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» Abstract. The prevention of the emergence and escalation of food crises in each country depended on the timely
identification of their characteristic warning signs in order to protect food security. The study aimed to identify and
summarise the causes and consequences of food crises in Ukraine and worldwide for preventing their occurrence and
mitigating their negative impacts. The study revealed the specific features of the systemic vulnerability of food systems.
It substantiated that the multidimensional and multidirectional nature of simultaneous global crises (financial, energy,
environmental) created a synergistic polycrisis, with the food crisis as one of its components. Using the Ishikawa
diagram, it was identified the cause-and-effect relationships leading to Ukraine’s food crisis and structure the causes into
major categories. The article established that potential causes of a food crisis and declining food security in Ukraine may
include: the unresolved consequences of past crises; the global pandemic; manifestations of global economic shocks
(rising world food prices, slowdown in agricultural production growth, declining global grain reserves, high energy
prices, global population growth); the environmental crisis and extreme weather events; wars; local sectoral crises, such
as the crisis in the dairy industry. Between 2020 and 2024, amid the COVID-19 pandemic and russia’s full-scale invasion
of Ukraine, global food prices rose 2.7-fold, while wheat stocks fell to 272 million tonnes in 2023/2024 period. The results
of the study showed that, given the existing agricultural, industrial, innovative, and scientific-production potential, the
occurrence of critical famine in Ukraine was possible only under artificially created challenges: wars causing destruction
of arable land, seizure of harvests, restricted access to food; global man-made and environmental disasters. Theoretical,
methodological, and applied provisions regarding the causes and potential consequences of food crises in the modern
world can serve as a source of scientific information for the development of food security strategies and programmes

» Keywords: polycrisis; hunger crisis; food security; synergistic impact; food supply; Ishikawa diagram
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» Introduction
The frequency of global crises and disasters on a global
scale had been gradually decreasing during the 20" and
the beginning of the 21 century, which was a conse-
quence of the manifestations of globalisation processes:
the interdependence of countries in the world economy;
the openness of markets and international cooperation;
the strengthening of the international division of labour;
the intensification of competition. At the same time, these
processes were exacerbated by threats, including the
growth of the greenhouse effect and climate change, the
use of nuclear energy and genetic engineering, the spread
of disease epidemics, and socio-economic imbalances.
Crises, throughout their history, have arisen as a result
of military conflicts, environmental disasters, pandem-
ics, and could be of an economic, financial, energy, or
food nature. The causes and threats of a food crisis and
the approaches to overcoming them were the focus of
research by scholars worldwide. D. Graham (2024) exam-
ined the nature of imperial responses to food crises during
the ancient Roman Empire. Here hunger was addressed,
among other measures, through special projects that cre-
ated employment opportunities and increased household
incomes, notably the construction of the Portus harbor.
T. Nakamura et al. (2024), in the context of the main fac-
tors influencing the global food crisis (the COVID-19 pan-
demic, the armed aggression of the russian federation in
Ukraine, and global climate change), assessed the meas-
ures undertaken to counter the food crisis in Germany. Re-
searchers concluded that perceptions of the causes of the
food crisis vary according to income, education, and age.
Y.-1. Lee et al. (2024), based on experimental research,
showed that disinformation on social media regarding
food product quality can disrupt social stability, especially
among vulnerable groups, and exacerbate the food cri-
sis. Therefore, it was crucial to prevent the spread of mis-
leading messages concerning the quality and properties
of food products, and thus strengthen efforts to counter
misinformation about the food crisis. A.M.T. Thow (2024)
traced the dynamics of food insecurity and its underlying
causes, and proposed approaches to addressing nutrition
challenges during food crises. In addition to ensuring
food availability, the researcher proposed strengthening
the integration of nutrition issues into broader crisis-re-
sponse measures, including trade policy, urban planning,
agricultural investments, and public health. K.O. Ouko &
M.O. Odiwuor (2023) assessed the factors driving the ap-
proach of food crises in African countries, as well as the
consequences and causes of global food price volatility
in developing nations. Scientists identified the pandem-
ic, the war in Ukraine that disrupted international food
supply chains and prices, and climate change as the main
causes of the food crisis on the African continent.
Researcher B.R. Tukamuhabwa (2023) underscored the
importance of managing risks in agri-food supply chains,
particularly for developing countries. C.S. Tang (2025) as-
sessed the crisis factors and proposed addressing the glob-
al food crisis through the implementation of technologies
and innovations in agriculture. The author evaluated in-
novative technological solutions to mitigate the food cri-
sis, particularly for smallholder farmers. A. Libert-Amico &
R. Koloffon (2025) highlighted the challenges and oppor-
tunities facing food systems during crises. Key challenges
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included shocks, violence, conflicts, and weak institutions
that impeded investment in crisis-response measures.
Opportunities involved synergies between climate, peace,
and humanitarian actions, as well as development meas-
ures aimed at fostering resilient food systems during food
crises. M. Kalyvaki & D.Q. Spencer (2025) emphasised the
importance of systems for timely management, knowl-
edge sharing and crisis communication, for addressing
crises and making effective managerial decisions at both
the enterprise and supply chain levels. D.T. Gebeyehu et
al. (2025) assessed, through a survey of various respond-
ent groups, both the direct and indirect impacts of the
pandemic on food security in Ethiopia. To prevent future
food crises from potential pandemics, researchers pro-
posed establishing targeted groups to mitigate the im-
pacts of food crises and strengthening disease prevention
measures that affected food security.

E Santos et al. (2025) proved that the escalation of the
global food crisis exacerbated by climate change, conflicts,
and economic hardships, necessitated a comprehensive
approach to addressing economic challenges. Researchers
applied a regression model based on data from 113 coun-
tries, covering both pre- and post-pandemic periods, and
found that substantial income disparities among differ-
ent social groups exacerbated food insecurity and made
it impossible to overcome the problem through economic
growth alone. A. Rokopanos et al. (2025), based on mul-
tivariate models, examining the relationships between
agricultural commodity prices and input prices identified
notable differences in these relationships before and after
the 2009 crisis and concluded that modern agricultural
policies were insufficiently effective, reducing farmers’ in-
centives, while weakening the resilience of the agricultural
sector. H. Ballouk et al. (2024) assessed the factors influ-
encing financial security resilience and the risks associat-
ed with climate change, which were similarly relevant to
food supply chains. The purpose of the article was to an-
alyse and summarise the causes and effects of food crises
in Ukraine and globally, with the goal of preventing their
occurrence and alleviating their negative impacts.

» Materials and methods

The research was based on general scientific, histori-
cal, and economic-mathematical methods of scientific
knowledge. To assess the state of the agri-food sector and
its transformations during crisis periods, the historical
method was applied. To structure the manifestations of
polycrisis factors, as well as the consequences of a poten-
tial food crisis in Ukraine, the method of systemic general-
isation was used. To identify differences in the behaviour
of the food market under the influence of crisis phenome-
na, statistical methods were employed: the correlation-re-
gression method — to establish interdependence and
relationships between food production indicators and
macroeconomic indicators; the index method - to analyse
global price indicators, assess the impact of crisis factors
on food costs, as well as on average global energy prices;
grouping and comparison — to analyse employment in the
agro-industrial sectors and to classify indicators by types
of food products, production industries, and types of ac-
tivities; and time series analysis — to examine changes over
time in the sown area by types of agricultural crops. The

Ekonomika APK. 2025. Vol. 32, No. 5




@ Food crisis in the modern world...

balance method was used to assess supply and demand
in the global grain market. The tabular method was em-
ployed to systematise and generalise datasets on food
production and consumption, price fluctuations, and em-
ployment. The graphical method was applied to visually
represent the development trends of the agro-industrial
complex and the emergence of crisis phenomena.

For a comprehensive analysis of the factors causing
food crises in Ukraine, their cause-and-effect relation-
ships, and the associated risks, the Ishikawa (fishbone)
diagram method was employed. The diagram was struc-
tured by categorising causes into major groups, repre-
sented as the “bones” of the fish skeleton. More specif-
ic causes, which provided a detailed description of the
cause-and-effect relationships within each category, were
placed along the smaller branches. The completed dia-
gram made it possible to identify and visually document
the of the problem under study. The information base of
the research included: reports of the Food and Agriculture
Organization of the United Nations (FAO), specifically
FSIN & Global Network Against Food Crises (2023; 2024);
materials of the World Food Programme, such as data
from FAO et al. (2024). Also, it was analysed publications
of the United States Department of Agriculture — articles
by R. Trostle (2008) and S. Morgan et al. (2022) and materi-
als of the World Economic Forum in Davos (Serhan, 2023;
Guterres, 2023). To analyse food security and determine its
scale in individual countries, the Integrated Food Security
Phase Classification (IPC) (2008), recognised as an inter-
national scientific standard, was analysed. To reveal the
main manifestations of polycrisis factors and the conse-
quences of a possible food crisis, the database of the State
Statistics Service of Ukraine (n.d.) was used.

» Results and Discussion
The main manifestation of food crises was the deteriora-
tion of food security, when the absence or shortage of food
became the cause of malnutrition or hunger. FAO defined
a food crisis as a situation of severe food insecurity that
cannot be addressed using local resources and capaci-
ties alone, and that required urgent action to protect and
save lives, as well as to preserve livelihoods at the local or
national level. A food crisis was considered large-scale if
more than 1 million people or more than 20% of the coun-
try’s total population were affected by high levels of se-
vere food insecurity. This level of crisis, according to the
IPC developed by the FAOQ, referred to the third phase or
“crisis” (acute food insecurity). If at least one region of the
country experiences severe food insecurity, the situation
was classified as a fourth phase or “emergency” (critical
level of hunger) (FAO, 2024a). Severe food insecurity oc-
curred, when a country’s population was unable to con-
sume enough food to sustain their lives and well-being.
Food insecurity was assessed using internationally recog-
nised indicators of acute hunger, as defined by IPC, which
included five levels of food insecurity: 1) minimal food in-
security; 2) stressed food insecurity; 3) crisis (acute food
insecurity); 4) emergency (severe hunger); 5) catastrophe
or famine (this was the phase, when mass famine can be
declared) (IPC, 2008).

Since the beginning of the development of agri-
culture, communities engaged in the production of
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agricultural products had experienced cyclical famines,
the frequency, and intensity of which have changed
throughout history, depending on changes in demand
for food due to population growth, as well as changes in
supply due to unstable climatic conditions. S. Devere-
ux (2000) noted that according to expert estimates, from
70 to 120 million people died from famine around the
world during the 20" century, more than half of them died
in China: 30 million during the widespread starvation of
1958-1961; up to 10 million in 1928-1930; more than two
million in 1942-1943. The Bengal famine of 1973 caused
the deaths of an estimated 0.8 to 3.8 million people out of
a population of 60.3 million (Sen, 1982). The major fam-
ines of the late 20® century also included the Biafran fam-
ine in the 1960s; the famine in Cambodia during the 1970s
caused by the Khmer Rouge; the North Korean famine of
the 1990s; the Ethiopian famine of 1983-1985.

The former Soviet Union lost 8 million people due
to the famine of 1930-1933, over 1 million as a result of
the famine of 1946-1947 and the blockade of Leningrad,
and around 5 million during the famine of 1921-1923,
including losses from the Holodomor on the territory of
Ukraine. In the Soviet Union, the critical factors behind
the 20"-century famines were: the lack of integration of
historically famine-prone regions of a vast country due to
underdeveloped communication and transportation net-
works; punitive economic policies (collectivisation of ag-
riculture, state seizure of grain), and the genocidal policies
of the country’s top leadership against Ukraine. During the
second half of the 20" century, the global food crisis was
halted, and nutrition levels improved significantly in all re-
gions. Despite the rapid growth of the world’s population
in the 1950s and 1980s, world grain production outpaced
the rate of population growth, and meat and seafood pro-
duction also increased. Between 1990 and 2019, the global
prevalence of chronic undernourishment declined from
38% to 7.9% (Lee & Ghelani, 2023). N. Ryshkevych (2011)
emphasised that the growth in grain production slowed
down from 1990, in contrast to population growth.

Between 2001 and 2010, the risk of food crises inten-
sified once again, threatening around 40 countries. One of
the contributing factors was the growing energy depend-
ence of nations, which led to the conversion of large are-
as of agricultural land in many European and American
countries for the cultivation of energy crops intended for
biofuel production, aimed at reducing the environmental
impact of fossil fuels and decreasing reliance on them.
Thus, the use of cereals and maize for biofuel production
was six times higher than their use for food purposes, with
a ratio of approximately 25 to 4 (%). At the same time,
within a short period (1999-2008), global food prices rose
sharply-by 98%, which led to hunger in many low-income
countries. The overall commodity price index surged by
286%, while the crude oil price index increased by 547%.
The situation was unprecedented, as the rise in prices for
nearly all food commodities occurred simultaneously with
record-high energy prices (Trostle, 2008; Mittal, 2009).
The 2007-2008 crisis was dubbed the “triple F” crisis by
the FAO because it was a consequence of the global food,
fuel, and financial crises. In 2009, the number of people
suffering from hunger rose sharply to over 1 billion, and
the prevalence of hunger reached nearly 20% (FAO, 2011).




In 2020, at the beginning of the COVID-19 pandem-
ic, FAO experts estimated that an average of 768 million
people worldwide were facing food insecurity. The food
problem hit countries in Asia, Africa, Latin America and
the Caribbean the hardest, where the shares of under-
nourished populations were 55%, 37%, and 8%, respec-
tively (Kernasiuk, 2022). In 2023, an average of 733 mil-
lion people worldwide experienced undernourishment
(first phase of food insecurity). Approximately 282 million
people in 59 countries and territories faced high levels of
acute hunger (fourth phase) in 2023, compared to 258 mil-
lion people in 58 countries and territories in 2022 (FSIN &
Global Network Against Food Crises, 2023). The FAO, the
International Fund for Agricultural Development (IFAD),
the United Nations Children’s Fund (UNICEF), the World
Food Programme (WFP), and the World Health Organi-
zation (WHO) predicted that if modern trends continue,
approximately 582 million people will suffer from chronic
undernourishment by 2030, with half of them residing in
Africa. These projected figures were very similar to those
from 2015, when the Sustainable Development Goals
were adopted, and this was a concerning indication that
progress has stalled (FAO et al., 2024). The global food sys-
tem, responsible for feeding billions of people, was under
constant pressure from various triggers: climate change;
armed conflicts; frequent shocks; global economic crises;
and political instability, especially in low-income coun-
tries. These triggers disrupt global food supply chains,
leading to massive food losses in some regions and acute
shortages in others. This imbalance was exacerbated by
the globalised nature of food supply chains, where ap-
proximately 20% of the world’s dietary energy comes from
imported products (Clapp & Cohen, 2009).

According to FAO estimates, global food production
needs to increase by 70% over the next 40 years (by 2050)
to feed the growing world population, which was expected
to reach 9.3 billion (FAO, 2009a; Starychenko, 2019). Only
resilient food systems will be able to withstand such a de-
mand. However, the fact that food crises have occurred
repeatedly since the 1970s indicated the vulnerability of
the global food system and its susceptibility to disruptions
caused by failures in other systems. For example, Ukraine
alone was classified four times between 2018 and 2023 as
a country experiencing a major food crisis, where at least
one million people faced acute food shortages (FSIN &
Global Network Against Food Crises, 2024). Crises of 2010-
2025 have highlighted three key features of the systemic
vulnerability of food systems:

» alimited range of staple crops involved in industrial
food production;

» animbalance between a small number of agricultur-
al exporting countries and a large number of import-de-
pendent countries;

» highly concentrated global agro-food and financial
markets.

The world of 2020s was experiencing a major global
food crisis characterised by rising hunger, where climate
change intertwines with economic and financial crises, a
health crisis, and a geopolitical crisis. Therefore, experts
view the current food crisis as part of a broader prob-
lem - a polycrisis, which united other crises that cannot
be separated due to their interconnected nature. The term
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“polycrisis” had been used to describe the complex inter-
action between crises and their consequences, and some-
times to justify the inaction of political leaders, interna-
tional institutions, and the private sector, who continued
to resist significant changes in their practices and conduct
business, while typically maintaining a technocratic ap-
proach to poverty (Lawrence, n.d.). The term was firmly
established at the annual meeting of the World Economic
Forum in Davos, in January 2023 (Serhan, 2023). The re-
port emphasised that “simultaneous shocks, deeply inter-
connected risks, and the undermining of resilience give
rise to the risk of a polycrisis — where discrete crises inter-
acted in such a way that the overall impact far exceeds the
sum of each part”. The term was used, among other things,
to denote the potential scarcity of natural resources, in-
cluding food raw materials, water, metals, and minerals.

S. Fedulova (2023) referred to the global crisis as mul-
tidimensional, emphasising that it was not equivalent to a
polycrisis, as it does not have catastrophic consequences
for the entire world. Its multidimensionality lies in the si-
multaneous impact of risks that emerged from global cri-
ses (financial, energy, food), specifically: the rising cost of
living, geopolitical confrontation, the destruction of social
cohesion, and societal polarisation. The author argued
that the most serious risk was the unprecedented increase
in the cost of living in the 21% century, occurring at a time,
when people and countries had limited capacity to cope
with the cascade of existing crises — the COVID-19 pan-
demic and climate change. An analytical review by the Ca-
nadian research centre Cascade Institute, which focused
on emergent and systemic risks, highlighted key charac-
teristics of a polycrisis. The first of these was the necessity
of causal relationships between crises across different sys-
tems, which gave rise to side effects and amplify the crises
(Is there life in a polycrisis..., 2023). The second was the si-
multaneous involvement of multiple systems in crisis; so,
apolycrisis was defined as a situation “when three or more
systems are in crisis at the same time”. The third charac-
teristic was that the “collective effect” resulting from the
interaction of multiple crises cannot be compared to the
sum of the effects these crises would have individually.

At the epicentre of the polycrisis were agriculture,
the food industry, and the processing sector, which were
highly vulnerable to extreme weather events and climate
change-related phenomena, geopolitical shocks, natural
resource scarcity, and biodiversity loss. These sectors faced
a wide range of challenges that required urgent attention,
including the pressing need for decarbonisation, to which
the food production sectors were directly relevant (LaBrec-
que, 2023). The interconnected set of shocks and critical
situations emerging simultaneously across various spheres
of society undermined the resilience of food systems, in-
creased their instability, and became the causes of a food
crisis. For Ukraine, as well as for the global economy as a
whole, food crisis that began in 2019 was the result of the
synergistic impact of multiple triggers and, at the same
time, part of a set of crises that collectively constituted a
global polycrisis. Ukraine experienced the most terrible
manifestation of the cost of living crisis due to the war
imposed by russia, which significantly constrained house-
hold budgets as a result of rising food prices and a sharp
decline in incomes, increased levels of poverty and hunger,
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negatively impacted education, and reduced access to en-
ergy. The 2022 russian invasion of Ukraine, occurring amid
a polycrisis, also posed a significant threat to the global
food system, as both countries were major exporters of
grains. This led to a sharp surge in grain prices and volatility
to record levels. The most vulnerable in this situation were
the countries of Africa and the Middle East, which heav-
ily depended on grain imports from russia and Ukraine.
According to FAO (2022a) estimated, during this period,
as a result of the war in Ukraine, approximately 20-30 mil-
lion people in various countries worldwide faced hunger.

World Bank analysts predicted thatifthe warin Ukraine
continues, by 2030 the number of chronically undernour-
ished people worldwide will be approximately 23 million
higher thanif the war had not occurred (Emediegwu, 2024).
Before the escalation of russian military actions in Febru-
ary 2022, the Eastern regions of Ukraine — Donetsk and
Luhansk regions — were already experiencing a food crisis:
as of 2021, approximately 383,000 people faced acute food
insecurity. In total, during 2019-2021, 9.9 million people
across the country experienced moderate or severe food
insecurity according to the Food Insecurity Experience
Scale, which measured chronic food insufficiency. The
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- rising food prices
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distribution channels at the stages
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highest levels of food insecurity in 2022 were recorded in
areas most affected by the war, particularly in the Eastern
and Southern regions: 56% of the population in Luhansk,
50% in Kharkiv, 46% in Kherson, and 45% in Donetsk; as
well as in the Northern regions: 45% of the population in
Chernihiv and 41% in Sumy. In these regions, every second
household was classified as food insecure (FAO, 2022b).

The agri-food sector of Ukraine has suffered signifi-
cant since 2022 to 2025, negatively impacting both crop
and livestock production domestically and on global mar-
kets. The migration crisis caused by the war had become
the largest in Europe since World War II, with approxi-
mately 3.7 million internally displaced persons as of 2023
(FSIN & Global Network Against Food Crises, 2024). This
has correspondingly reduced the labour potential of the
food system, which, combined with high unemployment
rates, has limited financial access to food. In 2023, over
7 million people in Ukraine faced acute food insecurity,
especially in frontline areas of the Eastern and Southern
regions. A comprehensive diagnosis of the key factors and
causal relationships of the risks that led to the emergence
of food crises in Ukraine was conducted in the study using
the Ishikawa diagram (Fig. 1).
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Figure 1. Ishikawa diagram showing the cause-and-effect relationships of a possible food crisis in Ukraine

Source: based on J. Ng (2025)

The global crisis of 2007-2008 became an unresolved
consequence for Ukraine’s food security. It was triggered
by problems in the monetary and financial sectors of
developed countries, which spread globally, leading to a
decline in the USD exchange rate, inflation, and a reduc-
tion in household incomes in most countries around the
world. The crisis caused not only significant econom-
ic losses but, together with other factors, also led to a

Ekonomika APK. 2025. Vol. 32, No. 5

prolonged stagnation of the Ukrainian economy. While
during the period from 2000 to 2007 Ukraine’s gross do-
mestic product (GDP) grew at an average annual rate of
7%, in the period from 2008 to 2013 it dropped to 0.7%
(World Bank Group, 2017). In 2014-2015, Ukraine expe-
rienced a double shock: the armed conflict with the rus-
sian federation and a decline in global commodity pric-
es. During this period, the economy contracted by 8.2%




annually. In 2016-2021, GDP grew at an average annual
rate of 1.9% (State Statistics Service of Ukraine, n.d.). The
rise in the global oil price to USD 143 per barrel in 2008
led to an increase in food prices, as energy accounted
for a significant portion of the costs of food production
and transportation. At the beginning of 2008, the average
world price of wheat rose to USD 481 per ton (FAO, 2009b).
At the same time, during 2007-2008, there was a continued
redistribution of agricultural land, with expanding areas
dedicated to energy crops used for biofuel production.

In Ukraine, during 2007-2009, influenced by global
trends, the increase in prices for fuel and lubricants, as
well as natural gas (by 82% and 54% respectively), caused
a significant rise in the cost of basic food products: sugar,
butter, fruits, oils, and fats more than doubled in price;
bread and bakery products increased by 71%; milk and
dairy products by 93%; meat and meat products by 62%;
fish and fish products by 58%; and eggs by 86% (State
Statistics Service of Ukraine, n.d.). The 2007-2008 crisis
demonstrated the strong financial interdependence, par-
ticularly in the agro-industrial sector, and low efficiency
of the global financial system amid increasing globali-
sation and accelerated capital migration (Ortina, 2015).
This crisis should have concluded with the transfer of fi-
nancial resources accumulated by large businesses into
new productions of the next technological paradigm,
particularly in nanotechnology, biotechnology, and in-
formation technologies (Horkina, 2001). However, the
process of recovery from the crisis had been prolonged
and remained incomplete in many countries, including
Ukraine. This had resulted in the emergence of new so-
cio-economic challenges, including within the food sec-
tor. Specifically, rising oil prices drove up food prices;
demand for biofuels produced from agricultural raw ma-
terials reduced grain cultivation areas. A fragile financial
system and speculation in financial markets led to credit
defaults; inflation caused increases in costs for logistics,
fuel, fertilizers, seeds, grains.
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In 2008 alone, in food production, sugar production
decreased the most, with the production index at 80.9% in
2009, followed by processed vegetables and fruits at 83.1%.
The crisis worsened the work of the agricultural sector due
to rising credit rates and restricted access to credit nec-
essary for sowing campaigns, modernisation of capacities
and equipment purchases, as well as reductions in in-
vestments and demand for agricultural products in both
domestic and foreign markets. The mitigation of negative
consequences and the recovery from the crisis in Ukraine
were facilitated by the implementation of a special VAT
(Value Added Tax) regime and minimum purchase pric-
es for grain for agricultural producers, the attraction of
international financial aid, and other measures aimed at
overcoming the adverse effects of the global crisis, which
eased the mutual settlements of agricultural enterprises.
Ukraine’s accession to the World Trade Organization (n.d.)
in 2008 accelerated its integration into the global economy.

Each crisis, the methods and means of overcoming
it, revealed new opportunities for the country’s economy
and agricultural sector. Thanks to banking reforms im-
plemented in 2009-2010 (strengthening banking supervi-
sion, monetary policy to prevent inflation and UAH de-
valuation, ensuring liquidity of the financial system) and
in 2016-2017 (rehabilitation of insolvent banks, liberali-
sation of currency regulation, consolidation of the bank-
ing sector), the national currency and financial system
withstood the full-scale invasion of the russian federation
in Ukraine in 2022. The UAH devaluation in 2008-2009
contributed to the expansion of Ukrainian agricultural
exports. The food sector proved to be the most resilient
to the crisis among other economic sectors, owing to
high grain yields and support for food exports (Kachur et
al., 2016; Vidyakin, 2017). The analysis of food market in-
dicators trends during 2001-2010, which encompassed
the crises of 2003-2004 and 2007-2009, revealed a cor-
relation between food production indicators and the
Ukraine’s macroeconomic indicators (Table 1).

Table 1. Correlation coefficients between food production indicators
and macroeconomic indicators in 2001-2010 in Ukraine

Correlation coefficients of indicators

GDP, UAH Exchange Presel'lt CPIL, % coml')ared e T,
TH rate, UAH/ population, to the previous o
billion USD million
USD thousand persons year

Meat f‘h‘:)‘lll;‘:r’l‘g 5;?;‘““3’ 0.92 0.64 -0.87 0.35 0.61
Milk aﬁ&iﬂggdws' -0.96 -0.70 0.85 -0.61 -0.62
Sugar, thousand tons -0.50 -0.53 0.32 -0.39 -0.20

Bakery products with short

shelf life, thousand tons -0.98 -0.73 0.95 -049 -0.64
Sunflower oil, thousand tons 0.91 0.75 -0.92 0.34 0.55

Source: State Statistics Service of Ukraine (n.d.)

Correlation coefficients demonstrated a strong inter-
connection (both direct and inverse) between the coun-
try’s GDP and the production of the analysed food prod-
ucts. The exchange rate showed the highest correlation
with export-oriented sunflower oil. A significant depend-
ence was observed between production indicators and
the number of population (except for sugar). Regarding

the inflation indicator, there was a sufficiently strong in-
verse relationship with the production of milk and dairy
products. A fairly strong correlation was also evident be-
tween foreign direct investment and the production of
most types of food products, with the exception of sugar,
as sugar production was highly volatile and dependent
on both global and domestic market conditions. Overall,
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the relationship between food production and macroe-
conomic indicators was quite strong and correspond-
ed to the state of the economy of Ukraine. The negative
impact of the global COVID-19 pandemic on Ukraine’s
food security manifested in rising food prices, complica-
tions in the logistics of raw materials and finished prod-
uct supply (storage, transportation, and distribution of
food to consumers), a reduction in the number of pro-
duction personnel at food manufacturing enterprises,
and decreased labour productivity. Despite the fact that
Ukraine’s food sector demonstrated considerably great-
er resilience to the impacts of the pandemic compared
to other economic sectors, industrial production of food
products declined on average by 6.2% during 2020-2021,
primarily due to reductions in vegetable oils, sugar and
sugar confectionery products, flour and tobacco prod-
ucts (Kovalenko & Bokiy, 2022).

Despite low inflation rates in 2020, Ukraine expe-
rienced significant price fluctuations in food products.
Prices for long shelf-life products (such as cereals and
flour) and butter increased at an accelerated pace. The
price growth was influenced by logistical challenges,
rising costs of raw materials and energy resources, as
well as increased demand during quarantine measures.

Prices of bread, sunflower oil, butter, milk, cheese, and
meat increased significantly in 2021. Despite these chal-
lenges, indicators of adequacy of meat and dairy product
consumption by the Ukrainian population remained prac-
tically unchanged (State Statistics Service of Ukraine, n.d.).
Quarantine restrictions affected the export of meat prod-
ucts by complicating the conditions for livestock farming
and processing, primarily of cattle. To mitigate the nega-
tive impacts of the pandemic, many countries, including
Ukraine, implemented short-term and long-term plan-
ning and forecasting tools, improved food supply logis-
tics, modernised storage facilities, and provided targeted
food supply measures for low-income populations and
regions with limited access. Ukraine had not yet fully re-
covered from the impacts of the pandemic on food securi-
ty, as these challenges were further exacerbated in 2022 by
a new wave of food-related problems caused by the full-
scale invasion of Ukraine by the russian federation. The
analysis of the correlation between food production and
macroeconomic indicators over 2011-2021, which encom-
passed the 2014 military-political crisis in Ukraine and
the COVID-19 pandemic in 2019-2020, indicated that the
strength of the relationship between these groups of in-
dicators changed compared to 2001-2010 years (Table 2).

Table 2. Correlation coefficients between food production indicators
and macroeconomic indicators in 2011-2021 in Ukraine
Correlation coefficients of indicators (2011-2021)

GDP, UAH Sz PreseI.1t #1850 coml.)ared Direct investment,
T rate, UAH/ population, to the previous i
billion USD million
USD thousand persons year
Meat and meat products, -0.56 -0.21 0.97 -0.99 0.32
thousand tons
Milkcand dairy products, 0.65 0.29 -0.99 1.00 -0.39
million tons
Sugar, thousand tons -0.76 -0.46 0.80 -0.77 0.62
Bakery products with short

shelf life, thousand tons -0.60 -0.84 -0.04 0.16 0.38
Sunflower oil, thousand tons 0.91 0.75 -0.92 0.34 0.55

Source: State Statistics Service of Ukraine (n.d.)

The correlation between GDP and food production
slightly decreased but remained. While in the 2001-2010
years the exchange rate correlated with the production of
all analysed product types, in 2011-2021 the relationship
was observed only with bakery products and sunflower oil.
The strongest correlations were found between the pro-
duction of dairy and meat products and inflation, as well
as between dairy production and the number of popula-
tion. The weakest correlation was observed between the
production of bakery products and macroeconomic indi-
cators (except for the exchange rate and GDP). The main
measures to overcome the crisis caused by the pandemic
were aimed at enhancing the resilience of the food sys-
tem and addressing other crisis-related challenges. These
measures included support for internal producers, diver-
sification of food supply chains, promotion of local pro-
ducers and food self-sufficiency among the population,
improvement of legislation, and other initiatives. As a re-
sult, in 2021, Ukraine’s annual production index increased
to 102.8% for bakery products, 108.8% for fruit and vege-
table processing, and 103.9% for meat and meat products
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(Bokiy, 2024; State Statistics Service of Ukraine, n.d.).
Global economic shocks that reduce food security levels
may arise from numerous factors. Since 2001, the prima-
ry factors have included: rising global food prices due to
demand-supply imbalances; slowing growth rates in agri-
cultural production; decreasing global grain reserves; high
energy prices; increasing global population and number of
people suffering from hunger; and the trend of reallocating
agricultural land to energy crops for biofuel production.

