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Analysis of the effectiveness of bank credit instruments...

The total volume of loans provided to agricultural enterprises decreased from UAH 1189 billion
in 2022 to UAH 104.5 billion in 2024. The share of preferential financing under the programme
“Affordable Loans 5-7-9%" in 2024 was 46% (UAH 46.9 billion). The study analysed three leading
companies — Myronivsky Hliboproduct, Kernel, and Astarta-Kyiv, which actively used bank loans
and international financing to stabilise the activities, modernise production and expand export
potential. Myronivsky Hliboproduct restored profitability: from a loss of USD 231 million in 2022 to
aprofit of USD 144 million in 2024. Astarta-Kyiv increased corn yield to 10.35 t/ha, sugar production
by 34%, and revenue from agricultural production by 33%. Kernel attracted USD 150 million in
syndicated financing, which ensured a 2.3-fold increase in exports in 2024. The study proved that
bank loans acted not only as an anti-crisis mechanism, but also as a tool for increasing efficiency,
modernisation, and adaptation of enterprises to high-risk conditions. The practical significance
of the study laid in substantiating the effectiveness of bank credit instruments as an effective
mechanism for supporting the agricultural sector in times of crisis challenges, and in the possibility

of using the results obtained to improve state financing programmes

Keywords: financial support; digitalisation; investments; government support; export

INTRODUCTION
The establishment of effective credit support
for the agricultural sector is a key factor in en-
suring financial stability, modernisation of pro-
duction and increasing the competitiveness of
Ukrainian agricultural enterprises. In the con-
text of increasing external challenges, in par-
ticular armed conflict, inflationary pressure
and disruption of logistics chains, bank credit
instruments are gaining particular importance
as a source of mobilising financial resources
for seasonal production, updating the technical
and technological base, and supporting work-
ing capital. Ukrainian agricultural enterpris-
es face a lack of financing of these enterprises,
whichleads to a high dependence on bank loans.
N. Trusova § N. Radchenko (2020) studied the
effectiveness of lending taking into account the
size of enterprises, the dynamics of loan vol-
umes and revealed the negative impact of the
high cost of credit resources on profitability. The
authors identified medium-term loans as dom-
inant and also emphasised the importance of
cooperation with international financial organ-
isations and the action of the state programme
“5-7-9%". Ukraine’s agriculture, with a signif-
icant share in the structure of gross domes-
tic product and export potential, needs stable
external financing. This issue was studied by
0. Chyhryn & O. Ivakhnenko (2020), who ana-
lysed trends in bank lending to agricultural pro-
duction, identified the dominance of short-term
loans and a low share of long-term loans (only

(o

5%), and also assessed the effectiveness of state
support. The authors found that when the level
of profitability exceeds the interest rate, enter-
prises reinvest profits, which stimulates devel-
opment. Despite the availability of preferential
lending programmes, only 7.6% of the bank loan
portfolio falls on agriculture, and the level of
participation in the programmes remains low.
Agricultural enterprises face difficulties in
attracting bank loans due to the unstable eco-
nomic situation, high risks, and limited access
to long-term financing. This topic was studied
by S. Andros (2024), who focused on the need to
reform approaches to agricultural lending, tak-
ing into account its specifics. In the mentioned
work, the author analysed the volume of bank
financing, pointed out the unevenness of ac-
cess to loans by region and size of enterprises,
and also noted the imperfection of risk man-
agement mechanisms. Considerable attention
was paid to the development of microfinancing
and credit cooperation as tools for expanding
access to loan resources, in particular for small
forms of business. Access to bank financing
for agricultural producers is complicated by
high rates, lack of collateral, and uneven lend-
ing conditions. I. Tomashuk & L. Volska (2024)
analysed the dynamics of attracting loans,
pointing to the low share of financing for the
agricultural sector and the limited effective-
ness of government programmes for small and
medium-sized farms. The authors highlighted

Economics and Business Management 17(2)
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information barriers and weak financial readi-
ness of borrowers.

Bank lending to agricultural enterprises is
limited by high collateral requirements, a lack
of specialised programmes, and low flexibility
of banking products. A. Osipova (2020) analysed
access to credit, noting the advantage of large
enterprises due to the availability of collateral,
while small producers face barriers. The author
noted that large enterprises have better access
to loan capital due to the availability of collat-
eral and financial reporting, while small and
medium-sized producers experience difficul-
ties due to the lack of collateral and insufficient
credit rating. The insufficient level of availabil-
ity of financial resources for the agricultural
sector hinders the development of enterprises
and limits the investment activity. A. Bilochen-
ko (2023) analysed current trends in bank lend-
ing, in particular the operation of the “5-7-9%"
programmes, emphasising the role of these pro-
grammes in reducing the credit burden. The au-
thor noted the positive dynamics of agricultural
producers’ participation in these programmes
and the growth in the volume of preferential
lending, but pointed out the uneven access be-
tween large and small enterprises.

Financial support for agricultural enterpris-
es requires improvement of support mecha-
nisms focused on adaptation to crisis conditions.
0. Popelo § A. Zhavoronok (2024) analysed the
current state of bank lending in wartime con-
ditions, focusing on limited access to resources
and increased risks for creditors. The authors
determined that the most effective support in-
struments were state programmes for compen-
sation of interest rates, which made it possible to
maintain credit activity. The complexity of credit
support for agricultural enterprises in times of
crisis requires the adaptation of financial instru-
ments to modern challenges. N. Tanklevska et
al. (2023) examined structural changes in the
agricultural financing system, focusing on new
forms of public-private partnerships, the role of
financial institutions, and increased participa-
tion of international donors. The authors noted
the positive impact of the integration of insur-
ance mechanisms, the digitalisation of risk as-
sessment processes, and the introduction of tar-
geted financing through banking instruments.

Economics and Business Management 17(2)

The long-term consequences of the cred-
it burden, the effectiveness of the use of loans
in different regions, the role of financial literacy
and counselling, the impact of innovative bank-
ing products and digital solutions, and the need
to adapt credit instruments to the needs of small
businesses in conditions of economic instability
remain insufficiently studied. Behavioural fac-
tors, regional differences in access to financing,
and the consequences of reduced state support
during the war period are also not covered. The
purpose of this study was to assess the effective-
ness of the use of bank credit instruments in the
activities of agricultural enterprises in Ukraine.
To achieve this goal, the following tasks were set:
to analyse the volumes, conditions, and dynamics
of banklending to the agricultural sector; to iden-
tify the relationship between the use of credit re-
sources and the financial results of enterprises.

MATERIALS AND METHODS

This study was practical in nature and covered
the period from 2022 to April 2025. It was based
on an analysis of the dynamics of bank lending
to agricultural enterprises in Ukraine. The to-
tal volume of loans provided to the agricultur-
al sector in 2021-2024 was studied using the
descriptive method (Ministry of Agrarian Poli-
cy and Food of Ukraine, 2022; Landlord, 2023).
Particular attention was paid to the programme
“Affordable Loans 5-7-9%" PrivatBank (n.d.),
which provided the main share of lending to ag-
ricultural producers in the period under study.
The analysis of the discount rate of the National
Bank of Ukraine (n.d.) was carried out in order
to assess the impact of monetary policy on the
availability of credit resources for the agricul-
tural sector. The availability and conditions of
international support programmes for agri-
cultural enterprises were separately analysed
using the descriptive method. The impact of
the Prostir (n.d.), World Bank Group (n.d.) and
Interfax (2023) programmes was studied. The
impact of the programmes was assessed using
the following criteria: total funding, areas of use
of funds, form of support (grants, investments,
material resources) and quantitative indicators
of coverage. The analysis covered types of fund-
ing, targeted allocation of funds, implementa-
tion mechanisms and participants.
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The case study method was used to ana-
lyse three leading agro-industrial companies of
Ukraine - Myronivsky Hliboproduct (n.d.), Ker-
nel (n.d.), and Astarta-Kyiv (n.d.). The selection
of objects was justified by the scale of econom-
ic activity, a high level of availability of financial
reporting, as well as the systematic use of bank
lending and external financing mechanisms.
The analysis of the activities of Myronivsky Hli-
boproduct (n.d.) considered sources of financing
from international financial institutions, in par-
ticular IFC (n.d.) and DFC (n.d.), as well as raising
funds through the charitable foundation MHP -
Gromadi (n.d.). The company’s profitability indi-
cators were taken into account separately (Lati-
fundist, 2024a). The analysis of the activities of
Kernel (n.d.) involved studying its loan portfolio,
including cooperation with international banks,
such as ING Bank N.V. (n.d.), Rabobank (n.d.)
and BSTDB (n.d.). Additionally, the dynamics of
changes in the company’s key financial indica-
tors were taken into account (Bizagro, 2025). The
analysis of Astarta-Kyiv (n.d.) examined sources
of loan financing, in particular cooperation with
the Ministry of Finance of Ukraine (n.d.) and the
state-owned bank Oschadbank (FRU, 2023). In
addition, operational activity indicators were
taken into account, in particular production
volumes and the seasonal results of agricultur-
al campaigns APK Inform (2024), which are in-
dicators of the efficiency of using the resourc-
es involved. The study also took into account
the capabilities of digital platforms and fintech
solutions in the field of lending to the agricultur-
al sector. The analysis included the three most
widely used digital solutions — AgroOnline (n.d.),
Soft Farm (n.d.) and Drone UA (n.d.), which were
selected according to the criteria of accessibili-
ty, level of implementation in agricultural pro-
duction, integration with banking products and
potential for automation of management pro-
cesses. This stage of the study made it possible to
assess the additional capabilities of digital solu-
tions in increasing the efficiency of bank lend-
ing to the agricultural sector, which is directly
related to achieving the stated goal — assessing
the efficiency of using bank credit instruments
in the activities of agricultural enterprises in
Ukraine. A descriptive method was used to an-
alyse digital platforms, and the results were
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processed by summarising information from
open sources regarding the functionality, scope,
and integration with banking services.

RESULTS AND DISCUSSION
Analysis of the volume and structure of bank
lending to agricultural enterprises in Ukraine
In 2022-2024, bank lending to the agricultural
sector of Ukraine demonstrated a clear trend
towards activation, which was made possible by
a combination of state support, demand from
agricultural enterprises for working capital
and investment resources, as well as the adap-
tation of the banking system to wartime con-
ditions. The largest growth occurred in 2022,
and in 2023-2024, high credit dynamics with a
stable loan portfolio structure were maintained
(National Bank of Ukraine, 2025). In 2022, the
total volume of bank loans granted to agricul-
tural enterprises in Ukraine amounted to about
UAH 1189 billion, which is twice the level of
2021, when this indicator was approximately
UAH 824 billion. The share of agricultural loans
in the total bank portfolio reached 15%, which
indicated a high level of financial activity in the
sector. About 75% of all loans were issued in na-
tional currency, mainly for short-term needs -
primarily to finance spring field work (Land-
lord, 2023). A significant factor in the activation
of lending was the state programme “Affordable
Loans 5-7-9%" PrivatBank (n.d.), within which
farmers attracted more than UAH 385 bil-
lion by June 1, 2022. The total volume of loans
under this programme during 2022 exceeded
UAH 57 billion (Ministry of Agrarian Policy and
Food of Ukraine, 2022).

In 2023, the high level of lending remained -
the total volume of loans reached UAH 78.8 bil-
lion. About UAH 44.5 billion of loans were
issued under the “5-7-9%”" programme (Privat-
Bank, n.d.). During the year, almost 14 thousand
agricultural enterprises took advantage of bank
loans, of which 109 thousand were under the
state programme of the Ministry of Agrarian
Policy and Food of Ukraine (2024). In the first
half of 2023, the high level of the National Bank
of Ukraine (NBU) discount rate (25%) made it
difficult to access commercial loans, the rates
of which sometimes exceeded 20%. However,
thanks to fixed rates within the state programme
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(from 5% to 9%), farmers retained the opportu-
nity to receive affordable financing (NBU, n.d.).
In 2024, the growth trend continued. Dur-
ing the year, 13,088 agricultural enterprises re-
ceived bank loans totalling about UAH 104.5 bil-
lion, of which UAH 46.9 billion (i.e. about 46%)
were under the “5-7-9%” programme. By the
middle of the year alone, more than 9,600 loans
had been issued in the agricultural sector, of
which 8,500 were preferential (Verkhovna Rada
of Ukraine, 2025). The NBU discount rate grad-
ually decreased: from 16% at the beginning of
the year to about 13% in the second half, which
created the prerequisites for cheaper commer-
cial loans, although the rate within the state

programme remained stable within a 5-9% of
financing range (NBU, n.d.). As of April 2025,
in a regional breakdown, the main recipients
of funds remained Kyiv (up to UAH 217 billion),
Dnipropetrovsk (UAH 75 billion), Vinnytsia
(UAH 74 billion), Kirovohrad (UAH 6.9 bil-
lion), Odesa (UAH 6.4 billion) and Cherkasy
(UAH 6.2 billion) regions. In addition to the pref-
erential rate programme, portfolio guarantees
were actively used - in Ivano-Frankivsk re-
gion alone the volume reached UAH 782.3 mil-
lion (Ministry of Agrarian Policy and Food of
Ukraine, 2025). Figure 1illustrates the dynamics
of the total volume of bank lending to agricul-
tural enterprises in Ukraine in 2021-2024.
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Figure 1. Dynamics of the total volume of bank lending
to the agricultural sector of Ukraine in 2021-2024
Source: created by the authors based on Landlord (2023), Ministry of Agrarian Policy and Food of Ukraine (2024),

Verkhovna Rada of Ukraine (2025)

Analysis of the graph presented in Figure 1
shows that 2022 became a turning point for
the credit provision of the agricultural sector
of Ukraine, when, under the influence of state
incentives and urgent needs of agricultural
producers, bank lending reached a record val-
ue. Despite the decline in 2023, a resumption
of growth in credit activity is observed in 2024.
Such dynamics confirm the importance of fi-
nancial support programmes and the adaptabil-
ity of the banking sector to high-risk conditions,
which allows agricultural enterprises to stably
access financial resources even in crisis periods.
Thus, in 2022-2024, bank lending to the agricul-
tural sector of Ukraine became a tool not only
for anti-crisis response, but also for stimulating
development. Both the absolute volume of lend-
ing and the number of enterprises that took ad-
vantage of state support programmes increased.
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The programme “Affordable Loans 5-7-9%" Pri-
vatBank (n.d.) remained the key mechanism
through which up to half of all credit financing
for the agricultural sector passed. The participa-
tion of different types of banks - state, private,
and international - ensured flexibility in lend-
ing conditions and coverage of a wide range of
farms in all regions of Ukraine.

During 2022-2025, state support for the
agricultural sector through preferential cred-
it programmes became a key tool for ensuring
financial stability and development of agricul-
tural enterprises in conditions of high risks.
One of the main forms of such support is the
programme “Affordable Loans 5-7-9%”", which
covers both micro, small and medium-sized
agricultural enterprises that meet certain cri-
teria (Ministry of Agrarian Policy and Food of
Ukraine, 2025). The participation of agrarian
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businesses in this programme has increased
significantly in response to military challenges,
inflationary pressure and rising resource prices,
as well as in view of the need for credit financ-
ing for seasonal and investment purposes. The
right to participate in the “5-7-9%" programme
was open to legal entities or individual entre-
preneurs registered in Ukraine and who were its
residents. The condition for access is conduct-
ing economic activity under the Classification
of Economic Activities by KVEDs, assigned to
section A “Agriculture”, in particular group 014
(livestock) and other codes covering crop culti-
vation, horticulture, viticulture, poultry farming.
In addition, the programme allows enterprises
engaged in the processing of agricultural prod-
ucts - the production of milk, flour, bakery prod-
ucts, etc. From January 1, 2025, participation in
the State Agrarian Register (DAR) is mandatory
to receive a preferential loan (Kharkiv Regional
Military Administration, 2020).

Financing under the programme covers two
key areas: lending for working capital (e.g., pur-
chase of seeds, crop protection products, fuel for
the sowing campaign) and investment goals -
acquisition and modernisation of machinery,
equipment, construction of storage facilities, im-
plementation of development projects. The pro-
gramme also allowed financing leasing transac-
tions - for example, the purchase of agricultural
machinery on lease. Lending rates depended on
the type of business: 5% for operating enterprises
with an annual turnover of up to UAH 50 million,
7% - for development, 9% - for new projects. The
loan was provided in national currency through
authorised banks that cooperate with the En-
trepreneurship Development Fund (Kharkiv Re-
gional Military Administration, 2020).

In 2024-2025, international financial or-
ganisations will play a key role in supporting
Ukraine’s agricultural sector, directing sig-
nificant resources to finance, restore, and
modernise agricultural production. One of
the most active donors is the United States
Agency for International Development (US-
AID). In total, USAID has already invested more
than USD 850 million, attracting an addition-
al USD 510 million from the private sector and
other donors. One of the key components of
this support was the Prostir programme (n.d.),
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which in 2024-2025, provided for investments
of about USD 250 million. It is focused on small
and medium-sized farms growing grain and oil-
seed crops, as well as on developing the export
potential of Ukrainian agricultural products. The
goal is to increase exports by USD 1.5 billion and
attract USD 500 million in private investment.
The programme also provides large-scale grant
support — about UAH 1.5 billion is provided for
the development of innovative solutions and
processing, and the grant amounts range from
UAH 4 to 198 million. In addition, more than
7 thousand agricultural producers will receive
mineral fertilisers (up to 2 tons each) for the
spring sowing campaign of 2024 - in total, more
than 14 thousand tons of fertilisers will be dis-
tributed. USAID also paid significant attention to
frontline and de-occupied territories, support-
ing the restoration and stable activities (Verk-
hovna Rada of Ukraine, 2023).

The World Bank provided another large-
scale area of support through the World Bank
Group (n.d.) project - Emergency project to
ensure inclusive support for the restoration
of agriculture in Ukraine. The total amount of
funding reached USD 700 million, of which
USD 320 million is provided in the form of grants
and USD 230 million in the form of concessional
loans, in particular through the Interfax (2023)
programme with the support of the Japanese
government. The ARISE project aimed to as-
sist more than 90 thousand small and medi-
um-sized farmers through preferential lending,
grants, support for horticulture and greenhouse
farming. It was expected to mobilise addition-
al working capital of USD 1.5 billion. About
USD 50 million in grants will be directed directly
toinnovative agricultural programmes. A special
role in the project was played by the restoration
of irrigation systems after the destruction of the
Kakhovka Dam - the formation of an irrigation
restoration fund according to European stand-
ards is one of the priorities. The entire financing
system is managed transparently through dig-
ital platforms, in particular the State Agrarian
Register (DAR) (Interfax, 2025).

Thus, the results of the study indicate the
high effectiveness of the combination of state
credit support and international financing in en-
suring the sustainability of the agricultural sector
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of Ukraine in wartime conditions. The resources
involved allowed a significant number of agricul-
tural enterprises to maintain production activi-
ty, implement investment projects, support ex-
ports and modernise infrastructure. In contrast,
the study by H. Hamdaoui § M. Cancelo (2024)
was of a macroeconomic nature and analysed
the relationship between the development of
the banking system, GDP growth and commod-
ity prices in France, Spain, and Romania. It was
found that the banking sector had a positive im-
pact on economic growth, although excessive
debt, inflation and non-performing loans had
a restraining effect. Both studies confirmed the
key role of banks in stimulating the economy, but
differed in scale, methods, and context. The study
by ]. Wang et al. (2024) was devoted to the impact
of green lending on the development of agricul-
tural enterprises in China. The authors found
that financial support focused on environmental
objectives contributed to increased productiv-
ity, reduced emissions and the introduction of
eco-innovation, especially on large farms. The
effectiveness of such loans depended on region-
al differences and financial accessibility. While
that study examined sustainable development,
this one examined ensuring financial sustaina-
bility through affordable credit, reflecting differ-
ent strategic approaches to the role of financial
instruments in the agricultural sector.

A similar logic to J. Wang et al. (2024) was
demonstrated by Q. Wang et al. (2025), but in a
digital context. The study showed that digital fi-
nancial inclusion - through mobile platforms,
online services, etc. — contributed to increas-
ing the productivity of small and medium-sized
agricultural producers, especially in regions
with low banking infrastructure density. In this
case, financing was considered not only as a
resource, but also as a tool for overcoming re-
gional inequality. In contrast, this study almost
did not cover digital aspects, and the traditional
banking system, combined with state support,
played a key role. At the same time, both studies
pointed out the need for active state participa-
tion in ensuring access to credit resources. The
importance of systemic solutions in the field
of financing was even more underscored by
M. Nasir et al. (2025), who showed that in devel-
oping countries, the main barriers to innovation
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remained not only limited credit, but also low
financial literacy, information asymmetry and
lack of trust in financial institutions. In this con-
text, this study was consistent with the approach
of M. Nasir et al. as it also underlined the need
for government intervention, although it fo-
cused not on long-term modernisation, but on
anti-crisis adaptation.

The study by C. Ngong et al. (2023) high-
lighted a different type of challenge - a deep
structural lack of formal credit in rural areas
of Cameroon. The authors argued that farmers
were unable to realise the production potential
due to limited access to credit resources and
weak financial infrastructure. In contrast to this
study, where government anti-crisis mecha-
nisms played a key role, the work of C. Ngong et
al. focused on the need to reform the financial
ecosystem and improve the knowledge level of
farmers. This indicated that access to financing
remained a universal condition for effective de-
velopment, but the ways to ensure it depended
on the specifics of institutional barriers and the
depth of structural problems.

In 2022-2024, bank lending to the agricul-
tural sector of Ukraine increased significantly,
which was due to a combination of state sup-
port, in particular through the programme
“Affordable Loans 5-7-9%", and the adaptation
of the banking system to wartime conditions.
Both state and private banks acted as key cred-
itors, which ensured diversification of financing
sources. The vast majority of loans were pro-
vided in national currency to cover short-term
needs, but the share of investment loans gradu-
ally increased. Such dynamics indicate the pres-
ervation of financial activity of the agricultural
sector even in times of crisis.

