foods

Review

How the War in Ukraine Affects Food Security

Walter Leal Filho 123, Mariia Fedoruk 3%, Joao Henrique Paulino Pires Eustachio 3, Jelena Barbir 3,
Tetiana Lisovska 3, Alexandros Lingos ? and Caterina Baars 3

Citation: Leal Filho, W.;

Fedoruk, M.; Paulino Pires
Eustachio, J.H.; Barbir, J.;
Lisovska, T.; Lingos, A.; Baars, C.
How the War in Ukraine Affects
Food Security. Foods 2023, 12, 3996.
https://doi.org/10.3390/
foods12213996

Academic Editor: Arun K. Bhunia,

Massimo F. Marcone

Received: 6 September 2023
Revised: 28 September 2023
Accepted: 8 October 2023

Published: 31 October 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution  (CC  BY) license
(https://creativecommons.org/license

s/by/4.0/).

1 European School of Sustainability Science and Research (ESSSR), Hamburg University of Applied Sciences,
21033 Hamburg, Germany; walter.leal2@haw-hamburg.de

2 Department of Natural Sciences, Manchester Metropolitan University, Manchester M1 5GD, UK

3 Research and Transfer Centre Sustainability & Climate Change Management (FTZ-NK), Faculty of Life

Sciences, Hamburg University of Applied Sciences, 21033 Hamburg, Germany;

tetiana.lisovska@haw-hamburg.de (T.L.)

Correspondence: mariia.fedoruk@haw-hamburg.de

Abstract: The war in Ukraine has caused severe disruption to national and worldwide food supplies.
Ukraine is a major exporter of wheat, maize, and oilseeds, staples that are now suffering a war-
triggered supply risk. This paper describes the background of the problem and illustrates current
trends by outlining some of the measures that may be deployed to mitigate the conflict’s impacts on
achieving SDG 2 (Zero hunger), especially focusing on ending hunger, achieving food security, im-
proving nutrition, and promoting sustainable agriculture. In order to understand the main research
strands in the literature that are related to food security in the context of wars, the authors adopted
a bibliometric literature review based on the co-occurrence of terms technique, conducted with 631
peer-reviewed documents extracted from the Scopus database. To complement the bibliometric as-
sessment, ten case studies were selected to narrow down the food insecurity aspects caused by the
war in Ukraine. The co-occurrence analysis indicated four different thematic clusters. In the next
stage, an assessment of the current situation on how war affects food security was carried out for
each one of the clusters, and the reasons and possible solutions to food security were identified.
Policy recommendations and theoretical implications for food security in the conflict context in
Ukraine were also addressed.
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1. Introduction

The armed conflict in Ukraine poses a considerable challenge to food markets world-
wide. On 17 July 2023, the UN Secretary-General, Antonio Guterres, noted the following:
“The production and availability of food is being disrupted by conflict, climate change,
energy prices and more”. These words show that addressing food security is complicated
by conflicts, including active military operations in the territory of Ukraine, climate
change, and energy prices [1]. In accordance with the most recent definition by FAO [2],
Food Security (FS) has been defined as follows: “A situation that exists when all people, at all
times, have physical, social and economic access to sufficient, safe and nutritious food that meets
their dietary needs and food preferences for an active and healthy life”.

Before 2014, humanity was successfully overcoming the problem of food security in
small steps; there has been a continuous decline in food security indicators since then. The
impact of the COVID-19 pandemic on food security has also been devastating, with an
estimated increase in the number of people suffering from hunger in 2020 equal to the
previous five years combined. This means that almost one in three people in the world
(2.37 billion) did not have access to adequate food in 2020 [3]. The FAO’s 2023 report notes
that the international community has not had time to recover from the global pandemic
and is now struggling with the consequences of the war in Ukraine, which has further
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undermined food and energy markets [4]. Global food security challenges and its drivers
include conflicts and wars in Ukraine and other countries, slowdowns and downturns,
and climate change [4].

Since February 2022, the war in Ukraine has caused numerous consequences, includ-
ing severe stress in food security, with impacts on the national and global levels. The rea-
sons for this severe stress are rising prices and supply chain disruptions [5]. Most im-
portantly, Ukraine is one of the world’s main breadbaskets [6]. Ukraine exports approxi-
mately 20% of all wheat produced in the world. As for corn and sunflower, Ukraine ac-
counts for 10% and 45% of global production, respectively [7].

Ukraine is among the largest exporting countries of sunflower seeds, oilseeds, rape-
seed, corn, and wheat [8]. For example, Ukraine accounts for about a third of cereal sup-
plies in the Middle East and North Africa region [9]. East Africa is also heavily dependent
on cereal imports, 45 per cent of which come from Ukraine [9]. Fragile countries such as
Libya, Pakistan, Yemen, and Lebanon receive 30% of their wheat imports from Ukraine
[2], indicating that a large percentage of the population lives in food insecurity.

In 2021, Ukrainian farmers grew the largest harvest in agri-production history; as a
result, the exports to the EU increased by 50%, leaving behind the trade with China and
Russia [10].

According to the results from Table 1, the harvesting of cereals and oil crops in
Ukraine increased overall during the time frame 2018-2021, for all presented categories
except soya beans. In order to better understand the relative differences in production
volumes, the dynamics of cereal and oil crop production are shown in Figure 1.

Table 1. Harvesting of cereals and oil crops (the volume of production, yield, 2019, 2020, 2021). Data
exclude the temporarily occupied territory of the Autonomous Republic of Crimea, the city of Se-
vastopol, and a part of temporarily occupied territories in the Donetsk and Luhansk regions [11].

Harvesting of Volume of Production, Thousands of Tons

All Agricultural (Yield, Tons per ha of the Harvested Area)
Holdings Winter Rapeseed and
Years Wheat Maize Soybeans Colza (Spring Sunflower Seeds
Rapeseed)

1.12.2021 32,719.67 39,819.37 3409.34 2960.08 16,439.84
0.464 0.801 0.268 0.295 0.252

1.12.2000 25,276.11 28,059.99 2770.93 2586.35 1313.8
0.388 0.569 0.209 0.234 0.206

1.12.2019 28,851.71 36,675.78 3698.71 3280.32 15,254.12
0.425 0.712 0.232 0.259 0.259

111.2018 25,070.92 25,516.52 4266.6 2780.67 13,882.71
0.382 0.743 0.264 0.270 0.234
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Figure 1. Dynamics of production volume of cereals and oil crops (the volume of production, yield,
2019, 2020, 2021).

There was a decrease in harvesting for all presented agricultural holdings in 2020
(Figure 1); however, 2021 was very productive overall and especially for maize.

The largest importers of wheat from Ukraine are Egypt, Indonesia, Turkey, Pakistan,
Bangladesh, Tunisia, Morocco, Yemen, Lebanon, Philippines [12].

In the first 8 months of 2021, Ukraine exported products of the oil and fat industry
that were worth USD 4.1 billion, which is 11% more than in the same period in 2020. This
information was provided by the Deputy Minister of Economy of Ukraine, Taras Kachka,
in an official announcement on the ministry’s website [13].

Before the war, Ukraine provided 46% of the sunflower oil exports, 9% of wheat ex-
ports, 17% of barley exports, and 12% of corn exports to the world markets, according to
data from the US Department of Agriculture [14]. Despite the hostilities, food manufac-
turers are resuming work in the de-occupied territories, introducing new capacities in the
western and central regions. The industry is restrained by export restrictions, a reduction
in the purchasing power of the population, and an increase in the cost of production due
to logistical difficulties and an increase in the price of energy carriers. However, some
manufacturers maintain production volumes, reorienting themselves from the Ukrainian
to the European market [15].

As of 30 June 2022, the Agricultural Price Index was 34% higher in comparison to
January 2021. Maize and wheat prices were 47% and 42% higher, respectively, when com-
pared to January 2021, while rice prices are about 8% lower. According to the World
Bank’s April 2022 Commodity Markets Outlook, the war in Ukraine has altered global
patterns of trade, production, and consumption of commodities in ways that will keep
prices at historically high levels through the end of 2024, exacerbating food insecurity and
inflation [16].

Food prices were already high before, and the war is driving food prices even higher
(Figure 2). Commodities that have been most affected are wheat, maize, edible oils, and
fertilizers. Global commodity markets face upside risks through the following channels:
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reduction in grain supplies, higher energy prices, higher fertilizer prices, and trade dis-
ruption due to the shutting down of major ports [16].
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Figure 2. Percent change in wheat price from 1 month to 1 year (May 2021-May 2022) [2].

International wheat prices had a steep increase in May 2022 in response to the an-
nouncement of a wheat export ban by India. As exports from Ukraine remain hindered by
war disruptions, and after India’s larger wheat shipments in recent months played an im-
portant role in partially offsetting lost exports from Ukraine, the country’s export re-
striction exacerbated global availability uncertainty. According to the UN FAO, the dis-
ruptions caused by war in Ukraine have raised the average food price index to its highest
level ever (Figure 3). Thus, the FAO Food Price Index, which tracks international prices
for the world’s top-selling food commodities, increased by an average of 14.3% in 2022
compared to 2021, the highest since records began in 1990. The FAO Cereal Price Index in
2022 increased by 17.9% due to factors such as significant market disruptions, rising en-
ergy and input prices, adverse weather conditions, and continued high global food inse-
curity, FAO summed up [17].
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Figure 3. Percent change in maize price from 1 month to 1 year (May 2021-May 2022) (FAO) [2].