So, the increase in global food prices due to the im-
balance between supply and demand. According to es-
timates by the Ministry of Agrarian Policy and Food of
Ukraine (n.d.), prior to the full-scale invasion by the russian
federation, Ukraine supplied food to over 400 million peo-
ple worldwide, excluding its own population. The country
was a leading exporter of agricultural products to many
countries in the Middle East and North Africa (Grigoren-
ko, 2022). Disruptions in supply chains caused by russian
aggression in 2022 led to an increase in the prices of staple
food products in Ukraine, created an imbalance between
global food supply and demand, and resulted in a 44%




surge in global food prices compared to their already ele-
vated levels in 2021. According to FAO data, between 2020
and 2024, average global food prices rose by 2.7 times, in-
cluding: meat and meat products — by 1.6 times; milk and
dairy products — by 2.9 times; cereals — by 3.1 times; veg-
etable oils — by 5.4 times; and sugar — by 1.8 times (Fig. 2).
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Figure 2. Global food price indices in 2020-2024, %
Source: FAO (2025)

Despite a slight decrease in global food prices in 2024
compared to 2022, prices have not returned to 2020 levels.
Slowing growth in agricultural production, declining global
grain reserves, and high energy prices. Global production of
major agricultural crops reached 9.6 billion tones in 2022,
representing a 56% increase compared to 2000. Key crops
such as sugarcane, maize, wheat, and rice together account
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for nearly half of global agricultural output. Although food
production continued to grow, the rate of growth was de-
clining, and hunger remained a persistent issue (Martel-
la, 2024). Findings from the United States Department of
Agriculture’s long-term assessment of annual global, re-
gional, and national agricultural production and produc-
tivity indices (conducted since 1961) indicated that during
2011-2020 years, global agricultural output grew at its slow-
est pace—1.93% annually, compared to 2.72% in 2001-2010s
(Morgan et al., 2022). This slowdown was primarily due to a
deceleration in total factor productivity growth (including
land, labour, capital, and material inputs), which declined to
1.14% annuallyin 2012-2021 from 1.93% in 2001-2011 years.

It was attributed these changes to several factors: 1)
climate change, where extreme weather events (droughts,
heavy rains) led to reduced crop yields; 2) emergence of
new pests and diseases, which also negatively affected
yields and required farmers to incur additional costs for
control; 3) reduction in public investment in research and
development, resulting in long-term declined in produc-
tivity (Chadde, 2023). According to estimates by the Inter-
national Grains Council, the expected global grain stocks
at the end of the 2024/2025 marketing year (MY) were pro-
jected to decrease by 5.2% (to 581 million tonnes) com-
pared to the 2021/2022 MY. This change was driven by an
increase in global grain consumption, which was expected
in 2021/2022 to reach 2,326 million tonnes. Most of this in-
crease was provided by corn consumption, which was pro-
jected torise by 17 million tonnes (to 1,230 million tonnes).
Despite an increase in wheat production volumes, global
wheat stocks had declined during the 2021/22 to 2023/24
MY period to 272 million tones, with a further reduction to
267 million tones anticipated in the 2024/25 MY (Table 3).

Table 3. Balance of supply and demand for grains in the global market

2024/September
Indicator 2021/2022 2022/2023 2023/2024 2024(/) i‘;%tzesmber of 2025 to
2021/2022, %
All cereal crops, million tonnes
Production 2,293 2,267 2,304 2,316 101.0
Consumption 2,293 2,277 2,316 2,326 101.4
Ending stocks 613 603 591 581 94.8
Production-consumption balance, year-on-year 0 -10 -12 -10 X
Trade 427 428 455 421 98.6
Wheat, million tonnes
Production 780 804 795 798 102.3
Consumption 784 794 807 803 102.4
Ending stocks 274 284 272 267 97.4
Production-consumption balance, year-on-year -4 10 -12 -5 X
Trade 198 209 215 198 100.0
Corn, million tonnes
Production 1,222 1,163 1,227 1,224 100.2
Consumption 1,213 1,184 1,223 1,230 101.4
Ending stocks 298 277 281 276 92.6
Production-consumption balance, year-on-year 9 -21 4 -6 X
Trade 181 180 195 181 100.0

Notes: x — not applicable

Source: IGC reports falling global grain stocks despite record production in 2024/25 (2024)

No. 684-r (2024), indicated that the achieved level of do-
mestic production development of agricultural products,

The results of the assessment of food security status,
presented in Order of the Cabinet of Ministers of Ukraine
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raw materials, and food in Ukraine was capable of en-
suring the physical availability of food products for the
population at a daily energy equivalent level of 2,677-
2,700 kcal per person. For comparison, the average daily
caloric intake in EU countries ranges between 3,400 and
3,500 kcal. In addition to the consequences of the pan-
demic, the complex geopolitical situation, and weather
conditions, energy prices significantly affected the level
of food security. The energy intensity of food production,
as well as the cost of electricity and gas, remained quite
high and were incorporated into the final product price
throughout the entire production and supply chain. The
most energy-dependent industrial sectors in Ukraine in
2020 were ferrous metallurgy (15,216 GWh), the food in-
dustry (4,588 GWh), and the chemical sector (3,964 GWh).
Interruptions in energy supply negatively affected the
dairy, oil and fat, milling, bakery, and compound feed in-
dustries (Sobkevych & Shevchenko, 2023).

In the series of global economic, the deepening de-
mographic crisis in Ukraine had a considerable impact
on the formation of food security. The demographic crisis
under wartime conditions posed a threat to food security
by hindering access to food in frontline areas, increasing
poverty among citizens, who had lost their jobs, and driv-
ing population migration, especially from rural regions,
which simultaneously reduced the volume of agricultural
production. In 2021, of the 1.4 billion hectares of land used
for cultivating agricultural crops worldwide, about 8% was
allocated for the production of raw materials used in bio-
fuel manufacturing (Oils & Fats International, 2023). If the
area of arable land dedicated to energy crops continues
to expand, food security may be put at risk. At the same
time, Oils & Fats International (2023) study have identified
an increase in the value of highly productive arable land

due to competition between food and biofuel production.
So, it economically feasible to grow energy crops on ara-
ble land, as alternative solar and wind energy were even
more expensive. Bioethanol was growing in popularity, its
share of global biofuel production now exceeding 94%, as
many countries replace part of their fossil fuels with biofu-
els in line with international regulations. In the European
Union, the raw materials for bioethanol production were
cereals and corn, as well as sugar beet and sweet sorghum
(Skoufogianni et al., 2019). By-products of biofuel produc-
tion from agricultural crops were used in the food chain
as high-quality protein feed additives, which reduced the
demand for pure protein crops, in particular soybeans.

In Ukraine, during 2000-2021, the areas of agricultural
land used for cultivating crops suitable for biofuel produc-
tion, particularly rapeseed and sunflower, increased by 4.7
and 2.3 times (to 6,622.0 and 1,005.8 thousand hectares),
respectively. During 2022-2024, amid the full-scale war of
the russian federation against Ukraine, as a result of the oc-
cupation of part of its territory, the sown area for sunflower
decreased by 25.3% compared to 2021 (to 4,947.4 thousand
hectares), while that for rapeseed increased by 25.9% (to
1,265.9 thousand hectares). The areas cultivated with cere-
als, leguminous crops, and sugar beet, which can also serve
as raw materials for bioethanol production, have changed
variably. Between 2000 and 2021, the area under cereals in-
creased by 17.2% (to 15,994.8 thousand hectares), while the
area under sugar beet decreased by 73.5% (to 226.7 thou-
sand hectares). During 2022-2024, the sown areas of cere-
als and leguminous crops declined by 30.5% (to 11,116.1
thousand hectares), sugar beet cultivation increased by
13.6% (to 258 thousand hectares). The area devoted to
other energy crops in 2024 amounted to 3.5 thousand hec-
tares, which was three times higher than in 2021 (Table 4).

Table 4. Sown area by species of agricultural crops in all agricultural holdings in Ukraine, thousand hectares

Crop 2000 2010 2015

2020

2021to 2024 to

2021 2022 2023 2024

2000,% 2021, %

o dlegucn‘ﬁzluscmps 13,646.5 | 15,090.0 | 14,738.4 | 15,392.2 | 15,994.8 | 12,171.1 | 10,984.6 | 11,116.1 | 117.2 | 69.5
Industrial crops 4,186.8 | 7,295.8 | 8,350.3 | 9,223.8 | 9,244.5 | 8,292.2 | 8,909.7 | 9,257.1 | 220.8 | 100.1
Oilseed crops,including: | 3,256.3 | 6,744.9 | 8,074.3 | 8,983.7 | 8,997.7 | 8,095.2 | 8,638.3 | 8,999.1 | 276.3 | 100.0
sunflower seeds 2,942.9 | 4,572.5 | 5104.6 | 6,457.2 | 6,622.0 | 5,292.8 | 5220.1 | 4947.4 | 2250 | 74.7
soya beans 64.8 | 1,076.0 | 2,158.1 | 1,351.0 | 1,310.8 | 1,558.9 | 1,842.1 | 2,655.5 | 2,022.8 | 202.6
c(‘)“{;‘;tgprsggsr‘;%‘i:é‘e‘a) 214.3 | 907.4 | 682.4 | 1,126.6 | 1,005.8 | 1,185.7 | 1,435.6 | 1,265.9 | 469.3 | 1259
mustard seeds 272 | 1291 | 669 | 247 | 208 190 | 860 | 430 | 765 | 206.7

flax kudryash (oil) 23 58.9 | 62.2 138 | 277 | 331 475 | 541 | 1,2043 | 1953
(f()f‘;%ziz’:s‘;;g) 855.6 | 500.9 | 237.4 | 2200 | 2267 | 184.1 | 2503 | 2580 | 265 | 113.8
Energy crops C 1.1 2.5 2.2 3.5% X 318.2

Notes: dots (...) —no data published; c — data are not released by the State Statistics Service of Ukraine in order to comply

with the requirements of Ukrainian law; x — not applicable

Source: State Statistics Service of Ukraine (n.d.); W. Wichtmann & O. Denyshchyk (2024) for indicator marked with the

(*) symbol

According to estimates by source Energy crops can
be grown on 8 million hectares in Ukraine (2018), about
8 million hectares of land in Ukraine that were not used
for growing traditional agricultural crops were suitable
for cultivating energy crops, but only of the perennial
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bioenergy plants. Extreme weather events driven by cli-
mate change were causing significant harm to food secu-
rity and the global economy. The rise in global temper-
atures led to an increase in the frequency and intensity
of extreme weather events (such as frosts, hurricanes,




typhoons, floods, and droughts), which affected agricul-
tural productivity. The source Climate change will reduce
grain yields by 23% — scientists (2017) predicted that due
to global warming, which caused droughts and other ex-
treme weather conditions, cereal yields may decline by
23% by 2050, and led to a decrease in the global produc-
tion of major crops such as wheat, maize, rice, and soy-
bean. Due to global warming and climate change, Ukraine
was experiencing a shift in natural-climatic zones, with
corresponding movement of warm-loving agricultural
crop sectors toward the northern regions of the country,
leading to a reorientation of agricultural activities. V. Ru-
san et al. (2024) emphasised that areas with insufficient
precipitation during the growing season were expanding.
Increased winter temperatures and reduced soil freezing
contributed to the spread of pests and diseases affecting
agricultural crops and forests.

The reduction of forest area altered ecosystems, affect-
ed the efficiency of the agricultural sector, and posed risks
to food security. Agricultural production was also a source
of greenhouse gas emissions and a contributing factor to
climate change. R. Murabildayeva et al. (2024) have re-
vealed a complex relationship between agriculture, CO,
emissions, and food security levels. Improving food secu-
rity directly depended on increasing production, which in
turn was accompanied by a rise in CO, emissions that pol-
lute the environment and reduce agricultural efficiency.
During the period 2000-2022, greenhouse gas emissions
in agri-food systems increased by 10%, including farm
emissions — by 15%, livestock production accounts for
about 54% of these emissions (Martella, 2024). The total
greenhouse gas emissions from agri-food systems in 2022
amounted to 16.2 billion tonnes of carbon dioxide equiva-
lent (Gt CO,-eq) (FAO, 2024b). Industrial food production
generated liquid, gaseous, and solid waste that polluted
the hydrosphere, atmosphere, and soils. The food indus-
try had the greatest impact on water resources, ranking
among the leading sectors in water consumption, and
exhibited a low level of wastewater treatment. In terms
of water usage per unit of production, the sector held the
highest position. Particularly hazardous were solid wastes,
which may contain organic substances, including yeast
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and residues from filtration and clarification processes;
bicarbonates obtained during preliminary water treat-
ment; sludge from wastewater treatment facilities; and
hazardous wastes such as used oils and solvents generated
during equipment maintenance and operation. The most
significant negative environmental impacts were caused
by the meat, sugar, alcohol, and yeast sectors of the food
industry (Ministry of Environmental Protection..., 2021).

One of the evident approaches to enhancing the sus-
tainability of the agricultural sector was the development
of organic farming, characterised primarily by the avoid-
ance of synthetic fertilizers and pesticides. In 2022, the
agricultural area with certified organic status in Ukraine
amounted to 263,619 hectares (Organiclnfo, 2023). The
countries with the highest share of organic farming in
total agricultural area in 2022 were Austria (26%), Swe-
den (20%), and Uruguay (19%). 15 of the top 20 countries
with the best-developed organic agriculture were located
in Europe. In other regions, the balance between conven-
tional and organic farming still leans toward traditional
practices (FAO, 2024b). The war initiated by the russian
federation in Ukraine has caused significant damage to
the functioning of Ukraine’s agricultural sector. Accord-
ing to FAO estimates, by the end of 2022, rural households
in Ukraine suffered losses of approximately USD 2.25
billion due to the war, of which around USD 1.26 billion
were in the crop production sector and USD 0.98 billion
in livestock production. About 25% of rural households
in Ukraine were unable to continue production, and 38%
of them were located in frontline regions (FAO, 2022a).
By the end of 2023, 38% of agricultural enterprises were
forced to close, and only 45% managed to resume their
operations at less than half capacity (Verkhovna Rada of
Ukraine, 2023). According to the State Employment Ser-
vice (n.d.), as of January 1, 2025, 13,813 individuals were
registered as unemployed in the agriculture, forestry, and
fishing sectors, while 4,386 individuals held the same
status in the food processing industry. The supply of job
vacancies in the labour market remained low: in agricul-
ture, the number of vacancies was 7 times lower than the
number of job seekers, and in food manufacturing, it was
nearly twice as low (Table 5).

Table 5. Number of vacancies and job seekers in Ukraine’s agri-food sector

Types of economic activity Code Num‘ber of i Number of job  Number of which registered
NACE vacancies, units seekers, persons  as unemployed, persons
Agriculture, forestry, and fishing, including: A 2,027 14,765 13,813
crop and animal pro@uctiop,.h'unting 01 1.881 13.366 12.560
and related service activities ' ' ’
forestry and logging 02 137 1,338 1,201
fishing and aquaculture 03 9 61 52
Manufacture of food products 10 2,616 4,793 4,386
Manufacture of beverages 11 230 306 278
Manufacture of tobacco products 12 0 6 4

Source: State Employment Service (n.d.)

So, military aggression had negatively affected the
production volumes of major agricultural crops and
had led to the reorientation of farming enterprises to-
ward the cultivation of less resource-intensive crops.
In 2023, the lands of the occupied regions were mainly

cultivated with wheat, while in government-controlled
territories, farmers shifted their focus to growing sun-
flower and rapeseed, which required fewer resources and
have lower production costs compared to cereal crops. In
addition, the blockade of Ukraine’s Black Sea ports had
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limited the export opportunities for agricultural prod-
ucts, leading to a decline in their prices on internal mar-
kets and significantly reducing the profits of farming en-
terprises. At the same time, there was a decrease in the
production of livestock products and a reduction in the
number of livestock (Rusan et al., 2024).

R. Neyter et al. (2024) noted that from 2022 to 2025,
the total value of destroyed assets in the agricultural sector
amounted to USD 10.3 billion. Losses, including foregone
income of agricultural producers and increased produc-
tion costs, have risen to USD 69.8 billion. The environ-
mental disaster caused by the flooding of 5,000 hectares
of arable agricultural land due to the actions of the occu-
piers at the Kakhovka Hydroelectric Power Plant resulted
in damages amounting to USD 5.427 million. Disruption
of the irrigation system, dependent on the Kakhovka Res-
ervoir, led to annual losses of USD 367.9 million (Kov-
al et al., 2024). Disruptions in food supply chains to food
markets have caused a crisis in the functioning of the es-
tablished system for providing food to the population of
Ukraine and the world, leading to increased food prices.
This has reduced the level of food security both locally and
globally - significantly worsening the physical and eco-
nomic accessibility of food for low-income groups. From
December 2021 to December 2023, food prices increased
rapidly, with the largest rises observed in the following
groups: bakery products — wheat bread made from first-
grade flour (up 37%); meat products — pork (up 56.4%); ce-
reals — millet (up 44%); dairy products — butter (up 46%);
and eggs (up 66%). Simultaneously, the purchasing pow-
er of the population declined, with the share of food ex-
penses in total household consumption exceeding 52%.
In 2023, the average salary in Ukraine amounted to UAH
16,000, which was 8% (or UAH 1,200) higher than in 2022;
however, in currency equivalent, the salary decreased by
EUR 75 (Ukrinform, 2023).

Also, dairy production was strategically important for
every country. In Ukraine, since 1991, the dairy industry
had undergone significant transformations due to various
challenges and issues, including the COVID-19 pandem-
ic and the war initiated by the russian federation against
Ukraine. The decline in the dairy cow population and the
shortage of raw milk have caused a localised crisis in the
sector. The crisis was further exacerbated by reduced ex-
port volumes, loss of markets due to trade embargoes,
decreased purchasing power of the population, and the
destruction of infrastructure and logistics as a result of
military actions. Alongside internal challenges, the glob-
al dairy crisis of 2014-2020 also impacted Ukraine by
causing a decline in global prices for dairy products. As a
consequence, the purchase price of raw milk in Ukraine
decreased to USD 22.1 per 100 kg in 2016. Farmers were
forced to seek new sources of income and diversify pro-
duction. Since 2020, prices have risen rapidly due to de-
creased production and limited physical access for the
population during the COVID-19 pandemic (Kozak, 2016).
By the end of 2024, the dairy cow population in Ukraine
amounted to 1.26 million heads, which was half the num-
ber it was in 2014. According to the forecast of the The
Union of Dairy Enterprises of Ukraine (n.d.), the num-
ber of cows was expected to decline to 1.18-1.14 million
heads in 2025-2026, respectively. In 2024, industrial milk
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production in Ukraine reached 2,809 thousand tonnes,
production in farming enterprises — 282.7 thousand
tonnes, and household production - 4,620.5 thousand
tonnes. Almost all milk produced by household farms was
non-graded. The cost of keeping dairy cows continues to
rise due to declining profitability of milk production and
increasing expenses for feed, diesel fuel, and electricity.

As Ukraine entered the free trade area, the dairy sec-
tor was facing new challenges, especially in terms of its
competitiveness on the global market. In the cost struc-
ture of dairy products, raw milk accounts for 70%, energy
resources (electricity, fuel and lubricants) represented an-
other 10%, and the remaining costs included packaging,
wages, and enterprise profit. In 2024, the average price
range for raw milk (extra, higher, and first grade) was 13.2-
14.2 UAH/kg excluding VAT (Chernyshov, 2024). At the
same time, according to the Ukrainian Dairy Enterprises
Association, the average profitability of dairy farms was
23.1% in 2022 and 26.1% in 2023, with an expected in-
crease to 35% in 2024 (Rodak, 2024). In the second half of
2024, dairy farms increased the price of raw milk by 40%,
causing losses to dairy processing plants of nearly UAH 1
billion (Association of Milk Producers, 2025). According to
the State Statistics Service of Ukraine (n.d.), the profita-
bility of milk processing and dairy product manufacturing
averaged 2.3% in 2022 and 3.0% in 2023. This disparity in
profitability between raw milk production and processed
dairy products forced processing enterprises to reduce
the purchase price of raw milk. Under these conditions,
milk producers and processors must work together to seek
common solutions for the sustainable development of the
dairy value chain and to guarantee fair conditions for both
farming and processing operations.

Thus, the study of the retrospective causes and con-
sequences of crisis phenomena indicated the cyclical na-
ture of economic crises and the constant pressure on the
food system from economic, political, and other triggers,
which led to disruptions in food security in countries
worldwide. The vulnerability of food systems had been
caused by the economic imbalance between food-im-
porting and food-exporting countries, insufficient food
raw materials, and other factors. The consequences of
crises for the food system were manifested in rising food
prices, a decline in population welfare, low product qual-
ity, reduced access to food, profitability disparities, and
other related effects. The food sector demonstrated the
greatest resilience to crisis phenomena compared to oth-
er economic sectors; however, it needed to implement
appropriate measures to ensure food security.

» Conclusions

The global food crisis may be triggered by wars and con-
flicts, the negative effects of global warming, soil degrada-
tion, neglecting crop rotation, the inability to supply food
to countries in need, and accelerated population growth.
Economic and military-political instability may lead to a
deterioration of food security, especially in needy regions.
Risks were exacerbated by changes in global scientific re-
search funding (reduced investments in agrotechnology
and increased allocations for military purposes) and by a
labour resource crisis. The Ishikawa diagram, developed in
the study, showed the cause-and-effect relationships that




may lead to a food crisis and provided the basis for the fol-
lowing conclusions. The food crisis cannot be considered
a local phenomenon, as it can occur simultaneously in
multiple regions, and most of the factors that contribute
to it were global in nature. The basic set of food products,
whose absence may cause a food crisis, remained small
and unchanged (grains, milk, meat) and lacks effective
substitutes for a balanced human diet. Droughts, floods,
and other climate change-related disasters were becoming
more widespread, creating additional threats to the emer-
gence of food crises. In the modern world, a food crisis
may arise not from a complete lack of food products, but
from their economic inaccessibility, when the purchasing
power of the population fails to keep up with rising food
prices. Critical manifestations of a food crisis (hunger,
malnutrition) in the modern world may occur, when a
country’s population loses access to food sources. This loss
was often caused by artificially created barriers preventing
the exchange of personal assets for food. Such artificial-
ly induced conditions arose from flawed food policies,
which can ultimately lead to catastrophic famine. A strong
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correlation was identified between food production indi-
cators and GDBP, particularly during 2001-2010, when the
correlation coefficient for most food products exceeded
0.9. It was found that during the period of active military
actions in Ukraine and the COVID-19 pandemic (2020-
2024), global food prices increased 2.7-fold, while global
wheat stocks decreased by 4.2%. In Ukraine, the area under
grain and leguminous crops decreased by 30.5%, whereas
the area under sugar beet cultivation increased by 13.6%,
and that of energy crops tripled. Future research will focus
on forecasting food crises based on an in-depth analysis
of adverse factors in specific sectors of the food industry.
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» AHoTauiqa. 3anobiraHHsa BHHUKHEHHIO Ta eCKaJsalii IPOJOBOJBYMX KPU3 Yy KOKHIiM KpailHi 3a/eXuTb Bif
CBO€YACHOTO BHUSBJIEHHS X XapaKTepHUX INOIIepeKyBAJbHIUX O3HAK 3 METOI0 3aXUCTy IIPOIOBOJIBUOI Oe3IMeKH.
Merto10 JOCTiIKeHHA Oy/I0 BUABUTH Ta y3araJbHUTH NPUYUHY ¥ HACTIIKY IPOAOBOJIBINX KPU3 B YKpaiHi Ta y CBiTi
JUIs1 3ano0iranHs X BUHUKHEHHIO Ta IMOM SIKIIIEHHSI HeraTUBHUX HACJHIIKIB. Y IOCIiIKeHHI BUSABJIEHO cuernudivni
pUCH CUCTEeMHOI BpasJIMBOCTi NMPOAOBOJIBYUX cucTeM. OOGIPYHTOBaHO, 110 GararoBUMipHUI i GararoBeKTOpHUI
XapakTep OJHOYACHHMX II0OAJbHUX KpuU3 ((iHaHCOBOI, eHepreTWYHOi, €KOJIOTiYHOI) CTBOPIOE CHHEPreTHYHY
TTOJIIKPHM3Y, CKJIAI0BOIO SIKOI € IIPOJOBOJIBYA KPHM3a. 3a JOTIOMOT00 Tiarpamu IimikaBu 0yJI0 BU3HAYeHO IPUYNHHO-
HACJTiIKOBI 3B’A3KH, 110 IPU3BOJATH JJO IIPOAOBOIBYO0] KPU3H B YKpPAiHi, Ta CTPYKTYpOBAaHO IPUYWHY 32 OCHOBHIMH
KareropigMu. VY CTaTTi BCTAaHOBJIEHO, IO MOTEHIIHHMMU IPUYMHAMU IPOJOBOJBUOI KPU3U Ta 3HMKEHHS
POJ0BOJILYO] Oe3MeKku B YKpaiHi MOKYTh OyTH: HeBUpPillleHi HACTIIKU MonepeqHix Kpus; robanbHa MaHIeMis;
MpOSABU CBiTOBUX €KOHOMiYHUX IIOKiB (3pOCTaHHS CBiTOBUX IIiH Ha NPOAOBOJILCTBO, YIOBiJIbHEHHS 3POCTaHHA
CiTBChKOrOCIOAAPCHKOTO BUPOOHUIITBA, CKOPOYEHHS CBiTOBHMX 3alaciB 3epHA, BUCOKI IiHM HA €HEpProHOCI,
3pOCTaHHS YMCEJbHOCTI HaceJeHHs CBiTYy); €KOJIOTiYHA KpH3a Ta eKCTPeMasIbHi MOTOAHI ABUIA; BiHHYU; JOKaIbHI
rajgy3eBi Kpu3u, 30KpeMa Kpu3a MOJIOYHOI MPOMHUCJIOBOCTI. ¥ 2020-2024 pokax, Ha Tiai maHgemii COVID-19 Ta
NMOBHOMAcCIITaOHOTO BTOPTHEHHS pocii B YKpaiHy, CBiTOBI I[iHM Ha IPOA0OBOJILCTBO 3POCIN ¥ 2,7 pa3u, Tofi AK 3amacu
TMIIIeHUI]] CKOPOTUJIUCA Ha CKOPOTUJINCA 0 272 MinblOHIB TOHH y 2023/2024 MapKeTUHIoBOMY polii. Pesynsratu
JOCJiI3KeHHA MOoKasasy, 110 3a HaABHOIO arpapHOro, IPOMUCJIOBOro, iHHOBAIilfHOTO Ta HayKOBO-BUPOOHUYOTO
MOTeHI[ia ]y BUHUKHEHHS KPUTUYHOTO TOJI04y B YKpaiHi MOKJIMBe JIMIIe 32 YMOB IITYYHO CTBOPEHUX BUKJIMKIB:
BilfH, 110 CIPUYNWHSAIOTH PyHHYBaHHS OPHUX 3€MeJIb, 3aX0IJIEHHS BPOsKalB, 00MesKeHHsI TO0CTYITY 10 IIPOJOBOJIBCTBA;
WIO0ATLHUX TEXHOTEHHHUX Ta €KOJIOTIYHUX KaTacTpod. TeopeTrdHi, METOIOJIOTiYHI Ta MPUKJIAIHI ITOJIOKEHHS 1070
MPUYYH i MOTeHIiHHUX HACTIIKIB MPOMOBOJIBINX KPU3 y CYYaCHOMY CBIiTi MOKYTB CJIyTyBaTHU JyKepeJsioM HayKOBOL
iHdopmaii 111 po3poOIeHHs cTpareriii i mporpaM 3abe3neyeHHs IPOAOBOJILY0L He3MeKn

» KnwoudoBi cnoBa: mosikpusa; Kpusa ToJIofy; MpOoJ0BoJibYa Oe3leKa; CUHePreTUYHUHN BILJINB; MPOJOBOJIBYE
3abeamneveHHs; miarpama lirikaBu
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» Abstract. In the context of increasing demands for food security, production efficiency, and sustainable agricultural
development, economic and mathematical approaches to organising rational pig feeding were becoming increasingly
relevant as tools for making sound management decisions in the livestock sector. The aim of this article was to develop
and substantiate economic and mathematical models and methods for optimising the pig feeding process, taking
into account the biological needs of animals, the efficient use of feed resources, and the principles of sustainable
development in the pig industry. The study used general and specific methods of economic analysis: monographic,
analysis and synthesis, dialectical, statistical, and abstract-logical methods. The results presented an overview of
pork production in the world and in Ukraine, particularly for the period 2015-2023. A monitoring of pork prices was
conducted for January 2023-March 2025. The main directions for the development of feed production and optimisation
of pig feeding were outlined to ensure sustainable development of the industry in large-scale, farm, and household
operations. The principles for forming an optimised pig diet under high-performance production conditions were
identified. Equations for optimising the diet based on nutrient composition and dry matter content were calculated.
The permissible ranges of feed ingredients were determined considering pigs’ requirements for metabolisable energy,
crude and digestible protein, amino acids (lysine, methionine + cystine, tryptophan), crude fiber, dry matter, calcium,
and phosphorus. Optimisation of the feeding process made it possible to minimise the cost of the diet. For the grower
group of pigs, the following feeding composition was recommended: wheat — 0.5 kg, barley — 0.3 kg, triticale — 0.3 kg,
soybean meal - 0.481 kg, and Nutrimin premix — 0.068 kg. It was determined that the cost of the daily diet was UAH 16.09,
or UAH 9.76 per 1 kg, and the diet was balanced in terms of nutrients and microelements
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» Introduction

Rational pig feeding was a key factor in increasing produc-
tivity, economic efficiency and rational use of resources in
livestock farming. Modern pig farming faced limited re-
sources, unstable pricing policies, rising costs and prod-
uct quality requirements. Additional risks were created
by wars, economic instability and climate change. Live-
stock farming, in particular pig farming, was a strategic
direction for food security, providing the population with
high-quality protein products and contributing to the de-
velopment of the agrarian economy. Scientific substantia-
tion of economic and mathematical approaches to ration-
al pig feeding was an important factor in increasing the
efficiency and competitiveness of the industry, ensuring
food security and sustainable development of the agro-in-
dustrial complex in conditions of limited resources and a
changing environment.

The impact of pig farming on the well-being of the
population was rather controversial, as it combined both
positive and negative factors. Among the positive fac-
tors were innovations, the transition to European quality
standards and intensification of foreign economic activ-
ity. On the other hand, the development of the industry
was hampered by environmental risks, health threats, an
unfavourable epizootic situation, the dominance of agro-
holdings and a low level of state support. V. Adamyk et
al. (2019) emphasised that pig farming was a strategic
sector of the agricultural sector, the effectiveness of which
depended on innovation, compliance with quality stand-
ards, biosecurity and support for small producers, and
its development required an integrated approach that
combined economic, social and environmental factors to
increase the competitiveness and sustainability of the in-
dustry. Y. Wang et al. (2024) studied the impact of includ-
ing food waste in animal diets on their performance. The
results of the study showed that alternative feed sources
have significant potential and opened up opportunities
for economic analysis modeling of optimal pig diets, tak-
ing into account the efficiency and safety of feeding. This
included optimising animal nutrient intake, reducing
waste and improving feed quality, while meeting safety
standards. M. Balehegn ef al. (2020) noted that growing
demand for animal products in low- and middle-income
countries created opportunities for producer welfare and
food security, but limited supply and high feed costs con-
strain livestock development. The authors proposed strat-
egies to improve the supply of quality feed, taking into
account biophysical, socio-economic and technological
constraints. The study of V. Maksym et al. (2022) assessed
the economic efficiency of pig farming in Ukraine by mod-
eling the impact of factors such as feed costs, market pric-
es, and scale of production. Profitability in 2020 was 70%,
but decreased by 2022 due to increasing feed and energy
costs. Optimisation strategies were proposed to increase
efficiency and profitability, taking into account market
and technological conditions.

Researchers M. Davoudkhani et al. (2020) proposed
an economic optimisation of pig feeding and transpor-
tation strategies taking into account individual biological
characteristics of animals. The use of an individual bioec-
onomic model and an evolutionary algorithm allowed to
increase the profitability of production and showed that
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the integrated optimisation of both strategies is more ef-
fective than separate planning. This approach emphasised
the importance of economic and mathematical methods
for the rational organisation of pig feeding and increas-
ing production efficiency. M.M. Misiura et al. (2021) pro-
posed a Bayesian approach to compare models of rational
feeding of pigs during the growing and fattening periods.
The authors proved that the use of this model contributes
to increasing the accuracy of determining the individual
nutrient needs of animals, which ensured the optimisa-
tion of rations and reduction of feed costs. I. Nesterchuk
& 0. Yurchenko (2022) emphasised that wartime condi-
tions significantly changed the economic parameters of
pig farming in Ukraine, in particular, the structure of pro-
duction, the level of costs and price dynamics. Such chal-
lenges required the use of economic and mathematical
approaches to optimise production processes, including
the organisation of rational feeding, in order to increase
the efficiency and sustainability of the industry.

