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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
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▶ 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 
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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 that information 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 

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 F.  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  et 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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set the three theoretical frameworks Global Value Chains 
(GVC), 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 

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 F.W. 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  
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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.

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).
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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 a shortage 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 

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 

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

Source: compiled by the author

Subsystem Key elements Managerial role Status indicators

Functional Production, processing, 
logistics, retail, consumption

Object of technological 
modernisation

Productivity (t/ha), losses at logistics stages (%), 
share of value added accruing to the producer

Institutional

Legal norms, quality and 
safety standards, Agricultural 

Knowledge and Innovation 
System (AKIS), land relations

Determinant  
of functional subsystem 

efficiency

Property rights protection index, contract 
enforcement rate (%), extension services coverage 

(% of farmers), share of transaction costs  
in production cost

Managerial
Corporate strategies, 

agricultural policy,  
EU/FAO regulations

Mechanism for 
targeted systemic 

transformation

Existence of strategic documents, planning horizon 
(years), share of budget for development  

and support, degree of harmonisation  
with the acquis communautaire
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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 

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).

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

Source: compiled by the author

Criterion Content Indicators Assessment scale (1-5)

Completeness

Whether the flow covers 
all levels of aggregation  

or breaks off  
at a certain point

Number of levels reached by the 
market signal; share of producers 

receiving information  
about the final price

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

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 a common 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.J. 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.

Figure 1. Four-level architecture of the agri-food system
Source: compiled by the author

Global and regional space 

National agri-food system 

Mesolevel: value chains, clusters, regional subsystems 

Enterprises and farms

level IV

level IІІ

level IІ

level I

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 

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 
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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 

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  

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 Román, 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.J. Teece et al. (1997), and the competitive forces model 
of M.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” 
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themselves: quality standards, regulatory regimes, and 
institutional configurations.

The MLP of F.W.  Geels  (2002) has demonstrated an-
alytical value for describing socio-technical transitions. 
The systematic review by F. 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 ‘regime’ 
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  

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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▶ Анотація. Розбіжність між обсягами світового виробництва продовольства та масштабами хронічної 
продовольчої небезпеки свідчить про те, що критичні чинники стійкості аграрного сектору формуються 
поза межами окремого підприємства чи ринку. Традиційні аналітичні категорії (галузь, ланцюг постачання, 
аграрний ринок) не враховують зворотні зв’язки між рівнями агрегації і, отже, не забезпечують адекватної 
основи для стратегічного управління. Метою цієї статті було обґрунтувати сутність агропродовольчої 
системи як цілісного багаторівневого об’єкта стратегічного управління, визначити її структурні підсистеми 
та продемонструвати роль інформаційних потоків як системоутворюючої ознаки. Методологічною основою 
дослідження стали системний підхід, порівняльний аналіз теоретичних фреймворків (аналіз глобальних 
ланцюгів вартості, системний підхід HLPE/FAO, багаторівнева перспектива) та метод теоретичного 
синтезу. Вибір фреймворків здійснювався за критеріями масштабу аналізу (лінійний  – системний), 
операційної придатності для управління та охоплення зворотних зв’язків. Було запропоновано визначення 
агропродовольчої системи як багаторівневої соціотехнічної конфігурації, системоутворюючою ознакою якої є 
організація зворотних зв’язків навколо виробництва, розподілу та споживання продовольства. Виокремлено 
три структурні підсистеми (функціональну, інституційну та управлінську), взаємодія яких опосередкована 
інформаційними потоками. Розроблено чотирирівневу архітектуру агропродовольчої системи як 
аналітичний інструмент стратегічного управління. Для кожного з п’яти критеріїв якості інформаційних 
потоків запропоновано індикатори та шкалу оцінювання. На прикладі зернового ланцюга вартості України 
продемонстровано здатність архітектури ідентифікувати каскадні міжрівневі суперечності, зокрема між 
регуляторними рішеннями макрорівня та контрактними зобов’язаннями мезорівня. Результати можуть бути 
використані при розробці національних стратегій розвитку агропродовольчих систем в умовах євроінтеграції. 
Запропонована шкала оцінювання інформаційних потоків слугує діагностичним інструментом для органів 
аграрної політики та галузевих асоціацій
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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-
lenges arising from military conflict, changes in interna-
tional trade, and the need to enhance the resilience of 