The war has significantly disrupted the transport of commodities. Almost all of
Ukraine’s grain exports went through Black Sea ports, which were not operational before
the “Initiative on the Safe Transportation of Grain and Foodstuffs from Ukrainian ports”
was signed in Istanbul, Turkey, on the 22nd of July 2022. It was expected that Ukraine
would export up to 20 million tonnes of wheat during the season (summer 2022), which
corresponds to about 10% of global wheat exports.

However, in 2023, the situation remains critical. According to information from the
Ministry of Foreign Affairs of Ukraine, in the first 10 days after the breakdown of the Grain
Deal, shelling launched towards Ukrainian territory destroyed 180,000 tonnes of grain and
damaged 26 port infrastructure facilities and five civilian vessels [18].

The war will also disrupt agricultural production in Ukraine in the coming seasons.
Spring planting for crops such as maize, barley, and sunflowers typically occurs from
April to May, while winter wheat is planted from September to mid-November. Shortages
of labor and inputs (such as fuel and fertilizers), destruction of farming equipment, and
safety concerns of growers will have a severe impact on Ukraine’s agricultural (and espe-
cially wheat) production. Estimates on how much Ukraine’s agricultural production will
decline in the upcoming season vary from 25 to 50 percent [19].

In May 2022, it was estimated that one-third of Ukrainians suffered from food inse-
curity [12]. Additionally, with the beginning of the crisis, the number of ships carrying
agricultural products dramatically declined, which in turn resulted in considerable impact
on food prices [12]. Furthermore, the ripple effects of the war encompassed Ukraine’s clo-
sure of harbors and interruptions of the oilseed crushing process [2]. That is why a short-
age of food exports in Ukraine is accompanied by soaring food prices [12].

Due to the war in Ukraine, ripple effects have led to record levels of food insecurity.
The number of people experiencing acute food insecurity or at high risk as of June 2022
(million) increased by 7.3 in Asia and the Pacific, 6.3 in the Middle East, North Africa, and
Eastern Europe, 9.7 in West Africa, 9.6 in Southern Africa, 10.5 in Eastern Africa, and 3.6
in Latin America and the Caribbean [20].

However, in order to meet the current demand for wheat, 25 million tonnes need to
be replaced by alternative sources [21]. At COP 27, The “Green Grain Paths” Ukrainian
initiative was presented, which raised the issue of the global threat to the world’s food
security and the creation of partnerships at every stage of the grain supply chain.
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The FAO'’s 2023 report predicts that nearly 600 million people will be chronically un-
dernourished in 2030, indicating a huge gap before the SDG goal of eradicating hunger is
met. By comparison, this figure is about 119 million more than in a scenario where there
was neither a pandemic nor war in Ukraine, and about 23 million more than if there had
been no war in Ukraine [22].

The ongoing fighting in Ukraine could trigger a global food crisis, as 36 of the 55
countries already experiencing a food crisis depend on exports from Ukraine and Russia.
Before 2022, both countries produced about 30% of the world’s supply of wheat and bar-
ley, a fifth of corn, and more than half of sunflower oil [23]. Roughly 22% of Ukraine’s
farmland —including 28% of winter crops and 18% of summer crops—is not under
Ukrainian official control, according to NASA Harvest's analysis [24]. The “Initiative on
the Safe Transportation of Grain and Foodstuffs from Ukrainian ports” (Black Sea Grain
Initiative) stabilized spiraling food prices around the world and prevented hunger affect-
ing millions of people [25].

Due to this reliance on exports from both countries, the war in Ukraine is affecting
food security globally. The concept of food security encompasses four dimensions: food
availability, access, stability, and utilization. The addition of a further dimension to the
concept, like sustainability or agency, has been discussed among scholars [26] and has
been recognized as an official dimension by the FAO since 2022. Food insecurity has var-
ious consequences—whether for individuals and those suffering from hunger or malnu-
trition, which leads to physical and mental health problems that might affect the economy
and cause poverty, or for food security itself, causing more conflicts due to the strain it
puts upon people [27]. Therefore, closing knowledge gaps on mitigating food insecurity
is urgently needed in light of the Ukraine situation. Furthermore, it has high importance
in helping the world reach higher strategic goals like SDG2 or SDG16.

To conclude, the war in Ukraine has led to severe disruptions in terms of agricultural
production [12]. The Black Sea Grain Initiative (BSGI) along with the UN Memorandum
of Understanding with the Russian Federation to facilitate Russian food and fertilizer ex-
ports have become lifelines for global food security and the stability of world food prices.
These measures helped to bring food prices down by 23 percent from their maximum in
2022 [28].

Based on previous experiences and studies, the war itself can have long-term influ-
ences on the physical, chemical, and biological characteristics of soil, and using this land
for growing food might potentially lead to health problems [29]. In this sense, apart from
describing the background of the problem, this study has two main goals: (1) to unveil
what the literature has been addressing in food insecurity in the context of war, and (2) to
cross-check the theory against some current trends and data, assessing the impact of the
ongoing conflict on agricultural production in the affected area, and consequently, esti-
mating the impact on food availability.

In order to achieve these goals, the authors opted for a bibliometric analysis of the
literature, where a search string was created to understand what scholars have been cov-
ering in the field. After a screening process, a total of 635 peer-reviewed papers were se-
lected and used to proceed with the co-occurrence technique. In the second stage, the au-
thors judiciously selected nine case studies to illustrate how the impact of war in Ukraine
puts food security in danger on local and global scales. This also allowed us to indicate
measures that may be deployed to mitigate the conflict's impacts on achieving SDG 2
(Zero hunger), with a focus on ending hunger, achieving food security, improving nutri-
tion, and promoting sustainable agriculture.

2. Methods

The present research considers a bibliometric analysis and the case study research
approach developed from a literature review [30,31], as it is relevant to gathering broad
evidence on the impacts of wars on food security. The approaches can then also be used
to analyze the narrower context of the conflict in Ukraine.
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In this context, the bibliometric analysis was conducted for specific terms related to
war and food security on Scopus, a widely known scientific database of peer-reviewed
academic documents containing more than 5000 journals and 24,000 publications. The bib-
liometric analysis is considered a quantitative computer-assisted review methodology
commonly used to identify the main studies, authors, and journals or to understand the
bibliometric networks evidencing, for example, the major discussions of a research field
[32,33].

The data collection took place in August 2022, where the documents used to compose
the sample were collected through a search string containing terms connected to ‘war’ and
food security, such as ‘food” OR ‘grain” OR ‘cereal’ OR “agriculture’ OR ‘crop* OR “agri-
cultural’. Figure 4 shows how the authors worked with the exclusion criteria before mov-
ing forward with the bibliometric analysis.

Initial Number of Papers:
Scopus Database

732

(TITLE ("war") AND TITLE ("food" OR "grain*" OR Documents
"cereal*" OR "agriculture" OR "crop*' OR

"agricultural”) .

Documents written 672
in English Documents

A

Only papers related to Food Security in the 631
contexto of war Documents

¥

631
Documents

Final Number of Papers

Figure 4. Stages of selecting articles for the bibliometric analysis.

The search string initially returned 732 documents and, after applying the exclusion
criteria, as stated in Figure 4, 631 documents remained and were used to proceed with the
co-occurrence analysis. Table 2 shows the search string used and the number of entries
obtained to proceed with the bibliometric analysis.

Table 2. Search criteria and the number of entries.

Database Search String Number of Documents
(TITLE (“war”) AND TITLE Before screening process:
Scopus (“food” OR “grain*” OR “cereal*” 732 entries
P OR “agriculture” OR “crop*” OR After screening process:
“agricultural”) 631 entries

Note: The asterisks correspond to the plural form of terms used.

The investigation was performed using the VOSviewer software [34], and the co-oc-
currence of terms was the technique selected to explore the research streams that research-
ers have been discussing on food security in the context of war. The results are presented
in the next section in a network graph (see Figure 5), where the diameter of the bubbles
indicates the frequency of the occurrence of a specific term, while the link width indicates
the strength of the connection between two terms. The terms that appear close to each
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other are related to the frequency of co-occurring. Therefore, they are expected to be as-
sociated, generating a thematic cluster due to their co-occurrence frequency.
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Figure 5. Results obtained by bibliometric analysis and division in clusters.

In this sense, the bibliometric analysis becomes relevant for this study for several rea-
sons. For example, the bibliometric analyses based on the co-occurrence of terms could
help scientists to identify research trends in a specific field, evidencing its big picture, as
well as helping the researcher to map the knowledge of each one of the clusters found in
order to delve into a specific area of the studied field. Therefore, the co-occurrence tech-
nique could help scientists to reduce the complexity of a field, supporting the conduct of
discussions based on how different concepts converge and relate to each other (see
[32,33,35].