Assessment of the effectiveness of the use

of bank loans by agricultural enterprises

In 2022-2024, Ukrainian agro-industrial com-
panies demonstrated the active use of bank
loans as one of the main tools for ensuring
stable operational activities, investment de-
velopment and increasing export potential. An
analysis of three leading agricultural enter-
prises - Myronivsky Hliboproduct (n.d.), Ker-
nel (n.d.), and Astarta-Kyiv (n.d.) - allowed defin-
ing the peculiarities of the relationship between
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lending volumes and the financial performance
of enterprises in crisis economic conditions. In
2022-2024, the financial dynamics of the MHP
company demonstrated a close relationship
between the effectiveness of credit provision,
modernisation of production facilities and the
gradual restoration of profitability after the cri-
sis period. In 2022, the company recorded a net
loss of USD 231 million, which was caused by
significant exchange rate losses, the impact of
military operations, and a decrease in export
activity (APK Inform, 2023). At the same time, in
2023, the situation significantly improved due
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to the implementation of anti-crisis financial
measures, in particular, the refinancing of part
of debt obligations, active attraction of funds
from international financial organisations, and
the implementation of investment projects to
modernise bioenergy complexes. This allowed
to increase production efficiency and reduce
costs. As a result, MHP received a net profit of
USD 142 million (Latifundist, 2024a). In 2024, the
company maintained positive dynamics, ending
the year with a profit of USD 144 million, which
indicated stabilisation after the shock of the pre-
vious period (Fig. 2) (Pikalo, 2025).
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Figure 2. Dynamics of MHP's net profit (loss) in 2022-2024, million USD
Source: created by the authors based on APK Inform (2023), Latifundist (2024a), Pikalo (2025)

The graph in Figure 2 illustrates a clear
turning point in MHP’s financial results dur-
ing 2022-2024. After significant losses in 2022,
the company managed to quickly restore prof-
itability in 2023 and maintain stable indica-
tors in 2024. Such dynamics indicate effective
management of financial risks, effective use of
credit resources and gradual strengthening of
the company’s operational stability against the
backdrop of a difficult economic situation. Over
the past three years, the debt load has remained
high at around USD 1.6 billion. The bulk of it
was long-term, while short-term debt, includ-
ing USD 500 million in Eurobonds due in 2024,
was successfully refinanced through new cred-
it lines. Thanks to stable access to international
financial institutions, MHP has ensured flexible
liquidity management (Agro Portal, 2024). For
example, IFC (n.d.) provided USD 30 million for
the modernisation of the bioenergy complex
and USD 100 million to support financial sta-
bility. DFC (n.d.) allocated USD 250 million for
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infrastructure improvements, including the
construction of backup power supply systems.
The Ministry of Finance of Ukraine (n.d.) provid-
ed the company with USD 100 million in financ-
ing with a commitment to introduce eco-tech-
nologies and improve management standards.
In addition to international sources, MHP took
advantage of the state programme to compen-
sate 25% of the cost of Ukrainian-made agri-
cultural machinery in 2024, which allowed it to
update its technical base (DIA, 2024).

Despite the significant debt burden, the
company demonstrated a gradual improve-
ment in financial results. In 2023, the operat-
ing margin (sales profitability) reached 11%,
while in 2022 it was 10%. The return on assets
in 2023 was about 4.2%, which corresponded
to the average level for agroholdings with high
capital intensity. This demonstrated the com-
pany's ability to effectively use the resources
involved to generate profit, despite the difficult
macroeconomic situation (Latifundist, 2024a).
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In parallel with bank lending, MHP actively at-
tracted grants and implemented social projects
through the MHP - Gromadi charitable foun-
dation (n.d.). During 2022-2024, the fund im-
plemented competitions to support small busi-
nesses (for example, “Do Your Own Business”),
attracted more than 616 business applications
from 15 regions, and the total amount of financ-
ing reached UAH 1.5 billion. Such initiatives
complemented the company’s economic activ-
ities, strengthening its image as a responsible
social investor (Forbes, 2025).

Along with MHP, the Kernel agroholding also
actively attracted bank financing in 2022-2024 to
stabilise operating activities, support export op-
erations, and modernise infrastructure. In 2024,
for the first time since the start of a full-scale
war, the company attracted a USD 150 million
credit line from a syndicate of European banks,
including ING Bank N.V. (n.d.), Rabobank (n.d.),
and BSTDB (n.d.). At the same time, internal fi-
nancing was increased - for example, the cred-
it limit of the Druzhba-Nova enterprise from
Oschadbank (n.d.) increased to UAH 1.2 billion,
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and Kernel’s total loan portfolio in this bank ex-
ceeded UAH 2.2 billion (Latifundist, 2024b).

The company'’s financial dynamics during
these years were unstable: in 2022, the compa-
ny suffered losses of USD 41 million, which was a
sharp contrast to the profit of USD 513 million in
2021. The main reasons were logistical difficul-
ties and the impact of the war (Latifundist, 2022).
However, in the 2023 fiscal year, Kernel re-
stored profitability - net profit amounted to
USD 299 million, Earnings Before Interest, Tax-
es, Depreciation, and Amortisation (EBITDA) -
USD 544 million (Share UA Potential, 2023).In the
2024 fiscal year, there was a decline: net income
decreased to USD 168-204 million, and EBITDA to
USD 381-384 million. At the same time, the com-
pany’s net debt decreased from USD 453 million
to USD 308 miillion, which strengthened finan-
cial stability despite the decline in profitability.
However, the increased credit load and the diffi-
cult macroeconomic situation caused a decrease
in the profitability of assets and equity (Biza-
gro, 2025). The dynamics of net profit (loss) for
2022-2024 are shown in Figure 3.
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Figure 3. Dynamics of Kernel’s net profit (loss) in 2022-2024 (million USD)
Source: created by the authors based on Kernel Holding S.A. (2022), Kernel Holding S.A. (2023), Kernel Holding

S.A.(2024)

Figure 3 reflects the clear dynamics of the
company'’s financial recovery: after a loss of
USD -41 million in 2022, the company demon-
strated a sharp improvement in results and
achieved USD 299 million in profit in 2023. In
2024, profit decreased to USD 168 million, but
remained at a significantly positive level. This
trajectory indicates the efficient use of finan-
cial resources, the company’s ability to adapt to
crisis conditions and the gradual strengthening
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of its financial stability. In 2022-2023, Kernel
negotiated with creditors to defer payments on
the principal amount of the debt, but continued
to service interest payments on time. In 2023,
the company reached agreements to postpone
payments of USD 600 million to 2024 and 2027,
and in 2024 it successfully repaid Eurobonds for
USD 300 million, which indicates the preserva-
tion of creditors’ trust. Loan funds played an im-
portant role in increasing export volumes. In the
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first quarter of 2024, exports of grain and pro-
cessed products increased by 2.3 times, and oil-
seed processing by 27%. The company increased
sales volumes due to the launch of a new oil
extraction plant and improved logistics. In the
2023 fiscal year, Kernel exported 4.4 million tons
of agricultural products to 70 countries around
the world. The raised financing allowed Kernel
to maintain stable operating activities, modern-
ise production and expand exports, despite the
difficult economic situation (Censor, 2024).
During 2022-2024, Astarta-Kyiv actively
attracted credit resources to modernise and ex-
pand production capacities, develop the agri-
cultural segment and agro-processing. In 2023,
the company repaid loans in the amount of
EUR 24 million and had access to unused credit
lines in the amount of EUR 42 million as of De-
cember 31, 2022. At the same time, the manage-
ment did not plan new long-term borrowings, fo-
cusing on optimising the debt portfolio. In 2024,
the financial strategy changed - Astarta-Kyiv
concluded a five-year investment agreement
with PrivatBank (PrivatBank, n.d.) for USD 10 mil-
lion, which provided for financing the expansion
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of agricultural and sugar production. The funds
were directed to the development of livestock,
crop production, as well as the purchase of new
machinery and equipment. In addition, the com-
pany agreed with Oschadbank to provide a loan
of USD 60 million for the construction of an
agro-processing plant. In 2023, financing was
attracted from the IFC (USD 40 million) for the
construction of a soy protein concentrate pro-
duction plant, and from the EBRD - USD 30 mil-
lion to support sustainable investments in agri-
culture and processing (FRU, 2023).

The total amount of confirmed financing for
this period 2022-2024 exceeded USD 140 mil-
lion. At the same time, most of the credit re-
sources had a clear investment focus - on the
development of production, and not on covering
operating costs. In the structure ofliabilities as of
the end of 2022, short-term liabilities amounted
to UAH 4.37 billion, long-term - UAH 4.07 billion,
thatis, the distribution was almost symmetrical.
The company did not increase long-term debt
in 2023, which indicates a prudent financial ap-
proach (Prasad, 2025). The dynamics of net prof-
it for 2022-2024 is shown in Figure 4.
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Figure 4. Dynamics of net profit of Astarta-Kyiv in 2022-2024 (million EUR)
Source: created by the authors based on Astarta Holding PLC (2022), Astarta Holding PLC (2023), Astarta Holding

PLC (2024)

The graph reflects the dynamics of net prof-
it of the company Astarta-Kyiv in 2022-2024. In
2022, the company demonstrated a high financial
result - EUR122.5 million, however, in 2023, profit
significantly decreased to EUR 62 million, which
indicates the impact of external risks and chang-
ing market conditions. In 2024, there is a partial
restoration of financial performance - profit in-
creased to EUR 83 million, which confirms the
stabilisation of production activities and effective
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cost management. According to financial indi-
cators in 2023, Astarta-Kyiv demonstrated sta-
bility. The Debt-to-Equity ratio was 0.29, which
is an indicator of low debt burden. The Interest
Coverage Ratio at 4.6 indicated reliable cover-
age of debt service from operating income. This
created a stable financial basis for growth (Guru
Focus, 2025). Credit resources allowed the com-
pany to achieve record yields: in 2023, corn yield
reached 10.35 t/ha (16.2% more than in 2022),
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which provided 200 thousand tons of harvested
products. Sugar production volumes increased by
34%, beet processing by 37%. Agricultural reve-
nue increased by 33%, livestock increased by 10%,
and milk production by 12% (APK Inform, 2024).
Thus, the effective use of credit collateral had a
direct positive impact on the company'’s produc-
tivity, profitability, and growth.

A comparative analysis of the three com-
panies demonstrated a common trend - the
effective attraction and use of bank loans made
it possible to maintain or increase financial
performance, implement investment projects,
adapt to the risks of the war period and support
export activity. All three enterprises ensured
debt service, demonstrating responsible finan-
cial behaviour. The difference between these
enterprises was in the volume of funds raised,
debt structures and financial results, but in all
cases a positive relationship was observed be-
tween the level of lending and indicators of pro-
duction and financial efficiency. This confirms
the feasibility of supporting access to credit
resources for agricultural businesses in condi-
tions of macroeconomic instability.

In the work of S. Aziz et al. (2024) the main
attention was paid to the comparison of bank
and fintech lending in Indonesia. As in Ukraine,
access to bank loans remained limited for small
farmers due to high collateral requirements and
low financial capacity. However, unlike Ukraine,
Peer-to-Peer (P2P) platforms were actively op-
erating in Indonesia, offering flexible financ-
ing conditions, taking into account social fac-
tors and even allowing loans to be repaid with
products. In this study, such mechanisms were
not recorded - here, state support was imple-
mented mainly through traditional banking
instruments. A similar trend was observed in
the study by R. Njotoprajitno et al. (2022), which
confirmed that the growth of the share of prob-
lem loans (NPL) negatively affected the prof-
itability of banks. In this aspect, both studies
agreed: the effectiveness of banking activities
in the agricultural sector directly depended on
the structure of the loan portfolio. However, the
Indonesian work was more macro-financial in
nature and did not reveal the specifics of agri-
cultural lending or the participation of the state
in the financing process.
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In turn, F. Sun (2022) investigated the prob-
lems of access to finance for small farmers in
China. It stressed the role of information asym-
metry, lack of collateral, and low financial litera-
cy - factors that were also relevant to the Ukrain-
ian context. Both studies recognised the critical
need for government support. At the same time,
the Chinese study focused on the application
of digital technologies (scoring, Big Data), while
this study was dominated by the analysis of in-
stitutional programmes without an emphasis
on digital transformation. A deeper exploration
of the topic of credit risk was proposed in the
work of W. Deng et al. (2023), which assessed the
effect of farmers’ participation in environmen-
tal insurance programmes. The authors argued
that insurance instruments reduced banks' risks
and improved credit access. This approach part-
ly echoed the Ukrainian experience, in which the
level of risk also affected the financing structure.
However, the Ukrainian study did not include
insurance as an element of government policy,
focusing on the credit dynamics of enterprises.

In 2022-2024, the leading agricultural com-
panies of Ukraine - Astarta-Kyiv, Kernel and
MHP - actively used both the own resources and
external financing to ensure stability and devel-
opment. Despite the difficult macroeconomic
situation, these companies attracted significant
amounts of credit funds from state and interna-
tional banks, investing these funds in the mod-
ernisation of production, the development of
processing and agricultural infrastructure. The
attraction of investments was accompanied by a
moderate level of debt burden and an increase
in operational efficiency. This indicates a high
level of companies’ adaptive capacity to the chal-
lenges of wartime and the strategic orientation
towards long-term sustainability.

Prospects for the application

of digital solutions and new banking products
inlending to the agricultural sector

In conditions of growing uncertainty in the
economy and growing risks in agriculture, the
digitalisation of financial services and the emer-
gence of new banking products play a key role in
transforming approaches to lending to the agri-
cultural sector. Farmers face high price volatility,
climate risks, logistical challenges, and limited
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access to financial resources, especially during
martial law. Therefore, banking institutions fo-
cused on cooperation with the agricultural sec-
tor are increasingly implementing digital tools
that allow these institutions to reduce trans-
action costs, accelerate the process of making
credit decisions, ensure transparency of finan-
cial transactions, and adapt products to the indi-
vidual needs of agricultural enterprises.

One of the main prospects is the develop-
ment of online lending and mobile banking for
farmers. Such services are already being imple-
mented by some state and commercial banks, in
particular through the use of integrations with
digital agricultural accounting platforms. For
example, the Ukrainian platform Soft Farm (n.d.)
offers agricultural producers integrated solu-
tions for maintaining electronic agricultural ac-
counting, field cartography, GPS monitoring of
equipment and reporting, which can be linked
to banking products for automated creditworthi-
ness checks. Similarly, AgroOnline (n.d.) allows
forming crop rotations, calculating a financial
model of production and forming documents for
submission for bank lending. For example, with-
in the framework of the Ok Agro project, teams
of agricultural companies studied the needs
for digitisation, in particular working with Ker-
nel (n.d.) and AgroOnline (n.d.). The company was
tasked with calculating the economy and time
for performing operations on the farm in such
a way that this information was understandable
not only to managers, but also to all employees.
As a result, about 80% of the information has
been integrated into a digital system, including
land bank data, weather data, and agro-techno-
logical operations (Kurkul, 2020). In addition,
Drone UA (n.d.) provides remote monitoring of
crop conditions via drones and satellite data,
which allows banks to assess the actual condi-
tion of collateral or predict yield as a factor in risk
assessment. This data was used to reduce the
time for creditworthiness analysis and minimise
fraud risks. In the future, full integration of digital
agricultural systems with bank CRMs will ensure
continuous information exchange and prompt
updating of credit limits in accordance with the
actual financial condition of the enterprise.

The direction of applying Big Data technol-
ogies, artificial intelligence (AI), and machine
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learning algorithms for automated risk assess-
ment is also rapidly developing. Banks can an-
alyse large volumes of satellite images, climate
data, and market trends to predict possible yields
and borrowers’ solvency. These tools not only in-
crease the accuracy of forecasts, but also make
it possible to create new types of financial prod-
ucts with a differentiated approach to insurance
and loan portfolio formation. In particular, more
active implementation of weather derivatives
and parametric insurance is expected as compo-
nents of new loan programmes for the agricul-
tural sector, which allows the bank to reduce the
risk of non-return in the event of adverse weath-
er conditions. In parallel with the development
of digital solutions, a transformation of banking
products is observed. If previously classic work-
ing and investment loans with fixed rates pre-
vailed, now banks are beginning to develop more
flexible instruments. For example, banks devel-
oped credit lines with seasonal differentiation of
the interest rate or with deferral of payments un-
til harvest. The practice of agricultural receipts in
digital format, which are integrated into banking
processes as collateral, is also spreading. Such
products allow attracting financing quickly, with
minimal documentary support, provided thereis
trust in digital platforms and data transparency
(Pattnaik et al., 2024).

Another direction of future development
is the expansion of banking ecosystems, which
combine not only financial services, but also ad-
ditional services for farmers: crop monitoring,
agricultural exchanges, price analytics, consult-
ing support. Banks' participation in such ecosys-
tems allows banks not only to better understand
customer needs, but also to offer integrated
solutions, where lending will be only part of a
comprehensive approach to farm management.
In the future, such ecosystems may become a
platform for placing new financial products,
in particular, targeted green loans, microcred-
it for microfarms, products for young farmers,
etc. Special attention should be paid to digital
guarantee mechanisms that can reduce risks
for banks in unstable conditions. This involves
the integration of portfolio guarantee systems
administered by the Entrepreneurship Devel-
opment Fund into banks’ digital channels. This
allows loans to be provided without collateral or
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with partial collateral, automating the process of
interaction between the bank and the guarantor.
In the future, such mechanisms may be expand-
ed through the participation of international
financial institutions (e.g., EBRD or IFC), which
will contribute to increasing the availability of
credit for small and medium-sized agricultural
producers (Javaid et al., 2023).

In addition, it is worth expecting the emer-
gence of digital platforms based on open bank-
ing, which will provide farmers with full control
over the financial profile. In particular, farmers
will be able to choose the optimal loan offers
from different banks, manage applications,
compare rates, and see the lending history in a
single digital office. This will increase competi-
tion between banks and help improve lending
conditions in the agricultural sector. Certain
prospects also open up for the introduction of
central bank digital currencies (CBDC), which
in the future can be used for targeted agricul-
tural payments or control over the use of credit
funds. Thanks to smart contracts, it is possible
to ensure automated loan write-off only after
achieving certain results (for example, purchas-
ing fertilisers, completing the harvest, etc.). This
significantly reduces the risk of misuse of re-
sources and facilitates state control over the ef-
fectiveness of agricultural support programmes.
However, along with the potential of digital solu-
tions, there are also certain limitations. These
include low levels of digital literacy among rural
populations, weak Information Technology (IT)
infrastructure in remote areas, insufficient inte-
gration of banking systems with agro-platforms,
and cybersecurity risks. For the digitalisation
of lending to be effective, government support
is needed in the form of grants for digital mod-
ernisation of farms, tax incentives for the use of
digital solutions, and the development of a sin-
gle standard for interaction between banks and
agro-services (Javaid et al., 2023).

A comparison with the study by S. Mushtaq
§ S. Mushtaq (2023) revealed a common under-
standing of the positive impact of lending on
agricultural production, but with a fundamen-
tally different analytical focus. The authors con-
sidered 53 countries at the macroeconomic level,
using econometric models to assess the impact
of financial variables. At the same time, this study
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focused on practical mechanisms of bank financ-
ing in Ukraine in conditions of military instability.
While S. Mushtaq & S. Mushtaq found the contra-
dictory role of government spending and foreign
direct investment (FDI), this study, on the contra-
ry, emphasised the importance in stabilising the
financial condition of agricultural enterprises.
Similarly, in the study of J. Kang & M. Zhao (2022),
digital technologies were a key factor influenc-
ing access to finance. Fintech platforms and on-
line banking in China became tools for attract-
ing financial resources for rural households. In
contrast, in the Ukrainian context, traditional
banking mechanisms, as well as state and do-
nor support programmes, played a primary role.
Thus, digitalisation became a point of divergence,
and the general conclusion about the importance
of access to finance was a point of contact.

In turn, the study of C. Hu et al. (2023) also
supported the thesis about the importance of
financial inclusion, but in the context of the
impact of digital financial services on farmers’
incomes. At that time, this study focused on
the prospects for the application of digital solu-
tions. At the same time, both approaches agree
that effective lending is the basis for sustaina-
ble agricultural development. Similarly, Y. Liu et
al. (2021) emphasised institutional conditions
and the quality of local governance as factors
affecting the effectiveness of rural financing. In
contrast, this study gave the leading role to state
anti-crisis policies and the adaptation of bank-
ing systems. At the heart of both studies is in-
creasing efficiency through access to resources,
although the tools and implementation environ-
ment differed. The work of Z. Ding et al. (2024)
offered an unconventional view, emphasising
the connection between agricultural loans, land
transfer and the green transformation of agri-
culture. The authors proved that adequate fi-
nancing promotes environmentally friendly in-
novations. In turn, this study considered lending
mainly as a mechanism for ensuring the eco-
nomic sustainability of enterprises.

In summary, it can be argued that the pros-
pects for the application of digital solutions and
new banking products in agricultural lending
are extremely promising. These innovations
pave the way for deeper financial inclusion, re-
duced credit risks, increased transparency and
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efficiency of agricultural financing. Combining
digital innovations with adapted financial in-
struments will allow agricultural enterprises to
better cope with challenges, increase produc-
tion and strengthen the resilience in the long
term. The successful implementation of these
solutions depended on the cooperation of the
state, the banking sector, digital platforms and
farmers, who should become active participants
in the new digital agrifinance ecosystem.

CONCLUSIONS

In 2022-2024, bank lending became a key tool
for stabilising and developing the agricultur-
al sector of Ukraine, as evidenced by a sig-
nificant increase in the volume of financing
and the number of farms involved. In 2022,
UAH 1189 billion in loans were provided to ag-
ricultural enterprises, which almost doubled
the level of 2021. In 2023, the volume of lending
reached UAH 78.8 billion, and in 2024 - already
UAH 104.5 billion. A special role in this process
was played by the state programme “Affordable
Loans 5-7-9%”, within the framework of which
UAH 445 billion was issued in 2023 alone, and
UAH 46.9 billion in 2024. About 75% of all loans
were provided in the national currency for the
short-term needs of farmers, in particular,
spring field work, which indicates a significant
adaptation of banks to the needs of the industry.

Financial support covered both large agri-
cultural holdings and small and medium-sized
businesses, as evidenced by the increase in the
participation of enterprises in the programme -
from 10.9 thousand farmers in 2023 to 13,088 in
2024. At the same time, thanks to portfolio guar-
antees and mandatory participation in the State
Agrarian Register, even farms with limited ac-
cess to collateral were able to attract resources.
In 2024, the volume of such guarantees exceed-
ed UAH 782 million in Ivano-Frankivsk region
alone. In addition, the participation of interna-
tional financial institutions (USAID, EBRD, World
Bank) provided additional financing channels -
the AGRI-Ukraine programme alone attracted

more than USD 850 million, and the ARISE pro-
ject — USD 700 million, of which USD 320 million
in the form of grants.