Ukraine’s grain sector by identifying new opportunities 
and export markets for grain crops. Ukraine’s grain pro-
duction is a strategically important component of the  
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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 

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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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 = ∑ 𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖2𝑛𝑛𝑛𝑛
𝑖𝑖𝑖𝑖=1   ,                                     (1)

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

In addition, the concentration ratio (CR4) was applied, 
defined as the sum of the market shares of the four largest 
exporters:

𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅4 = ∑ 𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖4
𝑖𝑖𝑖𝑖=1   ,                                      (2)

where si – the market share of country i amongst the four 
largest exporters.

The use of the CR4 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 

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.

Figure 1. Exports of major grain crops from Ukraine, in thousands of tonnes
Source: IndexMundi (n.d.)
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Wheat 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
Maize 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
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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 

(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 



Romanovska & Romanovska

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

25

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 (CR4) and the Herfindahl-Hirschman Index 
(HHI), enabled a comprehensive assessment of both the 

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 CR4 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 
(CR4  – 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 2. Geographical structure of Ukraine’s major grain crops exports in 2022 –  
January-August 2025, % (by physical weight)

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

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

Source: compiled by the authors

Grain crop Concentration ratio (CR4) 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

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.

Grain crop (commodity classification code  
in the Ukrainian Classification of Goods  

for Foreign Economic Activity)
2022 2023 2024 January-August 

2025

Wheat and a mixture of wheat  
and rye (meslin) (1001000000)

Turkey – 18.9
Romania – 13.1

Spain – 10.3
Egypt – 7.8

Spain – 24.9
Turkey – 14.4

Romania – 14.0
Egypt – 7.2

Spain – 27.5
Indonesia – 12.2

Egypt – 9.3
Algeria – 6.5

Egypt – 24.0
Algeria – 17.6
Spain – 13.7

Indonesia – 6.7

Maize (1005000000)
China – 17.7

Romania – 13.6
Spain – 11.0
Poland – 8.2

China – 20.6
Spain – 15.1

Romania – 10.8
Egypt – 10.8

Spain – 17.7
Turkey – 12.0
China – 11.9
Egypt – 11.2

Turkey – 31.9
Italy – 12.6

Spain – 10.1
Netherlands – 8.9

Egypt – 8.4

Barley (1003000000)
Romania – 24.7

Turkey – 20.4
Spain – 19.1
Libya – 9.6

Turkey -19.2
Spain – 18.0
China – 17.3

Romania – 13.4

China – 37.0
Spain – 11.8
Libya – 9.4

Tunisia – 6.2

China – 48.7
Turkey – 12.5

Lebanon – 11.9
Libya – 7.9

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, 

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.
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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  

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 

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.F. 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.F. 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 
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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 

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 (CR4  – 89.1%; HHI  – 2,250), whereas the 
wheat (CR4 – 65.6%; HHI – 1,350) and barley (CR4 – 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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▶ Анотація. Актуальність дослідження зумовлена необхідністю адаптації зернового сектору України до 
воєнних викликів, трансформації глобальної торгівлі та пошуку нових напрямів диверсифікації експорту 
зернових культур. Метою дослідження було оцінити трансформацію географічної структури експорту 
зернових культур України, визначити рівень концентрації світових ринків пшениці, кукурудзи та ячменю, 
а також обґрунтувати напрями підвищення стійкості зернового сектору в умовах воєнної нестабільності. 
У дослідженні використано методи статистичного, порівняльного та системного аналізу, а також індекс 
Герфіндаля-Хіршмана і коефіцієнт концентрації. Встановлено, що світовий ринок кукурудзи характеризувався 
високим рівнем концентрації, тоді як ринки пшениці та ячменю мали помірну концентрацію. Доведено, що 
Україна зберегла позиції одного з провідних експортерів зернових культур навіть в умовах повномасштабної 
війни росії проти України. У 2022-2024 роках відбулася суттєва трансформація географічної структури 
експорту: посилилася роль країн Європейського Союзу, Африки та Азії, тоді як залежність від окремих 
традиційних ринків поступово зменшувалася. Встановлено, що процес диверсифікації мав поетапний 
характер: у 2022 році переважала вимушена адаптація до логістичних обмежень, у 2023 році – активна 
переорієнтація експортних потоків, а у 2024 році – стабілізація нової багаторегіональної моделі експорту. 
Це дозволило знизити ризики надмірної залежності від окремих напрямів збуту та підвищити гнучкість 
зовнішньоторговельної діяльності. Для окремих сегментів, зокрема експорту ячменю, спостерігалася 
висока концентрація поставок до Китаю, частка якого у 2025 році досягла 48,7 %. Визначено, що ключовими 
чинниками адаптації зернового сектору стали розвиток альтернативної логістики через дунайські порти 
та сухопутні коридори ЄС, а також розширення присутності на нових ринках збуту. Обґрунтовано, що 
розвиток глибокої переробки зернових культур і виробництва продукції з високою доданою вартістю стало 
важливим чинником зниження вразливості аграрного сектору до зовнішніх економічних та логістичних 
шоків. Практична цінність дослідження полягала в обґрунтуванні напрямів диверсифікації експорту, 
розвитку переробки зернових культур та модернізації логістичної інфраструктури для підвищення 
конкурентоспроможності та стійкості аграрного сектору України

