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» Abstract. The discrepancy between global food production volumes and the scale of chronic food insecurity indicates
that the critical factors of agricultural sector resilience are formed beyond the level of an individual enterprise or market.
Traditional analytical categories (industry, supply chain, agricultural market) do not take into account feedback loops
between levels of aggregation and therefore fail to provide an adequate basis for strategic management. The purpose of this
article was to substantiate the essence of the agri-food system as an integral multi-level object of strategic management,
to identify its structural subsystems, and to demonstrate the role of information flows as a system-forming attribute.
The methodological basis of the study comprised the systems approach, comparative analysis of theoretical frameworks
(global value chain analysis, the HLPE/FAO systems approach, the multi-level perspective), and the method of theoretical
synthesis. The frameworks were selected based on the criteria of the scale of analysis (linear-systemic), operational
suitability for management, and coverage of feedback. An original definition of the agri-food system was proposed
as a multi-level socio-technical configuration whose system-forming attribute is the organisation of feedback loops
around the production, distribution, and consumption of food. Three structural subsystems (functional, institutional,
and managerial) were identified, whose interaction is mediated by information flows. A four-level architecture of the
agri-food system was developed as an analytical tool for strategic management. Indicators and an assessment scale were
proposed for each of the five criteria of information-flow quality. Using the Ukrainian grain value chain as an example,
the architecture’s capacity to identify cascading inter-level contradictions was demonstrated, particularly between
macro-level regulatory decisions and meso-level contractual obligations. The results can be used in developing national
strategies for agri-food system development in the context of European integration. The proposed information flow
assessment scale serves as a diagnostic tool for agricultural policy authorities and industry associations

» Keywords: information flows; value chains; institutional environment; digital transformation; food security;
coordination mechanisms

» Introduction

Even during periods when global food production exceed-
ed the nutritional needs of the population, a significant
proportion of people continued to experience chronic
food insecurity. This persistent paradox suggests that the
decisive factors of agricultural sector resilience are formed
beyond the boundaries of an individual enterprise or
market. This explanatory insufficiency of traditional ap-
proaches has led to the gradual consolidation of the cat-
egory "agri-food system" in the management discourse.
At the same time, the theoretical status of this catego-
ry remains undefined. The sectoral approach constructs

its object as a set of producers with similar product func-
tions. The market approach focuses on the price mecha-
nism of demand-supply coordination. The supply chain
describes a sequence of technologically linked operations.
None of these analytical frameworks fundamentally ac-
count for feedback loops between levels of aggregation.
For instance, shifts in consumer preferences can trans-
form production standards, while regulatory decisions
can restructure market architecture. Consequently, these
approaches fail to capture systemic non-linearity, where-
by the outcome cannot be derived from the sum of local

> Suggested Citation: Kondratiuk, D. (2026). Agri-food system as an object of strategic management: Conceptualisation and multi-
level architecture. Ekonomika APK, 33(2), 10-21. doi: 10.32317/ekon.apk/2.2026.10.
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decisions. In Ukrainian scholarship, this conceptual shift
towards a systemic vision was registered by O. Varchen-
ko (2023), who substantiated the structure of the agri-
food system as an integral configuration of production,
processing, distribution, and consumption. The author
emphasised the functional interconnections among these
components; the operationalisation of the agri-food sys-
tem as an object of strategic management, however, re-
mains an open question.

Processes that are fundamental to the sector’s devel-
opment unfold at the systemic level. These include the
formation of quality standards, concentration of bar-
gaining power, cross-chain technology diffusion, insti-
tutional regulation of land turnover, and cross-sectoral
diffusion of digital technologies. The cost of ignoring this
systemic dimension became evident in the context of
the digital transition, which is a restructuring phenom-
enon extending far beyond the technical optimisation
of individual operations. A report by the European Com-
mission (2025) documented that agricultural research
had long concentrated at the enterprise level, whilst co-
ordination mechanisms, the quality of the institutional
environment, and knowledge diffusion among system
participants remained outside the scope of operational
analysis. This research gap carries a specific managerial
cost, which is reproduced in the gap between available
technological solutions and their actual adoption at the
sectoral level.

The research on agri-food systems unfolds along sev-
eral thematic lines that converge at the systemic level of
analysis. The FAO Strategic Framework for 2022-2031
(FAO, 2021) anchored the agri-food system as a central
operational category and identified four "accelerators"
of systemic transformation: technology, innovation, data,
and a set of institutional complements (governance, hu-
man capital, institutions). At the same time, the document
articulates normative goals rather than a theory of mana-
gerial mechanisms, leaving open the question of how sys-
temic transformation is actually to be achieved. A system-
atic review by E Elsner et al. (2023) brought together 58
studies that applied the multi-level perspective (MLP) to
sustainability transitions in agri-food systems over 2018-
2022. The authors registered the broad uptake of the MLP
as an analytical instrument; methodological heterogene-
ity and the predominantly qualitative character of these
analyses, however, constrain its transfer to the tasks of
normative-managerial design.

S. Rolandi ef al. (2021) proposed a taxonomy of the
impacts of agricultural digitalisation. Their analysis iden-
tifies both positive effects, such as productivity gains and
the opening of new markets, and risks of a digital divide
and uneven territorial impacts. This points to the recon-
figuring rather than uniformly improving character of dig-
ital transformation. The OECD (2022) policy review sys-
tematized the literature on agricultural digitalisation and
the emerging policy questions it raises. The authors note
that the diffusion of digital technologies in agriculture is
constrained by a combination of economic, technical, and
institutional factors. Among these, institutional barriers
play a particularly visible role, including problems of data
governance, the incompleteness of standards, deficits of
trust, and an underdeveloped regulatory environment.
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Overcoming such constraints calls for coordinated regu-
latory and educational interventions.

In the Ukrainian context, I. Yanenkova (2022) estab-
lished that an unfavourable institutional environment
substantially hampers modernisation processes. The de-
cisive barrier was identified as the absence of adequate le-
gal institutions and procedures for the protection of prop-
erty rights. S. Ibatullin et al. (2024) analysed the challenges
of agricultural land market liberalisation in Ukraine and
the directions of subsequent reform. The authors identi-
fied the uncertainty surrounding the rights of buyers and
sellers of land, errors in the data of the state land cadas-
tre and the registry of real rights, and the risks of owner-
ship concentration by large agricultural structures as the
principal constraints on transparent land turnover. These
constraints carry direct consequences for the institutional
configuration of the sector. Yu. Lopatynskyi et al. (2024),
drawing on a sample of small agricultural enterprises op-
erating under wartime conditions, showed that adaptive
capacity is above all an organisational quality. It manifests
as the ability to rapidly reconfigure internal subsystems,
to self-organise, and to generate innovative responses to
institutional change. Among the key external barriers, the
researchers singled out the inefficiency of state regulatory
mechanisms and legal instability.

J.E. Hobbs (2020), drawing on the COVID-19 shock as
empirical material, showed that decisions of individual
chain participants, although rational from the standpoint
of their own resilience, in fact generate systemic disrup-
tions through panic effects and cascading reactions. The
finding underscores that the management of food chains
under stress calls for a systemic rather than a firm-level
perspective. E. Curtis et al. (2024) quantified the cascading
impact of the war on Ukraine’s grain sector. The authors
documented losses exceeding USD 80 billion and reduc-
tions in the area under wheat, maize, and barley of 32%,
27%, and 37% respectively. This serves as an illustration
of how supranational-level shocks propagate downwards
through every lower level of the agri-food architecture.

The approaches reviewed above draw on a broad
empirical base. Yet none of them offers an operational
managerial apparatus for the targeted transformation of
agri-food systems. The question of how to move from con-
crete starting positions to a desired strategic state remains
methodologically unaddressed. The literature converges
on identifying the institutional environment as a critical
determinant, yet it stops short of constructing a multi-lev-
el managerial architecture in which information flows
would function as the system-forming attribute.

The purpose of this article was to substantiate the
essence of the agri-food system as an integral multi-level
object of strategic management, to identify its structural
subsystems, and to demonstrate thatinformation flows con-
stitute a system-forming attribute, without which strategic
management of the agri-food system remains declarative.

» Materials and methods

The aim of the study was pursued through a complex of
theoretical methods for processing information. Systems
analysis made it possible to treat the agri-food system as
an integral configuration with non-linear feedback loops
between its subsystems. Comparative analysis was used to
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set the three theoretical frameworks Global Value Chains
(GVQ), the High Level Panel of Experts on Food Security
and Nutrition/Food and Agriculture Organisation (HLPE/
FAO), and the MLP against the selection criteria, whilst
critical synthesis enabled the extraction of analytical cat-
egories from each framework and their integration into a
single conceptual construct. Conceptual modelling was
deployed to build the author’s model of structural sub-
systems and the four-level architecture of the agri-food
system. Abductive reasoning was applied to derive the
framework-selection criteria from the substance of the
research aim, and content analysis served to process the
programme documents of international organisations
and a body of analytical reports. The information-pro-
cessing procedure was carried out sequentially. To be-
gin with, analytical categories were extracted from each
framework and tabulated comparatively against the selec-
tion criteria. The selected categories were then integrated
into a synthetic construct. At the final stage, the resulting
architecture was subjected to an illustrative application to
the Ukrainian grain value chain.

The methodological basis of the study was the systems
approach, which entails examining the agri-food system
as an integral configuration of interdependent elements
with non-linear feedback loops. This approach made it
possible to overcome the limitations of sectoral and chain-
based analysis, which reduce complex inter-agent config-
urations to linear sequences. The systemic perspective
shifted the focus from individual participants to the links
between them and to the coordination mechanisms that
ensure the integrity of the configuration. The selection of
theoretical frameworks for comparison followed a clear
procedure that warrants separate explanation. At the first
stage, an extended list of approaches claiming to provide
a systemic understanding of inter-firm and cross-sectoral
configurations in the agricultural sector was compiled. In
addition to the three selected frameworks, the world-sys-
tems theory of I. Wallerstein, the actor-network theory of
B. Latour, and the social-ecological systems concept of
E. Ostrom were also considered. At the second stage, each
approach was assessed against three criteria directly de-
rived from the research objective.

The first criterion was analytical scope. The assess-
ment examined whether the framework is capable of si-
multaneously addressing the micro, meso, and macro
levels of the agri-food system while capturing the feed-
back loops between them. The second criterion was the
availability of an operational managerial apparatus, that
is, whether the framework offers categories that can be
directly translated into the domain of strategic decisions.
The third criterion was suitability for the context of sys-
temic transformation, particularly for post-transforma-
tion economies with substantial institutional uncertainty.
World-systems theory was rejected due to its predominant
orientation towards the global level of analysis, with lim-
ited attention to intra-system coordination mechanisms.
Actor-network theory, despite its powerful analytical ap-
paratus for describing heterogeneous networks, proved
excessively constrained for the tasks of strategic manage-
ment. Its principled agnosticism regarding hierarchies
complicates the identification of levels of managerial
decisions. The social-ecological systems concept focuses
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primarily on ecological resilience and common resource
management, which makes it less suitable specifically for
the managerial dimension of agri-food issues. It should
be noted that this selection does not constitute an assess-
ment of the overall scholarly value of these approaches.
They addressed different research tasks and may prove
productive for other aspects of agri-food issues.

As a result, three frameworks were selected for com-
parative analysis: global value chain analysis (Gereffi et
al., 2005), the HLPE/FAO systems approach (HLPE, 2017),
and the MLP of EW. Geels (2002). Each of these satisfies
at least two of the three criteria while possessing specif-
ic limitations, which justifies the need for a synthetic
approach. The comparison was aimed at identifying the
analytical capabilities and methodological limitations of
each framework with regard to the strategic management
of agri-food systems.

The method of theoretical synthesis was applied to
construct the author’s model of structural subsystems and
the four-level architecture of the agri-food system. The
synthesis procedure involved extracting from each frame-
work those analytical categories that satisfy all three se-
lection criteria, followed by their integration into a unified
conceptual construct. Transaction cost theory (William-
son, 1979) was employed for the analysis of coordination
mechanisms. The resource-based view (Barney, 1991), the
dynamic capabilities concept (Teece et al., 1997), and the
five forces model (Porter, 1998) were analysed as theoreti-
cal traditions of strategic management that require adap-
tation for the systemic level of analysis.

The information base of the study comprised the pro-
gramme documents of the FAO (FAO, 2021; FAO, 2023), the
analytical materials of the European Commission (2025),
and those of the Organisation for Economic Co-opera-
tion and Development (OECD, 2022). Priority was given
to sources containing empirical data or proposing verified
analytical frames.

» Results and discussion
The first analytical tools for studying transnational agri-
food networks emerged in the 1990s amid discussions on
the restructuring of global production. G. Gereffi (2018)
showed that in a number of industries, the leading agents
of coordination are not those who control production ca-
pacities but rather those who control access to the end
market. Large retail chains and brand owners set the
standards, assortment, and delivery terms for thousands
of producers without owning them. For the agricultural
sector, this logic proved no less relevant than for textiles or
footwear, on which it was initially developed. Large-scale
retail and processors replicate the model of coordination
without ownership, albeit with a different subject matter
and greater dependence on seasonal and natural factors.
The typology of governance forms for global value
chains, proposed by G. Gereffi et al. (2005), shifted the
focus from the question "who controls the assets?" to
"by what logic do firms choose between market and hi-
erar- chy?". The coordination regime of a chain depends
on the informational complexity of transactions, the de-
gree of their standardisation, and the supplier’s capac-
ity to meet standardised requirements independently.
Different combinations of these dimensions generate




qualitatively different coordination regimes. These ex-
tend from anonymous market transactions to full ver-
tical integration, including three intermediate forms:
modular, relational, and captive coordination. For the
agricultural sector, this differentiation is essential, as
each form of coordination requires a different level of in-
stitutional support and information infrastructure. The
coordination regime is not fixed; it shifts in tandem with
changes in informational complexity.

L. Dries et al. (2004) documented that the "super-
market revolution" in Central and Eastern European
countries was accompanied by large-scale vertical coor-
dination. Major retail chains introduced private quality
standards, transitioned from spot markets to centralised
procurement systems, and established long-term contrac-
tual relationships with suppliers. Applying the typology of
G. Gereffi et al. (2005), these transformations can be inter-
preted as a shift of the region’s agri-food chains towards
captive or relational coordination regimes, depending on
the supplier’s level of competence and the degree of pow-
er asymmetry. These shifts coincided with the diffusion of
quality control and traceability technologies. The coinci-
dence is not accidental. The demand for verified quality
generates demand for technology, and technology in turn
becomes a new barrier to entry, altering the balance of
power within the chain.

GVC analysis successfully identifies such mecha-
nisms, yet it has a fundamental limitation embedded in
the very logic of the chain-based approach. The GVC per-
spective makes it possible to describe the producer’s vul-
nerable position in a chain where contract terms, quality
requirements, and payment schedules are effectively dic-
tated from links to which the producer has neither access
nor influence. At the same time, the chain as a unit of anal-
ysis by design does not capture horizontal interactions
between different chains, nor does it capture the eco-
system consequences of agri-food activities. The toolkit,
refined on examples such as electronics and textiles, has
revealed limitations when transferred to the agricultural
sector, owing to the seasonality of operational cycles, the
nature-dependent character of production outcomes, and
the specific nature of land resource management.

O.E. Williamson’s (1979) transaction cost theory opens
an additional dimension for understanding coordination
mechanisms. Under conditions of incomplete specifica-
tion of property rights, transaction costs assume forms
that substantially exceed ordinary negotiation costs. These
include costs of contract enforcement, protection against
opportunistic behaviour of partners, and quality verifica-
tion in the absence of reliable certification systems. Trans-
action costs constitute a substantial yet often uniden-
tified element of an enterprise’s cost structure (Kniaz et
al., 2025). At the macro level, T.V. Herasymenko (2021)
documented that since 2019, the growth rate of the trans-
action sector in the Ukrainian economy has substantially
outpaced the growth of transformation costs, indicating
systemic institutional inefficiency. Digital technologies of
traceability and smart contracts are theoretically capable
of reducing these costs. However, this potential is realised
only in the presence of a minimum level of legal certainty.
Technology can reduce verification costs but cannot sub-
stitute for the basic infrastructure of contract law.
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In parallel with the development of GVC analysis,
another scholarly stream was forming, moving from the
chain to the system, primarily within the fields of food
geography and ecological economics. J. Ingram (2011)
argued that food security research requires a systemic
framework in which production practices, market struc-
tures, dietary behaviour, and environmental consequenc-
es are examined in their inseparable interrelation. The
fundamental distinction from the chain-based approach
lies in the recognition of feedback loops as a constitutive
feature of the system. New production technologies alter
the structure of demand. Demand generates new quality
requirements. These requirements influence the invest-
ment decisions of producers, which in turn transform the
technological landscape of the sector. Technology in this
context does not merely replace a manual operation; it
restructures the configuration of information flows and
power relations within the system as a whole. It is precise-
ly this chain-like nature of feedback loops that transforms
any technological change into a strategic task extending
far beyond a purely technical solution.

The conceptual synthesis that combined the achieve-
ments of chain analysis and systems thinking was the 2017
report of the High Level Panel of Experts on Food Security
and Nutrition at the FAO Committee on World Food Se-
curity (HLPE, 2017). Its contribution lies not in the enu-
meration of food system components but in how these
components are interconnected. The document proposed
an analytical framework in which food supply chains, the
food environment, and consumer behaviour are examined
as interdependent elements of a single configuration. The
report identified the "food environment" as an independ-
ent analytical level between supply and consumer behav-
iour. At this level, actual access to food is determined not
by production volumes but by price affordability, physical
infrastructure, and socio-cultural norms. This interpreta-
tion is fundamentally broader than the chain-based ap-
proach, as it incorporates the environment as an integral
structural element — specifically, the physical, economic,
political, and socio-cultural context in which consumers
interact with the food system.

A comparison of the reviewed approaches provides
grounds for the following definition. The agri-food system
is a multi-level socio-technical configuration that unites
interrelated agents (producers, processors, distributors,
consumers, regulators, knowledge providers), formal in-
stitutions, technologies, and the natural-resource condi-
tions of their activities. The system-forming attribute is
not the composition of elements per se but the organisa-
tion of feedback loops between them around the produc-
tion, distribution, and consumption of food. It is precisely
the feedback loops that transform a collection of agents
and rules into an integral system, where a change in one
component inevitably triggers cascading reactions in oth-
ers. Equating the agri-food system with an “industry”, a
“market”, or a “supply chain” is a methodological error,
as these categories by design do not account for feedback
loops between levels of aggregation. The proposed defi-
nition enables a transition to the internal structure of the
agri-food system. On the basis of the reviewed theoretical
approaches, three structural subsystems can be identified
as operational units of strategic management (Table 1).

Ekonomika APK. 2026. Vol. 33, No. 2




@ Agri-food system as an object of strategic management...

Table 1. Structural subsystems of the agri-food system and their managerial role

Subsystem Key elements Managerial role Status indicators
. Production, processing, Object of technological | Productivity (t/ha), losses at logistics stages (%),
Functional L - : o -
logistics, retail, consumption modernisation share of value added accruing to the producer
Legal norms, quality and . Property rights protection index, contract
. Determinant . .
N safety standards, Agricultural . enforcement rate (%), extension services coverage
Institutional - of functional subsystem .
Knowledge and Innovation efficienc (% of farmers), share of transaction costs
System (AKIS), land relations Y in production cost
. . Exi f i , planning hori
Corporate strategies, Mechanism for xistence of strategic documents, planning horizon
. . - - (years), share of budget for development
Managerial agricultural policy, targeted systemic NN
. : and support, degree of harmonisation
EU/FAO regulations transformation . . .
with the acquis communautaire

Source: compiled by the author

The functional subsystem encompasses the set of
activities that form the "core" of the system: agricultur-
al production, processing and storage, distribution and
logistics, retail trade, and food services. This subsystem
is most frequently equated with the agri-food system as a
whole. Such simplification is a methodological error with
specific managerial consequences, as the subject of stra-
tegic management is narrowed to the technical moderni-
sation of individual links. The efficiency of the functional
subsystem is decisively determined not by its internal or-
ganisation but by the quality of the other two subsystems.

Why do technologically sound decisions in the agri-
cultural sector frequently produce outcomes opposite to
those expected? To a large extent, this is due to the state
of the institutional subsystem, which comprises the for-
mal and informal rules of interaction between agents. It
includes regulatory and contract law, quality and safe-
ty standards, land relations, and the advisory and re-
search-educational infrastructure (AKIS). In the Ukrainian
context, this subsystem remains the bottleneck — not be-
cause of ashortage of normative acts (which are sufficient),
but because of a chronic gap between formal rules and the
actual practices of their application. I. Yanenkova (2022)
established that an unfavourable institutional environ-
ment substantially hampers modernisation processes.
The absence of adequate legal institutions and procedures
for the protection of property rights constitutes a deter-
mining barrier. M. Odnorog et al. (2019) confirmed that it
is precisely ineffective institutions in the agricultural sec-
tor that reduce the reliability of property rights protection,
undermine contract enforcement, and generate opacity.
Institutional inefficiency in the Ukrainian agri-food sector
takes on a number of concrete forms. The turnover of ag-
ricultural land is marked by errors in the data of the state
cadastre and the registry of real rights, as well as by the un-
certain status of the rights of parties to transactions (Ibat-
ullin et al., 2024). Transaction costs make up a substantial
yet often unidentified component of the cost structure of
agri-food production (Kniaz et al., 2025). A pronounced
asymmetry also persists in access to market and regulato-
ry services between large agricultural structures and small
producers (Lopatynskyi et al., 2024). Without an adequate
institutional configuration, technological transformation
does not overcome existing asymmetries between large-
and small-scale producers but rather entrenches them.

If the institutional subsystem defines the "rules of the
game", then the managerial subsystem defines the system’s
capacity for targeted transformation. It encompasses the
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mechanisms of goal-setting, coordination, and strategic
planning at all levels of aggregation, extending from the
corporate strategies of agricultural holdings to the state’s
agricultural policy and the normative frameworks of the
EU and FAO. The boundary between the institutional and
managerial subsystems is not always clear, as agricultural
policy simultaneously shapes the institutional environ-
ment and serves as a managerial instrument. One illustra-
tion is the phased opening of the agricultural land market
in Ukraine from 2021 onwards. This reform simultaneous-
ly reshaped the institutional environment by introducing
the right to trade share-distributed land and operated as
a managerial instrument in its own right. Its managerial
dimension was realised through the segmentation of the
circle of eligible buyers, caps on the volume of ownership,
and the sequencing of liberalisation phases (Ibatullin et
al., 2024). This imprecision is not a flaw of the classifica-
tion but a reflection of the actual complexity of the object.

Non-linear relationships with reciprocal influence
exist between the subsystems. Technological shifts in the
functional subsystem generate pressure for the reformat-
ting of the institutional subsystem. For instance, the pro-
liferation of agricultural data and platform-based solu-
tions creates demand for new legal norms regarding data
ownership. At the same time, changes in the managerial
subsystem determine the character and pace of techno-
logical transitions. Hence the methodological necessity of
a systems approach to strategic management.

Information flows serve as the connective link be-
tween the three subsystems. Without them, the functional
subsystem operates “blindly”: the producer lacks data on
actual demand, the processor receives no feedback from
retail, and the consumer is deprived of information about
the origin and quality of the product. In the institutional
subsystem, information flows underpin the operation of
standards, certification, traceability, and the functioning
of advisory services. In the managerial subsystem, it is
on the basis of information flows that decisions of vary-
ing scope are formed — from operational (daily inventory
management) to strategic (choice of development paths,
formation of agricultural policy). A strategic decision
made without reliable information flows becomes an in-
tuitive decision with an unpredictable outcome.

O. Honcharenko et al. (2019) established that the key
factors of innovation development in agricultural pro-
duction are not only the financial-resource base of enter-
prises but, above all, the totality of institutional determi-
nants — formal and informal rules, norms, and incentives




that shape the space of possibilities for innovative activity.
Yu. Lopatynskyi et al. (2024) demonstrated that the adap-
tive capacity of small agricultural enterprises is a function
of the quality of the institutional environment rather than
of the level of their technical equipment. Among the key
institutional barriers, the researchers identify the inef-
ficiency of state regulatory mechanisms, legal instabili-
ty, and insufficient support from government and local
self-governance bodies. Within the Ukrainian agri-food
sector, the inefficiency of regulatory mechanisms takes on
several characteristic forms. The data held in the state land
cadastre and the registry of real rights contain numerous
errors and inaccuracies (Ibatullin et al., 2024), which low-
ers both the transparency of land turnover and the quality
of analytical information available to market participants.
This confirms the proposition that the effectiveness of in-
formation flows in the agri-food system is determined not
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so much by the technical characteristics of transmission
channels as by the institutional environment in which
they operate. An integral component of institutional ma-
turity is human capital, the deficit of which in rural areas
constitutes a structural constraint on the modernisation
of the agricultural sector.

Information flows perform a system-forming func-
tion. They are a constitutive element without which the
three subsystems do not form an integral agri-food system
but remain disparate sectors. The quality of information
flows thus becomes the primary subject of strategic man-
agement. Declaring information flows as a system-form-
ing attribute requires operationalisation, without which
this thesis remains rhetorical. The quality of an informa-
tion flow in the agri-food system can be assessed against
five criteria, for each of which indicators and an ordinal
assessment scale were proposed below (Table 2).

Criterion

Completeness

Table 2. Operationalisation of information flow quality criteria in the agri-food system

Content
Whether the flow covers
all levels of aggregation
or breaks off
at a certain point

Indicators
Number of levels reached by the
market signal; share of producers
receiving information
about the final price

Assessment scale (1-5)

1 - signal does not extend beyond a
single level; 5 — end-to-end flow from
producer to supranational regulator

Timeliness

Interval between signal
generation and its receipt
by the addressee

Lag (in days/weeks) between a market
price change and the producer’s
response; speed of data updates

in information systems

1 -lag of 1-2 production cycles; 3 —
weekly updates; 5 — real-time mode

Bidirectionality

Existence of feedback
from lower to higher levels

Existence of mechanisms for
aggregating data from farmers to the
regulator; share of producers covered

by consumer feedback

1 — unidirectional top-down flow; 3 —
fragmented feedback; 5 — systematic
bidirectional communication

Accessibility

Openness of information
to all participants rather
than monopolisation
by individual players

Share of value chain participants with
access to market information; cost
of access to information services
relative to producer income

1 - information available only to
dominant players; 3 — partial openness
through public registries; 5 — equal
access through open platforms

Institutional
embeddedness

The extent to which the
flow is supported by
standards, protocols,

and legal norms

Existence of data exchange standards;
legal regulation of traceability;
level of digital integration
of extension services

1 —absence of formal standards;
3 —standards exist but are partially
enforced; 5 - full institutionalisation
with effective enforcement

Source: compiled by the author

The proposed scale is ordinal and at this stage of the
research deliberately does not claim interval measure-
ment precision. The difficulty lies in the fact that most
indicators require the collection of primary data that are
either absent in domestic statistics or recorded with a sub-
stantial lag. The operationalisation proposed in Table 2 is
therefore a first step towards measurement rather than a
completed metric. At the same time, even an ordinal as-
sessment enables the comparison of information flow
conditions across different chains and the identification
of those criteria where the gap is greatest. In traditional
agri-food systems, the market signal frequently reaches
the producer with a delay of one to two production cycles,
rendering timely adaptation impossible. The absence of
even one of the five criteria transforms an “information
flow” into “information noise”, incapable of supporting
sound strategic decisions. The identification of structural
subsystems describes the “horizontal” cross-section of the
agri-food system. The “vertical” cross-section is no less es-
sential. At each level of aggregation, qualitatively different
coordination mechanisms and managerial logics operate.

The transition from a chain-based to a system-based unit
of analysis has direct managerial implications, as it ex-
tends strategic management beyond the boundaries of an
individual enterprise.

Three theoretical traditions of strategic management
share acommon methodological assumption that is simul-
taneously their fundamental limitation. J. Barney (1991)
argued that sustained competitive advantage is formed
on the basis of resources that are valuable, rare, difficult
to imitate, and non-substitutable. The unit that accumu-
lates them, in his concept, is the enterprise. D.]. Teece et
al. (1997) shifted the emphasis from existing resources
to the firm’s capacity to integrate and transform its com-
petences under conditions of technological change — but
again within the firm-level analysis. M.E. Porter (1998), by
focusing on industry positioning, came closer to a systemic
view than the others; however, in his framework the indus-
try remains an external environment rather than an object
of management. It is precisely this shared enterprise-level
orientation that constitutes the methodological threshold
that must be overcome when transferring the strategic
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management apparatus to the agri-food system level. To
overcome this limitation, a multi-level architecture that
extends beyond the firm level of analysis is proposed.

