, 2634–2640. [CrossRef]

109. Srivastava, R. Nutritional Quality of Some Cultivated and Wild Species of Amaranthus L. Int. J. Pharm. Sci. Res. 2011, 2, 3152.
110. Peduruhewa, P.; Jayathunge, K.; Liyanage, R. Potential of Underutilized Wild Edible Plants as the Food for the Future–A Review.

J. Food Secur. 2021, 9, 136–147.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.landusepol.2021.105600
https://doi.org/10.4236/ajps.2012.35080
https://doi.org/10.1016/j.pbi.2021.102006
https://doi.org/10.1016/j.foodres.2011.05.012

	Introduction 
	Methodology 
	Conceptual Framework of Interrelation between Pandemics, Climate Change, and Conflicts 
	Trio of Challenges 
	Climate Change: Challenge to Agriculture, Crops, and Food Supply 
	COVID-19 Food Crises: A Unique and Complex Crisis 
	Conflicts among Nations Drive Scarcity and Impact Global Food Security 
	Decrease in Crop Production 
	Increased Food Prices 
	Threat to Agro-Biodiversity 
	Infrastructure Damage 
	Nuclear Winter and Climate Change 


	Resolutions to Address a Triad of Modern Challenges to Agriculture and Global Food Security 
	Adapting to Changing Climate 
	Precision Management of Agriculture 
	Enhancing Food Production by Reducing Yield Gaps while Maintaining Sustainability 
	Reducing Food Wastage 
	COVID-19: A Wake-Up Call to Reconfigure Existing Food System 
	Mitigate the Conflict Effect on the Food System and Nutritional Security 

	Conclusions 
	References

