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Abstract: Such rapidly changing external conditions as the COVID-19 pandemic and the war in Ukraine, being
pure crisis phenomena, not only determine the geopolitical and geoeconomic situation on the global markets,
but also cause structural changes in individual countries. Under these conditions, the level of food self-
sufficiency becomes particularly important, as it is one of the factors determining the food security of any
country. The aim of the research is to assess Ukraine's food self-sufficiency compared to the European Union
and Poland. The self-sufficiency ratio (SSR) index was used to assess food self-sufficiency. This is the ratio of
the volume of production of the most important products of plant and animal origin to the volume of domestic
consumption. Domestic consumption was defined as the volume of domestic production increased by the
volume of imports, reduced by the volume of exports and also included changes in domestic stock levels. The
surveyed time frame is 2019-2021. The analyzed data were taken from the State Statistics Service of Ukraine,
FAOSTAT, USDA and Statistics Poland. A comparative analysis of self-sufficiency for the main agri-food
sectors of Ukraine, the EU, and Poland showed significant differences. Taking into account the production
potential and food self-sufficiency indicators of Ukraine, Ukraine's possible accession to the EU can be expected
to have a major impact on the EU's supply and demand situation, as it may pose a threat to many EU agri-food
sectors.

Keywords: food self-sufficiency; food security; production potential of agriculture; war in Ukraine;
European Union; Poland

1. Introduction

The external environment for doing business in the agri-food sector has changed significantly in
recent years, primarily due to the socioeconomic impact of the COVID-19 pandemic and the war in
Ukraine. In the broadest terms, 2020 marked the peak of the COVID-19 pandemic, 2021 was a period
of gradual easing of restrictions introduced in connection with the pandemic, and 2022 saw pressure
from another destabilizing factor for the market, namely the hostilities in Ukraine. The post-
pandemic global recovery was thus hampered by many new challenges. The year 2022 was marked,
first of all, by high volatility in global agricultural and energy commodity markets, as a consequence
of Russia's invasion of Ukraine. Prices for agricultural products were already high before the
outbreak of the war, but the hostilities caused additional turmoil in agricultural markets. Problems
with the continuity of supply chains and a decline in the supply of agricultural products put a strain
on market balances in many regions of the world and caused rapid price increases that reinforced
strong inflationary impulses in the global, EU and domestic economies. In addition, sanctions
imposed on Russia and Belarus resulted in a decline in the supply of energy resources and a sharp
increase in the price of oil and natural gas, and consequently electricity. This has had a negative
impact on the cost of agricultural production, particularly fuel and fertilizer. There has also been a
marked increase in costs for food processing operators [1].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Russia's invasion of Ukraine had already shaken volatile food markets around the world. Such
a nervous reaction of food markets was due to the fact that Ukraine and Russia are major producers
and exporters of many agricultural commodities. The hostilities therefore meant limited
opportunities to sell these commodities abroad, which, with both countries' significant share of global
exports, posed the risk of shortages in some markets. According to Ambroziak et al. [2], the Russian
invasion of Ukraine directly affected the food security of many countries by reducing the physical
availability of certain agricultural products as a result of disruptions in their transportation. The
negative impact of the war on food security also manifested itself in indirect ways. A marked increase
in prices reduced the economic availability of food in many countries, especially those with the lowest
income levels.

The COVID-19 pandemic, warfare on various fronts, as well as progressive climate change have
highlighted the weaknesses of food systems and inequalities in different regions of the world, causing
a further increase in global hunger and a serious threat to food security. Ensuring physical and
economic access to sufficient, safe and nutritionally adequate food for all people has thus become one
of the most important global challenges of the 21st century. Clearly, in view of the huge number of
hungry people in the world, as well as those living below the subsistence level, various kinds of
measures must be taken to increase food security [3].

In an ever-changing, increasingly difficult external environment, given the need to avoid a
global food crisis and push back the specter of world hunger, the issue of ensuring food security,
which is a key element of any country's socioeconomic policy, has become particularly important.
One of the most important factors determining food security is the level of food self-sufficiency. Food
self-sufficiency of a country is defined as the ability to meet the internal demand for food through
production using its own resources, while, in a slightly more developed form, it means the full
availability of food on the internal market, regardless of the sources of its origin (domestic production
or imports) [4]. On this basis, self-sufficiency can be assessed as the ratio of production to domestic
consumption, and can be considered at the level of the entire sector or individual agri-food products.
If production falls below domestic consumption, then self-sufficiency is not guaranteed and supply
shortfalls must be made up with imports. The situation is different where production exceeds
demand. In such a situation, there are supply surpluses that can be diverted for export. Assessment
of self-sufficiency is part of the analysis of market balances, of which foreign trade turnover is an
important element, and changes in domestic inventories are also important. Therefore, an analysis of
foreign trade performance can, to some extent, illustrate whether a country is food self-sufficient.
However, a trade surplus should not be clearly equated with self-sufficiency, as the intensity of trade,
including intra-industry trade, is becoming increasingly globalized. In such cases, a positive foreign
trade balance is not necessarily a consequence of production exceeding domestic demand.

The production potential of Ukraine's agri-food sector and its position in the world food trade
have been analyzed more than once. The authors have tried to cite some of the research results in the
following section. However, there is a research gap in the literature regarding the assessment of
Ukraine's food self-sufficiency, and this issue, especially in the context of future changes in the global
economy, may be of great importance. Therefore, the purpose of this article is to assess food self-
sufficiency in basic plant and animal products of Ukraine compared to the European Union (EU),
including Poland. This assessment was made on the basis of an analysis of the ratio of production of
selected agri-food products to their balance consumption. The analysis of self-sufficiency was carried
out for the period 2019-2021, using data from the State Statistics Service of Ukraine, FAOSTAT, the
USDA Foreign Agricultural Service, and Statistics Poland.