V. Petrychenko et al. (2021) emphasised that the
Ukraine had significant potential for the formation of a
competitive market for high-protein feeds due to favour-
able soil and climatic conditions, logistics and developed
infrastructure. Scientists emphasised the importance of
developing industrial production and organic technolo-
gies in the feed sector, as well as improving legislative sup-
port in accordance with European standards. 1. Verbych
& H. Bratkovska (2020) substantiated the usefulness of
replacing sunflower meal with soybean feed in the di-
ets of young pigs: animals demonstrated higher average
daily gains and better slaughter yield, while feeding ef-
ficiency increased due to reduced feed costs per unit of
gain. In addition, assessment of the quality of the final
product revealed advantages in groups of animals that
received soy products, confirming their ability to increase
the organoleptic characteristics of the product. K. Pavlo-
va et al. (2024) proposed a mathematical modeling that
allowed for the least cost-effective formulation of a bal-
anced ration of hay and silage, in accordance with the re-
quirements of the quality and quantity of feed, taking into
account the real production process. This model, tested
on livestock data in Bulgaria, illustrated the potential of
economic and mathematical approaches for optimising
balanced feeding, in particular, when forming a pig ra-
tion, where the main thing was to minimise feed costs and
maximise production efficiency. Scientists K. Syrovatko &
V. Vuhliar (2021) substantiated the effect of essential oil
supplements on the productivity of young pigs, in particu-
lar on the average daily weight gain and nutrient absorp-
tion. The results indicated increasing the efficiency of pig
breeding and improving the state of the gastrointestinal
microflora. The purpose of the research was to develop
and scientifically substantiate economic analysis models
and methods aimed at optimising the process of feeding
pigs, taking into account their biological needs, rational
use of feed resources, and ensuring sustainable develop-
ment of the pig industry.

»Materials and methods
The study used both general and special methods of eco-
nomic analysis, which ensured a comprehensive study of




the subject of the research. In particular, the monograph-
ic method was used for a deep theoretical analysis of the
problem, methods of analysis and synthesis — for estab-
lishing relationships between individual economic indi-
cators, the abstract-logical method - for formulating con-
clusions and generalisations. The information base for the
analysis of the state of production in Ukraine of certain
types of meat was data from the State Statistics Service of
Ukraine (n.d.). The period of 2015-2024 was chosen for the
analysis of meat and pork production in Ukraine, since it
covered key structural transformations of the industry
that occurred under the influence of economic crises,
integration processes, and military challenges. Monitor-
ing of pork prices was carried out according to the data
of Minfin (2025). The dynamics of pork prices in Ukraine
for 2023-2025 was used to provide the economic analysis
model with relevant market data in the context of military
challenges, price fluctuations, and changes in import dy-
namics. The source of statistical data on the global devel-
opment of pig farming in the world was information from
the reports of Research and Markets (2025), data from
M. Shahbandeh (2025) and the United States Department
of Agriculture Foreign Agricultural Service (2025).

The types of feed and their structure in the model
were selected based on the recommendations of scien-
tists from the Institute of Feed Research and Agriculture
of Podillia of NAAS (Petrychenko & Korniichuk, 2023).
The main restrictions in model were the conditions for
providing pigs with all the necessary nutrients: metabo-
lisable energy, crude protein, digestible protein, lysine,
methionine + cystine, tryptophan, crude fiber, dry matter,
calcium, phosphorus. To build an optimisation model, the
following notations were introduced:

2ol X2b, (ic,,), (1)

JeN T

where i - restriction index, indicating the ordinal number
of the feeding element; j — variable index, indicating the
ordinal number of the type of feed in the diet; u,—content
of the nutrient element of the i-th type in a unit (1 kg) of
the j-th type of feed; x, - the desired amount of feed of the
J-th type included in the diet; b. - the required amount of
the i-th type of nutrient in the diet according to the norm.

To form the ration in the model, the feeding standards
for pigs of the grower group were used according to the
data from the study of H. Bogdanov et al. (2012). The task
of optimising a complete mixed ration for feeding pigs
of the grower group, included the following parameters:
the weight — 30-65 kg; age — 2.5-4.0 months; average daily
gain — 750-900 g; type of fattening — meat, type of feeding —
concentrate. The diet was optimised by the minimum cost
criterion with mandatory compliance with feeding stand-
ards, nutrientcontentandratio ofindividual feeds and their
groups for a modular pig farm in conditions of the Right
Bank Forest-Steppe of Ukraine. The diet was formed based
on the results of research by scientists from the Institute
of Feed Research and Agriculture of Podillia of NAAS, in
particular T. Prudyus et al. (2025). The study was conduct-
ed in compliance with the requirements ARRIVE (2020).

» Results and Discussion
Pork production and the dynamics of the pig indus-
try have a significant impact on ensuring global food
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security (Maksym et al., 2020). Rational feeding of pigs
was a key factor in increasing productivity, economic ef-
ficiency and sustainable use of resources in animal hus-
bandry, especially in the context of growing demands for
food security, sustainable development and market com-
petition. Limited resources, fluctuations in feed prices
and the need to reduce costs made it urgent to implement
economic and mathematical approaches to optimise ra-
tions taking into account the biological needs of animals,
economic parameters of production and changes in the
external environment. The pig sector was subject to a
large body of EU legislation covering various aspects. En-
vironmental protection, food safety, and public health
were addressed by Council Directive No. 98/58/EC (1998),
Council Directive No. 2008/120/EC, 2008), and Regulation
(EC) No. 178/2002 (2002). Regulations also covered organ-
ic production, animal health, and welfare (Commission
Recommendation (EU) No. 2016/336, 2016). The Euro-
pean Pigmeat Reflection Group provided further recom-
mendations for the sector (European Commision, 2022),
in particular offered strategic guidance to improve sus-
tainability, competitiveness, and welfare in the EU pig
sector. However, evidence suggested that EU pig welfare
rules were not being sufficiently complied with. The de-
velopment of animal husbandry provided the population
with high-quality products, and the demand for pork was
growing, which made the industry attractive to investors.
So, the modern economic and mathematical approaches
allowed not only to improve the production structure and
reduce feed costs, but also to increase the productivity
and quality of the final product, in particular by replac-
ing sunflower meal with soy products and optimising the
ratios of feed components in rations. This approach em-
phasised the need for scientifically based formulation of
pig rations to maximise efficiency and ensure sustainable
development of the industry.

The development of livestock farming largely depend-
ed on the creation of a sustainable feed base, which con-
tributed to the increase in livestock population, improving
the quality and economic profitability of animal products.
Analysis of data for 2020-2024 showed that local produc-
ers were becoming a certain guarantee of the state’s food
security. In addition, their products had the same quality
as similar food products from large Ukrainian and Euro-
pean manufacturers (State Statistics Service of Ukraine,
n.d.). The primary basis of feed production was the use
of highly productive varieties of feed crops adapted to
the conditions of different natural and climatic zones
of Ukraine. Global trends in natural vegetation change
required appropriate breeding developments to adapt
perennial and annual grasses to environmental condi-
tions. Ukraine, as one of the world’s leading producers
and exporters of forage grain crops, legumes, sunflower,
soybeans, rapeseed and other valuable raw materials for
feed production, had significant untapped potential for
the pig breeding industry (Maksym et al., 2022). Research-
ers T. Soleimani & H. Gilbert (2021) noted that the need of
efficiency improvement was the main goal of increasing
the sustainability of pig farming from the economic and
environmental points of view.

Efficiency of feeds was one of the most important
aspects of successful pig farming. Improving pig feeding
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efficiency will bring three key benefits to pig producers:
increase in pig productivity, shortening production cycles
and reduced costs. As a result, profitability will increase,
waste levels and environmental impact will be reduced,
contributing to the sustainable development of the indus-
try (Rooney, 2023). Efficient pork production was becom-
ing a key factor in the profitability of the industry, espe-
cially in the context of digital technologies and precision
farming. E Leen et al. (2017) emphasised that economic
optimisation involved determining the best input-output
ratio for maximum profit. In intensive pig production,
replacement management played an important role: the
terms of the end of fattening period affected the time of
putting in operation new batches of piglets and shaped
the annual volume of production. Agricultural enterprises
having weak competitive rates in pig farming can increase
efficiency and strengthen their market positions through
technological modernisation, investments in their own
processing facilities and sales, development of organic
production, and integration with meat processing enter-
prises and chain stores. Achieving competitiveness was
possible through innovative technical re-equipment, cost
reduction, mergers with more powerful players, or exit
from the market (Samoilyk et al.,, 2021).

According to the Global Pork Market report, the
global pork market was projected to reach 168.5 million
tons by 2030, with a 4.1% average annual growth over
the period of 2024-2030. In 2024, the global pork market
was 132.5 million tons (Research and Markets, 2025). Pig
farming was developing in regions with wide access to
grain and protein sources. According to the United States

35 34 35 e S
1,144 1,167 —— 1,259 1,381 1,405
1,185
760 748 703 708 697
384 376 736 359 370 345
2015 2016 2017 2018 2019 2020

Department of Agriculture Foreign Agricultural Ser-
vice (2025), in 2024 the global pig population exceeded
759 million heads, which was 2.4% less than in 2023. Chi-
na leads the world in pork production, producing more
than the United States and Europe together. China had
the largest pig population of any country, with over 430
million heads as of April 2024 (Shahbandeh, 2025). Brazil
was the largest pork producer, and Asian countries were
the leading pork consumers. Japan, China, Mexico, the
United Kingdom, South Korea, the United States, Hong
Kong and the Philippines were the largest pork exporters
(Kim et al., 2024). Ukraine had the potential to develop
pig farming even under martial law. Given modern chal-
lenges, it was advisable to create a strategic programme to
increase the profitability of the industry based on attract-
ing local and foreign investments to ensure the availabili-
ty of pork for the population. The opinion of N. Hurzhii et
al. (2022) about the feasibility of changing the vector of
foreign trade by reducing grain exports in favour of pork
and allocating an effective export niche for the develop-
ment of pig farming was supported. Pork production in
Ukraine showed a fluctuating trend: after a decrease from
760 thousand tons in 2015 to 697 thousand tons in 2020,
there was a partial recovery to 672 thousand tons in 2024,
which emphasised its importance for the stability of the
meat market. At the same time, beef production had de-
creased, while poultry meat continued to grow, remaining
the main driver of the total volume. The general trend in-
dicated a shift in the production structure towards more
productive and profitable types of meat with a gradual
recovery of pork volumes (Fig. 1).

30
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Figure 1. Dynamics of farm animal meat production in Ukraine, 2015-2024 (in slaughter weight, thousand tons)

Source: based on State Statistics Service of Ukraine (n.d.)

The pig industry accounts for about 30% of the sup-
ply of Ukrainians with meat products. During 2013-2022,
there was a decrease in the number of pig livestock (Fig.
2), in 2023 it amounted to 4948.3 thousand heads, which
is 2628.4 thousand heads or 34.7% less than in 2013. The
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decrease in pig population occurred both in households
(by 2239.6 thousand heads, or 55.4%) and in agricultural
enterprises (by 764.3 thousand heads, or 19.7%). Pork pro-
duction in households decreased significantly (by 134.7
thousand tons, or 34.9%).
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Figure 2. Status and development of pig farming in Ukraine, 2015-2023

Source: based on State Statistics Service of Ukraine (n.d.)
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The pig industry in Ukraine was experiencing negative
trends. Among the challenges and threats to the industry
were: low pig productivity and high costs, rising prices for
feedsandfeed additives,lowfeed quality, African swinefever
problems in waste and wastewater management, outdated
keeping technologies and methods of managing pork pro-
duction, particularly among small-scale producers. Also, it
was an insufficient provision of veterinary standards and
biosecurity measures, when keeping pigs, low consumer
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solvency, considerable competition in the international
pork market, logistical problems. Those factors urged ag-
ricultural producers to search for ways to increase the effi-
ciency and profitability of pork production. Pork prices in
Ukraine showed an unstable, but generally upward trend
between January 2023 and March 2025 (Fig. 3). Average re-
tail prices increased from UAH/kg 167.79 in January 2023 to
over UAH/kg 190 in February 2025, with minor fluctuations
due to seasonality and inflationary factors (Minfin, 2025).
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Figure 3. Pork prices in Ukraine monitoring, January 2023-March 2025

Source: based on Minfin (2025)

Purchase prices for live pigs fluctuated within UAH/
kg 53-75, with a noticeable drop in mid-2024 due to power
outages, mobilisation, and reduced consumer demand.
At the same time, a significant increase in purchase prices
was recorded by the beginning of 2025, which was asso-
ciated with expectations of a reduction in livestock, a de-
crease in imports, and orientation towards the European
price level. Overall, pricing in the pork market remained
sensitive to external and internal challenges, and the cost
of production was an important indicator of food stability.
The implementation of the livestock development pro-
gramme was impossible without the production of suf-
ficient quantities of high-quality, nutritionally balanced
feed. According to FAO (2018), one ton of such feed should
ensure the production of 0.3 tons of pork. To achieve such
indicators, it was necessary to develop the feed produc-
tion system in large agricultural formations in accordance
with their specialisation, using high-protein and energy
feeds in pork and poultry meat production. In household
feed production it was necessary: to make the most of
natural meadows and pastures, to create collective lands
of perennial and annual grasses, to cultivate grain and
root crops; to use concentrated feeds only in the form of
complete, balanced compound feeds and expand the use
of premixes; to monitor the quality and safety of feeds, to
bring those indicators to the EU requirements.

The main measures to fulfill the tasks set for ensuring
the sufficient annual demand for high quality feed, were as
follows: optimisation of the structure of sown areas of feed
crops in accordance with the specialisation of the farm;
development and introduction of the specialised feed
crop rotations and concentration of feed production with-
in a radius of 3-5 km from the place of keeping animals;
increasing the specific share of high-yielding varieties of
perennial leguminous and cereal grasses, annual legumes
and soybeans, adapted to different conditions, resistant to
pathogens, environmental stresses, having increased sym-
biotic activity. Also, important measures were an increas-
ing productivity of feed crops through optimising their
nutrition and maximising the use of organic fertilizers;

using innovative technologies in the procurement and
storage of feeds; strengthening control over the quality of
feed raw materials; using modern technical means in feed
production, which will contribute to labour productivity
increase, optimisation of the work terms and improving
the quality of feeds. Field feed production was an impor-
tant component of pig feeding, as it provided access to
natural and high-quality feed resources, reduces the cost
of purchasing feed on the external market, allowed for
the stability of feed supply, regardless of external market
fluctuations or supply restrictions, producers can control
the quality and safety of the field feed they grow, which al-
lowed obtaining high-quality products. Using homegrown
feeds contributed to sustainable production and optimi-
sation of pig diets will ensure efficient use of resources and
help to reduce the negative impact of feeding on the envi-
ronment. In order to optimise pig feeding for sustainable
production, 5 main directions should be identified (Fig. 4).
The implementation of those directions will contribute to
the efficient use of resources, environmental protection
and sustainable production of pig products. Ultimate
feeding of animals was possible only if the diets contained
all nutrients and biologically active substances in optimal
quantities and ratios. The basis of pig diets was ensuring
their nutritional needs at all stages of the life cycle. Diets
can vary significantly depending on the production tech-
nology, age of the animals, their physiological needs and
type of fattening (Monteiro et al., 2025). Organisation of
complete feeding of pigs was the basis for the effective
use of feeds that contributed to optimal health, growth
and productivity of pigs (Blavi et al., 2021). According to
M. Ibatullin (2017), the use of complete compound fed
and, accordingly, a decrease in the share of feed per unit
of production at the expense of reducing the cost of feed
alone will allow reducing the cost of 1 ton of pig weight
gain by UAH 1.3-1.5 thousand, in addition to the reduc-
tion in cost due to the increased weight gain on condition
that total mixed ration was used. Analysis of the reasons,
why Ukrainian agricultural producers spent more feed
than necessary on the unit of production showed that
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this negative phenomenon was caused by the unbalanced
feeding of pigs. The main cost of the pig diet depended on
the price of its filling, thus it was important to reasona-
bly determine the feeding rations. It should be noted that
in world practice, when compiling rations for pigs, three
indicators of feed energy were used: digestible (DE), me-
tabolisable (OE) and net (NE) one. It was possible to bal-
ance rations using any energy indicator, but the chosen

model should be uniform. At the same time, in Ukrainian
practice, agricultural enterprises producing pig products
usually used the metabolisable energy indicator (Ibat-
ullin, 2017). Optimisation of the pig feeding ration was
an important component for the ensuring their optimal
growth, development and health, including, in particular,
scientifically substantiated balance of diets in energy, pro-
tein, essential amino acids, vitamins and minerals (Fig. 5).

Balancing the feeding ration, as only a diet that contains the necessary nutrients can help to achieve optimal weight gain and animal health J

Using alternative protein sources will reduce the negative impact of feeding on ecosystems

Minimising emissions and effective management of pig waste will help to reduce soil and water sources pollution

pu_pm g opm pm

Increasing the use of local feed resources will contribute to sustainable production, as it reduces the transportation costs

Control and efficient use of water, when feeding pigs will ensure water resources saving J
and increases the rural population employment J

Figure 4. Main directions of optimising pig feeding for sustainable production

Source: developed by the authors

Balancing the composition of feeds

Taking into account the needs of animals at different stages of growth

Ensuring the energy value of feed

Use of local feed resources

Feed quality control

Constant access to water

HARR NN

Monitoring the condition and performance of animals
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Figure 5. Principles of forming an optimised pig diet in conditions of high-performance production

Source: developed by the authors

The integrated use of those principles and effective
use of feeds in pig farming helped to ensure maximal
productivity, health and product quality. The implemen-
tation of modern research results and innovations in the
field of pig feeding can contribute to the improvement of
diets and increased productivity. Diet optimisation was
a complex task that required consideration of many fac-
tors and analysis of the results. A properly balanced and
adapted diet can help achieve maximum pig productivi-
ty and increase farm efficiency. Rational organisation of
pig feeding at different stages of growth was a key factor
in production efficiency. The “grower” group deserved
special attention, which was characterised by the most
intensive weight gain, active development of the skeleton
and muscle tissue. It was at this stage that the need for sci-
entifically based optimisation of the diet increases, which
involved taking into account technological, economic and
resource factors. The use of economic analysis modeling
made it possible to form feed programmes with minimal
cost without loss of animal productivity. Further detailing
of the study of rations required the formalisation of the
corresponding parameters in the mathematical model.
In accordance with the defined groups of constraints, the
designations of the sets J1, J2, J3 were introduced, as well
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as the set of feed types y and homogeneous feeds h. Such
formalisation allowed to isolate the economic content and
structure of the model, which provided a scientific basis
for optimising rations and forming effective management
decisions. In accordance with the nutrient balance, the
following restrictions were summarised:

> u.x.>bi(iej1). )

JeN T T

According to the dry matter content (kg), it was:

> u.x.>bi(ie]2). 3)

JeN T T

According to the feed content in the diet (kg):
ij Ny %= bi(icJ3). 4
The objective function was:

f) =%, ¢ x,— min, (5)
where c.— the cost of a unit of feed of the j-th type.
Table 1 showed the feeding rates for pigs of the grower

group.
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Table 1. Feeding rates for the grower group pigs

Indicators Values
Metabolisable energy, MJ 13
Crude protein, g 140
Digestible protein, g 109
Lysine 10
Methionine + cystine, g 6
Tryptophan, g 1.7
Crude fiber, g 60
Calcium, g
Phosphorus, g

Source: based on H. Bogdanov et al. (2012)

The model assumed a daily dry matter content in the
diet of 1.2-1.5 kg and a mass of individual feed groups
within the following limits: wheat grain — from 0.5 kg
to 0.84 kg; barley grain — from 0.21 kg to 0.3 kg; triticale

grain — from 0.21 kg to 0.3 kg; soybean meal — from 0.35 kg
to 0.493 kg; Nutrimin premix — from 0.049 kg to 0.068 kg.
Table 2 showed the nutritional value of feeds and their es-
timated market cost.

Table 2. Nutritional value of a unit of feed and its estimated cost

. Type of feed, kg
Indicators
Wheat grain Barley grain Triticale grain  Soybean meal Nutrimin premix
Physical quantity of feed, kg 0.5-0.84 0.21-0.3 0.21-0.3 0.35-0.493 0.049-0.068
Metabolisable energy, MJ 14.42 14.57 14.41 15.97 12.2
Crude protein, g 129.5 131.2 113 418 167
Digestible protein, g 95.8 78 85 307 145
Lysine, g 3.9 4.1 4.1 26.3 9.9
Methionine + cystine, g 4.1 3.6 3.6 11.3 3.27
Tryptophan, g 1.3 1.2 1.2 3.7 2.16
Crude fiber, g 21.9 36.9 49 54 5
Calcium, g 0.7 2 2 4.3 35
Phosphorus, g 4.3 3.9 3.9 6.9 5.24
Dry matter, g 850 850 850 900 984
Estimated cost, UAH per 1 kg 5.70 4.50 5.20 12.00 67.00

Source: developed by the author

The system of variables was determined in accordance
with the problem statement: x, — wheat grain; x, — barley
grain; x, — triticale grain; x, — soybean meal; x, — Grov-
er pig premix. A system of restrictions has been devel-
oped for the first group, which reflected the nutritional

requirements for the feeding ration in the amount not less
than the norm (Table 3). The second group of restrictions
showed the requirements for the dry matter content in
the diet (Table 4). The third group of restrictions showed
the permissible limits of feed content in the diet (Table 5).

Table 3. Equation of diet optimisation by nutrients (first group of restrictions)

Indicators

By the metabolisable energy, MJ

Equation
14.42x +14.57x,+14.41x,+15.97x +12.2x > 13

By crude protein content, g

129.5x,+131.2x,+113x, +418x,+ 167x,> 140

By digestible protein content, g

95.8x,+78x,+85x,+307x,+145x,> 109

By lysine content, g

3.9x,+4.1x,+4.1x,+ 26.3%,+9.9x,> 10

By the content of “methionine + cystine”, g

4.1x,+3.6x,+3.6x,+ 11.3x,+ 3.27x,>6

By tryptophan content, g

1.3x,+1.2x,+ 1.2x,+3.7x,+ 2.16x,> 1.7

By the crude fiber content, g

21.9x,+36.9x,+49x, +54X,+ 5X,> 60

By calcium content, g

0.7x,+2x,+2x,+4.3x,+35X,>26

By phosphorus content, g

4.3x,+3.9%,+3.9x,+6.9x,+5.24x > 7

Source: developed by the author
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Table 4. Equation for the diet restrictions by the dry matter content (second group of restrictions)

Restriction

Not less than

Equation
0.85x,+0.85x,+0.85x,+0.9x,+0.984x,> 1.2

Not more than

0.85x,+0.85x%,+0.85x%,+0.9x,+0.984x < 1.5

Source: developed by the author

Table 5. Permissible limits of feed content in the diet (third group of restrictions), kg

Indicators Not less than Not more than
Wheat grain X,>0.5 x,<0.84
Barley grain x,20.21 x,<0.3
Triticale grain x,>20.21 x,<0.3
Soybean meal x,20.35 x,<0.49
Nutrimin premix X;>0.049 x,<0.068
Equation 0.85x,+0.85x,+0.85x,+0.9x,+0.984x, > 1.2 0.85x,+0.85x,+0.85x,+0.9x,+0.984x,<1.5

Source: developed by the authors

Taking into consideration that the minimum cost of
the ration was chosen as the optimality criterion, then the
objective function, minimum cost of the ration (UAH) will
be as follows:
F=6.3x,+4.2x,+6.3x,+9.5x,+ 67X, — min.

(6)

According to the optimal plan, the following feed
should be included in the daily ration for the fattening pigs
of the grower group: wheat grain — 0.5 kg; barley grain —
0.3 kg; triticale grain — 0.3 kg; soybean meal — 0.481 kg; Nu-
trimin premix — 0.068 kg (Table 6).

Table 6. Results of solving the economic and mathematical problem
of optimising the daily ration for fattening pigs of the grower group

Variables Types of feeds Restriction
=]
g3 5c | s = Bz B2 s 3
'E g Name of limitations ‘§ ?o g b% Z go B g ER > .E‘J =
= =TET &7 22§ | % | %
= 4 =2
X, X, X, X, X,
Variable values, kg 0.500 0.300 0.300 0.481 0.068
L. Nutrient balance
1 Metabolic energy, MJ 14.42 14.57 14.41 15.97 12.2 24.421 > 13
2 Crude protein, g 129.5 131.2 113 418 167 350.589 > 140
3 Digestible protein, g 95.8 78 85 307 145 254.448 > 109
4 Lysine, g 3.9 4.1 4.1 26.3 9.9 17.744 > 10
5 Methionine + cystine, g 4.1 3.6 3.6 11.3 3.27 9.872 > 6
6 Tryptophan, g 1.3 1.2 1.2 3.7 2.16 3.298 > 1.7
7 Crude fibre, g 21.9 36.9 49 54 5 63.055 2 60
8 Calcium, g 0.7 2 2 4.3 35 6.000 > 6
9 Phosphorus, g 4.3 3.9 3.9 6.9 5.24 8.168 > 7
II. Dry matter content, kg
10 min 0.850 0.850 0.850 0.900 0.984 1.435 > 1.2
11 max 0.850 0.850 0.850 0.900 0.984 1.435 < 1.5
III. Feed content in the diet, kg
12 Wheat grains min 1 0.500 > 0.5
13 Wheat grains max 1 0.500 < 0.84
14 Barley grains min 1 0.300 > 0.21
15 Barley grains max 1 0.300 < 0.3
16 Triticale grains min 1 0.300 > 0.21
17 Triticale grains max 1 0.300 < 0.3
18 Soybean cake min 1 0.481 > 0.35
19 Soybean cake max 1 0.481 < 0.49
20 Nutrimin min premix 1 0.068 > 0.049
21 Nutrimin max premix 1 0.068 < 0.068
Minimum cost of the ration, UAH 5.70 4.50 5.20 12.00 67.00 min 16.09

Source: developed by the authors
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According to the results of verification of the con-
ditions fulfillment, the following was established: the
1t group of restrictions — the need for calcium is met at
a minimum; the content of metabolisable energy, crude
protein, digestible protein, lysine, methionine + cystine,
tryptophan, crude fiber, phosphorus was above the mini-
mum requirement; the 2" group — the amount of dry mat-
ter exceeded the minimum required rate; the 3™ group -
the amount of feed was within the recommended values.
Objective function: with such composition of the diet, the
minimum cost of the daily ration will be UAH 16.09, the
cost per 1 kg of feed — UAH 9.76. The resulting diet was
balanced in terms of nutrients and trace elements.

So, it was worth to noting that scientists B.M. Ali et
al. (2018) proposed a stochastic bioeconomic model of
pig farming to assess the impact of innovations in feeding
on economic performance and environmental parame-
ters of production. The results of their work confirmed the
feasibility of using local by-products in pig rations, which
ensured cost reduction, improved management decisions
and increased profitability of the industry. Thus, an in-
tegrated approach to organising feeding opened up new
opportunities for increasing the competitiveness of pig
farming in Ukraine. An important confirmation was the
results of the study by K.P. Pawtowski et al. (2025), which
proved the effectiveness of economic analysis modeling in
combining pig productivity with environmental responsi-
bility of production. This approach created a methodo-
logical basis for further formalisation of parameters and
optimisation of feeding programmes.

According to T. Prudyus et al. (2025), the rational
use of feed additives activated natural and adaptive fac-
tors of the body’s defenses in sows and piglets, allowing
to increase the resistance and productivity of livestock.
This created a scientific basis for economic and mathe-
matical modeling of diets that took into account the bi-
ological needs of animals, the effective use of local feed
resources and the principles of sustainable development
of the industry, while ensuring a reduction in losses and
an increase in production efficiency. The use of economic
analysis models in this context made it possible not only
to optimise diets according to the criteria of nutritional
value and the cost of concentrated feeds, but also to inte-
grate the results into a broader analysis of the economic
efficiency of production. V. Orel & M. Korniietskyi (2021)
believed that this approach allowed to assess the impact
of feed costs on the cost and profitability of pig farming,
taking into account the scale of production, investment,
and logistics, which, in turn, contributed to the formation
of scientifically sound strategies to increase the competi-
tiveness of the industry.

The development and use of economic and mathe-
matical models of operational forecasting provided the
ability to determine the optimal parameters of rational pig
feeding, outline the limits of investment risks, and select
the most effective production options, taking into account
the need and cost of concentrated feed, water, and energy
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sources (Pidtereba, 2022). The proposed economic anal-
ysis model allowed to form a balanced diet for pigs with
the optimal inclusion of concentrated feeds, which en-
sured full satisfaction of the animals’ needs for nutrients
and minimised the cost of daily rations. The proposed
approach demonstrated the effectiveness of integrating
economic and biological parameters in the process of or-
ganising rational feeding, contributing to increasing pro-
ductivity and economic feasibility of pig production.

»Conclusions
In Ukraine, meat production was growing mainly due to
poultry, while pork and beef volumes were decreasing,
which indicated imbalances in the structure of the meat
market. Live pork prices remain sensitive to external and
internal factors, which emphasised the need to optimise
production. The use of economic and mathematical ap-
proaches to organising rational pig feeding allowed for
increased resource efficiency, reduced production costs,
and improved stability and competitiveness of the indus-
try. Modeling of the optimised diet for the pig fattening
group showed that balanced feeding, taking into account
the needs for protein, amino acids, energy, and macro-
nutrients, allowed for a minimum daily ration cost of
UAH 16.09, and the cost of 1 kg of feed was UAH 9.76. At the
same time, all mandatory restrictions on the content of nu-
trients, dry matter, and the amount of feed in the diet were
met. Such results confirmed the effectiveness of the eco-
nomic and mathematical approach, focused on minimis-
ing costs while maintaining high productivity indicators.
The competitiveness of Ukrainian pig farming large-
ly depends on effective rational feeding and the develop-
ment of its own feed base. The use of cereals, legumes and
oilseeds required adaptation to climate change and mod-
ern technologies for harvesting and storage. Economic
analysis modeling showed that optimising the structure
and cost of feed increases pig productivity, reduces costs
and strengthens food security. The limitations of the study
were related to the incompleteness of input data, the
variability of biological and economic parameters, the
dynamism of the market environment, methodological
simplifications of models, insufficient digitalisation of
production, and the influence of socio-economic factors
that complicated the practical application of the results
obtained. Further research should focus on price forecast-
ing, the impact of climatic factors and the integration of
alternative protein resources, which will contribute to the
sustainable development of the industry and reduce its
environmental impact.
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» AHoTauif. B yMoBax 3poCTal4YuX BUMOT 10 NIPOJOBOJIBYOI Oe3rnexu, e)eKTUBHOCTI BUPOOHUIITBA Ta CTAJIOTO
PO3BUTKY CiTbCHKOTO FOCIIOAAPCTBA, EKOHOMIKO-MaTeMaTU4Hi MiAXOAM 10 opTaHisdaiii parioHa bHOI TOIiBJIi CBUHEH
HaOyJ/I1 aKTYaJIbHOCTI IK iIHCTPYMEHT AJ1s1 TIPUHAHATTA OOIPyHTOBaHUX YIIPaBJIiHCBKUX pillleHb Y rajTy3i TBApUHHUIITBA.
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rofiiBJIi CBUHEH 3 ypaxyBaHHAM 0ioJIOriYHNX MOTped TBAapyH, e(peKTUBHOIO BUKOPUCTAHHA KOPMOBHX PeCypcCiB Ta
NIPUHIMIIB CTAJIOT0 PO3BUTKY CBUHAPCHKOI ranysi. ¥ AOC/IIIKEeHHI BHKOPUCTAHO 3araJjibHi Ta CHeliajabHi METOAN
€KOHOMIYHOT0 aHaJi3y: MoHorpadidyHui, aHamidy i cuHTe3y, miaJeKTHYHUIH, CTAaTUCTHYHHN Ta abCTpaKTHO-
JIoriuHu. ¥V pe3ysbrarax JoCiI;KeHHs BUCBITIIeHO cTaH BUPOOHUIITBA CBUHUHU Y CBiTi Ta YKpaiHi, 30kpeMa, 3a 2015-
2023 poku. Po3mIsiHYyTO MOHITOPUHT 1IiH Ha CBUHUHY 3a Iepiof ciueHb 2023-6epeseHb 2025 poky. OKpecaeHo 0CHOBHI
HalnpsIMKA PO3BUTKY KOPMOBHUPOOHUIITBA ¥ OoNTUMIi3anii rofisjai cBUHel [ 3abe3ledyeHHA CTAJIOr0 PO3BUTKY
rajy3i B BeJIMKOTOBApHUX Ta (pepMepChKHUX roCIONapCTBaX, rOCIOAapCTBax HaceJeHHA. BU3HaYeHO NMpUHIUNN
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aMiHOKMCJIOTaxX (Ji3WH, METiOHIH + IUCTUH, TPUITO(aH), cupiii KIITKOBUHI, CyXxili pe4oBuHi, KaabIil Ta pocdopi.
OnTuMisaliss mpoiecy rofgiB/i Jo3BoJinja MiHiMi3yBaTu BapTicTh palioHy. ¥ OOC/iIkeHHi, IJis TONiBJIi CBUHEN
rpynu rpoBep OYJI0 PEKOMEHIOBAHO BUKOPHUCTOBYBAaTH: MIIEHUITIO — 0,5 KI, TuMiHb — 0,3 KT, Tputukane — 0,3 KT,
coeBy Makyxy — 0,481 kr, mpemikc HyTpimia — 0,068 kr. By;10 BU3Ha4Y€HO, 1[0 BaPTiCTh JOOOBOTO paIliOHy CTAHOBHUJIA
16,09 rpH, a60 9,76 rpH 3a 1 KT, TAKOK pallioH OyB 30a1aHCOBAaHUH 34 MOKUBHUMH PEYOBHHAMH Ta MiKpOeJIeMeHTaMU
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» Abstract. The aim of this article was to assess the availability of basic means of production in Ukrainian agriculture,
their use and renewal in comparison with EU countries, as well as to establish the impact of the technological level
of the agricultural sector on its efficiency. The study was conducted on the basis of official statistical data from the
United Nations. A comparative assessment of the modern level of provision of fixed assets in the agricultural sector of
European countries and Ukraine was carried out. It was established that increasing the technological level of agricultural
production ensured growth in added value in the country’s agriculture, the level of labour productivity, its efficiency
and a reduction in the number of employees. Analytical studies were conducted on the dynamics and effectiveness of
investing fixed capital in the agricultural sector of European countries with different levels of material and technical
support. It has been established that the indicators of provision and formation of fixed capital of Ukrainian agricultural
enterprises, labour productivity and added value in agriculture in Ukraine were the lowest in the European space, which
was a consequence of the low level of investment opportunities of farms and led to a deepening of the technical and
technological backwardness of the industry and threatens the food security of Ukraine. It was determined one of the
main factors determining the quantity and quality of agricultural products and the efficiency of Ukraine’s agribusiness
sector was the level of material and technical resources and their innovative development. The expanded reproduction,
renewal and modernisation of the technical and technological support of Ukraine’s agricultural production required the
state to play an active role in shaping institutional and economic conditions
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» Introduction
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and technical support for agriculture is a key factor in its
competitiveness and profitability. The development of the
material and technical base of agricultural enterprises is
determined by the growth in the level of provision of their
basic means of production. The volume and dynamics of
growth in agricultural production, as well as its profitabili-
ty, depend on the completeness of technical resources and
their effective use.