The analysis presented above justified a four-level
architecture of the agri-food system that simultaneously
accounts for the managerial and analytical dimensions

(Fig. 1). This architecture is a theoretical construct de-
veloped specifically for the needs of managerial (and not
merely analytical) application. The number of identified
levels is not arbitrary but is determined by qualitative dif-
ferences in coordination mechanisms and types of mana-
gerial decisions.

Global and regional space ‘

level I11

National agri-food system ‘

level IV <<]

level IT

Mesolevel: value chains, clusters, regional subsystems ‘

level I

Enterprises and farms ‘

Figure 1. Four-level architecture of the agri-food system

Source: compiled by the author

The micro-economic level I encompasses agents that
directly make production and commercial decisions —
from large agricultural holdings to small households.
As of 1 January 2024, the top 117 agricultural holdings
in Ukraine cultivated 16% (6.45 million ha) of the coun-
try’s agricultural land, operating exclusively on leased
land (Ibatullin et al., 2024). At the opposite pole are small
households with a subsistence orientation of production.
This polarisation defines the peculiarity of the micro level:
a single coordination mechanism (market prices and in-
tra-firm hierarchy) serves participants with fundamental-
ly different resource bases and managerial competences.
Large agricultural holdings maintain proprietary analyt-
ical platforms, data centres, and specialised staff, trans-
forming technological modernisation into an instrument
for reproducing competitive advantage. Strategic deci-
sions at this level concern the choice of technologies, cost
management, and diversification.

Coordination at the meso-economic level II operates
according to a different logic. Contractual coordination,
shared standards, and information platforms capable
of ensuring data exchange between chain participants
are required. Without such coordination, interaction is
reduced to one-off transactions with substantial costs
of verification and quality control. It is precisely at the
meso level that global value chain theory revealed the
uneven distribution of power. Buyers, processors, or re-
tail chains are capable of shaping standards, access con-
ditions, and the distribution of value added for all other
participants (Reardon et al., 2009). Such asymmetries
can be observed at different levels of agri-food chains.
In Ukraine’s grain sector, this is reflected in the de facto
setting of entry quality standards and payment terms for
small producers by elevators and traders. A comparable
pattern is visible in the retail segment of Central and East-
ern European countries. Leading retail chains have built
up a mechanism that segments producers’ access to the
consumer market through private quality standards and
supply conditions. L. Dries et al. (2004) demonstrated
that it was precisely this mechanism that determined the
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structural transformation of Central and Eastern Europe-
an agri-food systems following liberalisation. In Ukraine,
this tendency has specific manifestations, conditioned by
the significant role of large agricultural holding structures
(Keyzer et al., 2013; Nizalov et al., 2013).

A distinct mechanism of meso-level coordination is
the cooperative form of organisation. Unlike vertically
integrated agricultural holdings, cooperatives can open
access to shared resources that are unattainable for indi-
vidual small enterprises due to threshold effects of scale.
International experience attests to the effectiveness of
introducing digital traceability technologies on a coop-
erative basis, where a shared platform reduces quality
verification costs for each individual participant. O. Bud-
nik (2017) confirmed that cooperative marketing facili-
tates the development of small and medium-sized agri-
business. In Ukraine, however, the cooperative movement
remains weak. As of 1 January 2025, 954 agricultural ser-
vice cooperatives were registered in Ukraine (down from
1,039 a year earlier), yet only 327 of them were actually
engaged in economic activity. Total founder membership
stood at 3,270 persons (down from 3,857), averaging fewer
than four members per registered cooperative (Ivchen-
ko et al., 2025). Such dynamics, in the context of wartime
conditions, underline the critically low operational vitality
of the cooperative sector.

The quality of the macro-economic level III is per-
haps the most contentious issue for Ukraine. This level
sets the regulatory regime and institutional configura-
tion through land policy, agricultural insurance, the AKIS,
and fiscal-credit mechanisms. M.A. Keyzer et al. (2013)
found that the dualisation of Ukraine’s agricultural sec-
tor — the coexistence of agricultural holdings and small
subsistence households under conditions of weak market
and advisory institutions — is not a temporary transitional
state. What is at issue here is a specific form of institution-
al insufficiency. The market intermediation institutions
that would serve small producers remain weak. Access
to a high-quality advisory and knowledge infrastructure
(AKIS) is limited. The institutions of shared use of market




assets, including elevators, technological lines, and logis-
tical capacities, are underdeveloped. Such a configura-
tion reproduces dualisation precisely because only large
cardholding’s command the internal resources needed
to substitute their own infrastructure for the missing ex-
ternal institutions. This conclusion, drawn over a decade
ago, retains its force. It is perhaps one of the most alarm-
ing indicators of the system’s condition.

The functioning of Agricultural Knowledge and In-
novation Systems is decisive precisely at the intersection
of the second and third levels. Traditionally, AKIS encom-
passes advisory services, research institutions, and edu-
cational establishments that interact with farmers in the
process of diffusing new technologies. At the same time,
the digitalisation of AKIS itself remains a separate and still
insufficiently explored area. Information flows at the mac-
ro level provide feedback between regulatory decisions
and their actual impact on the system. The FAO Strate-
gic Framework for 2022-2031 (FAO, 2021) orients all pro-
grammes towards systemic transformation through four
“betters” (better production, better nutrition, better en-
vironment, better life), designating data and innovations
as “accelerators” of transformation. Even this framework,
however, answers the question “what?” and leaves the
question “how?” open.

The supranational level IV acquires direct practical
significance for Ukraine through the European integra-
tion course. It shapes external constraints and incen-
tives through the EU, WTO, ISO, and Codex Alimentari-
us. European integration entails the gradual adoption of
an externally imposed normative order, which requires
large-scale restructuring of internal institutional configu-
rations. D. Nizalov et al. (2013) demonstrated that under
post-Soviet agricultural structures, productivity growth is
determined not by economies of scale but by the quality
of managerial and market institutions at the level of the
individual farm and region.

These levels possess qualitatively different managerial
logics. A decision that is rational at the enterprise level (for
instance, forgoing costly certification to minimise costs)
can be dysfunctional for the supply chain and pose risks
to the system as a whole. J.E. Hobbs (2020) demonstrated,
using the COVID shock as material, that decisions by indi-
vidual chain participants - rational from the standpoint of
their own resilience — generate systemic failures through
panic effects and cascading reactions. T.V. Herasymen-
ko’s (2021) data on the accelerating growth of transaction
costs in the Ukrainian economy relative to transformation
costs provide grounds for the hypothesis that cost mini-
misation at the level of an individual agent, under condi-
tions of a weak institutional environment, may paradoxi-
cally increase the transaction burden on the system as a
whole. This effect is explained by the fact that savings on
verification, quality control, or contract formalisation at
the micro level generate additional costs of trust and coor-
dination at the chain level. The temporal irreversibility of
certain transformational transitions further complicates
the managerial task, since erroneous strategic decisions at
the systemic level are not amenable to simple correction.

Each transition between levels signifies a change in
the type of coordination mechanism rather than mere-
ly a change in scale. At the micro level, coordination is
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effected predominantly through market prices and in-
tra-firm hierarchy. The meso level requires contractual
coordination, shared standards, and platform architec-
tures. The macro level relies on the regulatory authority
of the state and public programmes, whilst the suprana-
tional level ensures coordination through international
agreements and voluntary standards. The difference in
the type of coordination mechanism is precisely the cri-
terion for identifying four levels. Information flows en-
sure connectivity between levels. Without them, each
level functions autonomously, and the managerial deci-
sions of one level fail to account for the constraints and
opportunities of another.

These inter-level interactions are not neutral with
respect to social outcomes. Their impact on the agri-
food system is distributed unevenly. This is particularly
evident at the level of food access, since even with a suf-
ficient supply of quality products, actual access is deter-
mined by price affordability, consumer awareness, the
physical accessibility of retail outlets, and socio-cultural
consumption norms. S. Rolandi et al. (2021) demonstrat-
ed that agricultural sector modernisation has contradic-
tory socio-economic effects. Increased productivity and
the opening of new markets may be accompanied by the
exclusion of certain social groups and regions with weak
infrastructure. These effects are a manifestation of the
non-linearity of feedback loops between levels. X. Li et
al. (2021), on a sample of over a thousand small farmers in
China, established that participants in agri-food e-com-
merce platforms receive substantially higher sales in-
come. The effects, however, are heterogeneous depending
on geographical location and the level of resource endow-
ment of the household.

Information flows, identified as the system-forming
attribute of the agri-food system, possess a further dimen-
sion directly linked to the practice of strategic manage-
ment. Ensuring end-to-end information flows between
all levels of aggregation is impossible under modern
conditions without appropriate technological infrastruc-
ture. L. Klerkx et al. (2019) established that technological
solutions are not adopted even where financial resources
are available if the institutional infrastructure is absent.
K. Kosior (2019) showed that the benefits of technological
modernisation are distributed unevenly, and the market
power of large agri-technology providers systematically
constrains the transformation potential for smaller enter-
prises. The analysis of modernisation determinants con-
ducted by the OECD (2022) and the JRC (European Com-
mission, 2025) on a sample of 1,444 EU farms confirmed
that enterprise size and ownership structure consistently
rank among the primary factors of adoption.

The technological gap between large and small pro-
ducers is deepened by the institutional incapacity of small
farms - specifically, the lack of intangible assets, organi-
sational competences, and access to contractual mecha-
nisms (Reardon et al., 2009; Klerkx et al., 2019). The man-
agerial implication is evident. Technological strategies
must be developed inseparably from institutional ones.
It is the quality of the institutional environment that pri-
marily determines whether it enables technological trans-
formation or blocks it. In the context of Ukraine’s Europe-
an integration, this linkage acquires particular weight, as
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harmonisation with the acquis communautaire establish-
es new minimum requirements for agri-food systems.

Post-war recovery creates additional conditions for
the revision of the strategic management architecture of
the agri-food system. The restructuring of land relations,
the need for credit support, and the development of mar-
keting infrastructure generate an objective demand for
new forms of coordination. The cooperative form of or-
ganisation under these conditions can serve as a mech-
anism for overcoming threshold effects of scale for small
producers, providing them with access to shared resourc-
es, marketing infrastructure, and information platforms
that are unattainable for individual farms. At the same
time, the specific context of Ukraine’s European integra-
tion combined with post-war realities creates a norma-
tive-institutional dimension that is not fully covered by
any of the existing theoretical approaches. This gap un-
derlines the need for new methodological developments
oriented specifically towards the managerial application
of the proposed architecture.

The proposed understanding of the agri-food system
occupied a specific position relative to existing approach-
es and had clear implications for managerial practice. Un-
like GVC analysis by G. Gereffi et al. (2005), who described
predominantly the vertical transmission of requirements
and retains a linear logic, the proposed approach accen-
tuated the non-linearity of feedback loops as a constitu-
tive feature of the system. Unlike the HLPE (2017) report,
which offers an analytical framework but not a manage-
rial apparatus, the proposed four-level architecture was
oriented towards identifying "tension points" between
levels — places where contradictions in managerial logics
generate systemic dysfunctions. The grain value chain can
serve as an illustrative case. The operability of the pro-
posed architecture was demonstrated using the Ukraini-
an grain value chain, which is simultaneously one of the
most well-documented cases of inter-level disruption. At
the micro level, grain production is characterised by sharp
polarisation. Agricultural holdings with land banks of tens
of thousands of hectares and integrated analytics coexist
with farms of 50-200 ha that are deprived of access to both
market information and quality elevator services.

The scale of consequences can be assessed quantita-
tively. In 2021, Ukraine harvested a record grain crop of
86 million tonnes (Reidy, 2023), whilst wheat exports to-
talled 20 million tonnes, representing a 10% share of the
world market (FAO, 2023). The pre-war forecast for the
2021/22 marketing year projected grain exports at 63.7
million tonnes (Reidy, 2022). After 24 February 2022, the
situation changed radically. Monthly export volumes fell
from 5-6 million tonnes to approximately 1 million tonnes
(Reidy, 2023). Wheat exports declined by 44%, from 20 to
11.2 million tonnes; the share of Black Sea ports in grain
exports decreased from 96% to 69%; and transport costs
more than doubled (USDA, 2023). According to CSIS es-
timates, Ukraine’s agricultural sector has suffered over
USD 80 billion in damages and losses since the beginning
of the full-scale invasion, with areas under wheat reduced
by 32%, maize by 27%, and barley by 37% compared to
the 2021/22 marketing year (Curtis et al., 2024). These
figures demonstrated how a decision at the suprana-
tional level (military aggression) can cascadingly destroy
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coordination mechanisms at all lower levels of the archi-
tecture. At the meso level, the grain chain exhibits a typi-
cal captive coordination. Elevators and traders set quality
standards, determine procurement prices, and dictate
payment terms. The small producer remains a price-tak-
er without real bargaining power. Information asymmetry
here is a structural feature of the chain.

The “tension point” between the meso and macro lev-
els manifested with full force after 24 February 2022. The
government introduced restrictions on grain exports to
secure the domestic market (FAO, 2023). This decision, ra-
tional at the macro level, severed contractual obligations
at the meso level and undermined the financial sustaina-
bility of producers at the micro level. The Black Sea Grain
Initiative (July 2022 — July 2023) became an example of
fourth-level coordination that temporarily compensated
for the dysfunction of the third. During the year of the In-
itiative’s operation, nearly 33 million tonnes of grain and
other food products were exported (Curtis et al., 2024).
The tension between the third and fourth levels assumed
a new form in 2023-2024. In April 2023, five EU countries
(Poland, Hungary, Slovakia, Romania, and Bulgaria) im-
posed bans on the domestic import of Ukrainian grain
under pressure from local farmers. It was through these
countries that alternative routes for Ukrainian grain ex-
ports ran. The European Commission secured only a tem-
porary compromise: a ban on the sale of four categories
of grain (wheat, maize, rapeseed, and sunflower) in five
border countries whilst maintaining transit. After the EU
ban expired in September 2023, Poland, Hungary, and Slo-
vakia introduced unilateral national restrictions contra-
ry to the European Commission’s decision. Ukraine filed
complaints with the WTO (Albaladejo Romén, 2023). This
episode is illustrative, since formal harmonisation of trade
regimes, declared at the fourth level, can be effectively
blocked at the third level through domestic political pres-
sure, and decisions taken to protect one national market
cascadingly affect the financial sustainability of producers
in another country.

This example did not constitute a full-scale empir-
ical study — disaggregated data by producer categories
and primary surveys would be necessary for that. How-
ever, it demonstrated that the proposed architecture was
capable of identifying specific inter-level contradictions
and serving as a basis for designing managerial inter-
ventions. Without the four-level perspective, a decision
on export restrictions is analysed only at the macro lev-
el, whilst its cascading consequences for the meso and
micro levels remain outside of attention. It is precisely
the capacity to trace these cascades that distinguishes
the systems approach from traditional sectoral analysis.
Comparison with the theoretical traditions of strategic
management confirmed that the resource-based view
of J. Barney (1991), the dynamic capabilities concept of
D.]. Teece et al. (1997), and the competitive forces model
of ML.E. Porter (1998) do not scale to the systemic lev-
el without substantial adaptation. All three approaches
were developed for the micro level and treat the envi-
ronment as an external given. At the level of the agri-
food system, the environment becomes an integral part
of the management object. The strategic horizon en-
compasses the transformation of the “rules of the game”




themselves: quality standards, regulatory regimes, and
institutional configurations.

The MLP of EW. Geels (2002) has demonstrated an-
alytical value for describing socio-technical transitions.
The systematic review by E Elsner et al. (2023) confirmed
the wide application of the MLP to ongoing sustainabil-
ity transitions in agri-food systems, while documenting
the predominantly qualitative and descriptive character
of these analyses. The explanatory power of the MLP lies
in the fundamental asymmetry of stability between the
three levels of the model. The regime, as the dominant
socio-technical configuration, tends towards self-repro-
duction through accumulated investments and institu-
tional inertia. The niche is a space with relaxed selection
requirements where new configurations develop without
direct competition with the mature configuration. The
landscape acts as external pressure from slow macrostruc-
tural shifts. A transition occurs when landscape pressure
coincides with sufficient maturity of niche innovations.

The MLP despite its analytical potential, has long
been characterised in the literature as an explanatory
rather than a normative framework. It is strong at retro-
spectively reconstructing how transitions have unfolded,
but offers limited prescriptive guidance on how a desired
trajectory might be achieved. An additional complexity is
that the agricultural “regime” is considerably more het-
erogeneous than the energy one. In Ukraine, the Tegime’
is plural and internally contradictory, whilst the niche of
innovative technologies operates under varying institu-
tional environments depending on the region and type of
production. This heterogeneity constitutes the entry point
for methodological refinement.

» Conclusions

The agri-food system is a qualitatively different type of ob-
ject compared to an enterprise, an industry, or a supply
chain. It is a multi-level socio-technical configuration in
which the system-forming attribute is the organisation of
feedback loops around the production, distribution, and
consumption of food. The distinction from an “industry”,
a “market”, or a “supply chain” is methodological: these
categories do not account for feedback loops between
levels of aggregation, and consequently fail to capture
systemic non-linearity. Three structural subsystems of
the agri-food system (functional, institutional, and man-
agerial) have been identified. Their interaction is medi-
ated by information flows. It has been demonstrated that
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equating the agri-food system with the functional subsys-
tem is a widespread methodological error that narrows the
subject of strategic management to the technical modern-
isation of individual links. The quality of the institutional
subsystem fundamentally determines whether it enables
transformation or blocks it.

A four-level architecture of the agri-food system (mi-
cro, meso, macro, and supranational levels) has been
developed as an analytical tool for identifying "tension
points" between levels. Each level possesses its own
managerial logic and coordination mechanism. The tran-
sition between levels signifies a change in the type of co-
ordination. The non-linearity of feedback loops between
levels and the impossibility of predicting the systemic
outcome from the sum of local decisions transform the
agri-food system into an object of strategic management.
The grain value chain case with quantitative indicators
(44% decline in wheat exports, monthly volumes falling
from 6 to 1 million tonnes, import bans by five EU coun-
tries) confirmed the architecture’s capacity to identify
cascading inter-level contradictions. Information flows
are the connective link between the subsystems and
between levels of aggregation. For the five information
flow quality criteria (completeness, timeliness, bidirec-
tionality, accessibility, and institutional embeddedness),
indicators and an ordinal assessment scale have been
proposed. Ensuring end-to-end information flows in
contemporary agri-food systems requires appropriate
technological and institutional infrastructure.

Prospects for further research are linked to the devel-
opment of a methodological apparatus for assessing the
maturity of agri-food systems at the sub-national level, in-
cluding the empirical testing of the proposed information
flow assessment scale on specific chains, the specification
of management mechanisms for transformation under
the conditions of European integration and post-war re-
covery of Ukraine, and the verification of the proposed
four-level architecture using primary data.
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ArponpoaoBosib4a CUCTEMA SIK O6’EKT cTpaTeriyHoro ynpasniHHS:
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AmMutpo KoHgpaTiok

KaHOomaaT eKOHOMIYHKMX HayK, CTapLUMii BUKIagau
MonicbKMM HaLioHanbHWIN YHiBEpPCUTET

10008, 6ynbB. Ctapuia, 7, M. XXUToMMp, YKpaiHa
https://orcid.org/0009-0004-7220-3568

» AHoTauia. Po30iskHicCTh MiXK 0OcsiraMu CBiTOBOTO BHUPOOHHIITBA IIPOJOBOJIBCTBA Ta MacIITabaMu XpOHIYHOI
POJO0BOJILYO] HeOe3NeKU CBITYUTH PO Te, 110 KPUTHWYHI YMHHUKU CTIHKOCTi arpapHOTro CeKTopy (hOpMYIOTHCSI
11033 Me)KaMU OKPEeMOro MiIpUeEMCTBA YU pUHKY. Tpanuniiini anamitTudHi kareropii (ranyss, JAHIIOT IOCTAYaHH,
arpapHuil pUHOK) He BPaxoBYIOTh 3BOPOTHI 3B’sI3KU MiK piBHAAMU arperaril i, oT:ke, He 3a0e3I1e4yIOTh aJeKBaTHOI
OCHOBH JJIsI CTpaTeriYHOro ympasiiHHA. MerTowo 1€l crarTi OyJ0 OOI'PYHTYBaTH CYTHICTH arponpogoBOJIBYOI
CHCTEMHU SIK IiJIiICHOTO GaraTopiBHEBOTO 00'€KTa CTPATeriYHOro YIIpaBJIiHHSA, BUSHAYUTH ii CTPYKTYpHI mixcucremMnu
Ta MPOJEMOHCTPYBATH POJIb iHOpMaIiHUX ITOTOKIB SIK CHCTEMOYTBOPIOIOUO0I 03HAKKU. MeTo0/I0Ti4HOI0 OCHOBOIO
JIOCJiPKeHHsI CTalu CUCTEeMHUM MiNXi, MOpiBHAJBHUIN aHa/li3 TeopeTUYHUX (PpelMBOpPKIB (aHAi3 mI00aTbHUX
JIAHITIOTIiB BapTocTi, cucremHuil miaxim HLPE/FAO, 6aratopiBHeBa NepCHEKTHMBA) Ta METO] TEOPETHYHOTO
cuHTedy. Bubip dpeliMBopkiB 3milicHIOBaBCcs 3a KpuTepisMu MacimrTaby aHamisy (IiHIHHHUNA — CcHCTeMHWUI),
onepaliifiHol NPUAATHOCTI AJis1 YIIPABJ/IiHHSA TA OXOIJIEHHsI 3BOPOTHUX 3B’A3KiB. By/I0o 3alIpOIIOHOBAaHO BU3HA4YE€HHS
arpoIpoIoBOJIBYO0I CHCTEMU SIK HaraTopiBHEBOI COIiOTEXHIYHOT KOH(ITypallii, CHCTeMOYTBOPIOI0YOIO 03HAKOIO SIKOT €
opraHi3sailisi 3BBOPOTHHX 3B’I3KiB HABKOJIO BUPOOHUIITBA, PO3MOiIy Ta CIIO’KUBAHHS TPOOBOJILCTBA. BHOKpeMJIeHO
TPH CTPYKTYPHI migcucteMu (PyHKIIOHATbHY, iIHCTUTYLIHHY Ta yIPaB/IiHCHKY), B3aEMOJis AKUX OIOCEepeIKOBaHA
indopmaniinumMu norokamMu. Po3pob6seHO 4YOTUPUPIBHEBY apXiTEeKTypy arpomnpojoBOJIBYOI CHUCTEMH SIK
aHAJITUYHUN IHCTPYMEHT CTpaTeriyHOro ympaBJiHHsA. /I KOKHOrO 3 I'ATU KpuUTepiiB skocTi iHdopMmamitinux
TOTOKIB 3allpONIOHOBAHO iHAWKATOPH Ta IIKAJTy OLiHIOBaHHA. Ha npukJ/Iaai 3epHOBOTO JIaHIIOra BAPTOCTI YKpaiHU
MIPOIEMOHCTPOBAHO 3[ATHICTh apXiTEKTypH imeHTH(iKyBaTh KackamgHi MiKpiBHeBi cymepedHOCTi, 30KpemMa Mix
PperyIsiTOpHUMH PillIeHHAMY MaKpOPIiBH:A Ta KOHTPAKTHUMU 3000B’A3aHHAMHU Me30piBHs. Pe3yIsraTu MOXKYTE OyTH
BHUKOPHUCTaHi IpU po3po0Ili HallioHAJbHUX CTPATerill PO3BUTKY arpoIPOIOBOJBYNX CUCTEM B YMOBAX EBPOiHTETpallil.
3ammponoHoBaHa IIKaJja OIiHIOBAaHHA iH(OPMaLiifHUX MOTOKIB CJIYTye NiarHOCTUYHUM iHCTPYMEHTOM [JIs1 OpPTaHiB
arpapHoi IOJIITUKY Ta rajly3eBUX acouiarii

» Kno4oBi cnoBa: ingopmarliiiHi MOTOKY; JIAHIIOTY BAPTOCTI; IHCTUTYIiiTHE cepeoBHILle; ndppoBa TpaHchopmariis;
MIPO/IOBOJIBYA Oe3IeKa; KOOpIUHAIIHI MexaHi3Mu
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» Abstract. The relevance of this study is determined by the need to adapt Ukraine’s grain sector to wartime challenges,
the transformation of global trade, and the search for new directions for the diversification of grain crop exports. The
aim of the study was to assess the transformation of the geographical structure of Ukraine’s grain exports, determine
the level of concentration in the global wheat, maize, and barley markets, and substantiate directions for enhancing the
resilience of the grain sector under conditions of wartime instability. The study employed statistical, comparative, and
systems analysis methods, as well as the Herfindahl-Hirschman Index and the concentration ratio. It was established
that the global maize market was characterised by a high level of concentration, whereas the wheat and barley markets
exhibited moderate concentration. The findings demonstrated that Ukraine has maintained its position as one of the
leading exporters of grain crops even under the conditions of Russia’s full-scale war against Ukraine. During 2022-
2024, a significant transformation occurred in the geographical structure of exports: the role of the European Union,
African, and Asian countries increased, while dependence on individual traditional markets gradually declined. It was
established that the diversification process was phased in nature: in 2022, forced adaptation to logistical constraints
predominated; in 2023, active reorientation of export flows took place; and in 2024, the new multi-regional export model
became stabilised. This reduced the risks associated with excessive dependence on individual export destinations and
increased the flexibility of foreign trade activities. In certain segments, particularly barley exports, a high concentration
of supplies to China was observed, with its share reaching 48.7% in 2025. It was determined that the key factors enabling
the adaptation of the grain sector included the development of alternative logistics routes through Danube ports and
EU land corridors, as well as expanded presence in new export markets. It was substantiated that the development of
deep grain processing and the production of higher value-added products became an important factor in reducing the
vulnerability of the agricultural sector to external economic and logistical shocks. The practical value of the study lies
in substantiating directions for export diversification, the development of grain processing, and the modernisation of
logistics infrastructure in order to enhance the competitiveness and resilience of Ukraine’s agricultural sector

» Keywords: grain market; market diversification; logistics; wartime challenges; global trade; food security;
competitiveness of the agricultural sector

» Introduction

The relevance of this study stems from the current chal-  Ukraine’s grain sector by identifying new opportunities
lenges arising from military conflict, changes in interna-  and export markets for grain crops. Ukraine’s grain pro-
tional trade, and the need to enhance the resilience of duction is a strategically important component of the
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agricultural economy and a key source of foreign ex-
change earnings for the state, ensuring its integration into
global food supply chains. Russia’s full-scale war against
Ukraine, which began in February 2022, has caused sig-
nificant changes in the functioning of the grain sector due
to the blockading of seaports, the destruction of logistics
infrastructure and rising transport costs, necessitating
a reorientation of export flows and the search for new
markets. S. Jagtap et al. (2022) emphasised that the Rus-
sia-Ukraine war caused significant disruptions to global
food supply chains and exacerbated food security risks
worldwide. A. Rose et al. (2023) demonstrated that the
disruption to grain exports from Ukraine as a result of the
war had significant economic consequences for global
food markets and international trade. Ye. Bielashov (2023)
noted that the operation of ‘grain corridors’ had become
one of the key mechanisms for supporting Ukrainian ag-
ricultural exports and stabilising the global food market
amidst the war. O. Bodnar et al. (2024) focused on the
transformation of logistics in Ukraine’s grain and oilseed
markets, in particular on the development of new market-
ing approaches and transport strategies in the context of
the war. V. Yanovska et al. (2025) identified the moderni-
sation of logistics infrastructure and the development of
alternative export routes as priority areas for ensuring the
resilience of Ukraine’s grain sector. In these circumstanc-
es, export diversification and the development of domes-
tic grain processing have become key factors in enhancing
the resilience and competitiveness of Ukraine’s agricultur-
al sector. Contemporary research into the functioning of
the global grain market has been shaped by global crises,
in particular the COVID-19 pandemic and the full-scale
war in Ukraine, which have significantly transformed
international trade flows and food systems. Another im-
portant aspect has been the financialisation of agricul-
tural markets, as examined in the study by I. Hrabynska et
al. (2022), which shows that the growing role of financial
instruments has exacerbated price volatility and affected
the stability of agricultural production and trade.
Considerable attention has been paid in the scientific
literature to the development of grain processing as a fac-
tor in increasing the added value of exports. Conclusions
regarding the need to develop the bioenergy sector for the
use of grain crops were presented in a study by N. Yarem-
chuk & Ya. Gontaruk (2022), in which the authors empha-
sised the prospects for the development of grain produc-
tion and processing in Ukraine. The study substantiates
the advisability of transitioning from a predominantly
raw-material-based export model to deeper processing of
grain crops, in particular for the production of bioethanol
and other types of biofuels. The researchers emphasised
that the development of bioenergy has made it possible
to increase the added value of agricultural produce, re-
duce dependence on external markets and strengthen
the country’s energy security. In the study by Y. Gonta-
ruk & H. Shevchuk (2022), the main focus was on ways
to improve the production and processing of agricultural
products into biofuels. The authors considered bioenergy
as one of the strategic directions for the development of
Ukraine’s agricultural sector in the context of energy and
economic challenges. The study substantiates the eco-
nomic viability of using grain crops and agricultural waste
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for the production of biofuels, in particular bioethanol
and biogas, and emphasises the importance of develop-
ing the relevant processing infrastructure and providing
investment support for the sector.

