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Changes in the production of agricultural products in Ukraine are analyzed.
Forecasting of the volume of exports of agricultural products from Ukraine until
2027 was carried out. The following factors were taken into account: projected
changes in real GDP in those countries that are the main importers of these
products; reduction of cultivated agricultural land caused by military actions;
forecasted changes in the population of Ukraine during the forecast period. It
was concluded that there are no threats to Ukraine’s food security caused by
changes in the production and export of agricultural products. The research was
based on a forecasting method, which made it possible to take into account
retrospective information and a number of internal and external factors affecting
the processes of production and export of agricultural products. The sources
of information were the data of the International Monetary Fund and the State
Statistics Service of Ukraine. The hypotheses of the study were confirmed, and
the results showed that the volume of production of agricultural products will
be sufficient to support the population of the country, while maintaining the
previous proportion of exports. At the same time, there is a potential for growth
of the share of products that Ukraine can export. The forecast volumes of export
of Ukrainian agricultural products obtained can serve as a guideline for regulating
exports, taking into account the issue of food security in Ukraine.

KEYWORDS

agricultural production, import of Ukrainian products, food, food security, Ukrainian
export

1 Introduction

Food security is a certain indicator that gives predictions about the probability
of hunger in different countries of the world. Today, a lot of attention
is paid to the issue of fighting hunger (Horn and Ferreira, 2022). This is
evidenced by the content of the Sustainable Development Goals (SDGs), among
which Goal #2 is formulated as follows: End hunger, achieve food security
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and improved nutrition and promote sustainable agriculture
After all,
global warming, natural disasters (floods, droughts, fires, and

(https://ourworldindata.org/sdgs/zero-hunger).

earthquakes), wars, and the rapid growth of the population are
the cause of the imbalance of food security, which causes hunger,
especially in developing countries. The Food and Agriculture
Organization of the United Nations (FAO) notes that the share of
undernourished people is an indicator of a country’s food security.
Research data indicates that the world population is growing and
is projected to reach 9.2 billion by 2050 (Silva, 2018). This will lead
to an increase in the demand for food. The author notes that it is
necessary to increase agricultural production by ~60-70% in order
to ensure adequate nutrition for the world population by 2050
(Our World in Data Team, 2023). In their study, scientists (Pawlak
and Kolodziejczak, 2020) emphasized the role of agriculture
(Bashynska, I.,) in ensuring food security in developing countries
in the context of the problem of sustainable food production.
Indeed, many sub-Saharan African regions are highly dependent
on imported crops (e.g., rice and wheat) and agricultural inputs
(e.g., fertilizers), which exposes such countries to a greater risk of
food insecurity imbalances due to disruptions in the global supply
chain (Koval et al., 2023) caused by the COVID-19 pandemic and
the ongoing war in Ukraine (Ben Hassen and El Bilali, 2022).

State governments ensure that food products are available to all
categories of the population, as well as that strategic food stocks are
replenished in case of emergency situations (harvest failure, natural
disasters, man-made disasters, military actions, etc.). International
organizations, together with FAO (FAO et al., 2022), draw attention
to the fact that the war in Ukraine disrupts supply chains and
significantly affects the prices of grain, fertilizers and energy. In
particular, in the first half of 2022, this led to a further increase
in the price of food products in the world (Horn and Ferreira,
2022). Military conflicts can create a threat to food security,
both in Ukraine itself and in other countries of the world where
Ukrainian products are exported (Bochko et al,, 2022, 2023). It is
important to emphasize that it is Ukrainian agricultural products
that play an important role in ensuring the food security of many
countries. However, the war and the consequences of military
operations created such conditions that became barriers to the
normal operation of the country’s agricultural sector. The specified
circumstances may cause a decrease in the volume of production of
agricultural products in Ukraine and its export to other countries
of the world, as well as affect the food security of Ukraine.

Taking into account that agriculture has a much greater impact
on reducing poverty and improving food security than other sectors
of the economy, the purpose of the article is to investigate how
the change in the volume of production and export of Ukrainian
agricultural products affects the food security of Ukraine itself. At
the same time, it is necessary to take into account that during the
period of the Russian-Ukrainian war and after its end the economic
conditions will continue to change not only in Ukraine, but also in
other countries, including those that import a significant amount of
Ukrainian agricultural products.