Researcher Yu. Lipsky (2024) explored the reproduc-
tion and renewal of the material and technical base (MTB)
of agricultural enterprises. The author noted that its struc-
ture and quality depend on a comprehensive assessment
of land as both a means and an object of labour-consid-
ering natural and climatic conditions, land use, and soil
characteristics. These factors influenced enterprise spe-
cialisation, production costs, and the choice of machinery,
technology, and resources. The interrelation between land
properties and technical resources determined not only
the composition of an enterprise’s material base, but also
soil fertility, which depended on compliance with scientif-
ic technologies, the level of biologisation, and technologi-
cal innovation. The problems of forming and renewing the
fixed assets of the Ukrainian agricultural business were
considered by V. Kopytko & O. Kopytko (2021), who noted
that the use of intensive approaches to the reproduction
of material and technical resources leads to an increase in
production volumes and, most importantly, improves its
quality characteristics. However, unlike leading countries,
the agricultural sector in Ukraine was dominated by ex-
tensive methods of technical base reproduction, caused by
price disparities between agricultural and industrial prod-
ucts. According to the authors, it was is disparity that was
the key factor limiting farmers’ ability to purchase the nec-
essary material and technical resources, and therefore, the
main task of the state in the field of price regulation should
be to provide agricultural enterprises with a sufficient lev-
el of income for expanded reproduction. The calculation
of the normative demand for fixed assets in agriculture
for the production of agricultural products for the period
up to 2025, which was carried out by a team of scientists
led by O. Zakharchuk et al. (2024), shows that the mod-
ern value of fixed capital was 4.8 times less than the sci-
entifically justified requirement, which was caused by the
insufficiency of domestic agribusiness’s own investment
resources to ensure the model of expanded reproduction
of fixed production assets. The researchers noted that one
of the reasons for this situation was the underestimation
of fixed assets in the agricultural sector, which led to an
artificial overstatement of agricultural performance indi-
cators. Another factor slowing down the pace of renewal
of the machine and tractor fleet of agricultural enterprises
was the high cost of foreign equipment and the degrada-
tion of domestic agricultural machinery manufacturing.

The need to increase investment in the fixed capital
of agricultural producers was justified in the research of
Yu. Voloshchuk (2018). The author drew attention to the
insignificant renewal of the machine and tractor fleet with
new generation equipment and the negative trends in the
reduction of the total number of technical means in use by
agricultural enterprises. In the author’s opinion, the share
of capital investments in the agricultural sector in the sec-
toral structure of Ukraine’s economy should be at least
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equal to the share of agriculture in the gross value added
of the state. The author also emphasised that in order to
implement the model of expanded reproduction of the
fixed assets of agricultural enterprises, it was necessary
to ensure that the volume of acquisition and modernisa-
tion of fixed assets exceeded the volume of their dispos-
al and write-off by more than 1.5 times. Innovative pro-
duction technologies and technical means used for their
implementation determined the level of progressiveness
of the technological structure of agricultural production.
The theoretical and methodological foundations for the
qualitative assessment of technical means with the aim of
obtaining objective information about their operational
characteristics and the effectiveness of using innovative
technologies in the agricultural sector were developed by
O. Vyshnevetska (2024).

However, Ukraine’s agricultural production was effec-
tively deprived of the tools to solve financial problems in
order to improve the material and technical base and in-
crease capital investments, according to T. Shutko (2024).
The author’s analytical research confirmed that since
2018, capital investments in the agricultural sector of the
Ukrainian economy have been steadily declining, which
deepened its technological backwardness. The introduc-
tion of smart farming technologies has enabled modern
agricultural enterprises in Denmark, Germany, Sweden
and other leading countries to optimise their production
costs and increase the productivity and profitability of
their agribusinesses. These farms were models of highly
intensive production of the sixth technological paradigm.
Ukraine’s strategic goal was accession the European Un-
ion, so the integration of the Ukrainian agricultural sector
into the European market space required a comprehensive
study of competitive conditions, identification of the main
factors for increasing profitability and ensuring the sus-
tainability of agricultural production in the context of eco-
nomic globalisation. The need for expanded reproduction
of the material and technical support of Ukraine’s agricul-
tural sector as an important factor in its competitiveness
and the problems of investment activity of agricultural
enterprises have been substantiated by researchers, but
a number of aspects have remained outside the scope of
comprehensive analysis, which emphasised the need for
further research on this topic. The aim of this study was
to assess the availability of basic fixed production assets
in Ukrainian agriculture, their use and renewal in com-
parison with EU countries, and to determine the impact
of the technological level of the agricultural sector on its
efficiency. The objectives of research were to identify the
factors of efficiency of Ukrainian agribusiness, reveal the
shortcomings of the system of reproduction of the main
means of agriculture, and develop proposals for optimis-
ing state policy to stimulate the renewal of technical sup-
port for agricultural enterprises on an innovative basis.

» Materials and methods

The work applied the dialectical method of scientific cog-
nition, as well as both general scientific and specific re-
search methods. In particular, economic and statistical
methods (comparative analysis, average and relative val-
ues, index analysis, tabular and graphical methods) were
used in analytical studies to assess the state, dynamics




and trends in the development of fixed assets in agricul-
ture. System analysis was used to identify factors affecting
the efficiency of updating fixed assets in the agricultural
sector. Using abstract-logical and generalisation methods,
conclusions were formulated and priority areas of regula-
tory state policy were identified to stimulate the expanded
reproduction of fixed capital in the agricultural sector.

The information base of the study was based on sci-
entific publications on the formation, use and renewal of
fixed assets in agriculture, official statistical data from the
Food and Agriculture Organisation of the United Nations
(FAO) from 2000 to 2021, information from electronic re-
sources, and the results of the authors’ own calculations
(FAOSTAT, 2023). The chronological scope of the analysis
was limited to 2021 to ensure the most objective assess-
ment of the potential of Ukraine’s agricultural sector and
its development trends, without taking into account the
negative impact of the war on economic processes. To as-
sess the technological level of the agricultural sector, the
methodological approaches from FAOSTAT (2023) were
used. Specifically, the ratio of the added value of agricul-
tural products to the value of agribusiness fixed assets
was determined, which showed, how many units of added
value are generated from each unit of fixed capital invest-
ed. In high-income countries, this indicator was below
0.5, which meant that their agricultural production was
largely high-tech and mechanised. In many low- and low-
er-middle-income countries, this indicator exceeded one,
indicating a less capital-intensive agricultural sector.

The collection of statistical information and the for-
mation of a database included the following indicators:
the value of fixed assets in agriculture in actual and com-
parative prices; the size of agricultural land; the level of
employment in agriculture; the value of gross outputin ac-
tual prices; the added value of agriculture in comparative
prices; the value of real investments (gross fixed capital
formation) in agriculture in comparative prices. In total,
indicators from 12 European countries (Bulgaria, Den-
mark, Spain, Italy, Netherlands, Germany, Poland, Roma-
nia, Hungary, France, Sweden, Switzerland) and Ukraine
were analysed. A comparative analysis of the availability
of fixed assets for agricultural production was carried out
using indicators of capital-labour ratio and capital-labour
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intensity. For the analytical study of the efficiency of the
use of fixed assets in agribusiness, indicators of labour
productivity, return on assets and capital intensity were
used. The pace of technical re-equipment of production
was assessed by the level of real investment in the fixed
capital of agricultural enterprises, and the efficiency of
fixed asset renewal was reflected in the dynamics of the
added value of agricultural products. The dynamics of the
indices of employment in the agricultural sector, the lev-
el of real investment, capital intensity of labour and add-
ed value of agriculture compared to 2000 were presented
graphically for eight countries.

» Results and Discussion

In the source Eurostat (2024) was noted that over almost a
decade-from 2015 to 2024 —labour productivity in agricul-
ture in the European Union countries increased by 37.2%.
Real factor income relative to production costs increased
by 11%, while labour costs in the agricultural sector de-
creased by 19.1%. In other words, Europe is addressing
the issue of food security by steadily increasing agricul-
tural production with less use of labour and production
resources through the introduction of sustainable produc-
tion technologies based on automated and robotic tech-
nical means and systems. Researcher I. Dvornyk (2021)
analysed the dynamics of labour productivity per em-
ployed worker in Ukrainian agriculture and found that
it grew by 48.81% in 2015-2019, specifically by 44.61% in
crop production and in animal husbandry - by 61.78%. At
the same time, the current level of labour productivity in
Ukrainian agricultural production indicates that the avail-
able resource potential is not being fully utilised and does
not meet the modern requirements for the development
of agribusiness.

The low level of labour productivity in Ukraine’s agri-
cultural production is a consequence of the mismatch be-
tween the level of technical equipment of agricultural pro-
ducers and the requirements of innovative development
of the industry. To establish the level of provision of the
agricultural sector with means of production, the efficien-
cy of their use and renewal, the indicators of the European
Union countries and Ukraine were studied based on open
statistical data from the FAOSTAT (2023) (Table 1).

Table 1. Provision of basic agricultural assets in European countries (2021)

Country Fixed assets of  Area of agricultural . Employment in Capital provision, Capital-labour ratio,
the AIC, mln USD land, thsd ha agriculture, thsd people thsd USD/ha thsd USD/person

Bulgaria 7,365 5,046 195.1 1.46 37.75
Denmark 40,335 2,618 59.4 15.41 679.04
Spain 81,454 26,228 810.2 3.11 100.54
Italy 185,784 12,403 921.2 14.98 201.68
Netherlands 72,620 1,812 207.5 40.08 349.98
Germany 204,970 18,240 524.2 11.24 391.01
Poland 23,291 14,719 1,525.5 1.58 15.27
Romania 45,501 13,079 1,445.2 3.48 31.48
Hungary 31,525 5,049 207.4 6.24 152.00
Ukraine 31,783 41,892 2,744.9 0.76 11.58
France 136,510 28,554 703.8 4.78 193.96
Sweden 57,842 1,529 102.0 18.47 567.08
Switzerland 55,358 3,003 112.0 36.21 494.27

Source: based on FAOSTAT (2023)
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According to FAOSTAT (2023), Ukrainian farmers’
access to basic resources amounted to USD 759 per 1
hectare of agricultural land. For comparison, in Poland
and Bulgaria, this figure was twice as high, in Italy, Swe-
den and Denmark, it exceeded the Ukrainian figure by
almost 20 times, and in the Netherlands, by more than 50
times. While in Germany there are 90 tractors per thou-
sand hectares of agricultural land, in Ukraine there are
only ten, most of which are morally and physically worn
out. Given the experience of neighbouring countries and
the prospects for Ukraine’s integration into the European
community, it is important to develop competitive ad-
vantages for Ukrainian agricultural products on global
food markets. Significant factors in increasing compet-
itiveness in the global food market include: improving
product quality through greening production; systematic
modernisation of the agricultural sector, automation and
robotisation of technological processes, introduction of

innovative resource-saving and soil-protecting technol-
ogies, and development of deep processing of products.
Ukraine is already taking certain steps in this direction:
in 2010-2021, gross agricultural production increased
from USD 28.3 to 51.4 billion, catching up with Germa-
ny, Italy and Spain, where average gross production vol-
umes remained stable. However, the results of the anal-
ysis of the efficiency of agricultural production in terms
of labour productivity and land use as the main means
of production show significant untapped potential in the
Ukrainian agricultural sector.

As shown in Table 2, in 2021, gross output per hectare
of agricultural land in Ukraine amounted to USD 1,226.1,
while in Germany this figure reached USD 2,888.7, in
Spain-USD 2,172.4, and in Italy - USD 4,267.3. The Neth-
erlands achieved the highest level of land use efficiency
in Europe — USD 10,320.3 per hectare, which exceeds the
Ukrainian level by more than 8 times.

Table 2. Efficiency of use of fixed assets in agricultural production in European countries (2021)

Gross output production

oy Tl GO e Lapireducti,  Coplal, - Captal
Bulgaria 5,851.4 1,159.6 29.99 0.79 1.26
Denmark 9,901.1 3,781.9 166.69 0.25 4.07
Spain 56,978.8 2,172.4 70.33 0.70 1.43
Ttaly 52,927.3 4,267.3 57.45 0.28 3.51
Netherlands 18,700.4 10,320.3 90.12 0.26 3.88
Germany 52,689.1 2,888.7 100.51 0.26 3.89
Poland 29,315.8 1,991.7 19.22 1.26 0.79
Romania 19,334.5 1,478.3 13.38 0.42 2.35
Hungary 8,240.8 1,632.2 39.73 0.26 3.83
Ukraine 51,365.4 1,226.1 18.71 1.62 0.62
France 83,837 2,936.1 119.12 0.61 1.63
Sweden 8,174.1 1,517.3 46.58 0.08 12.18
Switzerland 4,750.8 5,346.0 72.98 0.15 6.77

Source: based on FAOSTAT (2023)

Labour productivity, measured by the value of gross
output per employee, in Ukraine’s agricultural sector is
USD 18,710 per employee, which is 5.4 times less than in
Germany, 3.8 times less than in Spain, in Italy — 3 times,
and in the Netherlands — 4.8 times. Denmark and France
demonstrate the highest labour productivity indicators —
USD 166.7 thousand and USD 119.1 thousand, respec-
tively. Labour productivity is a key indicator reflecting the
level of development of agriculture and the technological
structure of its production systems, and the level of labour
productivity directly correlates with its capital intensity.
Interestingly, Ukraine has the best indicators of capital in-
tensity and return on capital among European countries,
despite its lower level of material and technical support.
This once again emphasises the priority of technical and
technological modernisation of the Ukrainian agricultural
sector in the context of economic globalisation.

The technical re-equipment of agricultural pro-
duction requires significant capital investments in
material and technical resources, primarily in mod-
ern technology, which is a determining factor in the
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competitiveness of products and the final productivity of
production (Mykhaylov, 2018). The technological mod-
ernisation of agriculture increasingly relies on renewable
energy and resource-efficient technologies. Recent stud-
ies confirm the effectiveness of integrating solar energy
systems into agricultural processes. For instance, O. Sado-
voy et al. (2024) demonstrated the optimisation of solar
power plants for sprinkler irrigation systems in southern
Ukraine, which can significantly reduce energy depend-
ence and operational costs in crop production. According
to estimates by Ukrainian economists, the modern lev-
el of material and technical support for agribusiness in
Ukraine is about one-third of the normative requirement
and directly depends on the investment potential of a par-
ticular farm. The gross accumulation of fixed capital in the
agricultural sector directly depends on the inflow of real
investments into the agro-industrial complex. As can be
seen from Table 3, in 2021, they amounted to USD 2,642.2
million in Ukraine, which is more than in Bulgaria, Hun-
gary, Denmark, and Sweden. At the same time, only USD
963 of investment per employee in Ukrainian agriculture




was accounted for, while in Bulgaria this figure was USD
3,756, in Hungary - 8,207, in Poland - 3,288. Sweden, Ger-
many, France, Denmark, the Netherlands and Switzerland
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invested more than USD 20,000 per employee in the tech-
nological development of the agricultural sector, exceed-
ing the amount of investment in Ukraine by 21 to 33 times.

Table 3. Efficiency of fixed capital investment in the agricultural sector of European countries (2021)

Investmeqts in inveI:;fllents invel:f;llents o?gggg:ﬁl;; pé‘i(;(ilcﬁiﬁi al ou?;?tl:ti ?;lﬁo
oy ﬁx:ltlil::%%l]t)al, p%fr:fl:‘éf-utll:z(lial a%‘:';clulht?lgl production, mln  worker, thsd of agricultural

USi) land, thsd USD USD added value
Bulgaria 732.8 3.756 728 3,671 18.82 0.50
Denmark 1,627 27.391 1,688 4,418 74.38 0.11
Spain 7,560.1 9.331 1,505 39,478 48.73 0.48
Italy 12,648.1 13.730 3,300 40,926 44.43 0.22
Netherlands 5,639.3 27.177 8,620 15,619 75.27 0.22
Germany 12,119.5 23.120 1,670 30,460 58.11 0.15
Poland 5,016.4 3.288 1,038 15,275 10.01 0.66
Romania 2,684.7 1.858 1,041 13,612 9.42 0.30
Hungary 1,702.1 8.207 1,257 6,349 30.61 0.20
Ukraine 2,642.2 0.963 519 21,746 7.92 0.68
France 15,262.1 21.685 1,676 47,860 68.00 0.35
Switzerland 3,547.9 31.678 1,695 5,091 45.46 0.09
Sweden 2,096.6 20.555 5,389 8,240 80.78 0.14

Source: based on FAOSTAT (2023)

The distribution of investments in 2021 per unit of
agricultural land in European countries is also the low-
est for Ukraine — USD 519 per 1 hectare. Among the Eu-
ropean Union countries under consideration, the small-
est investments per hectare of land use were in Bulgaria
and Poland — USD 728 and USD 1,038, respectively. Most
countries invest between USD 1,300 and USD 1,700 per
hectare. The Netherlands, with investments of USD 8,620
per hectare, occupies the leading position. According to
the methodology for assessing the technological level of
the industry used in international statistics, the level of
technical and technological support for agricultural pro-
duction is determined by the ratio of the added value of
agricultural products to the value of fixed assets in agri-
business (hereinafter referred to as the return on added
value), which shows how many units of added value are
obtained in agriculture from each unit of fixed capital in-
vested. In high-income countries, this indicator is below
0.5, which means that their agricultural production is
largely high-tech and mechanised. In many low- and low-
er-middle-income countries, this indicator exceeds one,
indicating a less capital-intensive agricultural sector.

Denmark, Sweden and Germany have developed ag-
ricultural production facilities, which confirms the lev-
el of return on added value of their agriculture, which
is 0.11, 0.14 and 0.15, respectively. In contrast, Ukraine,
Poland and Bulgaria are countries with a low technolog-
ical level of production processes and a significant share
of manual labour in agribusiness, and each unit of fixed
capital invested ultimately yields 0.5 to 0.68 units of val-
ue added. Added value, also known as the sum of factor
incomes, is formed in the production process from three

components: the result (income) from the use of labour,
land and fixed capital. It is calculated as the difference be-
tween the market price of gross output and the cost of pur-
chased resources (seeds, fuel, fertilisers, plant protection
products, feed) and services used in production. Added
value includes wages, depreciation, profit, rent, taxes. The
higher the added value, the higher the investment oppor-
tunities and profits. The analysis showed that Ukraine has
the lowest level of added value in agriculture per employ-
ee, at 7.92 thousand US dollars. For comparison, this in-
dicator is 58.11 in Germany, 74.38 in Denmark, and 80.78
in Sweden. This means that Ukrainian farmers have up to
10 times less internal investment resources for moderni-
sation and development of production.

Income from the use of labour is directly correlated
with income from the use of fixed assets. The capital-la-
bour ratio of Ukrainian farmers is the lowest in Europe, so
the growth in added value in agriculture in Ukraine over
the last 20 years has been achieved exclusively through the
intensification of land use. In fact, Ukrainian agricultural
producers have taken a kind of “loan” from future genera-
tions by depletingsoil fertility in order to maintain the com-
petitiveness of their products on global markets. Ukraini-
an agricultural producers still do not take into account the
removal of nutrients and microelements from the soil that
are used to form the harvest. The above conclusion is con-
firmed by an analysis of the dynamics of such indicators of
the efficiency of fixed assets as the indices of changes in the
number of agricultural workers, their capital-labour ratio,
the added value they produce, and the amount of invest-
ment in the material and technical re-equipment of the
agricultural sector in comparative prices for 2015 (Fig. 1).
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Figure 1. Dynamics of the economic efficiency of the agricultural sector in European countries,
compared to the indicators of the year 2000

Source: based on FAOSTAT (2023)

The dynamics of these indicators in European coun-
tries with a high level of technological development — Ger-
many, France, Denmark, Sweden — are similar in nature
and rate of growth or decline. Thus, capital-labour ratios
in agriculture in Germany, France, Denmark and Sweden
have increased 1.5-2 times over 20 years, employment in
the agricultural sector has decreased by 30-50%, while
added value per employee has increased from 10 to 20%.
The rate of investment in technical re-equipment of the
agricultural sector in Germany and France has increased
1.7-1.8 times over 15 years, while in Denmark and Sweden
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it has remained consistently high, ensuring their food se-
curity and the gradual release of workers from labour-in-
tensive processes. EU countries with the lowest capitali-
sation of the agricultural sector have a relatively high rate
of growth in real investment in the fixed capital of agricul-
tural enterprises: Poland — 2.7; Romania — 4.6; Bulgaria —
2.6. At the same time, the technical equipment of labour
in agriculture increased 12.8 times in Bulgaria, 1.7 times
in Poland, and 6.9 times in Romania, while the number of
employees decreased by 44%, 49%, and 70%, respective-
ly. Characteristically, the growth rate of added value in




agriculture per employee does not exceed the growth rate
of investment and capital equipment. In Ukraine, howev-
er, the dynamics are different: the capital equipment of la-
bour with fixed means of production increased 1.3 times,
while added value increased 1.8 times. The data confirm
that the increase in added value is not due to technical
and technological re-equipment of production, but to
the intensive use of land resources, i.e. their depletion.
High market demand for grain and oilseeds is prompting
Ukrainian farmers to exhaustively use arable land. In par-
ticular, there has been a sharp increase in the area under
corn, sunflower and rapeseed cultivation. Sunflower cul-
tivation poses a particular threat, as it accounts for more
than 30% of the crop structure in some farms.

At the same time, Ukraine, as a supplier of agricultural
products to the world market, annually exports significant
amounts of nutrients that plants have consumed from
the soil to form crops, especially micronutrients, which
are not fully compensated for by fertilisers. According to
S. Balyuk et al. (2019), the grain exported in the 2016-2017
marketing year contained: 811 thousand tonnes of nitro-
gen, 302 thousand tonnes of phosphorus and 211 thou-
sand tonnes of potassium. To compensate for these losses,
itwas necessary to apply: 2.4 million tonnes of ammonium
nitrate, 0.58 million tonnes of ammophos and 0.53 million
tonnes of potash salts. Thus, large agricultural holdings
received a significant part of their profits from the use of
soil resources and violate natural laws, in particular the
law of mandatory compensation (in full) for nutrients re-
moved from the soil. This led to intensive dehumanisation
of soils, since 95-97% of nitrogen and about 50% of phos-
phorus were contained in the organic part of the soil, and
their absorption by plants required increased minerali-
sation of humus. And if the law on the mandatory return
of nutrients removed with the harvest was not constant-
ly observed, the soil will become completely depleted in
the near future, and even the most fertile chernozems will
cease to provide at least some harvest, especially against
the backdrop of deteriorating climatic conditions.

Land has been, is, and will remain the main means
of agricultural production, and fertility is its main value,
which should be preserved for future generations. Ukrain-
ian soils and their preservation require a comprehensive
approach and increased attention from the state, farm-
ers, and scientists. According to the FAO, approximately
20% of Ukraine’s agricultural land has undergone signif-
icant degradation, and the rest is under serious threat.
Ukrainian soils have lost about 30% of their humus, and
the ploughing rate remains one of the highest in the world
at 53.9% (for comparison: in Poland 36.5%, in Germany
34.1%, in the USA 17.5%, in China 12%). The governments
of advanced countries strictly protect state interests and
consider land to be a valuable resource. In France, in par-
ticular, maximum control over its effective use is exer-
cised, exclusively by persons who permanently reside in
the relevant area and have the appropriate level of qualifi-
cation. After testing their level of knowledge and justified
areas of use, they receive a licence, and the concepts of
ownership and use rights are separated. The procedure
for using agricultural land resources in Ukraine current-
ly differs significantly from the above, therefore it needs
to be reviewed and a protectionist state policy developed.
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Land, in particular soil fertility, should be considered as a
specific investment resource that provides added value to
agricultural products on a par with fixed assets and labour
resources. Fertility must be restored and increased, and
the value of land must grow accordingly.

Instead, state authorities proudly report on their lead-
ership in global markets for the sale of agricultural raw
materials. Despite all these “achievements,” even in the
successful year of 2021, Ukraine received only USD 7.9
thousand in added value from agribusiness per employee.
per employee, while in Bulgaria this figure was USD 18.8
thousand, in Hungary — USD 30.6 thousand, in Germa-
ny — USD 58.1 thousand, in France — USD 68.0 thousand,
and in Sweden — USD 80.8 thousand. The data presented
clearly shows that increasing exports of agricultural raw
materials is the wrong path for the development of the
agricultural sector. In pursuit of high yields, Ukrainian
agricultural producers use a wide range of synthetic plant
protection products, which leads to the contamination of
soil, water bodies and groundwater. Intensive agricultural
production technologies deplete the soil, harm the envi-
ronment and the health of the Ukrainian population and
call into question the food security of future generations
of Ukrainians (FAOSTAT, 2023).

In the current conditions of global economic develop-
ment, raw materials and food supplies are strategic market
resources on which national security and sustainable de-
velopment depend. The core position, shared with the au-
thors led by N. Basyurkina et al. (2023) that Ukraine should
adopt the experience of advanced countries, whose agri-
cultural policy priorities are: comprehensive support for
agribusiness development; ensuring national food securi-
ty; encouraging exports of processed agricultural products
while restricting imports; stimulating the development of
own processing industry and imports of agricultural raw
materials for its needs. B. Iegorov et al. (2024) noted that
in Ukraine, as in most countries of the world, grain and its
processed products (bread products) form the basis of the
state’s food security, as they were the main group of food
products and animal feed. High calorie content and long
shelf life determined the role of grain in the formation of
food reserves — it was a strategic product. Bread products
satisfied about 40% of the daily food requirement and
up to 50% of the protein and carbohydrate requirement.
Ukraine’s grain policy has undergone significant struc-
tural changes, as a result of which the dominance of state
interests has been superseded by the priority of exporting
agri-food raw materials (Nikishyna, 2012). Such distor-
tions have led to the formation of a raw material model
of Ukrainian agri-food exports, the dominance of sin-
gle-crop production oriented towards the demand of for-
eign markets, and a decrease in grain processing volumes
at Ukrainian enterprises. Such transformational changes
contradict the national interests of Ukraine, as they lead
to the loss of the reproductive function of the food market
while financing the development of the processing indus-
try in countries that export Ukrainian agricultural raw ma-
terials. The higher export potential of feed grain and the
relatively low cost of its cultivation compared to food grain
have led to the predominance of feed in the structure of
gross grain harvests. At the same time, Ukraine compen-
sates for the shortage of high-quality durum wheat flour
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for bread and pasta production by importing the relevant
grain or finished products, which leads to job and finan-
cial losses due to the reduction of production cycles in the
Ukrainian agri-food market.

Taking into account the best practices of the function-
ing and development of agri-food complexes in advanced
countries, it was advisable to focus Ukraine’s strategic
agricultural policy on stimulating the production of food
products with higher added value and increasing the vol-
ume of exports of deeply processed products, reducing
dependence on imports of grain, products of plant and
animal origin, fresh vegetables and seed material. The
key task of Ukraine’s agri-food sector was to transition
from a raw material-based to an investment and innova-
tion-based type of development. At the modern stage of
scientific and technological progress in the agri-food sec-
tor, the very nature of technologies and production meth-
ods was changing. They were becoming more science-in-
tensive, and their implementation requires the use of the
latest technology and appropriate organisational support.
The transition to advanced robotic information technol-
ogies can be called the second “green revolution”, as they
were changing the established paradigm of agricultural
production and taking it to a qualitatively new level.

The European Green Deal (European Union, 2019)
in agriculture defined the biologisation of farming as
the main tool for improving soil quality and fertility, the
key elements of which are: scientifically based soil-pro-
tecting crop rotations, modern biotechnological solu-
tions, precision farming technologies, and the balanced
use of mineral fertilisers and chemical crop protection
products. The transition to the latest technologies in ag-
ricultural production, which will ensure the sustainable
development and food security of the country, requires
the modernisation of the technical and technological
base of agribusiness, the development and implemen-
tation of innovative, complex, robotic and automated
technical means that will ensure high precision and qual-
ity of technological operations, their timeliness, energy
and resource efficiency. It should be noted that, from the
perspective of current research, innovative complex ag-
ricultural machinery includes the latest ground-based
mobile energy, aviation and transport-technological
means, combine harvesters, aggregates, multi-operation
technological machines, technological lines, equipment,
etc., including computerised and automated systems for
controlling their operation and robotic systems for per-
forming technological operations based on new methods
of their working bodies’ interaction with the soil environ-
ment, technological materials, agricultural crops, weeds,
microbiota, animals, poultry and agricultural products,
ensuring a reduction in specific energy costs, improving
the quality of technological operations and minimising
the negative impact on the environment.

Due to shortcomings in the organisation of produc-
tion processes, crop yields depend on natural conditions
by almost 80%. At present, the use of precision farming
systems allows the impact of climate change on crop pro-
duction efficiency to be offset and reduced to 20%, while
the remaining 80% is determined by the level of technol-
ogy and management in the agricultural business. By fo-
cusing on scientific and technological progress in their
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development, equipment and technologies have become
the most important factors in the efficiency of agricultural
production. They determine the level of land productivity,
the efficiency and comfort of labour, the cost and quality
of products, and shape the social and economic factors
of the development of the agricultural sector of Ukraine’s
economy (Hrytsyshyn, 2024).