Analysis of leading companies — MHP, Ker-
nel and Astarta-Kyiv — demonstrated the effec-
tiveness of attracting credit funds: for example,
MHP managed to restore profitability from a
net loss of USD 231 million in 2022 to a prof-
it of USD 144 million in 2024. Kernel, despite
a decrease in profit to USD 168-204 million in
2024, strengthened its financial stability, re-
ducing debt to USD 308 million. Astarta-Kyiv
demonstrated the lowest level of debt burden
(Debt-to-Equity - 0.29), a high level of yield and
an increase in production volumes. All compa-
nies successfully serviced debts, modernised
production capacities and increased exports. It
was found that the prospects for the develop-
ment of agricultural lending in Ukraine are as-
sociated with the further digitalisation of finan-
cial services, the introduction of flexible banking
products and the expansion of ecosystems that
combine financing with agricultural services.
Big Data, artificial intelligence, and digital col-
lateral tools will play a crucial role in increas-
ing the accessibility and accuracy of credit risk
assessment. A limitation of this study was that
behavioural factors in smallholder farmers' de-
cision-making regarding lending were not tak-
en into account, and digital aspects of financing
were only partially considered. Future research
prospects include in-depth study of the effec-
tiveness of digital financial instruments, be-
havioural economics in the field of agricultural
lending, and the impact of regional characteris-
tics on access to banking resources.
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HaJaHUX arpapHUM HiAIIpUEMCTBAM, 3MEeHITUBCA i3 118,9 Mipa rpH y 2022-My 10 104,5 MIpA TpH Y
2024 poui. YacTKa IiproBoro ¢piHaHCYBaHHS 3a IIPOrpaMolo «JJoCTyIIHI KpefuTu 5-7-9 %» y 2024
potii crtana 46 % (46,9 Mipz rpH). V BoCIigyKeHH] 34iMCHEHO aHaTi3 TPhOX MPOBIAHUX KOMIIAHIN —
«MUPOHIBCHKUM XJTI60TPOAYKT», «KepHes» Ta «AcTapTa-KuiB», IKi aKTUBHO BUKOPHUCTOBYBAJIU
6aHKIBChKI KpeIuTy Ta MibKHapomHe GpiHaHCyBaHHA IJig cTabimizallii misnbHOCTI, MomepHisarii
BUPOOHUIITBA Ta PpO3ILIMPEHHS EKCIIOPTHOTO IIOTeHIiany. «MUPOHIBCBKUN XJIIOOMIPOAYKT»
BiITHOBMB IPUOYTKOBICTE: Bif 36UTKy 231 MJIH mo. y 2022 poui mo TMpubyTKy 144 MIH IOJ. ¥
2024-Mmy. «AcTtapra-KuiB» 36inblinia BpOXKaMHICTh KyRypyAsu mo 10,35 T/ra, BUPOGHUIITBO
IIyKpY — Ha 34 %, a BUPYYKY 3 arpoBUPO6HULITBA — Ha 33 %. «KepHen» 3amy4uB 150 MJIH JOI.
CUHAMKOBaHOro piHaHCyBaHHS, 110 3a6e31eynsio 2,3-KpaTHe 3pOCTaHHA eKCIIOPTY B 2024 potii.
JocmigykeHHs DOBeO, 110 6aHKIBChKI ITO3UKY BUCTYIIWIIN He JIUIIE K aHTUKPU30BUYM MeXaHi3M,
a U K iHCTPyMeHT 3poCTaHHs epeKTHUBHOCTI, MOZiepHi3allii Ta aganTalil mignpreMCcTB 0 YMOB
BUCOKUX PU3UKIB. [[paKTUUHE 3HAUEHHS HOCTiIKEHHS MONIATAE B OBIPYHTYBaHHI ebeKTUBHOCTI
6aHKIBCBKUX KPeAUTHUX iHCTPYMEHTIB K IOi€BOTO MeXaHi3My IiOTPUMKU arpapHOTO CEKTOPY
B yMOBaxX KPHU30BUX BUKJIMKIB Ta B MOXXJIHWBOCTI BUKOPHUCTaHHS OTPMMAaHUX DPe3yJbTaTiB [JIf
BIIOCKOHAJIEHHS Jlep>KaBHUX IIporpaM GiHaHCyBaHHA

Knio4oBi cnoBa: ¢iHaHCOBA IIiATpUMKA; LMUPPOBi3allis; iHBECTHIi]; mepskaBHA ITiATPUMKA;
€RCITOpT
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Budgetary mechanisms for stimulating environmental
modernisation of agribusiness in Ukraine

Abstract. The aim of this study was to conduct a comprehensive analysis of the system of
budgetary instruments for stimulating environmental transformation of the Ukrainian
agricultural sector and to develop scientifically sound recommendations for optimising
mechanisms of state financing for sustainable development of agricultural production. The
methodological basis was formed by the principles of systematicity, objectivity and historicism,
and structural-functional analysis, comparative analysis, content analysis and secondary data
analysis were used to study the regulatory and legal framework, official reports and statistical
materials for the period from 2024 to early 2025. A multi-level system of budgetary incentives
was established with a funding volume of over UAH 24 billion in 2025, covering more than
300,000 beneficiaries through mechanisms ranging from direct grants to tax incentives. while
a disproportion was identified between traditional subsidy programmes, which account for 70%
of the total volume, and targeted environmental initiatives. A key trend has been the integration
of environmental standards into financial programmes under the influence of international
partners, as evidenced by the introduction of mandatory environmental and social assessments
as part of the preferential lending programme, demonstrating an evolution from reactive
support to proactive investment climate formation. The systematisation of European experience
revealed Ukraine’s strategic dilemma between adapting to the standards of the European
Union's Common Agricultural Policy and maintaining the competitiveness of agricultural
exports, while the practical results of implementing precision farming, bioenergy and organic
production technologies have demonstrated the potential to reduce resource use by 15-25%
while maintaining productivity. The main limitations to effectiveness are the fragmentation
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of environmental criteria in traditional support programmes, the difficulty of access to
grant funding for small producers due to high co-financing requirements, and the lack of a
comprehensive system for monitoring the environmental results of budget expenditures. The
study has formed a scientific and methodological basis for improving state policy to stimulate
the environmental modernisation of the agricultural sector through the creation of coordination
platforms, the introduction of digital environmental monitoring systems, and the development
of differentiated approaches to financing different categories of producers

Keywords: state support; financial instruments; grant programmes; subsidies; tax incentives

INTRODUCTION

Modern agricultural activity in Ukraine is char-
acterised by significant anthropogenic pressure
on the environment, manifested through ex-
cessive use of mineral fertilisers and pesticides,
soil depletion and a decline in biodiversity. The
agro-industrial sector of Ukraine accounts for a
significant share of the country’s gross domes-
tic product (GDP), but at the same time poses
significant environmental risks, including deg-
radation of agricultural land, soil erosion and
high levels of land cultivation. Global climate
challenges and European integration processes
require Ukrainian agribusiness to transition to
sustainable production practices, which raises
the issue of developing effective mechanisms
for state support for the ecological modernisa-
tion of the industry. The scale of environmental
problems in the agricultural sector is confirmed
by official statistics. According to Minister of
Agrarian Policy Vitaliy Koval, Ukraine’s agro-in-
dustrial sector accounts for approximately 20%
of GDP, of which agriculture accounts for about
11% and processing for about 9% (Skoryk, 2024).
At the same time, according to the Food and
Agriculture Organization (FAO), about 20% of
Ukraine’s agricultural land suffers from deg-
radation (approximately 6.5 million hectares),
and annual soil losses due to erosion volume to
300-600 million tonnes (FAO, 2019). In addition,
according to estimates by experts from the Na-
tional Academy of Agrarian Sciences of Ukraine,
the level of land cultivation is one of the highest
in the world - 57% of the country’s territory and
almost 80% of agricultural land (AgroPolit, 2019).

European experience shows the key role of
budgetary instruments in the sustainable de-
velopment of the agricultural sector, while in
Ukraine, mechanisms for financial support for
the ecological modernisation of agribusiness
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remain fragmented and focused mainly on tra-
ditional production. Limited budgetary funding
for the greening of the industry complicates
the transition to sustainable development, es-
pecially in the context of martial law and future
post-conflict recovery. This necessitates the op-
timisation of the budgetary incentive system,
which must take into account the challenges of
a transitional economy and the requirements of
integration into European standards, requiring
a review of approaches to the structuring and
distribution of financial resources. The degree of
development of the topic is characterised by the
availability of a wide range of studies in the field
of state support for agricultural production and
the ecological transformation of the agricultural
sector. In the Ukrainian scientific school, funda-
mental research on the greening of agricultural
production is represented by the works of lead-
ing agricultural economists.

The financial support of the agricultural sec-
tor’s development in the context of global chal-
lenges attracts the close attention of contempo-
rary researchers. A thorough analysis of credit
mechanisms for supporting agricultural enter-
prises was carried out by K. Larianova & G. Kapi-
nos (2025), who substantiated the role of financ-
ing in achieving sustainable development goals
in a state of martial law. The authors examined in
detail the specifics of the functioning of credit in-
stitutions in conditions of limited access to capi-
tal and highlighted the mechanisms for adapting
financial instruments to the needs of wartime.
At the same time, V. Galkin (2025) focused on
the impact of public funding on the activation of
innovation processes in agriculture, revealing
correlations between the volume of budget allo-
cations and the level of technological modernisa-
tion in the industry. The researcher analysed the
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effectiveness of various forms of state support
and their impact on the introduction of modern
technologies in agricultural production. An alter-
native perspective was presented by A. Yatsun &
N. Vdovenko (2024), who focused on modelling
financial instruments for sustainable devel-
opment of the agricultural sector, proposing a
comprehensive approach to structuring support
mechanisms. The researchers developed a con-
ceptual model for integrating various financial
instruments into a single system of support for
sustainable agricultural development.

The issue of stimulating environmental
transformations at the local level is reflect-
ed in works devoted to decentralised mecha-
nisms for supporting sustainable agricultural
production. Based on the results of research by
Y. Zastavnyi (2021), financial and economic in-
struments for the development of organic pro-
duction at the level of amalgamated territorial
communities were analysed in detail, revealing
the potential of local budgets to stimulate envi-
ronmental practices. The author systematised
the experience of using local budget funds to
supportorganicagricultural productionand pro-
posed mechanisms to improve the effectiveness
of such programmes. At the same time, Polish
researchers R. Rudnicki et al. (2023) presented
a comprehensive study of the pro-environmen-
tal activity of farms within the framework of the
European Union's common agricultural policy,
demonstrating the effectiveness of a systematic
approach to the green modernisation of agricul-
ture. The researchers analysed the results of the
implementation of agro-ecological measures in
various EU countries and assessed their impact
on the productivity and environmental sustain-
ability of agricultural production.

The digital transformation of the agricultur-
al sector and its interconnection with sustaina-
ble development policy have become the subject
of scientific interest among Swiss economists.
According to the conclusions of M. Ehlers et
al. (2021), the need to adapt agricultural policy
to the digital era was justified, emphasising the
importance of integrating technological and en-
vironmental requirements. The researchers ex-
amined the challenges and opportunities associ-
ated with the introduction of digital technologies
in agricultural production and their potential
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for improving environmental performance. A
comprehensive assessment of the European
“Farm to Fork” strategy from the perspective of
agricultural economics was carried out by Dutch
researcher J. Wesseler (2022), who identified
contradictions between ambitious environmen-
tal goals and the real possibilities of achieving
them through existing financial mechanisms.
The author analysed the economic consequenc-
es ofimplementing the strategy for different cat-
egories of agricultural producers and proposed
ways to optimise policy instruments. A system-
atic view of ensuring agricultural sustainability
through agroforestry was presented by Spanish
scientists, in particular J. Santiago-Freijanes et
al.(2021), who systematised global and European
policies to support agroecological practices. The
researchers analysed in detail the experience
of European Union countries in implementing
agroforestry systems and assessed their poten-
tial for ensuring the sustainable development of
the agricultural sector.

An analysis of the scientific literature shows
that most studies focus on specific aspects of
state support for agriculture, general issues of
greening agricultural production, or the expe-
rience of Western European countries in imple-
menting “green” policies. At the same time, the
issue of comprehensive optimisation of budget-
ary mechanisms for stimulating the ecological
modernisation of agribusiness, taking into ac-
count the specifics of the transformation pro-
cesses in the Ukrainian economy, remains in-
sufficiently studied. There is a gap in research on
the relationship between the structure and vol-
ume of budgetary financing of environmental
measures in agriculture and the effectiveness
of their implementation at the microeconomic
level of agricultural enterprises, especially in the
context of limited state financial resources and
the need to ensure food security.

The aim of the study was to determine the
role of the state budget in stimulating the en-
vironmental modernisation of Ukraine’s agri-
cultural sector by analysing the effectiveness of
existing financing instruments and justifying
areas for their improvement in order to increase
the environmental sustainability of agribusi-
ness. To achieve this aim, the following research
objectives were set: to analyse existing budgetary
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instruments for financing the environmental
modernisation of Ukraine’s agricultural sector
(subsidies, tax incentives, support programmes)
and assess their effectiveness; to systematise for-
eign experience in the use of budgetary mecha-
nisms to stimulate the sustainable development
of the agricultural sector; to develop recommen-
dations for improving budgetary mechanisms
for stimulating the environmental modernisa-
tion of agribusiness in order to increase the en-
vironmental sustainability of the industry.

MATERIALS AND METHODS

The methodological basis of the study was
formed by the principles of systematicity, objec-
tivity and historicism, which ensured a scien-
tifically sound approach to the study of budget-
ary mechanisms for stimulating the ecological
modernisation of Ukraine'’s agricultural sector.
The application of the principle of systematicity
made it possible to consider budgetary instru-
ments as interrelated elements of a unified sys-
tem of state support for agribusiness, function-
ing in the context of the general transformation
processes of the Ukrainian economy and Euro-
pean integration challenges. Adherence to the
principle of objectivity ensured an unbiased
analysis of the effectiveness of existing mech-
anisms for financing grant support, subsidy
programmes, tax incentives and international
initiatives, while the principle of historicism
made it possible to trace the evolution of the
system of state support for the agricultural
sector during 2024 - early 2025, taking into ac-
count the specific conditions of martial law and
European integration.

Structural and functional analysis was used
to study the architecture of budgetary mecha-
nisms as an integrated system covering various
types of support, from direct grants to tax in-
centives and preferential lending. This method
made it possible to reveal the functional pur-
pose of each financing instrument and their in-
teraction in achieving the goals of environmen-
tal modernisation of agribusiness. The financing
structure was analysed by type of support, fund-
ing volume, access conditions and environmen-
tal criteria, which made it possible to systema-
tise various state incentive mechanisms into a
single conceptual framework. The functional
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links between national and international sup-
port programmes were examined through the
prism of their coordination on the basis of DAR
(n.d.) as a single digital platform.

A comparative analysis was used to com-
pare Ukrainian experience with European best
practices in the implementation of policies to
support the environmental modernisation of
agriculture. A comparative study of the princi-
ples and mechanisms of the European Union's
Common Agricultural Policy was conducted, in
particular the system of standards for good ag-
ricultural and environmental condition (GAEC)
and eco-schemes as instruments for stimulat-
ing sustainable farming practices. The struc-
ture and volume of funding for national support
programmes were compared with international
initiatives in Ukraine in terms of environmental
focus, beneficiary coverage and intensity of sup-
port per participant. The models of agricultural
production in Ukraine and EU countries (Poland,
Hungary) were compared to identify specific
challenges in adapting European standards to
the conditions of large-scale agribusiness.

Content analysis was used to systematically
study the regulatory framework for state sup-
port of Ukraine’s agricultural sector and to iden-
tify trends in the integration of environmental
criteria into financial programmes. The content
of the fundamental Law of Ukraine No. 1877-1V
“On the Principles of the State Agrarian Policy
and the State Rural Development Policy” (2004)
and numerous subordinate acts detailing the
mechanisms for the distribution of budget
funds were analysed. Resolutions of the Cabi-
net of Ministers of Ukraine regulating the func-
tioning of grant programmes were examined, in
particular Resolution of the Cabinet of Ministers
of Ukraine No. 130 “On Approval of the Proce-
dure for Using Funds Provided for in the State
Budget for Partial Compensation of the Cost of
Domestically Produced Agricultural Machinery
and Equipment” (2017), Resolution of the Cabi-
net of Ministers of Ukraine No. 738 “On Some Is-
sues Regarding the Provision of Grants to Busi-
nesses” (2022) and Resolution of the Cabinet of
Ministers of Ukraine No. 918 “On Approval of the
Procedure for Using Funds Provided for in the
State Budget to Support Farms and Other Agri-
cultural Producers” (2022).
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Secondary data analysis was used to study
quantitative indicators of the functioning of
budgetary mechanisms and their effectiveness
based on published official reports and statisti-
cal materials. Data on the total volume of state
support for the agricultural sector, presented in
reports by BDO (an international auditing and
consulting company) in Ukraine on state sup-
port for agribusiness during the war and mate-
rials on state support for the agricultural sec-
tor in 2024 (Verkhovna Rada of Ukraine, 2024;
EBA, 2025). Information on the number of
programme participants and the distribution
of funds, published in materials on grants for
farmers and an overview of agricultural sector
support programmes (Chaszmin, n.d.; Kovalen-
ko, 2025), was examined. Documented cases of
successful implementation of environmental
technologies were analysed, including materials
on the activities of the organic enterprises “Eko-
rod” and “Garna Organica” (BrandStory, n.d.).

The source base of the study consisted of
Ukrainian regulatory and legal acts in the field
of state support for agriculture, reports of in-
ternational organisations on assistance pro-
grammes for the Ukrainian agricultural sector,
official materials on the implementation of state
support programmes, and European Union doc-
uments on the Common Agricultural Policy. EU
regulations and directives were used, in particu-
lar Regulation of the European Parliament and
of the Council No. 1305 “On Support for Strategic
Plans to be drawn up by Member States under
the Common Agricultural Policy”, (2021), which
establishes rules for supporting the strategic
plans of Member States under the CAP (Common
Agricultural Policy), European Commission doc-
uments on GAEC standards, and materials on
the implementation of the “Farm to Fork” Strat-
egy (European Commission, n.d.; CAP, 2024). Re-
ports from the Food and Agriculture Organisa-
tion of the United Nations (United Nations), the
United States Agency for International Devel-
opment, the World Bank, USAID (United States
Agency for International Development) and oth-
er international donors on programmes to sup-
port the Ukrainian agricultural sector were ana-
lysed (Landlord, 2023; World Bank Group, 2023;
Growhow, 2025). The informational basis also
included official announcements regarding the
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introduction of environmental and social assess-
ment within the preferential lending programme,
materials on the initiative “Green Modernisation
of the Agro-Industrial Complex 2025", and the
draft law on “investment cashback” (BDF, 2025;
Dnepragro, 2025; Greenpost, 2025). The compre-
hensive application of these methods and the
diverse source base ensured a thorough study of
budgetary mechanisms for stimulating the eco-
logical modernisation of the agricultural sector
of Ukraine, taking into account their functional
characteristics, effectiveness, and prospects for
further improvement.

RESULTS
Characteristics and analysis of existing
budgetary instruments for the environmental
modernisation of the agricultural sector
The current system of budgetary mechanisms
for stimulating the ecological modernisation
of agribusiness in Ukraine was formed dur-
ing 2017-2025 under the influence of Europe-
an integration processes and in the context
of Russian aggression against Ukraine, which
began in February 2022. The transformation
of state policy to support the agricultural sec-
tor is taking place in the context of harmonis-
ing domestic legislation with European Union
standards, where about 40% of all adaptation
procedures relate specifically to the agricul-
tural sector (Agroportal, 2023). The issue of
integrating environmental requirements into
financial support mechanisms is becoming
important in a context where the agro-indus-
trial sector accounts for approximately 20% of
Ukraine’s gross domestic product, of which ag-
riculture accounts for about 11% and processing
for 9% (Skoryk, 2024). The fundamental legal
basis for state support for agriculture remains
Law of Ukraine No. 1877-IV “On the Principles
of the State Agrarian Policy and the State Ru-
ral Development Policy” (2004), which creates
a regulatory framework for the development
and implementation of numerous subordinate
acts. The evolution of this legislative foundation
is reflected in the resolutions of the Cabinet of
Ministers of Ukraine, which detail the mecha-
nisms for the distribution of budget funds and
increasingly integrate environmental criteria
into the conditions for financing.
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The system of direct budget financing for
environmental modernisation is based on grant
support through digital platforms, as well as
traditional subsidy mechanisms. A key inno-
vative component has been the integration of
support programmes through the Diia (n.d.) and
DAR (n.d.) portals, which function as a single
transparent platform for unifying the rules for
receiving both state and international aid (Euro-
pean External Action Service, 2024). This digital
transformation of the administration system has
significantly simplified procedures for farmers
and increased the transparency of fund distribu-
tion. Grant support through state programmes
covers three main areas, each of which has the
potential for environmental modernisation. The
“Orchard grant” programme (Diia, n.d.) provides
funding of up to UAH 400,000 per hectare for
the development of horticulture, berry growing
and viticulture, with the mandatory condition of
co-financing of at least 30% of the project cost
by the recipient, as regulated by Resolution of
the Cabinet of Ministers of Ukraine No. 738 “On
Some Issues Regarding the Provision of Grants
to Businesses” (2022). The environmental po-
tential of this programme lies in stimulating the
diversification of agricultural production, which
contributes to the preservation of biodiversity
and increases soil sustainability compared to
monocultural farming.

The greenhouse construction grant pro-
gramme is seen as a tool for intensive envi-
ronmental modernisation, as it provides the
opportunity to control growing conditions and
optimise the use of water resources and fer-
tilisers. Funding of up to UAH 7 million for the
construction of modular greenhouses with an
area of up to 2.5 hectares, with 30% co-financ-
ing, creates incentives for the introduction of
resource-saving technologies (Chaszmin, n.d.).
The adaptability of the greenhouse grant pol-
icy is indicative, as the initial requirements
for job creation were revised after feedback
from the business community, demonstrating
the flexibility of state incentive mechanisms
(Lawoffice, n.d.). The third area of grant support
is aimed at developing processing enterprises
with funding of up to UAH 8 million, which is
an important element in moving away from a
raw materials-based economy (Chaszmin, n.d.).
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Co-financing conditions are differentiated
depending on the order of application sub-
mission: for the first thousand applicants, the
state covers 70% of the project cost, for the next
ones - up to 50%. This mechanism stimulates
the creation of high value-added products and
can integrate environmentally friendly pro-
cessing technologies.

Budget subsidies and grants form the sec-
ond level of direct financing, where the main
environmental component is support for land
reclamation systems (EBA, 2025). The restora-
tion and construction of land reclamation sys-
tems became relevant after the destruction of
water infrastructure as a result of military ac-
tions, in particular the bombing of the Kakhov-
ka hydroelectric power plant (HPP) by Russian
occupation forces on 6 June 2023 at around
2:50 am. (NV, 2024). Effective water manage-
ment through land reclamation is a direct tool
for environmental modernisation in the context
of climate change and military destruction of
critical infrastructure. Subsidies per hectare for
small producers cultivating up to 120 hectares
of land volume to up to UAH 4,000 per hectare
in accordance with Resolution of the Cabinet
of Ministers of Ukraine No. 918 “On Approval of
the Procedure for Using Funds Provided for in
the State Budget to Support Farms and Other
Agricultural Producers” (2022). Although these
subsidies do not have direct environmental cri-
teria, they create financial stability for the im-
plementation of sustainable farming practices
among the largest group of agricultural produc-
ers. Partial compensation of the cost of agricul-
tural machinery in the volume of 25% excluding
value added tax (VAT), regulated by Resolution
of the Cabinet of Ministers of Ukraine No. 130
“On Approval of the Procedure for Using Funds
Provided for in the State Budget for Partial Com-
pensation of the Cost of Domestically Produced
Agricultural Machinery and Equipment” (2017),
has an indirect environmental effect by encour-
aging the renewal of the technical fleet. Modern
equipment is characterised by higher energy
efficiency and less negative impact on the soil,
which makes this programme a tool for the tech-
nological greening of the industry.