▶ Ключові слова: зерновий ринок; диверсифікація ринків; логістика; воєнні виклики; глобальна торгівля; 
продовольча безпека; конкурентоспроможність аграрного сектору

https://doi.org/10.32843/bses.74-13
https://orcid.org/0000-0003-3364-2408
https://orcid.org/0000-0002-1377-7551


EKONOMIKA APKEKONOMIKA APK
Received: 02.12.2025. Revised: 09.03.2026. Accepted: 21.04.2026. Published: 30.04.2026.

https://doi.org/10.32317/ekon.apk/2.2026.32
Ekonomika APK, 33(2), 32-39

*Corresponding author (rostosadchuk@gmail.com)

▶ Suggested Citation: Osadchuk, R. (2026). Optimisation of the logistics chains of Ukrainian agricultural enterprises in the context 
of military operations. Ekonomika APK, 33(2), 32-39. doi: 10.32317/ekon.apk/2.2026.32.

UDC 658.7:338.43:355.01(477)

Optimisation of the logistics chains of Ukrainian agricultural enterprises 
in the context of military operations
Rostyslav Osadchuk*

Postgraduate Student 
National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony, Kyiv, Ukraine 
https://orcid.org/0009-0005-6422-899X

Copyright © The Author(s). This is an open access article distributed under the terms of the 
Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)

ISSN: 2221-1055; E-ISSN: 2413-2322

▶ 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,  

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 

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. 

Figure 1. Trends in the production of major crops in Ukraine for 2020-2025
Source: State Statistics Service (2026)

2020 2021 2022 2023 2024 2025
Wheat (million tonnes) 25.0 28.0 19.0 20.5 22.0 23.0
Maize (million tonnes) 33.0 38.0 23.0 25.0 30.0 32.0
Sunflower seeds (million tonnes) 14.5 16.0 10.0 10.5 12.0 14.0
Barley (million tonnes) 7.3 8.1 6.0 6.2 6.5 6.6
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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 

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 
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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.

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 
& I.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

Figure 2. Structure of agricultural production  
by region in 2025 (% of the total)

Source: State Statistics Service (2026)

Source: Ministry of Agrarian Policy and Food of Ukraine (n.d.)
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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-
come the decisive factor in preserving export potential. Such 
a spatial transformation requires a radical restructuring 

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

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 
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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  

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.
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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 

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 
a risk 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 
cost of exports, 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.
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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.