The results of current study are consistent with inter-
national research emphasising the role of innovation and
capital deepening in improving agricultural productivity.
According to J.-E Hulot & N. Hiller (2020), investments in
agricultural research and innovation across EU countries
generated multi-layered benefits that extended beyond
immediate production growth. These included higher re-
source-use efficiency, environmental sustainability, and
long-term resilience of the agricultural system. Their find-
ings demonstrated that every euro invested in research
and innovation in the EU agricultural sector can yield up
to five times its value in socio-economic returns. In this
context, Ukraine’s limited investment capacity — USD 963
per agricultural employee in 2021 - highlighted the impor-
tance of public policy instruments to stimulate innovation
and attract private capital into agribusiness. Y. Sheng et
al. (2022) also underscore that productivity growth in ag-
riculture across 17 OECD countries was driven largely by
capital deepening and induced innovation — the process
by which technological change responds to relative fac-
tor scarcities and price shifts. Their evidence showed that
countries maintaining consistent investment in fixed as-
sets and R&D experienced faster convergence in total fac-
tor productivity (TFP). The Ukrainian case, characterised
by low capital intensity and technological lag, fits the op-
posite pattern, suggesting that inadequate reinvestment
slows TFP growth and widens productivity gaps with more
developed economies. Overall, these insights confirmed
that sustainable agricultural modernisation depended not
only on capital accumulation, but also on innovation-driv-
en productivity gains and institutional support mecha-
nisms ensuring the effective use of investment resources.

The results of this study aligned with broader in-
ternational evidence demonstrating that technological
modernisation and capital deepening are decisive factors
in agricultural productivity growth. According to M. Pet-
rick & M. Kloos (2012), disparities in agricultural capital
productivity across EU member states were primarily
determined by differences in access to investment re-
sources and innovation intensity. This corresponded with
Ukraine’s relatively low capital intensity, where limited
access to affordable financing constrains the renewal of
fixed assets and the introduction of modern equipment.
Similarly, T. Kijek et al. (2016) emphasised that knowl-
edge capital - human skills, training, and technological
awareness — played a critical role in shaping total factor
productivity in European agriculture. Ukraine’s lag in la-
bour productivity and capital provision suggests an urgent
need to invest not only in physical assets but also in ed-
ucation, extension services, and innovation transfer sys-
tems. Global evidence from the World Bank’s Harvesting
Prosperity report (Fuglie et al., 2020) further confirms that
sustained productivity growth in agriculture depends on
large-scale technological diffusion supported by research,
infrastructure, and market integration. Countries that




successfully modernised their agro-industrial systems —
such as Denmark, the Netherlands, and France - did so
by combining targeted subsidies, credit access, and in-
novation policy incentives. Finally, D. Shen et al. (2023)
illustrated, using China’s experience, how capital deepen-
ing can mitigate the effects of a declining rural workforce
and enhance labour productivity, reinforcing the broader
relevance of technological investment in achieving sus-
tainable agricultural development. Together, these find-
ings underscored that Ukraine’s challenge mirrors global
trends: to transform agriculture from labour-intensive to
knowledge- and capital-intensive production through in-
novation, financial reform, and state support mechanisms
that ensure inclusive, long-term growth.

Therefore, the state should not stand aside from these
threats and should stimulate the innovative development
of agricultural technologies in Ukraine, the technical
re-equipment of agribusiness with innovative Ukrainian
ally produced equipment, and ensure the preservation
of soil fertility and agroecosystems at the legislative lev-
el. The further development of the agricultural sector and
maintaining the competitiveness of its products requires
the formation of an effective material and technical base
(MTB) for agricultural enterprises based on modern inno-
vative transformations. The importance of fixed assets in
the development of the agricultural sector in the context
of the adoption of new high-performance technologies
was constantly growing. The optimal quantity and ration-
al structure of fixed assets, as well as their effective use,
ensured not only an increase in production volumes, but
also an increase in its economic and social efficiency.

» Conclusions

The main factor determining the quantity and quality of
agricultural products and the efficiency of Ukraine’s ag-
ribusiness sector was the level of its material and techni-
cal base and its innovative development. Ukraine’s agri-
cultural sector demonstrated one of the lowest levels of
capitalisation in Europe: the capital intensity of labour
amounted to only USD 11.58 thousand per person, which
was almost 60 times lower than in Denmark (USD 679.04
thousand) and more than 30 times lower than in Germany
(USD 391.01 thousand). The level of capital provision per
hectare of agricultural land in Ukraine was USD 0.76 thou-
sand, while in the Netherlands this figure reached USD
40.08 thousand, and in Sweden — USD 18.47 thousand.
Labour productivity in Ukrainian agriculture remained
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critically low — USD 18.71 thousand per employee com-
pared with USD 100.51 thousand in Germany and USD
166.69 thousand in Denmark. Gross agricultural output
per hectare in Ukraine equaled USD 1.23 thousand, which
was 3.5 times lower than in Italy (USD 4.27 thousand) and
almost 8 times lower than in the Netherlands (USD 10.32
thousand). Such disparities clearly indicated the techno-
logical backwardness of the domestic agricultural sector
and the urgent need for its modernisation. The volume of
real investments in fixed capital in Ukraine’s agriculture in
2021 amounted to USD 2.64 billion, or only USD 963 per
employee, while the same indicator in Sweden exceeded
USD 20 thousand, in Denmark — USD 27 thousand, and
in Switzerland — USD 31.7 thousand. Investments per
hectare of agricultural land were the lowest among the
analysed countries — USD 519 per hectare in Ukraine ver-
sus USD 1,688 in Denmark and USD 8,620 in the Nether-
lands. The added value per agricultural worker in Ukraine
reached only USD 7.92 thousand, which was 7 to 10 times
lower than in most EU countries.

The expanded reproduction, renewal, and moderni-
sation of the technical and technological support of agri-
cultural production in Ukraine required the attention of
the state to create institutional and economic conditions
for increasing the investment potential of agribusiness,
increasing its fixed capital, through the development and
implementation of state target programmes, simplifying
access to preferential lending, applying leasing mecha-
nisms. Without active state participation and strategic
investment, the gap between Ukraine and technological-
ly advanced European countries will continue to widen,
threatening national food security and the competitive-
ness of domestic agricultural products. Prospects for fur-
ther research may include a more detailed assessment of
the effectiveness of different investment mechanisms —
such as preferential lending, public-private partnerships,
and leasing — in stimulating technological renewal in
Ukraine’s agricultural sector.
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» AHoTauia. Meroio 1i€l cTarti Oy10 OMiHUTH 3a6e3MeYeHiCTh CiTbCHKOTO TOCIOAapCcTBa YKpPAiHU OCHOBHHUMH
3acobaMu BUPOOHUIITBA, e(DeKTUBHICTD X BUKOPUCTAHHSA Ta OHOBJIEHHsI Y ITOPiBHAHHI 3 KpaiHaMu €BponeicbKoro
Co103y, a TaK0)K BUSHAYNTHU BILJIUB TEXHOJIOTYHOTO PiBHS arpapHOro CeKTOpy Ha Horo epekTUBHIiCTb. JJocaimkeHHs
OyJI0 TIpOBeleHO HAa OCHOBi o@imiitHUX cratucTnaHuX maHux Opranisanii O6'emnanux Harmiéi. Byno 3mificHeHO
TIOPiBHAJIBHY OLiHKY Cy4acHOTO PiBHs 3a0e31eYeHOCTi OCHOBHHMM 3aC00aMU arpapHOT0 CEKTOPY €BPOIEHCHKHAX
KpaiH i Ykpainm. BusBiieHO, 110 MigBUIIEHHS TEXHOJOTIYHOTO PiBHS CiTbCHKOrOCHOZAPCHKOTO0 BUPOOHHIITBA
3abe3nedye 3pOCTAHHSA JOJAHOI BApTOCTI B arpapHOMy CeKTOpi YKpaiHW, HiABUIIEHHS MPOAYKTUBHOCTI Ipart,
e(EKTUBHOCTI MiATBHOCTI Ta CKOPOYEHHS YHCEJbHOCTI NpaliBHUKIB. [IpoBeAeHO aHANITHUYHI JOCIIiPKEHHS
JrHaMiky Ta eeKTUBHOCTI iHBeCTyBaHHsI OCHOBHOTO KalliTajly B arpapHOMY CEKTOPi €éBpoIeiiCbKUX KpaiH i3 pisHUM
piBHeM MarepiaJbHO-TEXHIYHOTO 3abe3reueHHs. BcTaHOBJIEHO, IO IOKAa3HWKM 3a0e3eyeHoCTi Ta (OopMyBaHHSA
OCHOBHOI'0 KalliTaJly YKpalHCBKUX CiJIbCBKOTOCIOJAPChKUX MiJIPUEMCTB, INPOAYKTUBHOCTI Hpali Ta IOoxaHoi
BapTOCTi B arpapHOMY CEeKTOpi KpaiHU € HalHMKYUMHU cepe]l KpaiH €Bpornu. Lle cTasmo HacIiIKOM HU3BKOTO PiBHA
iHBECTUIIHHUX MOSKJIUBOCTEH TOCIOAAPCTB, IO MPU3BEJO N0 MOIIUOJIeHHS TeXHIKO-TEeXHOJIOTiYHOI BimcTamocTi
rajgys3i Ta CTaHOBHUJIO 3arpo3y IIPOIOBOJILUIN Oe3meni YkpaiHu. BusHaueHo, 1110 OIHUM i3 FOJIOBHUX YMHHUKIB, fKi
3YMOBUWJIM KiJIBKICTh i SIKICTH CiIBCBKOIOCIIOAAPCHKOI MPOAYKILI Ta edeKTUBHICTh arpobidHecy YKpaiHU, CTaB
piBeHb MaTepiaJbHO-TEXHIYHUX pecypciB i ix iHHOBamiiiHWil po3BUTOK. Po3liupeHe BiATBOpPEHHs, OHOBJIEHHS Ta
MOJIepHi3alis TEXHiKO-TeXHOJIOTi9YHOr0 3abe3IeueHHs CilTbChKOT0CIIONapPChKOr0 BUPOOHUIITBA YKPAiHU TOTPEOYIOTH
aKTUBHOI poJIi Aep:kaBU Y (popMyBaHHI iHCTUTYHiHIX Ta EKOHOMIYHIX YMOB
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» Abstract. This study presented a comprehensive bibliometric analysis of the impact of the Russian-Ukrainian war
on agribusiness management. Drawing on a dataset of 742 academic publications from the Scopus database (2014-
2024), the study tracked how business-related themes have evolved during the war, sheddinglight on the broader socio-
economic context in which these themes are embedded. The analysis highlighted the interconnected nature of research
across disciplines, illustrating how broader studies on geopolitical conflict, trade disruptions, and humanitarian
issues serve as a backdrop for more focused inquiries into agribusiness management. This layered approach allowed
for a clearer understanding of the war’s influence on firms’ operational environments, the challenges posed to
continuity, and the adaptive responses undertaken by companies within and beyond the conflict zone. The results
of the study identified seven key areas of agribusiness management affected by the war: retention of personnel and
workforce safety, market diversification, business relocation, the launch of new business lines, ensuring functionality
under force majeure conditions, maintaining and protecting sales markets, and strengthening information protection
and cybersecurity. By synthesising prior inquiries, this analysis underscored common themes, highlighted key
research gaps, and suggested future directions for research and practice. A paradigm for the formation of an agri-
startup that will contribute to increasing economic stability and the development of agribusiness has been proposed

» Keywords: war; startup; management; economics; personnel

» Introduction
Ukraine’s agricultural sector is not merely a business en-  stability. Despite the ongoing war, blockades and global
terprise but a pivotal factor in the country’s economic crises, agribusiness continues to supply food to the world
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whilst supporting the national economy. The study of
wars and conflicts represents a timeless topic of academ-
ic enquiry, and it is therefore unsurprising that numerous
contemporary scientific investigations are devoted to
brutal military conflicts occurring worldwide. These in-
clude the war in Yemen, as examined by A. Mukashov et
al. (2022), clashes between Hamas and Israel, as examined
by H. Mahmoud & S. Abuzerr (2023), and mass protests
against governments in Haiti, Georgia and Kyrgyzstan,
analysed by E.G. Red (2019). Further scholarly atten-
tion has been directed towards the civil war in Ethiopia
by B.A. Nigatu (2023), as well as protests against the re-
gime in Iran (Amini et al., 2024). A distinctive feature of
present-day wars is that they encompass not only armed
conflicts but also information wars, trade wars, and con-
frontations with bacteriological threats (Chen et al., 2023;
Ju et al., 2024). In such situations, meaningful conclusions
from scientific enquiries tend to be derived from inves-
tigating the peculiarities of people’s daily lives, shedding
light on which aspects of socio-economic structures have
changed, where deterioration trends are occurring, and at
what stage the country’s life cycle stands. After all, all wars
end sooner or later, and socio-economic structures will
need to be revived and renewed. These socio-economic
processes are closely interconnected with business activ-
ity, shaping the micro- and macroeconomic indicators of
organisational environments. The key challenges faced by
agribusinesses in the war context are related to ensuring
uninterrupted operations, securing short-term profit and
achieving long-term business longevity.

The focal war, lasting over a decade now and culmi-
nating in the massive Russian invasion in February 2022,
brings to life major challenges for businesses in different
industries and across different countries way beyond
the East European region. This context provides a fertile
ground for the growing stream of rigorous studies investi-
gating, e.g., the impact of war on business and society, the
global impact of sanctions imposed on the aggressor, the
disruptive global impact of war on global supply chains,
and the market impact of the war on European listed
banks (Klose, 2024; Tsang et al., 2024). Yet, of course, the
primary focus of the emerging management literature on
the Ukrainian-Russian war is on Ukrainian business man-
agement itself, which has faced many challenges during
the study period. The coronavirus pandemic has led to
a large-scale reduction in production and operations re-
design, and companies have suffered significant material
losses. The full-scale Russian invasion of 2022 has harmed
business for years to come due to the destruction of crit-
ical industrial infrastructure, economic collapse, and la-
bour shortages. An exemplary investigation of this issue
was presented by K. Obl6j & R. Voronovska (2024), who
demonstrated how large Ukrainian companies respond
to the war-induced crisis through the mechanisms of
threat-rigidity and contingency perspectives (in the initial
and later stages, respectively).

Importantly, in the face of negative trends, the so-
cio-economic structures underpinning the key challeng-
es faced by agribusinesses enterprises in Ukraine might
undergo both negative and positive changes, and trans-
formation processes might lead to the construction of
new innovative structures. Tracking these changes was

the primary motivation for the current study. Concentrat-
ing on the most vivid ongoing military conflict in Europe,
the Ukrainian-Russian war, the present study aimed to
analyse the trends in the key challenges faced by agribusi-
nesses management in times of war through bibliomet-
ric analysis of academic publications from 2014 to 2024.
Based on this purpose, the study solved the following
tasks: conducting a bibliometric review of literary sources
to identify key clusters and scientific directions regard-
ing the negative impact of war on agribusiness; analysing
the impact of war on key areas of agribusiness; justify the
paradigm of agribusiness development through the im-
plementation of a startup.

» Literature review

The importance of studying the war context is underscored
in the case study by WM. Lim et al. (2022), who evaluated
the impacts of the Ukraine-Russia war on business and
society. Their analysis highlighted the multi-dimension-
al effects of war, which include societal disruptions both
within and outside the conflict zone, such as limited ac-
cess to necessities, increased unemployment changes in
the labour market, and inflation. For businesses, the war
poses threats such as cyberattacks, disruptions to digital
and sustainable growth, and challenges to business eth-
ics and brand management. These insights emphasise the
need for a more comprehensive approach to understand-
ing the impacts of the war, which is precisely the aim of
the current bibliometric analysis.

In addition to the described above case-based explora-
tion of the implications of the Ukraine-Russia war on busi-
ness and society, a set of recent empirical papers highlight
the global importance of this context from the perspective
of different management disciplines. For example, in fi-
nance, A. Soliman & E. Le Saout (2024) revealed the impact
of the war on idiosyncratic risk, market portfolio volatility,
and the relationship between them within the European
economies. The results of the study showed that there was
an increase in market portfolio volatility and idiosyncrat-
ic risk on the whole continent after the military outbreak.
Similarly, E. Keles (2023) demonstrated the heterogenei-
ty of the adverse reaction of stock markets to the war. In
terms of global finance, the war may have created an un-
expected ripple effect on blockchain and FinTech stocks
(Abakah et al., 2023). The impact of war-caused geopolit-
ical risks on foreign exchange markets through fluctua-
tions in foreign exchange rates was presented in A.T. Hos-
sain et al. (2024). This adverse impact of geopolitical risks
is more pronounced in countries with high dependence
on Russian energy, countries with high levels of economic
policy uncertainty, and countries with geographical prox-
imity to Russia and Ukraine. Moreover, evidence from the
war in Ukraine suggests that, for diversification purpos-
es, gold and bitcoin are complements, not substitutes, in
times of crisis. However, during wartime, the gold/bitcoin
ratio tends to decline (Oosterlinck et al., 2023). Similarly,
the war has had a significant impact on international busi-
ness: export and import operations, global food supply,
and green innovations (Ahn et al, 2023; Rose et al., 2023;
Zhu et al., 2024). As such, there is a vibrant and growing
body of conceptual and empirical literature that explores
different aspects and impacts of the Russian-Ukrainian
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war on business management, underscoring its global
economic fallout that extends well beyond the immediate
regions involved (Russia, Ukraine and Eastern Europe).

To systematically capture and synthesise the existing
body of knowledge, a bibliometric analysis emerges as a
particularly suitable methodology. N. Donthu et al. (2021)
argued that bibliometric analysis allows for identification
of key themes, trends, and research gaps across large bod-
ies of literature. In this context, bibliometric analysis offers
unique insights into how business management scholar-
ship hasengaged with the war, revealing patterns ofinquiry,
emerging areas of interest, and interdisciplinary linkages.
By generalising and expanding upon prior inquiries, this
approach highlights shared themes and recurring issues,
thereby creating a more holistic understanding of how the
war has influenced business management. While there
have been informative bibliometric reviews of the broader
societal impacts of the Russian-Ukrainian war, a notice-
able research gap exists regarding business management
specifically. Previous bibliometric studies have examined
the war’s effects on global food systems, as demonstrat-
ed by T. Ben Hassen & H. El Bilali (2022), H. Gheibdoust et
al. (2023), and PR. Chowdhury et al. (2023). Further schol-
arly attention has been directed towards humanitarian
law by E. Orzhynska et al. (2024), public health by A.A. So-
kan-Adeaga et al. (2023), and international trade (Paryan
& Al Hashfi, 2023). However, bibliometric studies focused
on the specific topic of business management remain no-
tably absent from the existing literature. An exploration
of the available bibliometric reviews related to the Rus-
sian-Ukrainian war reveals that, to date, there is absence
of works that explicitly analyse the business management
domain. The current study addressed this gap by focus-
ing specifically on the role of the war in shaping business
management discourse, offering an original contribution
to the field. In the sections that follow, a systematic bib-
liometric analysis was presented to summarise the body
of distinct literature on business management, focus-
ing on the Russian-Ukrainian war. This analysis builds
on prior bibliometric methodologies, as suggested by
O. Ellegaard & J.A. Wallin (2015), M. Aria & S. Cuccurul-
lo (2017), to identify emerging common themes, highlight
research gaps, and suggest future research directions. The
approach allows for tracing of interdisciplinary links be-
tween various scientific research fields, further advancing
the understanding of how the war has shaped business
management thought and practice.

» Materials and methods

The methodological basis of the study was represented
by general and special scientific approaches and meth-
ods. The dialectical approach allowed to formulate the
philosophical aspects, factors and conditions of business
management in wartime. Based on the critical (evalua-
tive) approach, contradictions, critical aspects and para-
doxes during the war were identified that affect not only
the economy of a particular country but also the world.
The general scientific approach was the basis for the
formation of prerequisites, trends, patterns and trends
in the sustainable development of enterprises during
and after war. The application of systemic and syner-
gistic approaches allowed for forming a holistic view of
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entrepreneurship in war and international activities, as
well as to form a mechanism of development based on
self-organisation and emergent behaviour.

This study’s methodology was based on a compre-
hensive bibliometric analysis of academic publications
spanning from 2014 to 2024, which are related to the im-
pact of the Russian-Ukrainian war on socio-economic and
business management systems’ dynamics. This period
captures the war from its beginning to the phase of a full-
scale invasion in 2022 and up to this date. The decision
to utilise bibliometric analysis as the core methodological
approach was underpinned by several key considerations
and strengths inherent to bibliometric methodologies.
Similarly to systematic literature review, like the one by
M. Orra (2021), as a methodological framework, biblio-
metric analysis offers an objective and systematic means
of reviewing and analysing scholarly publications. This
approach is particularly advantageous for mapping out
the evolution of research across different scientific fields
and identifying the most influential works and authors
(Broadus, 1987). In the context of this study, such an anal-
ysis allowed for a detailed examination of the breadth
and depth of research concerning the socio-economic
impacts of the Russian-Ukrainian war, highlighting how
these impacts are perceived and addressed across various
disciplines. Another crucial strength of bibliometric anal-
ysis lies in its ability to provide a comprehensive overview
of the research landscape. This is achieved through the
evaluation of publication patterns, citation networks, and
keyword frequencies, which together offer insights into
prevailing research trends, emerging themes, and poten-
tial gaps in the literature (Ellegaard & Wallin, 2015). For
a topic as multifaceted and dynamically evolving as the
Russian-Ukrainian war, such a holistic view is invaluable
for capturing the complex interplay between socio-eco-
nomic factors and business management challenges.
Furthermore, bibliometric analysis facilitates the identi-
fication of interdisciplinary research insights. Given the
diverse implications of the war on society, economy, and
the environment, understanding these impacts requires
a cross-disciplinary perspective. By analysing citation
networks and co-authorship patterns, this methodology
uncovers the collaborative nature of research efforts and
the integration of diverse scientific domains, underscor-
ing the imperative for interdisciplinary approaches in ad-
dressing the war’s consequences (Waltman, 2016).

The methodology’s emphasis on quantitative evi-
dence of research impact and collaboration adds anoth-
er layer of depth to the analysis. Through the use of ad-
vanced bibliometric tools and software, such as Scopus
for data retrieval and VOSviewer for data visualisation,
the study not only identified the most influential publi-
cations and authors but also mapped out the geograph-
ical and institutional distribution of research activities.
This quantitative dimension supports the identification
of key research clusters and networks, offering insights
into the global response to the socio-economic challeng-
es posed by the war. In executing this bibliometric anal-
ysis, the authors relied on the Scopus publications and
citations database to curate a dataset of academic stud-
ies in the focal area. The following sections provide the
findings from this analysis, starting with the bibliometric




data on the Russian-Ukrainian war for all scientific fields
and then delving into the focal area of business manage-
ment in wartime.

» Results and Discussion

Ukraine is a developed industrial and agricultural country
with a diversified agricultural sector. However, the full-
scale invasion by the Russian Federation on 24 February
2022 had a profound impact on farmers. Accordingly, it
also affected export potential and all established logistics
routes for shipping and selling products. The full-scale
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war has been a real test for Ukrainian farmers, as the inva-
sion has destroyed processes and logistics chains that had
been established over many years. A significant part of the
cultivated land has been mined, and some of it is inacces-
sible, while equipment and production warehouses have
been destroyed. Since the beginning of Russia’s full-scale
invasion of Ukraine, agri-food products have become a
key export item and source of foreign exchange earnings
for Ukraine, significantly surpassing the mining and met-
allurgical complex, which has traditionally been one of the
largest sources of export revenues (Table 1).

Table 1. Structure of foreign exchange earnings by export group in Ukraine in 2021-2024, million USD

Names of groups of goods 2019 2020 2021 2022 2023 2024
Food products and raw materials for their production 22,123 | 22,161 | 27,687 | 23,380 | 22,001 | 24,665
Mineral products 4,405 4,963 7,874 4,109 2,262 3,137
Products of the chemical and related industries 2,171 2,308 3,173 1,668 1,329 1,508
Wood and wood products 1,780 1,758 2,491 2,118 1,719 1,660
Industrial products 697 722 946 569 557 577
Ferrous and non-ferrous metals and products made from them | 9,994 8,782 15,719 5,881 3,888 4,420
Machinery, equipment, vehicles and appliances 3,426 3,390 3,819 2,281 2,150 2,012
Other 1,495 1,059 1,404 893 772 900

Source: compiled by the authors based on National Bank of Ukraine (n.d.)

Thus, at the end of 2021, the share of the agricultural
sector in the structure of foreign exchange earnings was
almost 44%, and in 2022 it grew to 57% and continues to
grow, while the total volume of exports has decreased.
The increase in agricultural exports was partly due to the
sale of previously accumulated grain stocks. The increase
in the share of the agricultural sector in total exports
means that the economy is becoming more dependent
on its condition and, therefore, on the risks that affect
the stability of agricultural production and exports.
Among the key threats, experts and market participants
cited mined territories, complicated logistics, price vol-
atility, and trade restrictions, which farmers have been
facing for several years.

Most of Ukraine’s territory is occupied by agricultur-
al land at the beginning of 2020, it accounted for 68.5%
of the country’s total area. In addition to direct occupa-
tion (more than 18% of Ukraine’s territory according to
DeepState (n.d.) as of mid-March 2025), due to military
actions, a significant part of Ukraine’s territory up to 30%,
especially in the south and east of Ukraine is mined, which
is a significant challenge for agricultural production and
logistics. The mined territory is not only an internal prob-
lem for Ukraine. It leads to increased risks for global food
security. Before the full-scale invasion, Ukraine produced
enough agri-food products to feed 400 million people
worldwide per year. Prices for Ukrainian agricultural
products, both on the domestic market and for export, de-
pend on many factors, including the situation on global
markets (supply and demand), harvest forecasts, weather
conditions, military actions, currency fluctuations and the
geopolitical situation, so they fluctuate quite significantly.
Russia’s attack on Ukraine in 2022 was a shocking event
that drove up prices for agricultural products on the global
market, although the situation on the markets eventual-
ly stabilised. For example, global prices for sunflower oil
(Ukraine is the world leader in exports of this product)

rose in 2024 amid limited supply, while wheat prices fell to
a four-year low as a result of increased global production.

The war is putting extra pressure on Ukrainian busi-
nesses, which is affecting profitability — from direct shell-
ing of farmland, businesses, and grain elevators to short-
ages of resources and human capital and higher logistics
costs. Thus, in 2022, the production of major types of grain
and oilseeds became unprofitable, but during 2023, the
situation improved thanks to the resumption of exports
from Ukrainian seaports, which reduced logistics costs
and contributed to an increase in purchase prices on the
domestic market. January 2025 began with rising prices for
major types of grain crops both in Ukraine and abroad. On
the one hand, Ukrainian suppliers shipped goods gradu-
ally, trying to sell their products on the most favourable
terms. On the other hand, on 1 December 2024, the Cabi-
net of Ministers of Ukraine obliged the Ministry of Agrar-
ian Policy to set minimum export prices for a specific list
of agricultural products. In this way, the government plans
to combat shadow exports and influence prices on the do-
mestic market. Experts note that winter is traditionally a
“high” season when prices for grain, for example, reach
their highest levels. In its October report, the World Bank
forecasts a 4% decline in global agricultural prices this
year due to improved growing conditions and increased
production in key regions. According to forecasts by the
Institute of Agricultural Economics of Ukraine, the vol-
ume of agri-food production in Ukraine will grow in 2025,
mainly due to grain and leguminous crops.

At the beginning of the full-scale invasion, Russia
blocked the operation of Ukrainian ports, which led to a
halt in exports through traditional channels. Restricted
access to Black Sea ports forced producers to find alter-
native routes and pay extra for military risks. In particu-
lar, Ukrainian companies redirected exports through
European ports, to which grain was delivered by rail or
road. Ukraine is actively working to expand its export
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capabilities through ports on the Danube, in particular
Reni, Izmail and Ust-Dunaysk. However, their through-
put capacity is significantly lower than that of large Black
Sea ports, which limits export potential. Despite Russia’s
constant attacks on Ukrainian ports, the export corridor
is functioning and ensuring the export of the majority of
grain products. The high level of military threats remains a
key risk to the stability of logistics.

After the start of the full-scale war, the EU complete-
ly opened its markets to Ukrainian agricultural products
and introduced Solidarity Lanes — alternative logistics
routes for Ukrainian suppliers through Eastern European
countries bordering Ukraine. On the one hand, this has
led to a significant increase in the presence of Ukrainian
products on the local markets of some countries (Poland,
Hungary, Slovakia). Since 2022, European countries have
become and remain a key market for Ukrainian products.
This sparked protests among local farmers, who claimed
that cheaper Ukrainian products were “crowding out”
domestic producers. Poland, Hungary, Romania and oth-
er countries temporarily banned imports of Ukrainian
grain and other goods, disrupting export chains that had
been set up under the difficult conditions of wartime.
The issue of Ukrainian product supply to the EU remains
in focus in the formation of the Common Agricultural
Policy, both before and after Ukraine’s full accession to
the EU. On the one hand, Ukraine must implement legis-
lative changes, including standards in the agro-industrial
complex, aimed at harmonisation with EU norms, and
develop capable state institutions. On the other hand, a
communication campaign needs to be conducted within
the EU to explain the benefits and synergistic effects of
a shared future. Continued state and international sup-
port for the agricultural sector is important for the fur-
ther recovery of the industry in terms of both yield and
production volumes and sales abroad, although some
factors, such as weather conditions, are difficult to influ-
ence. Both the above-mentioned state funding for dem-
ining and the further development of war risk insurance
mechanisms for exporters are important here. The prior-
ity remains to establish a common vision with European
countries so that Ukraine is perceived not as a competi-
tor but as a reliable partner.

Before proceeding to the analysis of the narrow body
of literature on the impact of Russian-Ukrainian war on
agribusinesses management, it is crucial to first map a
broader literature looking at all aspects of the war. The
rationale for this choice is that agribusinesses manage-
ment domain does not exist in isolation; rather, this
area is embedded into the broader social context (Lim et
al., 2022). As such, the analysis begins with the bibliomet-
ric study of Russian-Ukrainian war across all disciplines.
The authors of this study did not impose any restrictions
on publication language or country of origin, ensuring a
comprehensive and inclusive dataset reflecting the glob-
al scope of the war’s impacts. The subsequent analysis,
aided by VOSviewer software, enabled the visualisation
of complex relationships and trends within the literature,
illuminating both well-established and nascent research
areas. However, for the purposes of the current study,
publications from 2014 are relevant because it was then
that Russia’s first interference in Ukraine’s independence
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took place. The recorded increase in the number of pub-
lications coincided with military actions by Russia and
the commission of war crimes after February 24, 2022.
Given the rapid increase in the number of publications,
the authors decided to analyse network connections by
keyword, country, and also to investigate the affiliation by
authors. As a result of the bibliometric analysis of scien-
tific papers using the functionality of the VOSviewer soft-
ware, a bibliometric map of publication relationships for
the period from 2014 to 2024 was obtained (Fig. 1). The
unit of analysis was “Ukraine war”, which in turn allowed
for filtering the data by such parameters as co-occurrence
and all keywords and to obtain a map consisting of 17,687
keywords and 887 meeting the threshold.
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Figure 1. Network visualisation
of the term “Ukraine war” in 2014-2024
Source: compiled by the authors

Using the capabilities of the VOSviewer software, the
keywords were divided into 8 main clusters using the meth-
od of relationship density. These clusters emerged from
grouping scientific papers presented in the Scopus scien-
tometric database. The automatic creation and export of
a document to CSV format allowed for summarising data
such as author, title, year of publication, affiliation, and
keywords. In terms of keywords (Table 2), most often, the
authors refer to “Ukraine” (1,568 occurrences), “war” (775
occurrences), “Russia” (799 occurrences), “NATO” (147 oc-
currences), “conflict” (112 occurrences), “war in Ukraine”
(203 occurrences). Such keywords are common and are
presented in the works of different clusters. The study of
the network visualisation of the term “Ukraine war” found
that scientific papers cover research on the war in Ukraine
in various areas. The authors examine the impact of the
war on the mental and psychological health of the popu-
lation, the preservation of cultural values and resources,
historical aspects, education and art, and human resourc-
es management. This leads to the conclusion that the war
is rapidly making its own adjustments to the country’s
society, its economic aspects, and international activities.