This paper also considers a set of 10 case studies to narrow the discussion on the
impact of war on food security in the Ukrainian context. The case study selection was
based on the expert-driven literature review to find relevant well-cited papers that are
published in top journals and that could enhance the discussion on the field as well as
tackle the goals of this study. The selection of case studies was judiciously conducted in
order to overcome some limitations of the bibliometric analysis and deepen the discussion
of food insecurity aspects caused by the war in Ukraine as well as guaranteeing thematic
relevance, variety of scopes, and international interest. It is worth considering that the case
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studies are decoupled from the bibliometric analysis, being a second methodology used
in the study. In this sense, this approach not only enhanced the study’s robustness and
credibility, but also tackled potential constraints of quantitative methods such as the bib-
liometric analysis.

Finally, this study also relied on secondary data to understand the impact on food
availability in the affected area. In this sense, the authors gathered relevant information
from relevant organizations such as the Food and Agriculture Organization of the United
Nations [2], the European Commission [9] World Food Programme [12], The World Bank
[16], and some Ukrainian statistics divisions to measure and understand the magnitude
of the impact of the shortage of grains due to the war.

3. Results and Discussion
3.1. Food Security in Times of War

As an outcome of the bibliometric analysis, four different clusters (C) were identified
and used in order to assess the current situation on how war affects food security (Figure
5).

C1: The red cluster focuses on the social dimensions of the interlinkage between food
security and war. War, as one of the main causes of food insecurity, causes destruction,
displacement, control of food, and starvation, which makes governments often unable or
reluctant to address food shortages, and instead they try to prevent the exacerbation of
the situation [36]. During and after war, many veterans and displaced people, especially
those with a higher duration of displacement, experience food insecurity and low nutri-
tional status [37,38]. In a study from Widome et al. [37], veterans with a lower income and
military pay grades were more likely to smoke and drink alcohol, and they slept less than
food-secure humans.

Moreover, trade wars or international food trade barriers due to political conflicts
lead to food insecurity [39]. As a result, countries banning food trade experience a surplus
of food, leading to an increase in the global environmental cost of agricultural production
[40]. Other results include food distribution inequality, violation of basic human rights,
and the maintenance of social disorder [41].

Internal factors such as economic recession, environmental deterioration, political in-
stability, and inter-ethnic conflicts are other reasons for food insecurity [39]. Famine man-
ifestations in people can include nutritional deficiency, low weight, anemia, delay in chil-
dren’s physical development, and childhood diseases. Vitamin deficiency is also one of
the main deficiency-related diseases among food-insecure people [42]. Reduction in the
production of fruits and vegetables results in a dramatic rise in prices, a reduction in hu-
man consumption, and an increase in human vitamin C deficiency [43]. As far as it leads
to nutritional deficiency, there is a clear connection to C2 (human history, nutrition, and
war). It is important to note that every type of war can affect food security in a different
manner, depending on the extent of the region affected and of the destruction [44].

Suggestions made by authors in this cluster to address food insecurity at a global
level include respecting food as a basic human right, merging local capacities [35], creating
a sustainable global cropping system [39], and more equitable seed distribution to reha-
bilitate agriculture disorder [41]. The government’s measures to address food insecurity
at the national level include overseas agricultural investment, food import from multiple
origins [45], food independence by replacing available foods with scant foods [40], and
taking initiatives aimed at offering people the healthiest diet possible during food short-
ages [42]. The nationalization of agricultural land is considered an impractical way to ad-
dress urgent food shortage problems [46].

C2: The green cluster emphasizes the nutritional dimension of food security and war,
showcasing historical examples.

The analysis presented in the paper is closely connected to the historical context and
empirical evidence provided in these excerpts, which underscores the critical importance
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of addressing food security in conflict contexts [47]. These historical references to World
War I and World War II serve as poignant reminders of the devastating consequences of
food shortages during conflicts, setting the stage for understanding the contemporary
challenges faced by Ukraine in the context of its ongoing conflict [48,49].

Moreover, the information regarding the direct and indirect impacts of war on agri-
cultural crop production offers valuable insights into the complexities of the issue [50].
The destruction of infrastructure is highlighted as a direct cost of war, resulting in a tan-
gible reduction in crop production. Additionally, the contamination of food and the envi-
ronment with substances such as uranium, which is used in bullets and shells during
wars, underscores the far-reaching consequences of warfare on food safety and quality
[51]. This multifaceted analysis contributes to a comprehensive understanding of the chal-
lenges Ukraine faces in ensuring food security amidst conflict.

Furthermore, the focus on the nutritional deficiency and health consequences of food
insecurity during and after wars aligns perfectly with the broader discussion on achieving
Sustainable Development Goal 2 (Zero Hunger) [52] and interconnects with C3 (agricul-
ture, food safety, and health). The references to studies detailing the adverse effects of
wartime food shortages on women'’s health, child development, and veterans” well-being
emphasize that addressing food security during conflict extends beyond immediate hun-
ger relief; it has profound and lasting health and social implications [37,42,53,54].

Lastly, these insightful excerpts are highly relevant to the paper’s policy recommen-
dations. By highlighting both historical precedents and contemporary evidence of the
wide-ranging impacts of food insecurity during conflicts, the paper can make a compel-
ling case for specific policy actions. For instance, it may recommend strategies to protect
agricultural infrastructure, mitigate the environmental impact of war, and address nutri-
tional deficiencies among affected populations [46]. In essence, these excerpts, rich with
references, provide crucial background information and empirical evidence that support
the paper’s analysis of food security in the context of the conflict in Ukraine, enriching the
overall discussion and policy recommendations.

C3: The blue cluster represents the complex relationship between agriculture and
food production with food availability, and, consequently, their impacts on human health
and well-being. Other factors addressed in this cluster are the industrialized world and
the impacts of climate change, along with wars, displacement of people, and agricultural
land abandonment.

Generally, developing countries depend on agriculture as a primary driver of the
economy as well as the main provider of nutrition for people. However, when a military
conflict takes place in a country, it usually leads to disruption in agricultural production,
primarily in lands closest to the war areas [55]. Farmers fear for their lives and might
abandon their land until the war is over (Scopus, Vulnerabilities of Wheat Crop Farmers
in War Zone, n.d.), while also facing psychological stressors and financial corruption [56].
The conflict may cause a change in the agricultural behavior of the population, which may
disrupt the ecological system and threaten wildlife without creating an actual increase in
crop production or food security [57].

There are also the issue that various kinds of weapons used in war zones leave behind
the harmful waste of heavy metals or even nuclear waste. This leads to damage such as
irreversible pollution. As far as it results in the contamination of food, there is a clear con-
nection to C2 (human history, nutrition, and war). Moreover, it leads to the destruction of
the ecosystem and animal life such as insects, which are important for pollination and
crop production in those areas [58,59]. Along with the effects of war, global climate change
may also contribute further to food insecurity [60].

The cluster also shows efforts and solutions to agricultural and ecological crises dur-
ing and after war and emphasizes the importance of thorough research regarding all as-
pects related to the targeted area, including the geographical, ecological, and ideological
factors to provide the ultimate, long-lasting solutions [61]. This could include enhancing
agriculture in safe zones [55], encouraging farmers to use crops that fit the nature of their
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land and guarantee maximum production and food safety as much as possible [60], or
training staff on multiple levels to upgrade agricultural production [61]. Moreover, during
a war situation, satellites could be used to alleviate food insecurity in the target country,
facilitating food aid by distributing it where it is most necessary [55].

C4: The yellow cluster illustrates the impact of war and political conflict on various
aspects of the economy and vice versa and how this shapes the public policies in politics,
health, education, and other domains.

For instance, it was observed that poverty and low wages in developing countries
push farmers and workers in the agricultural field to join the armed conflict due to their
constant economic struggle [62]. In addition, the failure of policies and the market system
in certain economies played a major role in igniting the war in these countries, leading to
destruction and further economic suffering [63]. On the other hand, armed conflict always
has a devastating impact on the economy; all aspects of national production are affected,
including agriculture [50], and as a result, many people within the population lack the
essential food components for sufficient nutrition, in part due to the high prices that ac-
company food shortages [64,65].

Another phenomenon is that the economy and international trade, especially food
trade, have been a growing cause of political dispute [66]. A good example of it could be
market spoilage. At the same time, some economic decisions have been made as a result
of political disputes, which consequently puts the food and nutrition security in some
countries in jeopardy [40]. However, there have been some great efforts from various in-
ternational organizations to guide public policies and international public relations to-
wards a more fair trade of food in order to help countries that have suffered from war to
have a certain level of nutrition security as a fundamental part of human rights [67,68].
On the same level, local and national economic policies in post-war countries play a major
role in shaping the future and maintaining peace by implementing successful practices of
sustainability and productivity [63].