The study consists of an introduction, four substantive chapters and a conclusion. The first
chapter contains theoretical considerations on the concept of food self-sufficiency, including a
definition of this term and various approaches, and examines how the concept relates to food
security. The next chapter includes a description of the research method used, i.e. formulations and
interpretations of food self-sufficiency indicators. The third chapter provides an in-depth
comparative analysis of the potential of the agricultural sector of Ukraine and the European Union,
including Poland. The fourth chapter contains the results of the analysis of food self-sufficiency of
Ukraine compared to the EU, including Poland, in terms of selected agri-food products. This section
uses calculations made on the basis of the SSR indicator, which expresses the degree to which a
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country's internal demand for food products is covered by domestic production. The study concludes
with conclusions and recommendations in the context of Ukraine's possible accession to the EU.

2. Food Self-Sufficiency — Literature Review

According to the Food and Agriculture Organization (FAO), food security is defined by a
situation in which 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
[5]. Food security is ensured when four conditions are met simultaneously: physical availability of
food, economic availability of food, adequate dietary quality and food safety, and stability over time
[3]. It can be considered at different levels, in particular, national, international and global. While
food security is ensured at the national level, regional inequalities are reduced at the international
level, solving food problems at the global level [6,7]. Many researchers [8] point out that food security
at the global level is very complex. This is because, on the one hand, it focuses on social aspects and
is strongly linked to sustainable development. On the other hand, it incorporates causes and effects
at the national and international levels, it aims to solve lower-level problems resulting from food
insecurity of individual countries or local communities.

One of the most important factors determining food security is the level of food self-sufficiency.
The concept of food self-sufficiency is generally taken to mean the extent to which a country can
satisfy its food needs from its own domestic production [9]. This most basic definition can apply at
the level of individuals, countries or regions. However, food self-sufficiency is not a manifestation of
food security, although the two can interact. The concept of food security does not include
considerations as to the origin of food or a country's ability to produce it, as long as it is available,
accessible, nutritious, and stable. Food self-sufficiency is mainly concerned with the element of
availability and focuses on the origin of food, including in particular the domestic capacity to produce
it in sufficient quantities [4].

Figure 1 shows the most basic understanding of food self-sufficiency. The Food Self-Sufficiency
Line represents a closed economy situation in which food production equals food consumption in a
country, i.e,, food supply at the national level meets food demand. Individual countries can be placed
above or below the self-sufficiency line. The quantities on the axes of this figure (production,
consumption) can be presented in annual or, for example, daily per capita terms [4,10].
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Figure 1. Basic understanding of food self-sufficiency. Source: [4].

While recognizing the basic definition of food self-sufficiency, it should, however, be clarified
and expanded. This is because, food self-sufficiency can be defined somewhat differently depending
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on the unique situation of each country in terms of the production potential of the agri-food sector,
the level of economic development, the ability to purchase food on foreign markets and the efficiency
of food distribution in the country, and above all, the individual policy choices of the government.
For example, it can be understood as closing its borders to all foreign food trade (both imports and
exports) and concentrating its resources on the agricultural sector so that it can meet all its food needs
on the domestic market. In this way, the agricultural sector is prioritized as a source of overall
economic growth and development, as well as a way to increase economic activity and income in
rural areas. Viewed in this way, the definition refers to a country applying total autarky to its agri-
food sector. However, such an extreme policy stance is virtually non-existent today, just as there are
no countries that depend entirely on foreign food purchases. All countries, even major food exporters
that are fully self-sufficient, import at least some food [4,7]. Much more commonly, a country's food
self-sufficiency is defined as a situation in which a country meets or even exceeds most of its food
needs (close to 100% of food consumption) from its own production. This definition presupposes the
possibility of food trade, and food self-sufficiency in this case is expressed as a percentage or by
appropriate indicators. This definition is less categorical about where the food consumed in a country
comes from, but it still allows inferences about a country's own capacity to produce food. Countries
that are self-sufficient can specialize in food production, but this does not prevent them from
importing and exporting food at the same time [4].

The increasing level of economic globalization, the opening of economies to external
competition, as well as biological and technological advances, mean that the nature of food self-
sufficiency is changing today, and it is now difficult to find examples of autarkic economies. In
practice, food self-sufficiency is the desire of individual countries to balance their food trade, i.e. to
cover imports of agri-food products with exports of these products. A zero balance achieved in this
way can indicate food self-sufficiency. This approach implies full economic and physical availability
of food on the domestic market, regardless of origin, i.e. from both domestic production and imports
[7,11]. However, Sobiecki estimates that to ensure food security at the same time, at least 70-75% of
the population's food needs should be produced in a country or grouping (such as the European
Union) [12]. In this way, the implemented policy of optimal food self-sufficiency makes it possible to
enrich the national food assortment with products not produced domestically (e.g., from other
climatic zones). At the same time, it becomes possible to sell food surpluses abroad. Thanks to such
development of foreign trade streams, the structure of food consumption becomes more diversified,
and the needs of the population are better satisfied [7].