Recent studies have also focused on innovative uses
of grain crops, particularly in the context of the devel-
opment of the bioeconomy. In a study by V. Venger et
al. (2025), the main focus was on the investment aspects
of developing bioethanol production in Ukraine in the
context of the transformation of the agricultural sector
and energy security. The researchers analysed the eco-
nomic prerequisites for establishing new processing fa-
cilities, assessed the prospects for attracting investment
in bioenergy projects, and emphasised the importance
of bioethanol production for increasing the added value
of grain raw materials. The study substantiated that the
development of the bioethanol industry contributed to
the diversification of grain utilisation, a reduction in de-
pendence on raw material exports, and the formation of
more sustainable domestic production chains. The study
by O. Kushnirenko et al. (2024) examines the technolog-
ical aspects of bioethanol production and the prospects
for introducing innovative grain processing technolo-
gies. The authors focused on the effectiveness of modern
technological solutions in the bioenergy sector, particu-
larly with regard to increasing processing productivity,
reducing energy consumption and the comprehensive
utilisation of by-products. The study highlighted that the
development of bioethanol production technologies cre-
ates the conditions for expanding domestic demand for
grain raw materials and reducing the agricultural sector’s
vulnerability to fluctuations in external markets. Thus,
an analysis of current scientific approaches indicates a
growing focus on the issues of diversifying the use of grain
crops and developing processing sectors, which is directly
linked to enhancing the resilience of the agricultural sec-
tor in the face of global instability. The aim of the study
was to determine the concentration of international mar-
kets for grain crops, in particular wheat, maize and barley;
to assess changes in the structure of grain exports; and to
identify ways of ensuring the stable development of the
grain sector under martial law.

» Materials and methods

The study was conducted within the framework of inter-
national trade theory, the economics of the agricultural
sector and the theory of competitive advantages, which
enabled a comprehensive assessment of the factors shap-
ing the competitiveness of Ukraine’s grain products in for-
eign markets against the backdrop of military and global
trade challenges. The application of theoretical approach-
es made it possible to analyse changes in the export struc-
ture, shifts in the geography of sales and the sector’s ad-
aptation to an unstable external environment. To achieve
the research objective, a combination of general scientific
and specialised research methods was employed. In par-
ticular, descriptive statistical analysis was used to assess
the volumes of production and exports of grain crops
(wheat, maize, barley), determine the structure of exports
by country and region, and identify the main trends in the
development of global and national markets. The ana-
lytical method enabled the systematisation of data from

Ekonomika APK. 2026. Vol. 33, No. 2




@ Export potential of Ukraine’s grain crops...

various sources, the identification of factors influencing
the effectiveness of sales market diversification, and the
identification of the main risks facing the grain agricultur-
al sector. The comparative method was used to compare
Ukraine’s grain export practices with the international ex-
perience of leading exporting countries (the USA, Brazil,
Argentina, Canada and Australia), which made it possible
to identify the competitive advantages and constraints on
the development of the grain business. A systematic ap-
proach ensured the integration of economic, logistical,
institutional and technological factors into a comprehen-
sive assessment of the functioning of the grain market and
its potential for adaptation. The Herfindahl-Hirschman
Index was used to quantitatively assess the level of con-
centration in global grain markets and the export struc-
ture of the main exporting countries:

HHI = ¥, s, 1)

where HHI - the Herfindahl-Hirschman Index, s,—a coun-
try’s share of total exports, n— the total number of entities.

In addition, the concentration ratio (CR) was applied,
defined as the sum of the market shares of the four largest
exporters:

CRy =Yt 1s; )

where s, — the market share of country i amongst the four
largest exporters.

The use of the CR, index made it possible to assess the
degree of dominance of the leading market participants
and to determine the level of oligopolisation in the struc-
ture of global trade in grain crops, whilst the HHI index
provided a more detailed assessment of the overall une-
venness in the distribution of market shares amongst all
market participants. The use of this index made it pos-
sible to assess the degree of dependence on individual
markets and to determine the level of export concentra-
tion for the main grain crops. The research data set was
compiled taking into account the need to combine official
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statistics, international analysis and sector-specific infor-
mation resources. The core data came from internation-
al organisations, notably the OECD & FAO (2024), which
reflected global trends in the development of grain mar-
kets, the dynamics of supply and demand, and changes
in the structure of international trade. Data from industry
organisations, notably the Ukrainian Grain Association
(n.d.), were of particular importance, as they contained
information on export volumes, the structure of sales
markets and Ukraine’s position in the global trade in grain
crops. These sources enabled an assessment of the sector’s
current state and the identification of directions for its de-
velopment. However, the limitations of the study relate to
the potential influence of institutional bias and the lack of
standardised methodological approaches to calculations.
In addition, analytical and information resources were
utilised, notably IndexMundi (n.d.) and the State Statistics
Service of Ukraine (n.d.), which ensured the timely acqui-
sition of information regarding changes in market condi-
tions, export logistics and price trends. The combination
of official statistics, international analysis and industry
sources ensured an adequate level of representativeness
for the study, enabled a multidimensional analysis of the
processes of diversification of Ukraine’s grain exports, and
enhanced the reliability of the results obtained.

> Results

Ukraine’s grain production is one of the fundamental
components of the country’s agricultural sector and plays
an important role in ensuring food security at both na-
tional and global levels. Significant natural resource po-
tential, favourable soil and climatic conditions, and a high
level of agricultural technology enabled Ukraine to con-
sistently rank among the world’s leading producers and
exporters of grain crops. Production volumes, export ori-
entation, and the competitive cost of production allowed
Ukrainian producers to export a substantial share of the
maize, wheat, and barley they cultivated. Figure 1 shows
the trend in exports of major grain crops from Ukraine
from 2010 to 2024.

el N —e——,

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Year Year Year Year Year Year Year Year Year Year Year Year Year Year Year

==@==\Vheat
Maize
=== RBarley

4,302 5,436 7,190 9,755 11,269 17,431 18,107 17,775 16,019 21,016 16,851 18,844 17,122 18,577 16,000
5,008 15,208 12,726 20,004 19,661 16,595 21,334 18,036 30,321 28,929 23,864 26,980 27,122 29,488 23,000
2,794 2,463 2,134 2,476 4,456 4,412 5,354 4,289 3,561 4,984 4,187 5,705 2,712 2,482 2,500

Figure 1. Exports of major grain crops from Ukraine, in thousands of tonnes

Source: IndexMundi (n.d.)

The global maize market in 2024 was characterised
by even greater concentration: the leading producers
were the United States (62,233 thousand tonnes — 32.9%),
Brazil (47,000 thousand tonnes — 24.9%) and Argentina
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(36,000 thousand tonnes — 19.1%). As of 2024, Ukraine
ranked fourth with a volume of around 23,000 thou-
sand tonnes — 12.2%. Next came Paraguay and Russia
(3,300 thousand tonnes each), South Africa (2,800 thousand




tonnes), whilst other countries accounted for negligible
shares of exports. In the wheat market, the leading po-
sitions in 2024 were held by Russia (46 million tonnes —
25.1%) and Canada (26 million tonnes — 14.2%), Australia
(25 million tonnes — 13.6%), the USA (23.1 million tonnes —
12.6%), Ukraine (16 million tonnes — 8.7%). The group of
countries with medium-sized export volumes included
Argentina (11.5 million tonnes), Kazakhstan (10 million
tonnes) and Turkey (7.5 million tonnes), whilst other coun-
tries accounted for a niche share of the market. In the bar-
ley market in 2024, the leading positions were held by Aus-
tralia (5,800 thousand tonnes — 29.2%), Argentina (3,500
thousand tonnes - 17.6%), Russia (2,600 thousand tonnes —
13.1%), Ukraine (2,500 thousand tonnes — 12.6%) and Can-
ada (2,100 thousand tonnes — 10.6%). Smaller volumes
were supplied by Kazakhstan (1,700 thousand tonnes),
the United Kingdom (750 thousand tonnes), Uruguay
(250 thousand tonnes), the USA (174 thousand tonnes)
and Turkey (150 thousand tonnes) (IndexMundi, n.d.).

An analysis of the level of concentration in global
grain markets in 2024, carried out using the concentra-
tion ratio (CR) and the Herfindahl-Hirschman Index
(HHI), enabled a comprehensive assessment of both the
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share of leading exporters and the degree of unevenness
in the distribution of market positions. It was found that
the wheat market was characterised by a moderate level
of concentration: the CR, stood at 65.6% and the HHI at
1,350, indicating a competitive environment whilst a lim-
ited number of exporting countries dominated (Table 1).
The maize market proved to be the most concentrated,
with the combined share of the four leading exporters (the
USA, Brazil, Argentina and Ukraine) reaching 89.1%, and
the HHI index standing at 2,250, which corresponded to
a high level of concentration and indications of an oli-
gopolistic structure. At the same time, the barley market
demonstrated a moderately high level of concentration
(CR, — 72.4%, HHI - 1,720), indicating a relatively bal-
anced structure with a significant role played by several
major participants. Overall, the results confirmed that
global grain markets are characterised by varying degrees
of concentration, with maize being the most centralised
segment, whilst wheat and barley were characterised by a
more diversified competitive structure. It is worth noting
Ukraine’s consistent presence among the leading export-
ers, which underlined its strategic importance in shaping
global food security.

Table 1. Concentration indicators for global grain markets in 2024 (wheat, maize, barley)

Grain crop Concentration ratio (CR) Herfindahl-Hirschman Index (HHI) Assessment
Wheat 65.6 % 1,350 Moderate concentration
Maize 89.1 % 2,250 High concentration
Barley 72.4 % 1,720 Moderate concentration

Source: compiled by the authors

Table 2 presents the dynamics of the geographical struc-
ture of Ukraine’s exports of wheat, maize, and barley during
2022-2024 and January-August 2025 in physical terms (per-
centage share of total export volume). The analysis of the data
indicated significant transformations in the directions of for-
eign trade in grain crops over the study period. In particular,

within the wheat export segment, a reorientation from tra-
ditional markets, such as Turkey and Romania in 2022, to-
wards European Union markets was observed, most notably
Spain, whose share increased steadily and reached 27.5% in
2024. At the same time, an expansion of Ukraine’s presence
in Asian markets, particularly Indonesia, was recorded.

Table 2. Geographical structure of Ukraine’s major grain crops exports in 2022 —
January-August 2025, % (by physical weight)

Grain crop (commodity classification code

in the Ukrainian Classification of Goods 2022 2023 2024 J anua;(;)r-z%ugu st
for Foreign Economic Activity)
Turkey —18.9 Spain -24.9 Spain -27.5 Egypt-—24.0
Wheat and a mixture of wheat Romania-13.1| Turkey-14.4 | Indonesia-12.2 Algeria—17.6
and rye (meslin) (1001000000) Spain-10.3 | Romania—-14.0 Egypt-9.3 Spain-13.7
Egypt-7.8 Egypt-7.2 Algeria - 6.5 Indonesia - 6.7
China-17.7 China -20.6 Spain-17.7 Turkey -31.9
Romania-13.6| Spain-15.1 Turkey - 12.0 Italy ~12.6
Maize (1005000000) Spai ’ pain ’ <€y . Spain - 10.1
pain—-11.0 | Romania-10.8 China-11.9 Netherlands — 8.9
Poland - 8.2 Egypt-10.8 Egypt—11.2 Egypt - 8.4
Romania-24.7| Turkey-19.2 China-37.0 China - 48.7
Turkey —20.4 Spain - 18.0 Spain-11.8 Turkey - 12.5
Barley (1003000000) Spain-19.1 China-17.3 Libya-9.4 Lebanon-11.9
Libya—-9.6 | Romania-13.4| Tunisia-6.2 Libya-7.9

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

The structure of maize exports showed a trend towards
a decline in the share of shipments to China, which, al-
though it retained its leading position in 2022-2023, ceded
the top spot to Spain in 2024. This indicated a gradual di-
versification of export markets and a growing importance
of the European market. At the same time, the importance

of other European and Middle Eastern countries, such as
the Netherlands and Turkey, was growing. Barley exports
were characterised by the most pronounced changes.
Whilst in 2022 the main importers were European coun-
tries, notably Romania and Spain, by 2024 there had
been a sharp rise in China’s share to 37.0%, indicating the
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development of a high degree of dependence on a single
market. At the same time, the role of North African and
Middle Eastern countries, notably Libya and Tunisia,
grew in importance. An analysis of data for January-Au-
gust 2025 confirmed that these trends had continued to
intensify. In particular, within the wheat export segment,
there was a shift in focus towards North African coun-
tries: Egypt (24.0%) and Algeria (17.6%) took the leading
positions, whilst Spain’s share fell to 13.7% This indicated
a growing role for the African market in the structure of
Ukrainian wheat exports and the continued diversifica-
tion of exports through Asian markets, particularly In-
donesia. In the maize segment in 2025, the positions of
the Mediterranean and European markets were further
strengthened. Turkey emerged as the leader (31.9%), re-
flecting its growing role as a major importer. Significant
shares were also held by Italy (12.6%), Spain (10.1%) and
the Netherlands (8.9%). At the same time, China’s share
continued to decline, confirming the trend towards re-
duced dependence on the Asian market. Barley exports in
2025 were characterised by a further increase in concen-
tration: China’s share rose to 48.7% indicating a critically
high level of dependence on a single market. At the same
time, the importance of Turkey (12.5%) and the countries
of the Middle East and North Africa, in particular Leba-
non and Libya, remained significant.

Turkey occupied an important place in the structure
of Ukrainian grain imports, particularly wheat and maize.
Turkey’s growing role in the Ukrainian grain market was
due to a number of interrelated factors. First and fore-
most, its favourable geographical location and well-estab-
lished maritime logistics routes via the Black Sea proved
decisive, ensuring relatively stable exports even in the face
of military risks. A flexible customs and tariff policy was
a key factor in stimulating grain imports. In 2024-2025,
Turkey repeatedly reduced import duties on grain crops:
1) on maize to 0-5% compared with the standard rate of
around 130%; 2) duty-free imports of wheat were intro-
duced under the inward processing regime, allowing im-
ported raw materials to be used for the subsequent export
of processed products. These measures were prompted
by a decline in domestic grain production and the need
to ensure the country’s food security. As regards wheat, a
significant proportion of imports is linked not only to do-
mestic consumption but also to the processing and subse-
quent re-export of flour and other products. Thus, Turkey
has acted not only as an end consumer but also as an im-
portant intermediary in global grain supply chains (Belik-
ova & Sirosh, 2025). At the same time, some of the grain
volumes recorded as having been imported by Turkey may
in fact be re-exported to third countries, particularly to re-
gions in the Middle East and North Africa. This has led to
certain limitations in the accuracy of interpreting the geo-
graphical structure of exports.

During 2022 and 2024, Spain strengthened its position
as one of the main importers of Ukrainian grain crops,
in particular wheat, maize and barley. Whilst imports of
Ukrainian wheat into Spain were relatively insignificant
prior to the outbreak of the full-scale war, there was sub-
sequently a sharp increase in its share of Ukraine’s export
mix. The main factor driving the growth in demand was
the structural characteristics of Spain’s agricultural sector,
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in particular the high level of development of livestock
farming. This led to a stable demand for feed grains, pri-
marily maize and barley, which were actively used in the
production of compound feed. Consequently, Ukraine be-
came one of the main suppliers of such products due to
its competitive advantages. The price competitiveness of
Ukrainian grain was also a significant factor. Amid glob-
al volatility in agricultural markets, Ukrainian products
were often offered at lower prices compared with other
suppliers, which stimulated imports by Spain. Logistics
also played an important role. The operation of maritime
export routes via the Black Sea ensured a relatively short
transport distance and stability of supply, which proved
critical for grain importers. Institutional conditions also
contributed to the growth in imports. In particular, until
June 2025, preferential terms for Ukrainian agricultural
products’ access to the European Union market were in
place, providing for the absence of quotas and customs
restrictions. This created additional incentives to increase
supplies. It is worth noting that despite protests by farm-
ers in EU countries, particularly in Spain in 2024, which
were linked to competition from cheaper imports, the
overall trend towards increased purchases of Ukrainian
grain persisted. This indicated a high level of dependence
within Spain’s agricultural sector on external supplies of
feed resources (Latifundist.com, 2025).

During the 2024-2025 marketing year, Egypt became
one of the largest importers of Ukrainian grain crops,
particularly wheat and maize. Its significance in the
geographical structure of Ukraine’s exports increased
significantly compared with the 2023-2024 marketing
year: the volume of Ukrainian wheat exports to Egypt
exceeded 2.1 million tonnes, compared with 1.7 million
tonnes in the previous season, whilst the country’s share
of Ukrainian wheat exports rose from 10% to 13% (The
Odessa Journal, 2025). However, following the outbreak
of Russia’s full-scale war against Ukraine in February
2022, there was a partial reorientation of import flows
towards alternative suppliers, primarily Russian grain.
This was driven by both economic and risk-related fac-
tors. Price competition became a key factor in the shift in
trade priorities. According to industry analysts, the price
difference between Russian and Ukrainian wheat was of-
ten as little as 2-3 US dollars per tonne, which was a neg-
ligible figure for large importers. Under such conditions,
importers in Egypt tended to favour suppliers with low-
er logistical and political risks. An additional deterrent
was the supply risks associated with the military situa-
tion and the instability of logistics routes. This reduced
the appeal of Ukrainian grain, even given its high qual-
ity and competitively low price. Despite this, Ukrainian
grain maintained its presence on the Egyptian market,
particularly in the maize segment, which was used for
animal feed. This indicated a partial diversification of
supply sources on the part of importers. At the same
time, reports emerged in the international media regard-
ing the possible use on the Egyptian market of grain of
dubious origin, in particular grain that may have been
exported from the temporarily occupied territories of
Ukraine (Latifundist.com, 2025). This created additional
challenges for the transparency of global grain trade and
intensified price competition.




Italy’s high level of participation in international
grain trade was due to its dependence on imports. Do-
mestic production did not meet the needs of the domestic
market, particularly in the feed grain and food wheat seg-
ments. This was attributable both to natural and climatic
conditions and to the specialisation of the agricultural
sector. Wheat imports were of particular importance, as
the grain was used in the food industry, primarily for the
production of pasta — a traditionally important sector of
the country’s economy. The bulk of exported maize was
used in livestock farming as a component of compound
feed. Ukraine occupied an important position amongst
suppliers of maize to the Italian market, due to its price
competitiveness and geographical proximity. Sea ship-
ments via the Black and Mediterranean Seas ensured rel-
atively efficient logistics, which increased the attractive-
ness of Ukrainian grain to Italian importers. The growth
in imports was due to the specific nature of the Dutch
economy, which was characterised by a high level of de-
velopment in livestock farming and agri-processing. This
created stable demand for feed grain, particularly maize,
and underlined the importance of the agricultural sec-
tor in bilateral trade. A key feature was that a significant
proportion of the imported grain was used for domestic
consumption and processing, which distinguished the
Netherlands from traditional transit hubs. At the same
time, the country served as an important logistics centre:
a range of goods were transported in transit through its
territory. The Port of Rotterdam played a key role in this
process — one of Europe’s largest seaports, which served
as a hub for the onward re-export of Ukrainian grain to
other European Union countries. Ukrainian agricultural
companies actively utilised this route to optimise their
supply chain logistics. The growth in Ukrainian grain ex-
ports to Algeria was driven by both cyclical and structural
factors. Traditionally, this market had relied on grain sup-
plies from France, which had long been the main trad-
ing partner in this segment. However, between 2022 and
2024, France faced a decline in its wheat harvest, which
was the lowest since 2020. This created opportunities for
alternative suppliers, notably Ukraine, to enter the mar-
ket. An additional factor was the price competitiveness
of Ukrainian wheat, which enabled it to occupy a niche
in the Algerian market amidst a shortage of supply from
traditional sources. As a result, Ukraine was able not only
to increase its export volumes but also to gain a foothold
in this market. Political factors, which influenced Algeria’s
choice of trading partners, also played an important role
in the shift in the geography of imports. Diversification of
suppliers became a key element in ensuring the country’s
food security, which stimulated the expansion of cooper-
ation with new exporters. It is worth noting that Algeria
had significant import potential: the country’s annual
wheat requirements exceeded 9 million tonnes, making
it one of the major importers in the North African region.
Provided current trends continue, Ukraine has the op-
portunity to further strengthen its position in this market
(Latifundist.com, 2025).

The transformation of the geographical structure of
Ukraine’s grain exports in 2022-2024 was driven by mil-
itary hostilities, which significantly altered the logisti-
cal conditions for grain production and necessitated a
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rapid adaptation to the new external economic realities.
In 2022, a key factor in these changes was the blockade of
the Black Sea ports, through which up to 90-95% of grain
exports had been channelled prior to the outbreak of full-
scale war. The loss of traditional logistics routes led to a
sharp decline in export volumes and forced Ukrainian ex-
porters to seek alternative channels for selling and trans-
porting their produce. During this period, the use of over-
land routes through European Union countries, as well
as Danube ports, was stepped up. At the same time, the
search for new export markets began, particularly in Af-
rican countries, which had previously accounted for only
a limited share of Ukrainian exports. The “Grain from
Ukraine” initiative played a key role, aiming to ensure
grain supplies to the most vulnerable countries, such as
Ethiopia, Kenya and Somalia. Although this programme
had a humanitarian component, it simultaneously
helped to forge new trade links and expand the geograph-
ical reach of exports (Ukrainian Grain Association, n.d.).
Thus, 2022 can be characterised as a phase of forced di-
versification of export markets.

In 2023, the transformation process took on a more
systematic character and moved into a phase of active
reorientation of export flows. The European Union be-
came the main export destination, due to its geographical
proximity, the simplification of trade procedures and the
development of alternative logistics infrastructure. The
share of EU countries in the structure of grain exports in-
creased, ensuring relative stabilisation of export volumes.
At the same time, Ukraine did not limit itself solely to the
European market, but gradually restored and expanded
its presence in traditional markets in South-East Asia, the
Middle East and Africa. Thus, in 2023, two trends were
observed: on the one hand, the strengthening of the EU’s
role as the main trading partner; on the other, the resto-
ration and expansion of export markets beyond the Euro-
pean region. In 2024, these trends continued to develop
and showed signs of stabilisation. At the same time, there
was a gradual increase in the importance of Asian and Af-
rican markets, indicating the consolidation of new sales
markets and a higher level of export diversification. This
helped to reduce dependence on individual importing
countries and increase the resilience of grain production
to external economic shocks. Consequently, the transfor-
mation of Ukraine’s grain exports in 2022-2024 took place
in stages: from a forced search for new markets in 2022 to
an active expansion of the export geography in 2023 and
its consolidation in 2024. As a result, there was a shift in
the model governing grain exports from a focus on a lim-
ited number of traditional markets to the formation of a
multi-regional structure, which ensured greater flexibil-
ity and adaptability of the grain agricultural sector amid
global instability.

One of the principal structural challenges facing
grain production in Ukraine has been its predominantly
raw-material orientation, which has resulted in the loss
of a considerable share of potential revenues. According
to OECD & FAO (2024), the share of processed products
within Ukraine’s grain export structure did not exceed
25-30%, whereas in European Union countries this fig-
ure reached 50-60%. This indicates the existence of sub-
stantial untapped potential for the development of the
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processing industry. The processing of grain crops gen-
erates additional value at every stage of the production
chain. For example, converting wheat into flour increas-
es export revenues, as does the production of bioethanol
or gluten (grain protein). Moreover, the development of
processing industries contributes to the formation of
domestic demand for raw materials, thereby reducing
dependence on external markets and price fluctuations.
An important advantage of high value-added products is
their lower sensitivity to logistical constraints. Since such
products possess a higher value per unit of weight, trans-
portation costs account for a smaller proportion of the fi-
nal price, thereby enhancing their competitiveness. This is
particularly relevant under conditions of rising transport
costs. Consequently, the development of the processing
industry represents not only an economically viable op-
tion but also a strategically important means of strength-
ening the resilience of Ukraine’s grain sector.

The future development of Ukraine’s grain industry
will be determined by a combination of domestic re-
source capabilities and external factors associated with
the global market. According to OECD & FAO (2024),
global consumption of grain crops is expected to increase
by 10-15% by 2030, creating favourable conditions for
expanding Ukraine’s export potential. One of the key di-
rections of development is integration into the Europe-
an economic area, which entails adaptation to European
Union quality and safety standards. This will provide ac-
cess to a high-income market and stimulate the modern-
isation of production. The implementation of sustainable
development principles also played an important role,
in particular the reduction of greenhouse gas emissions,
the rational use of land resources and the development
of bioenergy. In particular, bioethanol production could
become a promising area for the use of grain crops, al-
lowing for the diversification of raw material utilisation,
whilst the digitalisation of the agricultural sector will
help to improve production efficiency. The use of modern
precision farming technologies will enable higher yields
and reduced resource consumption. The key areas for
enhancing the sustainability and efficiency of Ukraine’s
grain sector are: diversifying export markets by expand-
ing presence in Asian and African markets; deepening
trade and economic integration with European Union
countries; developing alternative logistics routes, in par-
ticular via Danube ports and overland transport corri-
dors; increasing the share of value-added grain products:
flour, cereals, starch, gluten and bioethanol; and enhanc-
ing the competitiveness of products through technolog-
ical modernisation and innovation. Provided that the
strategy of diversification, the development of processing
and the modernisation of infrastructure are implement-
ed, Ukraine has the potential to strengthen its position in
the global grain market and ensure the long-term growth
of the agricultural sector.

» Discussion

The study has revealed changes in the geographical struc-
ture of Ukraine’s grain exports and confirmed the high
level of concentration in the global markets for wheat,
maize and barley. The findings are consistent with a
number of recent academic studies, whilst at the same
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time refining and expanding on certain aspects concern-
ing the consequences of war-related shocks, logistical
constraints and diversification processes. The findings
regarding the impact of the war on global grain supply
chains are consistent with the conclusions of J. Glauber
& D. Laborde (2022), who emphasised that Russia’s full-
scale invasion of Ukraine led to a sharp rise in food prices
and disrupted the stability of global grain supplies. The
authors highlighted Ukraine’s systemic role as a major ex-
porter, the loss or restriction of which had global conse-
quences. The analysis conducted in this study confirmed
this thesis; however, a detailed examination of the geo-
graphical structure of exports revealed that the system
demonstrated greater adaptability than anticipated. In
particular, there was a rapid reorientation towards mar-
kets in the EU, Africa and, to some extent, Asia, which
mitigated the negative impact of the blockage of tradi-
tional routes. Thus, in contrast to the static assessment of
global risks in J. Glauber & D. Laborde (2022), the results
of this study demonstrated the dynamic adaptive capaci-
ty of the Ukrainian agricultural sector.

The findings of A. Espitia et al. (2022) regarding the
acceleration of the regionalisation of world trade as a re-
sult of global crises fully corroborated the results of this
study. The researchers noted that the COVID-19 pan-
demic had accelerated the processes of shortening glob-
al supply chains and strengthening regional trade links.
This study demonstrated a similar trend, but in a war-
time context: the European Union’s share of Ukraine’s
export structure increased, whilst logistics flows were
redirected towards closer markets. At the same time,
unlike A. Espitia et al. (2022), who viewed regionalisa-
tion as a long-term structural trend, the results obtained
indicated that, in Ukraine’s case, it was partly forced
and crisis-driven, caused by restrictions on maritime
logistics. A comparison with the works of G. Tadesse et
al. (2014) and M.E Bellemare (2015), who demonstrated
that high export concentration exacerbated price vola-
tility on world markets, also confirmed the overall log-
ic of the study. The calculated HHI indices showed that
the maize market is highly concentrated (HHI ~ 2,250),
whilst the wheat and barley markets exhibited moderate
concentration. This confirmed the impact of structural
concentration on the instability of market processes.
However, unlike G. Tadesse et al. (2014) and M.E Belle-
mare (2015), who considered concentration as a factor in
global price volatility, this study shifted the focus to the
consequences of concentration for the export vulnera-
bility of a specific country — Ukraine. This has made it
possible to broaden the interpretation of the HHI index
from a global to a national-strategic level.