To achieve the set goal, the actual task is to forecast these
volumes (for the period until 2027) taking into account changes
in export directions, which are also caused by logistics problems,
political and economic relations of importing countries with
Ukraine. An important task from the point of view of the strategic
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vision of the development of the national economy of Ukraine and
ensuring food security is forecasting the volumes of production and
export of Ukrainian agricultural products, which in combination
with the results of research previously conducted in the field of the
agricultural sector (Dziurakh et al., 2022; Nagurskyy et al., 2022)
will contribute to the solution of these problems.

2 Literature review

A large number of scientific works and practical research data
indicate the growing interest of both scientists and practitioners in
the development of issues that raise vital issues at the global level
(Horin, 2020; Pawlak and Kotodziejczak, 2020; Garcia-Diez et al.,
2021; Shpak et al., 2021a,b; Tanveer et al., 2024; Verni et al., 2024).
In order to achieve the goal of the research, the main attention will
be focused on a more detailed study of such areas of problems as
food safety; the relationship between agriculture and food security,
as well as the key role of the agricultural sector of Ukraine in the
formation of its food security, since this directly affects the food
security of other countries at the global level.

2.1 Food security

Food security is considered a measure of population access
to food (Garcia-Diez et al,, 2021). Scientists Lv et al. (2022)
emphasized that food security is achieved when every individual
has continuous physical, social, and economic access to an ample
supply of safe, nutritious food that aligns with their dietary
requirements and personal nutritional preferences, promoting
active and healthy lifestyle. Often, researchers attribute food
security to economic security. For example, Hrynyshyn (2020)
argues that crafting a national development strategy involves
taking into account various indicators of economic security, with
particular emphasis on factors such as food self-sufficiency and
food sovereignty. He suggests defining the food security system
as a comprehensive framework encompassing organizational,
economic, social, legal, informational, scientific, innovative, and
ecological measures. These measures aim to safeguard the essential
interests of individuals, communities, regions, and the state by
ensuring the physical, economic, and social accessibility, safety,
and quality of food products, as well as the stability of food
supply and food sovereignty. Horin (2020) attributes food security
to national and economic security and suggested considering a
number of indicators that characterize food security. Among these
indicators, she considers it expedient to take into account those that
determine the actual state of food consumption by the country’s
population, compared to specific threshold criteria, the values of
which are given in official government documents and statistical
data. This is also stated in the Methodology for calculating the level of
economic security of Ukraine (Ministry of Economic, 2013), where
for the assessment of food security, calculations of indicators are
provided, most of which are based on data from the statistical
collections “Balances and consumption of basic food products
by the population of Ukraine” and “Availability and income of
grain and oilseeds to enterprises engaged in their storage and
processing.” By the way, in the previously mentioned Methodology
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for calculating the level of economic security of Ukraine, food security
is defined as the condition of food production within the country
capable of meeting the nutritional needs of every member of
society with food of suitable quality, under the condition that it
is balanced and accessible to all members of society. The Law of
Ukraine “On the National Security of Ukraine” does not directly
refer to food security, but it is clear that it is an important
element of the country’s national interests, which provide for “safe
living conditions and the wellbeing of its citizens,” which must be
protected “from real and potential threats” (Law of Ukraine on
National Security of Ukraine, 2018) (Verhovna Rada, 2018). Most
of the above definitions link food security with protection against
internal and external threats. Food security is also about access
to food under healthy economic conditions, so knowing the basic
tools that guarantee the safety of these types of food is essential to
achieve food stability and subsequent food security (Tanveer et al.,
20245 Verni et al., 2024). Scientists developed the issue of food
security and substantiated that it is important to have a balanced
diet and access to different categories of food: meat, vegetables,
fruits, dairy products, nuts, etc. (Amao et al., 2023).

2.2 The relationship between agriculture
and food security

Food security, agricultural policy and economic growth
are interrelated and interdependent processes (Breman, 2019).
Agriculture provides the largest share of food resources and
provides a critical number of ecosystem services (e.g., food supply;
Podolchak et al., 2022a; Rehman et al., 2022). As such, agriculture
is vital for food security and supports Sustainable Development
Goal (SDG) particularly Goal 2, which aims to fight hunger. The
analysis of scientific studies showed that in various regions of the
world, in the context of increasing food and nutritional security,
special attention is paid to the agricultural land system (Kniaz et al.,
2023). Due to the importance of agriculture in the rural economy of
both developed and developing countries, the sector can contribute
to the creation of an enabling environment for increasing food
security. Increasing the resilience of (rural) food systems can be
ensured by the creation of smart agroclusters (Bashynska et al.,
2022), and this can contribute to increasing the food security of
households and communities in conditions of instability (Garcia-
Diez et al., 2021). Scientists (Lv et al., 2022) have shown that the
main factors affecting food security are the area of arable land and
limited water resources for land irrigation.