3.2. Food Security in Conflict Context in Ukraine

When a military conflict takes place in the country, multiple factors have to be con-
sidered. Therefore, the impact of war on food security in the Ukrainian context would be
different compared to other conflict situations in the world. In order to understand the
situation of food insecurity aspects caused by the war in Ukraine, an analysis of 10 case
studies was conducted. These case studies were selected based on the expert-driven liter-
ature review. The results of this study are presented below.

CASE STUDY 1: “Impacts of the conflict in Ukraine on global food security” [69].

e  Short description

In particular, the study examines the possible impact of the war in Ukraine on
Ukraine’s production and export of agricultural commodities, especially grains and
oilseeds. It also outlines the impact of trade sanctions against Russia on the export of ce-
reals and oilseeds. At the same time, this research investigates the possible impact of
higher energy prices on global agricultural production and trade.

e  Implications for Food Security

The study concludes that from a food security perspective, there is enough food on
the global level. However, higher food prices could become a problem and put food avail-
ability under some pressure for a part of the population that has a low income, spends a
large part of their income on cereals, and is highly dependent on imports of Ukrainian
and Russian cereals (for example in Egypt, Turkey, and the Middle East). For the EU, food
prices rose by 5% for crops and 2% for food; however, given the relatively low proportion
of income spent on food, this should not be a problem for the average citizen.

CASE STUDY 2: “Implications of the Russia—Ukraine war for global food security”
[70]

° Short description
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This research investigates how conflicts can affect the capacity of food systems and
supply chains to function appropriately due to production declines (producers are being
engaged in war, are unable to produce, or are fleeing the country), destroyed agricultural
yields and water infrastructure, or disruptions in agricultural inputs in the foreign mar-
kets, as well as how these can affect the capacity of consumers to access sufficient food
because of their declining purchasing power. At the same time, the paper outlines what
happens with the capacity of international food aid when trying to meet growing food
needs in times of crisis.

This study suggests solutions to listed problems, such as establishing an international
community strategic food reserve or including new rules in international humanitarian
law that provide sufficient protection to food systems-related infrastructures and activi-
ties.

e Implications for Food Security

After a decline during the past decade, global hunger is rising again, and the ongoing
war in Ukraine is expected to increase this trend (experts estimate that 7.6 to 13.1 million
people are threatened).

The reason for this is the volatility of major food commodities and fertilizers, which
may affect production decisions and spur speculative behavior. It will affect international
society, but countries most dependent on imports of Ukrainian and Russian cereals, such
as Egypt, Lebanon, and Tunisia (whose wheat imports from Ukraine are 85%, 81%, and
50% of their total wheat imports, respectively), will be the most impacted by war-related
disruptions.

This war is also affecting the ability of international agencies to provide food aid to
countries that are suffering from famine or other armed conflicts because of rising costs,
with the risk of excluding millions of people from current food aid programs.

CASE STUDY 3: “Potential medium-term impacts of the Russia-Ukrainian war on
the Dutch agriculture and food system: An assessment” [71]

e  Short description

This research assesses the potential impacts of the war in Ukraine on different agri-
cultural sectors in the Netherlands, both with and without taking into account the Euro-
pean Union or national policy response. The focus is on the medium-term impacts (period
2021-2025), considering 2021 as a pre-Ukraine war reference point. In this study, the au-
thors also explore potential impacts on employment. The assessment addresses the im-
pacts on primary production, as well as on upstream and downstream industries. The
results show the impact on the Netherlands” use (including consumption) and on the
Dutch agricultural net trade position.

e Implications for Food Security

The impacts found as a result of this research for the different scenarios suggest that
the medium-term impact of the Ukraine war on Dutch agriculture is relatively limited
(less than 1% of the total value added over the period 2022-2024 in the five considered
sectors). Moreover, energy prices and agricultural commodity prices were already in-
creasing because of other factors (the COVID-19 pandemic, the role of droughts, etc.).

At the same time, the uncertainty with respect to energy prices and energy-related
inputs (fertilizer, pesticides) is likely to be one of the most pronounced impacts of the
Ukrainian war on Dutch agriculture in the short to medium term. An energy price increase
is likely to have worldwide impacts on agricultural production and consumption and will
create a passing on effect on agricultural product prices.

CASE STUDY 4: “Quantifying War-Induced Crop Losses in Ukraine in Near Real
Time to Strengthen Local and Global Food Security” [72]

e  Short description

In order to estimate the direct and indirect effects of the war and the expected yield
of winter crops in Ukraine, a 4-year panel (2019-2022) of 10,125 village councils in Ukraine
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was used. Satellite imagery (by Sentinel-2, Planet) was used to provide information on
direct damage to agricultural fields (burning, the explosion of ordnance, rockets, or air-
craft, and soil compaction) to classify crop cover using machine learning, and to compute
the Normalized Difference Vegetation Index (NDVI) (by sensors Landsat and MODIS) for
winter cereal fields as a proxy for yield. This research focuses on the supply side in order
to investigate the effects of the war in Ukraine on food security, unlike the other studies
that focus rather on the demand.

e Implications for Food Security

The result of this study shows that food production can be analyzed using satellite
imagery to generate measures of agricultural production as outcome variables as well as
indicators of conflict, considering that causality runs from conflict to food security (oppo-
site to what is most prevalent in developing countries, that the value of agricultural en-
dowments triggers conflict). Particularly in Ukraine, taking area and yield reduction to-
gether suggests a war-induced loss of winter crop output of up to 25% if the current winter
crop can be harvested fully. Having this information can help to improve decision making
by policymakers and private parties to minimize war-induced losses.

CASE STUDY 5: “The conceptual principles of state policy of Ukraine in the field of
food security in terms of European integration” [73]

e  Short description

The article (1) examines organizational and economic features (problems) of insuffi-
cient food supply in Ukraine; (2) substantiates the structural components of the program
of balanced production of food and food raw materials; (3) determines measures of state
policy on the food security of the population of Ukraine; (4) develops a methodological
approach to substantiation and implementation of state policy on the implementation of
the principles of ensuring food safety and quality in Ukraine; (5) substantiates the strategy
of ensuring the physical and economic accessibility of food.

e Implications for Food Security

As a result of this research, the structural components of the program of balanced
production of food and raw materials were formed (increasing the level of income, provid-
ing cheap food, increasing the supply of food, and the use of special tools). The mechanism
of the methodological approach construction is formed on the principle of problems—di-
rections—-measures. The proposed strategic tools (structural, special, and local measures)
enable solutions for the tasks of improving nutrition at the local level and gaining addi-
tional positive impact on the formation of a model of sustainable agricultural develop-
ment, which can influence global food security.

CASE STUDY 6: “The reinvasion of Ukraine threatens global food supplies” [74]

e  Short description

This study outlines that the reduction in the vast quantities of edible food that are
wasted in rich countries every day, as well as the replacement of animal-based foods with
plant-based options, could feed an additional number of people and mitigate climate
change. It also questions the existing model of global trade and systems of agricultural
production, which is dependent on oil for fertilizers, transport, and agrichemicals; this
model encourages the consumption of energy-dense ultra-processed foods.

e Implications for Food Security

According to this research, the war in Ukraine, together with pre-war factors (e.g.,
COVID-19,), caused the already rising global food prices to reach an all-time high. The
consequences will be felt by everyone, but some populations are especially vulnerable
(Lebanon, Yemen, Syria, Afghanistan). There are also many poor people in rich countries
who will suffer. Several actions are required in order to combat food insecurity, such as
replacing all animal-based foods with plant-based ones, which could feed an additional
350 million people, and changing the existing model of global trade in order to increase
food stocks in countries that have disinvested in domestic production in favor of cheaper
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imports. At the same time, the systems of agricultural production need to be less energy-
dense.

CASE STUDY 7: “The War in Ukraine, Agricultural Trade and Risks to Global Food
Security” [75]

e  Short description

This research investigates global food supply chains. The war in Ukraine, together
with rising prices in late 2021, have affected import-dependent countries in the Middle
East and North Africa (MENA) region and sub-Saharan Africa, which rely heavily on Rus-
sian and Ukrainian wheat. However, global demand for wheat is expected to be met in
the current marketing year (2022/23), since countries such as Australia, Brazil, and the
USA will increase exports to fill the gap left by Russia and Ukraine.

e Implications for Food Security

According to this research, the war in Ukraine increases the risk of food insecurity
for import-dependent countries with low per capita incomes. The key to dealing with cri-
ses and mitigating the risks of food shortages could be a reduction in bureaucratic and
tariff barriers to trade by global supply chain structures. Also, targeted political efforts are
needed to ensure that Ukraine and Russia remain integral parts of the world agricultural
trading system. On the other hand, transitions to (more) closed food economies are not
advisable, as this would remove players from international markets, could lead to food
shortages in many countries, and might take focus away from environmental and health-
related issues.