The system of indirect budgetary incen-
tives underwent changes in 2024-2025 due to

0)



Budgetary mechanisms for stimulating environmental...

the integration of environmental standards
into the financing conditions. The “Affordable
Loans 5-7-9%" programme was transformed
from a general support instrument into a tar-
geted environmental incentive mechanism
after the introduction of mandatory environ-
mental and social assessment for borrowers
on 1 December 2024 (Ministry of Finance of
Ukraine, 2024). This shift in preferential lend-
ing policy was influenced by international fi-
nancing through the World Bank as part of the
ARISE (Agriculture Recovery Inclusive Sup-
port Emergency) project. The environmental
and social management system provides for
a comprehensive check of compliance with
current environmental legislation, the availa-
bility of permits, waste management practices
and emission reduction measures (BDF, 2025).
The identification of high environmental risks
leads to a refusal to provide financing, while
less critical shortcomings require corrective
measures to be implemented during the loan
period. This transformation demonstrates
how international financial assistance is be-
coming a powerful lever for changing domes-
tic policy, turning access to capital into a tool
for forcing agribusiness to become more envi-
ronmentally friendly.

Tax incentives represent a long-term sys-
temic approach to environmental modern-
isation through the “investment cashback”
project, which is being prepared for consid-
eration by the Verkhovna Rada. This mech-
anism proposes to compensate up to 70% of
capital investments in the processing industry
through tax incentives over a ten-year peri-
od from 2026 to 2035. The incentives include
exemption from income tax, provided that
90% of income is generated from the sale of
own processed products, as well as exemption
from VAT and import duties on new equip-
ment. Unlike one-off grants and subsidies,
“investment cashback” creates stable and pre-
dictable conditions for capital-intensive mod-
ernisation projects with investments ranging
from EUR 100,000 to EUR 50 million (Green-
post, 2025). This approach demonstrates the
evolution of public policy from reactive sup-
port to proactive shaping of the investment
climate, where environmental modernisation
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becomes economically attractive due to a re-
duction in the tax burden.

In 2025, the Ministry of Agrarian Policy
launched the large-scale initiative “Green Mod-
ernisation of the Agro-Industrial Complex2025”,
with a budget of UAH 120 billion for the period
2025-2028, positioning it as the first compre-
hensive project for the renewal of the agricultur-
al sector since independence (Dnepragro, 2025).
This programme is not fundamentally a new fi-
nancing mechanism but rather a consolidating
brand designed to unite existing and announced
grant, credit, and subsidy programmes under
a single narrative of ecological modernisation.
The strategic significance of this initiative lies
in creating a coherent and attractive vision for
both domestic and international investors, sim-
plifying communication and forming a shared
understanding of the future development of
the agricultural sector. The programme covers
a wide range of environmental technologies,
including precision farming using agricultural
drones, Global Positioning System (GPS) naviga-
tion, and artificial intelligence systems, the de-
velopment of bioenergy through the production
of biofuels from biomass, as well as the preser-
vation of landscape diversity (Dnepragro, 2025).
The conceptual value of the “Green Modernisa-
tion of the Agro-Industrial Complex 2025” initi-
ative lies in creating a synergistic effect between
different support instruments, where individ-
ual programmes complement one another in
achieving the common goal of ecological trans-
formation. This enables agricultural enterprises
to plan comprehensive modernisation projects
by using various sources of financing within a
single strategic framework. An analysis of the
structure and functional characteristics of the
existing budgetary mechanisms makes it pos-
sible to systematise them according to types
of support, volumes of financing, conditions
of access, and environmental criteria, thereby
creating a basis for assessing their potential in
stimulating the sustainable development of the
agricultural sector. A comprehensive overview
of these instruments demonstrates an evolution
from traditional subsidy mechanisms to inte-
grated support systems that combine economic
incentives with environmental requirements, as
reflected in Table 1.
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Table 1. Systematisation of budgetary mechanisms for stimulating the ecological modernisation
of the agricultural sector of Ukraine (2024 - early 2025)

Financing Type of Maximum | Co-financing | Environmental Regulatory
. oee e Target group
mechanism support amount conditions criteria framework
UAH 400,000 | 30% from the Production All categories MU
Orchard grant Direct grant er hectlare recipient diversification of producers Resolution
p P P No. 738-2022
Small and CMU
0,
Greeg}:‘?use Direct grant | UAH 7 million 30££{Oiz1nihe coiessec;:;;%n medium-sized Resolution
£ P farms No. 738-2022
. . cMu
_C N0,
Processing grant | Direct grant | UAH 8 million ff?eSr?efi ﬂ;g,ﬂ of aijrgzg(\)/glue :r:fcjgfsrsilsnegs Resolution
P P No. 738-2022
Per-hectare . . UAH 4,000 Support for Farms up to CMU.
subsidies Direct subsidy per hectare None small-scgle 120 hectares Resolution
production No. 918-2022
Machinery Direct 25% of the | Registrationin| Technological Registered in CMU.
compensation | compensation cost the SAR modernisation the SAR Resolution
No. 130-2017
Irrigation .
and drainage Targeted Varies Varies Water-saw'ng All categories sectoral
support technologies programmes
systems
Affordable loans | Preferential . Own funds + Mandatory ESMA EDF + ARISE
o : Varies from December SMEs .
at 5-7-9% lending ESMA project
2024
Investment . . 70% of EUR 100 Prqcessmg as Processing Draft law
Tax incentives | . thousand — environmental ]
cashback investments e L enterprises (2026-2035)
50 million modernisation

Note: SAR - State Agrarian Register; ESMA - Environmental and Social Management/Assessment; SMEs - Small and
Medium-sized Enterprises; EDF - Entrepreneurship Development Fund; CMU - Cabinet of Ministers of Ukraine;
ARISE - World Bank project “Agriculture Recovery, Inclusive Support for Emergency”

Source: created by the authors based on Resolution of the Cabinet of Ministers of Ukraine No. 130 (2017), Resolution
of the Cabinet of Ministers of Ukraine No. 738 (2022), Resolution of the Cabinet of Ministers of Ukraine No. 918 (2022),
Ministry of Finance of Ukraine (2024), BDF (2025), Greenpost (2025), Dnepragro (2025)

The presented systematisation of budget-
ary mechanisms confirms the formation of a
multi-level system for stimulating environmen-
tal modernisation, which combines traditional
instruments of direct support with innovative
mechanisms of environmental regulation. An
important trend is the integration of environ-
mental criteria into programmes that were not
originally focused on environmental protection,
demonstrating a systemic transformation of
approaches to state support for the agricultural
sector. At the same time, the diversity of access
conditions and co-financing requirements cre-
ates opportunities for a differentiated approach
to different categories of producers, although
it requires further improvement in terms of
simplifying administrative procedures and
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increasing the transparency of environmental
performance criteria.

Assessment of the effectiveness

of existing budgetary mechanisms

and the role of international support

Analysing the effectiveness of budgetary mech-
anisms for stimulating the environmental mod-
ernisation of the agricultural sector requires a
comprehensive approach that combines a quan-
titative assessment of funding volumes with a
qualitative analysis of the environmental effects
of programme implementation. State support
for Ukraine’s agro-industrial complex in 2024-
2025 is characterised by significant structural
changes caused by the need to adapt to mar-
tial law conditions and the simultaneous desire
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for European integration (EBA, 2025). The total
budgetary funding for the agricultural sector in
2024 amounted to approximately UAH 184 bil-
lion, of which programmeswith direct orindirect
environmental effects accounted for approxi-
mately 35-40% of the total support (Verkhovna
Rada of Ukraine, 2024). A quantitative analysis of
the distribution of budget funds shows the dom-
inance of traditional subsidy mechanisms over
targeted environmental programmes. Subsidies
per hectare for small agricultural producers re-
main the largest item of expenditure, covering
more than 280,000 farms and amounting to
approximately UAH 6.5 billion in 2024 (Kovalen-
ko, 2025). At the same time, grant programmes
with a more pronounced environmental focus
receive significantly less funding: the “Orchard
grant” programme received UAH 12 billion,
the “Greenhouse grant” programme received
UAH 800 million, and support for processing
enterprises received UAH 1.5 billion (Chasz-
min, n.d.). The share of expenditure on land
reclamation systems and water management
is about UAH 2.1 billion, reflecting the increased
attention to water-saving technologies after the
destruction of the Kakhovka hydroelectric pow-
er plant (HPP) (EBA, 2025).

A qualitative analysis of programme effec-
tiveness shows mixed results depending on the
type of incentive and target group. Grant sup-
port programmes are characterised by a high
level of selectivity and strict selection criteria,
which ensures that resources are concentrated
on the most promising projects, but at the same
time limits accessibility for small producers. The
average grant for horticulture development is
UAH 280,000 per hectare, which covers about
65-70% of the actual costs of establishing inten-
sive orchards. Greenhouse projects demonstrate
higher efficiency in terms of resource use, as
they allow savings of up to 40% in water and 30%
in fertilisers compared to open ground, but re-
quire significant initial investment and techno-
logical support (Chaszmin, n.d.). Compensation
for the cost of agricultural machinery proved to
be one of the most popular mechanisms among
agricultural producers, covering more than
15,000 enterprises in 2024 (Ministry of Economy
of Ukraine, 2025). The environmental impact of
this programme is reflected in the renewal of the
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technical fleet with the latest equipment mod-
els, which are characterised by increased fuel
efficiency and reduced emissions. At the same
time, the criteria for selecting equipment do not
include specific environmental requirements,
which limits the programme’s potential to pro-
mote green technologies.

The practical application of budgetary
mechanisms demonstrates varying levels of ef-
fectiveness depending on the type of support and
the specifics of the enterprise. According to the
Ukrainian Cabinet of Ministers, over the course
of a year and a half, UAH 723 million in grant
funds were invested in horticulture and green-
house farming under the eRobota programme,
with the state covering 70% of the project cost on
condition that a sufficient number of jobs were
created (Cabinet of Ministers of Ukraine, 2024).
Carbominer received a grant from the Climate
Innovation Vouchers programme and success-
fully developed an innovative technology for
capturing CO; from the atmosphere to fertilise
greenhouse crops, which accelerated the growth
of tomatoes and cucumbers using environmen-
tally friendly technologies (EBRD, 2024). Accord-
ing to information from the Food and Agriculture
Organization of the United Nations and the Eu-
ropean Union Support Programme, 237 Ukrain-
ian agricultural producers from the Lviv, Zakar-
pattia, Ivano-Frankivsk and Chernivtsi regions
received USD 2.8 million in funding, enabling
them to invest in critical tools, green technolo-
gies and infrastructure to modernise production
(European External Action Service, 2024).

An analysis of successful practices in the
implementation of environmental technolo-
gies demonstrates the commercial viability of
sustainable agricultural production. The organ-
ic enterprise “Ekorod”, founded in 2004 in the
Zhytomyr region, specialises in the production
of organic cereals and oil from 12,000 hectares
of certified land, demonstrating stable growth in
exports to the European Union (EU) and achiev-
ing sales of over UAH 150 million in 2023 thanks
to the introduction of biological plant protection
methods, which reduced pesticide costs by 100%
while maintaining yields at 85-90% of conven-
tional production. The company “Garna Organ-
ica”, cultivating 3,500 hectares in Odesa region
since 2018, has successfully integrated into
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international organic supply chains, exporting
sunflower oil, wheat, and maize to 15 countries
worldwide and demonstrating profitability at
the level of 18-22% due to a price premium for
organic products of 15-30% compared with
conventional equivalents. At the same time, the
enterprise reduced agrochemical costs by 40%
and increased soil organic matter content from
2.1% to 2.8% over five years of certified organic
production (BrandStory, n.d.). These examples
illustrate that organic production can be eco-
nomically attractive provided there is access to
premium markets and appropriate government
support during the certification and transition
period. An indicative example is the experi-
ence of Mykola Mysnyk's 280-hectare farm in
the Chernihiv region, where the introduction
of organic technologies over five years has led
to a measurable improvement in soil quality
through the use of crop rotation with legumes,
composting plant residues and abandoning syn-
thetic fertilisers and pesticides. Research con-
ducted by the Oleksandr Sokolovsky Institute of
Soil Science and Agrochemistry of the National
Academy of Agrarian Sciences of Ukraine (NAAS
of Ukraine) recorded an increase in phosphorus
content by 15%, potassium by 12%, nitrogen by
8%, and humus by 0.3 absolute percent, which
increased the water-holding capacity of the soil
by 20% and increased the population of ben-
eficial microorganisms by 2.5 times (Suspilne
Chernihiv, 2021). These indicators testify to the
restoration of natural soil fertility and the long-
term sustainability of the production system,
which are key indicators of successful environ-
mental modernisation.

International support plays a catalytic role
in the transformation of the Ukrainian agri-
cultural sector, providing not only financial
resources but also the transfer of advanced
technologies and standards. The Food and Ag-
riculture Organisation of the United Nations
(FAO) has launched a two-year, USD 150 million
support programme aimed at restoring agri-
cultural land and supporting affected farms
(Growhow, 2025). The programme includes
demining agricultural land, restoring irrigation
systems and supporting seed production, which
is important for the ecological restoration of
land after military operations. The US Agency for
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International Development (USAID), through its
AGRO programme (2019-2026), provides grants
for the development of agricultural process-
ing ranging from UAH 8 to UAH 40 million, and
also funds pilot projects to modernise irrigation
systems (Landlord, 2023). A distinctive feature
of the USAID programme is its focus on the in-
troduction of energy-efficient technologies and
drip irrigation systems, which can save up to
50% of water resources compared to traditional
irrigation methods. Mercy Corps, funded by the
Howard G. Buffett Foundation, focuses on sup-
porting smallholder farms in war-affected re-
gions by providing financial assistance ranging
from UAH 50,000 to UAH 200,000 per house-
hold (UASP, n.d.; Arhirova § Stepanenko, 2025).

The standardising influence of international
donors is manifested through the introduction
of ESCOs into Ukrainian financial programmes.
Starting in December 2024, all borrowers under
the “Affordable Loans 5-7-9%" programme must
undergo a mandatory environmental and social
assessment, which is a result of the World Bank’s
requirements under the Agriculture Recovery,
Inclusive Support for Emergency (ARISE) project
(World Bank Group, 2023; Ministry of Finance of
Ukraine, 2024; BDF, 2025). This requirement has
radically changed the logic of providing prefer-
ential loans, transforming them from a tool for
general economic support into a mechanism
for stimulating environmentally responsible
business. The coordination of international aid
through DAR as a single digital platform has
increased the efficiency of resource allocation
and reduced programme duplication (European
External Action Service, 2024). DAR integrates
applications for both national and international
support, allowing farmers to combine different
sources of funding to implement comprehen-
sive modernisation projects. DAR statistics show
that about 30% of international grant recipients
also use state support programmes, which cre-
ates a synergistic effect for the implementation
of environmental technologies (Cabinet of Min-
isters of Ukraine, 2022; Ministry of Agrarian Pol-
icy and Food of Ukraine, 2022).

Despite positive developments, existing
budgetary mechanisms are characterised by
a number of systemic constraints that reduce
their effectiveness in stimulating environmental
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modernisation. The fragmentation of pro-
grammes is manifested in the absence of a
unified strategy for integrating environmental
criteria into all state support instruments. Most
traditional subsidy programmes do not include
environmental performance requirements,
which leads to a situation where the mecha-
nisms with the largest funding have the least en-
vironmental impact (EBA, 2025). The insufficient
integration of environmental criteria is most
pronounced in support programmes for small
agricultural producers, which cover the largest
number of beneficiaries. Subsidies per hectare
are provided without taking into account farm-
ing methods, which does not create incentives
for the transition to sustainable practices. The
lack of a system for monitoring environmental
outcomes makes it impossible to assess the real
impact of budget expenditures on the state of
the environment and the efficient use of natural

resources. The complexity of accessing support
programmes remains a significant barrier for
small producers, despite the digitisation of pro-
cedures through the Diia (n.d.) and DAR (n.d.)
portals. Co-financing requirements of 30-50%
of project costs are unaffordable for most farms
cultivating up to 50 hectares of land. The com-
plexity of preparing business plans and techni-
cal documentation requires the involvement of
professional consultants, which furtherincreas-
es the cost of participating in grant programmes.
Only about 15-20% of grant applications submit-
ted meet all formal requirements, indicating
a need to simplify procedures and strengthen
advisory support (Chaszmin, n.d.). A structural
analysis of budget financing and international
assistance allows for the systematisation of the
main sources of funding for the ecological mod-
ernisation of the agricultural sector, their tar-
geting and effectiveness (Tables 2, 3).

Table 2. Structure of budget financing for the environmental modernisation
of Ukraine’s agricultural sector (2024 - early 2025)

Funding area Volume 2024 | Volume 2025 Number Environmental Main results
g (billion UAH) | (billion UAH) | of beneficiaries potential
Per—hchare 6.5 7.2 280,000 Low Financial stabilisation
subsidies
. Production
Orchard grant 1.2 1.8 2,800 High diversification
Greenhouse grant 0.8 1.2 450 High Resourc_e
conservation
Processing grant 1.5 2.1 680 Medium Creation of added
value
Machlner'y 23 28 15,200 Medium Technol'oglgzal
compensation modernisation
Irrlgahon and 2.1 35 1,200 High Water conservation
drainage systems
Affordable loans . ESMA from
5-7-9% 4.2 >8 8,500 Medium December 2024
Total 18.6 24.4 308,830 - Comprehensive
support

Source: created by the authors based on Verkhovna Rada of Ukraine (2024), European External Action Service

(2024), Growhow (2024), EBA (2025), Landlord (2025)

International support is characterised by a
more concentrated approach to financing, with an

G

emphasis on technologically complex projects and
strict environmental selection criteria (Table 3).
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Table 3. Structure of international assistance to Ukraine’s agricultural sector (2024 - early 2025)

Donor/ . Number of Environmental . Implementation
Volume of funding . . . . Main results .
Programme beneficiaries criteria mechanism
FAO of the United . Land Demining and )

Nations USD 150 million 450 farms rehabilitation restoration Direct grants
USAID AGRO UAH 8-40 million 85 projects Energy efficiency Proiiﬁsgsal;cg):nd Competitive grants
Mercy Corps UAH 50,000- 12,000 Sustainable Household Targeted assistance

Y P 200,000 households practices support g
World Bank Credit lines b 8,500 Mandatory ESMA | ESMA standards Through the EDF
orrowers
EU grants Up to USD 150,000 | 280 producers Organl'c Aggregation Through the SAR
production models
Approximately . .
Total UAH 6-8 billion ~21,315 High standards Technol‘oglt‘:al Varnot_:s
. modernisation mechanisms
equivalent

Source: created by the authors based on World Bank Group (2023), European External Action Service (2024),

EBRD (2024), Landlord (2025)

A comparative analysis of the datain Tables 2
and 3 demonstrates a fundamental difference
in the approaches to national and international
financing of environmental modernisation in
the agricultural sector. National programmes
are characterised by larger funding volumes
(UAH 24.4 billion in 2025) and a broad scale of
coverage (over 308,000 beneficiaries), but their
environmental potential varies from low to high
depending on the specifics of the programme. At
the same time, international assistance, despite
its smaller absolute volumes (equivalent to about
UAH 6-8 billion), demonstrates a more targeted
approach to environmental criteria and covers
approximately 21,300 beneficiaries. The ratio of
the number of projects to the volume of funding
is indicative: while national programmes pro-
vide an average support of about UAH 79,000
per beneficiary, international programmes pro-
vide from UAH 400,000 to UAH 11 million per
project, reflecting their focus on technologically
complex and capital-intensive initiatives with
high environmental potential.

A comparative analysis of national and in-
ternational support programmes shows that
international assistance is characterised by
stricter environmental criteria and a higher lev-
el of technical support, but covers significantly
fewer beneficiaries than national programmes.
National funding ensures scale and stability of
funding, but requires a radical strengthening
of the environmental component to achieve
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sustainable development goals. The data in the
tables show that the ratio between national
and international funding is approximately 311,
with international aid focusing on high-tech
and innovative projects with clear environmen-
tal criteria. National programmes cover more
than 300,000 beneficiaries, while internation-
al initiatives support about 13,000 projects,
demonstrating the complementarity of these
approaches. The synergy between national and
international mechanisms creates the potential
for a comprehensive system of incentives for
environmental modernisation, but requires fur-
ther improvement in coordination and unifica-
tion of environmental performance standards.

European experience and strategic challenges
of European integration

The process of Ukraine’s European integration
in the agricultural sector is taking place in the
context of a fundamental transformation of the
European Union’s Common Agricultural Policy
itself, which has evolved from a mechanism for
ensuring food security to an instrument for re-
alising the bloc’s climate ambitions. This trans-
formation poses unique challenges for Ukraine,
as the country must simultaneously adapt to
complex environmental standards and main-
tain its role as a global exporter of agricultural
products in a state of martial law. The strategic
dilemma lies in the need to balance access to
European markets and financial support on the
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one hand, and maintaining the competitiveness
of Ukrainian agricultural exports on the other
(Landlord, 2024).

The current architecture of the EU’s Com-
mon Agricultural Policy is based on two funda-
mental principles: ensuring farmers’ incomes
through direct payments and stimulating sus-
tainable development in rural areas through
development programmes. The CAP budget for
the period 2021-2027 amounts to EUR 386.6 bil-
lion, which is 31% of the total EU budget, of which
EUR 2911 billion is allocated to direct payments
and market measures, and EUR 95.5 billion to
rural development. A key innovation of the new
programming period is the introduction of na-
tional strategic plans, which allow each member
country to adapt pan-European objectives to
local conditions while maintaining the unity of
standards and principles (CAP, 2024).

The Good Agricultural and Environmental
Condition (GAEC) standards form the regulato-
ry framework for receiving support under the
CAP and represent the minimum requirements
for farming that ensure environmental conser-
vation and climate resilience. The GAEC sys-
tem comprises nine basic standards grouped
into three thematic areas: soil and organic
matter conservation (GAEC 1-3), water protec-
tion (GAEC 4-5) and biodiversity and landscape
conservation (GAEC 6-9) (Regulation of the Eu-
ropean Parliament and of the Council No. 1305
“On Support for Strategic Plans to be drawn up
by Member States under the Common Agricul-
tural Policy”, 2021; Agroportal, 2025). GAEC 1 re-
quires the preservation of permanent pastures
with high environmental value, preventing their
ploughing and promoting carbon sequestration
in the soil. GAEC 2 protects carbon-rich soils, in-
cluding peatlands and wetlands, from drainage,
which is critical to achieving climate neutrality
goals. GAEC 6 establishes minimum soil cover
to prevent erosion and nutrient loss, which is
particularly relevant for sloping land (European
Commission, n.d.).