2.3 The key role of the agricultural sector
of Ukraine in the formation of its food
security

Since food security is directly determined by the state of
the agricultural sector of a specific country, it is appropriate
to assess food security, taking into account the functioning of
this branch of the national economy. Regarding Ukraine, the
agricultural sector remains among the leaders in its economy,
which is due to the peculiarities of natural and climatic conditions
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and the structure of the country’s economy. Approximately 2.9
million people were employed in this sector, of which ~80%
were employed in the personal peasant economy, and almost
every second employed rural person worked in the informal
sector of the rural economy (Omotoso et al., 2022); the number
of economically active rural population aged 15-70 was ~5.6
million people (Kukel et al., 2020). Tt is currently difficult to talk
about these indicators due to significant migration phenomena, in
particular internal population movements and forced emigration.
Part of the problems associated with staffing of agricultural
enterprises can be compensated for by implementing an innovative
risk management system developed on the basis of the transfer
of the best European technologies (Podolchak et al, 2022b).
Nadvinichnyi (2018) noted that the regional organization of
the agrarian sphere is largely determined by the “territorial-
localization component” itself, as well as the features of the regional
organization of the agrarian sphere (such as the specifics of the
agrarian system, the level of production intensity, specialization,
etc.). In the current conditions, it is also necessary to add the
negative consequences of Russian military aggression, which are
especially acute in the eastern and southern regions of Ukraine.
It is important to preserve the territorial localization aimed at
the development of the agricultural sector during the post-war
reconstruction of Ukraine (Potcovaru and Majerova, 2022). From
this point of view, it is important to pay attention to food security
in Ukraine. After all, to ensure it, not only food stocks are
necessary, but also their proper storage and balanced decisions
regarding the export of agricultural products (Ostashko, 2022).
The agricultural sector is one of the leaders in the economy of
many countries, as it creates the basis for their economic growth.
Each region in each country has its own unique sphere of social
reproduction due to different resource potential, that is, fertile
soils, favorable climatic conditions, etc. (Shpak et al, 2021a,b).
Scientists of the Institute of Economics and Forecasting of the
National Academy of Sciences of Ukraine assessed the prospects for
increasing agricultural production and strengthening the role of the
agricultural sector in the national economy. In their monographic
study (Borodina and Shubravska, 2018; Mordovtsev et al., 2022),
two qualitatively different phases in the processes of production
and domestic consumption of agricultural products in Ukraine
are distinguished: during 2004-2008 there was an “intensification
of import expansion,” and in 2012-2016—“decrease in the level
of import dependence;” and for the next period these researchers
predicted “increase in import dependence.” We consider this
forecast to be unlikely, but it requires additional research in
order to justify possible scenarios of changes in the volume of
export of Ukrainian agricultural products and the total volume of
its production.

Mudrak (2022) investigated the impact of Russian military
aggression on global and national food security. He revealed the
trends of constant growth of the share of Ukrainian exports
of certain types of agricultural products in world exports. She
emphasized that the circumstances caused by the war worsen
the state of providing other countries with sunflower oil, grain
and other types of products supplied by Ukraine. However,
his research lacks predictive estimates regarding future volumes
of production and export of Ukrainian agricultural products.
The strengthening of the limitations of logistics chains, which
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affect the supply of food to other countries, is also evidenced
by the research of other scientists, which revealed negative
dynamics of the aggregated logistics efficiency index (Stetsiv,
2022).

The main factors in the decrease in the volume of agricultural
production in Ukraine are the removal of a large part of the
land from agricultural use due to temporary occupation and their
littering with ammunition and remnants of military equipment, the
destruction of infrastructure and damage to agricultural machinery.
It is obvious that significant funds will be needed to restore this
industry, including demining and clearing agricultural land; these
works will take several years. Therefore, in forecast calculations
for the nearest period, it is necessary to rely on the assumption
that the volume of production of agricultural products will be
smaller, compared to the period until 2022, in proportion to the
decrease in the area of land suitable for processing and growing
agricultural crops. The war has resulted in a roughly 22% reduction
in arable land suitable for agriculture in 2022 (Movchaniuk and
Diachenko, 2023). Even following the liberation of the occupied
territories, it will take several years before these lands can be
cultivated, as they will require demining and field clearing first. In
the future, as they are freed and cleared, they will be used again for
agricultural production (Viana et al., 2022).