As a result of network data visualisation, clusters were
formed that summarise scientific papers in a particular
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Table 2. Formation of scientific clusters on the negative impact of war on agribusiness

Clusters Keywords of the cluster Cluster name
Cluster 1 (184 resilience, sustainable development, analysis, bibliometric analysis, crisis, economic crisis,
o) economic development, financial stability, financial market, import, export, development, Resilience
yw optimisation, blockchain, crisis management, European integration
world war, army;, civil war, collaboration, constitution, history, Cossacks, great patriotic
o World war
war, autocephaly, historical memory
Clluster 3 (99 Ukraine, war, refugees, terrorism, menta'll health, child health, psychology, public health, War in Ukraine
eywords) risk factors
Russia-Ukraine war, Covid-19, energy, bitcoin, oil and gas, energy security, TVP-VAR, Force majeure
SARS-CoV-2 circumstances
Clluster 9 Russia, strategic autonomy;, realism, Crimea, Black Sea, civilisation, strategic culture Russian
eywords) politics
case study, cyber security, cyberspace, e-commerce, Facebook, Telegram, Twitter, Cybersecurity
information, mass media, news, Russia-Ukraine conflict, journalism and media
Cl?el}sr;[fr(r)Zd(s?l NATO, China, Iran, Israel, Kyiv, Kharkiv, Japan, Eurasia, Egypt, Canada, Afghanistan Geography
Cluster 8 (36 EU law, global financial crisis, military equipment, drones, de-globalisation, crises, Globalisation
keywords) national security, theory, education system processes

Source: compiled by the authors

area. The Red Cluster 1 in Figure 1 and Table 2 indicates
a cluster that contains 184 words, and the research area
is related to development, commerce, and other manage-
ment aspects. The illustrative works are A. Wylegala (2023)
on international assistance to Ukrainians to resist the war,
A. Pawlowska et al. (2023) on the protection and preser-
vation of cultural heritage, A. Popova et al. (2023) on the
development of technological knowledge during the war
in Ukraine. An example of crisis management in a Ukrain-
ian university is considered in I. Bohdanov et al. (2023).
The Green Cluster 2 has 131 words and is related to geo-
political turmoil. The authors pay special attention to the
description of the loss of resources and damage suffered
by Ukraine during the war (Kussul et al., 2023; Pawlows-
ka et al., 2023). The Blue Cluster 3, which has 99 words, can
be clearly identified by the keyword “Ukraine”. It demon-
strates the direction that combines political, economic
and social issues of Ukraine as a country. T. Kuzio (2023)
examines the historical aspects of the Russian invasion of
Ukraine. Conservation policies and management in the
Ukrainian Emerald Network have maintained reforest-
ation rate despite the war are described in L. Shumilo et
al. (2023). The impact of airborne anxiety on mental
health, somatic symptoms, and well-being is described
in S. Stieger et al. (2023). A number of papers present the

peculiarities of the treatment of opioid use disorders dur-
ing Russia’s invasion of Ukraine (Bromberg et al., 2023;
Ivasiy et al., 2023). V. Seleznova et al. (2023) draw atten-
tion to the mental health crisis and the economic aspects
of mental health services. The Yellow Cluster 4 (92 words)
draws attention to the description of the impact of force
majeure during the war, namely changes in the oil market
and the economy. The Purple Cluster 5 (79 words) com-
bines research papers describing the peculiarities of Rus-
sia’s policy during the war, and the papers in the Orange
Cluster 7 (61 words) are related to the geographical fea-
tures and impact of the war on different countries and cit-
ies. The Lilac Cluster 8 (36 words) contains the keywords
“child”, “pandemic”, “medical”. N. Tsybuliak et al. (2023)
draw attention to the issues of education in Ukraine and
professional burnout among Ukrainian teachers during
the war, V. Pavlenko et al. (2023) discuss the impact of war
on Ukrainian female students.

The publications from the bibliometric analysis relat-
ed to the field of “Business, Management and Accounting”
were selected for further review (n =742). The authors’
team reviewed the titles, keywords and abstracts of each
publication in this group in a search of common patterns.
The results of this inductive analysis reveal seven broad
groups, or business areas affected by the war (Table 3).

Table 3. Research on the impact of war on key areas of agribusiness

Study areas: Agribusiness
aspects during the war

Retention of personnel
and ensuring the safety

Trends within areas:
Agribusiness during wartime

Protection of personnel at the workplace during air
raids and shelling.
Relocation of jobs and processes to safe regions of
the country or abroad.
Finding ways to minimise costs and payroll

Interconnected

fields Sample/notable studies
prsand v Halushka er al. (2022)
umanities,

V. Pavlenko et al. (2023)

army.

of pirgggﬁférllr; war opportunities. soc;alcic(;félces, V. Seleznova et al. (2023)
Replacing the absence of personnel due to service in psy 8y
the Armed Forces or territorial defence.
Trauma and psychological distress.
Repurposing activities and flexibility to produce
Search for new markets/ g00d§ e_md §eryices that are relevant in_ a time of war. | Social scjences, M. Pellicelli (2023)
customers Participation in volunteering and assistance to the | economics and J.N. Sheth &

Cooperation with international organisations.

finance C. Uslay (2023)
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Study areas: Agribusiness
aspects during the war

Relocation of
agribusiness to another

region of Ukraine or employees.

Trends within areas:
Agribusiness during wartime

Selection of a location for the company’s facilities.
Transportation of equipment and setting up
operations in the new region.

Search for employees and adaptation of relocated

Table 3, Continued

Interconnected

fields Sample/notable studies

C. Balbontin &
D.A. Hensher (2019)
V. Lazarenko (2020)

R. Wehrle et al. (2023)

Social sciences,
economics and
finance

abroad Establishing logistics processes, providing raw .
materials and finding a market. V. Lavreniuk et al. (2023)
Reengineering of business processes.
Reorientation of business to goods in times of war. S. Steinbach (2023)
Opening new business Development of startups focused on small Economics and K. Obt6j &
lines businesses. finance R. Voronovska (2024)

Formation of ecosystems in industry and trade.

Y. Biliavska et al. (2025)

Ensuring the functioning
of the business in force
majeure circumstances

Setting up operations taking into account air raids,
power outages, and total resource savings.

G. Liobikiené et
al. (2023)
M. Izzeldin et al. (2023)

Economics and
finance

agreements.

Maintaining/protecting
current sales markets

strategies.

Maximum fulfilment of the terms of the concluded

Cooperation with international organisations that
can protect business in times of war.
Search for investments and investors.
Developing effective work plans and short-term

I. Aviv & U. Ferri (2023)
S. Devadoss &
W. Ridley (2024)
A. Kostruba (2025)

Economics and
finance

Information protection
and cybersecurity

Compliance with fraud protection rules.
Scan, classify, and organise monitoring of
confidential information.

Develop digital literacy skills.
Monitor VPN and DNS connections and block
malicious connections.

Social sciences, T. Serafin (2022)

information

. U. Song et al. (2024)
technologies, | v ‘giyiaucka er al. (2025)
cybersecurity

Source: compiled by the authors

The presented areas and research papers identify the
specifics of the war'simpacton agribusiness and the chang-
es that are taking place in it. These seven areas represent
the key dimensions of agribusiness activity that have been
reshaped by the war. Each area highlights the unique chal-
lenges posed by conflict and illustrates how agribusiness
are responding to maintain operational continuity, adapt
to new demands, and secure future growth opportunities.

1. Retention of personnel and ensuring safety. The
war has posed significant challenges to the retention and
safety of personnel, especially in the face of air raids, work-
place shelling, and the mobilisation of workers into the
Ukrainian Armed Forces. Companies have had to relocate
jobs to safer regions and explore cost-minimising strate-
gies, including payroll adjustments. Measures for personnel
well-being and psychological support have also gained at-
tention. Notable studies in this area include V. Halushka et
al. (2022), which addresses training and rotation of military
personnel, and V. Pavlenko et al. (2023) and V. Selezno-
va et al. (2023), which discuss the psychological distress
and mortality risks faced by Ukrainian medical workers.

2. Search for new markets and customers. The dis-
ruption of traditional markets has driven companies to
repurpose operations and engage in the production of
wartime-relevant goods and services. Agribusinesses have
also engaged in voluntary support for the armed forces
and sought partnerships with international organisations.
Flexibility and agility have become essential for survival.
M. Pellicelli (2023) addresses the digital transformation
of supply chains. J. Sheth & C. Uslay (2023) discuss the
B2B market shifts driven by conflict; this study stresses
the need important to find new markets and consumers.
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Ukraine has an export-oriented orientation in foreign
markets. This means that the country exports mainly
clean raw materials, such as grain, metals, and minerals.
Therefore, the development of value-added sectors of the
economy is one of Ukraine’s priorities in the coming years.

3.Relocation of agribusiness operations. With the de-
struction of critical infrastructure, many businesses have
had to relocate to safer regions within Ukraine or move
operations abroad. This involves transporting equipment,
establishing new logistics systems, and reengineering
business processes. C. Balbontin & A. Hensher (2019) ana-
lyse firm-specific and location-specific relocation drivers,
while R. Wehrle et al. (2023) focus on infrastructure avail-
ability’s influence on relocation decisions. V. Lavreniuk ez
al. (2023) highlight how host region support plays a crucial
role in successful business relocation.

4. Opening new business lines. The war has prompt-
ed the launch of new businesses, often cantered around
wartime needs, such as clothing for soldiers, essential
medical supplies, and drone production. Startups have
seen a surge, with military-related small businesses gain-
ing prominence. Studies like S. Steinbach (2023) highlight
the redistribution of world trade due to the conflict, while
K. Obt6j & R. Voronovska (2024) explore how Ukrainian
companies have pivoted to seize new business opportu-
nities during the crisis.

5. Ensuring business functionality under force ma-
jeure conditions. Operating during force majeure requires
companies to develop systems that can withstand air
raids, power outages, and resource scarcity. Agribusiness-
es have been forced to reconfigure operational plans to
maintain continuity. Studies by G. Liobikiené et al. (2023)




and M. Izzeldin ef al. (2023) discuss strategies for ensuring
business continuity amid war-related disruptions.
6.Maintaining and protecting current sales markets.
Maintaining existing sales markets has become a key stra-
tegic goal for Ukrainian agribusiness. This involves hon-
ouring contract obligations, fostering cooperation with
international organisations, and securing investments to
sustain production. Researchers such as I. Aviv & U. Fer-
ri (2023) and S. Devadoss & W. Ridley (2024) explore these
strategies, T. Czapla et al. (2023) discuss measures that al-
low managing foreign business operations in Ukraine in
times of war and cross-cultural and marketing manage-
ment in international markets. A really important study in
this area is arguably A. Kostruba (2025), which examines
the challenges and opportunities for managing foreign
agribusiness operations in Ukraine amid the ongoing war.
Using a combination of legal analysis and case studies,
the article highlights the significant disruptions caused
by the conflict, such as infrastructure damage, supply
chain interruptions, and heightened security risks. The
author emphasises the role of government policy, focus-
ing on the introduction of e-residency as a strategic tool
to attract foreign entrepreneurs. The e-residency program
allows foreigners to establish and manage agribusiness in
Ukraine remotely, thus mitigating the physical risks of op-
erating in a conflict zone. The study further explores the
legal frameworks governing foreign agribusiness opera-
tions, such as the establishment of limited liability com-
panies (LLCs) and the regulation of foreign employment
in Ukraine. A. Kostruba (2025) argues that while the war
presents severe challenges, it also opens up possibilities
for innovation and investment, particularly in areas like
IT, energy, and construction, which are vital to Ukraine’s
post-war recovery. By outlining the regulatory environ-
ment, the study provides actionable insights for foreign
investors and policymakers aiming to support Ukraine’s
economic stability and growth during the conflict.

7. Information protection and cybersecurity. The
digital environment has become a battleground in itself,
necessitating robust measures to protect information and
cybersecurity infrastructure. Companies are compelled to
secure digital assets, monitor VPN and DNS connections,
and counter disinformation. Y. Biliavska et al. (2025) em-
phasise the importance of digital literacy in mitigating cy-
bersecurity risks, while U. Song et al. (2024) explore how
cyber resilience strategies are being developed. T. Seraf-
in (2022) highlights the role of Ukraine’s state-level initi-
atives to protect social media and counter disinformation
in the early days of the war.

Generalising the results of the findings from Table 3, it
can be concluded that agribusiness community in Ukraine
have to overcome a number of difficulties and take certain
measures, such as: (a) relocation — a significant number
of small and medium-sized enterprises were moved to
the central and western regions due to military opera-
tions; (b) adaptation of products and services to modern
needs — companies have retrained for goods and services
that are in great demand right now, for example, the pro-
duction of long-term storage products, sewing clothes for
soldiers, and the production of UAV (drones). The war that
is taking place in Ukraine due to Russia’s full-scale inva-
sion has dealt a devastating blow to Ukrainian business;
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thus, in this study, the authors focus on the impact of the
war across industries and business functions. According
to the study of the Kyiv School of Economics (2023), as of
December 2022 (8 months of full-scale invasion), the total
damage to Ukraine’s economy was USD 138 billion, in-
cluding USD 13 billion of direct losses to public and pri-
vate enterprises. Of these, the share of losses incurred by
large and medium-sized enterprises is USD 9 billion. At
the same time, the total indirect losses amounted to USD
33.1 billion, while the amount needed to restore these
damaged enterprises is USD 24.9 billion.

The IT sector is the best performer in wartime. None of
the Ukrainian projects were closed, and hundreds of them
received additional investments and were in great de-
mand in the Ukrainian and international markets. These
include Skyworker, Trinetix, and RevMyWork. During
the war, there is a rapid development of startups and the
translation of innovations into real life projects to support
the country’s economy (Fybish, 2024). The rapid develop-
ment of veterans businesses has played a significant role
in improving the country’s economic condition. Veterans
and their family members are starting many small and
medium-sized enterprises of various profiles: agricultur-
al, catering and coffee shops, small manufacturing com-
panies producing various products. Analysts predict that
veteran businesses will be the driving force behind the full
recovery of Ukrainian business. According to a survey of
the American Chamber of Commerce in Ukraine (2023),
the main problems of doing and developing business in
Ukraine are: missile attacks on business assets and critical
infrastructure; health and mental state of employees; de-
cline in economic and consumer activity; access to elec-
tricity, water and heat supply, mobile communications;
attracting and retaining top talent; problems with trans-
portation and logistics. Amidst this context, the findings of
the current study have broad implications for understand-
ing business management in the context of war. First, they
highlight the necessity for businesses to develop contin-
gency plans that account for geopolitical risks and the po-
tential for sudden market and supply chain disruptions.
The resilience shown by the Ukrainian IT sector, for ex-
ample, underscores the importance of flexibility and the
ability to pivot business models rapidly in response to ex-
ternal shocks. Furthermore, the research emphasises the
interconnectedness of global markets, showing that con-
flicts in one region can have ripple effects across the globe,
affecting economies and businesses far removed from the
conflict zone. This global interconnectedness necessi-
tates a more collaborative and coordinated international
response to support affected businesses and economies.
As such, the current study complement and expand the
prior investigations of the business aspects of the war in
Ukraine, like those by WM. Lim et al. (2022), A. Kostru-
ba (2025), providing a broader set of implications based
on the summary of a major body of scientific literature.

Paradigms for the development of agribusiness in
wartime involve searching for alternative solutions that
will help overcome the problems identified in the bibli-
ometric review. One such solution is the introduction of
startups. Agriculture has been transformed into a new in-
dustry called agribusiness. Agribusiness encompasses not
only individuals who cultivate the land, but also people
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and businesses that supply resources, process products,
produce food, transport food, and sell food to customers
(Bano, 2024). Despite the conditions of war, food remains
a key need for the world’s population. Consumers are in-
creasingly interested in the origin of products, so many
companies now provide detailed information about their
products, including the source of ingredients and produc-
tion methods used. Finally, competition in agribusiness is
growing. With the rise of organic and local foods, as well as
sustainable farming methods, many small businesses and
startups are entering the market. Startups in agribusiness
are a new but widespread trend in the world. For example,
agri-startups in Africa are described in the work of B.A. Ye-
boah et al. (2024); the formation of factors and technol-
ogies of startups in agribusiness in Southern Thailand is
studied by N. Kaewsuwan & S. Kajornkasirat (2023), and
the agribusiness strategy of startups in the EU is presented
in the work of M. Fiore et al. (2022). A bibliometric review
using the keywords “Agribusiness and Startup” (Fig. 2)
shows that the words entrepreneurship, innovation, sta-
bility, and development have the highest share.
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Figure 2. Network visualisation of the term
“Agribusiness and Startup” in 2014-2024
Source: compiled by the authors

In the world of innovation and technology, the de-
velopment of startups is one of the main tasks of the eco-
nomic policy of the state, individual regions or cities, since
from the point of view of economic development, these
are long-term investments that, on average, will signifi-
cantly boost the economic development of the state and
add economic stability to the economic system within
one or two decades. The state’s task is to create an envi-
ronment that promotes, strengthens and coordinates the
process of transforming innovative entrepreneurial ideas
and inventions into functioning profitable enterprises.
Considering the prospects of startup projects, the authors
of this study believe that the creation of agri-startups is a
promising trend for Ukraine, which can be implemented
through the following steps:

» Step 1. Organising the business as the birth ofanidea.
This stage involves searching for and forming key ideas,
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testing and analysing the opportunities for an agri-startup.
At this stage, it is important to test consumer hypotheses,
engage stakeholders, and register patents and trademarks.

» Step 2. Initial stage. This stage involves finding fund-
ing, which in wartime could be a grant or crowdfunding,
as this is what will turn the idea into a functioning agri-
business. This is also when experiments, market testing
and approval of a minimal but viable product take place.

» Step 3. Early stage of the startup life cycle. If the
previous stages have been successfully completed, at this
stage a customer base and stable financial income have
been established.

» Step 4. Expansion/growth stage. Scaling up the busi-
ness is an important prospect, but it is important to con-
trol resources: capital, raw materials, and personnel.

» Step 5. Stability and development of agribusiness.
Provided that the business is run effectively, stability in-
volves searching for new markets and forming strategic
prospects for the growth of agribusiness.

Therefore, the development of agribusiness startups
in Ukraine during the war is not only a challenge but
also an opportunity to form a new innovative economy
capable of adapting to modern realities and integrating
into global processes. The current state of agribusiness
startups in Ukraine, the identification of current risks
and the development of solutions to strengthen its de-
velopment are pressing issues that require careful re-
search and practical solutions.

This article makes several contributions to the field
of management. By compiling and analysing data from
a wide range of sources on the case of war in Ukraine, it
provides a comprehensive overview of the current state
of knowledge on the impact of war on business practices,
offering insights into areas that are well understood and
identifying gaps in the literature. The research also intro-
duces a novel perspective on the role of innovation and
adaptability in business survival during times of conflict,
adding depth to the discussion on strategic management
in volatile environments. Additionally, the study’s focus on
the Russian-Ukrainian war provides timely and relevant
insights into the specific challenges and opportunities
presented by this ongoing conflict. Moving beyond busi-
ness management to a broader scientific body of litera-
ture, building a bibliometric map of network visualisation
of data by the keyword “Ukraine and war” (Fig. 1) allowed
for forming scientific clusters of business interconnection
with other scientific areas. This, in turn, demonstrates
the interests of scientists and specialists who cover the
results of their research in various publications included
in scientometric databases, including Scopus. Building on
the findings of the current study, particularly the areas of
business management, this study identifies several criti-
cal avenues for future research on business management
amidst the Russian-Ukrainian war. These directions aim
to address existing knowledge gaps, provide actionable
insights for business practitioners, and contribute to the
broader literature on crisis management and business re-
silience in conflict settings.

1. Deepening understanding of workforce resilience
and retention strategies. The retention of personnel and
the safeguarding of employee well-being emerged as crit-
ical challenges for agribusinesses operating in Ukraine




during the war. Future research should explore the devel-
opment of new human resource strategies aimed at miti-
gating risks related to worker displacement, psychological
distress, and workforce mobilisation into the armed forc-
es. Longitudinal studies on workforce adaptation could
provide insights into how agribusinesses sustain employ-
ee morale and productivity under prolonged crisis condi-
tions. Investigating how agribusinesses support employ-
ee mental health and well-being, especially in industries
where trauma exposure is high, could offer valuable les-
sons for global crisis management frameworks.

2. Exploring agribusiness relocation and supply
chain adaptation. Relocation of agribusiness operations,
particularly for companies situated in conflict zones, is a
multifaceted process that warrants further investigation.
Future research could examine the decision-making crite-
ria for site selection, the logistics of relocating equipment
and personnel, and the role of host region support in fa-
cilitating smooth transitions. Comparative studies across
industries could reveal sector-specific challenges and
strategies for effective relocation. Additionally, the broad-
er implications of supply chain reengineering during war-
time - such as shifts in sourcing, supplier diversification,
and nearshoring — merit further exploration, especially
given the increasing complexity of global supply chains.

3. Emerging opportunities for agribusiness diversi-
fication and new ventures. The opening of new agribusi-
ness lines in response to the war, such as the production
of military-related equipment or consumer goods for dis-
placed populations, represents a fertile ground for future
research. Studies could investigate the drivers and barriers
to innovation under crisis conditions, particularly the role
of digital transformation and startup ecosystems. Further
research could explore how war-affected agribusinesses
leverage entrepreneurial opportunities, tap into emerging
consumer needs, and engage with international develop-
ment organisations to drive growth. Empirical studies of
Ukrainian startups could reveal pathways for fostering en-
trepreneurial ecosystemsinother conflict-affected regions.

4. Digitalisation and cybersecurity resilience in
wartime agribusiness management. The digitalisation
of agribusiness operations and the heightened need for
cybersecurity during the war have brought new challeng-
es and opportunities to the forefront. Future research
could focus on how agribusinesses develop cybersecurity
strategies to counter disinformation campaigns, man-
age VPN/DNS monitoring, and prevent data breaches.
Studies on the role of government-led digitalisation in-
itiatives, such as Ukraine’s e-residency program, could
offer important insights into how digital infrastructure
supports business resilience. Comparative research on
digital preparedness and cybersecurity measures in other
crisis-affected countries could identify best practices for
future application in volatile environments.

5. Policy implications and governmental support
for war-affected agribusinesses. The role of public policy
in supporting agribusiness continuity and growth during
armed conflict is a vital area for future inquiry. Research
could explore the effectiveness of policies such as finan-
cial subsidies, grants, and legal frameworks that facili-
tate the relocation of agribusinesses and protect foreign
investments. Case studies on how different governments
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have responded to agribusiness needs during crises could
offer valuable policy insights. In particular, the impact of
Ukraine’s e-residency program on attracting foreign invest-
ment and supporting new ventures could serve as a case
study for policy diffusion in other war-affected economies.

By addressing these key areas, future research can
provide a more nuanced understanding of agribusiness
management in war contexts. These efforts will contribute
to the development of practical strategies that businesses,
policymakers, and humanitarian organisations can adopt
to ensure business continuity, resilience, and long-term
recovery in conflict zones. Despite the comprehensive
scope of this bibliometric analysis, there are several lim-
itations that should be acknowledged. These limitations
pertain to data coverage, methodological constraints, and
generalisability of the findings. Addressing these limita-
tions in future research can enhance the robustness and
applicability of similar studies.

Data source limitation. The primary limitation of this
study is its reliance on the Scopus database as the sole
source for bibliometric data collection. While Scopus is a
well-established and comprehensive database, it does not
encompass all relevant academic publications. Articles
from other influential databases, such as Web of Science,
PubMed, OpenAlex, and Crossref, were not included. Con-
sequently, the exclusion of these sources may have led to a
partial representation of the literature on the impact of the
Russian-Ukrainian war on agribusiness management. In-
corporating additional databases in future analyses could
improve the accuracy of research trend mapping and fa-
cilitate the identification of broader scientific clusters.

Timeframe of data collection. The study focused on
bibliometric data from 2014 to 2024, capturing publica-
tions from the onset of Russian interference in Ukraine
to the full-scale invasion and its aftermath. While this
timeframe allows for a thorough examination of the war’s
business-related impact, it may not fully capture the rap-
idly evolving scholarly discourse on this topic. Given the
ongoing nature of the conflict and the continuous emer-
gence of new studies, the inclusion of more recent data in
future bibliometric reviews will be essential for capturing
dynamic changes and ensuring the study remains current.

Language and regional bias. The analysis included
academic publications in various languages but may be
subject to language and regional bias. Research articles
written in less commonly used languages may be un-
derrepresented, which could limit the study’s capacity to
identify insights from non-English-speaking academic
communities. Additionally, a substantial portion of the
literature in the Scopus database comes from Western,
Ukrainian, and European research institutions, which
could skew the thematic focus and perspectives repre-
sented in the analysis. Incorporating publications from
additional linguistic and regional sources would provide a
more diverse and global perspective on the impact of war
on agribusiness management.

Methodological constraints. The methodological ap-
proach relies on the co-occurrence of keywords, citations,
and the use of network analysis tools like VOSviewer. While
these methods are standard in bibliometric research, they
have limitations in terms of precision and depth. For in-
stance, co-occurrence analysis is limited by the quality and
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consistency of keywords assigned by authors and indexers,
which may lead to inaccuracies in identifying key themes.
Additionally, the use of automated clustering techniques
to group articles into thematic areas may miss nuanced
distinctions between related concepts. Future studies
could employ a combination of manual qualitative coding
and automated bibliometric techniques to achieve a more
refined understanding of thematic interconnections.

By acknowledging these limitations, the authors of
this study provide a transparent account of the study’s
boundaries and offer directions for future research. Ad-
dressing these challenges will strengthen the compre-
hensiveness, validity, and generalisability of future bib-
liometric reviews on agribusiness management amidst
conflict and crisis scenarios.

» Conclusions

This study provided a comprehensive bibliometric anal-
ysis of the impact of the Russian-Ukrainian war on agri-
business management, offering valuable insights into
how the conflict has reshaped management practices,
organisational strategies, and operational resilience. By
examining 742 publications from the Scopus database,
the study identified key trends and thematic areas, includ-
ing personnel retention and safety, agribusiness reloca-
tion, market diversification, digital transformation, and
the protection of information assets. The seven identi-
fied agribusiness areas underscore the wide-ranging and
profound effects of the war on agribusiness operations,
from ensuring workforce stability to the development of
cybersecurity frameworks. This analysis highlighted the
dynamic responses of agribusinesses and contributes to
a growing body of knowledge on strategic management in
times of geopolitical crisis.

One of the most significant contributions of this
study is its identification of the unique role played by
Ukrainian firms in navigating extreme challenges posed
by the war. Unlike typical crisis management scenarios,
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agribusinesses in Ukraine face continuous disruptions
from armed conflict, requiring them to adopt more agile,
innovative, and risk-tolerant approaches. The analysis il-
lustrated how companies have leveraged relocation strat-
egies, market diversification, and technology adoption to
ensure continuity and growth despite adverse conditions.
The study also drew attention to the global ripple effects
of the war on international supply chains, labour markets,
and trade relations, suggesting that the implications of the
war extend far beyond the immediate conflict zone.

Overall, this bibliometric review provided a valuable
resource for scholars, policymakers, and agribusiness
leaders seeking to understand how the war has trans-
formed the agribusiness environment. The findings offer
a roadmap for future research, emphasising the need for
deeper inquiry into adaptive strategies, cross-sectoral col-
laboration, and the role of government support in sustain-
ing agribusiness continuity during protracted conflicts.
By mapping the literature on agribusiness management
amidst the war, this study lays the groundwork for future
studies that can offer actionable insights to agribusinesses
operating in high-risk and crisis-prone environments. Ul-
timately, it calls for more collaborative research and policy
development to build resilient agribusiness ecosystems
that can withstand the shocks of modern geopolitical cri-
ses. The study identified the main stages of agricultural
startups in Ukraine. It noted that the war has significantly
complicated the opportunities for commercialising inno-
vations and scaling up businesses.
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» Abstract. The purpose of this study was to model the dynamics of indicators of Ukraine’s industrial and food
security against the background of strategies for increasing organic land and scenarios of hostilities until 2030. The
methodological basis consisted of both time series models that considered exogenous variables and multifactor linear
regression models. It was established that a decline in the degree of fixed asset depreciation in agriculture by 0.15 p.p.,
resulting from a 1 p.p. growth in the share of organic land, wasn’t pose a threat to Ukraine’s industrial security, but it
couldn’t offset the destructive consequences of the russian-Ukrainian war. While setting a target of 10% organic area will
brought cereal yields (64 c/ha) closer to the optimal state (45-55 c/ha) with a weighted average yield loss of 1.97 c/ha
in 2030, corn yields, even with losses (2.60 c/ha), will remain in an unsatisfactory state, reaching 75 c/ha. Although the
average annual milk yield will predict to accomplish a satisfactory state in 2028 (5,521.2 kg> 5,000 kg) under the baseline
forecast, the yield losses (amounting to 119.89 kg) associated with a more than 10% organic livestock will prevent this
achievement by 2030. Therefore, accelerated development of organic dairy production couldn’t be recommended under
any of the scenarios. However, achieving a 3% share of organic cows wasn't jeopardise industrial security (except for the
pessimistic war until 2030). Given the critical condition of milk self-sufficiency (<80% starting from 2025), which was the
consequence of a steady reduction in the number of cows, organic dairy production exacerbated the problem of food
insecurity. The study results can be used by Ukraine’s executive authorities in developing substantiated strategies for the
transition to organic agriculture that will meet the goals of economic security

» Keywords: industrial security indicators; war scenarios; strategy; organic production development; milk self-
sufficiency; food insecurity

» Introduction

Ukraine’s agriculture was a critically vital sector of its
economy, squarely or indirectly influencing the state of
economic security indicators. The russian full-scale in-
vasion dealt a substantial blow to Ukraine’s agricultural
sector, thus jeopardising both its industrial and food se-
curity. Under these conditions, forecasting the dynamics
of individual indicators of economic security components
proved crucial for economic planning and ensuring agri-
cultural development during the 2026-2030 period. The
agricultural sector of Ukraine and its relationship with
the industrial and food components of economic security
have become a subject of intense research, particularly in
the context of full-scale hostilities.

V. Lagodiienko et al. (2022), determining modern
food security level using a developed thorough system of

indicators consisting of components (affordability, avail-
ability, quality and safety, sustainability, and adaptation),
identified its bottlenecks in the context of the ongoing war
with russia and global crises, such as the COVID-19 pan-
demic. A. Podsokha et al. (2023) examined the potential
for improving food security, detailing levels of self-suffi-
ciency in various food categories, and concluded that the
production of milk and dairy products, fruits, berries, and
grapes in Ukraine did not fully meet consumption in 2020-
2021. However, their model was built on historical data up
to 2021, and, therefore, did not consider the impact of a
full-scale invasion and various scenarios of its comple-
tion. V. Hobela et al. (2022) called for a modernisation of
the agro-industrial complex, given that Ukraine’s food
security was lower than the average world and European

> Suggested Citation: Hurtovyi, Yu. (2025). Scenario analysis of the degree of depreciation of cereals yield and milk yield in the
context of Ukraine’s economic security. Ekonomika APK, 32(5), 63-78. doi: 10.32317/ekon.apk/5.2025.63.
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indicators in 2022. Although the authors forecast its level
until 2027, the effect of full-scale war was not integrated as
an independent variable.

Researchers O. Petrenko (2025), focusing on the yield
of major crops, determined their losses by comparing
alternative yields in the absence of a military shock with
actual indicators in 2022-2023 using Autoregressive In-
tegrated Moving Average with Exogenous Variables (ARI-
MAX). S. Kaushik & N. Bhardwaj (2024) showed that the
integration of exogenous variables in the ARIMAX model,
i.e., climatic data, allowed for more accurate forecasts, sur-
passing the results obtained by ARIMA models. The study
by A. Kulyk et al. (2025) indicated that the use of the sea-
sonal ARIMAX model provided the best forecasting accu-
racy, contributing to more effective planning of business
processes, optimisation of production, and competitive-
ness of the agricultural industry. Scientists M.A. Omar et
al. (2024) carried out forecasting of future milk production
volumes, using ARIMAX without considering any external
factors, compared to the study of previous authors. But,
the results of this researchers could not be applied to as-
sess the state of the dairy industry of Ukraine in the con-
text of industrial or food security.