The practical application of European stand-
ards is demonstrated by successful adaptation
cases in Central and Eastern European countries.
The Polish agricultural enterprise “Organic Far-
ma Zdrowia”, covering an area of 850 hectares in
the Masovian Voivodeship, implemented GAEC
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standards between 2019 and 2023, achieving a
45% reduction in soil erosion through the use of
cover crops in accordance with GAEC 6 and an
increase in carbon sequestration of 2.3 tonnes of
CO; per hectare due to the preservation of per-
manent grasslands under GAEC 1 (Rudnicki et
al., 2023). The Hungarian farm “EcoVolgy Kft” in
the Bacs-Kiskun region receives annual eco-pay-
ments of EUR 180 per hectare for implementing
agroforestry and diversified crop rotations. This
approach allowed the farm to increase biodi-
versity by 60% and reduce pesticide use by 70%
while maintaining profitability at the level of 15-
18% (Santiago-Freijanes et al., 2021).

Theintegration of the CAPwith the European
Green Deal has transformed agricultural policy
into a key instrument for achieving EU climate
neutrality by 2050. The “Farm to Fork” Strategy
sets ambitious targets: a 50% reduction in pes-
ticide use by 2030, a 20% reduction in fertiliser
use, anincrease in organic farming to 25% of ag-
ricultural land, and the restoration of 10% of ag-
ricultural land with high biological value (Cuad-
ros-Casanova et al., 2023). Achieving these goals
will require a radical change in production prac-
tices, which will require significant investment
in new technologies, retraining of farmers, and
restructuring of supply chains (Wesseler, 2022).
The financial architecture of the CAP in the con-
text of the green transition is characterised by
a stronger link between receiving support and
complying with environmental requirements.
The principle of cross-compliance has been re-
placed by stricter conditions, which include the
mandatory allocation of at least 25% of funds to
climate measures under direct payments and
35% in rural development programmes (Guyo-
mard et al., 2023). The new eco-schemes system
provides for additional payments to farmers for
implementing practices that exceed basic envi-
ronmental requirements, including precision
farming, agroforestry, organic production and
biodiversity conservation.

For Ukraine, adapting to CAP standards
means aradical transformation of traditional ap-
proaches to agriculture. The Ukrainian model of
agricultural production, based on large latifun-
dia with intensive use of resources, differs signif-
icantly from the European model of family farms
with diversified production (Nivievskyi, 2024).
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The average size of an agricultural enterprise in
Ukraine is over 2,000 hectares, while in the EU
it is about 17 hectares, which creates fundamen-
tally different conditions for the implementation
of environmental practices and monitoring of
their compliance. Strategic dilemmas regard-
ing adaptation to European standards have
emerged in discussions about the conditions for
Ukraine's future membership in the EU. Reports
of Ukraine'’s possible willingness to give up CAP
subsidies in exchange for a relaxation of the Eu-
ropean Green Deal requirements have caused a
wide resonance in European political and expert
circles (Landlord, 2024). The potential volume of
support that Ukraine could give up is estimated
at approximately EUR 96.5 billion over a sev-
en-year budget cycle, which is 25% of the total
CAP budget. This position reflects the recogni-
tion that excessive regulatory burdens could sig-
nificantly reduce the competitiveness of Ukrain-
ian agricultural exports in global markets.

The arguments in favour of abandoning
CAP subsidies are based on the experience of
countries that demonstrate high agricultural
productivity without significant state support.
The New Zealand model, where subsidies were
abolished in the 1980s, has shown that reducing
state intervention can stimulate innovation and
increase the efficiency of the industry (Land-
lord, 2024). However, critics of this approach
point to the risks of a “painless” dependence on
subsidies, which can reduce incentives for mod-
ernisation and adaptation to market conditions
(Hardaker et al., 2015; Amaglobeli et al., 2024).
At the same time, access to CAP subsidies could
create competitive advantages for Ukrainian
producers in the European market, especially
in the context of growing demands for product
sustainability and traceability. A compromise
approach could be to gradually adapt to CAP
standards, taking into account the specifics of
the Ukrainian agricultural sector, and to grad-
ually increase environmental requirements in
parallel with the development of supporting
infrastructure. The experience of Central and
Eastern European countries that joined the EU
in 2004-2007 shows that successful integration
into the CAP is possible with an adequate tran-
sition period and technical support from Euro-
pean institutions (Runge et al., 2022). Poland,
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which has the largest agricultural sector among
the new EU members, was able to modernise its
agriculture by combining CAP financial support
with investments in education, infrastructure
and technology.

An alternative strategy could be to create a
hybrid model that combines elements of Euro-
pean standards with global competitiveness of
Ukrainian products. Such a model would involve
a differentiated approach to different types of
production: maximum integration with Euro-
pean standards for products intended for the
EU internal market and more flexible require-
ments for export-oriented production for global
markets. This would allow Ukraine to maintain
its position in the global grain and oilseed mar-
kets while developing segments of high-quality
products for European consumers. The long-
term prospects for Ukraine’s integration into
European agricultural policy will depend on the
country’s ability to develop its own model of sus-
tainable development that takes into account
both European standards and national char-
acteristics. Key success factors will include in-
vestment in education and advisory services for
farmers, development of infrastructure for the
introduction of environmentally friendly tech-
nologies, and creation of an effective system for
monitoring compliance with standards. Ukraine
has a promising opportunity to develop innova-
tive approaches to combining productivity and
sustainability in the agricultural sector, using its
developed scientific potential and large land re-
sources to demonstrate the capabilities of mod-
ern agriculture in the face of climate challenges.

Practical results of modernisation

and recommendations for improvement

An analysis of the practical results of imple-
menting budgetary mechanisms to stimulate
the ecological modernisation of Ukraine’s agri-
cultural sector shows the formation of a trans-
formation model that combines elements of
European experience with adaptation to the
specific conditions of large-scale agricultural
production in a state of martial law. The docu-
mented successes of environmental technol-
ogies demonstrate the potential for systemic
change, but also reveal structural constraints
and the need for a comprehensive approach to
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coordinating national and international efforts.
The documented results of the implementation
of environmental technologies in Ukrainian en-
terprises demonstrate measurable indicators
of the effectiveness and economic feasibility
of modernisation. According to the Research
Institute of Precision Farming, Ukrainian ag-
ricultural enterprises that have implemented
precision farming technologies have achieved
a 30% reduction in the use of mineral fertilisers
and plant protection products while maintain-
ing productivity levels (Hrynevych et al., 2022).
Statistics from the Ministry of Agrarian Policy of
Ukraine show that fertilisers accounted for be-
tween 17% and 28% of costs per hectare in 2023,
creating potential for savings through optimisa-
tion of their use (ReliefWeb, 2024). In the organic
production sector, 33 companies from 13 regions
of Ukraine received grant support amounting
to 160 thousand Swiss francs under the fourth
phase of the Organic Sector Grant Programme,
which allowed them to expand the range of or-
ganic products and establish new supply chains
(Organicinfo, 2024). Research by the Research
Institute of Organic Agriculture (FiBL) indicates
that Ukrainian organic enterprises continue to
increase their export potential even under war-
time conditions, demonstrating the resilience of
the sector and the effectiveness of state support
for organic production (FiBL, 2024).

Precision farming, as a priority area of en-
vironmental modernisation, shows the most
promising results in terms of combining eco-
nomic efficiency with environmental benefits.
The introduction of GPS navigation, IoT (Inter-
net of Things) sensors and artificial intelligence
systems allows for a 15-25% reduction in fertil-
iser use while maintaining or even increasing
yields (Khanal et al., 2017). European experience
in the application of precision farming, particu-
larly within the Horizon Europe programmes,
shows that the integration of digital technolo-
gies with agroecological approaches can reduce
greenhouse gas emissions by 20-30% compared
to traditional methods (Bucci et al., 2018). In the
Ukrainian context, the potential of precision
farming to optimise resource use over large ar-
eas is critical, as the average size of an agricul-
tural enterprise is 23,700 hectares, which is 1,763
times larger than the EU average (European
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Parliament, 2024). Research conducted as part
of the European MACHINAIDE project shows
that the automation of agricultural processes
through robotic systems can increase the effi-
ciency of pesticide use by up to 90% thanks to
precise application only in the necessary areas
(Gonzalez-de-Santos et al., 2017). For Ukraine,
where the average size of agricultural enterpris-
es significantly exceeds European indicators,
such technologies can provide a pronounced
effect of scale. At the same time, the introduc-
tion of precision farming requires significant
initial investments and highly qualified person-
nel, which highlights the role of state support
through co-financing mechanisms and educa-
tional programmes.

Bioenergy represents the second strategic
direction of environmental modernisation with
high potential for creating closed production
cycles and reducing dependence on imported
energy sources. European experience in devel-
oping bioenergy under the Renewable Energy
Directive demonstrates the possibility of achiev-
ing a 32% share of renewable energy sources by
2030, with the agricultural sector as a key sup-
plier of biomass (Scarlat et al., 2015). Ukraine
has significant potential for the production of
biofuels from agricultural waste, in particular
cereal straw, which is estimated at 40-50 million
tonnes per year (Ukrainian Bioenergy Associa-
tion, n.d.; Vaskina et al., 2025). Research by the
Biomass Futures project shows that the utilisa-
tion of agricultural waste for bioenergy produc-
tion can provide farmers with additional income
of EUR 50-100 per hectare while reducing CO,
emissions by 2-4 tonnes per hectare (Dees et
al., 2017). In the Ukrainian context, it is most ex-
pedient to develop biogas plants based on large
agricultural enterprises, which will not only
generate energy but also produce high-quality
organic fertilisers as a by-product of anaerobic
processing (Chepeliev et al., 2021).

Organic farming demonstrates the most
documented positive results in terms of improv-
ing soil quality and restoring natural fertility.
Long-term studies conducted by the European
Long-term Ecosystem Research Network show
that switching to organic farming for 5-7 years
leads to a10-25% increase in soil organic matter,
a 30-50% increase in biological activity, and a
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15-20% improvement in water retention capac-
ity (Maeder et al, 2002). The Ukrainian expe-
rience of Mykola Mysnyk’s farm in the Cherni-
hiv region fully correlates with European data,
demonstrating an increase in the content of
essential nutrients and humus over a five-year
period of organic farming (Suspilne Cherni-
hiv, 2021). The commercial success of organic
production in Europe sets important bench-
marks for Ukrainian producers - according to
the Research Institute of Organic Agriculture
(FiBL), the organic market in the EU is growing by
7-8% annually, reaching a volume of EUR 45 bil-
lion in 2021 (Willer et al., 2023). The premium for
organic products averages 20-40% compared
to conventional products, which makes the
transition to organic technologies economical-
ly attractive even with lower yields during the
transition period (European Commission, 2023).
Successful Ukrainian organic brands such as
“Ekorod” and “Garna Organica” demonstrate the
potential for integration into European supply
chains and the achievement of high profitability.
At the same time, exports of Ukrainian organic
products to the European Union grow annually
by 15-20%, indicating increasing competitive-
ness of Ukrainian producers in premium market
segments (BrandStory, n.d.). However, the share
of organic farmland in Ukraine remains only
11% of the total agricultural land area, which is
significantly lower than the European Union av-
erage of 9.1% (European Commission, 2023).

A synthesised assessment of the current
state of budgetary mechanisms for stimulating
environmental modernisation reveals a com-
plex system characterised by both high poten-
tial and structural constraints. The multi-vector
nature of the system is reflected in the variety of
support instruments - from direct grants to tax
incentives and preferential lending - which al-
lows to cover a wide range of needs of different
categories of producers, but this diversity is ac-
companied by fragmented approaches, the lack
of a unified strategy for integrating environ-
mental criteria, and the complexity of coordi-
nation between different institutions. Depend-
ence on international standards and funding,
although it provides access to advanced tech-
nologies and resources, creates risks for the au-
tonomy of national policy, which is particularly
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noticeable in the case of the introduction of en-
vironmental and social assessment within the
framework of the “Affordable Loans 5-7-9%”"
programme under the influence of World Bank
requirements, which illustrates how external
factors can radically change the logic of inter-
nal support programmes. On the one hand, this
accelerates the introduction of advanced stand-
ards and improves the quality of environmental
regulation, but on the other hand, it creates risks
of inconsistency between international require-
ments and the specific needs of the Ukrainian
agricultural sector. The adaptability of policy
to feedback demonstrates positive dynamics
in improving support mechanisms based on
practical experience. in particular, the revi-
sion of grant programme conditions, including
the reduction of job creation requirements in
greenhouse projects, demonstrates the ability
of state institutions to respond to signals from
the business community and adjust policies to
increase their effectiveness, which is an impor-
tant competitive advantage for rapid adaptation
to changing conditions and optimisation of sup-
port programmes.

European experience in developing and im-
plementing policies to support environmental
modernisation provides important lessons for
improving Ukrainian mechanisms. Studies on
the effectiveness of agri-environmental meas-
ures (AEM) within the CAP show that the most
successful programmes are those that combine
economic incentives with technical support and
educational components (Pe’er et al., 2022). In
particular, Swiss experience shows that involv-
ing farmers in programme development and
providing advisory support increases partic-
ipation by 40-60% compared to programmes
based solely on financial incentives (AHDB, n.d.).
Key recommendations for improving budgetary
mechanisms to stimulate environmental mod-
ernisation are based on a synthesis of Ukrainian
experience and European best practices, where
the synchronisation of national and interna-
tional programmes requires the creation of a
single coordination platform that would ensure
the alignment of objectives, criteria and proce-
dures of different funding sources.

The experience of the Netherlands in cre-
ating the National Strategic Framework for CAP
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demonstrates the possibilities of effective inte-
gration of European requirements with national
priorities through the development of compre-
hensive multi-year plans (European Commis-
sion, 2022). The development of environmental
monitoring indicators is critical for assessing
the real effectiveness of budget expenditures
and adjusting policies based on objective data,
as European experience with the Farm Sustain-
ability Data Network shows that systematic col-
lection of data on environmental performance
at the farm level allows not only to assess the
effectiveness of programmes, but also to iden-
tify best practices for their scaling up (Zasada et
al., 2019). It is important for Ukraine to develop
digital monitoring systems that will allow envi-
ronmental indicators to be integrated with ex-
isting reporting systems through the DAR. Sim-
plifying access to support programmes should
be based on the principles of a “one-stop shop”
and the digitalisation of procedures, as Europe-
an experience shows that reducing the admin-
istrative burden can significantly increase the
participation of small farmers in support pro-
grammes. At the same time, it is important to
maintain the necessary level of control and re-
porting to ensure the targeted use of funds and
the achievement of environmental results.
Using the DAR as a single point of entry for
all support programmes creates unique oppor-
tunities for Ukraine to coordinate national and
international initiatives, where expanding the
platform’s functionality to include planning,
monitoring and reporting tools could transform
itinto a comprehensive system for managing the
environmental modernisation of the agricul-
tural sector. Experience with the digitalisation
of agricultural subsidy management systems
shows that the introduction of digital solutions
can reduce administrative costs by 40% while
improving the quality of control and transpar-
ency of fund distribution (Ehlers et al., 2021). The
practical results of implementing budgetary
mechanisms to stimulate environmental mod-
ernisation in Ukraine demonstrate measurable
indicators of the effectiveness of the system for
supporting sustainable development in the agri-
cultural sector. Under the eRobota programme,
UAH 723 million has been invested in horticul-
ture and greenhouse farming over a year and a
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half, providing 70% of state co-financing for pro-
jects (Cabinet of Ministers of Ukraine, 2024). The
company Carbominer, having received a grant
from the Climate Innovation Vouchers initiative,
developed a technology for capturing CO, to en-
hance greenhouse crop growth, accelerating the
development of tomatoes and cucumbers using
environmentally safe methods (EBRD, 2024).
The FAO and EU support programme provided
USD 2.8 million to 237 Ukrainian agricultural
producers in four regions, enabling investment
in green technologies and critical infrastructure
(European External Action Service, 2024). In the
precision farming sector, Ukrainian enterpris-
es have achieved a 30% reduction in the use of
mineral fertilisers and plant protection products
while maintaining productivity (Hrynevych et
al., 2022). In organic production, 33 companies
received 160,000 Swiss francs in grant support
to expand their product range and establish new
supply chains (Organicinfo, 2024). However,
scaling up these results requires coordination
of national and international efforts, develop-
ment of a system for monitoring environmental
results, and simplification of access to support
programmes by reducing co-financing require-
ments and administrative barriers.

DISCUSSION

The results of the study indicate the formation
of a multi-level system of budgetary incentives
for the ecological modernisation of Ukraine’s
agricultural sector, characterised by funding of
UAH 244 billion for 2025 and coverage of over
308,000 beneficiaries. Traditional subsidy mech-
anisms (70% of the total volume) were found
to dominate over targeted environmental pro-
grammes, with international support demon-
strating stricter environmental criteria and a
smaller coverage of participants. A transforma-
tion of preferential lending programmes was
identified through the introduction of mandato-
ry environmental and social assessments, which
changed the logic of financial support from gen-
eral economic to environmentally oriented.

An analysis of financial instruments sup-
porting the agricultural sector in the context
of climate change showed similar trends to the
conclusions of B. Olajide et al. (2025), who sub-
stantiated the critical importance of integrating
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climate risks into agribusiness financial mech-
anisms. The researchers proved that traditional
approaches to financing agriculture have proved
incapable of ensuring the sustainability of food
systems in the context of climate change, which
fully corresponded to the Ukrainian reality of
the dominance of subsidy programmes with-
out environmental criteria. B. Olajide et al. fo-
cused on the need to develop innovative finan-
cial products that take into account long-term
environmental risks and benefits, confirming
the validity of Ukraine’s transition to environ-
mental and social assessment within the frame-
work of its preferential lending programme. The
authors’ conclusion that mixed financing from
public and private sources could increase the
availability of capital for sustainable agricultural
technologies by 40-60% was decisive, which was
consistent with Ukraine’s experience of coordi-
nating national and international programmes
through the State Agrarian Register. At the same
time, the authors did not consider the specifics
of large-scale agricultural production charac-
teristic of Ukraine, where the average size of
an enterprise was 2,000 hectares compared to
17 hectares in the EU, which required the adap-
tation of financial mechanisms to the conditions
of the latifundia model of farming.

The issue of combining different financial
instruments to stimulate sustainable transi-
tions in agriculture was further confirmed in
the work of T. Havemann et al. (2022), which
explored the limitations and opportunities of
blended finance. Ukrainian data on the syner-
gistic effect of the simultaneous use of 30% of
recipients of international grants from state
support programmes confirmed the research-
ers’ thesis that combining grants, preferential
loans and technical assistance could increase
the effectiveness of investments in sustainable
technologies by 25-35%. The authors empha-
sised the importance of creating “financial eco-
systems” that integrate different types of capital
toreducerisks and increase the attractiveness of
investments in sustainable development, which
correlated with Ukraine’s experience of creat-
ing a unified digital platform through the DAR.
However, T. Havemann et al. focused mainly on
blended finance mechanisms for smallholder
farms in developing countries, while Ukrainian
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realities demonstrated the need to adapt these
approaches to the conditions of industrial agri-
cultural production with a high level of techno-
logical equipment. The researchers identified
the critical role of blending in overcoming the
“valley of death” for innovative agricultural tech-
nologies, which partly explained the success of
Ukrainian grant programmes with co-financing
requirements of 30-50%, which created incen-
tives for attracting private capital.

The barriers to sustainable agribusiness
were reflected in a systematic review by R. Bren-
ya et al. (2023), who identified financial con-
straints as one of the key obstacles to the tran-
sition to sustainable practices. The results of
a Ukrainian study on the complexity of access
to support programmes, where only 15-20% of
applications submitted met the formal require-
ments, confirmed the researchers’ conclusions
that administrative complexity and documen-
tation requirements were critical barriers for
small producers. R. Brenya et al. substantiated a
conceptual framework in which financial barri-
ers interacted with technological, institutional
and information constraints, creating systemic
obstaclesto modernisation. The authors empha-
sised the role of insufficient access to long-term
financing and high transaction costs, which ful-
ly correlated with Ukrainian findings about the
inaccessibility of co-financing requirements
for most farms cultivating up to 50 hectares. At
the same time, the researchers did not take into
account the specifics of martial law and its im-
pact on financial accessibility, which proved to
be critically important for the Ukrainian context,
where infrastructure destruction and popula-
tion displacement created additional challenges
for the implementation of support programmes.

The transformation of transition manage-
ment systems towards sustainable agriculture,
identified in the study by I. Melchior & J. New-
ig (2021), resonated with Ukrainian conclusions
about the evolution from reactive support to
proactive shaping of the investment climate. The
researchers argued for the need to integrate dif-
ferent levels of governance and create adaptive
institutional mechanisms, which was reflected
in the Ukrainian experience of coordinating na-
tional and international programmes through
a single digital platform. I. Melchior & J. Newig
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identified the importance of multiple stakehold-
ers’ participation in policy-making, which was
partially implemented in Ukrainian practice of
adapting programmes based on feedback from
the business community, in particular, revis-
ing the requirements for job creation in green-
house projects. The authors substantiated the
concept of “governed transitions”, where public
policy played a catalytic role in stimulating sys-
temic change, which correlated with Ukraine’s
experience of using budgetary mechanisms as
tools for the forced greening of agribusiness.
However, the researchers focused mainly on the
theoretical aspects of transition management,
without considering the practical challenges of
coordinating different sources of funding and
ensuring environmental efficiency in a context
of limited resources.

The bioeconomic aspects of agricultural
transformation analysed by T. Wang et al. (2022)
in the context of ASEAN (Association of South-
east Asian Nations) countries demonstrated
alternative approaches to stimulating sustain-
able development compared to the Ukrainian
model. The Ukrainian results on the develop-
ment of bioenergy with a potential utilisation
of 40-50 million tonnes of straw per year were
consistent with the authors’ conclusions about
the critical role of biomass in shaping the circu-
lar economy. They proved that the bioeconomic
approach could provide additional sources of
income for farmers through the creation of in-
tegrated production systems, which correlated
with Ukrainian data on the potential for addi-
tional income of EUR 50-100 per hectare from
the utilisation of agricultural waste. At the same
time, T. Wang et al. focused primarily on the pol-
icy framework and strategic planning, without
considering specific financial incentive mecha-
nisms, which was a fundamental difference from
the Ukrainian focus on budgetary instruments.
The researchers identified the importance of
cross-sectoral coordination and the creation
of innovative ecosystems, which was partially
implemented in the Ukrainian initiative “Green
Modernisation of the Agro-Industrial Complex
2025” with a budget of UAH 120 billion, but with-
out a detailed analysis of the mechanisms for
ensuring synergy between the various compo-
nents of the programme.
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The challenges of sustainable development
within the European Green Deal, researched
by C. Boix-Fayos & J. de Vente (2023), directly
concerned Ukraine’s prospects for European
integration and adaptation to EU standards.
Ukrainian conclusions regarding the strategic
dilemma between access to European mar-
kets and maintaining the competitiveness of
agricultural exports were confirmed by the
work of scientists who substantiated the com-
plexity of balancing ambitious environmental
goals and the economic viability of agriculture.
C. Boix-Fayos & J. de Vente found that achieving
the goals of the “Farm to Fork” strategy required
a radical change in production practices and
significant investment, which correlated with
Ukrainian estimates of potential losses from
excessive regulatory burdens. The authors ar-
gued for the need for a differentiated approach
to different agro-ecological zones and types of
farming, which resonated with Ukrainian pro-
posalsto create a hybrid model with different re-
quirements for domestic and export production.
However, the authors focused mainly on the
environmental aspects of the transformation,
paying insufficient attention to financial mech-
anisms and their effectiveness in stimulating
the necessary changes.