The conducted analysis of literary sources became the basis for
formulating the research hypothesis.

H 1: Ukraine’s food security depends on the volume of
production of agricultural products.

H 2: Ukraine’s food security depends on the volume of exports
of agricultural products.

3 Methodology and data construction

For reasonable forecasting of the agricultural production
volume in Ukraine, it is necessary to use such a methodology
that would make it possible to take into account retrospective
information and a number of internal and external factors that
affect the processes of production and export of agricultural
products. Bogomazova (2012) suggested using two groups of
methods for forecasting, depending on the content of the initial
information. The first group includes methods of extrapolation
and modeling, whereas the second deals with expert methods
that involve taking into account the opinions of authoritative
specialists (these methods are useful for forecasting in conditions
of some uncertainty of the investigated processes). Expert methods
sometimes involve qualitative rather than quantitative predictive
visions. In our opinion, the results of forecasting should be exactly
quantitative indicators that make it possible to compare the actual
state of the process in the past and the predicted future state.
Therefore, those indicators that are essentially qualitative should
be expressed quantitatively. Information about factors related to
military actions on the territory of Ukraine, for example, changes
in the area of land available for agricultural use, is given in the
publications of experts in the agrarian sphere.

The volumes of agricultural products of Ukraine expressed in
actual prices (in hryvnias) practically coincide with those calculated
in US dollars at the official average annual exchange rates in
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previous years (Figure 1). The volume of production of agrarian
products had an increasing trend in recent years.

This research will use the forecasting method. In order to
forecast the volume of production of agricultural products an
assumption was made of their decrease in 2022 by 22% from the
volume in 2021. This is approximately the same estimate given
by experts in October 2022 (Neiter et al., 2022). According to this
scenario, the reduction in production in 2022 should be calculated
as the average value for the previous 5 years, reduced by 22% (the
area of arable land has decreased by that much). The mathematical
model of this forecast is described by the equation.

Q2022 = (1 = 0,22)%(Q2017 + Q2018 + Q2019 + Q2020 + Q2021)/5

According to the forecast for 2022, the volume of production of
agricultural products in Ukraine is: Q22 = (1-0, 22) * (26,609
+ 31,161 + 32,602 + 33,118 + 49,331)/5 = 26,960 million
dollars USA.

The forecast growth rates of Ukrainian agricultural production
are taken as average to the previous ones, with the exception of the
anomalous (record) year 2021. The rates calculated in this way are
~7.8% per year:

TQ = [(1 — Qa018/Qa017) + (1 — Qa019/Q2018) + (1 — Q2020/Q2019)1/3 =
[(1 —31,161/26,609) + (1 — 32,602/31,161) + (1 — 33,118/32,602)]/3

0,078.

The mathematical model for forecasting Ukrainian agricultural
production volumes in 2023-2027 is described by the equation:

Qn = Quo1x(1 + TQ).

In particular, for the period 2023-2027, the forecast values are:

Q2023 = Quo22(1 + TQ) = 26,960%(1 + 0,078) = 29, 063 million dollars USA;
Q2024 = Quo23(1 + TQ) = 29,063%(1 4 0,078) = 31,330 million dollars USA;
Q2025 = Qa024%(1 + TQ) = 31,330%(1 + 0,078) = 33,774 million dollars USA;
Q2026 = Qa025%(1 + TQ) = 33,774x(1 + 0,078) = 36,408 million dollars USA;
Q2027 = Qao26*(1 + TQ) = 36,408%(1 + 0,078) = 39,248 million dollars USA.

The results of forecasting the volume of production of
agricultural products in Ukraine for the period until 2027,
expressed in US dollars, are shown in Figure 2.

At the time of writing, the State Statistics Service of Ukraine
(2023) released estimates for the agricultural production volume in
Ukraine in 2022, totaling ~29.4 billion USD. This indicates that the
actual volume surpassed the forecasted value by ~8.7%.