M. Torero (2020) emphasised the need for food sys-
tems to function without disruption as a prerequisite
for global economic stability. The author highlighted
the institutional dimension of food security. The anal-
ysis conducted partly supported these conclusions, but
showed that in times of crisis, it is not only the stability
of the system that plays an important role, but also its
flexibility. Similar conclusions were drawn in the study
by I. Ivashkiv et al. (2026), which predicted an increasing
role for alternative port and land routes for the export
of Ukraine’s grain and oilseeds in the context of military




risks. In particular, Ukraine was able to maintain its ex-
port position due to a rapid shift to alternative routes
(the Danube, land corridors to the EU). Thus, logistical
flexibility proved to be no less important than the stabil-
ity of the system. In the context of Ukrainian research,
the findings were partly consistent with those of Ye. Iva-
nov (2022), who examined export diversification as an
important tool for enhancing economic resilience. The
data confirmed that expanding the geographical scope
of exports reduced dependence on individual markets,
particularly on China in the maize segment. At the same
time, the results showed that diversification was uneven:
for barley, an increase in concentration was observed
(China’s share rose to 48.7% in 2025). This allowed to
partially disagree with the universality of the conclu-
sions drawn by Ye. Ivanov (2022), as diversification is not
an automatic process and depends on the specific char-
acteristics of the commodity and demand.

Similar reservations applied to the approaches of
O. Shnyrkov et al. (2020), who emphasised the positive
impact of integration processes on the expansion of
Ukraine’s export markets. The present study confirmed
the growing role of the EU, whilst at the same time
demonstrating an increasing dependence on individ-
ual countries (Spain, Turkey). Thus, contrary to the op-
timistic interpretation of integration as a factor in the
uniform expansion of markets, the actual data indicated
the formation of new centres of demand concentration
within the EU. Particular attention was required when
comparing this study with the work of O. Shubravska &
K. Prokopenko (2022), who examined the transforma-
tion of Ukraine’s agricultural exports as a result of the
war. Their conclusions were generally consistent with
the findings of this study, particularly regarding the re-
orientation of logistics and changes in market structure.
However, this study traced the phased nature of these
changes more clearly (2022 - forced adaptation, 2023 —
structural reorientation, 2024 — stabilisation of the new
model), which allowed for a more detailed analysis of
their transformation model. D. Tokarchuk et al. (2026)
emphasised the importance of optimising the structure
of crop utilisation for the development of biofuel pro-
duction and enhancing the country’s energy security.
Similar approaches regarding the need to deepen the
processing of grain products and to transition from a raw
material-based export model to the production of higher
value-added products are substantiated in the study by
T. Ostashko et al. (2023). The authors emphasised that
the development of the grain processing industry has
become one of the promising avenues for strengthening
the competitiveness of Ukraine’s agricultural sector, re-
ducing dependence on fluctuations in global commodi-
ty markets, and enhancing the resilience of the national
economy in the face of wartime and post-war challenges.
The results obtained in this study confirmed the validi-
ty of this approach, as the high concentration of certain
external markets has heightened export risks, whilst the
development of domestic processing can contribute to
the diversification of the agricultural sector’s sources of
income. Thus, the analysis carried out showed that the
study’s findings generally confirmed the main tenets of
contemporary academic literature regarding global food
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risks, the regionalisation of trade and the importance of
diversification. At the same time, the study clarified a
number of aspects, in particular: the uneven nature of
the diversification process, the emergence of new cen-
tres of demand concentration, and the heightened role
of logistical adaptation as a key factor in the resilience of
Ukraine’s grain exports in the context of the war.

» Conclusions

Ukraine’s grain production remained a strategically im-
portant component of the agricultural sector and a key
source of foreign exchange earnings, ensuring the coun-
try’s substantial integration into global food markets. At
the same time, its operation was complicated by wartime
risks, disruptions to logistics, and changes in the structure
of international trade. Global grain markets exhibited var-
ying levels of concentration: the maize market was high-
ly concentrated (CR, - 89.1%; HHI - 2,250), whereas the
wheat (CR, - 65.6%; HHI - 1,350) and barley (CR,— 72.4%;
HHI - 1,720) markets demonstrated moderate concen-
tration. This confirmed the oligopolistic nature of global
grain trade and the uneven distribution of market shares.
Ukraine maintained its position as one of the world’s lead-
ing grain exporters; however, during 2022-2024, the geog-
raphy of exports underwent significant transformation,
indicating the emergence of a multi-vector export mod-
el. In 2025, both diversification of the wheat and maize
markets and partial concentration of the barley market
were observed, with up to 48.7% of barley exports des-
tined for China. Key factors underpinning the adaptation
of the grain sector included the reorientation of logistics
through Danube ports and EU land corridors, as well as an
expanded presence in new markets, including Spain, Tur-
key, Egypt, and Algeria. This made it possible to partial-
ly offset the loss of traditional routes and stabilise export
volumes. In addition, it was established that the growing
share of products with a low level of processing continued
to impose structural constraints on the sector, whereas
the development of deep grain processing became an im-
portant avenue for increasing value added and reducing
dependence on external market shocks. Prospects for fur-
ther research include a more in-depth assessment of the
effectiveness of export market diversification, analysis
of the impact of logistics costs on grain competitiveness,
modelling of the optimal geographical structure of ex-
ports, and examination of the development of deep pro-
cessing as a tool for increasing value added and reducing
external risks.
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» AHOTaUifl. AKTyaJIbHICTh IOCTIIKeHHsT 3yMOBJIeHa HEOOXiIHICTIO afarnTallii 3epHOBOTO CEKTOpy VKpaiHu [0
BOEHHUX BUKJIMKIB, TpaHchopMmariil o6aabHOI TOPTiBJIi Ta IOIIYKY HOBUX HaNpPsMIB AuBepcHuikalii ekcropry
36pHOBUX KYJIBTYp. MeTol0 HOCTiIKeHHs Oyl1o OIiHMTH TpaHchopMmariio reorpadidyHoi CTPYKTYpH EKCIOPTY
3€pPHOBUX KYJIBTYp YKpaiH{, BU3HAYUTU PiBeHb KOHIEHTpAIil CBITOBUX PUHKIB MIIEHUNi, KyKYPYA3HU Ta SYMEHIO,
a TaKoK OOIPYHTYBaTHU HANPAMU MiABUIIEHHA CTiKOCTi 3epHOBOrO CEKTOPY B yMOBaX BOEHHOI HecTabiMbHOCTI.
Y IDOoC/iIKeHHI BUKOPDUCTAaHO METOAM CTaTMCTUYHOIO, IIOPIBHAJIBHOIO T4 CUCTEMHOIO aHaJli3y, a TaKOX IHIEKC
Tepdinnana-XipmmanaikoedinieHTkoHLIEHTpAaIlil. BcTaHOBJIEHO, 1110 CBITOBHI pUHOK KYKYPYI3U XapaKTepu3yBaBCs
BHUCOKMM PiBHEM KOHIIeHTpaIlil, TOMi SK PUHKY IIIIEeHUIli Ta SYMEHI0 MaJIu IIOMipHY KOHIleHTpallifo. /loBeeHo, 110
Ykpaina 3beperia mo3umii OXHOTO 3 IPOBITHNX eKCIIOPTEPIB 3epPHOBUX KYJIBTYP HaBiTh B yMOBaX IOBHOMACIITAOHOT
BifiHu pocii mpotu Ykpainu. ¥V 2022-2024 pokax BigOysacs cyTTeBa TpaHcdopmMarlis reorpadidHoi CTpyKTypu
EKCIIOPTY: MOCUJINJIAcs poJib KpaiH €Bporeiicbkoro Coio3y, A¢ppuku Ta A3il, TOAi K 3aJeKHICTh Bil OKpeMux
TpaJUIifHUX PHUHKIB IOCTYIIOBO 3MeHIIyBajacs. BcTaHoBJeHO, 110 mponec guBepcudikanii MaB MmoeTanmHUi
xapakrep: y 2022 pomi mmepeBaskajla BUMYIIEHa aJamnTallisi 10 JOTiCTUYHUX 00Me)KeHb, Y 2023 poIli — akTHBHA
TiepeopieHTallisd eKCIIOPTHUX IOTOKIB, a y 2024 pomi — crabismisamis HoBoi 6araroperioHaaIbHOI MO eKCIIOPTY.
Ile 103BOJIMJIO 3HU3WUTH PU3WKU HAIMIpHOI 3aJIe3KHOCTI Bil OKpeMux HampsaMiB 30yTy Ta HiABUIIUTH THYYKiCTh
30BHIIIHBOTOPrOBEJIbHOI JislIbHOCTI. [IJI OKpeMuX CerMeHTiB, 30KpeMa eKCHOpTy S4YMEeHI0, CIocTepirasiacs
BHUCOKAa KOHIIEHTpaIlisg IocTaBokK 1o Kurato, yactka skoro y 2025 poui gocaria 48,7 %. BusHaueHo, 1110 KJIIDY0OBUMU
YMHHUKAaMHU ajanTaiiil 3epHOBOr0 CEKTOPY CTaJH PO3BUTOK aJIbTepPHATUBHOI JIOTiCTUKU Yepe3 NyHaNChbKi MOPTU
Ta CyXonmyTHi kopugopu €C, a TakoX PO3IIMPEHHA MPUCYTHOCTI Ha HOBUX PUHKax 30yTy. OOI'pPYHTOBAHO, IO
PO3BUTOK INTMOOKOI IIEpepOOKY 3epHOBUX KYJIBTYP i BUPOOHUIITBA IPOAYKIIii 3 BUCOKOIO JOZAHOIO BAPTiCTIO CTAJIO
B)KJUBUM YUHHUKOM 3HUKEHHS BPa3JIMBOCTI arpapHOro CEKTOpY [0 30BHIIIHIX €eKOHOMIYHUX Ta JIOTiCTUYHHUX
mokiB. IIpakTW4Ha IiHHICTH MOCTiI)KeHHs IoJjArajga B OOIpyHTyBaHHI HampsAMmiB auBepcudikariii excrmopry,
PO3BUTKY IlepepoOKU 3epHOBUX KYJIBTYp Ta MofepHisalii JiorictTuyHoi iHpacTpyKTypu [Jis HigBUIIEHHS
KOHKYPEHTOCIIPOMOSKHOCTI Ta CTiliKOCTi arpapHOT0 CEKTOpY YKpaiHu
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» Abstract. Extensive damage to transport hubs, the blockage of traditional deep-water ports and the sharp rise in
the cost of fuel and energy resources caused by hostilities on Ukrainian territory necessitate a fundamental rethinking
of existing approaches to the organisation of sales operations. The aim of this article was to conduct a comprehensive
assessment of the disruptive changes in the logistics chains of Ukrainian agricultural enterprises during the war and to
justify the strategic priorities for their optimisation in order to strengthen food security. The methodological basis of the
study comprised methods of systemic-structural, comparative and economic-statistical analysis, expert assessment
tools, as well as methods of cause-and-effect modelling of infrastructure constraints. The study found that, as a result
of the armed aggression, over 42,000 km of roads were lost and over 600 km of railway tracks were damaged. The decline
in gross harvest in 2022 was followed by a recovery in 2025 to 23.0 million tonnes and 32.0 million tonnes respectively.
Spatial analysis revealed a shift in the centre of agricultural production towards the central and western regions, which
has overburdened local infrastructure. It has been demonstrated that the Black Sea blockade in 2022-2023 reduced
the share of maritime exports from 98% to 75-76% and led to a 40% fall in wheat exports and a 38% fall in maize
exports, forcing an increase in the share of rail transport to 17%, and road transport to 8%. The recovery of the share
of sea and Danube shipments to 93% in 2024-2025 confirmed the compensatory nature of land routes. The need for
agribusiness to adapt has been substantiated through the expansion of sunflower cultivation to reduce unit transport
costs, the development of railway terminals, the implementation of WMS and TMS systems, and the mobilisation of
international support. The practical value of the findings lies in the possibility of the proposed recommendations being
directly implemented by the management of agricultural enterprises and trading companies to rapidly reconfigure
logistics flows and minimise financial losses in the context of high military risks

» Keywords: supply chains; agricultural sector; the Russia-Ukraine war; food security; transport infrastructure

» Introduction

The agricultural sector accounts for the bulk of Ukraine’s
foreign exchange earnings and plays a key role in main-
taining food security. The stable operation of agricultural
enterprises depends directly on the reliability of trans-
port chains. Traditional logistics have suffered signifi-
cant disruption as a result of the hostilities. The blockage
of deep-water Black Sea ports, damage to railway lines
and roads, and rising fuel costs have forced agricultur-
al producers to seek alternative routes. The re-routing of
freight flows has led to a significant increase in transport
costs, prolonged delays at borders and a decline in the
profitability of exports. Under such conditions, optimis-
ing logistics chains through the diversification of routes

and the introduction of modern management technol-
ogies becomes critically important for maintaining the
sector’s competitiveness.

The methodological basis for researching the archi-
tecture of modern distribution channels and their adapt-
ability to exogenous shocks is formed by the fundamen-
tal concepts of foreign scholars. In particular, the work
of M. Christopher (2022) substantiates the paradigm of
flexibility and resilience in logistics networks, which de-
fines the systems’ capacity for operational efficiency and
the restructuring of routes in response to critical fluctu-
ations in the external environment. The specifics of re-
structuring supply routes for agricultural products under
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martial law were thoroughly investigated by M. Bezpar-
tochnyi et al. (2023), who substantiated the adaptation
of export logistics via the EU’s “Solidarity Lanes”. The
authors demonstrated that, despite the blockade, mar-
itime transport retained its leading position (69.4% of
shipments), whilst rail and road transport became key
alternatives on routes through Poland, Romania and Slo-
vakia. However, the researchers focused primarily on the
macroeconomic level (transit and borders), whilst the
adaptation of specific agricultural enterprises’ internal
logistics chains in the context of hostilities and the de-
struction of warehouses requires further investigation.
By contrast, the specific nature of how export agri-logis-
tics operates when traditional transport corridors are
blocked is covered in detail in the works of M. Nehrey et
al. (2025). The researchers have demonstrated the need
for the synchronised combination of the tactical recon-
struction of grain storage and transport-distribution
capacities with the introduction of digital logistics tools
and Big Data analytics, which is identified as a funda-
mental prerequisite for minimising the geopolitical and
financial risks faced by agribusiness entities.

The study by N. Sharata et al. (2026) is also devoted to
the issues of spatial diversification and the optimisation
of transport flows. The authors have substantiated the
regional asymmetry in infrastructure development and
econometrically demonstrated that the level of logistics
costs and transport duration are key factors undermining
the sector’s financial and economic stability. To minimise
these risks, the researchers proposed the implementation
of a security-oriented supply model based on integration
into European transport networks and the digitalisation
of freight flows. International experience in overcoming
infrastructure imbalances and enhancing the resilience
of agri-logistics through digitalisation tools is highlight-
ed in the work by M. Remondino & A. Zanin (2022). Using
the Italian agricultural sector as an example, the authors
argue that the implementation of Internet of Things, Big
Data and blockchain technologies is a strategic imperative
for bridging regional logistical gaps and minimising the
financial risks faced by agribusiness operators. However,
whilst in European practice these technological solutions
are geared towards achieving traditional parameters of
environmental and economic sustainability, under mar-
tial law in Ukraine the digitalisation of freight flows takes
on security significance, serving as a means of preserving
the physical viability of distribution channels.

It should also be noted that, in wartime, the prima-
ry objective for agribusiness is not to reduce costs, but to
ensure survival and maintain supply chains. Z. Xu (2026)
demonstrated that during large-scale crises, enterprises
are forced to abandon their usual cost-saving models in
favour of developing alternative logistics options. For the
Ukrainian agri-food sector, which has faced the blockading
of seaports and the destruction of warehouses, this means
the need to expand the transport network. Instead of rely-
ing on a single familiar route, companies must simultane-
ously utilise rail, road and river routes, as well as establish
new transhipment hubs in secure areas to safeguard ex-
ports. The issue of optimising wartime agricultural logis-
tics is examined in the work by V.A. Panchenko (2024). The
author analysed structural changes in grain transport,
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notably a 34.4% reduction in rail transport and a 40.1% in-
crease in road transport. The study estimates the total in-
vestment required to restore the agri-industrial complex’s
infrastructure at USD 6.0 billion, and demonstrates that
the introduction of digital platforms can reduce logistics
costs. At the same time, this work focuses primarily on the
macroeconomic level and national measures to support
the sector. Algorithms for minimising local risks at the lev-
el of individual enterprises were not included in the anal-
ysis. This highlights the need to develop practical tools for
optimising agribusiness’s internal logistics chains.

Despite the existence of substantial research, many
questions remain unanswered. Most authors consid-
er logistical problems in a fragmented manner, limiting
themselves to analysing a single mode of transport or
a specific border crossing. There are virtually no studies
offering a comprehensive analysis of the dynamics of
agribusiness logistics costs over the entire period of pro-
longed military impact. The effectiveness of combining
the capabilities of dry ports with digital freight distribu-
tion systems also requires further study. These unresolved
aspects determine the relevance of the research and form
the scope of this article. The aim of the article was to ana-
lyse changes in the structure and functioning of the logis-
tics chains of Ukrainian agribusinesses under the influ-
ence of military operations at the level of individual stages
of product supply and distribution, as well as to develop
practical recommendations regarding the diversification
of routes, the development of multimodal transport and
the digitalisation of management processes.

» Materials and methods

The methodological framework was based on a combi-
nation of systemic-structural analysis, which enabled
the identification of destructive factors affecting logistics
chains, and economic-statistical methods for assessing
structural shifts in transport costs. The application of
the comparative analysis method enabled a compari-
son of the operational parameters of logistics systems
in the pre-war period and under martial law, whilst the
abstract-logical method was used to formulate recom-
mendations on route diversification and the introduc-
tion of multimodal technologies to ensure food security.
The research was based on official statistical data from
the State Statistics Service (2026) on the gross harvests
of major crops and the regional structure of agricultural
production for 2020-2025, as well as data from the Min-
istry of Agrarian Policy and Food of Ukraine (n.d.) on the
volumes and commodity structure of agri-food exports
for 2021-2025 and the distribution of freight flows by
mode of transport (sea, rail, road) for the same period.
The indicators presented in these sources concerning
the shares of different transport modes in total agri-food
exports and the annual dynamics of production and ex-
ports were used to compare the pre-war period with the
period of active hostilities and the period of partial ad-
aptation of the logistics system. In addition, academic
publications by Ukrainian and foreign researchers on the
issues of agri-logistics and the resilience of supply chains
under martial law were analysed, which enabled the sta-
tistical data obtained to be compared with the results of
related studies in the discussion section.
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» Results and discussion

The logistics chain of an agricultural enterprise struc-
turally encompasses the supply of raw materials (seeds,
fertilisers, plant protection products, fuel and lubricants,
machinery), production, harvesting and primary pro-
cessing, storage, transport, further processing of pro-
duce, and sales via intermediaries and to end consumers.
Unlike logistics systems in other sectors of the economy,
the operation of each stage is strictly determined by sea-
sonality and agronomic deadlines, which makes the en-
tire chain highly sensitive to disruptions at any individual
link: a delay in the supply of resources or a deviation from
the optimal harvest dates leads to cumulative losses at
subsequent stages. In this context, O. Maltsev (2021) em-
phasised that supply chains account for the lion’s share
of agricultural enterprises’ logistics costs; consequent-
ly, timing deviations or delays in resource supply result
in cumulative financial losses and disruptions to subse-
quent marketing activities.

Prior to the full-scale invasion, the most critical
stages from a management perspective were considered
to be storage (maintaining temperature and humidity
conditions, pest control, and optimisation of warehouse
capacity) and transport (selection of transport mode,
minimisation of losses, and compliance with transport
conditions). Under martial law, the functional burden
shifted to the transport stage. In the pre-war period, the
efficiency of this stage was determined primarily by eco-
nomic parameters — delivery speed and transport costs.
During the period under study, the decisive factor be-
came the feasibility of physically carrying out transport
operations amidst damaged transport infrastructure and
spatial transformations in the geography of agricultural
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production, a detailed analysis of which is provided in the
following section.

In assessing the scale of the destructive impact of hos-
tilities on agricultural logistics, V. Kuziak et al. (2023) em-
phasised that the destabilisation affected all elements of
the supply chains. In their study, the researchers argued
that the blockage of seaports (through which nearly 90%
of agricultural exports had been carried out prior to the
full-scale invasion) caused a logistical collapse and forced
agribusiness operators to switch to land routes. Based
on an analysis of systemic challenges, V.V. Kuziak (2023)
identified six key problems affecting the functioning of
agri-logistics in wartime:

» low throughput capacity at western border cross-
ings and the build-up of queues;

» an acute shortage of skilled labour due to mobilisa-
tion processes and the outflow of human capital;

» rising energy prices;

» power cuts, which have a disruptive impact on
warehouse logistics;

» the destruction of production facilities and ware-
house infrastructure;

» the risks of losing traditional markets and a decline
in the sector’s international competitiveness.

Building on the conceptual conclusions of the afore-
mentioned authors regarding the need for a radical adap-
tation of management models, assessing the scale of the
transformation of logistics routes requires, first and fore-
most, an analysis of production dynamics (Fig. 1) and the
geographical distribution of the agri-food sector’s produc-
tion capacity. A clear imbalance between growing regions
and traditional shipping points is the main factor driving
the restructuring of freight flows.

30.0
25.0
20.0
15.0
10.0

5.0

0.0
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8.1 6.0 6.2 6.5 6.6

Figure 1. Trends in the production of major crops in Ukraine for 2020-2025

Source: State Statistics Service (2026)

The trend in gross crop yields for 2020-2025 reflects
the direct impact of security factors on the agri-food sec-
tor’s logistics system. The sharp decline in production in
2022 (a 32.1% reduction in the wheat harvest and a 39.5%
reduction in the maize harvest) was a consequence of the
occupation of territories, the laying of landmines and the
naval blockade, which led to a shortage of storage capacity
due to the accumulation of carryover stocks. In this con-
text, K. Mazur et al. (2023) argued that the high risks of
air strikes on port infrastructure forced the agribusiness
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sector to reassess its warehousing logistics — to move
away from stockpiling significant volumes of produce in
ports and to shift storage to rail and land-based terminals.
The gradual recovery in volumes between 2023 and 2025
(reaching 23.0 million tonnes of wheat and 32.0 million
tonnes of maize in 2025) has shifted the critical burden
onto western land crossings and Danube ports At the same
time, the increase in the sunflower harvest to 14.0 million
tonnes confirms the findings of K. Mazur et al. (2023) re-
garding the adaptation of the agribusiness sector through




an increase in the share of high-profit crops to minimise
unit transport costs in the face of rising tariffs and logis-
tical risks. Consequently, the key constraint on the func-
tioning of the agri-industrial complex is not production
capacity, but rather the throughput capacity and security
resilience of alternative export corridors.

One of the consequences of the hostilities has been
a shift in the regional distribution of agricultural produc-
tion. The southern and eastern regions, which prior to the
war were the main centres of cereal and oilseed produc-
tion, have largely lost their production capacity. During
and after the war, an increase in production has been ob-
served in the central and western regions, particularly in
the Cherkasy, Vinnytsia, Lviv and Poltava regions (Fig. 2).
This is because these regions did not suffer such extensive
destruction as the southern regions and have retained
their agricultural infrastructure, which allows produce to
be stored and processed in a timely manner.

L

19%

11%
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= Mykolaiv
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Ivano-Frankivsk

16%
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Figure 2. Structure of agricultural production
by region in 2025 (% of the total)
Source: State Statistics Service (2026)

An analysis of the regional breakdown of gross harvest
figures for 2025 reveals a geographical shift in the centre of
agricultural production towards the western and central
regions of Ukraine. The decline in the share of the south-
ern and eastern regions in the national total has placed
an unprecedented additional strain on the grain elevator,
storage and transport infrastructure in Central and West-
ern Ukraine. In their work, S.M. Tkachenko et al. (2025)
demonstrated that, in the event of a blockade of traditional
deep-water Black Sea ports, it is precisely the geographical
optimisation of storage capacity and the development of
border agro-logistics hubs in the western regions that be-
comethe decisive factor in preserving export potential. Such
a spatial transformation requires a radical restructuring
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of logistics routes, as traditional logistics hubs and trunk
routes oriented towards the deep-water ports of the Black
Sea have lost their primary functionality, giving way to
rail and road border crossings on the western border.

The logistics chain is a system of interlinked elements
that facilitate the movement of material, information and
financial flows from suppliers to end consumers. For ag-
ricultural enterprises, the logistics chain comprises the
following main stages: supply of raw materials; produc-
tion; harvesting; storage of produce; transport; and sale
of produce. In their study of the effectiveness of agribusi-
ness management systems under conditions of military
conflict, Y. Lopatynskyi et al. (2023) noted that the de-
structive impact of war leads to systemic complications in
the functioning of each of these stages — primarily due to
the critical destruction of grain storage facilities, the loss
of agricultural machinery and the blockade of tradition-
al port and logistics routes. In their research, A.L. Bykova
& L.V. Yefimenko (2024) emphasised that disruptive fac-
tors within the transport and logistics system pose direct
threats to the economic security of enterprises due to dis-
ruptions in supply chains and financial losses.

Rail transport has become crucial for ensuring the
export of agricultural produce. At the same time, by the
end of 2024, damage to 600 km of railway tracks and in-
frastructure had significantly reduced transport efficien-
cy (KSE Institute, 2024). Maritime transport, which prior
to the outbreak of hostilities accounted for a significant
share of agricultural exports, has virtually lost its impor-
tance due to the blockading of ports and the destruction
of infrastructure.

The practical relevance of these approaches is con-
firmed by the study of V. Kuziak et al. (2023), which em-
phasises that a shift towards land-based corridors, flexible
strategic planning and the creation of buffer stocks are de-
cisive factors in ensuring the resilience of logistics chains
in crisis situations. From a methodological perspective,
this transformation requires adherence to clear manage-
ment principles, which were systematised by R. Molybo-
ha (2024), who justified the need for coherence in goal-set-
ting, economic viability, the adaptability of organisational
structures, and periodic monitoring of the effectiveness
of transport and logistics systems. The implementation
of these measures has directly transformed the physical
and cost parameters of foreign trade. The loss of access to
deep-water Black Sea ports has shaped a new structure for
agricultural exports, centred on the throughput capacity
of land transport routes and the Danube cluster (Table 1).

Table 1. Trends in exports of key agricultural products from Ukraine (2021-2025), million tonnes

Products 2021 2022 2023 2024 2025
Wheat 20.0 12.0 16.5 19.9 13.3
Maize 29.0 18.0 20.0 28.0 17.6

Sunflower oil 5.4 2.9 3.1 5.8 4.3
Barley 5.0 2.1 2.0 2.5 1.6

Source: Ministry of Agrarian Policy and Food of Ukraine (n.d.)

The data in Table 1 show how exports depend on the
functioning of transport infrastructure. In 2022, due to the
outbreak of hostilities and the blockage of ports, wheat ex-
ports fell by 40% and maize exports by 38%. Subsequently,
thanks to the development of transport routes across the

western border, the Danube ports and the operation of
the maritime corridor, shipments increased significantly
in 2023-2024. In particular, in 2024, exports of maize (28.0
million tonnes) and sunflower oil (5.8 million tonnes) al-
most reached pre-war levels. The decline in figures in 2025

Ekonomika APK. 2026. Vol. 33, No. 2




@ Optimisation of the logistics chains...

indicates that existing land and river routes have reached
their capacity limits, whilst high transport costs, bor-
der congestion and the risk of shelling remain the main

2025 98
2024 86
2023 76

2022 75

2021 98

obstacles to exports. The structural shift in the shares of
individual modes of transport within the total volume of
agricultural exports is clearly illustrated in Figure 3.

Sea transport
I 31 mRail transport
A s Road transport
I s 1 mFerry

Figure 3. Structure of export logistics routes for the period 2021-2025, %
Source: Ministry of Agrarian Policy and Food of Ukraine (n.d.)