In recent years, in order to achieve an adequate level of food security, as well as the availability
of food in specific markets, many countries have acknowledged the importance of foreign exchange
and trade policy, undertaking a number of initiatives to develop international trade. Their goal has
been to eliminate poverty and improve food availability [13,14]. This is because trade openness,
which promotes the exchange of products between countries, plays a key role in ensuring continuity
of supply, equalizing supply and demand, and reducing price fluctuations in individual markets. As
a result, each country can increase the quantity and variety of products available to the public, while
guaranteeing improved levels of food security [15]. The development of trade additionally allows
access to larger markets, which provide opportunities for economies of scale, and technology and
knowledge transfer [16]. A study by Fader et al. [17] found that many countries are unable to increase
their food self-sufficiency due to limited natural resources, including limited agricultural land and
water. They estimated that 16% of the world's population meets its food needs through international
food trade and other means. Trade can therefore be an important protection mechanism for those
countries that are unable to ensure adequate food availability in the market on their own. A study by
Fusco et al. [18] confirms the positive impact of trade openness on the food security of European
countries. Moreover, the researchers proved that also economic development combined with a strong
agricultural sector, including policies implemented by the EU, can promote food security. This means
that trade openness in the context of economically developed countries can improve the safety and
nutritional quality of food, as well as its availability on the domestic market, i.e. the food self-
sufficiency of these countries. However, Puma et al. [19] point out that excessive concentration of
food import sources can be a factor in increased vulnerability of the global food system, which can
result in its instability and susceptibility to disruptions of both a natural and economic nature. The
global economy experienced this as a consequence of Russia's invasion of Ukraine [2]. Indeed, both
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countries are among the largest producers and exporters of key agricultural products, such as wheat,
barley, corn, oilseeds and sunflower oil.

Although food self-sufficiency, meaning the full availability of food on the internal market, can
be achieved by various means, some researchers emphasize the need for individual countries and
their groupings to support their own production, for example, through intervention-protection policy
measures, which helps make their own food producers more competitive. The Common Agricultural
Policy, which supports the EU agricultural market and stimulates measures related to improving the
quality of food products, is also based on this principle to some extent [11]. When it was introduced,
the European Union became an almost food self-sufficient region within a few years [7,20,21]. In
recent years, a growing interest in the idea of food self-sufficiency can be observed in many countries.
Various crises, including the 2007-2008 food crisis, the COVID-19 pandemic, and the war in Ukraine,
have caused great uncertainty in global food markets, manifested in disruptions in supply chains or
volatility in agricultural and energy commodity prices. Against this backdrop, many countries have
announced a shift in policies aimed at increasing levels of food self-sufficiency and stepping up
efforts to make local food systems more resilient [22,23]. Although policies that support greater food
self-sufficiency appear to be justified in many cases, such measures are often criticized by economists.

In an environment where some countries are net exporters of food and others are net importers,
attention is increasingly being paid to global food self-sufficiency. Global food self-sufficiency
depends not only on the level of agricultural and food processing production and the openness of
trade, but also on the development of the distribution sphere and changing external conditions. Some
researchers believe that the world's food production resources are sufficient to feed the population
of the entire globe. Hunger and malnutrition, which are a problem in many parts of the world, are
instead due to inequitable distribution, imperfect political solutions, and inadequate institutional
mechanisms. Each country or grouping, by pursuing a policy of optimal food self-sufficiency for
itself, helps to solve or exacerbates the global food problem. At the same time, it is incumbent on
societies and international organizations to provide adequate support to the countries most severely
affected by food deficits [24]. According to other researchers, meeting the growing global demand
for agricultural products when the planet's limited resources are being depleted is becoming the most
serious challenge facing humanity. Beltran-Pefia et al. [25] conclude that global food self-sufficiency
is likely to decline or at most be sufficient throughout the 21st century, provided that a model of
sustainable agricultural development is implemented. Only if this occurs can global food production
be sufficient to feed the world's population. However, most countries in Africa and the Middle East
will still be heavily dependent on imports in the 21st century. The results of this research identify the
sites of future crop production deficits and dependence on food imports, and predict vulnerability to
extraordinary food supply shocks.

However, there is no doubt that in order to avoid a global food crisis, action by international
organizations and communities is needed to counteract threats to food security in countries with
relatively low income levels, as well countries that are less food self-sufficient, especially when crises
occur. After all, pandemics, wars and the resulting instability destabilize food markets for a long time.

3. Materials and Methods

Three analytical methods are most often used in assessing the food self-sufficiency of countries.
The first two are based on an analysis of the results of foreign trade in agri-food products. The foreign
trade balance (TBi - Trade Balance), which is the absolute difference in the volume of exports and
imports (1), makes it possible to assess the supply and demand in a given market. A positive foreign
trade balance (TBi >0) indicates that a country's production is greater than domestic demand and the
surplus can be sold on external markets. Therefore, adding a trade balance suggests that a country is
self-sufficient in the production of the commodity in question.

TBi = E.X'i - Imi (1)
where: TB: - foreign trade balance,
Exi - exports, Imi - imports.

Food self-sufficiency in relative terms can also be assessed and interpreted using the index of
import to export of agri-food products (TC: - Trade Coverage), which is the ratio of exports to imports
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[26] (2). A country has food self-sufficiency if the values of this indicator are greater than or equal to
unity (TCi 21).

ﬁ
Im;

TC; = 2)
where: TCi - import-export coverage ratio,
Exi - exports, Imi - imports.

An analysis of foreign trade performance illustrates to some extent whether a country is food
self-sufficient. However, neither the foreign trade balance nor the import-export coverage ratio
should be clearly equated with self-sufficiency, as the intensity of trade, including intra-industry
trade, is increasing under globalization. Many countries specialize in foreign trade in agri-food
products (e.g. the Netherlands, Saudi Arabia) and re-export imported products, reaping significant
economic benefits from trade. In such cases, these rates are not necessarily a consequence of
production exceeding demand. However, more in-depth studies prove that most net food exporting
countries are self-sufficient, while most net food importing countries are not considered self-
sufficient. The results of measuring food self-sufficiency based on market balance analysis confirm
that countries can be considered self-sufficient if they simultaneously engage in food trade.