It should be taken into account that as a result of the Russian
invasion, the actual population of Ukraine at the end of 2022
decreased by ~8 million people (UNHCR, 2022), that is, by
almost 20% compared to January 2022 (then, according to official
data, the population of the country was more than 41 million
people, excluding the Autonomous Republic of Crimea). This
gives grounds for the assertion that the internal consumption
of agricultural products will decrease accordingly. Therefore,
according to the given scenario, the volume of production of
agricultural products will be sufficient to provide for the country’s
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FIGURE 1
Volumes of agricultural production of Ukraine, expressed in billion Ukrainian hryvnias (left scale) and in billion US dollars (right scale). Source:
calculated according to the State Statistics Service of Ukraine (2022).
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FIGURE 2

Actual (up to and including 2021) and forecast (from 2022) volumes of production of agricultural products in Ukraine (in billion USA dollars). Source:

calculated by the authors.

population while maintaining the previous proportion of exports.
At the same time, there is a basis for an increase in the share of
products that Ukraine can export.

To forecast the volume of production and export of Ukrainian
agricultural products, it is necessary to take into account not
only the change in the area of cultivated agricultural land,
but also the general state of the economies of the countries
that import Ukrainian products. Information on gross domestic
product (GDP) values and forecasts of their annual changes for
the period until 2027 for the countries of the world are provided
on the website of the (International Monetary Fund, 2022). Data
on the dynamics of agricultural production in Ukraine and its
export are available in the sources of the State Statistics Service
of Ukraine.

In order to forecast the volume of export of Ukrainian
agricultural products, state of

assumptions regarding the

Frontiers in Sustainable Food Systems

the economies of the importing countries (changes in real
GDP) and their shares in exports are taken into account. On
this basis, the forecast values of average annual percentage
changes in export volumes were calculated as the sum of
products of percentage changes in real GDP of importing
countries and their shares in the export of agricultural products
from Ukraine. The forecast model uses the assumptions
of analysts of the International Monetary Fund regarding
annual changes in real GDP for the period until 2027
(Table 1).

Forecast calculations of the export of agricultural products were
made according to two scenarios. Forecasting according to the first
scenario covers two stages. At the first stage, expert assumptions
were made regarding the shares of the main importing countries
in the export of Ukrainian agricultural products (dEXP¢).For each
year of the forecast period, annual percentage forecast changes in
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export volumes (TEN) were calculated as the sum of dEXP¢ and
dGDPc products.

At the second stage, export volumes (Qu) were calculated
sequentially for each year of the forecast period, based on
the forecast value of exports in the previous year (Qn-—1).
The mathematical model for this scenario is described by the
following expression:

Qn = Qn-1#(1 + TEN).

The second scenario is based on the assumption that it will be
possible to export a part of agricultural products, which will remain
from the total volume of production, excluding the volume of
domestic consumption.

TABLE 1 Forecast values of annual changes in real GDP of countries that
are the main importers of Ukrainian agricultural products.

Country Annual changes in real GDP (%) in the
forecast period (dGDPc)

2023 2024 2025 2026 2027
Romania 2.1 2.8 3.6 3.8 3.8
China 52 4.6 4.1 3.8 3.6
Turkey 45 3.1 3.2 33 34
Spain 25 1.9 2.1 1.8 1.6
Poland 0.2 31 3.5 3.3 3.0
Netherlands 0.1 0.6 1.3 1.9 1.9
Egypt 3.8 3.0 4.4 4.7 5.1
Ttaly 0.9 0.7 0.7 0.2 0.3
Germany -0.3 0.2 1.3 1.5 1.1
Hungary —0.9 2.2 33 2.8 3.0

Source: compiled according to International Monetary Fund (2023).

10.3389/fsufs.2024.1361625

4 Research results

In previous years, the share of exported agricultural products
tended to increase in absolute numbers and decrease compared to
the total volume of its production (Figure 3).

The peculiarity of the export of agricultural products is
that products produced in the previous period can be sold
in the current year. Therefore, in order to estimate the share
of exports in the total volume of manufactured goods, it
is advisable to calculate the corresponding ratio for several
years. On average, the share of exports was 66% for the
period 2017-2021.