An analysis of data on the distribution of export
routes for 2021-2025 shows how transport logistics in the
agricultural sector have changed. Before the outbreak of
the full-scale war, 98% of all exports passed through sea-
ports, whilst rail and road transport played only a sup-
porting role (10% and 1% respectively). The blockade of
ports in 2022-2023 forced a reorientation of freight flows
towards land borders, causing the share of rail transport
to rise to 17% and that of road transport to 8%. The scien-
tific rationale for this forced reorientation is set out in the
work by S. Kolosov et al. (2025), which demonstrates that
the loss of sea routes transformed Ukraine’s export model
from one of development to one of stabilisation. The re-
searchers emphasised that, with traditional ports blocked,
the increased burden on alternative land-based channels
was accompanied by significant logistical complications —
in particular, the high cost and limited efficiency of road
transport, as well as the infrastructural barrier posed by
the differing track gauges in Ukraine and the EU. Howev-
er, the launch of the Ukrainian maritime corridor and the
active use of Danube ports made it possible to partially
restore the usual routes: in 2024, the share of maritime
transport rose to 86%, and in 2025 it reached 93%. This
confirms that land routes cannot fully replace ports when
export volumes are high, but they remain an important
backup channel during crisis situations.

The introduction of modern logistics management
information systems, such as WMS (Warehouse Manage-
ment System) and TMS (Transportation Management Sys-
tem), enables more efficient management of logistics pro-
cesses and minimises risks. The trends in structural shifts
within transport logistics outlined above also point to the
directions for the agribusiness sector’s future adaptation.
As rail transport shouldered the bulk of the load during
the port blockade, further increasing its capacity remains
a priority: investment in the infrastructure of border ter-
minals, coordination of timetables with rail operators and
route optimisation can transform a temporary compen-
satory channel into a permanent element of a diversified
logistics system. In their study of agribusiness develop-
ment, O. Hrymak et al. (2024) identified digitalisation and
flexible logistics as its key drivers. The authors divide inno-
vative measures into operational and strategic categories.
Operational innovations are needed to sustain production
and supply chains during the war. Strategic innovations,
on the other hand, are designed for the post-war period
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and involve infrastructure reconstruction, energy inde-
pendence and entry into new markets. Consequently,
logistics must evolve from a rapid-response tool into a
permanent management system.

Road transport, despite its smaller share, fulfils a
function that rail cannot provide - flexible delivery to
warehouses and end consumers in regions where the
rail infrastructure is either absent or damaged. The effi-
ciency of this channel depends on fleet differentiation
(heavy-duty transport over long distances and small lor-
ries for local deliveries) and the modernisation of the ve-
hicle fleet, as well as on safety measures along the routes.
The geographical shift of production to the central and
western regions makes economic sense for regional logis-
tics centres in these areas: they reduce delivery distances
to border crossings and Danube ports, relieve the strain
on the overburdened infrastructure of the receiving re-
gions and, at the same time, require modern warehouse
management systems.

Digitalisation serves as a cross-cutting tool for all
three areas. The implementation of WMS and TMS, as well
as analytics for demand forecasting and route optimisa-
tion, makes it possible to coordinate disparate channels
(rail, road transport, regional hubs) into a single, man-
aged system, rather than a set of isolated workarounds.
M. Adelusola (2024) shares a similar view on innovation in
agri-logistics. The author noted that IoT temperature and
humidity sensors, together with blockchain and smart
contracts, help to significantly reduce product spoilage.
Without these technologies, losses of perishable goods
can reach 30-40%. They also speed up customs clearance
and make supply chain information transparent to all par-
ticipants in the process.

The security aspect warrants separate consideration:
in a conflict situation, the loss of cargo or a vehicle poses
arisk no less significant than the cost of transport. Convoy
escorts, cargo insurance, training for drivers and logistics
staff, and real-time transport monitoring directly affect the
costofexports, as these factors are factored into the logistics
discount applied to Ukrainian produce. M. Barna & Yu. Iva-
niuk (2024) emphasise that wartime conditions require a
review of the entire agricultural produce distribution sys-
tem. The costs of staff training, cargo insurance, alternative
logistics and GPS monitoring directly increase the cost price
of exports. All these risks ultimately contribute to the logis-
tics discount applied to Ukrainian agricultural produce.




Finally, access to international support remains a
resource that agricultural enterprises utilise unevenly.
Agreements with international logistics operators, partic-
ipation in support programmes and the use of the tran-
sit capacities of neighbouring countries represent prac-
tices that have already demonstrated their effectiveness
through the EU’s “Solidarity Lanes”. At the regulatory and
strategic level, the need for such integration is confirmed
by Ye.A. Marinov (2024), who notes that Ukraine’s Nation-
al Transport Strategy for the period up to 2030 prioritises
the implementation of new digital economic models and
convenient information and communication platforms.
The academic contribution of Ye.A. Marinov demonstrates
that EU Member States’ investments in the digitalisation
of supply-chain management, automatic product identi-
fication, GPS/GPRS monitoring systems and TMS/WMS
planning provide the necessary technological foundation
for the barrier-free movement of Ukrainian agricultural
exports. An example of such support at the primary pro-
duction level is the FAO and Ministry of Agrarian Policy
and Food of Ukraine programme for distributing soybean
and sunflower seeds among small and medium-sized
farms (10-500 ha) in eight regions, reaching more than
3,000 farmers. Although this programme is more closely
related to the restoration of the production base than to
logistics directly, its existence demonstrates the broader
framework of external support into which a logistics com-
ponent can also be integrated. The results obtained re-
garding the disruption and subsequent adaptation of the
logistics chains of Ukraine’s agri-food sector under martial
law are consistent with the main theoretical and applied
propositions of contemporary studies, while also possess-
ing their own analytical specificity.

The scientific position regarding the critical impact
of military operations on the destruction of infrastructure
and the forced reorientation of export routes is consistent
with the conclusions of S. Moroz & S. Levchenko (2023),
as well as K. Mazur et al. (2023). The authors confirmed
that the blockade of Black Sea ports triggered a cascade of
disruptions across the entire transport system, forcing ag-
ricultural exporters to seek alternative routes via western
border crossings and Danube ports. The current findings
regarding shifts in transport modes (the increase in rail
and road shipments in 2022-2023) provide a quantitative
breakdown of their general observations.

The assessment of the adaptive recovery of export vol-
umes in 2024-2025, driven by the restoration of the mari-
time corridor, is consistent with the findings of studies by
V.V. Kuziak (2023) and S. Kolosov et al. (2025). At the same
time, whilst the aforementioned researchers focus more
on a general economic assessment of the export poten-
tial of cereal crops, this study emphasises a comparative
analysis of the throughput capacity of individual modes
of transport and the constraints of land-based infrastruc-
ture. The authors’ conclusions regarding the need to im-
plement digital technologies (WMS, TMS) and modernise
warehousing facilities complement the findings of M. Re-
mondino & A. Zanin (2022). These authors argued that
digitalisation is a factor in enhancing the competitiveness
and resilience of agribusiness. In this study, this aspect is
considered as a tool for minimising safety and time losses
when planning flexible multimodal routes.
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The issues of logistics infrastructure management and
regional adaptation in wartime are discussed in the works
of S.M. Lykholat & O.M. Myskiv (2022), as well as M.V. Vovk
& L.I. Lesyuk (2025). Unlike their works, which focus on a
general conceptualisation of agri-logistics, this study pre-
sents the authors’ findings regarding the shift of produc-
tion centres to the western and central regions of Ukraine
and justifies the need to establish regional logistics hubs
there. The examination of the cross-border aspect and
the innovative development of agribusiness in the works
of M. Bezpartochnyi et al. (2023), O. Hrymak et al. (2024),
and T. Vasyltsiv et al. (2025) confirms the importance of in-
ternational support and logistical integration with the EU.
The present findings complement their scholarly achieve-
ments by showing that land corridors with EU countries,
despite their strategic role during peak crisis periods, have
limited capacity and serve as a backup and compensatory
channel, whilst maritime transport remains the indispen-
sable foundation for large-scale exports.

Thus, the comparison carried out demonstrates that
this study fits organically into the existing academic dis-
course, whilst making its own analytical contribution to
the study of the transformation of Ukraine’s agri-logistics.
Unlike the works examined, which largely focus on indi-
vidual aspects of the issue, this study comprehensively
integrates an analysis of the dynamics of gross harvest,
export volumes and structural shifts in transport logis-
tics into a single analytical model. This makes it possible
to trace the interrelationship between the destruction of
infrastructure, the reorientation of export flows and the
sector’s adaptive mechanisms throughout the entire pe-
riod of martial law.

» Conclusions

The analysis conducted has shown that the functioning
of Ukraine’s agricultural sector between 2020 and 2025
was accompanied by a structural reorganisation of pro-
duction and distribution logistics under the influence of
martial law, rather than merely fluctuations in produc-
tion volumes. The decline in gross harvest in 2022 was
followed by a recovery to pre-war levels in 2025; howev-
er, a concomitant consequence was a geographical shift
in production towards the central and western regions
(Cherkasy, Vinnytsia, Poltava and Lviv), which placed an
additional strain on the regional grain storage network in
these areas and highlighted the need to develop border
logistics hubs.

A key factor in this restructuring was the blockade of
the Black Sea in 2022-2023, which temporarily reduced
the share of maritime exports and forced a reorientation
of freight flows towards rail and road transport. The sub-
sequent resumption of maritime and Danube shipments
confirmed that land routes serve a compensatory rath-
er than an alternative function: they are capable of par-
tially replacing ports during a crisis, but do not provide
comparable throughput capacity when export volumes
are high. The main barriers remain damage to transport
infrastructure, congestion at border crossings and the in-
creased cost of transport.

The findings indicate that optimising the supply
chains of agricultural enterprises requires not isolat-
ed, ad hoc measures, but a combination of several
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» AHoTaLif. MacmrabHi TIOIMIKOMKEHHsI TPAHCHOPTHUX BY3JIiB, OJIOKYBaHHS TPATUIHUX NIHOOKOBOLHUX
MOPTIB Ta CTpPiMKe MOZOPOKUYAHHA NTaINBHO-eHEPreTUYHUX pecypciB, cipuuyrHeHe 60 0BUMHU isIMU Ha T€PUTOPIl
YKpaiHu, 3yMOBJIIOIOTH HEOOXiTHICTh JOKOPiHHOTO IEPEOCMUCIEHHsI HasBHUX IIIXONiB 0 opraHisarii 30yToBOi
TisLIBHOCTI. MeTo¥0 CTaTTi OyJI0 KOMILJIEKCHE OI[iHIOBAHHS JIECTPYKTUBHUX TPaHC(OPMAIlill y JIOTiCTUYHUX JIAHITIOTaX
VKpalHCBKUX arpapHUX IMiTIIPUEMCTB ITiJ] Yac BiHHY Ta OOI'PYHTYBaHHSA CTPaTeriYHUX IPiopuTeTiB IXHBOI onrTUMi3ariii
JJIs 3MillHEHHA IIPOJOBOJIbYOI Oe3neku. MeTOomoJIOTiYHy OCHOBY AOC/I)KEHHS CTAaHOBUJIM METOAM CHUCTEMHO-
CTPYKTYPHOI'O, KOMIIaPaTUBHOI'O0 Ta €KOHOMIKO-CTaTUCTUYHOIO aHaJli3y, IHCTPYMEHTHU €KCIePTHOI'O OLiHIOBaHH,
a TaKo)X METOOM IPUYMHHO-HAC/IiJKOBOTO MOJe/I0BaHHS iH(MPACTPYKTYpHUX OOMesKeHb. 3a pe3yJabraTaMu
JOCJIiI>KeHHST BCTAHOBJIEHO, 1[0 BHACIIIOK 30pOMHOI arpecii BTpaueHo NOHA[ 42 THC. KM aBTOMOOI/IBHUX JOPir Ta
TIOIIKOIKEHO IMOHA T 600 KM 3aJ1isHUYHUX KoJTil. CKOpOUY€eHHsI BaIOBOTro 3060pyy 2022 porti 3MiHUJIOCA BiTHOBJIEHHAM
y 2025 pomi mo 23,0 mutH T Ta 32,0 MyIH. T BigmoBimHO. IIpocTopoBuii aHami3 3adikcyBaB IepeMilieHHs IEeHTPY
arpoBUPOOHUIITBA Yy IEHTPAJIbHI Ta 3axigHi 06/1aCTi, 110 TepeBaHTAKUIIO MiCIeBY iHPpacTpyKTypy. JJoBeaeHo, 10
610kana YopHOro Mops y 2022-2023 pokax 3HU3MJIa YaCTKYy MOPChKOTO eKCIOPTY 3 98 % 10 75-76 % i mpusBesa 10
NaJiHHA eKCIOoPTY NieHuni Ha 40 % Ta KyKypyA3u Ha 38 %, 3MyCUBIIHN 30ibIINTH YaCTKY 3a/i3HUYHUX IepeBe3eHb
10 17 %, a aBTOMOOiTbHUX — 10 8 %. BiTHOB/IEHHS YacTKM MOPCHKUX i yHAalChKUX BifBaHTa’keHb y 2024-2025 pokax
710 93 % miaTBEpANIO KOMIEHCATOPHUI XapaKTep CYyXOIMyTHUX MapmIpyTiB. OBr'pyHTOBaHO HeOOXiTHICTD agarramii
arpob6i3Hecy 4epe3 po3MMpPeHHs I0CIiBiB COHANIHUKY JJjIs 3MEeHIIIeHHs TUTOMIX TPAHCIIOPTHUX BUTPAT, po30yJ0BY
3a/1i3HUYHUX TepMiHaJ/iB, BIpoBaaxeHHA cucteM WMS i TMS Ta 3ajly4eHHs MiskHapoAHOI MiATPUMKH. [IpakTuyHa
LiHHICTh OTPUMAaHUX pe3YJIbTaTiB MOJATAE Y MOKJIMBOCTI Oe3locepeJHbOr0 BIIPOBAI)KEHHS 3alPOINOHOBAHUX
pexoMeHAaliil MeHeI)KMEeHTOM CiJIbCbKOTOCIOAapChKUX MiANPUEMCTB Ta TPeHAMHIOBUX KOMIIaHil /11 oIlepaTUBHOL
pekroHdirypariii joricTH4HUX NOTOKIB i MiHiMi3a1ii (hiHaHCOBUX BTpaT B yMOBax BUCOKUX BOEHHUX PU3UKIB
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» Abstract. Limited land, labour, feed, and financial resources determine the production structure of farms, while
increasingly stringent sustainability requirements require economic efficiency to be balanced with the rational use
of natural resources. The study aimed to substantiate an optimal production programme for a mixed farm using
economic and mathematical modelling that accounts for economic, resource, technological, and environmental
constraints. The information base was developed using official statistical data for 2024-2025. A mixed-integer
linear programming (MILP) model implemented in R was used to optimise the production structure. The model
incorporated constraints on land, labour, feed, and financial resources, as well as greenhouse gas emissions,
livestock density, soil organic matter balance, and water use. Scenario analysis was applied to assess the effects of
additional requirements. Under the baseline scenario, the optimal plan included 32 head of cattle, 1.18 t of poultry,
9.84 ha of berries for wholesale sales, and 10.00 ha for retail sales, generating a contribution margin of UAH 3,001.94
thousand. Environmental constraints reduced the number of cattle to 28 head and increased poultry production to
5.63 t, while berry production areas changed only slightly. The water constraint resulted in a reduction in the area
allocated to berry production and a change in the livestock structure. The combined application of environmental
and water constraints produced the most substantial structural adaptation and reduced the contribution margin by
16.60% compared with the baseline scenario. The practical significance of the study lies in the possibility of using
the model to substantiate farm production programmes and assess their adaptation to changes in resource and
environmental conditions

» Keywords: mixed farming; economic and mathematical modelling; production optimisation; linear programming;
resource efficiency; environmental criteria; sustainable agriculture

» Introduction

The relevance of the study is determined by the need to
improve production planning in farms under constraints
on land, labour, financial, and other production resources.
For mixed-profile farms, this problem is further compli-
cated by the interdependence of individual production ac-
tivities, as the allocation of land, labour, feed, and working
capital to one type of production directly affects the op-
portunities available for other activities. At the same time,
increasingly stringent requirements for the environmental

sustainability of agricultural production necessitate the
incorporation of environmental criteria directly into pro-
duction planning. Under these conditions, economic and
mathematical modelling provides a means of formalising
the relationships between production activities, resourc-
es, and constraints and of determining an appropriate
production structure under a given set of conditions.
Recent studies on agricultural production planning
have predominantly focused on formalising resource and

> Suggested Citation: Aleksiiev, O., & Yunkova, O. (2026). Optimisation of farm production based on statistical data and
environmental constraints. Ekonomika APK; 33(2), 40-50. doi: 10.32317/ekon.apk/2.2026.40.
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technological relationships using mathematical program-
ming methods. V. Borysenko & D. Borysenko (2024) ap-
plied an optimisation approach to production planning
and production cost modelling in farms, emphasising
the relationship between production structure and the
use of resource potential. Their approach confirms the
relevance of formalised models for determining econom-
ically justified production decisions under resource con-
straints. O.Yu. Starikov ef al. (2024) focused on optimising
the structure of sown areas in an agricultural enterprise
while accounting for technological characteristics of pro-
duction. This demonstrates that contemporary agricul-
tural optimisation extends beyond a simple comparison
of the profitability of individual crops and considers the
interdependence of production processes and resource
constraints. O. Radzievska & I. Kovalska (2024) further
contributed to this line of research by applying mathemat-
ical modelling to determine an optimal production plan
under specified constraints.

A subsequent development of this research direc-
tion involves the direct incorporation of sustainability
criteria into optimisation models. M. Benini et al. (2025)
developed optimisation models and algorithms for crop
planning and rotation in the context of sustainable land
use, explicitly incorporating sustainability constraints
into a multi-period production planning problem. The
proposed approach combines an arc-flow Integer Line-
ar Programming model with algorithmic procedures for
optimising crop rotations while simultaneously satisfy-
ing environmental requirements. This approach reflects
a gradual shift from models primarily oriented towards
economic outcomes to formulations in which production
decisions must simultaneously satisfy resource and envi-
ronmental requirements.

The integration of environmental criteria into mod-
els covering both crop and livestock production is of
particular relevance. Y. Gong et al. (2025) developed a
mixed-integer linear programming model for the joint
optimisation of crop and dairy feeding plans while ac-
counting for enteric methane emissions. Their findings
demonstrate the potential of MILP to identify trade-offs
between production decisions and the environmental
impacts of dairy farming. Compared with models focused
exclusively on land-use optimisation, this approach pro-
vides a higher degree of integration between production
and environmental parameters.

Overall, the current state of research indicates a tran-
sition from the optimisation of individual production
processes and resources towards integrated modelling of
sustainable production systems. However, the literature
provides limited coverage of approaches in which a sin-
gle mixed-integer linear programming (MILP) model for
a mixed-profile farm simultaneously integrates land, la-
bour, feed, and financial resources with the technological
characteristics of dairy farming, poultry production, and
berry production, including different product marketing
channels. Further attention is also required to param-
eterising such models using official regional statistical
data, thereby ensuring reproducibility and adaptation to
specific farming conditions. In addition, the sequential
assessment of the effects of different groups of environ-
mental constraints — including greenhouse gas emissions,
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livestock density, soil organic matter balance, and water
use — on the optimal production structure and economic
outcome remains insufficiently addressed.

The aim of the study was to develop a methodologi-
cally consistent optimisation model for production plan-
ning in a mixed-profile farm that combines an economic
optimisation criterion with production, resource, techno-
logical, and environmental constraints by transforming
official statistical data into parameters of a mixed-integer
linear programming problem. To assess the effects of envi-
ronmental requirements, a scenario-based approach was
applied, involving the sequential expansion of the con-
straint system and evaluation of its effects on the optimal
production structure, resource use, and operating result
of the farm. The scientific novelty lies in the development
of a methodological approach to parameterising a farm
production planning optimisation model that systemati-
cally integrates official regional statistical data, economic
and technological coefficients, and resource norms within
a single MILP framework. Unlike approaches focused on
the optimisation of individual crops, production process-
es, or separate environmental indicators, the proposed
model integrates economic, resource, technological, and
environmental constraints across different farm activities.
In addition, a scenario mechanism is proposed for the
sequential incorporation of environmental criteria, ena-
bling the quantitative assessment of the trade-off between
economic efficiency and the environmental balance of the
production programme.

» Materials and methods

The study was conducted in three consecutive stages. At
the first stage, an information base was formed based on
official statistical data on crop and livestock production,
crop yields, land-use structure, feed availability, livestock
numbers, average product selling prices, production
costs, and other statistical indicators used for parameter-
ising the optimisation model. The information support of
the study was based on statistical materials of the State
Statistics Service of Ukraine (2025) and the Main Depart-
ment of Statistics in Kyiv Region (2025) for 2024-2025.

The parameters of the environmental constraints
were specified using methodological approaches devel-
oped by the Intergovernmental Panel on Climate Change
(IPCC), in particular the provisions of the 2019 Refine-
ment to the 2006 IPCC Guidelines for National Green-
house Gas Inventories (Intergovernmental Panel on Cli-
mate Change, 2019), and methodological approaches
developed by the Food and Agriculture Organization of
the United Nations (FAO), including the Livestock En-
vironmental Assessment and Performance Partnership
(LEAP) methodology (Food and Agriculture Organization
of the United Nations, n.d.b) and the Global Livestock
Environmental Assessment Model (GLEAM) (Food and
Agriculture Organization of the United Nations, n.d.a).
Data from the AQUASTAT Dissemination System (Food
and Agriculture Organization of the United Nations, 2025)
were used to assess water use, while the environmental re-
quirements incorporated into production planning were
aligned with the approaches of the European Commission
(European Commission, 2023). The object of modelling
was a mixed-production farm in Kyiv Region, specified as
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amodel farm whose parameters were derived from official
regional statistical data.

At the second stage, the initial data were statistically
processed, including the deflation of monetary indica-
tors to the comparable price base of the fourth quarter of
2025 using official price indices (State Statistics Service of
Ukraine, 2025), unification of measurement units, tem-
poral aggregation and seasonal adjustment of indicators,
as well as transformation of statistical information into
the parameters of the optimisation problem. To ensure
data comparability, natural and monetary indicators were
harmonised, and coefficients of production resource in-
tensity, marginal income, and technological standards
were calculated. The selection of parameters was carried
out according to the criteria of representativeness, statis-
tical reliability, and feasibility of practical application in
production planning.

To determine the optimal production structure of
the farm, a MILP model was developed and implement-
ed in R using the IpSolve package. The objective function
maximised the farm’s operating result, while the decision
variables represented production volume across the main
activities and the corresponding allocation of output
among sales channels. The model included dairy cattle
production, poultry production, and berry production,
with berry output allocated between wholesale and retail
sales channels. The resource constraints of the optimisa-
tion model were structured into four main blocks: land,
financial, labour, and feed resources. The total farm area
was set at 100 ha as a scenario parameter representing the
scale of the modelled mixed-production farm. The area
effectively available for production was determined after
accounting for land occupied by buildings, internal roads,
technological access routes, and headlands. Working
capital was capped at UAH 5,000,000, which defined the
maximum amount of financing available for current pro-
duction expenditures. Labour availability was specified
on a quarterly basis to account for seasonal fluctuations
in the supply of labour in the regional agricultural labour
market. Its parameterisation was based on official statis-
tical data on the labour force, the number of employees,
and hours worked in Kyiv Region (Main Department of
Statistics in Kyiv Region, 2025). For the third quarter, char-
acterised by peak seasonal agricultural activity, available
labour was set at 25,000 person-hours as an estimate of
the potential labour supply that could be mobilised from
the regional labour market.

The feed base was aggregated using a single physical
measure — tonnes of dry matter — to ensure comparability
between the feed requirements of dairy cattle and poul-
try production. The potential feed supply was determined
based on the arable land available after excluding areas al-
located to infrastructure and the minimum assumed yield
of a forage crop. This approach provided a conservative
estimate of the potential dry-matter supply and estab-
lished an upper bound on feed resources, thereby aligning
livestock production requirements with the available land
base. A separate group of constraints covered technolog-
ical and organisational conditions related to production
capacities and sales-channel capacity.

To ensure the required production structure, bi-
nary variables were introduced to indicate whether a
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particular production activity is operated. The structural
constraints required at least three production activities
to be active and imposed a minimum production scale
for each active activity. For berry production, additional
constraints accounted for post-harvest handling capac-
ity and sales-channel capacity, including an upper lim-
it on the volume of berries that could be sold through
the retail channel. The combined resource, structural,
technological, and organisational constraints defined
the feasible region of the optimisation problem, within
which the optimal production programme of the farm
was determined.

The objective function maximised the farm’s oper-
ating result, defined as the difference between revenues
from product sales and variable production costs. This
criterion made it possible to assess the economic effect of
allocating scarce resources among competing production
activities and to determine their optimal combination. At
the same time, the sequential introduction of environ-
mental constraints allowed the effect of environmental re-
quirements on the economic performance of the optimal
production programme to be assessed. Given the speci-
fied economic, resource, technological, structural, or-
ganisational, and environmental conditions, the optimi-
sation problem was formulated as a mixed-integer linear
programming problem with binary variables. The general
form of the mathematical model was as follows:

maxZ = Y (r; — ¢)x;, (D

where x, variables represent production volumes by ac-
tivity types (Dairy, Poultry, Berries) and sales variables
(wholesale/retail).

The selection of this objective function made it pos-
sible to evaluate the short-term operating result without
considering changes in fixed assets and fixed costs.

The constraint system included resource limits:

Land resource constraint:

AmitkXmitk T AmeatXmeat + Aperry,optXberry,opt +
+ aberry,retxberry,ret < A’ (2)

where A represents the available land area.
Feed constraint:

fmilkxmilk + fmeatxmeat <F, (3)

where F represents the annual feed supply measured in
tonnes of dry matter.
Quarterly labour constraints:

Yiligxi <Lgq=1,..,1V, ()

where L, represents the available labour resources in each
quarter and may become a potential bottleneck in the
third quarter.

Working capital budget constraint:

2icix; < B, (5)

where B represents the maximum allowable volume of
variable costs at 2025 prices.




Specific berry production constraints considered pro-
cessing capacity, cold chain capacity, and minimum/max-
imum shares of sales channels, for example:

xberry,ret < Uret’ (6)

where U, determines the upper limit for the retail sales
channel.

The model variables were primarily continuous; howev-
er, binary variables were introduced to describe technolog-
ical thresholds and minimum allowable production scales.
These variables ensured activation of the corresponding
production activities only when the established produc-
tion level was reached. This approach allowed the discrete
nature of certain managerial decisions related to launch-
ing production processes to be taken into account while
maintaining the relative simplicity of the mathematical
formulation of the mixed-integer programming problem.

At the final stage of the study, a scenario analysis was
conducted by sequentially expanding the set of model
constraints. The baseline scenario incorporated econom-
ic, resource, and technological constraints. The second
scenario additionally introduced environmental con-
straints on total greenhouse gas emissions expressed in
CO, equivalents, the maximum permissible livestock den-
sity per unit of agricultural land, and the minimum per-
missible soil organic matter balance. In the third scenario,
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a constraint on water resource use was introduced while
maintaining the baseline model conditions. The fourth
scenario examined the combined effect of environmental
and water constraints on the structure of the optimal pro-
duction plan.-The parameters of the environmental con-
straints were derived from the methodological approach-
es described above and adapted to the conditions of the
modelled farm. The sequential scenario design made it
possible to quantitatively assess the effects of individual
groups of environmental constraints on the structure of
the optimal production plan, the use of production re-
sources, and the farm’s operating result.

» Results and discussion

As a result of the parameterisation, a consistent set of
economic, technological, and resource coefficients was
developed for the production activities included in the
model. Monetary indicators were converted to a compa-
rable price basis for the fourth quarter of 2025, after which
revenue, variable costs, and requirements for the main
production resources — land, labour, and feed resources —
were determined for each activity. The resulting parame-
ters ensure consistency between monetary and physical
indicators and were used to construct the resource and
technological constraints of the optimisation model. The
parameterisation results for the production activities are
presented in Table 1.