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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Оптимізація логістичних ланцюжків  
українських аграрних підприємств в умовах військових дій
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▶ Анотація. Масштабні пошкодження транспортних вузлів, блокування традиційних глибоководних 
портів та стрімке подорожчання паливно-енергетичних ресурсів, спричинене бойовими діями на території 
України, зумовлюють необхідність докорінного переосмислення наявних підходів до організації збутової 
діяльності. Метою статті було комплексне оцінювання деструктивних трансформацій у логістичних ланцюгах 
українських аграрних підприємств під час війни та обґрунтування стратегічних пріоритетів їхньої оптимізації 
для зміцнення продовольчої безпеки. Методологічну основу дослідження становили методи системно-
структурного, компаративного та економіко-статистичного аналізу, інструменти експертного оцінювання, 
а також методи причинно-наслідкового моделювання інфраструктурних обмежень. За результатами 
дослідження встановлено, що внаслідок збройної агресії втрачено понад 42 тис. км автомобільних доріг та 
пошкоджено понад 600 км залізничних колій. Скорочення валового збору у 2022 році змінилося відновленням 
у 2025 році до 23,0  млн т та 32,0 млн. т відповідно. Просторовий аналіз зафіксував переміщення центру 
агровиробництва у центральні та західні області, що перевантажило місцеву інфраструктуру. Доведено, що 
блокада Чорного моря у 2022-2023 роках знизила частку морського експорту з 98 % до 75-76 % і призвела до 
падіння експорту пшениці на 40 % та кукурудзи на 38 %, змусивши збільшити частку залізничних перевезень 
до 17 %, а автомобільних – до 8 %. Відновлення частки морських і дунайських відвантажень у 2024-2025 роках 
до 93 % підтвердило компенсаторний характер сухопутних маршрутів. Обґрунтовано необхідність адаптації 
агробізнесу через розширення посівів соняшнику для зменшення питомих транспортних витрат, розбудову 
залізничних терміналів, впровадження систем WMS і TMS та залучення міжнародної підтримки. Практична 
цінність отриманих результатів полягає у можливості безпосереднього впровадження запропонованих 
рекомендацій менеджментом сільськогосподарських підприємств та трейдингових компаній для оперативної 
реконфігурації логістичних потоків і мінімізації фінансових втрат в умовах високих воєнних ризиків

▶ Ключові слова: ланцюги постачання; аграрний сектор; російсько-українська війна; продовольча безпека; 
транспортна інфраструктура
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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 
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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 et 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, 

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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a model 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 lpSolve 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  

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:

 = ∑ (   − ) ,                               (1)

where xi 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:

,                            (2)

where A represents the available land area.
Feed constraint:

𝑓𝑓𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑥𝑥𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑓𝑓𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑥𝑥𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 ≤ 𝐹𝐹𝐹𝐹  ,                        (3)

where F represents the annual feed supply measured in 
tonnes of dry matter.

Quarterly labour constraints:

∑ ,  ≤ ,   = ,  … , ,                          (4)

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

Working capital budget constraint:

∑  ≤ ,                                        (5)

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

𝑎𝑎𝑎𝑎𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑥𝑥𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑎𝑎𝑎𝑎𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑥𝑥𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑎𝑎𝑎𝑎𝑏𝑏𝑏𝑏𝑚𝑚𝑚𝑚𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏,𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚𝑥𝑥𝑥𝑥𝑏𝑏𝑏𝑏𝑚𝑚𝑚𝑚𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏,𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚 + 
+ 𝑎𝑎𝑎𝑎𝑏𝑏𝑏𝑏𝑚𝑚𝑚𝑚𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏,𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑥𝑥𝑥𝑥𝑏𝑏𝑏𝑏𝑚𝑚𝑚𝑚𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏,𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 ≤ 𝐴𝐴𝐴𝐴 
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Specific berry production constraints considered pro-
cessing capacity, cold chain capacity, and minimum/max-
imum shares of sales channels, for example:

𝑥𝑥𝑥𝑥𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏,𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑟𝑟𝑟𝑟 ≤ 𝑈𝑈𝑈𝑈𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑟𝑟𝑟𝑟  ,                                    (6)

where Uret 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 
CO2 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, 

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

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

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

Indicator

Farm activity

Milk,  
1 cow·year

Poultry, 1 t 
live weight

Berries, 
wholesale, 

1 ha·season

Berries, retail, 
1 ha·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

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.

Production activity Optimal volume Marginal income per unit, 
thousand UAH

Contribution to the result, 
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



44
Optimisation of farm production based on statistical data...

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

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 CO₂-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.