The third method of assessing food self-sufficiency is based precisely on the analysis of market
balances of individual products, and is used by FAOSTAT [27], among others. In this approach, the
food self-sufficiency indicator (SSR:) is the ratio of production to balance sheet consumption, which
in turn expresses production adjusted for the foreign trade balance (+TBi), and in more precise terms
also takes into account the change in domestic stocks (+AS: ) (3). Self-sufficiency in the market for a
given commodity occurs if the values of the SSR: indicator are greater than or equal to unity. Mostly
data in terms of quantity (volume), but sometimes also in terms of energy (caloric) or value
(monetary) are used to calculate these indicators [4,19].

SSR;=2.100=——2% 100 =—2_. 100 3)
U; (0j+Im;—Ex;FAS;) (0;¥TB;FAS;)
where: SSRi - self-sufficiency index,

Abouti - domestic production,

U: - balance consumption,

Imi - import, Exi - export, TBi - foreign trade balance,
ASi - change in inventory.

Food self-sufficiency can be further formalized in dynamic terms as the ratio of the values of the
demand function for a given commodity D: (y1,...,y» ) to its production function O (x1,...,x» ), which
are determined by a diverse group of variables (4). In this approach, self-sufficiency occurs, as in
market balance analysis, when the values of the production function are greater than or equal to the
values of the demand function O: =D: (Figure 2).

0;(x1,-.2%2) < Di(y1..7m)

SSR; =< 0;(x1... %) = Di(v1,..vn) )
Oi (xl,...,xn) > Di (yl‘...,yn)
where: SSRi - self-sufficiency index,

Oi (x1,...,xn ) - production function,
Di(y1,...,yn ) - demand function.
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Figure 2. Food self-sufficiency as the ratio of demand function to production function. Source: Own work.

Regardless of the analytical approach, the SSR index: expresses the degree to which a country's
domestic demand for agri-food products is covered by its domestic production. The higher the values
of the food self-sufficiency index are above unity, the greater is the country's ability to feed its
population with its own production. The index in question can also be used to assess food self-
sufficiency in specific agri-food products at the scale of countries or regions, which makes it possible
to determine whether countries and regions are capable of meeting the demand for these products
[7,20]. Its usefulness is due in particular to the fact that not only export-import ratios, but also
production data and stock changes are included in the calculations [4,7].

In this article, SSR: indicators, which were based on market balance analysis (3), were used as a
method for assessing food self-sufficiency. The research used statistical data of the State Statistics
Service of Ukraine, FAOSTAT, the Foreign Agricultural Service USDA, and Statistics Poland in
quantitative terms. The period covered by the research was defined as 2019-2021, the period
immediately before Russia's invasion of Ukraine. The analytical work and inference repeatedly took
into account that the hostilities in Ukraine had a negative effect not only on the production potential
of the country's agri-food sector, its demographic situation and potential demand, but also on the
ability of the State Statistics Service of Ukraine to collect and publish data.

4. Production potential of agriculture of Ukraine in comparison with the EU, including Poland

The production potential of a country's or region's agriculture is determined by a wide range of
factors, which can be classified as follows:

e climatic conditions, including temperature distribution and the sum and distribution of
precipitation, which determine the length of the growing season and hydrological conditions,

e area and structure and qualitative quality of agricultural land,

e farm livestock,

e the demographic situation in rural areas, which determines the labor pool,

e ownership and area structure of farms [28].

Ukraine is located in a temperate continental climate zone, which is favorable for agricultural
production [29]. The Black Sea and Sea of Azov regions have a Mediterranean climate [30]. The
growing season, which is defined as the number of days with an average temperature above 5°C [31],
is long and allows the cultivation of most crop species [32]. Precipitation ranges from 400 mm in
southern regions to 1,000 mm in mountainous regions [33]. Despite the low amount of precipitation,
water resources are approximately 4,000 m3/capita and are twice as high as in Poland [34,35]. The
determining factors are the river network (Dnipro, Dniester, Pripyat, etc.) and numerous lakes and
reservoirs (about 4100). In the southern regions, the water deficit was solved by the Dnieper-Donbas
and North Crimean canals [36].

The main factor determining the production potential of Ukrainian agriculture is the area of
agricultural land, which is about 41.3 million hectares and is about 75% smaller than in the EU, but
three times larger than in Poland (Table 1). The agricultural land area per capita in Ukraine is 1.0
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hectares, three times larger than in the EU and Poland. Under wartime conditions, about 22% of the
agricultural land area was taken out of production [37], and due to losses and a large number of
refugees [38], depopulation to about 35.0 million inhabitants occurred. As a result, in 2023, the
agricultural area per capita dropped to 0.9 hectares, but is still larger than in the EU and Poland. An
element that determines the production potential of Ukraine's agricultural land is the large share of
soils of the highest quality classes. Chernozem, which are characterized by high humus content,
account for about 50% of the territory, but the problem remains their progressive degradation due to
climate change and crop production technology based on monocultures [39,40]. Degradation of soils
is also caused by warfare, as well as difficulties in implementing principles of rational management
under crisis conditions [41].

Ukraine's agricultural land structure is typical of Central and Eastern Europe. The largest share
is arable land (79.7%), slightly higher than in Poland (76.1%), but significantly higher than in the EU
(60.5%). Ukrainian agriculture shows a small share of permanent grassland (18.2%) and permanent
crops (2.1%) in the structure of agricultural land (Table 1). In the EU and Poland, the share of
grasslands and pastures in the agricultural land structure is 32.2 and 21.4%, respectively, and this is
determined by agroclimatic conditions, developed livestock production and the ownership structure
of farms. Permanent crops in the EU account for 7.3% of the agricultural area, as fruit, vegetable, wine
and oil production, in which family farms specialize, plays an important role in the southern member
states. The structure and good quality of agricultural land determine the production specialization of
Ukrainian agriculture, which focuses on the production of cereals and oilseeds in large-scale
agricultural enterprises. In Ukrainian agriculture, family farms have a marginal share of production,
and a large part of fruit and vegetable production is produced for self-supply or direct sales.