Table 1. Economic and resource parameters of production activities in the optimisation model (base: Q4 2025)

Farm activity
Indicator Milk, Poultry, 1 t L Berries, retail,
1 cow-year live weight lw lil el 1 ha-season
a-season

Revenue, UAH 148,000 69,000 121,000 168,000

Feed / Fertilisers, UAH 58,000 25,000 19,000 22,000

Energy, UAH 12,000 4,500 7,000 9,000

Veterinary services and veterinary medicines/Crop protection, UAH 8,500 2,500 2,500 3,000
Logistics and post-harvest processing, UAH 9,500 3,500 20,000 32,000
Other variable costs, UAH 15,000 6,500 10,500 10,000

Total variable costs, UAH 103,000 42,000 59,000 76,000
CONTRIBUTION MARGIN, UAH 45,000 27,000 62,000 92,000

Source: authors’ calculations based on data from the Main Department of Statistics in Kyiv Region (2025)

The activities included in the model were measured
in different units — one cow-year, one tonne of live weight,
and one hectare per season — so the coefficients presented
in Table 1 were directly comparable only in relative terms.
In relative terms, berry production was the most profita-
ble activity: the contribution margin accounted for 51.2%
of revenue in the wholesale channel and 54.8% in the re-
tail channel, against 30.4% in dairy farming and 39.1% in
poultry production. The cost structures differed as well: in
the livestock activities the largest share of variable costs
was formed by feed (56.3% in dairy farming and 59.5%

in poultry production), whereas in berry production the
dominant item was logistics and post-harvest handling
(33.9% and 42.1% of variable costs in the wholesale and re-
tail channels, respectively). Compared with the wholesale
channel, retail sales of berries increased revenue by 38.8%
and variable costs by 28.8%, resulting in an additional
contribution margin of UAH 30 thousand per hectare and
increasing the economic attractiveness of the retail chan-
nel in the optimal plan. The solution of the optimisation
problem obtained through the implementation of the pro-
posed model in the R environment is presented in Table 2.

Table 2. Optimal production plan for the farm under technological and economic constraints

Production activity

Optimal volume

Marginal income per unit, Contribution to the result,

thousand UAH thousand UAH
Dairy farming 32 cows 45 1440.00
Poultry production 1.18 tonne of live weight 27 31.86
Berry production (wholesale channel) 9.84 ha 62 610.08
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Table 2, Continued

Marginal income per unit, Contribution to the result,

Production activity Optimal volume thousand UAH thousand UAH
Berry production (retail channel) 10.00 ha 92 920.00
Total/Operating Result 3001.94

Source: authors’ calculations based on the developed optimisation model and statistical data from the Main Department

of Statistics in Kyiv Region (2025)

The optimal production plan determines the most
efficient structure of farm activities under a given sys-
tem of resource, technological, and organisational con-
straints. At the same time, the practical use of optimi-
sation results requires an assessment of how changes
in the operating conditions of the farm affect the pro-
duction structure, resource use, and economic perfor-
mance. For this purpose, scenario analysis was applied,
in which additional environmental and water require-
ments were successively added to the baseline system
of constraints. This approach makes it possible to as-
sess not only the optimisation outcome under baseline
conditions but also the way in which the production
structure adapts to additional regulatory requirements.
In particular, comparison of the scenarios makes it
possible to identify changes in the composition of pro-
duction activities, the use of key resources, and the
contribution margin resulting from individual groups
of constraints. At the next stage of the study, the envi-
ronmental and water requirements used to construct
the respective scenarios were formulated.

The approaches of the European Union's Com-
mon Agricultural Policy (CAP) for 2023-2027 (Europe-
an Commission, 2023) to enhancing the environmental
sustainability of agricultural production emphasise the
integration of environmental and climate objectives
into agricultural production and farm management
through strengthened conditionality, including Good
Agricultural and Environmental Conditions (GAEC) and
voluntary eco-schemes (European Parliament, Council
of the European Union, 2021).

In this study, the impact of these criteria on the
optimisation outcomes was assessed using four se-
quential scenarios. The baseline scenario involved
searching for an optimal solution subject only to eco-
nomic, resource, and technological constraints and
represented a production plan aimed at maximising the
operating result.

The second scenario extended the baseline model
by introducing environmental constraints, including a
greenhouse gas emissions threshold of 2.5-3.0 t CO,-eq./
ha, a maximum livestock density of 1.7 livestock units
per hectare of agricultural land, and a non-negative soil
organic matter balance (at least 0 t/ha). These threshold
values were specified as scenario parameters based on
relevant international methodological approaches and
adapted to the conditions of the modelled farm. This
specification made it possible to quantitatively assess

the effects of environmental constraints on the produc-
tion structure and operating result.

The third scenario introduced an additional con-
straint on water use while maintaining the baseline con-
ditions. Water use was considered a separate additional
constraint because it represents the use of a local natu-
ral resource whose availability depends on regional cli-
matic and environmental conditions. Unlike greenhouse
gas emissions, livestock density, and soil organic matter
balance, which were considered key components of the
environmental sustainability of agricultural production,
the water constraint was treated as an independent fac-
tor whose effect on the optimal production structure was
assessed separately.

The fourth, combined scenario involved the simul-
taneous application of environmental and water con-
straints. This made it possible to assess their combined
effect on the optimal production structure and the
farm's economic performance. Unlike the separate ap-
plication of environmental and water constraints, their
simultaneous consideration required a comprehensive
adjustment of the production plan, taking into account
the interactions among land, water, and other produc-
tion resources.

Comparison of the four scenarios made it possible
to assess the effects of individual groups of additional
constraints on the structure of the optimal production
plan, resource use, and the farm's contribution mar-
gin. In particular, comparison of the baseline, environ-
mental, and water scenarios made it possible to distin-
guish the effects of the respective groups of constraints,
whereas comparison of the combined scenario with the
other scenarios made it possible to identify addition-
al structural changes and assess the overall economic
effect of simultaneously meeting environmental and
water requirements.

This approach made it possible to determine the
contribution of individual groups of environmental
constraints to changes in the optimal production plan
and to quantify the reduction in the operating result
associated with stricter environmental requirements.
The findings demonstrate the trade-off between max-
imising economic efficiency and ensuring the environ-
mental sustainability of agricultural production in ac-
cordance with contemporary principles of sustainable
agricultural development.

The optimal solutions of the model under the four
scenarios are presented in Table 3.

Table 3. Comparison of optimal farm production plans under different constraint scenarios

. . . . Marginal income,
Scenario Cattle, head Poultry,t Wholesale berries, ha Retail berries, ha thousand UAH
Baseline 32.00 1.18 9.84 10.00 3,001.94
Environmental 28.00 5.63 9.90 9.95 2,941.21
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Table 3, Continued

Scenario Cattle, head Poultry,t Wholesale berries, ha Retail berries, ha Mt?lr f&l;:lngla(l)‘nﬁe’
‘ Water 31.00 3.76 6.00 9.50 2,742.52
‘ Environmental + Water 28.00 4.47 5.50 8.50 2,503.69

Source: authors’ calculations based on the developed optimisation model, statistical data from the Main Department
of Statistics in Kyiv Region (2025), and international methodological guidelines and databases for the environmental
assessment of agricultural production, including the IPCC guidelines (Intergovernmental Panel on Climate
Change, 2019), FAO LEAP guidelines (Food and Agriculture Organization of the United Nations, n.d.b), GLEAM (Food and
Agriculture Organization of the United Nations, n.d.a), and the AQUASTAT Dissemination System (Food and Agriculture

Organization of the United Nations, 2025)

The results of the optimisation modelling indicate
that the production structure of the farm responds dif-
ferently to the introduction of environmental and water
constraints. Under the baseline scenario, the optimal
production plan involves keeping 32 head of cattle, pro-
ducing 1.18 t of poultry, and cultivating berries on 9.84
ha for wholesale sales and 10.00 ha for retail sales. This
production structure generates a maximum contribu-
tion margin of UAH 3,001.94 thousand under the spec-
ified resource, technological, and economic parameters
of the model. The introduction of the environmental
constraint leads to a structural adjustment of the pro-
duction plan. The number of cattle decreases from 32 to
28 head, while poultry production increases from 1.18
to 5.63 t. This change reflects the differentiated contri-
bution of livestock production types to greenhouse gas
emissions and indicates a partial substitution of the
more environmentally intensive production activity.
At the same time, the areas allocated to berry produc-
tion remain almost unchanged: the area for wholesale
production increases to 9.90 ha, while the area for re-
tail production decreases slightly to 9.95 ha. Thus, un-
der the environmental scenario, the main adaptation
mechanism is a change in the ratio between livestock
production activities rather than a reduction in berry
production. The contribution margin decreases to UAH
2,941.21 thousand, representing a 2.02% decline com-
pared with the baseline scenario.

The water constraint produces a different pattern of
structural adaptation. The number of cattle decreases
only to 31 head, while poultry production increases to
3.76 t. In contrast, the area allocated to berries for whole-
sale sales decreases from 9.84 to 6.00 ha, while the area
for retail production decreases from 10.00 to 9.50 ha. Thus,
under water resource scarcity, the model primarily adjusts
the areas allocated to the respective crop production ac-
tivities, indicating a greater sensitivity of the land-use
structure to the water constraint. The contribution margin
in this case amounts to UAH 2,742.52 thousand, which is
8.64% below the baseline level.

The most substantial transformation of the produc-
tion structure occurs when the environmental and water
constraints are applied simultaneously. The number of
cattle decreases to 28 head, poultry production amounts
to 4.47 t, the area allocated to wholesale berry production
decreases to 5.50 ha, and the area for retail production de-
creases to 8.50 ha. Thus, the combined constraints result
in simultaneous adaptation of both the livestock and crop
production components of the farm. Compared with the

baseline scenario, the contribution margin decreases to
UAH 2,503.69 thousand, representing a 16.60% decline.

The results demonstrate that environmental and
water constraints affect the farm’s production structure
through different channels. The environmental constraint
primarily changes the ratio between livestock production
activities, whereas the water constraint has a stronger ef-
fect on the land-use structure. When applied simultane-
ously, these constraints produce the most conservative
production plan, in which the reduction of environmental
and resource pressures is achieved at the expense of eco-
nomic performance. This confirms the usefulness of opti-
misation modelling for identifying combinations of pro-
duction activities that provide the maximum attainable
contribution margin under specified environmental and
resource constraints.

The obtained results demonstrated that environ-
mental constraints did not change the overall speciali-
sation of the farm but adjusted the proportions between
individual production activities. Compared with the
baseline scenario, the environmental constraints pri-
marily led to adjustments in the livestock component
of production, while the structure of berry production
remained virtually unchanged. The most significant
impact was caused by the water-use constraint, which
stimulated the redistribution of resources among pro-
duction activities and eliminated the wholesale berry
sales channel, as it had a lower economic return un-
der the tighter resource constraint. At the same time,
even under the most restrictive scenario, the model
preserved a diversified production structure and gen-
erated a positive operating result, which demonstrated
the possibility of combining economic efficiency with
environmental sustainability requirements in farm pro-
duction. Overall, the results indicated that the integra-
tion of constraints related to greenhouse gas emissions,
livestock density, soil organic matter balance, and water
use did not contradict the achievement of economic
efficiency. Instead, it contributed to the formation of
a balanced production structure that ensured rational
utilisation of natural resources and complied with sus-
tainable development principles.

The obtained results showed that incorporating envi-
ronmental constraints into the planning of a small diver-
sified farm affects not only the operating result but also
the mechanism of allocating limited resources among
activities. The sequential introduction of environmental
constraints made it possible to trace how changes in the
feasible region of the model transformed the production

Ekonomika APK. 2026. Vol. 33, No. 2




@ Optimisation of farm production based on statistical data...

structure, resource use, and economic outcomes while
keeping the optimisation criterion unchanged. This ap-
proach extended the traditional application of linear
programming to the optimisation of production resource
use in agriculture. G.C. Lomte & S.R. Dhavale (2022) con-
sidered optimisation methods as a tool for the rational
allocation of agricultural resources, whereas S.A. Nu-
zhna & N.M. Samarets (2018) focused on optimising the
use of production resources by agricultural enterprises.
E. De Keyser et al. (2024) demonstrated the potential of
farm-level linear programming to integrate economic
costs with environmental externalities in fertiliser man-
agement. In the proposed model, these approaches were
extended by incorporating quantitative environmental
constraints on greenhouse gas emissions, livestock den-
sity, soil organic matter balance, and, in a separate sce-
nario, water use. This made it possible to assess not only
the optimal allocation of resources but also the economic
and structural consequences of progressively tightening
environmental requirements.

An important result concerned the different econom-
ic effects of the various groups of constraints. R. Skrynk-
ovskyy et al. (2022) proposed an economic-mathematical
model for maximising the economic result of an enter-
prise within the framework of sustainable development.
In our study, the economic criterion remained unchanged
across all scenarios, while the constraint system was mod-
ified. Under this approach, the reduction in the operating
result directly reflected the effect of additional environ-
mental requirements on feasible production decisions.
The simultaneous introduction of constraints on green-
house gas emissions, livestock density, and soil organic
matter balance reduced the operating result by only 1.6%
compared with the baseline scenario. In contrast, the ad-
ditional water-use constraint reduced the operating re-
sult by 9.1% relative to the baseline. Thus, the economic
effect of environmental constraints depends not only on
their number but also on the criticality of the respective
resource for a particular production system. This result
complemented the considerations of resource poten-
tial and rational farm size addressed by V. Zhmudenko &
R. Lishchuk (2021) and A. Hutorov & O. Hutorova (2024).
In the proposed model, the farm’s resource potential was
determined not only by available land, labour, feed re-
sources, and working capital but also by permissible lev-
els of environmental pressure. Consequently, the intro-
duction of environmental constraints effectively changed
the economic value of available resources and the relative
attractiveness of individual activities. With the economic
optimisation criterion unchanged, this was reflected in
changes in the optimal production structure.

The change in production structure also demon-
strated the adaptive role of diversification. C.A. Rey-
na-Ramirez et al. (2025) demonstrated the importance of
mixed crop-livestock systems for improving resource-use
efficiency in smallholder farms, while Y. Vittis et al. (2021)
linked the optimisation of production parameters with im-
proved resource-use efficiency in farming systems. In our
study, the diversified structure was maintained across all
scenarios, although the relative scale of individual activi-
ties changed in response to the new resource constraints.
This indicated that diversification was not an explicit
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objective of the model but emerged as a result of the op-
timal reallocation of resources among available activities.
Thus, the diversified production structure functioned as
an adaptation mechanism to changing resource condi-
tions. A similar relationship between economic and en-
vironmental objectives was identified by C.H. Geissler et
al. (2025), who emphasised the existence of trade-offs be-
tween economic outcomes and environmental constraints
in agricultural systems. The obtained results refined this
conclusion quantitatively: the first group of environmental
constraints caused only a minor reduction in the operating
result, whereas the water constraint produced a substan-
tially stronger economic and structural effect. Therefore,
the magnitude of the trade-off depends on the scarcity
and criticality of the constrained resource. The inclusion
of soil organic matter balance was also consistent with the
growing integration of soil-quality indicators into produc-
tion-planning models. M.C. Kik et al. (2024) showed that
incorporating sustainable soil-management indicators
can alter optimal production decisions and the economic
value of alternative resource-use strategies. In our model,
soil organic matter balance was considered jointly with
constraints on greenhouse gas emissions and livestock
density. Its effect therefore emerged not in isolation but
through the combined changes in production structure
and interactions between crop and livestock activities.
The most pronounced structural changes were asso-
ciated with the water-use constraint. Studies by EJ. Lépez-
Flores et al. (2025) and S. Ababneh et al. (2026) highlighted
the importance of water as a resource that simultaneous-
ly affects the economic performance and environmental
characteristics of agricultural production. In our model,
tightening the water constraint resulted in the realloca-
tion of resources towards activities with higher economic
returns per unit of the scarce resource. In particular, the
area allocated to berry production for the wholesale chan-
nel was substantially reduced, while the retail channel was
retained at a larger scale. Thus, under a tighter resource
constraint, the model did not simply reduce total produc-
tion but altered its structure according to the economic
return generated by the use of the constrained resource.
The allocation of berry production between whole-
sale and retail channels represented another important
aspect of the obtained results. A. Javanmardan et al. (2024)
demonstrated the importance of simultaneously consid-
ering multi-product and multi-market dimensions in
optimisation models for fruit supply chains. In our mod-
el, the allocation of berries between sales channels was
also incorporated directly into the optimisation system.
Therefore, the distinction between wholesale and retail
production was not merely a marketing characteristic but
determined different economic returns to land and other
limited resources. This helps explain why, under the tight-
er water constraint, the model reduced the area allocated
to wholesale berry production while retaining the retail
activity. The obtained results were also consistent with
studies in which optimisation is considered at the whole-
farm level. D.A. Zuniga Vazquez et al. (2021) and A. Mule-
ke et al. (2022) demonstrated the relevance of integrated
production planning under resource and climate con-
straints. Unlike these approaches, our study focused on
the sequential introduction of environmental constraints




and on tracking not only changes in economic outcomes
but also the structural response of the farm. This made it
possible to identify which constraints generated the most
substantial reallocation of resources.

From a methodological perspective, the results con-
firmed the relevance of mathematical programming for
the integrated analysis of economic and environmental
constraints. C. Moulogianni (2022) compared different
mathematical programming approaches for sustaina-
ble land and farm management, whereas A.G. Rosa et
al. (2025) considered linear reformulation as a means of
improving the efficiency of sustainable farm-operation
models. An advantage of the proposed formulation was its
ability to modify the constraint system sequentially while
keeping the economic criterion unchanged and directly
tracing the response of the optimal production structure.
This enhanced the interpretability of the results and made
it possible to distinguish the effect of changes in the fea-
sible region from the effect of changing the optimisation
criterion itself.

Another important finding was the preservation of the
farm’s mixed production profile across all four scenarios.
Even under the most restrictive scenario, the model did
not eliminate the livestock activities but changed their
relative proportions in combination with berry produc-
tion. This indicated that production diversification could
serve as an adaptation mechanism to resource and envi-
ronmental constraints: a reduction in one activity could
be compensated by an increase in another when the lat-
ter provided a more favourable combination of economic
return and resource requirements. At the same time, the
results needed to be interpreted in light of the model’s lim-
itations. The model was static and determined the optimal
plan for a single production period under fixed assump-
tions regarding prices, yields, productivity, and resource
availability. Therefore, the resulting structure should not
be interpreted as a universal production configuration ap-
plicable to all farms. Its practical value primarily consisted
in assessing the direction of changes in the optimal solu-
tion when the constraint system was modified and quanti-
fying the corresponding economic implications.

The use of official statistical data for model param-
eterisation was also important. Compared with models
based exclusively on expert assessments, this approach
provided greater reproducibility of the initial parame-
ters and allowed the model to be adapted to a specific
regional environment. However, the aggregated nature
of statistical information limited the extent to which the
technological characteristics of an individual farm could
be captured. Therefore, practical application of the mod-
el required further adjustment of individual coefficients
according to the actual production technology, land
structure, labour availability, and local market condi-
tions. Overall, the sequential introduction of constraints
demonstrated that their economic and structural effects
depended on the scarcity and importance of the respec-
tive resources. The water-use constraint produced the
most substantial adjustment of the production structure,
whereas the basic set of environmental constraints re-
sulted in only a minor reduction in the operating result.
These findings support the use of the proposed approach
as a decision-support tool for assessing the economic and
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environmental implications of alternative production
plans in small diversified farms.

» Conclusions

The study developed a methodologically grounded
mixed-integer linear programming model for production
planning in a mixed farm. The model transforms official
statistical data into the parameters of an optimisation
problem and integrates economic, resource, technolog-
ical, and environmental constraints within a unified de-
cision-support framework. The use of official statistical
information as the empirical basis of the model improves
its reproducibility, adaptability to farm operating condi-
tions, and practical applicability, while reducing the need
for extensive primary data collection. The results confirm
that an economically justified production structure can
be established under limited land, labour, financial, and
material resources.

The scenario analysis demonstrated that different
groups of environmental and resource constraints lead to
different patterns of adaptation in the production struc-
ture. Environmental constraints primarily affect the bal-
ance between livestock production activities, while the
structure of berry production remains relatively stable
under these conditions. In contrast, the water constraint
has a more pronounced effect on land-use allocation
and the area devoted to berry production. Thus, differ-
ent constraint groups operate through distinct mech-
anisms of resource reallocation, supporting the use of
separate scenario analysis to assess their effects on farm
production planning. The simultaneous application of
environmental and water constraints results in the most
comprehensive adjustment of the production plan, as it
requires the livestock and berry production components
to be jointly aligned with the availability of natural and
production resources. At the same time, even under the
combined constraints, the farm retains a diversified pro-
duction structure and a positive economic result. This
indicates that environmental and water requirements do
not eliminate the economic feasibility of production but
rather change the optimal configuration of production
activities and resource allocation.

Overall, the findings demonstrate that environmental
and water constraints do not merely limit the economic
potential of the farm; rather, they alter the optimal config-
uration of its production structure and resource allocation.
Optimisation modelling therefore makes it possible not
only to identify an economically efficient production plan
but also to assess the farm’s capacity to adapt to additional
environmental and resource requirements. The proposed
approach provides a quantitative basis for evaluating the
trade-off between economic efficiency, rational use of
natural resources, and environmental sustainability and
can be applied as a decision-support tool for farm man-
agement. Future research should extend the model by in-
corporating stochastic parameters, multi-period planning,
economic risks, and climate scenarios, as well as addition-
al environmental indicators such as biodiversity, carbon
balance, soil degradation, and water quality. Such exten-
sions would increase the model’s adaptability to changes
in the production environment and broaden its practi-
cal application in agricultural decision-support systems.
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» AHoTauia. O0Me)XeHICTh 3eMesJbHUX, TPYJOBUX, KOPMOBHUX i (DiHAHCOBUX peECypCiB BHU3HAYa€E BUPOOHUUY
CTPYKTYPY hepMepPChKUX rOCIOAAPCTB, TOAI IK TOCUJIEHHSI BUMOT JI0 €KOJIOTiYHOI CTAJIOCTi TOTpebye y3roaKeHHs
€KOHOMIiYHO1 e(peKTUBHOCTI 3 paI[ioHaTbHUM BUKOPUCTAHHSM IMPUPOTHUX PECYPCiB. MeTOI0 NOCiIKeHHs OYysI10
OOTPYHTYBaHHsI ONTHUMAJIBHOI BUPOOHMYOI mporpaMu (epMepchKOro rocrnofapcTBa 3MimiaHoro mpodimtio Ha
OCHOBi €KOHOMIKO-MaTeMaTUu4YHOTO MOJEJI0BaHHA 3 ypaXyBaHHsSM €KOHOMIYHHUX, PECYpCHUX, TEXHOJIOTiYHUX Ta
eKoJIoTiYHUX 0O0MeXkeHb. [H(opMmaniliHy 6a3y cdhopMoBaHO Ha OCHOBi OQIIifHUX CTaTUCTUYHUX JaHUX 3a 2024-
2025 pp. i onTuMisarii BUpOOHUYOI CTPYKTYPU BUKOPUCTAHO MOJEJIb 3MIllIaHOTO IIJIOYUCTIOBOTO JIiHIHOTO
nporpamyBadHus (MILP), pearizoBany B cepegoBuiili R. Momesb BKJII0Yana 00MeKeHHs 010 3eMeJIbHUX, TPYOBUX,
KOPMOBUX i (piHaHCOBUX peCYypCiB, a TAKOK BUKUJIB TAPHUKOBUX ra3iB, IIiIbHOCTI OT0JIiB’s, 6aaHCy Opra”HiqyHol
PEeYOBUHU I'PYHTY Ta BOAOKOPUCTYBAaHHSA. /I OLIHIOBAaHHS BIIMBY JOJAaTKOBUX BUMOT 3aCTOCOBAHO CIlEeHApHUM
a"aJi3. 3a 6a30BOro creHapilo onTUMajdbHUM NJaH IepefbadaB 32 ToJIOBHM BeJUKOI poraroi xymobwu, 1,18 T
nruny, 9,84 ra ATiTHUX HacaIKeHb IS rypToBoi Ta 10,00 ra ni1s po3npibHOI peastisariii, a MapsKUHATIBHUH OXi[T
craroBuB 3001,94 tuc. rpH. Ekosoridyni 06Me)xeHHSI 3MEHIITyBaJIA TIOTOJIiB I BEJIMKOI poraToi Xxygoou mo 28 rosis
i 36ipIIyBasI BUPOOHUIITBO NTHUII /10 5,63 T 3a HE3HAYHOI 3MiHM ILJIOII ATiIHUX HacaaKeHb. BomHe oOMeskeHHS
CIIPUYUHSAJO CKOPOYEHHSI IJIOI SITiTHOTO BUPOOHUIITBA Ta 3MiHY CTPYKTypHW TBapwHHHIITBA. KombiHOBaHe
3aCTOCYyBaHHSI OOMe)KeHb 3yMOBJIIOBAJIO HAMCYTTEBILly CTPYKTYPHY aHalTallil0 Ta 3HU)KEHHS Map>KUHAJIBHOTO
Joxony Ha 16,60 % nopiBHAHO 3 6a30BUM cuieHapieM. IIpakTuyHe 3HaYeHHSI AOCiIKEeHHS [I0JIAATAE Y MOYKJIMBOCTI
BUKOPHUCTAHHS MOJeJIi JIs1 OOTIPYHTYBaHHSA BUPOOHUYNX IPOTpaM (pepMepCchKUX rOCIIOAAPCTB Ta OI[iHIOBAHHS 1X
ajanranii 0 3MiH peCypCHHUX i €KOJIOTIYHHAX yMOB
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» Abstract. This study aimed to determine the distinctive features of the development of Ukraine’s agricultural
economy in the context of global economic change. In order to achieve this aim, statistical, comparative and case studies
were combined with analytical generalisation. The statistical analysis revealed that the FAO Food Price Index reached
an average of 122 points in 2024, which is 2.1% higher than the figure for 2023. For the 2024-2025 marketing year, the
global cereal stocks to use ratio amounted to 26.7%, and international cereal trade totalled 499 million tonnes. It was
found that global economic trends influence Ukraine’s agricultural economy via price, logistics, trade, production and
regulatory mechanisms. The examples of the agro-industrial companies Kernel, Myronivsky Hliboproduct and Astarta
demonstrate that the resilience of agricultural enterprises can be improved by diversifying their export destinations,
developing products which have a high added value, carrying out technological modernisation and digitalisation,
and applying the principles of sustainable development. The study shows that different companies adapt to global
economic trends in ways that depend on their area of specialisation. In order to achieve adaptation of the Ukrainian
agricultural economy, it is necessary to diversify foreign markets, develop domestic processing, modernise the logistics
infrastructure, introduce resource-efficient technologies, harmonise certification systems with the requirements of the
European market, and set up digital monitoring of global agricultural markets. The practical value of the study is that
the suggested areas of adaptation could be applied in the formulation of state agricultural policy and in improving the
competitiveness of Ukraine’s agricultural sector in the face of global economic transformations

» Keywords: export routes; technological modernisation; export earnings; logistics strategies; global market volatility

» Introduction

The development of Ukraine’s agricultural economy is
nowadays influenced not just by domestic production fac-
tors but also by various global economic processes such
as international trade, food markets, investment activi-
ties, and technological change. Meanwhile, the rising un-
certainty in the global economy has made it more neces-
sary to develop new methods for adapting the agricultural
economy to external changes. It has therefore become
more important than ever to look at the mechanisms by
which the agricultural sector adjusts to external develop-
ments. As N. Prokopenko (2024) pointed out, the global
economic changes bring not only new risks but also new
opportunities for Ukraine’s agricultural sector and there-
fore require a review of the traditional patterns of develop-
ment. She stated that the competitiveness of the agricul-
tural economy at present mainly relies on its capacity to

integrate into global economic processes and to respond
swiftly to changes in the international environment.

A key element in the global economic transformation
is the reorganisation of the international supply chains
for agricultural products. Since 2022, security risks have
had an effect on logistics, causing a diversion of transport
flows and prompting a search for new methods to ensure
the continuity of supply, as N. Makarenko et al. (2026)
pointed out. The authors regarded logistical adaptation
as essential for maintaining the export potential of the
agricultural sector. Yet their analysis mainly concentrat-
ed on the transformation of logistics systems and dealt
less thoroughly with the wider impact of global economic
trends on the agricultural economy as a whole. Agri-busi-
nesses are also adjusting to the current global challenges
by improving their logistics and marketing management
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systems. V. Petrushov & I. Shapovalova (2026) showed that
itis necessary to combine logistics and marketing mecha-
nisms in order to enhance the performance of enterprises
that export goods. The authors believe that competitive
advantages are now mainly derived from the digitalisation
of business processes, better product traceability, and the
introduction of modern management methods. Further-
more, their study looked into the relationship between
these processes and the changes in global agricultural
market conditions.

The economic difficulties experienced by Ukraine’s
agricultural sector are worsening as a result of both global
market developments and factors connected with the war.
As A. Movchanuk & A. Boiko (2026) point out, agricultural
production is affected by a mix of logistical constraints, in-
creasing production costs, the loss of productive resources,
and the necessity for state support. The authors have con-
centrated on the government’s stabilisation measures in-
tended at least in part to counteract the negative effects of
external economic factors. Nevertheless, in their opinion,
the connection between trends in global agricultural mar-
kets and the structural changes in Ukraine’s agricultural
economy still needs to be investigated in a systematic way.