The accession of Ukraine to the World Trade Organization
and the implementation of the Association Agreement with the
European Union (EU) provided additional opportunities for the
development of the agricultural sector of the national economy
of Ukraine, in particular for expanding the export of agricultural
products to European countries. According to the results of 2021,
Ukraine exported agricultural products in the amount of 27.7
billion US dollars, which is almost 25% more than the volume in
2020 (22.4 billion USD). Exports of agricultural products to EU
countries and Great Britain increased by 12%: from 7.5 billion
dollars USA in 2019 to 8.4 billion US dollars in 2021. The share of
the EU in Ukrainian exports of agricultural products was 30.1% in
2021 (Makuha, 2022). Shares of exports to other countries are likely
to remain at the level they were in 2021. The main importers of
Ukrainian agricultural products in 2021 were China, India, Egypt,
Turkey, Indonesia, a number of European countries, in particular
members of the European Union (Figure 4).

The shares of countries in the export of Ukrainian agricultural
products are calculated in proportion to the volume of exports to
them. Due to the Russian occupation and blockade of Ukrainian
ports in the Black Sea, the export shares to importing countries have
changed. In 2023, the top 10 importers included Romania, China,
Turkey, Spain, Poland, the Netherlands, Egypt, Italy, Germany, and
Hungary (Table 2).

FIGURE 3
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Dynamics of production and export of Ukrainian agricultural products and the relationship between them. Source: calculated by the authors.
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FIGURE 4

Export volumes of agricultural products of Ukraine to the largest importers in 2021 (billion USD). Source: summarized according to statistical data.
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According to our assumption, these import shares (as listed in
Table 2) will remain the same in the following years until 2027.
For each year of the 2023-2027 forecast period, annual percentage
forecast changes in export volumes (TEy) were calculated based on
the data from Tables 1, 2. For example, for 2023, TEy was calculated
as follows:

TE023 = 19.0%%2.1% + 14.4%%5.2% + 13.1%%4.5%
11.8%%2.5% + 11.1%%0.2% + 8.5%*0.1% + 7.2%%*3.8%

+
+ 6.5%%0.9% + 5.2%+(—0.3%) + 3.3%*x(—0.9%) = 2.35%
The results of this stage are given in Table 3.

At the time of preparation of the article, the actual volume
of exports of Ukrainian agricultural products for 2022 became
known—in the amount of 23.4 billion dollars (UAEA, 2023). For
the period 2023-2027, the forecast values of the export of Ukrainian
agricultural products according to the first scenario are:

Q2023 = Q2022%(1+TE3023) = 23.4%(1+0.0235) = 23.9 billion dollars USA;
Q2024 = Q2023%(1+TE3024) = 23.9%(1+0.0256) = 24.5 billion dollars USA;
Q2025 = Q2024 %(14+TE3p25) = 24.5%(14-0.0297) = 25.2 billion dollars USA;
Q2026 = Q2025%(14+TE3026) = 25.2%(14-0.0296) = 25.9 billion dollars USA;
Q2027 = Q2026%(14+TE3027) = 25.9%(140.0291) = 26.7 billion dollars USA.

Further calculations have been carried out based on the second
scenario (based on the assumption that it will be possible
to export a part of agricultural products, which will remain
from the total volume of production, excluding the volume of
domestic consumption).

The average value of the share of Ukrainian agricultural
products used for domestic consumption during 2017-2021 was
32.9%. This was ~(26.609 + 31.161 + 32.602 + 33.118 +
49.331)*0.329 = 11.372 billion dollars. US every year or about
277.4 USD. of the USA per resident of Ukraine yearly (considering
the then population of 41 million people). This approach takes
into account the need to support Ukraine’s food security. At the
same time, the projected changes in the number of the country’s
population, caused primarily by the expected return to Ukraine
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TABLE 2 Export volumes of agricultural products of Ukraine to the largest
importers in 2023.

N Country Volume (billion USD) Share (%)
1 Romania 2.9 19.0
2 China 2.2 14.4
3 | Turkey 2.0 13.1
4 Spain 1.8 11.8
5 Poland 1.7 11.1
6 Netherlands 1.3 8.5
7 | Egypt 11 72
8 Italy 1.0 6.5
9 Germany 0.8 5.2
10 Hungary 0.5 3.3

Source: summarized according to statistical data.

TABLE 3 The results of the calculation of annual percentage forecast
changes in the export of Ukrainian agricultural products.