The role of digitalisation in achieving
sustainable development goals, analysed by
J. MacPherson et al. (2022), correlated with
Ukrainian conclusions regarding the poten-
tial of precision farming to combine econom-
ic efficiency with environmental benefits. The
results of the Ukrainian study on the possibil-
ity of reducing fertiliser use by 15-25% while
maintaining crop yields confirmed the thesis
that the integration of IoT sensors, GPS navi-
gation and artificial intelligence could radically
increase the resource efficiency of agricultural
production. The authors identified a synergis-
tic effect from combining digital technologies
with agroecological approaches, which could
reduce greenhouse gas emissions by 20-30%,
consistent with Ukrainian estimates of the envi-
ronmental potential of precision farming. At the
same time, J. MacPherson et al. did not consid-
er specific financial mechanisms to stimulate
the adoption of digital technologies, while the
Ukrainian study demonstrated the critical role
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of state support through equipment cost com-
pensation programmes and grant funding to
ensure the accessibility of innovative solutions
to a wide range of producers.

The importance of legumes in the tran-
sition toward sustainable agri-food systems,
substantiated by H. Ferreira et al. (2021), further
confirms Ukrainian conclusions regarding the
importance of production diversification for
improving environmental resilience. Ukrainian
findings on the ecological potential of the “Or-
chard Grant” programme aimed at stimulating
diversification of agricultural production find
theoretical support in the work of H. Ferreira et
al, who demonstrated the role of legumes in
preserving biodiversity and restoring soil fertil-
ity. The authors found that integrating legumes
into crop rotations could reduce the need for
synthetic fertilisers by 40-60% and increase
carbon sequestration in the soil, which correlat-
ed with Ukrainian data on soil quality improve-
ment in organic farms. H. Ferreira et al. argued
for the need for policy support to encourage
legume cultivation through financial incentives
and educational programmes, which resonated
with the Ukrainian experience of grant support
for production diversification. However, the
researchers focused mainly on agronomic as-
pects, without considering specific budgetary
mechanisms and their effectiveness in stimu-
lating the necessary changes in the structure of
cultivated areas.

Thus, the study of budgetary mechanisms
for stimulating the ecological modernisation of
Ukraine’s agricultural sectorrevealed the forma-
tion of a unique model that combined elements
of international experience with adaptation
to specific national conditions. A comparative
analysis with the works of leading researchers
confirmed the validity of Ukrainian approaches
to integrating environmental criteria into finan-
cial programmes, while also revealing the need
for further improvement in coordination be-
tween different levels of support and strength-
ening the targeting of budget expenditures to
achieve specific environmental results.

CONCLUSIONS
The study shows that Ukraine is developing a
comprehensive system of budgetary incentives
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for the ecological modernisation of the agricul-
tural sector, characterised by significant struc-
tural transformations and adaptation to Euro-
pean standards in conditions of martial law. An
analysis of existing budgetary instruments has
revealed a multi-level support architecture with
total funding of over UAH 24 billion in 2025, cov-
ering more than 300,000 beneficiaries through
various mechanisms ranging from direct grants
to tax incentives. At the same time, a funda-
mental imbalance has been identified between
the volume of traditional subsidy programmes,
which account for the bulk of funding, and tar-
geted environmental initiatives with clear en-
vironmental criteria. A key trend in the devel-
opment of the system has been the integration
of environmental standards into financial pro-
grammes under the influence of international
partners, which has been most evident in the in-
troduction of mandatory environmental and so-
cial assessments as part of the preferential lend-
ing programme. This demonstrates an evolution
from reactive support to proactive shaping of
the investment climate, where access to finan-
cial resources becomes a tool for enforcing the
greening of agribusiness. International support,
despite its smaller absolute volumes compared
to national programmes, is characterised by
stricter environmental criteria and higher fund-
ing intensity per beneficiary, creating a syner-
gistic effect with government initiatives.

The systematisation of European experi-
ence has revealed Ukraine'’s strategic dilem-
ma between the need to adapt to the standards
of the EU's Common Agricultural Policy and
maintaining the competitiveness of agricultur-
al exports on global markets. An analysis of the
CAP architecture demonstrates a fundamental
transformation of European agricultural policy
from a mechanism for ensuring food security
to an instrument for implementing climate am-
bitions, which creates additional challenges for
Ukraine’s integration into the European agricul-
tural space. The specifics of the Ukrainian agri-
cultural sector, with an average enterprise size
of over 2,000 hectares, differ radically from the
European model of family farms, requiring the
development of hybrid approaches to environ-
mental modernisation that take into account the
large scale of Ukrainian agricultural production.

0)



Budgetary mechanisms for stimulating environmental...

Potentially giving up CAP subsidies in exchange
for relaxing the European Green Deal require-
ments could be a compromise that would let the
industry keep its export potential while gradu-
ally adapting to environmental standards. The
practical results of the implementation of preci-
sion farming, bioenergy and organic production
technologies demonstrate the potential of com-
bining economic efficiency with environmen-
tal benefits, showing the possibility of reducing
resource use while maintaining productivity.
However, scaling up these technologies requires
coordinated state support through the creation
of comprehensive financing and technical sup-
port programmes.

The main limitations to the effectiveness of
the existing system are the fragmentation of en-
vironmental criteria in traditional support pro-
grammes, the difficulty of access to grant fund-
ing for small producers due to high co-financing
requirements, and the lack of a comprehensive
system for monitoring the environmental re-
sults of budget expenditures. To improve the
effectiveness of budgetary mechanisms, it is
necessary to develop a unified coordination
platform that will ensure the synchronisation

of national and international programmes, the
introduction of digital technology-based envi-
ronmental monitoring indicators, and the sim-
plification of administrative procedures while
maintaining control functions. The limitations
of the study are related to the dynamic nature
of transformation processes in a state of mar-
tial law and the lack of long-term data to assess
the environmental effects of the programmes
implemented. Prospects for further research
include analysing the impact of digitalisation
on the effectiveness of budgetary mechanisms,
studying models for financing the transition to
a circular economy in the agricultural sector,
and developing a methodology for assessing
ecosystem services as a basis for new budgetary
incentive tools.
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Blog)KeTHi MexaHi3MM CTUMYJIIOBaHHA €KONOTiYHOoI
MopaepHi3auii arpapHoro 6isHecy B YKpaiHi

AHoTauif. MeTo0 [IaHOTO HOCITIIKeHHS 6yn0 3hiMiCHEHHA KOMIUIEKCHOTO aHaJI3y CHCTeMU
BI0KEeTHUX iIHCTPYMEHTIB CTUMY/TIOBAaHHSA €KOJIOTYHOI TpaHchopMallil ykpaiHCHKOro arpoCEKTOPY
Ta pO3pOb6JIEHHS HAayKOBO OOTPYHTOBAHMX pEKOMEHZAIN WIoZo OITHUMi3alli MexaHi3MiB
IEpKaBHOTO GpiHAHCYBAHHSA CTAJIOTO PO3BUTKY arpapHOro BUPOGHULITBA. METOLOJIOTIUHY OCHOBY
CRJIaNY TIPUHLWIIN CHCTEMHOCTI, 06'€KTUBHOCTI Ta iCTOpWU3My, 3aCTOCOBYBAJIUCS CTPYKTYpPHO-
dyHKIIIOHaNBHUY aHaJli3, MOPiBHAIPHUY aHali3, KOHTEHT-aHali3 Ta aHali3 BTOPUHHUX JaHUX [
IOCITiIKeHHSI HOPMaTHUBHO-TIPaBOBOi 6231, 0illifiHKMX 3BiTiB Ta CTATUCTUYHMX MaTepialiB 3a mepiof
2024 - mouaTKy 2025 pokiB. BcTaHOBIEHO GopMyBaHHSA 6araTopiBHEBOI cuCTeMU GIOIKETHOTO
CTUMYJIIOBAHHA 3 06csaroM ¢iHaHCYBaHHSA MOHAZ 24 MIpZ, rpH y 2025 potii, [0 OXOIUTIOE TIOHAS
300 Tucsay 6eHedilliapiB uepes MexaHi3MU Bif] IPSMUX IPAHTIB 0 ITOJATKOBUX CTUMYJIIB, IIPU LIBOMY
BUABJIEHO AUCIIPOIIOPIIiI0 MK TpaAULiMHUMU CY6CUIMHUMU [TporpaMaMH, sIKi CTAaHOBJATb 70 %
Bifl 3aTaJIbBHOTO 06CATY, Ta LIIPOBUMU €KOJIOTTYHUMU iHiliaTnBaMu. KJTI0OU0BO0 TEHIEHLIIEIO CTaIa
iHTerparlis eKoJIOTiUHMX CTaHAAPTIB y GiHAHCOBI IIporpaMu ITifl BIUIMBOM MDKHAPOJHUX ITapTHEPIB,
IO TIPOSBWJIOCS y BIIPOBAIKEHHI O6OB'SI3KOBOI €KOJIOTIYHOI Ta COL{a/bHOI OLIHKKA B paMKax
MIpOrpaMH IIiIbrOBOTO KPeIUTYBAaHHSA, JeMOHCTPYIOUM eBOJIOLII0 Bif peaKTUBHOI MiTPUMKU [0
IpoaKTUBHOro GOpMyBaHHSA IHBECTUIIIMHOIO KiiMary. CHcTeMaTu3allisl €BPOIIeChKOIO AOCBIAy
BUsIBUJIA CTpaTeriyHy OuiaeMy VYKpalHM MDK afanTtalielo IO CTaHAapTiB CHiIbHOI arpapHol
TIOJIITURY €BPOIIEHCHKOr0 COI03Y Ta 36epesKeHHAM KOHKYPEHTOCIIPOMOSKHOCTI arpOeKCIIOPTY, IIpU
I[BOMY IIPaKTUYHi Pe3y/IBTaTy BIIPOBAI)KEHHSA TEXHOJIOTIH TOYHOTO 3eMJIEPO6CTBa, HioeHepreTURU
Ta OPTraHiYHOrO BUPOOGHUIITBA 3aCBiIYMIIN MTOTEHITia)l CKOPOUEeHHS BUKOPHCTaHHS pecypciB Ha 15-
25 % mpu 36epe)keHHi MPOYKTUBHOCTI. OCHOBHUMU OOMEKEHHAMU ePeKTUBHOCTI BU3HAYEHO
bparMeHTapHICTh eKOJIOTIYHUX KpUTepilB y TpaIUIiMHUX IIporpaMax MiATPUMKM, CKIaIHICTh
JOCTYIly JO TPaHTOBOro (iHAHCYBaHHA Ui MajuX BHUPOOHUKIB Yepe3 BUCOKI BHMOTU [0
criiBiHaHCYBaHHS Ta BiZICYTHICTb KOMITJIEKCHOI CHCTEeMHU MOHITOPUHIY €KOJIOTIYHUX Pe3yJIbTaTiB
BI0IPKETHUX BUTPAT. [IOCIiIKeHHSA cPOPMYBajIo HAYKOBO-METOLUYHY OCHOBY IJI YIOCKOHAJIEHHS
Jep>KaBHOI IOJITUKYA CTUMYJIOBAaHHA €KOJIOITYHOI MOJIepHi3allii arpoceKTopy 4epe3 CTBOPDEHHSA
KOOpIVHAIIMHUX IU1aT$OopM, BIIPOBAIKEHHS LHUPPOBUX CHUCTEM €KOJIOTIYHOIO MOHITOPHHTY Ta
po3pobieHHs gudbepeHIioBaHMX MiAX0AiB 0 biHAHCYBaHHS pi3HMX KaTeropiii BUpOGHUKIB

KniouoBi cnosa: fepskaBHa MiATPHUMKa; GiHAHCOBI iHCTPYyMEHTH; TPaHTOBI Iporpamy; CyoCcuiil;
II0JIATKOBI ITiJIBIU
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Nahorna et al.

Abstract. This article aimed to evaluate the ecological and economic consequences of military
actionsonagriculturalland in Ukraine, identifying keyindicators toassess the environmentalimpact
of warfare and facilitate subsequent agribusiness restoration in the post-war period. The research
was based on a comprehensive analysis of the environmental, economic, and social consequences
of military actions for Ukraine'’s agricultural sector. This analysis used field surveys, satellite data,
laboratory soil analyses, and official statistics. The research established that more than 200,000
hectares of agricultural land were damaged as a result of hostilities, around 20% of which was the
most fertile land taken out of agricultural use. Exceedances of permissible levels of heavy metals
in soil were recorded in the Kharkiv, Donetsk, Mykolaiv, Luhansk and Zaporizhzhia regions: lead by
three times, cadmium by 2.5 times, arsenic by twice, nickel by more than twice and zinc by 1.6 times.
Conversely, no exceedance of the maximum permissible concentrations of mobile forms of heavy
metals, including lead and cadmium, was detected within the agricultural lands studied in the
Vyshhorod district of the Kyiv region. Significant exceedances of background levels of heavy metals
in soil pose long-term risks to the quality and safety of food products, lead to economic losses, and
endanger public health. This emphasises the importance of monitoring soil contamination in areas
affected by hostilities and at agricultural enterprises. The research revealed that direct economic
losses included the loss of over 4 million hectares of crops and the destruction of over 100 grain
storage facilities with a total capacity of 2 million tonnes. There was also a decrease in yields on over
500,000 hectares due to the loss of irrigation systems. Indirect losses were reflected in a 15-20%
reduction in production, a 35-40% increase in food prices, a 40% decline in investment volumes,
and the suspension of operations for more than 30% of small and medium-sized enterprises. The
socio-economic consequences included the migration of over 6.5 million people and a deterioration
in food security. However, the territory in question also possesses significant potential for recovery

Keywords: soil degradation; agricultural sector; costs; food security; state support

INTRODUCTION

The relevance of the research topic was de-
termined by significant transformations in
Ukraine’s agricultural sector resulting from
military action. Damage to the soil cover, de-
struction of infrastructure, loss of harvests and
technical resources created multidimensional
consequences requiring systematic scientif-
ic assessment. Combining ecological and eco-
nomic approaches in the assessment of damage
was deemed necessary because land degrada-
tion and loss of productivity were reflected not
only in a reduction in agricultural production
potential, but also in a decline in investment at-
tractiveness and an increase in socio-economic
risks. Scientific research into the impact of mil-
itary action on the economy and the environ-
ment provides a comprehensive understanding
of the negative consequences of armed conflict
for various sectors, including agriculture. L. Kh-
omych & N. Khrushch (2024) have proposed an
analytical assessment of the impact of the war
on Ukraine’s economic activity. This contributes
to understanding of the extent of the structural
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changes to the national economy caused by the
conflict. The impact on the agricultural sector
is particularly significant, as war leads to re-
duced production, lost land and increased in-
vestment risks. A. Verstyak (2023) described
methods for assessing environmental damage,
helping to analyse the impact of war on agri-
cultural land. Soil contamination with heavy
metals and ecosystem degradation lead to sub-
stantial economic losses. Meanwhile, O. Su-
shchenko § V. Tymkovan (2024) examined the
impact of martial law on the development of
agro-industrial formations, confirming the im-
portance of studying the socio-economic con-
sequences of war for the agricultural sector, as
well as the need to develop effective recovery
models. The environmental consequences of
war are also addressed in L.A. Sakhno's (2023)
research, which highlights the impact of mili-
tary operations on accounting policies and land
resource auditing. This is directly relevant to the
need to combine ecological and economic ap-
proaches to restoring agricultural land after war.
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A. Kucher (2022), meanwhile, proposed chang-
es to the methods used to determine the extent
of damage resulting from mechanical, physi-
cal, chemical, physico-chemical and biological
forms of soil degradation, based on a cost-based
methodological approach. TM. Gerlyand et
al. (2024) presented examples of integrating ed-
ucational practices into the reconstruction of the
agricultural sector, emphasising the importance
of environmental education for the sustainable
development of rural areas. When assessing
the environmental consequences of hostilities
on soils, particularly agricultural land, results
from studies analysing changes in the physic-
ochemical and toxicological characteristics of
soils are particularly relevant. O.V. Dmytrenko et
al’s (2023) study focuses on the ecotoxicological
assessment of sod-podzolic soil under the influ-
ence of military actions. The authors identified
changes in the soil's agrochemical indicators,
demonstrating the need to develop methods for
assessing and restoring soils after hostilities.
Another important aspect is monitoring the en-
vironmental consequences, particularly the im-
pact of fires resulting from hostilities. A.E. Hon-
charova (2024) examines the environmental
consequences of military actions in Ukraine,
including the impact of fires on ecosystems. The
author emphasises the necessity of a compre-
hensive approach to monitoring and assessing
environmental consequences, including study-
ing the impact of fires on soils and agricultural
land. These studies emphasise the importance
of taking an integrated approach to assessing
and restoring agricultural land after conflict,
particularly by applying a cost-based method to
determine the extent of the damage based on the
cost of soil restoration. R. Wenning & T.D. Toma-
si (2023), for example, applied natural resource
damage assessment approaches to identify the
scale of environmental damage by evaluating
ecosystem services. Satellite-based assessment
of agricultural crop losses in near-real time is
also widely used. K. Deininger (2023) conduct-
ed such an assessment, making it possible to
record the spatial reduction of agricultural ar-
eas and demonstrating the effectiveness of re-
mote sensing for rapidly monitoring damage.
M. Nehrey § R. Finger (2024) examined the im-
pact of the initial phase of the full-scale war in
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Ukraine on soil degradation and the decline in
land productivity. Their work analysed regional
differences in degradation rates and the devel-
opment of differentiated recovery strategies.

A synthesis of scientific sources showed
that modern approaches to studying the eco-
logical and economic consequences of military
action involve analysing soil conditions, biodi-
versity and ecosystem losses, and the econom-
ic impact of losses resulting from hostilities.
These approaches also include the application
of satellite technologies and the development
of institutional mechanisms for restoring de-
graded territories, including agricultural land.
Meanwhile, some studies have focused on spe-
cific aspects of the impact of military action on
the environment and agricultural production.
However, insufficient attention has been paid
to studying ecological-economic approaches or
developing an integrated model for assessing
damage to the agricultural sector caused by mil-
itary actions. This article aimed to investigate
the scale of damage to agricultural land result-
ing from military actions, as well as changes
to its ecological and economic characteristics.
The article also aimed to determine priority ar-
eas for restoring productivity and safety within
Ukraine’s agricultural sector. To achieve this, the
following tasks were set: to determine the scale
of soil degradation and the level of contamina-
tion of agricultural land resulting from active
hostilities, comparing regions; to assess direct
and indirect economic losses in the agricultur-
al sector resulting from hostilities, including
losses of crops, infrastructure, and investment
attractiveness; to analyse he socio-economic
consequences of the war and prospects for the
management of agricultural enterprises in the
post-war period were outlined.

MATERIALS AND METHODS
Conducted between 2022 and 2025, the research
aimed to provide a comprehensive examination
of the ecological and economic consequences of
military actions for Ukraine’s agricultural sec-
tor. The analysis was based on agricultural lands
in the central, eastern and southern regions,
which were the most significantly impacted by
hostilities. Territories were selected based on
official data from the Ministry of Agrarian Policy
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presented... (2024), the State Statistics Service
of Ukraine (2024) and a Copernicus-enabled as-
sessment (2023). Satellite images presented in
Farming Amidst a War (2023) enabled the scale
of damage to arable land and infrastructure
degradation in the Kyiv region to be identified.
Inclusion in the sample was dependent on the
availability of confirmed data regarding dam-
age to soil cover, infrastructure destruction, or
productivity decline resulting from military ac-
tions. Territories where information was incom-
plete or not confirmed by independent sources

PuKyHb,

were excluded from the research. To assess the
environmental consequences, studies of pol-
lutant concentrations in soil were conducted
in agricultural land located in the de-occupied
territories. Analytical methods were employed
to gather data on the contamination of agricul-
tural land in the liberated areas of the Donetsk,
Luhansk, Kharkiv, Zaporizhzhia, and Mykolaiv
regions. Field studies were carried out within
agricultural lands in the Kyiv region that had
been liberated and experienced the impact of
hostilities in 2022 (Fig. 1).
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Figure 1. Location of the studied sites within the Vyshhorod district of the Kyiv region
on agricultural land affected by hostilities in 2022

Source: Google Maps (n.d.)

The satellite image shows the location of
the agricultural plots that were studied within
the territory of the Dymer settlement (Vyshho-
rod district). The individual fields selected for
assessing soil conditions and the consequenc-
es of military impact are indicated. Sampling
to determine agrophysical and agrochemical
soil indicators, as well as pollutant content,
was carried out in accordance with ISO 10381-
1:2004 (2006), ISO 10381-2:2004 (2006) and
ISO 10381-4:2005 (2007). Composite soil sam-
ples were taken from the 0-30 cm layer using
a manual sampler. To ensure comparability,
control soil samples were also taken from areas
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unaffected by military action. Heavy metal con-
centration studies (cadmium (Cd), cobalt (Co),
nickel (Ni), lead (Pb) and chromium (Cr)) were
conducted using a combination of chromato-
graphic and mass spectrometry techniques
with Agilent 1260, 1290 and 7890B liquid and gas
chromatographs (Agilent 6125, 6460 and 5977
and 7000 detectors). The biodiversity of the Kyiv,
Kharkiv and Zaporizhzhia regions was assessed
using indicators of soil microbiological activity
and the abundance of saprophytic organisms
obtained from control plots. To this end, the
Shannon (H') and Simpson (D) indices, as well as
the abundance of saprophytic organisms in the
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studied plots, were employed in accordance with
widely accepted methodologies.

The economic component of the research
was based on official statistics from the World
Bank (2023), the OECD (2023), and the FAO of
Ukraine. Food Security (2024). Direct losses were
assessed by considering the area of lost crops,
the volume of damaged or destroyed warehous-
es and grain storage facilities, the number of
lost agricultural machines, and the area of land
left without irrigation. Indirect losses were cal-
culated based on reduced enterprise produc-
tivity, declining exports and falling investment
activity. To evaluate the financial risks to agri-
businesses, lending dynamics and changes in
interest rates were analysed using data from the
National Bank of Ukraine (2025). The socio-eco-
nomic component of the study was based on
statistical materials from the Country Report:
Ukraine (2022) and Food Security and Liveli-
hoods (2023). The analysis examined increases
in food prices, household budget composition,
the scale of internal and external migration, and
the reduction in labour potential within the ag-
ricultural sector. Statistical analysis was carried
out using SPSS Statistics 26 software.