The significance of Ukraine’s role in global food secu-
rity is one of the subjects that is often dealt with in the lit-
erature. Ye. Kryvokhyzha et al. (2025) stress that Ukrainian
agricultural exports remain a significant element of the in-
ternational food supply chains and that their stability has
a direct effect on global markets. The authors point out the
need to diversify export routes and to enhance the resil-
ience of foreign trade. Although their study examined the
contribution of Ukrainian exports to global food security,
the way in which global economic trends influence the
domestic development of the agricultural economy still
has to be considered on its own.

Research indicates that Ukrainian agricultural com-
panies are growing in their role in securing global food
supplies as a result of their increasing capacity to cope
with international challenges. G. Myskiv & O.-M. Mys-
kiv (2026) stated that the performance of agricultural en-
terprises is now more dependent on their ability to inte-
grate modern technologies, to maintain production, and
to stay competitive in global markets. They considered
agricultural businesses to be part of the international
food security system, the efficiency of which depends on
the resilience of individual enterprises. With globalisation
progressing, the production of goods with high added val-
ue is becoming more and more important as a means of
achieving economic recovery after war. As V. Lagodiien-
ko et al. (2026) pointed out, focusing on the export of
highly processed products and adhering to the principles
of sustainable development establishes the conditions
necessary for enhancing the international competitive-
ness of Ukraine’s agricultural sector. The authors advo-
cated for combining an export strategy with modern mar-
keting techniques and with production methods that are
environmentally responsible. Although their study mainly
dealt with the issue of post-war recovery, further research
is needed regarding the impact of wider global economic
trends on the operation of the agricultural economy.

Another element of sustainable development in the
agricultural sector is the creation of effective security
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management systems for agricultural businesses. As
1.0. Sabadash (2026) pointed out, agricultural enterprises
function in an environment characterised by multiple eco-
nomic, technological, and foreign-policy risks, necessitat-
ing the implementation of comprehensive security man-
agement measures. The author has emphasised the need
for risk-based management for ensuring operational sta-
bility and for contributing to the long-term development of
the enterprises. However, the influence of global econom-
ic trends on the overall transformation of the agricultural
economy of Ukraine has not been systematically studied.
This gives grounds for a thorough study of this problem.

Much research has been conducted on the develop-
ment of Ukraine’s agricultural sector, but most of these
studies deal with various aspects of the industry, includ-
ing logistics, exports, government support, sustainable
development, and the functioning of agricultural enter-
prises. The complex influence of global trends of econom-
ic development on the agricultural economy of Ukraine
has not yet been studied in sufficient detail, in particu-
lar, from the point of view of the state of the world food
market, international trade, restructuring of logistics,
changes in production, and practical adaptation of agri-
cultural enterprises to them. The purpose of the study was
to identify the mechanisms of the influence of global eco-
nomic trends on the functioning and adaptability of the
agricultural economy of Ukraine. To achieve this goal, the
following objectives were formulated: to analyse global
economic trends and their impact on the development of
Ukraine’s agricultural economy; to investigate the mech-
anisms of adaptation of the agricultural sector to chang-
es in the global economic environment; to offer practical
measures to improve the resilience and competitiveness
of Ukraine’s agricultural economy.

» Materials and methods
The study was both theoretical and based on empirical ev-
idence. In order to carry out the study, statistical analysis
was carried out on global economic trends and on indica-
tors relating to the performance of Ukraine’s agricultural
sector; a comparative analysis was made of the way the
effects of global economic processes are transmitted to
the agricultural economy, and a case study was conduct-
ed into the activities of the major Ukrainian agricultural
enterprises. At the end of the study, practical measures for
adapting Ukraine’s agricultural economy to global eco-
nomic trends were developed by combining the findings.
A statistical analysis was carried out in order to exam-
ine global economic trends and the position of Ukraine’s
agricultural economy. During this stage, the aim was to
detect patterns in the development of the global agri-
food market, to evaluate changes in the main indicators
of Ukrainian agricultural production, and to identify the
factors that affect the agricultural sector in the context
of changes in global economic conditions. The statisti-
cal analysis included the period from 2021 to 2025. This
period was chosen so that it would be possible to follow
the trends in the development of the global agricultural
market and in Ukraine’s agricultural economy in light
of global economic and geopolitical changes, using the
most complete official statistical data available at the
time of the study. It was also regarded as a representative




period for investigating the impact of changes in global
food market conditions, international trade, logistics, and
agricultural production.

The study looked at trends in the Food and Agricul-
ture Organization: Food Price Index, Cereal Price Index,
Vegetable Oil Price Index; data on global cereal pro-
duction, consumption, closing stocks and internation-
al trade; the output of Ukraine’s main crops; crop and
livestock production indices; and figures relating to ag-
ricultural output, gross value added, intermediate con-
sumption, compensation of employees, gross operating
surplus and mixed income. It also took into account the
main categories of factors that influenced the develop-
ment of Ukraine’s agricultural sector between 2021 and
2025. The evidence used came from official statistical
publications issued by the Food and Agriculture Organ-
ization (2026a; 2026b; n.d.). The analysis also made use
of material from Lao News Agency (2026) and data from
the USDA (n.d.a; n.d.b). Data from the State Statistics Ser-
vice of Ukraine (n.d.a; n.d.b; 2025; 2026), and results from
appropriate academic studies. The statistical data were
examined by means of descriptive statistical methods
involving the summarising, organising and interpreting
of the official indicators. Data for the 2024-2025 market-
ing year were likewise employed in order to evaluate the
global balance of cereal production, consumption, stocks
and international trade. For this study, the marketing year
was understood to be the period covering the marketing
and consumption of a harvested crop; in the case of ce-
reals, this period extended from July 2024 to June 2025.
Adopting the marketing year allowed for a more accurate
evaluation of the global cereal market balance since pro-
duction, consumption, trade and closing stocks were ex-
amined over the course of one complete crop marketing
cycle rather than across a calendar year.

For the case study, three of the major agricultural
firms in Ukraine were selected. These firms are involved
in global economic trends in different ways, differing in
the degree of specialisation in production, level of ver-
tical integration, export orientation and investment fo-
cus. For the case analysis, we used a standard analytical
framework that took into account the main area of spe-
cialisation of the companies, the main global challenge
they are facing, the mechanism they have adopted to face
this challenge, their logistics strategy, their response to
changes in global market conditions, their investment
priorities, their approach on sustainable development
and their main adaptation outcome. In all three cases
the same criteria were used, which made it possible to
make the findings comparable and to find out how the
differences in business structure, level of vertical integra-
tion and degree of export orientation affect the choice of
specific mechanisms to respond to changes in the global
economic environment.

For example, Kernel Holding S.A. (2024) is a vertical-
ly integrated agricultural holding company focused on
export, whose activity is directly impacted by the global
price volatility of cereals and vegetable oil, by its access
to foreign markets, and by the reliability of internation-
al logistics routes. The evidence in the case included
the company’s 2025 annual report, data on the volumes
of its exports of cereals and sunflower oil and on its
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financial performance, and analytical materials describ-
ing its position in Ukraine’s agricultural market and in the
global vegetable oil trade (Polischchuk & Valko, 2026). In
the case of Kernel attention was paid to the company’s
specialisation, the tendencies in its export activity, the im-
portance of its own logistics infrastructure, the use of the
Black Sea, Danube and rail routes, and the investments in
port and transshipment capacity as methods of adapta-
tion to the reconfiguration of international trade.

MHP (2025) is a vertically integrated agro-industri-
al company, which business model is based on the pro-
duction of cereals, poultry farming, food processing and
export of finished products. The type of structure made
it possible to analyse the mechanisms of the company to
reduce the vulnerability of its financial performance to
fluctuations in the global prices of agricultural raw ma-
terials by developing products with higher added value,
by diversifying its product range and expanding the geo-
graphical scope of its sales. The empirical data for the case
study was the company’s 2025 annual report and data on
its 2025 revenue and earnings before interest, taxes, de-
preciation, and amortisation (EBITDA) (The Odessa Jour-
nal, 2026). The analysis was based on the level of vertical
integration, the geographical diversification of exports,
the development of processed food products, technologi-
cal modernisation, the digitalisation of business process-
es and improvements in resource efficiency as the main
measures to adapt to the increase in production costs and
changes in international demand.

Astarta Holding PLC (2025) was used in the case
study as an example of a diversified agro-industrial hold-
ing company which combines the production of sugar,
soybeans, cereals and dairy with processing and the de-
velopment of bioenergy projects. The company was cho-
sen for the study because of its dedication to long-term
technological modernisation, its increasing proportion of
more highly processed products, and its adaptation to the
stricter environmental and regulatory requirements ap-
plicable in the European market. The evidence used con-
sisted of the company’s 2025 annual report and analytical
material on its financial performance (Kyselova, 2026).

A comparative analysis was carried out in order to
organise the mechanisms by which global economic
trends influence Ukraine’s agricultural economy and
to examine how the country’s major agricultural com-
panies cope with changes in the external economic
environment. The aim of this analysis was to spot both
the mechanisms that are common to all and those that
are particular to the agricultural sector in its response
to changes in global commodity markets, international
trade, logistics conditions, climate-related problems,
and environmental regulations. In the first stage, the
main global economic trends were compared using the
following criteria: the key global indicator, the trans-
mission mechanism, the way it is reflected in Ukraine’s
agricultural economy, the main economic risk or oppor-
tunity, and the area in which adaptation takes place. In
the following stage, the individual cases were subject to
comparative analysis. This comparison included each
company’s main area of specialisation, the primary
global challenge, the adaptation mechanism, the way
it responds to changes in global market conditions, its
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logistics strategy, its investment priorities, its approach
to sustainable development, and the main result of
adaptation. The comparative analysis made use of the
same materials as the case analysis.

The method of analytical generalisation was applied
for development of practical measures of adaptation of
the agricultural economy of Ukraine to the global eco-
nomic trends based on the results of statistical, com-
parative and case analyses. Such an approach was used
to identify the main problems affecting the agricultural
sector as a consequence of global economic processes
and to establish practical mechanisms for improving its
resilience and competitiveness. The recommendations
were developed based on the statistical analysis of the
global agricultural market and agricultural economy of
Ukraine, the identified transmission mechanisms of glob-
al economic trends and the results of case analysis. The
relations between global trends, economic risks and op-
portunities for the development of the agricultural sector
were also considered.

» Results

Analysis of global economic trends

and the state of Ukraine’s agricultural economy

The extent to which Ukraine’s agricultural economy per-
forms is closely linked to what happens in the global
agri-food market. The country continues to obtain for-
eign exchange from agricultural exports, and changes in
global prices, the balance between supply and demand,
international trade volumes, and the cost of energy and
production inputs have a direct impact on the revenue,
competitiveness, and financial stability of agricultural en-
terprises (Xue et al., 2024). The Food Price Index reached
an average of 122 points in 2024, which is 2.1% higher than
the level in 2023, according to the Food and Agriculture
Organization (2026a). Nevertheless, this overall rise was
not the same for all product categories since global prices
for vegetable oils and dairy products went up at the same
time as the prices of cereals and sugar fell. Figure 1 pre-
sents trends in the main Food and Agriculture Organiza-
tion indices during 2021-2025.
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Figure 1. Trends in Food and Agriculture Organisation global food price indices, 2021-2025, points
Source: compiled by the author based on Food and Agriculture Organization (2026a; 2026b; n.d.)

The figures shown indicate that the global food market
underwent significant price volatility between 2021 and
2025. All the indicators attained their peak levels in 2022
before most of them then gradually decreased. However,
the trends differed among the various groups of commodi-
ties. Although the Food and Agriculture Organization Food
Price Index rose in 2024 to an average of 122 points, which
is 2.1% higher than the level of the previous year, the Food
and Agriculture Organization Cereal Price Index kept on
declining. On the other hand, the Food and Agriculture
Organization Vegetable Oil Price Index recovered after hav-
ing dropped in 2023. The fact that the price trends differ
indicates that the general food price index cannot be used
as a general indicator of trading conditions for all kinds of

agricultural products. For Ukraine, this means that cereal
exports and the exports of oilseed and vegetable oil prod-
ucts are affected by different economic conditions. It thus
makes it more reasonable to diversify the export structure
of Ukraine’s agricultural sector since reliance on single
commodity groups makes producers more susceptible to
changes in world prices. Together with changes in global
food prices, cereal production, consumption, stocks, and
international trade are important indicators of the state of
the world agricultural market. The relationships between
these indicators determine the market’s balance, the lev-
el of competition among the exporters, and the resulting
price trends. Table 1 presents the main characteristics of the
global agricultural market in the 2024-2025 marketing year.

Table 1. Key indicators of the global agricultural market in the 2024-2025 marketing year

Indicator

Global cereal production

Value
2,853 million tonnes

Global cereal consumption

2,880 million tonnes

Global closing stocks

770.2 million tonnes

Stocks-to-use ratio 26.7%
International trade in cereals 499 million tonnes
Average Food and Agriculture Organisation Food Price Index in 2024 122 points
Change in the Food and Agriculture Organisation Food Price Index compared with 2023 +2.1%
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Table 1, Continued

Indicator Value
Change in the Food and Agriculture Organisation Cereal Price Index compared with 2023 -13.3%
Change in the Food and Agriculture Organisation Vegetable Oil Price Index compared with 2023 +9.4%

Source: compiled by the author based on Food and Agriculture Organization (2026a; 2026b; n.d.) and USDA (n.d.a)

The data show that the global agricultural market had
arelatively high level of cereal availability in the 2024-2025
marketing year. Although global consumption slightly ex-
ceeded production, closing stocks stood at 770.2 million
tonnes, and the stocks-to-use ratio reached 26.7%, indi-
cating that supplies in the global cereal market remained
adequate. Alongside the balance between production and
consumption, international trade is a key indicator of de-
velopments in the global agricultural market. Internation-
al cereal trade totalled 499 million tonnes in the 2024-2025
marketing year, confirming the continued high degree of
integration among global agri-food markets. Meanwhile,
official statistics show that the structure of international
trade is slowly changing since logistics routes are being
reconfigured, export flows are being redirected, and coun-
tries are adjusting themselves to the new conditions in the
global market (Food and Agriculture Organization, 2026a).
In this situation, trade volumes in real terms have stayed
fairly stable, whereas export earnings have become more
sensitive to variations in global prices and transport costs.

A further element influencing the global agricultur-
al market is the price of major production inputs. After
the steep rises in the prices of oil, natural gas and min-
eral fertilisers in 2022, these prices then fell gradually
between 2023 and 2025 (Food and Agriculture Organi-
zation, 2026a). Nevertheless, even following this drop,
most of the inputs were still more expensive than they
had been before the start of the global crises, which kept
production costs in agriculture high. This was mainly be-
cause natural gas is the principal feedstock used in the
manufacture of nitrogen fertilisers and oil prices have a
direct impact on transport costs and the cost of logistics
operations (Wongpiyabovorn & Hart, 2024). A further

2025 22.9 29.5
2024 22.4 26.8
2023 22.5 30.5
2022 20.2 27.3
2021 32.2 42.1
0% 10% 20% 30% 40% 50%

trend between 2023 and 2025 was the increasing role of
trade policy in shaping the conditions of global agri-food
markets. After the pandemic and the subsequent geopo-
litical changes, more and more countries resorted to ex-
port restrictions, tariffs, and other regulatory measures in
order to secure food supplies for their own populations.
The change in prices is now determined not only by the
balance between supply and demand but also by the ex-
pectations of market participants regarding the future de-
velopment of international trade policy.

The study points out that the international econom-
ic environment in 2021-2025 resulted from a set of inter-
connected developments: accumulation of sizable glob-
al stocks of cereals, high international trade, divergent
price development among the different food commodity
groups, fluctuations in energy prices and the growing im-
pact of trade policy. Since the global agricultural market
was affected by a high degree of economic uncertainty,
flexibility became all the more important in export-ori-
ented agricultural systems (Goyal & Steinbach, 2023). Tak-
en together, these trends shaped the external economic
conditions in which Ukraine’s agricultural sector operat-
ed. They created the conditions for changes in the pro-
duction, exports, and financial performance of Ukrainian
agricultural enterprises, making further analysis of their
main economic indicators necessary (Nehrey & Fin-
ger, 2024). Changes in agricultural output, crop yields, in-
vestment activity, and foreign trade make it possible to as-
sess how global economic processes affected the national
agricultural sector. Given the leading contribution of crop
production to Ukraine’s agricultural output and exports,
trends in the production of the principal crops should be
examined first (Fig. 2).
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Figure 2. Production trends for Ukraine’s principal agricultural crops, 2021-2025, million tonnes
Source: compiled by the author based on State Statistics Service of Ukraine (n.d.a; n.d.b; 2025; 2026), Main Statistical

Office of the Khmelnytskyi Region (n.d.), and USDA (n.d.b)

The data in Figure 2 indicate that the structure of
agricultural production in Ukraine underwent signifi-
cant changes after 2021. The biggest decreases are seen
in the production of cereals, especially in wheat and
maize. In 2021, wheat output was over 32 million tonnes
but dropped by almost 37% in 2022, and maize pro-
duction fell by more than one-third. The production of
certain crops partly stabilised between 2023 and 2025;

nevertheless, output stayed volatile, and most cereals
did not recover to their 2021 levels. The patterns varied
from crop to crop. While cereal production was on the
decrease, the yield of soybeans rose steadily, and rape-
seed output, having increased during 2022-2023, levelled
off at 3.7-3.8 million tonnes in 2024-2025. This indicates
that the structure of crop production has been adjusted
in response to changes in global demand, fluctuations in
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market prices, and the economic feasibility of growing
certain crops. Additionally, some producers moved to
crops that had better export prospects and a higher ex-
port value per unit of output, thus partly reducing the rel-
ative logistical burden as compared with that of cereals. It

140

is also necessary to examine the wider trends in agricul-
tural development since these show the general changes
that have taken place in crop and livestock production.
The agricultural output indices according to the main
type of activity are given in Figure 3.
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Figure 3. Key indicators of agricultural production in Ukraine, 2021-2025
Source: compiled by the author based on State Statistics Service of Ukraine (n.d.a; n.d.b; 2025; 2026)

The figures show that crop production suffered the
most during the period under review. In 2022, the crop
production index dropped to 71.9%, the general agricul-
tural output index being 74.8%. This decrease was due
to a marked reduction in the sown area, worse logistics
support and disruptions to the production processes.
Production did recover in 2023 when the index reached
115%. However, in 2024-2025 the overall agricultural out-
put index once again fell below 100%, showing a decline
in actual output and the continued existence of structural
constraints affecting the sector.

The fluctuations in livestock production were less
pronounced than those in crop production. Even though
Ukraine suffered a full-scale invasion, the livestock pro-
duction index stayed above 88% in 2022 and went above

100% in both 2023 and 2024. In 2025, however, livestock
output dropped to 96.2% of the level it had reached in
2024. This shows that livestock production has been more
stable year on year than crop production, although long-
term structural problems in the industry still exist. The
results indicate that the recovery of agricultural produc-
tion is still unstable and that the sector’s future develop-
ment will depend not only on restoring its production
capacity but also on stabilising the external economic
environment. It is also important to look at the economic
performance of the agricultural sector together with the
production figures, since it shows the scale of value creat-
ed, the cost structure, and the financial results of agricul-
tural production. Table 2 gives the main economic indica-
tors of the agricultural sector in Ukraine.

Table 2. Key economic indicators of Ukraine’s agricultural sector

Indicator 2021 2022 2023 2024 2025
Agricultural output at current prices, million UAH 1,396,848 1,101,019 1,232,154 1,399,275 1,461,188
Intermediate consumption, million UAH 803,481 651,871 731,614 840,340 870,081
Gross value added, million UAH 593,367 449,148 500,540 558,935 591,107
Compensation of employees, million UAH 140,755 121,612 152,376 173,903 183,913
Gross operating surplus and mixed income, million UAH | 455,003 329,319 346,772 384,170 406,283
Other taxes on production, million UAH 3,199 3,337 4,112 3,882 4,105
Other subsidies on production, million UAH -5,590 -5,120 -2,720 -3,020 -3,194

Source: compiled by the author based on State Statistics Service of Ukraine (n.d.a; n.d.b; 2025; 2026)

The economic indicators in Ukraine’s agricultural sec-
tor varied unevenly over the period under review. In 2022,
agricultural output at current prices dropped from UAH
1,396.8 billion to UAH 1,101 billion, and gross value add-
ed fell by almost 24% as compared with the previous year.
From 2023 to 2024, economic activity gradually picked up,
with output rising to 1,399.3 billion UAH and gross val-
ue-added reaching UAH 558.9 billion. Compensation of
employees, gross operating surplus, and mixed income
all increased, which shows that there has been a partial
recovery in the sector’s nominal economic indicators. In
2025, the nominal figures still showed improvement: agri-
cultural output reached UAH 1.46 trillion, gross value add-
ed came close to UAH 591.1 billion, and further increases
in the amount paid to employees, gross operating surplus
and mixed income showed that the sector’s economic
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performance had continued to improve on a nominal ba-
sis. Yet the rise in nominal output between 2024 and 2025
did not indicate a complete recovery in physical produc-
tion levels since the figures are given at current prices and
thus include the effects of inflation and changes in the
selling prices of agricultural products. It follows that the
sector’s nominal economic indicators had improved more
rapidly than its actual physical output. For this reason, as-
sessment of the sector’s development must make use of
both volume and value measures.

It should not be regarded as being solely the result of
general economic conditions. The changes in production,
value added, and the financial performance of Ukraine’s
agricultural market were the outcome of a number of
closely related factors, the ways in which these factors op-
erated and the extent of their impact being quite different.




The agricultural sector was greatly influenced not only by
variations in global prices and demand for agri-food prod-
ucts but also by the war, disruptions to the logistics chains,
a decrease in the area under sowing, restricted access to
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production inputs, and existing domestic structural weak-
nesses. In this situation, the statistical indicators must be
examined by separating the various factors that affected
the performance of Ukraine’s agricultural sector (Table 3).

Table 3. Main groups of factors affecting the development of Ukraine’s agricultural sector, 2021-2025

Group of factors Main manifestations
Fluctuations in global food prices; changes in global demand,
Global 1 producti d ks: ch o7 ional trade.
economic cereal production, and stocks; changes in international trade;

rerouting of logistics flows; trade restrictions

Indicators affected

Export volumes; export earnings;
producer prices; profitability
of agricultural enterprises

War-related

Temporary occupation and mining of agricultural land;
destruction of production infrastructure; blockade of seaports;

Production volumes; crop yields;
structure of sown areas; physical export

and logistical energy supply shortages; rising transport costs volumes; unit production costs
. Declining investment activity; labour shortages; technological | Labour productivity; gross value added;
Domestic ihts: insuffici dernisati f producti ducti fitability: fi ial
structural constraints; insufficient modernisation of production assets production profitability; financia

and equipment; changes in the structure of production

performance of enterprises

Source: compiled by the author based on the Food and Agriculture Organization (n.d.), USDA (n.d.a), M. Nehrey &
R. Finger (2024), S. Devadoss & W. Ridley (2024), S. Gustafson (2026) and the findings of the present study

The fact that emerges from this classification is that
the deterioration of certain economic indicators in the
agricultural sector after 2022 could not be due merely to
changes in global market conditions. For instance, the fall
in cereal production was the result of both unfavourable
global price trends and having lost some of its production
capacity, together with disruptions to the logistics system
and less access to some of the inputs needed for produc-
tion. In a similar way, the changes in export volumes were
influenced not only by fluctuations in international de-
mand but also by limitations regarding the transport in-
frastructure and by the reorganisation of export routes.
Global economic trends are still one of the main factors
affecting Ukraine’s agricultural economy, but the way in
which they have an impact is due to a complicated in-
teraction involving war-related, logistical, and domestic
structural aspects. As a result, the changes in the agricul-
tural sector show both a reaction to evolving global market

conditions and an adjustment of production, exports, and
the economic actions of enterprises to the new circum-
stances. This concludes with the establishment of mech-
anisms aimed at improving the competitiveness and resil-
ience of Ukraine’s agricultural economy.

Mechanisms through which global economic trends
affect Ukraine’s agricultural economy

The statistical analysis identified the main trends in the
global agricultural market as well as the changes in the
key indicators of the Ukrainian agricultural economy. Yet
statistical figures by themselves cannot show how the ef-
fects of global economic processes are transmitted to the
agricultural sector. It was therefore necessary to carry out
a comparative analysis in order to look at the relationships
between the major global economic trends and the corre-
sponding changes in the indicators of the Ukrainian agri-
cultural economy (Table 4).

Table 4. Mechanisms through which global economic trends affect Ukraine’s agricultural economy

q Yot Manifestation - q
Global economic Key global indicator Transmission in Ukraine’s Main l‘lSlf/ Adaptation
trend mechanism q opportunity measure
agricultural economy
. Reduced export . Diversification
Decline in global Fg od and Agriculture Lower export earnings and Declining of the crop mix
: rganisation Cereal . e . producer
cereal prices . prices profitability of grain e and export
Price Index . profitability
production markets
Rise in global Food and Agriculture High . Incr.eiased sunﬂozlxver Greater| Expansion
vegetable oil Organization Vegetable 1gher processing otl exports and opportunities of domestic
‘ i margins processing capacity | to export value- :
prices Oil Price Index e O processing
utilisation added products
. Greater Erosion of the Reduced Cost
Growth in global . e . competitiveness | optimisation
Stocks-to-use ratio competition price advantage of - -
cereal stocks AIMONg exporters Ukrainian erain in the global | and productivity
8 €Xp 8 market improvements
Reduced Resourceefficient
High energyand | Trends in global gas Higher Increased cost of crop roduction technologies
fertiliser prices and fertiliser prices | production costs production P iy and precision
profitability :
agriculture
. Food and Agriculture | Changes in global | Higher selling prices Simultaneous Contractual
Global food price L . increases in planning and
. . Organisation Food demand and for agricultural .8
inflation . . revenue and price risk
Price Index prices products -
production costs| management
Regionalisation Redirection of global Cléez)ngr?els ;ﬂct:]e Reconfiguration deGéfleg[:rrlce Diversification
of international 8 geograp! of the structure of pende of export
trade flows distribution of on individual N
trade external markets - destinations
exports regions
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Table 4, Continued
Manifestation

Global economic Kev global indi Transmission in Ukraine’ Main risk/ Adaptation
trend ey globalindicator mechanism o ames opportunity measure
agricultural economy
Quotas, sanitary .
Changes in the and phytosanitary Changes in the R Greater Harmonisation
; - . conditions of Growing importance | dependence on .
trade regime with | (SPS) requirements, of production
: access to the of exports to the EU EU regulatory
the EU and environmental E . standards
uropean market policy
standards
Logistical Development of rail Changes in Higher logistics costs Higher export Development
restructuring of transport and altered export of multimodal
. : and road routes . costs -
international trade infrastructure routes logistics
I . . Rising temperatures, | Effects on yields Fluctuations in the . Adaptlvg
ncreasing climate . P Higher technologies
risks droughts, and weather | and production | output of individual roduction risks | and agricultural
anomalies structure crops p . 48
insurance
Expansion of ESG . Stricter Need for certification | Risk oflosing | Decarbonisation
requirements EU carbon-footprint environmental : .. :
: . and production competitive and adoption of
and low-carbon | and ESG requirements | requirements for modernisation ositions ESG practices
production exports p p

Note: ESG - Environmental, Social, Governance

Source: compiled by the author based on USDA (n.d.b), S. Devadoss & W. Ridley (2024), L. Deteix et al. (2024),

L. Emediegwu & M. Rogna (2024), J. Verschuur et al. (2025)

The global economic trends described in the table
demonstrate that Ukraine’s agricultural economy is influ-
enced by global conditions through a network of intercon-
nected price, trade, logistics, production, and regulatory
channels. Export earnings, production profitability, ex-
port composition, and the competitiveness of Ukrainian
agricultural products are the indicators which are most
affected by changes in global market conditions. Whereas
price factors are different, it is the changes in global ce-
real stocks, the regionalisation of international trade, and
the transformation of logistics routes that mainly impact
the competitive environment in which producers operate
(Santamaria et al., 2024). When these factors are taken into
account, economic performance can change considerably
even if the actual volumes of production stay the same
due to increasing transport costs, the loss of individual
markets, or changes in export composition.