N. Strochenko & O. Kovalova (2025) revealed a criti-
cal level of fixed assets depreciation in agricultural en-
terprises, proposing solutions through innovation and
investment activities. However, uncertainty related to the
full-scale war called into question the feasibility of imple-
menting high-tech solutions. Therefore, for an objective
planning of investment and innovation activities, the need
arose to model the degree of fixed assets depreciation de-
pending on the intensity of hostilities under several sce-
narios. I. Kryukova & M. Thnatenko (2025) found that the
influence of hostilities restrained and limited the potential
for the renewal of agricultural machinery, and therefore
should be considered, when analysing the degree of fixed
assets depreciation. According to the authors, their mod-
ernisation should consider the need for economic, envi-
ronmental, and social sustainability, and organic farming
was a component of one of these sustainable development
dimensions. R. Lobai (2024) emphasised that the renewal
should meet modern market requirements, and therefore
focused on the production of crops with high added val-
ue and food grown according to the organic model to gain
competitive advantages. S. Amons (2021) mentioned that
the development of organic agriculture in Ukraine in the
future will allow to promote innovative development, that
was, had been a catalyst for modernisation and technolog-
ical renewal of agricultural enterprises. R. Lohosha (2025)
emphasised that the development of organic production
was necessary not only to increase the competitiveness of
Ukraine’s agricultural sector, but also was a prerequisite for
Ukraine’s integration into the European space. The study
aimed to forecast the dynamics of key agricultural indica-
tors of Ukraine’s industrial and food security and assess
the potential effects of organic agriculture development
strategies under various war-ending scenarios by 2030.

» Materials and methods

To forecast the degree of fixed assets depreciation in ag-
riculture until 2030, the ARIMAX model was used, which
was built based on historical indicators from 2012 to 2021
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(Sladkovska, 2023). In turn, based on the data for 2010-
2024, forecasts were created for the yield of the main cereal
and legume crops in general and the yield of corn in par-
ticular, using the ARMA model, and for the average annual
milk yield from one cow, using ARIMAX (Sladkovska, 2023;
State Statistics Service of Ukraine, n.d.). Checking the time
series for stationarity using the Augmented Dickey-Full-
er test (ADF) allowed for specifying the required number
of differentiations (d) and the presence of a constant or
deterministic trend in the model. The validity, reliability,
and suitability of time series models for further interpreta-
tion were assessed based on stationary R?> 0.5, indicating
moderate to high explanatory power, and Mean Absolute
Percentage Error (MAPE) <10%, which served as an esti-
mate of forecast accuracy. In addition, the residuals from
the models had to demonstrate no statistically significant
autocorrelation according to the Ljung-Box (LB) statis-
tic, i.e., Q,, (k) <y’ at a significance level of « =0.05 and
df=1 for k lags, the number of which was defined based
on the parameters of the Autoregressive () and Moving Av-
erage () models to provide at least one degree of freedom
required for the LB test. Also, in this study, the Akaike In-
formation Criterion (AIC) was employed to select the opti-
mal model specification.

A stationary (d=1) exogenous dummy variable reflect-
ed the impact of a full-scale invasion (warDummy) and its
completion under three different scenarios. It was used in
modeling the degree of fixed assets depreciation, average
annual milk yield, and the level of milk self-sufficiency.
Since active hostilities began in 2022 and continued in
2025, warDummy= 1 was from 2022 to 2025. In 2014-2022,
warDummy was estimated as the normalised number of
civilian casualties according to the United Nations Human
Rights Office of the High Commisioner (2025), character-
ising the intensity of the effect of russian hybrid aggres-
sion compared to 2022. Considering the considerable lev-
el of uncertainty, for 2026-2030, their forecast was carried
out according to three options for the development of the
security situation. The baseline scenario was defined as a
linear fading of the intensity of hostilities, starting from
2026, that was, warDummy decreased from 1 in 2025 to
0 in 2030 in a descending arithmetic progression with a
difference of 0.2. The optimistic scenario assumed the end
of hostilities in 2025, which meant warDummy=0in 2026-
2030. In the most unfavourable scenario, the intensity of
hostilities would have continued until 2030, and therefore,
warDummy=1 in the same periods.

The forecasts of industrial security indicators were
adjusted contingent on two strategies for the develop-
ment of organic agriculture, O1 and 02, which could be
implemented in Ukraine from 2026 to 2030. Due to limit-
ed data, it was assumed that the share of organic areas in
2025 remained unchanged from 2022 at 0.64% amid active
hostilities (FiBL Statistics, n.d.). The O1 strategy projected
a gradual rise in organic land share from 0.64% in 2025 by
0.47 p.p. annually to 3% in 2030, aligning with the Resolu-
tion of the Cabinet of Ministers of Ukraine No. 179 (2021).
The O2 strategy assumed a faster linear growth of 1.98 p.p.
per year, targeting 10.54% organic land by 2030 — the EU-
27 average in 2022 (FiBL Statistics, n.d.). To assess the ef-
fect of expanding organic areas on fixed asset depreciation
in agriculture, two cross-country regression models were




developed using Eurostat (n.d.) data for EU-27 countries
in 2019 and 2021. Model 1 examined the influence of capi-
tal formation in agriculture, forestry, and fisheries on fixed
asset depreciation:

Fixed asset depreciation, =+, Organic area share, +
+B, Capital formation, +3,D_Country,+¢, (1)

where Organic area share — the share of organic land in
the structure of the total agricultural area of country i
D_Country — a dummy variable, with the help of which
specific anomalies for a separate country i were taken
into account, equal to 1 if an unexplained outlier was
observed (which in this study applied to Cyprus, Malta,
and Slovakia); B, - constant; 3, B,, B, — coefficients of the
cross-country regression model; ¢, - residuals.
Model 2 had the following mathematical form:

Fixed asset depreciation, =8 ,+8, Organic area share, +
+B, Rural develop expend, +B,D_Country,+e, (2)

where Rural develop expend — expenditure on develop-
ment of rural areas in country i.

The coefficients were considered reliable if the mod-
els had moderate or high explanatory power (Adjusted
R?>50%), demonstrated both overall F-significance and
the significance of all its parameters that had no multicol-
linearity (Variance Inflation Factor (VIF) <5)). Although
the Durbin-Watson statistic, fluctuating around 2, indi-
cated the absence of first-order autocorrelation (k= 1),
g, were additionally tested using the LB test to ensure
the absence of potential higher-order autocorrelation
(k=7). According to the European Commission (2023),
organic crop yields were 5-30% lower than convention-
al ones. Therefore, a stress test was conducted under the
02 strategy (2026-2030), assuming a maximum 30% yield
loss to assess the impact of accelerated organic expan-
sion on industrial security. With the total agricultural
area in 2030 held constant at the 2022 level, potential
cereal and corn losses were estimated. For dairy farms
shifting to organic production, milk yields are typically
8-33% lower. Hence, a 33% maximum loss was assumed,
with the share of organic cows increasing proportionally
to organic land. Based on 3% (O1) and 10.54% (O2) or-
ganic shares in 2030, weighted average milk yield losses
were calculated, assuming livestock numbers remained
at 2023 levels. To assess food security, the study modeled
Ukraine’s self-sufficiency in milk and dairy products un-
der war conditions and organic growth scenarios O1 and
02. Using ARIMAX models, cow numbers (2010-2023)
were forecasted with a warDummy variable, and milk
production was derived from predicted yields. Accuracy
was verified by MAPE comparison with actual data (2011-
2021). Milk consumption forecasts (2010-2030) were
similarly based on cow numbers to reflect the effects of
war and supply. Self-sufficiency levels were then pro-
jected through 2030 under the gradual end of hostili-
ties and compared with historical values. The feasibility
of implementing O1 and O2 was evaluated considering
Ukraine’s industrial and food security thresholds (Order
of the Ministry of Economic Development and Trade of
Ukraine No. 1277, 2013).

Hurtovyi @

» Results
Forecasting agricultural fixed asset depreciation by 2030
To forecast the degree of fixed assets depreciation in ag-
riculture by 2030, considering different scenarios of the
intensity of hostilities, the ARIMAX (2,1,0) model was
used, considering the influence of the stationary (d=1)
exogenous variable warDummy. After single differenti-
ation, the time series of the dependent variable was also
determined to be stationary by type 0, since the p-value
of the ADF test (0.04) was less than the significance level
of 0.05, allowing for the rejection of the null hypothesis of
a unit root presence. Since stationary R?=0.63, the model
had high explanatory power, and MAPE=2.17% indicated
high accuracy of its forecasts. Additionally, the results of
checking the autocorrelation of residuals using the LB test
confirmed the model adequacy. Given the number of ob-
servations in 2012-2021 (N=10) and the need to involve at
least one degree of freedom (df=1) at AR=2, k=3lags were
chosen for testing autocorrelation. Since the Q,, (3) =1.94
was quite less than the critical value y*=3.84 at the sig-
nificance level a =0.05 and df=1, and p=0.16> 0.05, the
hypothesis of the absence of autocorrelation in the resid-
uals could not be rejected. Thus, residuals that did not ex-
ceed the confidence limits were considered white noise.
For these reasons, the forecast values of the degree of fixed
assets depreciation in agriculture were determined to be
reliable for interpretation in the context of Ukraine’s eco-
nomic security (Kuzyk et al., 2025). The obtained values
of the degree of wear and tear under the baseline scenar-
io (gradual fading of the intensity of hostilities by 2030)
demonstrated that the studied indicator of industrial se-
curity was predicted to be in an unsatisfactory state, ex-
ceeding the 45% threshold value in 2022-2026. Moreover,
despite its transition to a satisfactory state due to the rel-
ative stabilisation of the security situation, the degree of
fixed assets depreciation in 2030 (39.6%) still exceeded its
average historical value observed in the period 2017-2021
(38.1%) (Sladkovska, 2023). In addition, the analysis of the
upper confidence interval limit indicated that the indica-
tor’s path to a dangerous state in the context of industrial
security was not excluded under the baseline scenario,
especially in 2025-2026 (Fig. 1). Thus, the easing of the in-
tensity of hostilities in 2026 led to the start of the restora-
tion of the agricultural sector, the implementation of new
investments and repair for damaged premises, equipment
and machinery, which contributed to a reduction in the
degree of wear and tear of fixed assets in agriculture
Considering the estimation of the model parameters
(Table 1), the degree of depreciation in the current peri-
od (t) had a strong (0.77) statistically substantial (p-val-
ue =0.04) relationship with its value in the previous period
(t-1). In addition, the significance of the war effect was bor-
derline and, being on the verge of the accepted threshold
(p-value = 0.05), it showed that the degree of fixed assets
depreciation in agriculture increased due to the beginning
of hostilities by approximately 6.82 p.p. in 2022. Thus, the
inclusion of warDummy in the ARIMAX (2,1,0) model reli-
ablyreflected the period of intensification of hostilities: the
sharp increase in the degree of depreciation in 2014-2015,
which was associated with the beginning of russian hybrid
aggression, reproduced asimilar jump, buton amuchlarger
scale, in 2022, coinciding with the beginning of the invasion.
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Figure 1. Agricultural fixed asset depreciation forecasts to 2030 and industrial security in 2022-2025 in Ukraine
Source: based on Ministry of Economy, Environment and Agriculture of Ukraine (n.d.)

Table 1. Parameter estimates for the ARIMAX (2,1,0) model

Variable Estimate Standard error t-statistic p-value
AR (Lag1) 0.77 0.30 2.59 0.04
AR (Lag2) -0.65 0.32 -2.07 0.08
warDummy (Lag 0) 6.82 2.84 2.40 0.05

Source: developed by the author

Under the most unfavourable scenario — the intensity
of military aggression that remained will until 2030 — the
degree of wear and tear was in an unsatisfactory condi-
tion throughout the 2010-2024 period, reaching 47% in
2027. Thus, the long-term destruction of production ca-
pacities and the lack of financial resources for the renewal
of fixed assets led to the degradation of both the material
and technical equipping of the agricultural sector, which
posed a threat to the country’s economic security. Under
the most optimistic forecast, if the hostilities ended in
2025, after peak values in 2022-2023, the degree of de-
preciation will begin to decrease gradually, fluctuating in
2026-2030 around the average value of 39.9%, which was
higher than the average in 2012-2021 (37.57%). Among the
three forecasts, this scenario was closest to the optimal in-
dicator threshold values, indicating a massive renewal of
capital in the agricultural sector, notable potential for re-
construction programmes, and the expected attraction of
international investments and financial assistance in the

post-war recovery period, provided that the hostilities end
as soon as possible.

To quantify the impact of the share of organic land
in combination with other factors on the degree of fixed
assets depreciation in agriculture in the case of Ukraine
implementing strategies O1 or O2, a cross-country regres-
sion model was built using data for EU-27 member states
in 2019 and 2021 (Table 2). Given the summarised results,
the constructed Models 1-2 were statistically significant
(p=0.00), explaining from 51% to 65% of the variation in the
dependent variable. The adequacy of the models was also
confirmed by the absence of multicollinearity between
the predictors (VIF<5) and the rejection of the hypothesis
of significant autocorrelation in the residuals according to
the LB test > 0.05) at k=7 lags, the maximum number of
which was determined considering N =27 observations.
Since no problems with the correlation of factors x;, and
latent time dependencies were identified, the obtained
unstandardised estimates of B, were considered reliable.

Table 2. Organic land share and agricultural asset depreciation in the EU

Model characteristic indicator/Variable Model 1 Model 2
Year 2019 2021 \ 2019 \ 2021
1 - Organic area share (%)
Key predictors (x) 2 — Capital formation (EUR 1 million) |2 — Rural develop expend (EUR 1 million)
3 - D_Country 3 - D_Country
Adjusted R? 0.57 0.51 0.65 0.62
F-statistics (p-value) 12.24 (0.00) 9.96 (0.00) 17.10 (0.00) 15.09 (0.00)
Durbin-Watson 2.40 1.91 2.51 2.15
Min p for residuals in LB test (at lag k) 0.07 (k=2) 0.15 (k=6) 0.09 (k=1) 0.24 k=2)
Unstandardised B, (p-value)
B, 7.23 (0.00) 7.13 (0.00) 6.71 (0.00) 6.49 (0.00)
B, -0.16 (0.00) -0.14 (0.01) -0.15 (0.00) -0.12 (0.01)
B, 0.000261 (0.01) 0.000271 (0.01) 0.002079 (0.00) 0.002247 (0.00)
B, -4.15 (0.00) -4.18 (0.00) -3.78 (0.00) -3.68 (0.00)
Max VIF (for Variable) 1.13 (D_Country) 1.16 (D_Country) 1.17 (D_Country) 1.21 (D_Country)

Source: based on Eurostat (n.d.)
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The impact of the Organic area share on Fixed asset
depreciation in the EU-27 in 2019 and 2021 was statisti-
cally significant, negative, and relatively stable: an in-
crease in their share by 1 p.p. was associated with an av-
erage decrease in the degree of fixed assets depreciation
by 0.15 p.p., other things being equal. It could be due to
investments in new means of production, more sustain-
able technologies, better soil care, or a lower need for in-
tensive use of equipment and machinery. The effect of the
Capital formation and Rural develop expend turned out to
be positive and substantial. The statistical significance of
D_Country for Cyprus, Malta and Slovakia indicated that
Fixed asset depreciation in these countries was 3.7-4.2 p.p.
lower compared to other EU member states, which could
be due to their specific structural features or institution-
al programmes, in particular Malta and Cyprus are island

Hurtovyi @

countries with slightly different scales and conditions of
agriculture, which received some of the largest payments
per ha of cultivated area under the Common Agricultur-
al Policy. According to the European Commission (2023),
while the EU average for 2018-2021 was EUR 144.22 per
ha, payments to Cyprus amounted to EUR 429.80 per ha
and to Malta EUR 394.15 per ha, significantly exceeding
the next ranked countries, such as Croatia (EUR 304.50 per
ha) and Greece (EUR 290.31 per ha). Given the reliability of
the parameter estimates of the regression models, the av-
erage value 8, =-0.15 was used to adjust the primary fore-
cast of the degree of fixed assets depreciation in Ukraine
in 2026-2030 depending on the scenarios of organic area
share increasing (Table 3), based on the assumption that
similar relationships will be observed in Ukrainian realities
against the background of European integration processes.

Table 3. Forecast adjustment of agricultural asset depreciation considering war and organics

Deviation from the degree of

oo A et Foreced e oL depreon  eprecaion nder th bseine
Baseline Ol:up to 3% 44.23 -0.07
02: up to 10.54% 44.01 -0.29
Optimistic O1:up to 3% 40.13 -4.17
02: up to 10.54% 39.91 -4.39
Pessimistic O1:up to3% 46.93 2.63
02: up to 10.54% 46.71 2.41

Source: developed by the author

The more ambitious development of organic pro-
duction (02) resulted in a more noticeable (compared to
strategy O1), but relatively small decrease in the degree
of depreciation in agriculture (-0.29 p.p.) in 2027 under
the baseline scenario. It meant that although the active
enlargement in the share of organic lands partially com-
pensated for the degree of depreciation that increased as
a result of the full-scale invasion, this strategy could not
become the only solution to the problem of the subop-
timal state of the industrial security indicator, since its
negative trend was determined by both general econom-
ic factors and exogenous factors, in particular the con-
sequences of the ongoing hostilities that began in 2014.
For these reasons, in the case of the development of the
safety situation under the optimistic scenario and strategy
02, the degree of fixed assets depreciation in agriculture
declined the most, by 4.39 p.p. compared to the baseline
forecast. It showed that the reduction of war pressure ac-
tivates investments and renewal of fixed assets, bringing
their degree of wear and tear closer to the upper limit of
the optimal state of industrial security at 35%. In the case
of the performance of the most pessimistic scenario, even
moderate development of organic production under the
02 strategy did not offset the negative effect of ongoing
military operations, since the degree of depreciation com-
pared to the baseline was 2.41 p.p. higher, i.e., against the
background of resource shortages, constant destruction
of production capacities and agricultural infrastructure,
organic agriculture development strategies were unable to
counteract the large-scale degradation of the state of fixed
assets in conditions of a long war.

Thus, in the context of reducing the level of fixed as-
sets depreciation in agriculture, organic production could

become one of the directions of a broader strategy for the
post-war restoration of Ukraine’s agricultural sector, posi-
tively affecting the state of economic security and bringing
the indicator value closer to the optimal condition. Howev-
er, given the small value of 8, the development of organic
agriculture did not provide a comprehensive solution for
the excessive level of fixed assets depreciation and could
notberecommended under the pessimistic scenario of the
completion of hostilities. Moreover, it may divert limited
budgetary resources necessary to support producers, who
agree to implement strategies O1 and O2 from ensuring
the priority needs related to national security and defence.

Forecasting crop yields to 2030 under organic strategies
The ARMA (4,0) model was used to forecast an equally im-
portant indicator of industrial security related to agricul-
ture — the yield of the main cereal and legume crops until
2030. Unlike the degree of depreciation, when the direct
impact of hostilities (warDummy) was considered in the
ARIMAX (2,1,0) model, the dynamics of yield depend to
a greater extent on natural and climatic conditions, ag-
ricultural technologies, and other factors. In addition,
although the time series did not require differentiation,
given the p-value =0.01<0.05for type 2, which were deter-
mined, when minimising the AIC, its modelling required
the inclusion of the constant and trend. The construct-
ed model, in which the values of the 2010-2024 period (%)
had a marginally significant relationship with the fourth
previous period (¢-4), explained 72.6% of the variation of
the stationary part with a MAPE of 9.67%, which became
a satisfactory characteristic of the model quality. Since
the residuals were statistically insignificant according to
the LB test (Q,, (5) =2.15, which was less than the criti-
cal value x?=3.84 at df=1, and p=0.14>0.05), the model
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successfully took into account all the dependencies in
the time series and was used to build a reliable forecast
of cereal and legume yields and its interpretation in the
context of Ukraine’s economic security. The deterministic
trend (p-value = 0.00) turned out to be a key component,
as the yield of cereals, starting from a base level of 30.88
c/ha (p-value for the constant was 0.00), systematically

increased by an average of 1.63 c/ha each year (Table 4).
According to the forecast, the yield of cereal and legumi-
nous crops was characterised by an upward trend — from
45.8 c/ha in 2022 to over 60 c/ha in 2028-2030. It was ev-
idence of raised productivity of crops, soils, or improved
cultivation technologies as opposed to extensive farming
methods consisting of simply extending the sown areas.

Table 4. Parameter estimates for the ARMA (4,0) model

Variable Estimate Standard error t-statistic p-value
Constant 30.88 2.08 14.87 0.00
AR (Lag1) -0.34 0.36 -0.94 0.38
AR (Lag 2) 0.07 0.37 0.18 0.86
AR (Lag 3) -0.11 0.43 -0.27 0.80
AR (Lag4) -0.62 0.31 -2.02 0.08
Trend 1.63 0.28 5.78 0.00

Notes: Trend variable was included in the model because the ADF test indicated that the time series was stationary

around both a constant and a trend (Type 2 stationarity)
Source: developed by the author

Even though the forecast intervals expanded with
distance from the last observation, which was typical for
time series forecasts in the long term, the average yield
level (47.4 c/ha) in 2020-2022 became the lower limit of
its prognosis in 2030, indicating the potential for intensive
development of the agricultural sector in the foreseeable
future. However, in the context of the threshold levels of
the economic security indicator presented in Order of the
Ministry of Economic Development and Trade of Ukraine
No. 1277 (2013), an increase in yield above 45-55 c/ha was
adeterrent factor to the economic security level and, start-
ing in 2026, the indicator finally moved from an optimal
condition to a satisfactory one, ranging from 57 c/ha in
2027 to 64 c/ha in 2029. Given the upper limit of the confi-
dence interval, which exceeded the threshold level of 75 ¢/
ha, the forecast did not exclude the indicator being in an
unsatisfactory state of industrial security starting in 2028.

According to the European Commission (2023), the
yield of organic crops was 5-30% lower due to the limited
use or complete ban on fertilizers, pesticides, and plant
protection products. Thus, the transition to organic agri-
culture had a direct influence on the indicator of indus-
trial security. To assess its impact on the state of industrial
security, a stress test of the yield dynamics of cereal and
leguminous crops in 2026-2030 was conducted, within the

framework of which maximum yield losses were set at 30%
on all organic lands under the most ambitious O2 strategy.
In keeping with the results, if in 2026 the share of organic
lands increased by 1.98 p.p. and amounted to 2.62%, the
weighted average yield losses amounted to only 0.50 c/ha.
However, in 2030, yield losses reached 1.97 c/ha if an or-
ganic production model was implemented on 10.54% of
cereal and legume lands. Assuming that in 2030 the total
area allocated for cereal and legume crops remained as in
2022 (12,171 thousand ha), the total harvest volume de-
creased by approximately 252.72 thousand tons, account-
ing for about 0.47% of the production volume of cereal
and legume crops in 2022 (53,864 thousand tons). Since
the level of grain supply in Ukraine has traditionally been
high, the adjusted yield forecast also did not endanger
the state of food security. Therefore, despite the potential
losses, neither moderate (strategy O1) nor accelerated or-
ganic production of cereal and leguminous crops under
strategy O2 created critical threats to industrial and food
security. Moreover, increasing the share of organic areas
to 10.54% (the O2 strategy) and maximum yield losses, on
the contrary, contributed to the indicator approaching the
optimal condition in the context of Ukraine’s economic
security, while simultaneously meeting the strategic sus-
tainable development goals (Fig. 2).
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60.0 oo, ..'.‘\““" e Yield of the cereals and leguminous crops, c/ha
. o °  « o o Forecasted yield of cereals and leguminous crops
50.0  Optimal oo ™ .'. ‘e Lower limit (95%)
o o %5’ 4 Upper limit (95%)
40.0 S o feet  ° Satisfactory ... Forecast adjustment when implementing the 02
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Figure 2. Crop yield forecast and stress-test adjustment to 2030
Source: based on Ministry of Economy, Environment and Agriculture of Ukraine (n.d.)
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Though the dynamics of the yield of the cereal and
legume crops by 2030 was not in an unsatisfactory, dan-
gerous, or critical state, it was essential to analyse the
potential risks of its component, corn yield, to the thresh-
old values of industrial security. Moreover, the study by
R. Ivanov & Yu. Hurtovyi (2023) found that its significant
production volumes were not optimal, also in the con-
text of foreign economic security. The ARMA (1,0) model
was used to forecast corn yields by 2030. In this model the
original time series did not have a unit root (p-value <0.01
according to the ADF test, and the lag order according
to the AIC was equal to 3, but it required considering a
constant and a deterministic trend during modelling.
The constructed model was characterised by the Station-
ary R?=0.58, which indicated its acceptable explanatory
power, and MAPE = 8.35% demonstrated even more sat-
isfactory accuracy compared to the forecast of cereal and

legume yields. Considering that the model had one au-
toregressive term (AR = 1), k=2 lags were chosen for the
analysis of autocorrelation of residuals so that df=1. Since
Q,; @) =1.54<x? . at a significance level of a=0.05, and
p=0.22>0.05, the model residuals did not contain any
statistically substantial latent patterns, which led to the
conclusion about the reliability of the forecasts and fur-
ther scenario adjustments. Having estimated the param-
eters of the model, for corn yield the average base level
was 52.80 c/ha (p-value = 0.00). At the same time, given
the statistical significance (p=0.02) of the autoregressive
component, the yield up to 2030 period () was negatively
associated, since the coefficient was (-0.67) and reflected
oscillating dynamics (Table 5). In addition, corn was char-
acterised by a stable tendency to increase yield by an aver-
age of 1.41 c/ha (p=0.00), which could be associated with
the positive effect of agrotechnical factors.

Table 5. Parameter estimates for the ARMA (1,0) model

Variable Estimate Standard error t-statistic p-value

Constant 52.80 2.63 20.08 0.00

AR (Lag1) -0.67 0.24 -2.80 0.02
Trend 1.41 0.34 4.19 0.00

Notes: Trendvariable as included in the model because the ADF test indicated that the time series was stationary around

both a constant and a trend (Type 2 stationarity)
Source: developed by the author

For corn, the yield of which in 2018-2019 and 2021 was
on the verge of satisfactory and unsatisfactory state, there
was a characteristic trend of increasing yield throughout the
entire forecast horizon: if in 2022 it was 63.5 c/ha, by 2030
the yield grew to 82.1 c/ha, being within the range between
61.7 and 102.6 c/ha with a probability of 95%. Despite the
presence of short-term cycles in its dynamics, which caused
small fluctuations, the anticipated values were considerably
higher compared to cereal and legume crops (on average
by 18.3 c/ha in 2023-2030), since corn has historically been

a higher-yielding crop (for 2010-2022, the excess was also
about 20 c/ha on average). For these reasons, unlike cereal
and legume crops, in the context of industrial security, corn
yield, according to the forecast, was steadily in an unsatis-
factory condition (>75 c/ha) starting from 2025, gradually
moving towards a dangerous one. Additionally, based on
the upper and lower forecast limits, it was considered re-
liable that, based on the threshold values, its yield was not
optimal starting from 2025, and the forecast did not exclude
the indicator reaching the critical level in 2029-2030 (Fig. 3).
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Figure 3. Forecasted corn yield and stress-test adjustment to 2030

Source: based on State Statistics Service of Ukraine (n.d.)

When assessing the consequence of the gradual tran-
sition from conventional to organic corn production on
the state of industrial security, similar stress test condi-

tions were used as for the cereal and legume crops. Sim-
ulating the maximum yield losses in 2026-2030 under the
strategy of accelerated growth in the share of organic land
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(02), the results of the adjusted forecast showed that al-
though the indicator was still in an unsatisfactory condi-
tion, it was observed to approach a satisfactory threshold
value. While in 2026 the yield losses of corn amounted to
only 0.59 c/ha, since about 98% of the land was still oc-
cupied by conventional agricultural production, in 2030,
with organic corn cultivation on 10.54% of the areas, the
losses amounted to 2.60 c/ha. If the area allocated for corn
cultivation in 2030 was the same as in 2022 (4,325 thou-
sand ha), the total harvest volume (calculated according
to the O2 strategy yield forecast) declined by 118.52 thou-
sand tons, accounting for about 0.45% of the corn produc-
tion volume in 2022 (26,186.9 thousand tons) (State Sta-
tistics Service of Ukraine, n.d.). Thus, the development of
organic corn production under the ambitious O2 strategy
not only did not create threats to industrial security, but
contributed to a lower level of its forecasted unsatisfacto-
ry condition in 2026-2030. Even though the interpretation
of the results, as in the case of the yield of cereal and le-
guminous crops, was carried out within the framework of
the Order of the Ministry of Economic Development and
Trade of Ukraine No. 1277 (2013), increasing the threshold
values of the indicator in the updated economic security
system will most likely led to its shift to a satisfactory state,
and expanding the share of organic areas for corn cultiva-
tion in the structure of agricultural land will bring its yield
closer to optimal condition.

Average milk yield and industrial security, 2030

To predict the average annual milk yield per cow, which
was also an indicator of the modern industrial security
system, the ARIMAX (1,1,0) model was used. First-order
differentiation allowed for the achievement of stationarity,
since the results of the repeated ADF test (p-value < 0.01)
became the basis for rejecting the hypothesis of a unit
root presence, although provided that a constant and a
deterministic trend were present. Though milk yield was

an indicator of cow productivity, which largely depended
on genetics, housing conditions, completeness of feeding,
and veterinary coverage, unlike other values in the time
series, a negative increase in the indicator was recorded
in 2022. It decreased from 5,155 kg in 2021 (Ministry of
Economy, Environment and Agriculture of Ukraine, n.d.)
to 5,119 kg in 2022 (State Statistics Service of Ukraine,
n.d.). To assess and simulate the impact of this anoma-
lous deviation associated with a full-scale invasion from
the established trend, a stationary warDummy was add-
ed. Considering the dependence of the 2025 milk yield ()
on the indicators of the previous period (¢-1), the model,
built on data from 2010 to 2022, was characterised by high
explanatory power, since stationary R?=0.78. At the same
time, the MAPE (0.46%) indicated a high accuracy of the
milk yield forecast. Since, according to the LB test, the hy-
pothesis of the absence of autocorrelation in the residuals
could not be rejected (Q, , (2)=1.00did not exceed x°_, un-
der the condition of df=1 at the significance level o = 0.05,
p=0.32>0.05), the model was statistically adequate and
reliable for forecasting the state of the indicator by 2030 in
the context of Ukraine’s economic security.

The forecast values of the average annual milk yield
showed a gradual rise from 5,155.3 kg in 2023 to 5,649.3
kg in 2030 according to the baseline scenario. In agree-
ment with the parameters of the ARIMAX model, while
the average annual increase, being statistically signif-
icant (p-value = 0.00), was 135.25 kg, indicating a long-
term growth trend, the full-scale invasion led to an im-
mediate and substantial reduction of 148.92 kg (p=0.00)
per cow (Table 6). In addition, the value of the autore-
gressive component (-0.75) meant that high milk yield in
the current period was accompanied by lower ones in the
next, and vice versa (p=0.02). The statistical significance
of the deterministic trend (p = 0.03) confirmed an addi-
tional inverse linear effect, which reduced milk yield by
an average of 4.89 kg.

Table 6. Parameter estimates for the ARIMAX (1,1,0) model

Variable Estimate Standard error t-statistic p-value
Constant 135.25 14.20 9.53 0.00
AR (Lag1) -0.75 0.26 -2.85 0.02
Trend -4.89 1.84 -2.66 0.03
warDummy (Lag 0) -148.92 37.61 -3.96 0.00

Notes: Trend variable was included in the model because the ADF test indicated that the time series was stationary

around both a constant and a trend (Type 2 stationarity)
Source: developed by the author

This forecast reflected an increase in productivity
in dairy cattle breeding, coinciding with global trends in
the intensive development of milk production, which are
based on innovations and modern technologies to ensure
feeding and keeping cattle, milking, and improving the ge-
netic potential of the cattle breeding stock. However, de-
spite the positive dynamics, the expected growth turned
out to be insufficient for the indicator to achieve the op-
timal condition in the context of the current industrial
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security system: having crossed the threshold of an unsatis-
factorystate (5,000kg) in2020, the average annual milkyield
was able to leave this state only after 8 years, given that the
indicator crossed the satisfactory threshold value in 2028
(5,521.2kg>5,500 kg). At the same time, the current results
negated the likelihood of achieving optimal yield values,
since the upper forecast limit in 2030 was 5,780 kg, which
was less than the optimal threshold of the current Meth-
odological recommendations at the 6,000 kg level (Fig. 4).
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Figure 4. Milk yield forecast per cow under stress-test, 2030
Source: based on Ministry of Economy, Environment and Agriculture of Ukraine (n.d.)