Production activity Optimal volume Marginal income per unit, 
thousand UAH

Contribution to the result, 
thousand UAH

Berry production (retail channel) 10.00 ha 92 920.00
Total/Operating Result 3001.94

Table 2, Continued

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

Scenario Cattle, head Poultry, t Wholesale berries, ha Retail berries, ha Marginal income,  
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

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

Table 3, Continued

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)

Scenario Cattle, head Poultry, t Wholesale berries, ha Retail berries, ha Marginal income,  
thousand UAH

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
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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-Ramírez 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  

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 F.J. López-
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 
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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 

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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▶ Анотація. Обмеженість земельних, трудових, кормових і фінансових ресурсів визначає виробничу 
структуру фермерських господарств, тоді як посилення вимог до екологічної сталості потребує узгодження 
економічної ефективності з раціональним використанням природних ресурсів. Метою дослідження було 
обґрунтування оптимальної виробничої програми фермерського господарства змішаного профілю на 
основі економіко-математичного моделювання з урахуванням економічних, ресурсних, технологічних та 
екологічних обмежень. Інформаційну базу сформовано на основі офіційних статистичних даних за 2024-
2025  рр. Для оптимізації виробничої структури використано модель змішаного цілочислового лінійного 
програмування (MILP), реалізовану в середовищі R. Модель включала обмеження щодо земельних, трудових, 
кормових і фінансових ресурсів, а також викидів парникових газів, щільності поголів’я, балансу органічної 
речовини ґрунту та водокористування. Для оцінювання впливу додаткових вимог застосовано сценарний 
аналіз. За базового сценарію оптимальний план передбачав 32 голови великої рогатої худоби, 1,18 т 
птиці, 9,84 га ягідних насаджень для гуртової та 10,00 га для роздрібної реалізації, а маржинальний дохід 
становив 3001,94 тис. грн. Екологічні обмеження зменшували поголів’я великої рогатої худоби до 28 голів 
і збільшували виробництво птиці до 5,63 т за незначної зміни площ ягідних насаджень. Водне обмеження 
спричиняло скорочення площ ягідного виробництва та зміну структури тваринництва. Комбіноване 
застосування обмежень зумовлювало найсуттєвішу структурну адаптацію та зниження маржинального 
доходу на 16,60 % порівняно з базовим сценарієм. Практичне значення дослідження полягає у можливості 
використання моделі для обґрунтування виробничих програм фермерських господарств та оцінювання їх 
адаптації до змін ресурсних і екологічних умов

▶ Ключові слова: змішане фермерське господарство; економіко-математичне моделювання; оптимізація 
виробництва; лінійне програмування; ефективність використання ресурсів; екологічні критерії; стале сільське 
господарство
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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 

https://orcid.org/0009-0009-3567-7795


52
The impact of global economic trends...

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

systems. V. Petrushov & I. Shapovalova (2026) showed that 
it is 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  

management systems for agricultural businesses. As 
I.O. 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 
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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  

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.

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

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.)

125.7

143.7

124.0

121.9 127.2

131.2

154.7

128.0

113.5

107.9

164.8

187.8

126.3
138.9

150.0

100.0
110.0
120.0
130.0
140.0
150.0
160.0
170.0
180.0
190.0
200.0

2021 2022 2023 2024 2025

FAO Food Price Index
FAO Cereal Price Index
FAO Vegetable Oil Price Index

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.

Indicator Value
Global cereal production 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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The data show that the global agricultural market had 
a relatively 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 

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).

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)

Table 1, Continued

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

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%
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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 

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

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)

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.

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

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  

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. 
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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 

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

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

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

Group of factors Main manifestations Indicators affected

Global 
economic

Fluctuations in global food prices; changes in global demand, 
cereal production, and stocks; changes in international trade; 

rerouting of logistics flows; trade restrictions

Export volumes; export earnings; 
producer prices; profitability  

of agricultural enterprises

War-related  
and logistical

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

energy supply shortages; rising transport costs

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

volumes; unit production costs

Domestic 
structural

Declining investment activity; labour shortages; technological 
constraints; insufficient modernisation of production assets  

and equipment; changes in the structure of production

Labour productivity; gross value added; 
production profitability; financial 

performance of enterprises

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).