CASE STUDY 8: “We need a food system transformation—In the face of the Russia-
Ukraine war, now more than ever” [76].

e  Short description

This paper discusses moving towards changes in global food consumption habits and
the food supply chain. The research shows how transformation towards a healthy, fair,
and environmentally friendly food system reinforcement can bring short-term relief and
avert the existential threat our food system poses to the health of people and the planet. It
confirms that the need for sustainable solutions is still present while facing the Russia—
Ukraine war.

e  Implications for Food Security

The authors of this study suggest that global food insecurity has its origin not in a
shortage of supply but in high economic inequalities and maldistribution. Even though
global food production is more than sufficient to feed an even higher world population, it
is not supplied to those with limited financial means. This paper proposes three levers for
solving short-term problems and long-term sustainable development: 1. Accelerate the
shift toward healthier diets with fewer animal products in Europe. 2. Increase the produc-
tion of legumes and strengthen Farm2Fork. 3. Reduce the amount of food waste. “Farm to
Fork” is, namely a scheme led by the European Union, to promote the sustainability of
farming processes, i.e., from production (the farm) until it reaches the plate of the end-
consumer (the fork).

CASE STUDY 9: “What the war in Ukraine means for energy, climate and food” [77].

e  Short description

This paper shows how war in Ukraine influenced the markets and geopolitics of en-
ergy, oil, and gas prices and the reconsideration of countries’ energy supplies. Particu-
larly, it outlines the possibility of rising energy prices and the potential loss of grain sup-
plies from Ukraine and Russia to reinforce inflationary effects and drive up prices for food
and other commodities.

e  Implications for Food Security

According to Christopher Barrett, in the short term, the prices of wheat and other
grains have increased due to hoarding and bidding wars. But global food stocks are
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sufficient to cover the loss. Even though there could be disruptions to fertilizer markets
because fossil fuels are a major feedstock, the effect should be mitigated by substitutes.
However, the cost of rising petrol and electricity prices to the larger food supply system
could be substantial. As a result, some of the greatest casualties of the war in Ukraine will
be people who are already severely struggling in other places (Yemenis, Syrians, and Ni-
gerians).

CASE STUDY 10: “Caught off guard and beaten: The Ukraine war and food security
in the Middle East” [44].

e  Short description

The study provides a detailed analysis of the food-related vulnerability of the Middle
East (Yemen, Libya, Lebanon, Sudan) in the wake of the Ukraine war. It shows the varying
impacts of it, including a deepened food sector crisis, worsened by political-economic
instabilities, limited domestic agriculture, and the lack of reliable grain reserves. At the
same time, the paper highlights country-level response strategies related to regional aid
and cooperation that have emerged in the Gulf countries.

e  Implications for Food Security

The author of this study outlined that the war in Ukraine is hitting the Middle East
very hard due to the relatively high dependence levels and the baseline political, eco-
nomic, and environmental vulnerabilities. For example, around 80% of the 30 million
Yemeni population is dependent on aid. At the same time, countries having significant
storage capacity and available reserves were better able to avoid or delay shortfalls or
price hikes despite high dependence (e.g., the Gulf countries and Egypt). As a short-term
solution, food subsidy systems for the most vulnerable have softened some of the impacts
of the price hikes. In oil- and/or gas-exporting countries, the increase in carbon fuel prices
after the war in Ukraine meant that additional revenues could be used in the mitigation
of the food crisis (e.g., in Algeria, Libya). At the same time, environmental vulnerabilities
can weaken the ability of local agriculture to provide food. As a result, many Middle East
countries, especially with political-economic instability (Yemen, Libya, Lebanon, Sudan),
will be relying on international cooperation in the short and medium term, including ship-
ments under the Black Sea Grain Initiative.

It should be noted that the case studies illustrate a variety of situations and contexts
where food security is endangered because of the ongoing war in Ukraine or is avoided
due to various means used to achieve it. These are summarized in Table 3.

Table 3. Implications of the case studies on food security.

Case Study Implications for Food Security

Despite the fact that from a food security perspective,
there is enough food on the global level, higher food
prices put food availability under pressure for the low-
income part of the population that is highly dependent
on imports of Ukrainian and Russian cereals (for
example, in Egypt, Turkey, and the Middle East).

1. “Impacts of the conflict
in Ukraine on global food
security” [69].

The solution to the rising global hunger fostered by the
ongoing war in Ukraine could be establishing an

2.”Implications of the . . . .
international community strategic food reserve or

Russia—Ukraine war for . . .. ) o
including new rules in international humanitarian law

that provide sufficient protection to food systems-related
infrastructures and activities.

global food security” [70].
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3. “Potential medium-
term impacts of the
Russia-Ukrainian war on
the Dutch agriculture and
food system: An
assessment” [71].

An energy-related input (fertilizer, pesticides) price
increase due to the war against Ukraine is likely to have
worldwide impacts on agricultural production and
consumption and will create a passing on effect on
agricultural product prices.

4.”Quantifying War-
Induced Crop Losses in
Ukraine in Near Real
Time to Strengthen Local
and Global Food Security”
[72].

Food production analyses by satellite imagery can help to
improve decision making by policymakers and private
parties to minimize war-induced agriculture losses.

5.”The conceptual
principles of state policy
of Ukraine in the field of
food security in terms of
European integration”
[73].

The proposed strategic tools (structural, special, and local
measures) enable solutions for nutrition improvement at
the local level in Ukraine that at the same time also led to
the development of sustainable agriculture, which can
strengthen global food security.

6. “The reinvasion of
Ukraine threatens global
food supplies” [74].

In order to combat food insecurity, especially in
vulnerable countries (Lebanon, Yemen, Syria,
Afghanistan), it is suggested to replace all animal-based
foods with plant-based ones, to increase food stocks in
countries that have disinvested in domestic production in
favor of cheaper imports, and to make agricultural
production less energy-dense.

7. “The War in Ukraine,
Agricultural Trade and
Risks to Global Food
Security” [75].

The key to dealing with mitigating the risks of food
shortages increased by the war against Ukraine for
import-dependent countries like the MENA region and
sub-Saharan Africa could be a reduction in bureaucratic
and tariff barriers to trade by global supply chain
structures. And transitions to (more) closed food
economies could lead to food shortages in many
countries.

8. “We need a food system
transformation—In the
face of the Russia-Ukraine
war, now more than ever”
[76].

Three levers for solving short-term problems of food
insecurity and long-term sustainable development:
accelerate the shift toward healthier diets with fewer
animal products in Europe, increase the production of
legumes, and strengthen Farm2Fork and reduce the
amount of food waste.

9. “What the war in
Ukraine means for energy,
climate and food” [77].

It outlines the possibility of rising energy prices and the
potential loss of grain supplies from Ukraine and Russia
to reinforce inflationary effects and drive up prices for
food and other commodities for people who are already
severely struggling (Yemenis, Syrians, and Nigerians).
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The war in Ukraine has had varying impacts in the
Middle East countries (especially Yemen, Libya,
Lebanon, and Sudan), including a deepened food sector
crisis, worsened by political-economic instabilities,
limited domestic agriculture, and the lack of reliable
grain reserves. At the same time, there are country-level
response strategies like food subsidy systems and
regional aid and cooperation that have emerged in the
Gulf countries to mitigate impacts.

10. “Caught off guard and
beaten: The Ukraine war
and food security in the
Middle East” [44].

According to the results obtained by the analyses of a set of 10 case studies, the war
in Ukraine can affect food security due to many reasons. Among them are production
declines (producers are being engaged in war, unable to produce or flee the country), de-
stroyed agricultural yields and water infrastructure, and agricultural inputs disrupted in
foreign markets. The conflict is also affecting the ability of international agencies to pro-
vide food aid to countries that are suffering from famine or other armed conflicts [70]. An
energy price increase will also influence energy-related inputs (fertilizer, pesticides),
which is likely to have worldwide impacts on agricultural production, and as a result, will
affect agricultural product prices that are also being influenced by prewar factors (e.g.,
COVID-19) [71]. There is a strong connection to cluster C4 (economics and public policies)
that illustrates the impact of war on various aspects of the economy and vice versa.

Despite the assumption that there is enough food on the global level, higher food
prices could become a problem and put food availability under some pressure for the part
of the population that has a low income, spends a large part of their food on cereals, and
is highly dependent on imports of Ukrainian and Russian cereals (e.g., Egypt, Turkey,
Lebanon, Tunisia, Yemen, Syria, Afghanistan, Nigeria) [69,70,74,77]. This war is also af-
fecting the ability of international agencies to provide food aid to countries that are suf-
fering from famine or other armed conflicts [70].