2023 2024 2025 2026 2027

2,35%

Year (N)

Annual percentage forecast 2,56% 2,97% 2,96% 2,91%

changes in export volumes
(TEx)

Source: calculated by the authors.

of fellow citizens from abroad, are taken into account. In 2023,
the International Monetary Fund published demographic forecasts,
according to which the population figures for Ukraine were
projected as follows: in 2023—33.2 million, in 2024—33.7 million,
in 2025—34.7 million, in 2026—35 million, and in 2027—35.9
million people (IMF, 2023). The assumption of changes in domestic
consumption in proportion to the corresponding changes in
the population of Ukraine, included in the second scenario
of forecasting changes in the export of Ukrainian agricultural
products, is shown in Table 4.

The remaining volume of domestically produced food can be
exported. For example, in 2024, production is forecasted to be 31.3
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billion USD, so a volume of 22.0 billion USD can be exported (31.3-
9.3). The results of forecast calculations of the volume of export of
Ukrainian agricultural products under two scenarios are shown in
Figure 5.

The second scenario takes into account the likely return of
part of the population from abroad to Ukraine, leading to an
increase in its total population. Therefore, in the coming years,
the volumes of domestic consumption of agricultural products
will increase. This will result in limitations on the volume that
can be exported. However, due to the growth of agricultural
production at higher rates than the population growth, export
volumes may potentially increase. This growth (according to
the second scenario) has higher rates than the first scenario.
This is because the first scenario was based solely on changes
in the economic situation of countries importing Ukrainian
agricultural products.

The forecast volume of exports of Ukrainian agricultural
products obtained under the second scenario can serve
as a guideline for regulating exports, taking into account
the issue of food security in Ukraine. With the return of
Ukrainian refugees to Ukraine after the end of the war,
domestic consumption of agricultural products will increase
somewhat. However, at the same time, the area of lands
suitable for cultivation after their clearing and demining
increase. Therefore, food in Ukraine will

will security

remain satisfactory.

TABLE 4 Assumptions regarding changes in the volume of domestic
consumption in Ukraine for the forecast period of 2023-2027 (based on
changes in population).

10.3389/fsufs.2024.1361625

5 Discussion

The results of the above calculations showed that the
forecasting of agricultural production volumes in Ukraine is based
on the assumption of a decrease in 2022 (by ~22%) of land
areas suitable for agriculture due to Russian military aggression.
After 2023, the annual growth of agricultural production may
be at the level of average growth rates (7.8%) until the
record harvest of 2021. To forecast exports, changes in the
economic status of the main importers of Ukrainian agricultural
products and changes in domestic consumption are taken into
account in proportion the projected population of Ukraine.
During 2023-2027, changes in the volume of production of
Ukrainian agricultural products, according to the calculations,
will amount to ~29.1-39.2 billion US dollars. Export volumes
during this period will also grow ~19.9-23.9-26.7-29.2 billion
dollars USA.

In general, research on food security at the global level
has shown that this indicator depends on the coherence of
the work of various systems and sectors of countries (Tarasuk
et al, 2019; Haghighi and Namdar, 2024). In particular, in
China (Lv et al, 2022), the interdependence of agricultural,
social and economic spheres explains the level of food
security in the country. Scientists emphasize the need to
develop agriculture and suggest reducing the development
of agricultural land due to the expansion of cities; increase
subsidies to encourage farmers to develop agriculture; improve
the agricultural infrastructure and increased investment in
agricultural development.

Mehrabi et al. (2022) presents the prioritization of threats to
global food security from extreme events. Among the threats that
have the strongest impact on global food security, the following

Year 2023 2024 2025 2026 2027 . )
are named: growing dependence on water resources, especially
Projected population size, 332 337 347 350 359 groundwater; droughts in Africa in regions south of the Sahara
million people . .
desert; heat and other extreme phenomena in the coastal regions
The volume of domestic 92 93 6 9.7 10.0 of poor countries, where they eat mainly seafood; the simultaneous
consumption of f hat th h . ¢
agricultural products in occurrence of extreme events that threaten the proper provision o
Ukraine is billions of US water supply services (for irrigation), pest control, and the supply of
dollars. feed for fish and livestock production; seizure of resources on land
§ 35
§ 30 21,7 Y P T 292
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g 17,8 1 42 hsg [267
& 20 " 5 25,9
=] < 19.9 2_,0
s 15
g 10
3 5
0

2016 2017 2018 2019 2020 2021

—o—Fact

FIGURE 5

Export of Ukrainian agricultural products: fact (2018-2022) and two forecast scenarios (2023—-2027), billion dollars USA. Source: calculated by the

authors.