Global economic 
trend Key global indicator Transmission 

mechanism
Manifestation 

in Ukraine’s 
agricultural economy

Main risk/
opportunity

Adaptation 
measure

Decline in global 
cereal prices

Food and Agriculture 
Organisation Cereal 

Price Index
Lower export 

prices

Reduced export 
earnings and 

profitability of grain 
production

Declining 
producer 

profitability

Diversification  
of the crop mix 

and export 
markets

Rise in global 
vegetable oil 

prices

Food and Agriculture 
Organization Vegetable 

Oil Price Index
Higher processing 

margins

Increased sunflower 
oil exports and 

processing capacity 
utilisation

Greater 
opportunities 

to export value-
added products

Expansion 
of domestic 
processing

Growth in global 
cereal stocks Stocks-to-use ratio

Greater 
competition 

among exporters

Erosion of the 
price advantage of 

Ukrainian grain

Reduced 
competitiveness 

in the global 
market

Cost 
optimisation 

and productivity 
improvements

High energy and 
fertiliser prices

Trends in global gas 
and fertiliser prices

Higher 
production costs

Increased cost of crop 
production

Reduced 
production 
profitability

Resourceefficient 
technologies 
and precision 

agriculture

Global food price 
inflation

Food and Agriculture 
Organisation Food 

Price Index

Changes in global 
demand and 

prices

Higher selling prices 
for agricultural 

products

Simultaneous 
increases in 
revenue and 

production costs

Contractual 
planning and 

price risk 
management

Regionalisation 
of international 

trade
Redirection of global 

trade flows

Changes in the 
geographical 

distribution of 
exports

Reconfiguration 
of the structure of 
external markets

Greater 
dependence 
on individual 

regions

Diversification 
of export 

destinations
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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 
(Santamaría 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 

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 

Table 4, Continued

Global economic 
trend Key global indicator Transmission 

mechanism
Manifestation 

in Ukraine’s 
agricultural economy

Main risk/
opportunity

Adaptation 
measure

Changes in the 
trade regime with 

the EU

Quotas, sanitary 
and phytosanitary 

(SPS) requirements, 
and environmental 

standards

Changes in the 
conditions of 
access to the 

European market

Growing importance 
of exports to the EU

Greater 
dependence on 
EU regulatory 

policy

Harmonisation 
of production 

standards

Logistical 
restructuring of 

international trade
Development of rail 

and road routes
Changes in 
transport 

infrastructure

Higher logistics costs 
and altered export 

routes
Higher export 

costs
Development 
of multimodal 

logistics

Increasing climate 
risks

Rising temperatures, 
droughts, and weather 

anomalies

Effects on yields 
and production 

structure

Fluctuations in the 
output of individual 

crops
Higher 

production risks

Adaptive 
technologies 

and agricultural 
insurance

Expansion of ESG 
requirements 

and low-carbon 
production

EU carbon-footprint 
and ESG requirements

Stricter 
environmental 

requirements for 
exports

Need for certification 
and production 
modernisation

Risk of losing 
competitive 

positions

Decarbonisation 
and adoption of 

ESG practices

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)
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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 MHP, 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 

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

Source: systematised by the author

Characteristic Kernel MHP Astarta

Core specialisation Cereals  
and sunflower oil

Poultry meat, food products,  
and cereals

Sugar, soybeans, cereals,  
and dairy production

Principal global 
challenge

Reconfiguration  
of export logistics

Rising production costs and 
changes in the structure of demand

Stricter EU sustainability 
requirements

Key adaptation 
mechanism

Diversification of export 
routes and development  

of port logistics

Diversification of sales markets  
and development of products  

with high added value
Investment in processing, 

digitalisation, and bioenergy

Logistics strategy Use of Black Sea  
and alternative routes Diversification of export logistics Optimisation  

of internal logistics processes
Response to global 
market conditions

Expansion of sunflower 
oil and cereal exports

Shift towards highermargin 
products

Increased share of more highly 
processed products

Investment priorities Export infrastructure 
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 
development

Improved logistics 
efficiency

Resource efficiency  
and international standards

Decarbonisation, energy 
efficiency, and ESG

Main adaptation 
outcome

Stabilisation of exports 
amid logistics risks

Revenue and profit growth  
and export diversification

Greater competitiveness of 
products with high added value

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).