Table 1. Area and structure of agricultural land in Poland in 2021

Item EU Poland  Ukraine EU Poland  Ukraine
Million ha %

Total agricultural land 163.7 14.6 41.3 100.0 100.0 100.0
arable land 99.1 11.1 32.9 29.1 60.5 76.1
permanent grassland 52.7 3.1 7.5 67.1 32.2 21.4
permanent crops 12.0 0.4 0.9 3.8 7.3 2.5

Area of.agrlcultural land 03 03 10 ) ) )

per capita (ha)

Source: Own calculation on Statistics Poland and FAO data.

Ukrainian agriculture's livestock production experienced a regression between 2010 and 2021,
reflected by a deep decline in livestock numbers, with the exception of poultry [42]. The cattle
population declined by 58.4% and was half that of Poland, which has a much lower production
potential [43-45]. The pig population decreased by 9.1%, but it should be remembered that it was
already low in 2010. [46]. The pig population in Ukraine is about 40% smaller than in Poland (Table
2). The main reason for this is the structure of farms, in which the key role is played by large-scale
agroholdings, specialized in crop production. The aforementioned agroholdings do not develop
livestock production, despite their large feed resources, which could be the basis of competitive
advantages. Agroholdings' lack of interest in dairy, beef and pork production is due to the need for
large capital and labor inputs, including the implementation of efficient production organization
based on hired labor [47]. Specialization in crop production, including simplified crop rotation and
lack of use of organic fertilizers, is harmful to the environment, which is reflected in soil degradation.
In livestock production in Ukraine, developmental trends have been noted only in poultry
production, which was based on large supplies of grain and protein crops [48]. The factors
stimulating the development of the poultry industry were technology based on a short production
cycle and rapid turnover and high rates of return on capital. The poultry population grew at an
average annual rate of 1.7%.

Table 2. Herd size in 2021

Item EU Poland Ukraine
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Average
2010=100 annual change
'000 heads %
Cattle 75,655 6,379 2,874 41.6 -5.3
Pigs 141,656 10,242 5,876 90.9 -0.6
Horses 2,673 157 202 34.2 -6.5
Sheep 59,969 265 621 71.0 2.1
Goats 11,470 54 519 59.1 -3.2
Poultry 1,419 190 200 131.5 1.7
chicken 1,295,328 168,629 183,543 139.1 2.1
turkey 84,869 15,256 1,569 66.3 -2.5
ducks 36,360 5,271 11,373 135.5 1.9
geese 2,352 892 3,556 38.0 -5.9

Source: Own calculation on Statistics Poland and FAO data.

There are negative demographic trends in Ukraine. Between 2001 and 2021, the population
decreased by 14.9% to 41.6 million people [49]. The reasons for the population decline were labor
emigration abroad (e.g., to Poland) and excess deaths that resulted from the war in Donbass and the
COVID-19 pandemic [50]. The population in rural areas fell by 21.3% to 12.6 million people, and its
share of the total population decreased from 32.7 to 30.3%. A decisive factor in the decline of the rural
population was migration to cities or abroad, driven by structural changes in agriculture [51]. The
concentration of grain and oilseed production in agroholdings generates less labor demand than the
production of fruits, vegetables and animal products on family farms. From 2015 to 2020, 2.7-3.0
million people were employed in agriculture, but the number of people with permanent jobs
decreased by 6.1% to 385,000. Most of those employed in Ukrainian agriculture do not have
permanent positions and work during seasonal increases in demand. Many households in rural areas
have home farm plots where they produce for self-supply and direct sales. One cannot exclude labor
activity in the "shadow economy," a large share of which is characteristic of transition economies [52].

Between 2022 and 2023, the population of Ukraine fell to about 35 million people as a result of
the hostilities. The number of refugees is estimated at about 6.0 million. The large population decline
has affected the labor market, including in the context of the country's future reconstruction. The key
question remains whether the war refugees, who are mainly women and children, will return to
Ukraine when the war ends, or settle in EU countries. Depopulation results in a decrease in potential
demand for food, and this means that Ukraine will have surpluses that will be exported.

Difficulties arose in transformation of ownership of agricultural land in Ukraine and the process
has not been completed [53]. Issues of agricultural land ownership will be a major challenge in the
context of eventual EU accession, since property rights are the foundation of the European economy
and a requirement for implementation of the Common Agricultural Policy programs. Transformation
of ownership of agricultural land began in 1992 under a law that made no changes to the legal forms
of farms, but granted workers the right to an appropriate share of the land of cooperatives (kolkhozes)
[54]. The process of determining the size of shares took about ten years, and the shares, depending
on the region, were 1-8 hectares/employee. It is estimated that 6-8 million people exercised the right
in question, but the shares granted to them were not delineated on maps. Most of the certificates of
ownership of land rights formed the basis for leasing them to agroholdings, and only about 6% were
converted into the right to use a specific and physically separate plot of land. In 2001, the Land Code
of Ukraine was enacted, aimed at establishing ownership of agricultural land as the basis for market
trading in land. The implementation of the regulations in question was suspended, and the relevant
moratorium was extended annually until 2019. In the process of ownership transformation, a subject
structure of Ukrainian agriculture was formed, in which family farms play a minor role, as they use
only about 25% of the land [55,56]. In most EU Member States, including Poland, the share of family
farms in crop acreage is about 90%. The dominant form of farms in Ukraine is agricultural enterprises,
which are based on leased land and have different legal forms and scale of production. The most
numerous group are "farmer farms," which account for about 72% of the group of entities in question,
with an average land area of about 130 hectares. However, most "farmer farms" lease more than 500
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hectares, which is a large scale of production compared to the EU and Poland. In addition, there are
22 very large agroholdings on the market, which are commercial companies, including those with
foreign capital (Cyprus, the US, Saudi Arabia, Germany, Denmark and the Netherlands), and their
total cultivated area is about 4 million hectares.