According to the optimistic scenario, the average an-
nual milk yield will increase of 4.05% in 2026, amounting
to 5,493.6 kg compared to 5,279.9 kg in 2025 due to the lev-
elling of the influence of hostilities. Moreover, under this
scenario, the indicator will reach a satisfactory condition a
year earlier (in 2027), in contrast to the baseline unfolding
of occurrences. The pessimistic scenario revealed a gap in
cow productivity, as the average milk yield will cross the
threshold of a satisfactory state only in 2030, amounting
to 5,500.4kg, which was 148.9 kg less than other possible
alternatives. Thus, the continuation of russian aggression
until 2030 will be the reason for the slowdown in the de-
velopment of the agricultural sector, the average annual
yield in particular, for 2-3 years in the context of Ukraine’s
industrial security.

As the average annual milk yield of farms that convert-
ed to organic farming was 8-33% lower than that of non-or-
ganic dairy farms (European Commission, 2023), a stress
test was also conducted to assess the robustness of the in-
dustrial securityindicator. By simulating the worst-caseloss
of milk yield of 33% on certified land used for keeping and
grazing cows, increasing to 3% and 10.54% under strategies
01 and O2, respectively, the stress test results demonstrat-
ed a threat to economic security, which was a significant
difference compared to cereals and corn. Given the adjust-
ed predictions presented in Figure 4, the active implemen-
tation of organic production had a negative effect on the
average annual milk yield per cow in the context of indus-
trial security, moving the indicator away from achieving a
satisfactory state. It emphasised the need for balanced de-
velopment of both spheres of agriculture, because while the
crop production has historically been at a high level, occu-
pying considerable agricultural areas and dominating the
export structure, husbandry, in particular dairy farming,
has confirmed vulnerability to transformation processes,
maintaining a long-term trend towards reducing livestock,
material and resource base, and dairy production volumes.

In the case of updating the methodological thresholds
of Ukraine’s economic security indicator, which would be
based on the experience of countries with a high level of ag-
ricultural development, where productivity was much more

elevated, its predicted values in 2023-2030, which were de-
fined as unsatisfactory and satisfactory in the context of in-
dustrial safety, may shift to the category of dangerous and
unsatisfactory condition, respectively. Although the imple-
mentation of the O1 strategy postponed the achievement of
a satisfactory state by a year compared to the baseline sce-
nario, the indicator was kept within the limits of a favour-
able state in 2029-2030. Because of this, the O1 strategy,
which had a small negative impact on the indicator (with
calculated losses of weighted average productivity ranging
from 19.72 kg in 2026 to 55.93 kg in 2030, when compared
to the baseline forecast), could be justified by the need to
achieve sustainable development goals or the orientation
of the dairy production system to meet the needs of con-
sumers on the foreign market. In contrast, the O2 strategy,
which resulted in a larger gap between the average annual
milk yield, caused the transition of the indicator to an un-
satisfactory condition, demonstrating the adverse conse-
quences of its performance. For these reasons, O2 could not
be recommended until the milk productivity of cows raised
under the conventional agricultural production system was
significantly increased to compensate for the loss of milk
yield resulting from compliance with organic standards.

Additionally, since in 2030 the average weighted loss
of productivity per cow under the O2 strategy was 196.49
kg, which was equal to the average milk consumption per
capita in Ukraine at 196 kg as of 2023 according to the
Ministry of Agrarian Policy and Food of Ukraine (n.d.), it
caused serious concern not only in case of industrial secu-
rity condition. If the number of cows in 2030 remained as
in 2023 (1,307.9 thousand heads), and the weighted aver-
age difference in productivity, when implementing the O2
strategy and a 33% loss in milk yield was 196.49 kg, the to-
tal milk losses due to the contrast in milk yield amounted
to 256.994 thousand tons. Since the estimated milk losses
in 2030, when implementing the O2 strategy, were equiv-
alent to the annual milk consumption fund for 1,311.196
million Ukrainians, the transition to organic production,
accompanied by a 33% reduction in cow milk productivity
according to the stress test, could also pose a threat to the
food security level.
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Food security and dairy self-sufficiency to 2030

Due to the potential reduction in milk and dairy produc-
tion volumes caused by the lower average milk yields, the
likelihood of unfavourable food security conditions in-
creased, particularly for the ratio of production and con-
sumption for a defined food category. Given the need to
consider losses in milk productivity, the modelling of this
food security indicator was carried out by sequentially
forecasting and aggregating its components. To calculate
realistic milk production volumes by 2030, the average
annual milk yield obtained in the previously ARIMAX
model (1,1,0) was multiplied by the forecast values of the
cow population. The prediction for the number of cows
for 2024-2030 was carried out on based on historical data
for 2010-2023 (State Statistics Service of Ukraine, n.d.),
using the ARIMAX model (2,1,0) taking into account the
exogenous variable warDummy (d = 1), which allowed for
setting several scenarios of the end of hostilities by 2030,
which directly affected the logistics, safety and condi-
tions of keeping animals, their feed base and forced re-
location or slaughter. Stationarity of the time series was
achieved using first-order differentiation, which allowed
for the rejection of the hypothesis of a unit root existence
(p-value = 0.03 < 0.05 according to the ADF test). Howev-
er, type 1 indicated the presence of a constant. Although
double differentiation also confirmed stationarity, it was
not advisable since it worsened the quality of the model,
as evidenced by the increase in AIC by 0.29 units. Thus,
the constructed model had high explanatory power

(stationary R?=0.66) and accuracy (MAPE=0.94%). In ad-
dition, the presence of autocorrelation in the residuals
was checked using the LB test at k=3 lags, given N=14
observations and the need for df=1 at AR+ MA=2. Since
Q,;(8)=2.11<3.84 (x*,,) at the significance level a =0.05,
and p=0.15>0.05, the residuals in the model did not have
any unaccounted statistically substantial regularities that
could cast doubt on the correctness of further calcula-
tions of milk production volumes.

Based on the model parameters estimates, the pres-
ence of a long-term trend towards a drop in the number
of cows by an average of 98.23 thousand heads per year
was significant (p-value = 0.00). Since the coefficient of
the autoregressive component at lag 1 was statistically
substantial (p=0.03), there was a positive (0.65) relation-
ship between the livestock of the 2010-2024 period (1)
and the previous one (z-1) (Table 7). In addition, a strong
negative autocorrelation with a lag of two periods was ob-
served, given the value of AR(2)=-0.75, i.e., fluctuations
in dynamics were observed in the time series. The begin-
ning of a full-scale invasion (p-value was 0.03) led to a
decrease in the number of cows by 73.80 thousand heads
in 2022. At the same time, the dynamics of the indicator
were characterised by a recovery effect, since after the in-
itial shock associated with warDummy, which caused a
sharp reduction in the number of cows instantly, in the
following period the rate of decline slowed down, given
the positive and statistically significant (p = 0.05) value of
the numerator atlag 1.

Table 7. Parameter estimates for the ARIMAX (2,1,0) model

Variable Estimate Standard error t-statistic p-value
Constant -98.23 7.92 -12.41 0.00
AR (Lag 1) 0.65 0.25 2.63 0.03
AR (Lag 2) -0.75 0.22 -3.39 0.01
warDummy (Lag 0) 73.80 27.65 -2.67 0.03
warDummy (Lag 1) 79.27 33.88 2.34 0.05

Source: developed by the author

The forecast of the number of cows in Ukraine demon-
strated that the weakening of the intensity of hostilities in
2026 under the baseline scenario will be an encouraging
signal for households and enterprises to partially resume
production activities: while in 2022-2023 the historical ab-
solute increases were negative and amounted to (-189.0)
and (-143.3) thousand heads, respectively (State Statistics
Service of Ukraine, n.d.), model forecast showed it will be
equal to (-69.0) and (-51.3) thousand cows in 2027-2028.
However, despite the cessation of hostilities in 2030, under
thebaseline scenario forecastand the gradual restoration of
production, the number of cows (753.5 thousand heads) re-
mained far (-53.16%) from their number as of 2021 (1,608.5
thousand heads) (State Statistics Service of Ukraine, n.d.).
Analysis of the model’s upper limit of the 95% confidence
interval, which was 931.61 thousand heads, gave grounds
to argue that in 2030, the number of cows will be no less
than 42.08% lower compared to the 2021, before the rus-
sian full-scale invasion. According to the optimistic fore-
cast scenario, the number of cows in 2027 will exceed the
corresponding indicator of the baseline scenario by 107.7
thousand heads, in 2029 - by 46.47 thousand heads. In turn,
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the longer events developed under the pessimistic scenar-
io, the gap in the indicator increased because the number
of cows will be lower by 45.37 thousand heads in 2027, by
106.6 thousand in 2029, compared to the baseline scenario.

By calculating the volume of milk produced as the out-
come of the forecasted number of cows according to the
ARIMAX model (2,1,0) and the average annual milk yield
according to the ARIMAX model (1,1,0), indicators for
2011-2030 were obtained, since both time series were dif-
ferentiated (d = 1) to achieve stationarity. Integrating both
the influence of internal factors of livestock farming, which
determine milk yields, and external ones, the war scenario
in particular, which determined the dynamics of the live-
stock, the MAPE for historical data on milk production vol-
umes in 2011-2022 was only 2.99%, which confirmed the
adequacy of the estimated values. To forecast the volume of
milk consumed in 2022-2030, an ARIMAX (1,1,1) model was
built on actual data (2010-2021), which explained 58.6% of
the variation in the time series with MAPE=1.69%. At the
same time, moderate explanatory power and high accuracy
were achieved by considering the exogenous variable, the
historical (2010-2023) and predicted (2024-2030) number




of cows under three scenarios, which were obtained at the
previous stage. This exogenous variable enabled the indi-
rect incorporation of both the completion of hostilities sce-
nario, which was considered, when forecasting the number
of cows by 2030, and the dependency of consumption on
supply, which was directly related to the number of cows.
Based on fundamental microeconomic theory, the reduc-
tion in livestock led to a decline in supply, which provoked
an increase in prices, negatively affecting the volume of
milk consumption. Given AR=1, MA=1, the autocorrelation
test was performed at k=3lags to satisfy the minimum re-
quired condition (df= 1) for the LB test. Since Q,, (3)=0.55,
which was significantly less than x°, , and p =0.46 > 0.05,
the predictive values were reliable and could be used to
interpret the indicator in the context of food security.

According to the forecast, milk and dairy product con-
sumption began to show a gradual recovery in response
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to the slow decline in the intensity of hostilities, a like-
ly increase in supply, and a slowdown in the growth of
dairy prices starting in 2027, as its volumes increased by
53.8 thousand tons compared to the previous period and
amounted to 7,221 thousand tons (Fig. 5). Even though
the average growth rate of milk consumption in 2026-
2030 at the level of 0.26% was consistent with the pos-
sible return of some Ukrainians, who left with the start
of the russian full-scale invasion, as a result of the con-
sistent improvement of the security situation, its volume
in 2030, which was forecast to be 7,535.5 thousand tons,
did not exceed the actual volumes of the period before
the full-scale invasion (8,337.3 thousand tons), that was,
the constructed model also demonstrated a general re-
duction in the Ukraine’s population, which accordingly
affected the fund of milk and dairy product consumption
in the direction of its decline.

Actual milk production volume,
thousand tons
e+see Calculated milk production,
thousand tons
Lower limit of the baseline scenario
(95%)
LCL

Actual volume of milk consumption,

thousand tons

= = = Forecasted milk consumption,
thousand tons
Upper limit of the baseline scenario
(95%)

— UCL

2028
2029
2030

Figure 5. Forecasting of milk and dairy products production
and consumption in Ukraine for 2022-2030 under the baseline war scenario

Source: based on State Statistics Service of Ukraine (n.d.)

The analysis of milk production and consumption
in 2022-2030 did not exclude the possibility of meeting
the population’s needs with the milk produced volumes.
However, it could be achieved, when production volumes
were close to the upper limit, and consumption to the
lower one, on the contrary. Despite the significant width
of the 95% confidence intervals, in the long term, there
was a weakening in food security even under such favour-
able conditions. While consumption volumes showed re-
covery, the reduction in milk production volumes was a
consequence of a steady trend towards a decrease in the
number of cows. Given this, the upper limit of the range
for milk self-sufficiency, being 103.89% in 2030, was less
than 105%. It already meant that the optimal state in the
context of food security had not been achieved. Hav-
ing the milk production volumes determined based on
the ARIMAX (2,1,0) for the number of cows and ARIMAX
(1,1,0) for the average annual milk yield, as well as the vol-
umes of its consumption, established using the ARIMAX
(1,1,1) model, it became possible to directly calculate the
level of milk and dairy product self-sufficiency and its ad-
justment depending on the two strategies for the organic

agriculture development. Keeping integrated various ex-
ogenous influences into the forecasts of the indicator
components, the MAPE for the ratio of milk and dairy
product production and consumption volumes per capita
in 2011-2021 was 3.03%, which confirmed the conform-
ity of the models to historical data and their adequacy. An
analysis of the level of milk and dairy products self-suffi-
ciency showed a noteworthy deterioration in food secu-
rity as a result of the full-scale invasion: having reached a
maximum in 2017 (118.2%), the indicator began to decline
and in four years lost 16.5 p.p. compared to the indicat-
ed peak value, thus moving from an optimal condition to
an unsatisfactory one even before the full-scale invasion,
amounting to 104.5% in 2021. According to the forecast, in
2022, its level in the context of food security dropped by
an additional 11.4 p.p. compared to the period before the
full-scale invasion, which determined its state as unsatis-
factory, which in 2023-2024 was already less than 90%, al-
ready being dangerous. In 2025 the level of milk and dairy
product self-sufficiency reached a critical state in the con-
text of food security, which only amplified, as by 2030 the
indicator will reach a value of 56.49% (Fig. 6).
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Figure 2. Forecasted dairy self-sufficiency under stress-test, 2030
Source: based on Ministry of Economy, Environment and Agriculture of Ukraine (n.d.)

Though the forecast limits were not classic 95% confi-
dence intervals, calculated based on the upper and lower
limits of the ARIMAX models for the components of the
self-sufficiency level, it became the basis for evaluating
possible fluctuations of the indicator. According to them,
the level of milk and dairy products self-sufficiency in
2030 could be in all conditions, except for the optimal one
(<105%). The obtained calculations of the level of milk and
dairy products self-sufficiency were reliable if the anticipat-
ed dynamics of the reduction of the livestock population
by 2030, which was based on historical data for 2010-2023,

was not reversed by external factors, such as the imple-
mentation of effective state support programmes for dairy
production, which will contribute to the restoration and
increase of the number of cows in Ukraine. Moreover, in
the ARIMAX (1,1,1) model, this exogenous variable demon-
strated a statistically significant effect (p = 0.03) on milk
consumption. A decline in the number of cows by 1 thou-
sand heads was associated with a decrease in consump-
tion of 5.62 tons (Table 8). That was, the model coefficient
was economically justified, consistent with the average an-
nual milk yield per cow exceeded 5,000 kg starting in 2020.

Table 8. Parameter estimates for the ARIMAX (1,1,1) model

Variable Estimate Standard error t-statistic p-value
Constant 441.36 224.42 1.97 0.09
AR (Lag1) -0.07 0.91 -0.08 0.94
AM (Lag 1) -0.49 0.81 -0.60 0.57
Number of cows (Lag 0) 5.62 2.06 2.73 0.03

Source: developed by the author

The implementation of strategies, which led to an in-
crease in the share of organic cows, has made substantial
adjustments in the dynamics of the food security indica-
tor due to lower milk productivity by 33% according to the
stress test. In the case of the development of organic agri-
culture under the O1 strategy in 2026, the total loss of milk
yield will be 19.8 thousand tons, since while the produc-
tivity of 991 thousand cows was 5,374.5 kg, which was the
forecast value of the ARIMAX model (1,1,0), the productiv-
ity for 11.1 thousand organic heads (1.11% of the total live-
stock in 2026) will be determined at 3,600.9 kg. Along with
the gradual increase in the share of organic cows to 3% by
2030, milk yield losses also will grow, reaching a maximum
value of 42.14 thousand tons in 2030. It will lead to a slight
increase of 0.56 p.p. in the criticality of the level of milk
and dairy products self-sufficiency in 2030. Assumed that
consumption per person in 2030 will recover to its average
level in 2017-2021, which was 200.32 kg, with milk losses
of 42.14 thousand tons, meeting food needs may become
more strenuous for 210.363 thousand Ukrainians.

The implementation of the O2 strategy will lead to
even more significant negative consequences, as total
milk losses will range from 46.6 thousand tons in 2026 to
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148.1 thousand tons in 2030 due to the enlargement in
the number of organic livestock from 26.3 thousand cows
(2.62%) to 79.4 thousand cows (10.54%) in the respective
periods. According to the previous assumption, the milk
losses in 2030 will lead to an increase in food insecurity
for 739.317 thousand people, who could have consumed
the produced products if the dairy farming model had re-
mained conventional. Given the incomplete in milk and
dairy products self-sufficiency throughout the entire pe-
riod of 2022-2030 under the baseline scenario of the ces-
sation of hostilities and the loss of the indicator from 1.43
p-p- in 2028 to 1.96 p.p. in 2030 compared to the baseline
forecast, the transition to organic production under the
02 scenario could not be recommended, as it would wors-
en the state of Ukraine’s food security. Since the shortage
of milk and dairy products on the internal market could
provoke a probable increase in imported products and
prices, limiting access to milk for a considerable part of
the population, the transition to organic milk production
was not desirable under any of the scenarios in the con-
text of food security. Only in the case of accelerating the
productivity growth of both conventional and organic
livestock and reducing the gap between them from 33% to




alower percentage of losses or breaking the negative trend
towards a reduction in the number of cows, the strategy
01 for developing organic production could be justified
and not move the indicator away from more favourable
conditions in the context of Ukraine’s food security.

» Discussion
The study findings made it possible to forecast the im-
pact of various war scenarios on key agricultural indica-
tors of industrial security and to assess potential threats
associated with the implementation of organic strate-
gies in Ukraine against the backdrop of active hostilities.
S. Gbaka & V.U. Jjirshar (2024), studying the impact of the
russian invasion in Ukraine on food prices in 12 low- and
middle-income countries, determined it as statistically
significant, which weakened global food security in the
long term. The authors estimated this effect as a dummy
variable, which took the value 0 for the pre-war period
(from January 2021 to February 2022) and was equal to 1
from March 2022 to April 2023. This study used a similar
approach using warDummy, which was equal to 1 in 2022-
2023. However, given that the russian hybrid aggression
that began in 2014 was already causing socio-economic
tension, a normalised civilian casualty rate was calculated
to obtain a continuous measure of the war’s impact over
its entire duration, including the hybrid phase. The study
by I. Rumyk (2021), modelling agricultural production per
capita as the central indicator of food security, found a sig-
nificant impact from the consumption of bread products
and meat, but not milk. This difference could be explained
by different analysis periods; specifically, the author’s
study might not have covered 2020-2021, when the prob-
lem of milk self-sufficiency became more evident. This
study revealed a critical state of self-sufficiency in milk
and dairy products, the level of which fell below the opti-
mal state (104.5%<105%) back in 2021 and dropped below
the critical threshold (<80%) by 2025 (79.9%), indicating
systemic problems in the industry exacerbated by the war.
N. Shmygol et al. (2024) noted that for Ukraine to reach
the planned 3% share of organic land, which was a stra-
tegic goal according to the National Economic Strategy
until 2030, the annual growth rate must be at least +13.3%.
Researchers emphasised that this share was a minimum
threshold, given the progress achieved by EU countries.
The relationship between organic production and
other indicators of production security was clearer. R. Os-
tapenko et al. (2020) emphasised that although lower crop
yields were characteristic of organic farms with a lower
economic efficiency level, wheat yields, even for organic
enterprises with a higher level of development, were lower
compared to conventional agriculture in 2017. Compar-
ing organic and traditional dairy production in the EU,
G. Grodkowski et al. (2023) found that organic milk yields
were significantly lower due to energy-restricted diets and
lower intake of concentrated feed. S. Portiannyk (2024),
focusing on environmental safety and milk quality, rec-
ommended developing organic agriculture precisely in
the post-war period, considering Ukraine’s potential.
This study supported this recommendation from the
perspective of industrial security, demonstrating that in-
creasing the organic cow population was possible during
the post-war recovery period. Specifically, the average
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annual milk yield remained in a satisfactory state under
both the optimistic scenario (5,531 kg in 2027) and even
when implementing the O1 strategy under the baseline
scenario (5,649.3 kgin 2030). The study by O. Popko (2020),
which also identified opposing trends of increasing milk
yields and decreasing cow numbers, predicted reaching
the satisfactory level (>5,500 kg) as early as 2022 using the
first-order Brown’s method based on data for 1996-2018.
This study accounting for the impact of external shocks
(COVID-19, full-scale invasion), forecasts crossing this
threshold only in 2028 (5,521 kg) using the ARIMAX (1,1,0)
model (MAPE = 0.46%). Furthermore, the confidence in-
terval (upper limit 5,553.1 kg) indicated that this could not
have occurred earlier than 2027, thus refining previous
forecasts with more actual data.

A. Ohanisian et al. (2022) assessed the potential of or-
ganic dairy production, forecasting an overly optimistic
number of organic livestock (3,713.63 thousand heads) by
2030 under a hypothetical scenario of significant growth
in investment and livestock. However, this forecast con-
tradicted the long-term trend of declining total livestock
numbers and was based on data for all livestock, not
just cows. Moreover, although Ukraine does have an ex-
port-oriented agriculture, the realisation of this potential
was considered unconnected with the level of milk and
dairy products self-sufficiency, which, according to the re-
sults, was characterised by suboptimal conditions in the
context of food security. This study predicted a significant-
ly lower number of organic cows (79.4 thousand heads)
even under the ambitious O2 strategy, which was 97.86%
less than the target set by the authors. It indicated more
realistic scales for the development of organic production
in the context of the systemic decline in livestock num-
bers. The research by R. Alvarez (2021) showed that organ-
ic farming yields were 25% lower than conventional yields,
and for cereals, this difference reached 30%, intensifying
the debate about the organic sector’s ability to meet glob-
al food needs. It aligned with the maximum value in the
range of cereal yield losses (30%) used in the stress test for
the industrial security indicator in this study.

The study by Z. Sun & T. Fu (2022) showed that the av-
erage cereal yield in Western Europe (1991-2020) was 68.04
c/ha, significantly exceeding modern Ukrainian levels.
This study, in contrast, forecasted Ukraine reaching only
62.77 c/ha by 2028-2030. A. Grzelak (2022) showed that an
increase in organic land area by one standard deviation in
2004-2019 led to an increase in the total value of assets, in-
cluding fixed assets, by 0.38 standard deviations, i.e., the
growth in asset value required investment in new fixed as-
sets or modernisation of existing ones. In turn, the corre-
lation analysis by E.J. Szymanska et al. (2021) found that
farms with a higher value of fixed assets made larger invest-
ments, likely to modernise or replace existing assets. Based
on these cascading relationships, a larger agricultural area
was associated with an increase in fixed asset investments,
which was often accompanied by their renewal and, con-
sequently, a decrease in the average degree of their physical
depreciation. This study empirically confirmed this indi-
rect relationship by establishing a direct correlation: an in-
crease in the share of organic areas by 1 p.p. led to a reduc-
tion in the degree of fixed assets depreciation by 0.15 p.p.,
which indicated their active renewal in organic production.
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Although W. Czubak & K.P. Pawtowski (2020), which
focused on the interaction of pro-investment mecha-
nisms of the Common Agricultural Policy and sustainable
economic development of farms in Central and Eastern
European countries, did not verify that the beneficiaries
of investment support were those farms that had a higher
level of their fixed assets depreciation, however, the man-
datory criterion for them was the absence of any support
in the year before the investment. Given this, the lack of
prior EU assistance aimed at renovation and modernisa-
tion, on the contrary, increased the likelihood that these
farms had a higher degree of fixed assets depreciation. It
was most likely that substantial volumes of Capital for-
mation or Rural develop expend demonstrated positive
relationships with Fixed asset depreciation because it was
a reaction to its considerable level. Specifically, an en-
largement of EUR 1 billion in these factors was associat-
ed with an increase in Fixed asset depreciation by 0.27 p.p.
and 2.16 p.p., respectively. That was, countries where fixed
asset degradation was observed were the major recipients
of these financial resources. V. Aggarwal (2025), analysing
the transition to organic production, emphasised that the
initial investment burden related to the modernisation of
fixed assets required urgent state measures of financial
and technical support. This research aligned with this
conclusion, recommending against the implementation
of either the O1 or O2 strategies under the pessimistic sce-
nario for the completion of hostilities. This was because
the degree of depreciation remained high (47% in 2027),
and additional investments would create excessive pres-
sure on the country’s limited budgetary resources, given
that the state budget deficit reached almost 20% of GDP in
2022-2025 (compared to 3.63% before the invasion).

» Conclusions

The study demonstrated that the state of fixed assets in
Ukraine’s agriculture was highly sensitive to wartime con-
ditions. Under the baseline scenario, the depreciation
level improved gradually — from an unsatisfactory 37.57%
in 2012-2021 to forecast satisfactory 39.6% by 2030. The
optimistic scenario showed a faster recovery, though
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depreciation still exceeded pre-war levels, indicating
persistent post-shock effects. In contrast, the pessimistic
scenario maintained an unsatisfactory depreciation rate
(>45%) through 2030, signaling continued asset degrada-
tion. The expansion of organic farmland, as evidenced by
EU experience, contributed to reduced asset depreciation
(by 0.15 p.p.). For Ukraine, a 3% share of organic land im-
proved the indicator by 0.07 p.p., while will reach 10.54%
by 2030 led to a 0.29 p.p. improvement. Thus, organic pro-
duction development could partially supported post-war
recovery, though it cannot fully offset the destructive ef-
fects of prolonged hostilities.

The forecasted cereal yield exceeded the optimal range
(45-55 c/ha) after 2026, will reach 79.50 c/ha by 2030. Even
with losses under the O2 strategy (1.97 c/ha), the indica-
tor approached optimal levels compared with the baseline
forecast. Similarly, corn yield surpassed the unsatisfactory
threshold (75 c/ha) after 2025, achieving 82.1 c¢/ha by 2030,
and improved under O2 despite slightly higher losses (2.60
c/ha). However, milk self-sufficiency will decline under
organic expansion — from 0.56 p.p. (O1) to 1.96 p.p. (02)
in 2030 — worsening an already critical condition (< 80%).
Additionally, the lower average milk yield (196.49 kg less
than the baseline) moved the indicator (5,493.6 kg) further
from the satisfactory level (5,500 kg). Consequently, the
02 strategy cannot be recommended for maintaining food
or industrial security if hostilities persist or subside only
gradually. Future research should refine war impact as-
sessment by integrating infrastructure destruction factors
and modelling the potential of state support programmes
to reverse negative trends, particularly the decline in live-
stock numbers, to strengthen Ukraine’s food security.
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CueHapHUM aHaNi3 cTyneHs 3HOCY, BPOXXaMHOCTi 3epHOBMUX,
HaAoIB MOJIOKA Y KOHTEKCTi EKOHOMIYHOI 6e3nekun YKpaiHu

Opin N'ypToBUMN
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» AHoTauif. MeTo10 I[bOT0 JOCTi/I?KeHHsI OYJI0 MOJIEJTIOBAHHS AMHAMIKY OKA3HUKIB IIPOMUCJIOBOI Ta IPOJOBOJIBYOT
Oe3nexkn YKpalHM B KOHTEKCTi CTpareriii po3IIMpeHHs ILJIOI OPTaHiYHUX 3eMeJib i CIleHapiiB BeJeHHs 00HOBUX
Iiit mo 2030 poky. MeTon0JI0TiuHy OCHOBY CTAaHOBUJIM MOJEJIi YaCOBUX PsAMAIB i3 ypaxyBaHHAM eK30IreHHUX 3MiHHUX
Ta 6araToakTOpHI Mojesi JIiHIHHOT perpecii. BcTaHOBJIEHO, [0 3HMKEHHSI CTYIEHS 3HOCY OCHOBHUX 3ac00iB y
ciIbcbKOMY rocrogapcTsi Ha 0,15 B.II. y pe3yJibrari 3poCTaHHA YaCTKU OpPraHiuHUX 3eMeJsb Ha 1 B.II. He CTAHOBUTH
3arpo3u MpOMHUCJIOBiN Oe3meri YkpalHu, IpoTe He MOKe KOMIIEHCYBATU PyHHIBHI HACTIIKU POCIHChKO-YKpaTHCHKOT
BiliHu. BuaHaueHHs IIiJIbOBOT0 MOKa3HUKa Y 10 % opraHiuyHUX IJIOI] HAOJIU3UTh YPOsKAWHICTh 3epHOBUX (64 11/Ta) 10
OITHMAJBHOIO iana3oHy (45-55 11/ra) 3a yMOB cepelHbO3Ba)KeHUX BTpaT yposkalHOCTi Ha piBHi 1,97 i/ra'y 2030 poij.
YposkalHICTh KYKYpYA3H4, HaBiTh 3a HAABHOCTI BTpar (2,60 11/Tra), 3a/IMIIATUMETHCS Ha HE3aJOBUILHOMY DPiBHI —
75 m/ra. Xoya cepeqHbOPIYHUIN HAII MOJIOKA, 3a 6a30BUM IMPOTHO30M, JOCSATHE 33/I0BiTbHOrO piBHA Y 2028 pori
(5 521,2 kr>5 000 kr), BTparu yposkaitHocti (119,89 kr), moB’si3aHi 3 4aCTKOIO OPraHivHOrO MOroJis’s moHaz 10 %,
YHEMOKJIMBJISAATh JOCATHEHHs IIboro piBHs 10 2030 pory. ToMy IpUCKOPEHUI PO3BUTOK OPraHiYHOI'O MOJIOYHOTO
BUPOOHUIITBA HE MO3Ke OyTH peKOMEeHI0BaHU 3a YKOIHUM i3 pO3WIAHYTHUX ClieHapiiB. BomHo4ac JoCATHEeHHSI YaCTKU
OpraHiyHUX KOpiB y 3 % He CTBOPUJIO 3arp0o3U IIPOMUCJIOBIiH Ge3neni (3a BUHATKOM IIECUMICTUYHOIO CIleHapilo BiliHu
70 2030 poky). BpaxoBytoun KpUTHYHUI CTaH caMo3abe3reuyeHHsT MOJIOKOM (<80 % moumHatoun 3 2025 poKy), IIo
CTaJIO HACJIiTKOM CTAJIOTO CKOPOYEHHS TIOTOJIiB I KOPiB, PO3BUTOK OPTaHIYHOTO MOJIOYHOTO BUPOOHUIITBA ITOCUJIAJIIO
mpo0JieMy MIPOAOBOJIBUOI HeOe3MMeKn. Pe3ysIbTaT! HOCTiPKeHHsI MOKYTh OyTH BUKOPUCTaHi OpraHaMyd BUKOHaBYO1
BJIAaU YKpaiHU AJ1s1 po3po06JeHHsl 0OI'pyHTOBAHUX CTpATeriii Iepexony 10 OPraHivHoro CiJiIbCbKOTO TOCHOJAPCTBA,
SIKI BiATIOBiZaTUMYTh LIJIIM eKOHOMIUHOT 6e3neKu

» Knio4oBi cnoBa: MoKasHWKU [IPOMUCIOBOI Oe3MeKu; ClieHapii BillHW; CTpareris; PO3BUTOK OPraHiYHOTO
BUPOOHUIITBA; camo3abe3neyeHHsT MOJIOKOM; IIPOI0BOJIbYA HeOe3meKa
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