Identified problem Global trend 
intensifying the problem Practical measure Expected outcome Performance 

indicator

High concentration 
of exports in a limited 

number  
of markets

Regionalisation  
of international trade 

and changes in the 
geographical distribution 

of global demand

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

maintaining Ukraine’s 
position in the EU market

Reduced 
dependence  
on individual 

markets and greater 
export resilience

Share of exports to 
countries in Asia, 

Africa, and the 
Middle East, %

Predominance  
of commodity exports

Growing global demand 
for products with high 

added value

Expansion of domestic 
cereal and oilseed 

processing and production 
of finished food products

Increased exports of 
products with high 

added value

Share of processed 
products in 
agricultural 
exports, %

High logistics costs 
and dependence on 
individual transport 

routes

Restructuring  
of international logistics

Development of multimodal 
logistics and modernisation 

of port, border, and grain 
storage infrastructure

Lower logistics 
costs and more 
reliable export 

deliveries

Logistics costs per 
tonne of exported 

product

Heavy dependence of 
producer incomes on 

fluctuations  
in global prices

Volatility in global 
agricultural markets

Greater use of forward 
contracts and other 

price risk management 
instruments

More stable 
incomes  

for agricultural 
producers

Share  
of products sold 
under longterm 

contracts, %

Rising production costs Higher energy  
and fertiliser prices

Introduction of resource-
efficient technologies and 

precision agriculture
Lower production 

costs
Production cost of 

the principal crops, 
UAH per tonne

Increasing climate risks
Rising temperatures, 

droughts, and weather 
anomalies

Development of irrigation 
systems, agricultural 

insurance, and climate-
adapted technologies

Greater resilience 
of agricultural 
production to 

climate change

Area of irrigated 
land; share of 

insured crop area

Stricter environmental 
and regulatory 

requirements in export 
markets

Expansion of ESG 
requirements

Harmonisation of 
certification, traceability, 

and environmental 
management systems with 

EU requirements

Continued 
competitiveness of 
Ukrainian products 

in international 
markets

Share of certified 
products in 
agricultural 
exports, %

Insufficient information 
and analytical support

High volatility  
in global markets

Creation of a digital system 
for monitoring global 

prices, stocks, demand, and 
logistics costs

Better management 
decisions and faster 
responses to market 

changes

Operation 
of a unified 

information and 
analytical system

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

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  

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 
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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 

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 González-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. Bellù (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. 

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 
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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 
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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-
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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 
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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  

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 
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long-term impact of climate and environmental changes 
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agricultural economy of Ukraine.
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▶ Анотація. Дослідження було спрямоване на визначення особливостей розвитку аграрної економіки 
України на тлі глобальних економічних змін. Для досягнення поставленої мети використано методи 
статистичного, порівняльного та кейс-аналізу, аналітичного узагальнення. За результатами статистичного 
аналізу встановлено, що у 2024 році середнє значення FAO Food Price Index становило 122 пунктів, що на 
2,1  % перевищило показник 2023 року. У 2024-2025 маркетинговому році співвідношення світових запасів 
зернових до споживання досягло 26,7  %, а обсяг міжнародної торгівлі зерновими становив 499 мільйонів 
тон. Встановлено, що глобальні економічні тенденції впливають на аграрну економіку України через цінові, 
логістичні, торговельні, виробничі та регуляторні механізми. На прикладі агропромислових підприємств 
Kernel, «Миронівський хлібопродукт» та «Астарта» показано, що підвищення стійкості аграрного бізнесу 
забезпечується диверсифікацією експортних маршрутів, розвитком продукції з високою доданою вартістю, 
технологічною модернізацією, цифровізацією та впровадженням принципів сталого розвитку. Кейс-
аналіз засвідчив, що адаптація до глобальних економічних тенденцій реалізується через різні стратегічні 
механізми залежно від спеціалізації підприємств. Обґрунтовано, що адаптація аграрної економіки України 
має ґрунтуватися на диверсифікації зовнішніх ринків збуту, розвитку внутрішньої переробки, модернізації 
логістичної інфраструктури, впровадженні ресурсозберігаючих технологій, гармонізації систем сертифікації 
відповідно до вимог європейського ринку та розвитку цифрового моніторингу світових аграрних ринків. 
Практична цінність дослідження полягає у можливості використання запропонованих напрямів адаптації 
для формування державної аграрної політики та підвищення конкурентоспроможності аграрного сектору 
України в умовах глобальних економічних трансформацій

▶ Ключові слова: експортні маршрути; технологічна модернізація; експортна виручка; логістичні стратегії; 
волатильність світових ринків
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