Based on the research, solutions to the listed problems can be suggested. One such
solution is an improvement in decision making by policymakers and private parties to
minimize war-induced losses by forecasting food production using satellite imagery [72].
Carefully selected structural components of the national program of balanced production
of food (e.g., increasing the level of income, providing cheap food, increasing the supply
of food, the use of special tools) can allow for solutions for the tasks at the local level and
impact sustainable agricultural development, which can influence global food security
[73]. On the global level, we can provide a reduction in food waste and accelerate the shift
toward healthier diets with fewer animal products (including increased production of leg-
umes) [74,76]. At the same time, a change in the existing model of global trade is suggested
by [74] in order to increase food stocks in countries that have disinvested in domestic pro-
duction in favor of cheaper imports. This is also in line with the strengthened Farm2Fork
conception by [76]. On the other hand, the authors of [75] have different opinions on this
question. They outline that those transitions to (more) closed food economies are not ad-
visable, as this would remove players from international markets, could lead to food
shortages in many countries, and might take focus away from environmental and health-
related issues. The authors suggest a reduction in bureaucratic and tariff barriers to trade
by global supply chain structures. In order to protect food systems-related infrastructures
and activities, the authors of [70] propose that the international community establish a
strategic food reserve or include new rules in international humanitarian law. There is no
doubt that systems of agricultural production need to be less energy-dense [74]. It relates
to cluster C4 (economics and public policies) by showing how war shapes public policies
in politics, health, food trade, and production.

The author of [44] argued that alongside classic responses such as trade controls, sup-
ply diversification, public support, and aid, the relatively comfortable position of Arab
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Gulf countries will play a crucial role in mitigating some of the impacts of food crises on
the Middle East through regional cooperation and aid-related food security and fiscal sta-
bility. At the same time, local agriculture remains an important food security tool in some
Middle Eastern countries, but it should be securitized using sustainability and efficiency
criteria (particularly the issues of water availability and use efficiency). However, the ag-
gravated food insecurity in some of the countries, particularly Yemen, as a result of the
war in Ukraine is difficult to resolve in the short or medium terms. Despite having agri-
cultural potential, decades of water over-abstraction, mismanagement, and cultivation of
cash crops have left Yemen’s agricultural sector quite weak. The food crises in Middle
Eastern countries will deteriorate the situation further if no lasting peace materializes and
if donors as well as neighboring countries do not increase their aid [44].

The case studies’ results complement the findings from the bibliometric analysis, ev-
idencing that those aspects such as food security and government, nutrition and war, food
safety and health, and economics and public policies can also be found in the context of
the war in Ukraine.

At the same time, the results provide a better understanding of the fact that the war
in Ukraine also unleashed a new type of complex global food crisis with supply interrup-
tions and rising costs of key agricultural inputs such as fuel, transport, and fertilizers. The
results indicate that this war is not only generating food insecurity in Ukraine, but also
globally, due to the shortage in grain production and supply and the higher prices.

4. Conclusions

This study aimed to explore the extent of the food insecurity problem due to the war
in Ukraine by unveiling the research streams in which scholars have been conducting re-
search related to the impact of war on food security aspects. Ten case studies that directly
tackle the food security problem in the context of the war in Ukraine helped to reveal
relevant secondary data that could support the bibliometric exploration, which could fur-
ther contribute to policymaking.

The results from the bibliometric analysis indicate the existence of at least four main
thematic clusters that scholars are covering on the food security aspects in the general war
context (not only in Ukraine): food security and government aspects (C1), human history,
nutrition, and war (C2), agriculture, food safety, and health (C3), and economics and pub-
lic policies (C4). The case studies complement the findings in these clusters, evidencing
that these aspects can also be found in the context of the war in Ukraine, which is further
evidenced by the secondary data gathered.

This study also has implications that the authors agree upon for their relevance for
policy making. Firstly, the results indicate that the war is not solely generating food inse-
curity in Ukraine, but also globally, due to the shortage in grain production and the higher
prices. Secondly, it has been evidenced that the war could compromise the capacity of
food systems and supply chains. This could reduce the capacity of consumers to have
access to sufficient amounts of food and important micronutrients, which could lead to
malnutrition. Moreover, the shortage of food production can also be a consequence of the
reduced import or production of fertilizers and agrichemicals. Finally, the situation un-
veiled the necessity of consistent food policies to tackle the situation on a local and global
scale, especially related to the necessity of sustainable food systems in order to guarantee
the health of people and the planet.

This study has limitations which could be related to the methods deployed. The bib-
liometric analysis based on the co-occurrence analysis operates under the assumption that
the mere frequency of term co-occurrence signifies strong conceptual relationships, disre-
garding potential nuances in contextual meaning. Additionally, the quality and compre-
hensiveness of the data sources can impact the accuracy of results, potentially introducing
biases or incomplete insights. The subjectivity involved in term selection and the dynamic
nature of language further add complexities to the interpretation. Also, reliance on 10 ex-
pert-selected case studies may limit the generalizability of findings and introduce
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selection bias, potentially impacting the broader applicability and representativeness of
conclusions. The authors believe, however, that these limitations could bring relevant
ideas for future studies.

Firstly, the authors believe that gathering qualitative data through interviews with
relevant stakeholders could contribute to elaborating the policymaking aspects previously
suggested. In addition, a deep understanding of the reality of farmers in Ukraine and an
exploration of their necessities could help the Ukrainian government to formulate specific
policies to alleviate the problems related to food production and the food supply chain.
Thirdly, an assessment conducted by the Ukrainian government to understand the health
conditions of the Ukrainian citizens can help find those who need urgent support in terms
of malnutrition, whether it involves the daily amount of food consumed or the im-
portant micronutrients. Fourthly, the authors believe that future research could seek to
understand the current policies in place and find relevant gaps that have not been tracked
by Ukrainian and European Union authorities in order to guarantee the proper function-
ing of food systems and the health of the planet and population at the same time.

Author Contributions: Conceptualization, W.L.F.; methodology, W.L.F. and J.H.P.P.E.; software,
J.H.P.P.E,; validation, ].B., M.F. and J.H.P.P.E.; formal analysis, M.F., T.L., C.B. and A.L.; investiga-
tion, M.F., A.L. and C.B; resources, T.L.; data curation, ] H.P.P.E. and ]J.B.; writing—original draft
preparation, M.F.; writing—review and editing, W.L.F. and J.H.P.P.E.; visualization, ] H.P.P.E. and
T.L.; supervision, W.L.F. All authors have read and agreed to the published version of the manu-
script.

Funding: This research received no external funding.

Acknowledgments: This paper has been funded by the Inter-University Sustainable Development
Research Programme and is part of the “100 papers to accelerate the implementation of the UN
Sustainable Development Goals” initiative. The support from the German Federal Environment
Foundation (DBU) to the project “Ukraine Nature”, from which some information is drawn from, is
also gratefully acknowledged.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Antdnio Guterres (UN Secretary-General) at the Opening of the High-Level Segment of ECOSOC, 2023 Session. UN Web TV.
Available online: https://media.un.org/en/asset/k1x/k1xjvfshcv (accessed on 17 July 2023).

2. Food and Agriculture Organization of the United Nations (FAO). The State of Food Security and Nutrition in the World 2022; FAO:
Rome, Italy, 2022.

3. Knowledge4Policy. The State of Food Security and Nutrition in the World 2021 (SOFI). 2021. Available online:
https://knowledge4policy.ec.europa.eu/publication/state-food-security-nutrition-world-2021-sofi_en (accessed on 15 August
2023).

4.  FAO, Council, Hundred and Seventy-second Session, Rome, 24-28 April 2023. CL 172/5. Rome. Available online:
www.fao.org/3/nl652en/nl652en.pdf (accessed on 15 August 2023).

5. Nhemachena, C.; Dahiya, S.; Gokah, I.; Echessah, P.; Gichuri, M.; Nhlengethwa, S.; Djido, A.; Muthini, D. The Impacts of the
Russia-Ukraine Conflict on Food Prices, Food and Nutrition Security in Africa. 2022. Available online: https://agra.org/wp-con-
tent/uploads/2022/04/Impacts-of-the-Russia-Ukraine-conflict-2.pdf (accessed on 15 August 2023).

6. European Parliament. Russia War on Ukraine: Impact on Food Security and EU Response. 2022. Available online:
https://www .europarl.europa.eu/RegData/etudes/ATAG/2022/729367/EPRS_ATA(2022)729367_EN.pdf (accessed on 7 August
2023).

7. World Food Programme (WFP). The War in Ukraine Drives Global Food Crisis. 2022. Available online:
https://docs.wfp.org/api/documents/WFP0000140700/download/?_ga=2.183649252.332530238.1657709910-
677308986.1657709910 (accessed on 7 August 2023).

8.  Food and Agriculture Organization of the United Stations (FAO). Impact of the Ukraine-Russia Conflict on Global Food Security and
Related Matters under the Mandate of the Food and Agriculture Organization of the United Nations; FAO: Rome, Italy, 2022.

9.  European Commission. Safeguarding Food Security and Reinforcing the Resilience of Food Systems. Annexes to the Commu-

nication from the Commision to the European Parliament, the European Council, the Council, the European Economic and
Social Committee and the Committee of the Regions. 2022. Available online: https://ec.europa.eu/info/sites/default/files/food-
farming-fisheries/key_policies/documents/safeguarding-food-security-reinforcing-resilience-food-systems-annex.pdf (ac-
cessed on 8 August 2023).



Foods 2023, 12, 3996 20 of 22

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Solonina, E. Economy. What Pleased, Surprised and Frightened Ukrainians in the Passing Year. 2021. Available online:
https://www.radiosvoboda.org/a/ekonomyka-2021-pidsumky-kryza-vvp-zrostannya-tsiny/31630289.html (accessed on 8 Au-
gust 2023).