Agriculture in Ukraine is not realizing its production potential, which is based on fertile soils
and favorable climatic conditions. This is confirmed by low productivity, which is reflected in low
yields in crop production and livestock productivity. The main reason for the low yields is improper
agrotechnology, as most farms use simplified crop rotation or monocultures, which result in soil
degradation and the expansion of agrophages. The deep decline in the number of livestock has
resulted in low supplies of natural fertilizers, which are the basis for sustainable crop production. In
2019-2021, average yields of crops in Ukraine varied significantly and were much lower than in the
EU, and lower than in Poland, which has poor soils, low water resources and a fragmented farm
structure (Table 3). Ukrainian agriculture shows low productivity in livestock production [57]. The
average milk yield of cows in 2019-2021 was 31.8% lower than in the EU and 16.6% lower than in
Poland. The reason for the low milk yield of cows is poor genetic material and poor welfare and
feeding conditions for cows.

Table 3. Productivity of agriculture in Ukraine, EU and Poland

EU Poland Ukraine
Item 2019 2020 2021 2019 2020 2021 2019 2020 2021
dt/ha

Wheat 57.0 552 570 439 533 50.7 416 380 454
Rye 380 430 413 272 351 331 289 333 345
Barley 494 491 50.7 34.6 444 418 36.7 327 427
Maize (corn) 787 727 780 562 721 747 719 562 786
Rapeseed 29.9 311 31.8 271 319 321 256 23.0 293
Sugar beet 738.0 685.0 759.0 575.0 608.0 610.0 461.0 416.0 479.1
Potatoes 3185 361.9 360.1 214.0 348.0 300.0 155.0 157.0 166.4
Sunflower 23.7 205 238 - - - 256 202 246
Soybeans 31.0 284 289 - - - 229 205 262

Milk yield (kg per cow) 7,304 7,483 7,578 5960 6,125 6,200 4976 5,126 5,155
Source: Own calculation on the State Statistics Service of Ukraine, Statistics Poland, and FAOSTAT data.

Ukraine is a large producer of crop raw materials, including cereals and oilseeds. In 2019-2021,
grain production amounted to 55.4-75.7 million t, with high variability determined by yield
fluctuations. In cereal production, corn (27-42 million t), wheat (22-31 million t) and barley (6-10
million t) play a key role. The share of world corn production was 2.3-3.5%, wheat 2.7-4.2%, and
barley 4.0-6.8%. In comparison, the EU's share of world grain production is 11.9-12.8%, and Poland's
is 1.5-1.6%. In the production of oil crops, the cultivation of sunflower plays a key role, of which the
harvest amounted to 12.2-17.5 million tons. Rapeseed production fluctuated between 2.8-3.5 million
t and was comparable to Poland. As a result, Ukraine is the world's leading producer and exporter
of oil products, as its share of world sunflower and rapeseed production is 23.3-30.8 and 3.4-4.0%,
respectively. Ukraine produces 3.0-4.5 million tons of soybeans, but its share in world production is
low (0.8-1.1%), driven by large production in the US, Brazil and Argentina. The level of efficiency of
cultivation and processing of sugar beets is low, as sugar production is 33.0% lower than in Poland.
Ukraine is not realizing the potential in livestock production, which is based on large feed resources.
Between 2019 and 2021, raw milk and livestock production averaged 42-62% less than in Poland.
Ukraine shows large and competitive production of poultry livestock (about 1.4 million tons in
slaughter weight), which is exported to the EU. As a consequence of low milk and livestock
production, Ukraine's share of the world market for livestock products is 0.5-1.0%, half Poland's
share.

Table 4. Structure of agricultural production in Ukraine and Poland
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Ukraine Poland
Item 2019 2020 2021 2019 2020 2021
%

Crop production 756 767 822 475 511 52.0
Cereals and legumes 350 354 403 160 179 213
Industrial crops 23.0 240 294 5.3 6.7 6.4
Potatoes, vegetables and cucurbits 7,7 7.0 4.6 43 34 3.2
Fruits 5.5 5.6 45 10.0 9.1 8.5
Feed crops 3.0 3.1 2.2 5.1 8.8 6.1
Other 14 1.6 1.2 6.8 5.2 6.5

Animal production 0.3 0.4 0.2 6.8 5.2 6.5
Livestock 244 233 178 525 489 480
Milk 13.1 126 96 298 268 263
Eggs 8.0 7.6 56 160 158 16.8
Other 2.6 2.5 2.1 5.3 5.0 4.4

Total 0.7 0.6 0.5 1.4 1.3 0.5

Source: Own calculation on the State Statistics Service of Ukraine and Statistics Poland data.