RESULTS AND DISCUSSION

Environmental consequences

of military actions for agricultural land

In the context of Ukraine's current environ-
mental policy, the key areas of environmental
protection and ecological safety defined in Law
No. 188/98-BP (1998) provide for the implemen-
tation of sustainable development principles,
the rational use of natural resources and con-
sideration of environmental risks, which in-
tensify under conditions of armed conflict. In
view of the significant losses incurred by the
agricultural sector, particularly in terms of soil
degradation and territorial contamination re-
sulting from hostilities, these priorities assume
particular relevance in the context of post-war
agricultural recovery and ensuring the coun-
try’'s environmental stability. In this context, it is
important to assess the current state of agricul-
tural land in areas affected by military action.
During the active phase of hostilities, signifi-
cant soil degradation was recorded, character-
ised by mechanical soil disturbance, changes in

G

physicochemical properties, and pollutant accu-
mulation. The mechanical pressure exerted by
heavy military equipment caused the upper soil
layers to become compacted, which negatively
affected their agrophysical properties (porosity,
water permeability, aeration, etc.), agrochemical
indicators, and pollutant content. This has led
to a reduction in agricultural land productivity,
accelerated degradation processes and, in some
cases, made it impossible to produce high-qual-
ity, safe agricultural products. The destruction
of hydraulic structures, particularly the Kakhov-
ka Hydroelectric Power Plant, resulted in heavy
metals such as arsenic, nickel, and zinc migrat-
ing from bottom sediments into the Dnipro River
and Black Sea ecosystems (Solokha et al., 2024).
The use of contaminated water to irrigate adja-
cent agricultural land resulted in soil contami-
nation, creating long-term environmental risks.
The biodiversity of agroecosystems declined,
as evidenced by a reduction in the number
of saprophytic microorganisms and inverte-
brates that play a fundamental role in forming
soil structure.

According to estimates by Ukraine’s State
Statistics Service (2024), more than 200,000
hectares of agricultural land were contami-
nated and damaged during the active phase of
hostilities. Around 20% of the most valuable
agricultural land was taken out of use as it was
impossible to carry out agrochemical investi-
gations, even after de-occupation. The chem-
ical contamination of soils with heavy metals
such as lead and cadmium, which significantly
exceeded standard values, has intensified deg-
radation processes and reduced the productiv-
ity of agricultural enterprises. According to the
Ministry of Agrarian Policy presented... (2024),
grain harvest losses in 2023 amounted to over
4 million tonnes, equivalent to a 25% reduction
in gross output, with farmers incurring losses in
excess of USD 1.5 billion. According to data from
the State Statistics Service of Ukraine (2024),
over 20% of agricultural land has been taken out
of use due to soil degradation, limiting the po-
tential to restore agricultural production and ex-
port capacity. This leads to lower farm incomes
and an annual reduction in GDP of 0.8-1.0%. To
establish the actual impact of hostilities on ag-
ricultural enterprise territories and determine
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ecological and economic approaches to assess-
ing the impact of military actions, a series of an-
alytical, field, and laboratory studies were car-
ried out. A study of heavy metal content in the
arable soil layer was conducted on the basis of
statistical data in territories where active hos-
tilities took place, particularly involving the use

of munitions and the movement of heavy equip-
ment, in the Kharkiv, Donetsk and Luhansk re-
gions. Exceedances of the maximum permissi-
ble concentrations (MPCs) of the heavy metals
lead, cadmium, chromium and arsenic were
identified in the soils of the Kharkiv, Luhansk
and Zaporizhzhia regions (Table 1).

Table 1. Specific indicators of the environmental consequences
of military actions for agricultural land

Indicator Value Wi Standard / Reference value
of measurement

Area of damaged land 200,000 ha -

Share of the most fertile land taken out of use 20 % -
Soil lead (Pb) concentration 95 mg/kg <32 mg/kg (standard)
Soil cadmium (Cd) concentration 2.5 mg/kg <1.0 mg/kg (standard)
Soil arsenic (As) concentration 20 mg/kg <10 mg/kg (standard)
Sail zinc (Zn) concentration 350 mg/kg <220 mg/kg (standard)
Soil nickel (Ni) concentration 85 mg/kg <40 mg/kg (standard)

Source: compiled by the authors on the basis of data from The Ministry of Agrarian Policy presented... (2024)

A substantial exceedance of standard val-
ues was recorded: lead by three times, cadmium
by 2.5 times, arsenic by twice, nickel by more
than twice, and zinc by 1.6 times. The obtained
data indicate a probable reduction in the area
of agricultural land suitable for producing safe,
high-quality products, as well as the need to re-
strict the use of such land and to develop proto-
cols for applying new reclamation methods and

approaches to cultivating crops on contaminat-
ed soils. The rising risks to public safety, loss of
fertile land and need for long-term land recla-
mation measures create long-term economic
risks. Field studies carried out in the Kyiv region
showed elevated levels of cadmium, cobalt, nick-
el,lead, and chromium compared to background
values, though without exceeding maximum
permissible concentrations (MPCs) (Table 2).

Table 2. Content of mobile forms of heavy metals in fields liberated from military actions
on agricultural land in the Vyshhorod district of Kyiv region

Indicator Value of meali:irtement MPC for mobile forms

Soil lead (Pb) concentration 0.85+0.1 mg/kg <6.0 mg/kg (standard)
Soil cadmium (Cd) concentration 0.018+0.001 mg/kg <0.7 mg/kg (standard)
Soil cobalt (Co) concentration 0.31+£0.1 mg/kg <5.0 mg/kg (standard)
Soil chromium (Cr) concentration 0.060+0.001 mg/kg <6.0 mg/kg (standard)
Soil nickel (Ni) concentration 0.81+0.01 mg/kg <4.0 mg/kg (standard)

Source: compiled by the authors on the basis of data from Resolution of the Cabinet of Ministers of Ukraine

No.1325 (2021)

As shown in Table 2, the levels of mobile
lead, cadmium, cobalt, chromium and nickel
in the soils of the agricultural land under study
are higher than background values. However, all
indicators remain significantly below the max-
imum permissible concentration standards.

Economics and Business Management 17(2)

Therefore, even in the absence of exceedanc-
es of the standard values for pollutants, mili-
tary actions lead to complex disruptions in the
functioning of agroecosystems, including the
environmental consequences of agro-land-
scape transformation. This is consistent with
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the conclusions of A. Santini et al. (2023), who
emphasised the importance of analysing bio-
logical invasions. They noted that disrupting the
ecological integrity of agro-landscapes through
explosions and destroying the fertile layer sig-
nificantly complicates the process of natural
recovery and compounds threats to biodiversity.
The results of the study correlate with the con-
clusions of M.J. Lawrence et al. (2015), who found
that military action significantly reduces bio-
diversity and worsens the ecological condition
of land, resulting in long-term consequences
for agriculture. The results also confirmed the
conclusion regarding the negative impact of
mechanical soil compaction caused by heavy
machinery and chemical contamination, which
reduces the land’s ability to recover naturally.
This is consistent with the findings of A.B. Rex-
hepi et al. (2023), who confirmed a significant
economic decline in Ukraine’s agricultural sec-
tor during the war, due to reduced sown areas
and falling productivity in agricultural enter-
prises. The Ukrainian government has launched
a programme to recover the agricultural sector.
Under this programme, investments totalling
more than USD 5 billion are planned for the re-
pair of damaged infrastructure, particularly ir-
rigation systems, and for land reclamation. The
programme also involves the government pro-
viding concessional loans to farms to help them
restore production, at a maximum rate of 5-7%
(National Bank of Ukraine, 2025).

A study by M. Khan (2022) highlighted the
environmental consequences of war and con-
flict, particularly with regard to soils and natural
resources. P. Broomandi et al. (2020) indicated
that soil contamination by heavy metals reduces
fertility and affects ecological systems, particu-
larly in war zones. As M. Khan's study noted, these
changes pose long-term risks to ecosystems

and agricultural productivity, both of which are
crucial for the post-war restoration of land in
Ukraine. D. Rawtani et al. (2022) focused their
work on the environmental damage caused by
the war in Ukraine, particularly the contamina-
tion of soils and water resources by heavy metals
and toxic substances. They also emphasised that
the resulting decline in soil fertility from hos-
tilities and explosive munitions poses serious
threats to food security. The present study con-
firms this, recording elevated concentrations of
heavy metals such as lead, cadmium and arsenic
in agricultural soils, thereby limiting their suita-
bility for agricultural activity. L. Chai et al. (2024)
analysed the impact of war on the global expan-
sion of agricultural land and biodiversity. The
findings point to possible changes in global agri-
cultural landscapes, which could affect Ukraine
through changes in agri-food networks and the
adaptation of agriculture to new conditions. This
is supported by the present findings, which note
that environmental losses, particularly through
land degradation, may make it more difficult to
restore production and alter global food flows.
B. Chen et al. (2024) assessed the impact of mil-
itary actions on agricultural production in east-
ern Ukraine, identifying a significant reduction
in cultivated areas and a decline in productivity.
This is an important component of the present
analysis, in which it was calculated that more
than 30% of agricultural land remained unused
due to hostilities, resulting in substantial eco-
nomiclosses. Atthe sametime, their conclusions
confirm the need for international assistance
and state support to restore the agricultural
sector in the post-war period. The assessment
of agroecosystem biodiversity involved deter-
mining the microbiological activity of soils and
the abundance of saprophytic organisms in both
intact and damaged areas (Table 3).

Table 3. Assessment of soil biodiversity in control and damaged plots

Plot Shannon index (H’) | Simpson index (D) | Number of saprophytic organisms (CFU/g)
Kharkiv region (control) 3.5 0.92 2.3x10°
Kharkiv region (damaged) 21 0.87 1.1x10°
Zaporizhzhia region (control) 3.4 0.90 2.0x10°
Zaporizhzhia region (damaged) 2.0 0.85 1.0x10°
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Table 3, Continued

Plot Shannon index (H’) | Simpson index (D) | Number of saprophytic organisms (CFU/g)
Kyiv region (control) 3.7 0.96 2.8x10°
Kyiv region (damaged) 34 0.93 2.2x10°

Note: for the assessment of soil biodiversity, samples were taken from control and damaged plots in Kharkivand
Zaporizhzhia regions; Luhansk, Donetsk and Mykolaiv regions were not included in the study because of restricted
access to these regions during active hostilities or because of insufficient reliable data for comparison

Source: compiled by the authors

The evaluation results showed that the
Shannon index reached H'=3.5 in control plots
that had not experienced significant mechanical
or chemical damage, indicating high organism
diversity. By contrast, the index was significant-
ly lower (H' =21) in plots damaged by hostili-
ties in the Kharkiv and Zaporizhzhia regions.
Meanwhile, within the studied territories of the
Vyshhorod district in the Kyiv region, a slight
reduction in the number of saprophytic micro-
organisms was observed, suggesting recovery
processes and lower intensity of hostilities.
Damage to the soil cover created preconditions
for long-term weakening of the natural recov-
ery potential of agricultural land. Without the
application of special remediation measures, it
was found that degraded soil components may
remain unsuitable for agricultural use for many
years. The results confirm substantial environ-
mental damage to Ukrainian agricultural land
caused by the mechanical compaction of soils by
heavy machinery and chemical contamination
by heavy metals. Significant damage to agricul-
tural land and degradation of the natural envi-
ronment lead to substantial economic losses
affecting Ukraine’s agricultural sector. Accord-
ing to World Bank data from 2023, the decline in
yields caused by soil contamination and loss of
fertility resulted in a 15-20% reduction in agri-
cultural production volumes. The cost of restor-
ing agricultural land degraded by military action
is estimated at over USD 4 billion.

Economic losses in the agricultural sector
resulting from the destruction

of infrastructure and the loss of productivity
The economic consequences of military action
on Ukraine’s agricultural sector have manifest-
ed in a variety of ways, broadly categorised as
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direct and indirect losses. Direct losses include
the physical destruction of crops resulting from
fires, explosions, and the movement of military
equipment; damage tomaterial and technical re-
sources and infrastructure; and the theft of agri-
cultural machinery. Indirect losses, meanwhile,
encompass a decline in enterprise productivity,
loss of investment attractiveness, and growing
bankruptcy risks. Hostilities resulted in part of
the sown area becoming inaccessible for cultiva-
tion, substantially reducing the gross harvest of
grain and oilseed crops, which had traditionally
formed the basis of Ukrainian exports. Accord-
ing to the Food and Agriculture Organization of
the United Nations (FAO): Food Security (2024),
around 30% of sown areas in the eastern and
southern regions of Ukraine were unused in
2022, amounting to over 4 million hectares.
Calculations show that crop losses in Ukraine
caused by hostilities exceeded USD 4 billion.
Ukraine suffered considerable economic loss-
es as a result of armed aggression, particularly
in the agricultural sector, which was affected by
infrastructure destruction and declining pro-
ductivity. D. Andrienko et al. (2024) noted that
the indirect financial losses to the economy
caused by the war exceeded USD 1164 trillion,
USD 831 billion of which was related to the ag-
ricultural sector and included the destruction
of agricultural machinery, as well as damage to
land and infrastructure. This has led to a signif-
icant decrease in agricultural productivity and
investment attractiveness. Therefore, effective
strategies are required to restore infrastruc-
ture and modernise agricultural production in
order to rebuild the agricultural sector and en-
sure food security. The economic consequences
have also been confirmed by the findings of the
study by R.P. Tucker & J.R. McNeill (2025), which
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described the economic losses caused by war.
Damage to grain storage facilities, destruction
of agricultural machinery, and demolition of ir-
rigation systems made the recovery of agricul-
tural production more difficult.

A significant aspect of these direct losses
was the destruction of agricultural enterpris-
es, machinery and infrastructure for storing
and transporting harvested crops. In particular,
more than 100 grain storage facilities and eleva-
tors were damaged or destroyed in the Kharkiyv,
Mykolaiv and Zaporizhzhia regions, with a com-
bined storage capacity of over 2 million tonnes
of grain. This resulted in double losses: a decline
in yields and the loss of the ability to store and
export products that had already been harvested
(FAO Ukraine: Food Security..., 2024). According
to agricultural associations, thousands of trac-
tors, combine harvesters, and other specialised
machinery were damaged, destroyed, or stolen
in territories where hostilities took place, as well
asinoccupied areas. The total value of such loss-
es is estimated to be in the hundreds of millions
of US dollars. An additional factor was the loss
of irrigation infrastructure. The destruction of
the Kakhovka Hydroelectric Power Plant in 2023
caused water levels in the North Crimean Canal
and the Kakhovka Canal to fall sharply, making
it impossible to irrigate more than 500,000 hec-
tares of agricultural land in southern Ukraine.
This resulted in long-term yield losses, as the
average productivity of these areas declined two
to threefold without irrigation (Farming Amidst
a War..., 2023; Klimentov, 2025). As the agricul-
tural sector is a key part of Ukraine’s economy,
accounting for around 13% of total gross domes-
tic product (GDP) prior to the war, active hostili-
ties have led to a sharp fall in GDP. In particular,
agricultural production declined by 20-25% in
2022-2023 due to military actions, resulting in
a 3-4% reduction in the sector’s share of GDP.
These losses include lower yields, causing a re-
duction in the production of grain, oilseeds, and
other important agricultural crops.

There was also a decline in the coun-
try’s overall economic growth, which in 2022
amounted to only 32% of the pre-war level
(World Bank, 2023). Indirect losses included a
fall in the productivity of agricultural enterpris-
es. From 2022 to 2023, agricultural production
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declined by an average of 15-20% compared to
pre-war levels. This was caused not only by a re-
duction in sown areas, but also by shortages of
resources: fuel prices increased fivefold in 2022,
there were disruptions in the supply of mineral
fertilisers and plant protection products, and it
was difficult to attract labour due to mobilisa-
tion and migration processes. Declining produc-
tion volumes and high risks caused a sharp fall
inthe investment attractiveness of agribusiness.
In 2022, private investment in Ukrainian agricul-
ture fell by around 40%. This hindered the imple-
mentation of modernisation programmes, the
purchase of new machinery, and the adoption
of innovative technologies. Financial instability
alsoled to a significant increase in the risk of en-
terprise bankruptcy (World Bank, 2023). Accord-
ing to OECD (2023) estimates, more than 30%
of small and medium-sized farms ceased oper-
ations due to a lack of access to sales markets,
damaged logistics routes, and reduced credit
opportunities Large agricultural holdings were
also placed in a high-risk zone since blocking
seaports and increasing export costs resulted in
losses for companies with diversified assets. The
war also had a significant impact on the finan-
cial stability of agricultural enterprises. As most
farms rely on imported mineral fertiliser and
fuel, the 2.5-fold increase in the price of these
resources in 2022 reduced their profit margins.
Farmers began to spend considerably more on
logistics and ensuring production safety in their
cost structure of production, which increased
total enterprise costs by 30-40%. These factors
caused a significant decline in the profitability
of agricultural enterprises. Total economic loss-
es in the agricultural sector caused by the war
exceed USD 10 billion, with the largest share ac-
counted for by losses resulting from declining
yields, damaged infrastructure, and destroyed
agricultural machinery. Losses caused by soil
degradation, reduced production capacity, and a
decline in investment attractiveness account for
a significant proportion of these losses. By way
of comparison, the agricultural sector generated
over USD 20 billion in export revenues in 2021,
accounting for around 15% of the country’s total
exports (State Statistics Service of Ukraine, 2023).
Thus, the economic losses to the agricultural sec-
tor were complex in nature. Direct losses in the
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form of destroyed crops, damaged infrastructure
and lost machinery were combined with indirect
losses, including declining productivity, reduced
investment and growing bankruptcy risks. Taken
together, these factors pose long-term threats to
the recovery of agricultural production and re-
quire systematic state support, international as-
sistance, and the implementation of anti-crisis
management strategies.

Socio-economic impact

of the war on agriculture in Ukraine

The study by T. Ben Hassen § H. El Bilali (2022)
emphasised that the war in Ukraine had seri-
ous consequences for global food security, cre-
ating threats to sustainable and resilient food
systems worldwide. I. Liadze et al. (2023) high-
lighted the economic costs of war, manifested
through reduced production capacity and re-
source losses. According to L. Liadze et al, the
principal economic losses were the destruction
of agricultural infrastructure, the reduction in
sown areas, and lower yields as a result of hos-
tilities, which led to significant financial losses.
Similar conclusions were presented in the work
of J. Bluszcz & M. Valente (2022), which focused
on the economic costs of hybrid warfare. H. El
Bilali & T. Ben Hassen (2024) found that the war
affected global food systems by disrupting crop
production cycles and the distribution of food
resources. H. Hussein & M. Knol (2023) empha-
sised the impact of the war on global food trade
networks, further complicating the supply of
agricultural products to international markets.
Studies by S. Musisi & E. Kinyanda (2020) and
J. Nyssen et al. (2023) have emphasised the long-
term consequences of war, including post-trau-
matic stress disorder (PTSD) among civilian
populations in African communities. The lack of
seasonal workers in combat zones complicated
land cultivation and harvesting processes sig-
nificantly. The socio-economic consequences
of the war for the agricultural sector manifest-
ed in three key ways: deterioration of food se-
curity; increased household spending on food;
mass migration of the rural population; reduc-
tion in labour potential; and increased business
risks alongside restricted access to financial re-
sources. Military action had a significant impact
on the domestic food market. The blocking of
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exports through seaports, the mining of territo-
ries, and the reduction in cultivated areas led to
shortages of certain goods and a significant in-
crease in food prices. Following the blocking of
the main seaports on 24 February 2022, Ukraine
lost the ability to export more than 90% of its ag-
ricultural goods by sea. By the end of 2022, grain
exports had fallen by 57% and oilseed exports
by 42%, compared to 2021 (Copernicus-enabled
Assessment, 2023). This blockade caused seri-
ous shortages of wheat, maize and sunflower oil
on international markets, significantly increas-
ing global prices for these products. Wheat pric-
es, for example, rose by 58% in 2022, while maize
and sunflower oil prices increased by 30-40%
(World Bank, 2023). Ukraine’s domestic market
also underwent significant changes due to the
blocking of export routes and declining produc-
tion. According to the State Statistics Service of
Ukraine (2024), consumer food prices rose by
an average of 35-40% in 2022, including bread
(37%), vegetables (52%) and poultry meat (28%).
This resulted in household expenditure on food
increasing by around 20% of family budgets,
particularly in rural areas where incomes were
below the national average. Ukraine’s food se-
curity declined substantially, falling 13 places
in the Global Food Security Index between 2021
and 2022 (Country Report: Ukraine, 2022).

One consequence of the conflict was large-
scale population migration. According to the
2023 Food Security and Livelihoods report, more
than 6.5 million Ukrainians had left the country
by the end of 2022, while the number of inter-
nally displaced persons exceeded 5 million. A
significant proportion of these individuals had
lived in rural areas, directly reducing the labour
resources available to the agricultural sector.
Labour shortages were reflected in a deficit of
seasonal workers for harvesting, resulting in
direct losses of agricultural produce. Further-
more, the outflow of young and working-age in-
dividuals diminished the prospects of restoring
agricultural production once the active phase
of hostilities had ended. Business conditions
for agricultural enterprises became substan-
tially more difficult, particularly as banking in-
stitutions reduced lending to the agricultural
sector due to the high risk of non-repayment.
According to estimates by the National Bank of
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Ukraine, lending to agribusiness fell by 45% in
2022 compared with the pre-war period. The
situation was further complicated by rising in-
terest rates, with the average short-term loan
rate for farmers increasing from 14% in 2021
to 24% in 2022. Access to international invest-
ment was also restricted. According to the World
Bank, foreign investment in Ukrainian agricul-
ture fell by almost 40% in 2022. Additionally, the
cost of insuring agricultural risks increased, and

insurance companies often refused to conclude
contracts due to the uncertain situation. This led
to financial instability among farming enterpris-
es and increased the risk of bankruptcy, particu-
larly for small and medium-sized businesses, of
which more than 30% were forced to suspend op-
erations (World Bank, 2023). To analyse the risks
that agricultural enterprises will face in the post-
war period comprehensively, the categorisation
of risks presented in Table 4 can be used.

Table 4. Risk analysis for agribusiness

Risk category Description

Examples of potential threats

E ic risk: -
conomicrisks and reduced productivity

Risks associated with economic instability

Reduced investment attractiveness, rising raw
material prices, exchange rate fluctuations

Environmental risks

Risks associated with soil degradation
and environmental contamination

Land damage due to heavy metal
contamination, changes in ecosystems,
decline in soil fertility

Social risks

Risks associated with population migration
and changes in labour potential

Loss of workforce, high level of rural
out-migration, reduction in the number
of workers in the agricultural sector

Logistical risks

Risks associated with damaged infrastructure
and disruptions in supply chains

Destruction of logistics routes, blocking
of ports, restricted access to irrigation systems

Source: compiled by the authors on the basis of World Bank (2023), FAO Ukraine: Food Security... (2024), The Ministry

of Agrarian Policy presented... (2024)

As shown in Table 4, the risks are complex
in nature and may affect the financial stability
of enterprises, production productivity, labour
availability and infrastructure effectiveness. This
classification provides a foundation for targeted
risk management and the development of strat-
egies to minimise potential negative impacts on
agribusiness. Thus, the socio-economic impact of
the war on agriculture was characterised by sys-
temic losses. Food security deteriorated, reflect-
ed in rising prices and household expenditure.
The migration of the rural population reduced
the labour potential of agricultural production,
while financial constraints and high business
risks prevented enterprises from functioning and
developing stably. These factors combined to in-
crease the vulnerability of the agricultural sector,
requiring comprehensive state support meas-
ures, international assistance and long-term re-
covery programmes. The study’s results confirm
the significant impact of the war on Ukraine’s
agricultural sector, evident in environmental and
economic losses as well as social consequences
for food security and global agri-food networks.