The Volume of Production, Yield and the Area of Agricultural Crops Collected by Their Species as of 1 December 2021. Available
online: https://ukrstat.gov.ua/operativ/operativ2021/sg/ovuzpsg/Arh_ovuzpsg_2021_u.html (accessed on 7 August 2023).
World Food Programm (WFP). Food Security Implications of the Ukraine Conflict. 2022. Available online:
https://www.wfp.org/publications/food-security-implications-ukraine-conflict (accessed on 8 August 2023).

Hvorostyanyi, V. Increase in Prices for Essential Products for the Domestic Market of Ukraine: Bread, Oil, Sugar, Eggs, Meat,
Flour. 2021. Available online: https://agropolit.com/spetsproekty/932-zrostannya-tsin-naprodukti-pershoyi-neobhidnosti-dlya-
vnutrishnogo-rinku-ukrayini-hlib-oliya-tsukor-yaytsya-myaso-boroshno (accessed on 15 August 2023).

Agropolit. NASA Satellites Show that Russia Controls 22% of Ukraine’s Agricultural Land. 2022. Available online: https://ag-
ropolit.com/news/24064-suputniki-nasa-pokazuyut-scho-rosiya-kontrolyuye-22-silgospugid-ukrayini (accessed on 15 August
2023).

Koznova, O. The NBU Said That with the Current Economic Situation in Ukraine. 2022. Available online: https://biz.liga-
zakon.net/news/211713_v-nbu-rozpovli-shcho-z-potochnoyu-ekonomchnoyu-situatsyu-v-ukran (accessed on 7 May 2023).
World Bank. Food Security Update. World Bank Respons to Rising Food Insecurity. 2022. Available online:
https://www.worldbank.org/en/topic/agriculture/brief/food-security-update (accessed on 15 August 2023).

De La Hamaide, S. «World Food Prices Hit Record High in 2022». Reuters, 6 January 2023. Available online: https://www.reu-
ters.com/markets/world-food-prices-hit-record-high-2022-despite-december-fall-2023-01-06/ (accessed on 15 August 2023).
UNIAN. Export Disaster. Without the Grain Corridor, Ukraine Will Face a Decline in Crops. 2022. Available online:
https://www .unian.ua/economics/agro/eksportna-katastrofa-bez-zernovogo-koridoru-na-ukrajinu-chekaye-skorochennya-
posiviv-12350574.html (accessed on 15 August 2023).

Commodity Markets Outlook. Impact of the War in Ukraine on Commodity Markets. (April 2022) Special Focus. 2022. Available
online: https://openknowledge.worldbank.org/bitstream/handle/10986/37223/CMO-April-2022-special-focus.pdf (accessed on
15 August 2023).

Global Food Crisis: Update on the World’s Unprecedented Needs 2022—World. ReliefWeb. 2022. Available online: https://re-
liefweb.int/report/world/global-food-crisis-update-worlds-unprecedented-needs-2022 (accessed on 7 May 2023).

European Commission. Safeguarding Food Security and Reinforcing the Resilience of Food Systems. 2022. Available online:
https://ec.europa.eu/info/sites/default/files/food-farming-fisheries/key_policies/documents/safeguarding-food-security-rein-
forcing-resilience-food-systems.pdf (accessed on 7 May 2023).

The State of Food Security and Nutrition in the World 2023; eBooks; FAO: Rome, Italy; IFAD: Rome, Italy; UNICEF: New York
City, NY, USA; WFP: Rome, Italy; WHO: Geneva, Switzerland, 2023. https://doi.org/10.4060/cc3017en.

The War in Ukraine Will Lead to an Increase in World Food Prices. Voice of Ukraine Newspaper of the Verkhovna Rada of
Ukraine. 2022. Available online: http://www.golos.com.ua/article/359221 (accessed on 7 May 2023).

Home Earth News. Russia-Ukraine Conflict: Measuring War’s Effect on a Global Breadbasket. 2022. Available online:
https://scitechdaily.com/russia-ukraine-conflict-measuring-wars-effect-on-a-global-breadbasket/ (accessed on 7 May 2023).
United Nations. Black Sea Grain InitiativelJoint Coordination CentrelUnited Nations. Available online:
https://www.un.org/en/black-sea-grain-initiative (accessed on 7 May 2023).

Clapp, J.; Moseley, W.G.; Burlingame, B.; Termine, P. Viewpoint: The case for a six-dimensional food security framework. Food
Policy 2022, 106, 102164. https://doi.org/10.1016/j.foodpol.2021.102164.

Islam, Z.; Kokash, D.M.; Babar, M.S.; Uday, U.; Hasan, M.M.; Rackimuthu, S.; Essar, M.Y.; Nemat, A. Food Security, Conflict,
and COVID-19: Perspective from Afghanistan. Am. J. Trop. Med. Hyg. 2022, 106, 21-24. https://doi.org/10.4269/ajtmh.21-1058.
UN Secretary-General’s Remarks to the UN Food Systems Summit|United Nations Secretary-General. Available online:
https://www.un.org/sg/en/content/sg/statement/2023-07-24/un-secretary-generals-remarks-the-un-food-systems-summit-2-
stocktaking-moment-bilingual-delivered-follows-scroll-down-for-all-english (accessed on 24 July 2023).

Rawtani, D.; Gupta, G.; Khatri, N.; Rao, P.K.; Hussain, C.M. Environmental damages due to war in Ukraine: A perspective. Sci.
Total. Environ. 2022, 850, 157932. https://doi.org/10.1016/j.scitotenv.2022.157932.

Dabi¢, M.; Maley, J.; Dana, L.-P.; Novak, I.; Pellegrini, M.M.; Caputo, A. Pathways of SME internationalization: A bibliometric
and systematic review. Small Bus. Econ. 2020, 55, 705-725. https://doi.org/10.1007/s11187-019-00181-6.

Palumbo, R.; Manesh, M.F.; Pellegrini, M.M.; Caputo, A.; Flamini, G. Organizing a sustainable smart urban ecosystem: Perspec-
tives and insights from a bibliometric analysis and literature review. ]. Clean. Prod. 2021, 297, 126622.
https://doi.org/10.1016/j.jclepro.2021.126622.

Van Eck, N.J.; Waltman, L. Visualizing bibliometric networks. In Measuring Scholarly Impact: Methods and Practice; Ding, E.Y.,
Rousseau, R., Wolfram, D., eds; Springer International Publishing: Cham, Switzerland, 2014; pp. 285-320.
https://doi.org/10.1007/978-3-319-10377-8_13.

Van Eck, N.J; Waltman, L. VOSviewer Manual, 1.6.16. 2020. Available online: https://www.vosviewer.com/getting-
started#vosviewer-manual (accessed on 15 August 2023).

VOSviewer. VOSviewer —Visualizing Scientific Landscapes. 2021. Available online: https://www.vosviewer.com// (accessed on
15 August 2023).



Foods 2023, 12, 3996 21 of 22

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.
46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Eustachio, ].H.P.P.; Caldana, A.C.F.; Filho, W.L. Sustainability leadership: Conceptual foundations and research landscape. J.
Clean. Prod. 2023, 415, 137761. https://doi.org/10.1016/j.jclepro.2023.137761.

Kemmerling, B.; Schetter, C.; Wirkus, L. The logics of war and food (in)security. Glob. Food Secur. 2022, 33, 100634.
https://doi.org/10.1016/j.gfs.2022.100634.

Widome, R.; Jensen, A.; Bangerter, A.; Fu, S.S. Food insecurity among veterans of the US wars in Iraq and Afghanistan. Public
Health Nutr. 2015, 18, 844-849. https://doi.org/10.1017/s136898001400072x.

Verwimp, P.; Mufioz-Mora, J.C. Returning Home after Civil War: Food Security and Nutrition among Burundian Households.
J. Dev. Stud. 2018, 54, 1019-1040. https://doi.org/10.1080/00220388.2017.1311407.

Macrae, J.; Zwi, A.B. Food as an Instrument of War in Contemporary African Famines: A Review of the Evidence. Disasters 1992,
16, 299-321. https://doi.org/10.1111/j.1467-7717.1992.tb00412.x.

He, R.; Zhu, D.; Chen, X,; Cao, Y.; Chen, Y.; Wang, X. How the trade barrier changes environmental costs of agricultural pro-
duction: An implication derived from China’s demand for soybean caused by the US-China trade war. J. Clean. Prod. 2019, 227,
578-588. https://doi.org/10.1016/j.jclepro.2019.04.192.

Archibald, S.; Richards, P. Seeds and rights: New approaches to post-war agricultural rehabilitation in Sierra Leone. Disasters
2002, 26, 356-367. https://doi.org/10.1111/1467-7717.00212.