The structure of agricultural production value in Ukraine is different than in the EU and Poland.
In Ukraine, the production structure is dominated by plant products, the share of which increased
from 75.6 to 82.2% between 2019 and 2021. The share of animal products decreased from 24.4 to 17.8%
(Table 4). The structure of production confirms the high specialization of agriculture and at the same
time indicates that it is not sustainable in the context of the circular economy model. Ukrainian farms
process little fodder to make animal products, which show a higher share of added value. Low animal
production does not provide natural fertilizers that benefit soils. In the EU, the structure of
agricultural production is balanced, as the share of plant products is 53.7-58.7% and the share of
animal products is 41.3-47.3% [58]. In the production structure of Polish agriculture, the share of plant
and animal products is similar, at 47.5-52.0% and 52.5-48.0%, respectively, indicating its
sustainability.

5. Ukraine's Food Self-Sufficiency in Basic Agricultural Products Compared to the EU, Including
Poland

Ukraine has significant production potential in the agri-food sector, based on its large area of
agricultural land and favorable climatic conditions. The production potential exceeds the demand of
the domestic market, but it is not used in all industries, which is largely determined by the structure
and production specialization of agroholdings. A barrier to inefficient utilization of production
potential is unsustainable production technology, which is reflected in low productivity of labor and
capital [59]. In the structure of farms, the key role is played by agroholdings, which specialize in the
production of cereals and oil crops, and to a lesser extent in the production of poultry and pork
livestock. Family farms have a low share of production, as they produce only for self-supply and a
low level of direct sales.

Ukraine's total grain production is more than three times the balance consumption and the bulk
of itis directed towards exports. SSRi ratios in the grain market in 2019-2021 were 306.1-372.9% (Table
5). There are differences in the level of self-sufficiency in the grain markets. The largest production
surpluses and high export specialization are found in the corn (426.8-560.9%) and wheat (256.0-
351.8%) markets, and smaller in the barley market. Rye production is of marginal importance, as
fertile soils make it possible to grow wheat, barley and corn. The situation is different in Poland,
which has a high proportion of poor soils, where it is mainly possible to grow rye and oats.

In the oilseed market, production also exceeds consumption and Ukraine is a major exporter of
oilseeds. However, it should be noted that the level of self-sufficiency varies by oilseed crop. Oilseed
rape production is more than seven times greater than demand, and the high consumption of
rapeseed meal for feed results in only slightly lower self-sufficiency. In the sunflower seed market,
production is balanced with demand, meaning that the seeds are mostly processed into oil at
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domestic companies. The high variability of production under conditions of relatively stable
consumption results in changes in the self-sufficiency rate in the range of 99.6-154.2%. A by-product
of sunflower processing is meal, which is in low demand on the domestic market and has a large
oversupply, which is diverted for sale on the international market. Sunflower oil production is 4-12%
higher than domestic demand. Production of soybeans and soybean meal is more than double the
domestic consumption, the basis of which is poultry and swine farming.

In the sugar industry, self-sufficiency is guaranteed (96.0-129.2%), with the only exception being
years with unfavorable weather conditions during the campaign period. Soil and climatic conditions
make Ukraine predisposed to competitive cultivation of sugar beets, but the sugar industry remains
a barrier to the industry's development, as it needs to be restructured and modernized.

Table 5. Food self-sufficiency ratios SSRi in Ukraine and EU in 2019-2021

Ukraine EU
ftem 2019 2020 2021 2019 2020 2021
Cereals 372.9 308.1 360.6 109.5 106.8 109.9
wheat 351.8 292.0 314.3 129.4 120.9 127.6
barley 211.1 192.7 247.5 111.5 1124 1144
maize 560.9 426.8 501.2 84.5 86.8 87.5
Rapeseed 763.2 904.6 7444 104.2 102.5 100.8
rapeseed meal 514.0 380.0 570.0 100.2 101.3 101.0
Sunflower 99.6 101.8 154.2 15.8 15.0 16.7
sunflower meal 478.1 445.4 371.7 65.1 69.1 78.5
Soybeans 222.6 196.6 245.0 70.4 73.3 77.6
soybean meal 243.3 164.2 171.2 43.6 44.0 43.5
Vegetable oils 568.8 302.1 348.8 - - -
Sugar 123.1 96.0 1154 98.0 96.5 90.3
Beef 1114 108.9 111.2 104.0 105.6 105.4
Pork 92.0 92.8 88.4 121.7 127.5 126.1
Poultry 181.7 186.2 172.3 114.6 114.3 112.4
Milk 91.0 90.7 90.1 118.7 115.8 116.2

Source: Own calculations on Foreign Agricultural Service of United States Department of Agriculture data.

Ukraine’s livestock production, Ukraine is moderately self-sufficient. In particular, the
production of poultry livestock is developed and competitive, with the demand at twice the level of
the internal market. The basis for efficient poultry breeding is the abundance of grain and protein
crops and positive economies of scale in agroholdings. As a result, Ukraine is a competitor to the EU
and Poland in the international market. SSRi ratios on the milk and beef markets, which are strongly
production-related, are 88.5-91.0% and 108.9-119.0%, respectively. The lack of self-sufficiency in
dairying is a consequence of the decline in cow numbers as a result of restructuring processes in
agroholdings that specialize in crop production. The decline in the number of dairy cows has resulted
in declining beef production, as calves for fattening and cows for slaughter come from dairy farmers.
Self-sufficiency in the beef market is due to low consumption in the domestic market caused by high
prices and low household incomes [60]. In 2021, national income in terms of purchasing power was
$17,500/per capita, 66.4 and 54.6% lower than in the EU and Poland, respectively. The situation with
regard to supply and demand in the pork market is difficult, as production does not meet demand
and self-sufficiency is only 88.4-97.0%. The reasons for this were cyclicality and low profitability of
production, as well as ASF outbreaks [61]. Ukraine's self-sufficiency in the market of animal products
is much lower than in the market of plant products, which is a consequence of the structure and
production specialization of agroholdings.