Years

—#—Scenario 1

2022 2023 2024 2025 2026 2027 2028
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and at sea by powerful countries, and others. Military operations
and their consequences are not mentioned in this study, but their
impact due to the destruction of agricultural, logistical (Shpak et al.,
2018) infrastructure should be taken into account.

In Ukraine, in addition to the above-mentioned main factors, it
is necessary to take into account factors that have an indirect effect
on food security, in particular the state of the energy infrastructure
(Androniceanu and Georgescu, 2023), which is being destroyed
as a result of hostilities on the part of Russia. In this context, an
important strategic alternative to ensure sustainable development
is the production of green energy (Androniceanu and Sabie, 2022).
It is also necessary to consider the state and level of the shadow
economy in public administration (Shpak et al., 2021a,b), which
affects the development of the economy that shapes food security.
All these and others factors have a significant impact on food
security, since a study of changes in the indices of the global
indicator of food security starting from 2018 shows that, along
with its general decrease in the world by 1%, in Ukraine there
was a tendency to increase by an average of 6% (Stetsiv, 2022),
but with the start of a full-scale invasion in 2022, this indicator
deteriorated sharply.

The results of the study proved that the main resource for the
production of agricultural products in Ukraine is arable land. A
large part of the territory of Ukraine becomes unfit for agricultural
production due to the conduct of military operations there caused
by the war Russian military aggression. After the liberation of the
occupied territories, it takes a long time to return the agricultural
lands to a condition suitable for their use for growing agricultural
products. It will also be necessary to restore agricultural buildings
and structures and to update the park of agricultural machinery.
An additional negative factor is the decrease in the number of
workers in the agricultural sector due to the fact that a large part of
the population, including the rural population, left the temporarily
occupied territories.

This research can be useful for various groups of people and
organizations, in particular for:

e The government. The study can provide government agencies
and authorities with important information to develop and
implement effective policies and strategies to ensure food
security in the country.

e Agricultural producers. Agricultural enterprises and farms can
use research to plan their production and expand agricultural
activities, according to the needs of the national market and
export opportunities.

e The research community. Scientists and researchers can
use the research results for further analytical work, as
well as for improving methods and approaches to food
security assessment.

e International organizations. International organizations such
as the World Food and Agriculture Organization (FAO) can
use data on food security in Ukraine to coordinate global
efforts to ensure food security.

e Business and investors. Private

food
business development decisions in the agricultural and

companies can use

security information to make investment and

food industries.
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The limitation of the study is that the analysis of the impact of
production volumes and export of products on the food security
of Ukraine was carried out during the period of active hostilities,
which is characterized by instability and unpredictability of further
development and the state of the indicators that were taken
as the basis of the study. The conducted research also has the
following limitations: firstly, it does not consider the assumption
of possible annexation of additional territories by the aggressor and
the resulting decrease in agricultural land; secondly, the assumption
about the return of Ukrainian refugees is hypothetical—as it is
difficult to make a reliable forecast about future migration processes
caused by war.

Further research should be devoted to identifying the
relationship between changes in the population of Ukraine in the
post-war period and the physical volume of domestic consumption
and export of Ukrainian agricultural products.

6 Conclusions

Today, in the world society, great attention is paid to creating
conditions for strengthening food security.After all, overcoming
poverty and hunger is the second most important goal in the
worldwide Millennium Development Goals.

The
agricultural

article analyzes changes in the
products in Ukraine

for the volume of exports of these products from Ukraine

production of
and develops forecasts
until 2027. The presented analysis takes into account several
factors, including projected changes in real GDP in countries
that are the of Ukrainian
products, a decrease in processed agricultural land due to

main importers agricultural
military actions and projected changes in the population
of Ukraine over the next few years. Based on this analysis,
it was concluded that there is no threat to Ukraine’s food
security caused by changes in the production and export of
agricultural products.

The study confirmed the hypotheses and indicated that the
volume of production of agricultural products in Ukraine will
be sufficient to meet the needs of the country’s population,
without violating the previous export ratio. There are even
reasons to increase the share of products that Ukraine can
export. The forecasted export volumes obtained as part of
the study can be used as an indication for export regulation
taking into account food security issues in Ukraine. With
the return of Ukrainian refugees to Ukraine after the end
of the war, domestic consumption of agricultural products
will increase somewhat. However, at the same time, the
area of lands suitable for cultivation after their clearing and
demining will increase. Therefore, food security in Ukraine will

remain satisfactory.
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