The long-term global trends linked to the environ-
mental changes in agricultural production constitute a
separate category. The more stringent requirements of
the EU with regard to product traceability, the reduction
of the carbon footprint, and adherence to ESG standards
are slowly altering the criteria that determine the compet-
itiveness of Ukrainian agricultural products (Villoria et
al., 2024). As a result, competitive advantages now de-
pend ever more on both production performance and on
the capacity of companies to meet the new international
requirements.The earlier analysis mainly deals with the
macroeconomic mechanisms by means of which global
trends are passed on. In reality, these mechanisms func-
tion at the level of individual enterprises, which have to
adjust their production, investment, and logistics strate-
gies in response to changes in the external economic envi-
ronment (Vigani et al., 2024). Because large vertically inte-
grated agricultural enterprises respond more quickly, they
serve as typical examples of how agricultural businesses
cope with global challenges.

Kernel Holding S.A. (2024) shows clearly how Ukrain-
ian agricultural businesses have adjusted to changes in
the global economy. Kernel is one of the largest vertically
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integrated agricultural companies in Ukraine and has
become a global leader in the production and export of
sunflower oil. The company’s specialisation is close-
ly linked to the state of the global food market, and the
performance of the company is significantly affected by
any changes in global prices, shifts in logistics routes and
the extent of its access to foreign markets. In 2025, it sold
more than 6 million tonnes of cereals and over 1.4 million
tonnes of sunflower oil, enabling it to remain one of the
largest global suppliers of vegetable oil. It also produced
EBITDA of over USD 600 million. The improved financial
performance was mainly due to the reopening of the Black
Sea export route and increased use of its own logistics in-
frastructure. Thus, the efficiency of the logistics system is
emerging as a key determinant of competitiveness along
with production capacity for agricultural companies with
an orientation toward exports. Kernel’s biggest problem
was the need to reorganise its international logistics after
the sudden changes in the situation at the Black Sea ports.
To meet this challenge, the company diversified its export
routes, using extensively the Danube route, rail freight and
its own transshipment facilities. Meanwhile it continued
to develop port infrastructure and improvements to its
internal logistics. According to Kernel’s experience, when
considering the global transformation of international
trade, the competitiveness of agricultural companies now
depends more than ever not only on their production ca-
pacity, but also on efficient logistics and on the ability to
quickly adapt to evolving world trade routes.

For MHP (2025), a different kind of adaptation mod-
el is employed as its operation is not merely to grow ce-
reals but is primarily geared toward poultry farming and
food processing. Vertical integration allows the compa-
ny to partially offset the impact of fluctuations in global
raw material prices by offering products with higher add-
ed value. The Odessa Journal (2026) stated that in 2025
MHP’s revenue was above USD 3 billion and EBITDA was
around USD 570 million. The company sold its products
in more than 70 countries and continued to increase its
share of high value-added products. MHP also launched




investment programs to modernise its production, digit-
ise its business processes and improve resource efficiency.
The combination of exports of livestock products, arable
crops and processed food leads to the company having
more diversified revenue structure compared with enter-
prises specialising mainly in the export of raw materials.
The main global problems of MHP were rising production
costs, change of global cereal prices and change in the
structure of international demand. In response to these
problems the company expanded its export geography,
diversified its product range and increased the share of
finished food products, which give higher margins than
commodity exports. Experience gained by MHP shows
that greater vertical integration, more extensive process-
ing, and the production of high-value-added goods are
some of the most effective ways of adapting to global eco-
nomic instability. This approach lessens the dependence
of the company’s financial performance on fluctuations in
global cereal prices and enhances its ability to cope with
changes in international market conditions.

A good example is Astarta Holding PLC (2025), an
agro-industrial company whose activities include the pro-
duction of sugar, soybeans, cereals and dairy products as
well as the development of bioenergy projects. Different
from both Kernel and MHBP, Astarta’s strategy places strong
emphasis on technological modernisation and adherence
to existing environmental regulations in international
markets. In 2025, the company’s revenue went over 600
million EUR, and its EBITDA was above EUR 150 million
(Kyselova, 2026). The biggest investment the company
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made was the building of a new plant intended to process
about 400,000 tonnes of oilseeds each year, thus allowing
it to increase the proportion of more highly processed
products. To meet the changing environmental require-
ments of the European market, Astarta is also vigorous-
ly promoting the use of digital production management
technologies, precision agriculture systems, bioenergy
projects, and ESG practices. This results in an increase in
resource efficiency and a constant reduction in the carbon
footprint of its products. That the company has invested
in processing, digital solutions and ESG practices shows
it has a long-term strategy for responding to the evolving
European demands for quality, traceability and environ-
mental sustainability of agricultural products. The activ-
ities of Astarta are an example of the gradual transition
of Ukrainian agricultural companies from a mainly com-
modity-based model to a model based on technological
modernisation, increased processing and the principles of
sustainable development.

Among the major agricultural companies in Ukraine,
we can see that not all of them respond in the same way
to the global economic trends. These enterprises adapt
themselves according to the degree of their specialisation,
the production structure, the degree of vertical integra-
tion, the degree of export orientation and their investment
capacity. The case study identified general and specific
responses of agricultural enterprises to global economic
trends, although there are differences in the degree of spe-
cialisation. Table 5 compares the main characteristics of
the studied companies.

Table 5. Comparison of the mechanisms used
by Ukraine’s largest agricultural companies to adapt to global economic trends

Characteristic Kernel MHP Astarta
C C e . Cereals Poultry meat, food products, Sugar, soybeans, cereals,
ore specialisation . : .
and sunflower oil and cereals and dairy production
Principal global Reconfiguration Rising production costs and Stricter EU sustainability
challenge of export logistics changes in the structure of demand requirements
K . Diversification of export | Diversification of sales markets . .
ey adaptation d devel d devel forod Investment in processing,
mechanism routes and cevelopment and development of products digitalisation, and bioenergy
of port logistics with high added value ’
Use of Black Sea Optimisation

Logistics strategy and alternative routes

Diversification of export logistics

of internal logistics processes

Response to global
market conditions

Expansion of sunflower
oil and cereal exports

Shift towards highermargin

Increased share of more highly

products processed products

Export infrastructure

Investment priorities -
P and processing

Technological modernisation
of production

New oilseed processing plant
with a capacity of 400,000 tonnes
per year, digitalisation, and ESG

Approach to sustainable Improved logistics Resource efficiency Decarbonisation, energy
development efficiency and international standards efficiency, and ESG
Main adaptation Stabilisation of exports Revenue and profit growth Greater competitiveness of
outcome amid logistics risks and export diversification products with high added value

Source: systematised by the author

The data show that the effectiveness of adaptation
of Ukrainian agricultural enterprises is determined not
only by the scale of production, but also by the ability to
quickly transform their business models in response to
the changes in the global economic environment. In con-
trast, Kernel focused on the diversification of its logistics
and MHP focused on the goods with high added value and
reinforcing vertical integration. Astarta, in turn, built its
competitive advantages on technological modernisation,

digitalisation, and the implementation of sustainable
development principles. Although the three companies
produce in different areas, they show the same trend: the
traditional sources of competitiveness, which until now
were based on the scale of production, are gradually being
replaced by strategic flexibility. Now the key factors are the
diversification of logistics, the development of domestic
processing, digitalisation, technological modernisation
and adherence to international environmental standards.
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The analysis of these cases demonstrates that resilience in
Ukraine’s agricultural sector is increasingly reliant on the
capacity of companies to rapidly adjust their production,
logistics, and investment strategies in response to changes
in the global economic environment.

Practical measures for adapting Ukraine’s agricultural
economy to global economic trends

The study of global economic trends, in conjunction with
an analysis of the statistical data on the development of
the agricultural economy of Ukraine and the methods of
the major agricultural companies, showed that for them

to maintain competitiveness, it is necessary to go from
the current mainly reactive strategy to a strategy based on
the systematic development of long-term economic resil-
ience. The major remaining problems are high reliance on
fluctuations in global prices, concentration of exports in
a few commodity categories and markets, logistical con-
straints, rising costs of production, increasing climate risks
and the ever-increasing complexity of the international
requirements relating to product safety, traceability and
environmental sustainability. Practical measures for adap-
tation should therefore be based on the problems identi-
fied and, on the mechanisms, underlying them (Table 6).

Table 6. Practical measures for adapting Ukraine’s agricultural economy to global economic trends

Identified problem

High concentration
of exports in a limited

Global trend

intensifying the problem

Regionalisation
of international trade
and changes in the

Practical measure

Diversification of exports
to countries in Asia, Africa,
and the Middle East while

Expected outcome

Reduced
dependence
on individual

Performance
indicator

Share of exports to
countries in Asia,

individual transport

of international logistics

of port, border, and grain

reliable export

number . Do Lo L Africa, and the
of markets geographical distribution maintaining Ukraine’s markets anq greater |\t Fas t %
of global demand position in the EU market export resilience
. Growing global demand Expansion of dpmestlc Increased exports of Share of pr oc.essed
Predominance . ) cereal and oilseed . - products in
. for products with high . . products with high -
of commodity exports added value processing and production added value agricultural
of finished food products exports, %
High logistics costs Development of multimodal Lower logistics Logistics costs Der
and dependence on Restructuring logistics and modernisation costs and more 8 p

tonne of exported

routes storage infrastructure deliveries product
Heavy dependence of Greater use of forward More stable Share
producer incomes on Volatility in global contracts and other incomes of products sold
fluctuations agricultural markets price risk management for agricultural under longterm
in global prices instruments producers contracts, %
Risi . Higher energy Introduction of resource- Lower production Production cost of
ising production costs . : efficient technologies and the principal crops,
and fertiliser prices _ - costs
precision agriculture UAH per tonne

Development of irrigation

Greater resilience

and analytical support

in global markets

prices, stocks, demand, and
logistics costs

responses to market
changes

Rising temperatures, icul 1 f acricul 1 Area of irrigated
I ine cli isks | d Pt d th systems, agricultura of agricultura land: sh £
ncreasing climate risks roughts, and weather . ddli Juct and; share o
anomalies Insurance, and cumate- production to insured crop area
adapted technologies climate change
Stricter environmental Harmonisation Of . Con'tl.nued Share of certified
. certification, traceability, | competitiveness of .
and regulatory Expansion of ESG . . products in
requirements in export requirements and environmental Ukrainian products agricultural
q P q management systems with in international &
markets . exports, %
EU requirements markets
Creation of a digital system | Better management Operation
Insufficient information High volatility for monitoring global decisions and faster of a unified

information and
analytical system

Source: systematised by the author

The main thing to do when adapting Ukraine’s agri-
cultural economy is to diversify its foreign markets while
at the same time keeping the EU market’s strategic val-
ue. Since 2020, the EU has played a much bigger role in
the make-up of Ukrainian exports, and this has helped
to make up for some of the losses resulting from the dis-
ruption of the old trade routes. Yet because a large part of
Ukraine’s exports is focused on one regional market, the
agricultural sector becomes more dependent on changes
in trade policy, tariff systems, quotas, sanitary and phy-
tosanitary requirements, and the EU’s environmental
standards. Ukraine should therefore increase the presence
of its agricultural products in markets all over Asia, Afri-
ca and the Middle East. Greater geographical diversifica-
tion would reduce the risks linked to changes in access to
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individual markets, promote more stable demand for
Ukrainian products, and enhance the agricultural sector’s
ability to cope with external economic shocks.

A further priority should be the restructuring of ag-
ricultural production through a greater proportion of
high-value products and by promoting domestic process-
ing. Analysis of individual cases has demonstrated that
Ukraine’s most successful agricultural firms are gradually
moving away from exporting raw materials and instead
focusing on more highly processed products, investing in
the modernisation of their processing capabilities, and ex-
tending the variety of their products. This strategy lessens
the extent to which companies’ financial performance
is affected by changes in global cereal prices, boosts the
profitability of production, and leads to more sustainable




competitive advantages. It follows that state agricultural
policy should place greater emphasis on the development
of food-processing enterprises, support investment in the
processing of cereals and oilseeds, and establish favoura-
ble economic conditions for the expansion of exports of
finished food products.

Just as much attention should be paid to the further
development of the logistical infrastructure in the agri-
cultural sector. The analysis has shown that the reorgan-
isation of international transport routes has been one of
the key factors in shaping Ukrainian agricultural exports
since 2022. Experience gained by the biggest agricultur-
al estates shows that the competitiveness of producers
is now increasingly dependent not just on the volume of
production but also on their ability to ensure continuity in
logistics operations. A promising way forward is to create
a complementary network of maritime, Danube, rail and
road export routes, modernise the port, border and grain
storage infrastructure and extend multimodal logistics
options. This would lower transport costs, reduce reliance
on any single transport route and make agricultural ex-
ports more resilient to possible logistics difficulties.

A further element of long-term adaptation is to en-
hance the resilience of the agricultural economy against
risks related to climate, prices, and regulation. The study
found that, together with fluctuations in global prices,
climate change, increasing production input costs, and
more stringent international environmental requirements
are becoming increasingly significant. Agricultural insur-
ance, forward contracts, precision farming, resource-ef-
ficient methods of production, and modern irrigation
systems should therefore be used more widely. Another
priority should be to upgrade Ukraine’s systems for the
safety, traceability and certification of agricultural prod-
ucts in line with those of the EU. This would help to keep
access to international markets and increase confidence
in Ukrainian products.

The agricultural economy of Ukraine also requires
improved information and analytical support for its
more effective management. The analysis found that
due to the high volatility of global agricultural markets,
timely management decisions rely primarily on access
to reliable information on global prices, demand, stocks,
logistics costs and trade restrictions. It is necessary to
establish an integrated digital monitoring system, which
integrates information on production, exports, stocks,
international market conditions and risks of interna-
tional trade. Official agricultural statistics also need to
be further improved, especially regarding the complete-
ness, timeliness and comparability of the data in view of
the changes in the territorial coverage. The coordinated
implementation of the suggested measures would help
to strengthen the adaptability of Ukraine’s agricultural
economy to global economic challenges, to diversify its
exports and to accelerate the structural modernisation of
the sector, laying the foundations for sustained growth in
its international competitiveness.

» Discussion

Results showed that the trends in the global agri-food
market, especially price fluctuations, international trade
and the structure of global value chains are having an
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increasing impact on Ukraine’s agricultural economy.
Ukrainian exporters are in different economic positions,
as the various groups of food commodities have expe-
rienced different price movements, and there is a high
degree of integration in international trade. M. Paul
Jr. et al. (2024) also came to the same conclusion, that a
country’s participation in global agri-food value chains
influences its opportunities for economic development
and resilience of its food systems. However, the extent to
which this level of integration is effective will depend on
the characteristics of national economies and their ad-
aptability to changes in the international environment.
For Ukraine today, the competitiveness of the agricultur-
al sector is determined not only by its production perfor-
mance but also by its effective integration into global val-
ue chains, and its ability to respond promptly to changes
in the global agri-food market.

Changes in the world economy have led to the current
situation in international logistics becoming one of the
main factors influencing the structure of the agricultur-
al economy of Ukraine. The need to reorient exports and
the increase in transport costs have significantly impact-
ed the financial results of agricultural enterprises, at the
same time stimulating the search for new logistics solu-
tions. Indeed, S. Andrés Gonzdlez-Moralejo (2024) also
concludes that both the pandemic and the war in Ukraine
deeply affected the global food logistics and accelerated
the creation of more flexible and diversified supply mod-
els for agricultural products. The results of this study al-
low us to conclude that the ability of Ukraine’s agricultur-
al economy to adequately respond is becoming more and
more dependent on the ability to quickly reorganise its
logistics chains in response to changes in the internation-
al economic environment.

The full-scale war not only brought a decline in some
exports but also a structural change in the geographical
distribution of Ukraine’s agricultural exports. The analy-
sis has shown that the agricultural sector has responded
by changing the destination of its exports and spreading
them over a larger number of foreign markets. Similarly,
Y.-T. Zhang et al. (2024) found that the Russian-Ukraini-
an war had a significant effect on international trade net-
works of staple agri-food commodities; the significance of
alternative trade routes increased and global commodity
flows were redistributed. Therefore, one of the ways in
which global economic trends influence the development
of Ukraine’s agricultural economy is the transformation of
international trade.

The impact of global economic changes on Ukraine’s
agricultural sector varied significantly depending on the
scale of the producer and the resources available to them.
The case study demonstrated that large, vertically inte-
grated companies are better able to diversify their logis-
tics, modernise their production methods and adapt to
changes in international market conditions, while small-
er producers remain more vulnerable to external shocks.
M. Schuster & I. Diouf (2026) also pointed out that for
small agricultural enterprises, the resilience during war
depends mostly on access to finance, the ability to reor-
ganise their operations quickly, and the ability to adapt
to disruptions in production and in logistics processes.
Therefore, the success of adaptation in the agricultural
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economy of Ukraine depends not only on the global eco-
nomic trends but also on the organisational and economic
resilience of the different types of agricultural producers.

To recover its agricultural economy, Ukraine also re-
quires long-term measures to increase its resilience against
external economic hardship, in addition to restoring its lost
production capacity. The analysis indicates that diversifi-
cation of export, modernisation of the logistics infrastruc-
ture, expansion of domestic processing and better govern-
ment support for the agricultural sector are necessary to
maintain competitiveness. The same conclusion was made
by O. Kotykova et al. (2025), who claim that the basis for
post-war recovery of the agricultural economy of Ukraine
should be a broad state policy aimed at strengthening the
economic resilience, restoring the production capacity,
and improving the ability of the sector to cope with exter-
nal risks. The results of this study show that the long-term
development of Ukraine’s agricultural economy requires
the combination of market-oriented adaptation mecha-
nisms and systematic measures of government support.

The long-term development of the agricultural econ-
omy of Ukraine is caused not only by the current changes
in global market conditions but also by structural trends
in the world food systems. The study shows that the dy-
namics of international trade, the reorganisation of de-
mand, the introduction of more rigid sustainability re-
quirements and the growing importance of innovation are
slowly changing the conditions for the functioning of the
agricultural sector. R. Vos & L.G. Bellu (2019) were of the
same opinion and claimed that global agriculture evolves
with complex economic, technological and environmen-
tal changes and therefore national agri-food systems must
adapt to the long term global challenges. The results ob-
tained so far show that the sustainable development of
Ukraine’s agricultural economy is possible only if taking
into account not only the short-term market fluctuations
but also the strategic global trends, which will influence
the future competitiveness of the sector.

One example of Ukraine’s reaction to world economic
developments is the restructuring of foreign trade in agri-
cultural products. The study showed a gradual change in
the pattern of exports, changes in the countries to which
it exports and an increasing importance of the Europe-
an market in terms of agricultural exports. Y. Hubeni et
al. (2024) came to the same conclusion and noted that the
international trade in agricultural products of Ukraine
changed significantly in terms of structure and dynamics
after 2022. These changes were the result of the reorien-
tation of exports, the restructuring of trade relations and
the need to adapt to new conditions in the internation-
al market. Thus, the new structure of foreign trade is not
just a temporary reaction to the crisis but one of the main
ways of adapting Ukraine’s agricultural economy to glob-
al economic processes.

The rise in global prices directly affects the econom-
ic performance of the agricultural sector in Ukraine, but
the nature of this effect depends not only on international
price trends, but also on the ability of producers to adapt
to external shocks. The analysis has revealed the correla-
tion between fluctuations of world prices for cereals and
other agricultural products and fluctuations of profitabili-
ty of production and export operations of Ukrainian firms.
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Similarly, the study by J. Hadachek et al. (2024) concluded
that the robustness of agricultural markets to price shocks
is due to the adaptability of logistics systems, market
structure and the ability of producers to respond swiftly
to changing market conditions. Within the framework of
this research, this means that the economic stability of the
agricultural sector of Ukraine depends not only on the re-
action to the price changes, but also on the creation of ef-
fective mechanisms for the management of market risks.

The performance of Ukraine’s agricultural economy
depends on its ability to quickly respond to changes in the
global economic environment, especially in the sphere of
international trade in cereals and oilseeds. The country’s
export potential has been maintained through the reor-
ganisation of trade flows, changes in export destinations
and changes in logistics routes. S. Ahn et al. (2023) reached
similar conclusions, showing that the Russian invasion
of Ukraine caused a major restructuring of international
trade in cereals and oilseeds, sped up the redirection of
export flows, and caused market participants to adjust
themselves to the new conditions in global trade. Ukraine’s
agricultural economy’s long-term competitiveness thus
largely depends on its capacity to promptly adjust its ex-
port strategy in response to changes in global trade.

The findings indicate that if productivity is not boost-
ed and the way economic resources are used is not made
more efficient, then the long-term competitiveness of
Ukraine’s agricultural economy cannot be maintained.
The analysis showed that even though the sector’s nom-
inal figures had been improving gradually, sustained
economic growth relies on structural modernisation,
technological progress and more efficient management
of agricultural enterprises. As W. Martin (2019) also con-
cluded, long-term economic growth in the agricultural
sector is mainly the result of gains in productivity, tech-
nological change and the economy’s ability to adapt to
structural transformation, rather than simply because
of an increase in production. Structural reform, techno-
logical modernisation and effective adaptation to global
economic trends — all must be done at the same time to
enhance the durability of Ukraine’s agricultural economy.
The results are consistent with the findings of previous
studies on the important contribution of the global eco-
nomic processes in the transformation of the agricultural
sector. In addition, the research is supplemented with an
analysis of global economic trends, a statistical assess-
ment of Ukraine’s agricultural economy, identification of
the channels of transmission of external influences, and a
case study of adaptation strategies of the major agricultur-
al companies. Such a comprehensive strategy has allowed
to confirm the observed patterns and to create the basis
for practical measures to improve the resilience and com-
petitiveness of the agricultural economy of Ukraine in the
midst of changes in the global economic environment.

» Conclusions

The development of Ukraine’s agricultural economy is
determined by the combined impact of global economic
trends as reflected in the changes that have occurred in
the global food market, international trade, logistics, the
costs of production inputs, and the regulatory environ-
ment. The FAO Food Price Index averaged 122 points in




2024, up by 2.1% from the 2023 figure, while the global ce-
real stocks-to-use ratio was 26.7% in the 2024/2025 mar-
keting year, statistical analysis has shown. Thus, the world
cereal market was still well supplied and international ce-
real trade was still very active. The change in the world ag-
ricultural market affected the economic indicators of the
Ukrainian agricultural sector greatly. It was in 2022 that
the biggest decrease was recorded: production of wheat
and maize fell by more than a third compared to 2021. In
the following years some of the production and economic
indicators have gradually recovered. Gross value added of
the agricultural industry in the amount of UAH 591.1 bil-
lion in 2025. Agricultural output at current prices — UAH
1.46 trillion. But the rise in nominal terms was not the
consequence of a full recovery of physical output but the
combined effect of inflation, logistical difficulties linked to
the war, reductions in productive capacity and the struc-
tural transformation of agricultural production.

The analysis of the main mechanisms of influence
of global economic trends on the agricultural econo-
my of Ukraine proved that the main aspects affected by
changes in the external environment include export rev-
enues, production profitability, export structure and the
competitiveness of agricultural products. It was noted
that for Kernel, MHP and Astarta effective adaptation to
global challenges is based on the implementation of dif-
ferent measures based on the particular specialisation of
each company. Kernel’s main move was to diversify its
logistics routes; MHP focused on products which have
a high added value and on vertical integration, and As-
tarta established its competitive advantages by means of
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technological modernisation, by expanding its pro-
cessing activities, by digitalising its production and by
adopting ESG practices.

Even though the two agricultural enterprises had dif-
ferent business models, the ones examined showed that
competitiveness is now primarily dependent on compa-
nies’ ability to adapt to changes in the global economic
environment rather than just on the scale of their pro-
duction. The research has proposed practical measures to
adapt the agricultural economy of Ukraine to the global
economic trends. If these measures are implemented in an
integrated way, this will boost the durability of Ukraine’s
agricultural sector, accelerate its structural modernisation
and improve its international competitiveness as the glob-
al economy continues to evolve. Further research should
be addressed to the econometric estimation of the impact
of various global factors on the efficiency of agricultural
enterprises, to the estimation of digital instruments for
the management of agricultural production, and to the
long-term impact of climate and environmental changes
in the global agri-food market on the development of the
agricultural economy of Ukraine.
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Bnnue rno6anbHUX €eKOHOMIUYHUX TeHAEHLIN
Ha arpapHy €KOHOMiKYy YKpaiHu

Banepin MnkuTiok

[OKTOP eKOHOMIYHWX HaykK, Npodecop
MNonicbKMiM HaUioHaNbHUIM YHIBEpPCUTET
10008, 6ynbB. Ctapun, 7, M. XutomMump, YKpaiHa
https://orcid.org/0009-0009-3567-7795

» AHoTauiqa. JlocrimkenHs Oyl10 COpsIMOBaHe HAa BHU3HAYEeHHS OCOOJMBOCTENM PO3BUTKY arpapHOi eKOHOMIKH
VkpalHu Ha T I100aJbHUX €KOHOMIYHWX 3MiH. JIJIST JOCATHEHHSI IIOCTaBJI€HOI METH BUKOPHCTAaHO METORH
CTaTUCTUYHOTO, IOPiBHAJBHOIO Ta Kelc-aHasli3y, aHAJITUYHOTO y3araJbHEeHH:. 3a pe3yJIbraTaMy CTaTUCTUYHOTO
aHaJsidy BCTAHOBJIEHO, 110 y 2024 pori cepente 3unaueHHss FAO Food Price Index ctaHoBuIo 122 MyHKTIB, 110 Ha
2,1 % nepeBUIINJIO NOKA3HUK 2023 poky. ¥ 2024-2025 MapKeTUHIOBOMY POIIi CIIiBBiIHOIIEHHS CBITOBUX 3aIlaciB
3€pPHOBUX JI0 CIIO’KUBAHHS A0CAWIO 26,7 %, a 006CAT MisKHApOIHOI TOPTiBJIi 3€pHOBUMU CTAaHOBUB 499 MiJIBHOHIB
TOH. BcTaHoBJIeHO, 1110 I00a/IbHI €KOHOMIUHI TeHIeHIIil BIVIMBAIOTh Ha arpapHy eKOHOMIiKy YKpaiHu yepes LiHOBI,
JIOTiCTHYHi, TOProBesbHi, BUPDOOHWYI Ta PeTyIATOpPHI MexaHiaMu. Ha mpukiazi arpornpoMHC/IOBUX MiIIIPUEMCTB
Kernel, «MUpOHIBCBKUI XJTIOOMPOAYKT» Ta «ACTapTa» MOKAa3aHO, IO MiIBUIEHHS CTiHKOCTi arpapHoro 6i3Hecy
3abe3neuyeTbCs1 IUBepcudiKaIieio eKCIOPTHUX MAPIIPYTiB, POSBUTKOM IPOIYKIII 3 BUCOKOIO JOaHOIO BAPTICTIO,
TEeXHOJIOTIYHOIO MoOJepHi3salieo, IudpoBisalielo Ta BIPOBaJKEHHAM MPUHIUIINB CTAJI0oro pPoO3BUTKY. Keiic-
aHaJsIi3 3acBiguyuB, IO aJanTanis n0 IJ06aJbHUX eKOHOMIUYHMX TeHIEeHIil peasidyeTbcsi yepes pi3Hi cTpareriuHi
MeXaHi3MM 3aJIesKHO Bif cnerniasisanii mignpreMcTs. OGIPYHTOBAHO, III0 aaNTallisi arpapHOi eKOHOMIKYM YKpaiHu
Mae I'pyHTYBaTHCS Ha AuBepcHdikaril 30BHINTHIX pUHKIB 30yTy, pO3BUTKY BHYTPIIlIHBOI IIepepoOKH, MOepHi3amii
JIOTiCTHYHOI iH(ppaCTPYKTYpH, BIIPOBAPKEHHI pecypco3bepiraloyrx TEXHOJIOTIN, rapMOHi3allii cucrteM cepTrgikarii
BiATIOBiTHO KO BUMOT €BPOIEHCHKOr0 PUHKY Ta PO3BUTKY I[M(POBOr0 MOHITOPUHTY CBiTOBUX arpapHUX PUHKIB.
[IpakTu4Ha LiHHICTb NOCIiIKEHHA MOJIAra€ Y MOKJIUBOCTI BUKOPUCTAaHHS 3allpOIIOHOBAHUX HANpPsAMIB ajganTaril
IUIs1 (popMyBaHHSA JepsKaBHOI arpapHoOi MOJITUKY Ta HiABUIIEHHSI KOHKYPEHTOCIIPOMOSKHOCTI arpapHOro CeKTOpY
VKpaiHu B yMOBax I7100a/IbHUX eKOHOMIYHIX TpaHCc(opMartii

» Knio4oBi cnoBa: ekcriopTHi MapIipyTy; TEXHOJIOTiYHA MOJIepHi3allisl; eKCIIOPTHA BUPYYKa; JOTiCTUYHI cTparerii;
BOJIATUJIBHICTh CBITOBUX PUHKIB
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