Tormo-Santamaria, M.; Bernabeu-Mestre, . Making a virtue of necessity: Food education and gastronomy in the Spanish Civil
War and post-war period (1936-1952). Int. |. Gastron. Food Sci. 2020, 21, 100231. https://doi.org/10.1016/j.ijgfs.2020.100231.
Gazeley, L; Newell, A. The First World War and working-class food consumption in Britain. Eur. Rev. Econ. Hist. 2013, 17, 71—
94. https://doi.org/10.1093/ereh/hes018.

Al-Saidi, M. Caught off guard and beaten: The Ukraine war and food security in the Middle East. Front. Nutr. 2023, 10, 983346.
https://doi.org/10.3389/fnut.2023.983346.

Zhang, H. The U.S.-China trade war: Is food China’s most powerful weapon? Asia Policy 2020, 15, 59-86.

Tichelar, M. The Labour Party, agricultural policy and the retreat from rural land nationalisation during the Second World War.
Agric. Hist. Rev. 2003, 51, 209-225.

Cvijanovi¢, D.; Ignjatijevic, S.; Tankosi¢, J.V.; Cvijanovi¢, V. Do Local Food Products Contribute to Sustainable Economic Devel-
opment? Sustainability 2020, 12, 2847. https://doi.org/10.3390/su12072847.

Cox, M.E. Hunger games: Or how the Allied blockade in the First World War deprived German children of nutrition, and Allied
food aid subsequently saved them. Econ. Hist. Rev. 2015, 68, 600-631. https://doi.org/10.1111/ehr.12070.

Maltz, A. Plant a victory garden: Our food is fighting: Lessons of food resilience from World War. ]. Environ. Stud. Sci. 2015, 5,
392-403.

Darwish, R.; Farajalla, N.; Masri, R. The 2006 war and its inter-temporal economic impact on agriculture in Lebanon. Disasters
2009, 33, 629-644. https://doi.org/10.1111/j.1467-7717.2008.01091.x.

Carvalho, F.P.; Oliveira, ].M. Uranium isotopes in the Balkan’s environment and foods following the use of depleted uranium
in the war. Environ. Int. 2010, 36, 352-360. https://doi.org/10.1016/j.envint.2010.02.003.

Robsahm, T.E.; Tretli, S. Breast cancer incidence in food- vs non-food-producing areas in Norway: Possible beneficial effects of
World War II. Br. J. Cancer 2002, 86, 362-366. https://doi.org/10.1038/sj.bjc.6600084.

Akresh, R.; Verwimp, P.; Bundervoet, T. Civil War, Crop Failure, and Child Stunting in Rwanda. Econ. Dev. Cult. Chang. 2011,
59, 777-810.

Polivy, J.; Zeitlin, S.B.; Herman, C.P.; Beal, A.L. Food restriction and binge eating: A study of former prisoners of war. J. Abnorm.
Psychol. 1994, 103, 409-411.

Li, X.-Y,; 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. https://doi.org/10.1038/s43016-021-00432-4.

Stanikzai, A.; Ali, F.; Kamarulzaman, N. Vulnerabilities of wheat crop farmers in war zone. Food Res. 2021, 5, 427-439.
https://doi.org/10.26656/fr.2017.5(2).506.

Temudo, M.P,; Silva, .M. Agriculture and forest cover changes in post-war Mozambique. J. Land Use Sci. 2012, 7, 425-442.
https://doi.org/10.1080/1747423x.2011.595834.

Siano, R.; Lassudrie, M.; Cuzin, P.; Briant, N.; Loizeau, V.; Schmidt, S.; Ehrhold, A.; Mertens, K.N.; Lambert, C.; Quintric, L.; et
al. Sediment archives reveal irreversible shifts in plankton communities after World War II and agricultural pollution. Curr.
Biol. 2021, 31, 2682-2689.€7. https://doi.org/10.1016/j.cub.2021.03.079.

Xia, L.; Robock, A.; Scherrer, K.; Harrison, C.S.; Bodirsky, B.L.; Weindl, I.; Jagermeyr, J.; Bardeen, C.G.; Toon, O.B.; Heneghan,
R. Global food insecurity and famine from reduced crop, marine fishery and livestock production due to climate disruption
from nuclear war soot injection. Nat. Food 2022, 3, 586-596. https://doi.org/10.1038/s43016-022-00573-0.

Burns, A.; Gleadow, R.; Cliff, ].; Zacarias, A.; Cavagnaro, T. Cassava: The Drought, War and Famine Crop in a Changing World.
Sustainability 2010, 2, 3572-3607. https://doi.org/10.3390/su2113572.

Gboku, M.L.S.; Bebeley, ].F. Training for innovation: Capacity-building in agricultural research in post-war Sierra Leone. Int. J.
Train. Dev. 2016, 20, 140-151. https://doi.org/10.1111/ijtd.12075.

Fjelde, H. Farming or Fighting? Agricultural Price Shocks and Civil War in Africa. World Dev. 2015, 67, 525-534.
https://doi.org/10.1016/j.worlddev.2014.10.032.

Shultz, CJ.; Burkink, T.J.; Grbac, B.; Renko, N.; Ii, C.J.S.; Kolk, A.; Lenfant, F.; Hounhouigan, M.H.; Ingenbleek, P.T.; van der
Lans, I.A.; et al. When Policies and Marketing Systems Explode: An Assessment of Food Marketing in the War-Ravaged Balkans



Foods 2023, 12, 3996 22 of 22

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

and Implications for Recovery, Sustainable Peace, and Prosperity. J. Public Policy Mark. 2005 24, 24-37.
https://doi.org/10.1509/jppm.24.1.24.63897.

Fleissig, A.R.; Whitney, G.A. Belgium relief fund, post war food shortages and the “True” cost of living. Explor. Econ. Hist. 2014,
58, 93-106. https://doi.org/10.1016/j.eeh.2015.05.001.

Vahidirad, M.; Borhani, M. The Agricultural Economics of the Allied Occupation of Iran in the Second World War. |. Persianate
Stud. 2021, 14, 221-248. https://doi.org/10.1163/18747167-bjal0011.

Eyck, T.A.T.; Gaskell, G.; Jackson, J. Seeds, food and trade wars: Public opinion and policy responses in the USA and Europe. J.
Commer. Biotechnol. 2004, 10, 258-267. https://doi.org/10.1057/palgrave.jcb.3040081.

Bernard, A. Agriculture: La guerre des images. La contribution du programme Lascaux. Droit Et Soc. 2019, 101, 21-35.
https://doi.org/10.3917/drs1.101.0021.

Marchione, T.J. The right to food in the post-Cold War era. Food Policy 1996, 21, 83-102. https://doi.org/10.1016/0306-
9192(95)00070-4.

Van Meijl, H.; Bartelings, H.; van Berkum, S.; Cui, D.; Smeets-Kristkova, Z.; van Zeist, W.J. Impacts of the Conflict in Ukraine
on Global Food Security (No 2022-052). Wageningen Economic Research. 2022. Available online: https://li-
brary.wur.nl/WebQuery/wurpubs/599055 (accessed on 5 June 2023).

Behnassi, M.; El Haiba, M. Implications of the Russia-Ukraine war for global food security. Nat. Hum. Behav. 2022, 6, 754-755.
https://doi.org/10.1038/s41562-022-01391-x.

Jongeneel, R.; Gonzalez-Martinez, A.; van Leeuwen, M.; Verhoog, D. Potential Medium-Run Impacts of the Russia-Ukrainian War
on the Dutch Agriculture and Food System: An Assessment; Wageningen Economic Research: Wageningen, Netherlands 2022.
https://doi.org/10.18174/571299.

Deininger, K.; Ali, D.A.; Kussul, N.; Shelestov, A.; Lemoine, G.; Yailimova, H. Quantifying War-Induced Crop Losses in Ukraine in
Near Real Time to Strengthen Local and Global Food Security [Working Paper]; World Bank: Washington, DC, USA, 2022.
https://doi.org/10.1596/1813-9450-10123.

Babych, M. The conceptual principles of state policy of ukraine in the field of food security in terms of european integration.
Econ. Soc. 2022, 39, 39. https://doi.org/10.32782/2524-0072/2022-39-76.

Lang, T, McKee, M. The reinvasion of Ukraine threatens global food supplies. BM] 2022, 376, 0676.
https://doi.org/10.1136/bmj.0676.

Glauben, T.; Svanidze, M.; Gotz, L.; Prehn, S.; Jaghdani, T.J.; Puri¢, I.; Kuhn, L. The War in Ukraine, Agricultural Trade and
Risks to Global Food Security. Intereconomics 2022, 57, 157-163. https://doi.org/10.1007/s10272-022-1052-7.

Portner, L.M.; Lambrecht, N.; Springmann, M.; Bodirsky, B.L.; Gaupp, F.; Freund, F.; Lotze-Campen, H.; Gabrysch, S. We need
a food system transformation—In the face of the Russia-Ukraine war, now more than ever. One Earth 2022, 5, 470-472.
https://doi.org/10.1016/j.oneear.2022.04.004.

Tollefson, ]J. What the war in Ukraine means for energy, climate and food. Nature 2022, 604, 232-233.
https://doi.org/10.1038/d41586-022-00969-9.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(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.