A comparative analysis of the 2019-2021 average SSRi self-sufficiency ratios in the main
industries of the Polish, EU and Ukrainian agri-food sectors confirmed significant differences (Figure
3). Ukraine is highly self-sufficient in grain and oilseed production. Poland and the EU are net
importers of oilseeds, as determined by the high feed demand for soybean meal and esters used as
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diesel fuel additives. In the grain market, Poland and the EU have surplus supply, but it is many
times smaller than in Ukraine. The self-sufficiency of the Ukrainian sugar industry is comparable to
the average level in the EU. However, sugar beets are grown and processed in 19 EU countries.
Consequently, there are large differences in self-sufficiency across member states, with Poland being
one of the large EU sugar producers and exporters, and showing greater self-sufficiency than
Ukraine. In vegetable production, the self-sufficiency of Ukraine, the EU and Poland is similar. The
situation is different in fruit production, as Poland is a leading producer and exporter of apples,
cherries, strawberries, and fruit preserves. In the fruit market, however, intra-industry trade is
intense. This is determined by the large volume of trade in fruits from other climatic zones. In this
regard, the self-sufficiency of Ukraine and the EU can be considered comparable.

Cereals

Eggs Oilseeds
Milk Sugar
EU
Meat Fruits
----- Poland
Ukraine

Vegetables

Figure 3. Average food self-sufficiency ratios SSRi in Ukraine, EU and Poland in 2019-2021. Source:
Own calculations on Foreign Agricultural Service of United States Department of Agriculture and
Statistics Poland data.

In terms of industries producing and processing animal products, Poland is more self-sufficient
than Ukraine and the EU, including total meat, eggs and milk. In the Polish meat market, self-
sufficiency is determined primarily by large poultry production and very low demand for beef, 80%
of production of which is directed for export. Ukraine's self-sufficiency in the milk market is lower
than that of the EU, but it is comparable in the egg market.

6. Conclusions and Recommendations

Ukraine is one of the largest countries in Europe and has great economic potential, including in
the agri-food sector. The potential of Ukrainian agriculture stems from favorable agroclimatic
conditions, above all very fertile soils and climate, which enable high production of plant raw
materials. The potential of Ukrainian agriculture is also determined by the structure of farms, in
which economically strong agroholdings with specialized production play a key role.

Ukraine is not making maximum use of its agricultural potential, despite favorable soil and
climatic conditions. This is confirmed by low and variable yields of crop products. Farms use
simplified crop rotation with a large share of cereals and oilseeds or monoculture crops. Under the
conditions of climate change, soil degradation and a decline in soil productivity continue.
Agricultural production in Ukraine is less sustainable than in the EU and Poland. The share of crop
production in Ukrainian agriculture is at 75-82%, compared to 48-52% in Poland. The low importance
of livestock production in Ukraine confirms that the production potential of agriculture remains
untapped, despite the large resources of fodder, which is a basic item in the cost structure of animal
husbandry. The low level of production of livestock and milk indicates that farms do not benefit from
the value added from feeding raw feedstuffs, which are exported in unprocessed form.

The ownership transformation of agricultural land in Ukraine has not been completed, and the
structure of farms is different from that in the EU. In Ukrainian agriculture, the entity structure is
concentrated, and the dominant role is played by agroholdings, whose shareholders are also foreign
corporations. The share of family farms, which are the dominant form of farming in the EU and Polish
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agriculture, is low. The concentration of production in agroholdings determines its technology and
specialization in grains, oilseeds and poultry and pork livestock.

The unfavorable demographic changes that also exist in Poland and the EU are a barrier blocking
the effective utilization of production potential in Ukrainian agriculture. The main causes of
depopulation of rural regions were labor emigration to cities or abroad. The 2022-2024 war
exacerbated the trends in question, and this was determined by the large number of refugees.
Unfavorable demographic trends will also be a barrier in the context of the country's reconstruction
and adjustment processes for its eventual integration into the EU. Depopulation results in lower
potential demand for food, which is important in terms of self-sufficiency.

An assessment of self-sufficiency in the main products of Ukrainian, EU and Polish agriculture
confirmed significant differences. Ukraine is highly self-sufficient in grain and oilseed crop
production. Poland and the EU have grain surpluses, but are net importers of oilseed crops due to
high demand for feedstocks and esters as a consequence of first-generation biofuel regulations. The
self-sufficiency of Ukraine's sugar and vegetable industry is comparable to the average level in the
EU and Poland. In the fruit market, Ukraine and the EU lack self-sufficiency, which is determined by
large imports of products from other climate zones. Poland is a large producer and exporter of apples
and soft fruits and shows high self-sufficiency in this area. In animal product markets, Ukraine is self-
sufficient, and this is determined by its large poultry production and a low level of domestic demand
for beef. Ukraine lacks self-sufficiency in the dairy industry. The EU and Poland are self-sufficient in
animal products, with the only exception being the market for table eggs in the EU.

Ukraine's future accession to the European Union will significantly increase the production
potential of the EU's agri-food sector and improve its food self-sufficiency, as Ukraine shows high
self-sufficiency in EU imports, for example, oilseeds, cereals, poultry products. As a result, the EU
will strengthen its position as an exporter in the global market for agricultural raw materials and
improve food security and resilience to food crises. However, EU accession will be a very big
challenge for EU farms and food industry companies due to the great potential and competitiveness
of the Ukrainian sector. At the same time, Ukraine's agriculture and food industry will be forced to
carry out deep restructuring and adjustment processes to the conditions set by the Common
Agricultural Policy. This issue is extremely important in the context of the development of the EU
agri-food sector and should be an area for further in-depth research.
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