©

Recovery opportunities and prospects

for managing agribusiness in the post-war period
Once the active phase of military action has
ended, the agricultural sector’s primary task
will be to restore land, natural resources and
production potential. A key priority will be the
reclamation of land that has been mechanically
damaged, degraded or chemically contaminat-
ed. In de-occupied territories, surveys of soils
were conducted, explosive hazards were re-
moved and agrochemical analyses were carried
out. According to a Copernicus assessment from
2023, more than 200,000 hectares of arable land
were surveyed for their suitability for reuse be-
tween 2023 and 2024. Of this land, around 40%
required deep reclamation before economic
activity could resume. To restore soil fertility, bi-
oremediation technologies, the local application
of organic fertilisers and green manure crops
were used, as well as chemical neutralisation
methods where heavy metal concentrations
exceeded permissible standards. For Ukraine to
recover sustainably after the end of hostilities, it
is crucial to rebuild infrastructure, reconstruct
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old agricultural enterprises and modernise their
technical base. The cost of restoring irrigation
infrastructure in southern Ukraine alone is esti-
mated at over USD 1.5 billion, while the total cost
of restoring agricultural infrastructure exceeds
USD 8 billion. Modernising the technical base
includes renewing the agricultural machinery
fleet, introducing energy-efficient solutions,
and increasing the mechanisation of field op-
erations (FAO Ukraine: Food Security..., 2024).
The resilience of agricultural enterprises can be
strengthened by diversifying production areas.
This includes developing new crops that require
fewer resources, such as water-efficient and
drought-resistant varieties. Integrating live-
stock farming and horticulture is also important
in order to reduce dependence on a single line
of activity and improve the economic stability of
agricultural enterprises. A key aspect of finan-
cial stability is introducing insurance mecha-
nisms for farmers. Insurance against risks such
as natural disasters, war, and other unforeseen
circumstances would mitigate financial losses
and enable agricultural enterprises to recov-
er from crises. Both public and private insur-
ance products must be introduced to increase
the sector’s resilience. Using innovative digital
technologies for agribusiness management
would significantly reduce costs and improve
production efficiency. Precision farming sys-
tems and digital platforms for monitoring soil
and crop conditions would allow enterprises to
optimise operations, reduce costs and integrate
into global supply chains. Public-private part-
nership models involving cooperation between
the state and the private sector could be an ef-
fective means of implementing large-scale in-
frastructure recovery projects and ensuring ac-
cess to finance. This could include financing the
restoration of irrigation systems, creating new
logistics networks, and developing agricultural
infrastructure. These measures would help to
improve production efficiency and reduce costs.
This study developed recommendations for in-
creasing the resilience of agricultural enterpris-
es, particularly through diversifying production
areas, introducing insurance mechanisms, and
using digital technologies. These recommen-
dations were developed based on an analysis of
the current situation in Ukraine’s agricultural
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sector, as well as international research and best
practices for adapting agricultural enterprises
to crisis conditions.

Innovative technologies and digital solu-
tions have become key to improving the ef-
fectiveness of post-war recovery. In practice,
precision farming systems and satellite and
unmanned monitoring of soil conditions and
crops are being implemented. These technol-
ogies were also recommended in studies by
A. Bhardwaj § H. Parveen (2024), which sug-
gest that the efficiency of agricultural produc-
tion could be significantly improved through
innovative solutions. The findings of A.B. Avag-
yan (2021) are consistent with the conclusions of
the present study regarding the environmental
impact of military activities on agricultural land.
Particular attention was given to land recovery
mechanisms through bioenergy processes and
bioremediation technologies, as discussed in
both studies. Geographic information systems
should also play an important role in mapping
the level of land degradation and planning re-
covery measures. Using digital platforms would
enable agricultural producers to optimise man-
agement processes, reduce production costs,
and integrate into global supply chains. Accord-
ing to the World Bank’s (2023) estimates, intro-
ducing digital solutions into restored agricul-
tural enterprises would increase productivity
by an average of 15-18% in the first years fol-
lowing integration. State support, international
assistance and investment also played an im-
portant role in shaping resilient management
strategies. Ukrainian government programmes
provided for concessional loans and grants for
farmers to restore production. Under the “Af-
fordable Loans 5-7-9%" initiative, the National
Bank of Ukraine (2025) provided agricultural
enterprises with financing at subsidised rates,
which partly compensated for limited access to
banking resources. FAO Ukraine: Food Securi-
ty... (2024) allocated more than USD 1 billion in
2022-2024 to support the agricultural sector
in the form of technical assistance, equipment
and financial grants. In addition, the Europe-
an Union launched the Ukraine Facility pro-
gramme, which provided long-term financing
for the modernisation of agriculture and its in-
tegration into the European agricultural space
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(Strategic Orientations of the Ukraine..., 2024).
Thus, opportunities for restoring agribusi-
ness were formed at the intersection of three
interrelated directions: land reclamation and
infrastructure restoration, the introduction of
innovative technologies and digital solutions,
and the development of mechanisms for state
support and international investment. The
combination of these factors created the pre-
conditions not only for rebuilding agricultural
production, but also for transforming it into a

more resilient and competitive model of de-
velopment. The synthesis of the results made it
possible to systematise the main consequenc-
es of military actions for Ukraine’s agricultural
sector into four interrelated blocks: environ-
mental losses, economic losses, socio-econom-
ic consequences, and recovery opportunities.
Such a structure makes it possible to assess not
only the scale of the degradation of agricultural
resources, but also the potential for their recov-
ery in the post-war period (Table 5).

Table 5. Comprehensive consequences of the war for Ukraine’s agricultural sector

Results block Main indicators

Consequences for agribusiness

Environmental

losses cadmium 1 2.5-fold

200,000 ha of damaged land; 20% of the most
fertile land taken out of use; lead " threefold,

Reduction in the area of agricultural land,
decline in soil fertility, soil contamination, risks
to public health, deterioration in environmental
quality, disruption of ecological balance,
decline in biodiversity

Economic losses

-4 million ha of crops; > 2 million tonnes
of losses in grain storage; 500,000 ha without
irrigation; -15-20% productivity

Crop losses, decline in the value of produce
due to lower quality, losses of agricultural
machinery, reduced investment,
increasing bankruptcy rates

Socio-economic

consequences lending -45%; SMEs -30%

Prices +35-40%; 6.5 million refugees;

Deterioration of food security, labour shortages,
financial instability

Recovery

tuniti L .
opportunities to digital technologies

200,000 ha surveyed; need for USD 8 billion
in recovery; productivity 1 by 15-18% owing

Reclamation, modernisation, innovation,
state and international support

Source: compiled by the authors on the basis of Copernicus-enabled assessment... (2023), Food Security and

Livelihoods (2023), FAO Ukraine: Food Security... (2024)

Analysis of the summary data revealed that
the consequences of the war were multi-level in
nature, ranging from physical land degradation
and infrastructure losses to socio-economic
challenges that undermined agribusiness re-
silience. At the same time, the table shows that
there is substantial potential for recovery based
on reclamation, the introduction of innovative
technologies, and attracting investment. Com-
bining these factors laid the groundwork for a
new management model for the agricultural
sector, which aimed to not only reconstruct the
sector, but also enhance its competitiveness in
the post-war period. According to the analysis,
hostilities caused significant soil degradation,
heavy metal contamination and destruction of
agricultural infrastructure, creating long-term
risks to food security and economic stability.

©

Using modern technologies to monitor and as-
sess land conditions is key to determining the
scale of losses and planning recovery measures.
The results obtained confirm the conclusions
of S. Ulihanets et al. (2025), who demonstrated
the negative impact of fire and military action
on natural ecosystems, including soil and water
contamination. The assessment of saprophyt-
ic microorganism abundance and the Shannon
index correspond to the concept proposed by
W. Leal Filho et al. (2024) regarding soil ecosys-
tem degradation processes and their connec-
tion with agricultural activity and regional land
resource stability. Mapping destruction based
on satellite data, as proposed by O. Dietrich et
al. (2024), enabled the spatial distribution of
damaged land and the extent of heavy metal
standard exceedances to be refined, which is
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important for determining economic losses and
recovery priorities. The partial preservation of
soil quality in the Kyiv region suggests the im-
pact of local agronomic practices and the time
interval between the onset of hostilities and
sample collection. This is consistent with the
concept of gradual changes in land structure, as
evidenced by satellite image time series, as not-
ed by S. Holail et al. (2024). A comparison with
the analysis by Y. He et al. (2025) demonstrated
the effectiveness of multi-level monitoring and
the integration of satellite data in assessing
long-term environmental consequences of hos-
tilities. This confirms the suitability of applying
similar methods to Ukrainian territories. A com-
prehensive assessment of the economic and
socio-economic consequences enables more
informed decisions to be made regarding the
restoration of agricultural infrastructure and
the planning of land reclamation measures.

CONCLUSIONS
The study enabled a comprehensive assessment
of the environmental, economic and socio-eco-
nomic consequences of military action on agri-
cultural land and Ukraine’s agricultural sector. It
identified damage to over 200,000 hectares of
land, around 20% of which was the most fertile
land taken out of use. Significant exceedances of
permissible heavy metal concentrations in the
soils of the Kharkiv, Luhansk and Zaporizhzhia
regions were identified. Substantial exceed-
ances of standard values were recorded: lead
by three times, cadmium by 2.5 times, arsenic
by twice, nickel by more than twice and zinc by
1.6 times. This creates long-term risks to public
health and makes it impossible to obtain safe,
high-quality crop products. Within the agricul-
tural land of the Kyiv region, elevated levels of
cadmium, cobalt, nickel, lead and chromium
were recorded compared to background values.
However, no exceedance of standard indicators
was identified. This can be explained by the se-
lective impact on soils, the partial disturbance
of their integrity, the application of agronomic
measures involving the filling of craters with
clean soil and the considerable time interval
since the damage occurred. In Kharkiv and
Zaporizhzhia regions, the assessment results

Economics and Business Management 17(2)

showed that in control plots that had not ex-
perienced significant mechanical or chemical
damage, the Shannon index reached H'=3.5, in-
dicating high organism diversity. By contrast, in
plots damaged as a result of hostilities, the in-
dex was significantly lower (H' =2.1). In the Kyiv
region, a decline in the content of saprophytic
microorganisms was observed, with H' =37 in
control plots and 3.4 in damaged plots. This indi-
cates recovery processes and lower intensity of
hostilities in these areas.

Significant economic losses result from a
decline in the natural recovery potential of land,
soil contamination, increased concentrations of
heavy metals in soils, and the inability to pro-
duce safe, high-quality agricultural products.
Economic losses caused by military action in-
cluded the loss of more than 4 million hectares
of crops, the destruction of machinery and stor-
age facilities, and damage to irrigation systems.
Yields declined two- to threefold. Indirect losses
are reflected in a 15-20% reduction in produc-
tion, rising resource costs, and the suspension
of activities by over 30% of small and medi-
um-sized farms. Socio-economic consequenc-
es included a 35-40% increase in food prices,
higher household expenditure, the migration
of more than 6.5 million people and restricted
access to credit. However, a significant recov-
ery potential has been identified: the estimated
cost of recovery is more than USD 8 billion, and
modernising the technical base and introducing
digital technologies could increase productivi-
ty by 15-18%. Further research should focus on
developing methods for assessing damage to
agricultural enterprises caused by military ac-
tion, models of the long-term resilience of the
agricultural sector and the effectiveness of rec-
lamation measures and the implementation of
innovative technologies in the post-war period.
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aHaisiB IpyHTy Ta OQiIlifHOI CTATHUCTUKU. BCTaHOBJIEHO, IO BHACTIMIOK GOMOBUX il MOHAS
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200 THC. TeKTapiB CilIbCBKOTOCIIONAPCHKUX 3eMEJTh 3a3HAJIN YIIKOIKEHD, 3 HUX 6113bK0 20 %
HaMPOAIOYIIINX YTigb BUBEAEHO 3 06iry, Mpu oMY ¥ XapKiBChKil, [JOHELbKiM, MUKOIaiBChKIH,
JIyraHCBKiM Ta 3arnopispkiit obnacTax 3adikcoBaHO MepeBUIeHHS HOPMaTUBIB BaKKUX METAaIiB
y IPYHTi: CBUHeLb — ¥ 3 pa3u, KaaMil — y 2,5 pasa, apceH - y 2 pa3y, HikeJb — 6iIbII K ¥ 2 pasu
Ta LMHK - B 1,6 pa3a. Y CBOI 4epry, Ha AOCIiKYBaHUX CIJIbCBKOTOCIIOAAPChKUX YTINAAX Y MeKax
BUIITOPOACHKOrO paroHy KuiBcbKoi obnacti He 6yno 3adiKCOBaHO NEpeBULIEHHS I'PAaHUYHO
IOIIyCTMMOI KOHIIeHTpallii pyxoMux GopM Ba’kKKUX MeTaJliB, 30KpeMa CBUHIIO, KaAMilo Ta iH.
3adircoBaHe 3HauHe IlepeBUIIeHHS (QOHOBUX pPIiBHIB BajXKUX MeTaiB y I'PyHTaX CTBOPIOE
IOBTOCTPOKOBI PU3UKMU HJIg SKOCTI Ta 6€3MeYHOCTi IPOZOBOJIBYOI MPOAYKIil, eKOHOMIYHUX
36UTKIB i 3[0pOB'A HaCeJIeHH, L0 MTiAKPECIIIOE BAXKINBICTh MOHITOPUHTY 3a6pyAHEHHS [PYHTIB y
30HaX BIUIMBY 60M0BHX Al Ha CITBCPKOTOCIIOAaPChKUX MiATIpreMcTBax. [I[poBefieHe HOCTiIReHHS
T0Kas3ajo, 1o MpAMi eKOHOMIUHI BTpaTu BKJIIOYAJIX BTpaTy IOHAJZ 4 MJH TeKTapiB IOCIBIB,
py¥iHyBaHHSA NTOHaZ 100 3epHOCXOBUII 3arajbHOI0 IIOTYKHICTIO 2 MJIH TOH, a TAKOX 3HWKeHHS
BpOKaMHOCTI Ha moHax 500 TuHC. TeKTapiB 4yepes BiACYyTHICTh 3poureHHA. Hempami 36UTKU
MIPOABWINCA y CKOPOYEHHI BUPOOHUIITBA Ha 15-20 %, 3pOCTaHHI LiH Ha MIPOAYKTU Xap4yyBaHHS
Ha 35-40 %, nagiHHi obcary inBecTuwin Ha 40 % Ta IPUIMHEHHI AisUTBHOCTI ToHazm 30 % Masux
i cepeHixX MiAIPHEMCTB. BUABIEHO, 1110 COLiaIbHO-eKOHOMIUHI HaCJIiIKY OXOIUII0BAIX Mirpalliio
MoHaz 6,5 MJIH 0cib Ta TOTipIIeHHA MTPOLOBOIBYOI 6e3MeKH, IIPOTe AOCTiIKyBaHa TEPUTOPis
BOJIOZIi€ TAKOXX 3HAYHUM I1OTeHIiaJIOM BiTHOBJIEHHSA

KniouoBi cnoBa: jerpazailis TPyHTIB; arpapHUM CEKTOp; BUTpPATH; IIPOZOBOJNbUA 6e3IeKa;
Jlep>KaBHa ITiITPUMKa
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Abstract. The article analysed the competitiveness of the Ukrainian economy, according to the
World Economic Forum (WEF) Global Competitive Index and Institute of Management Development
(IMD) World Competitiveness Ranking. The competitiveness of Ukraine’s national economy is
a key factor in its integration into the global economic community and in ensuring sustainable
development. The purpose of the research was to comprehensive analyse the competitiveness
of Ukraine’s economy according to the WEF Global Competitiveness Index and the IMD World
Competitiveness Ranking, as well as identifying internal and external factors and substantiating
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Competitiveness of the national economy of Ukraine

practical recommendations for increasing the competitiveness of the national economy of Ukraine.
The methodological basis of the study of the competitiveness of the national economy of Ukraine
allowed for a comprehensive analysis and assessment based on international indicators. This
might help identify key aspects that should be paid attention to in order to increase Ukraine’s
competitiveness on the global stage. The study identified the main challenges facing Ukraine, in
particular corruption, slow introduction of innovations. The article focused on the importance
of state policy in the fight against corruption, stimulating the development of innovations
and improving the quality of education, which are essential conditions for strengthening
competitiveness. Special attention was paid to the impact of globalisation processes and
international cooperation on Ukraine’s competitive advantages. The study concluded that only a
comprehensive approach that combines economic, social, technological and environmental aspects
will allow Ukraine to increase its competitiveness in the international market, improve the well-
being of the population and ensure sustainable economic development. The practical significance
of the study was to develop scientifically based recommendations for government agencies,
businesses, and other stakeholders to increase the competitiveness of the national economy

Keywords: globalisation; innovation; human capital; sustainable development; risks

INTRODUCTION

In the global world, countries are constant-
ly competing for resources, investments and
markets, so the competitiveness of the nation-
al economy is becoming a key factor in its sus-
tainable development, improving the standard
of living of the population and strengthening
the country's position in world markets. The
relevance of the study is due to the need for the
survival and development of the state in the face
of global challenges. For Ukraine, which faces
numerous internal and external challenges, un-
derstanding and analysing the competitiveness
of the economy is an extremely important task.
Competitiveness is formed by a set of factors:
the quality of institutions, business conditions,
infrastructure, human capital, the level of inno-
vation, macroeconomic stability, labour market
efficiency, etc. Therefore, the study allows to
substantiate the benefits of development and
develop recommendations that increase the ef-
fectiveness of management decisions. Without
a scientific analysis of competitiveness factors,
state policy risks being chaotic, and resources
for recovery may be spent inefficiently.

According of the research M. Gerashchen-
ko (2023) analysis of rating assessments in dy-
namics allows to step by step assess the effec-
tiveness of state policy measures and the impact
of foreign policy changes on the country’s ability
and willingness to compete internationally. In
R.Kohut's (2023) opinion, the competitiveness of

¢

a national economy is defined as the ability of a
country to produce goods and services that meet
the requirements of the international market,
while ensuring the growth of the well-being of
its citizens. A high level of competitiveness at-
tracts both domestic and foreign investments,
which contributes to economic growth. A com-
petitive economy provides a stable source of
income for the population, improves social liv-
ing conditions, and forms a balance between
economic, social and environmental aspects
of development. A country with a competitive
economy is better prepared for global challeng-
es such as climate change, economic crises, etc.
Contemporary approaches to competitiveness
go beyond classical market competition and
emphasise the role of the state in shaping in-
clusive and innovation-oriented development.
In particular, K. Aiginger & D. Rodrik (2020) de-
velop the concept of “inclusive competitiveness”
and the revival of industrial policy as a tool for
ensuring long-term economic growth.

Having substantiated the conceptual foun-
dations of the problem of sustainable devel-
opment of the national economy of Ukraine
A. Datsenko (2023) concluded that increasing
the competitiveness of the national economy
is an important task for ensuring sustainable
economic growth, improving the well-being of
citizens and integrating Ukraine into the glob-
al economy. Effective public policy, innovation
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and investment in human capital are key factors
for success in this process. In a retrospective
review of Ukraine’s competitiveness A. Gavrik-
ova (2024) remarked, that each country needs
to develop a unique strategic map, based on the
totality of existing potentials (natural resource,
production, labour, and scientific and technical),
which will allow for a systematic approach to
obtaining the desired level of competitiveness.
The authors S. Solodovnikov & V. Lebid (2024)
indicated, that one of the key factors affecting a
country's competitiveness is the effectiveness of
its higher education system. The level of training
of qualified personnel, their knowledge, skills
and innovativeness directly affect the country’s
ability to compete in the international market,
ensuring sustainable economic growth and de-
velopment.

Yu. Naumenko (2024) concluded that com-
petitiveness in the post-conflict period will de-
pend on the ability to adapt to new conditions,
invest in modernisation, innovation, human
capital, and actively integrate into internation-
al markets. In the context of globalisation, the
Ukrainian economy faces competition from
other countries, which will require the introduc-
tion of new technologies, innovations and an in-
crease in the overall level of efficiency. Internal
political and economic conflicts, as well as crisis
phenomena in the country, can negatively affect
competitiveness. V. Solodkyi (2024) indicated
that the technological sector of the economy
is one of the most promising in the context of
post-war recovery, since it does not involve sig-
nificant investments (with the exception of the
direction of high-tech production) and requires
a significant number of personnel of various
qualifications. The study aimed to identify fac-
tors that affect this competitiveness and suggest
ways to overcome them. Ukraine needs to im-
plement a number of reforms to increase com-
petitive advantages, including reforms in the
education, healthcare, justice and administra-
tive management systems. To improve compet-
itiveness, it is necessary to attract domestic and
foreign investments. Understanding the factors
that attract investors can help in the formation
of an effective investment policy.

The purpose of the research was to analyse
the competitiveness of Ukraine’s economy (ac-

Economics and Business Management 17(2)

cording to the WEF Global Competitive Index
and IMD World Competitiveness Ranking) and
identification key factors affecting competitive-
ness, as well as development recommendations
for its improvement. The main objectives of this
study were: to study the impact of internal and
external factors on the competitiveness of the
economy, to identify international experience
in increasing the competitiveness of national
economies and the possibility of its adaptation
for Ukraine; to develop practical recommenda-
tions for increasing the competitiveness of the
Ukrainian economy based on the results ob-
tained.

MATERIALS AND METHODS

This study covered the period from 2010 to 2024.
This period was chosen because until 2014,
Ukraine's economy was characterised by high
dependence on external raw material markets
and political instability, while the period after
2014 was defined by structural transformation
against the backdrop of post-revolutionary con-
sequences, military aggression, reorientation to
the EU market, the coronavirus crisis, the effects
of quarantine restrictions, and a full-scale inva-
sion. The methodology used to assess nation-
al competitiveness has inevitably evolved over
time, as it has taken into account the factors
that significantly influence the formation and
growth of competitiveness. The article provid-
ed a general analytical overview of the level of
international competitiveness of the following
countries: Singapore, the United States, Hong
Kong, the Netherlands, Switzerland, Japan, Ger-
many, Sweden, the United Kingdom, Denmark,
Finland, Taiwan, South Korea, Canada, France,
Ukraine, Yemen, Chad, Ireland, the United Arab
Emirates, Norway, Qatar, Australia, China, Ar-
gentina, and Venezuela, taking into account
their positions in leading global rankings as-
sessing competitive development.

The methodological basis of the study was
the general theoretical methods of scientific
knowledge of economic processes and phenom-
ena, fundamental provisions and principles that
are highlighted in the works of Ukrainian and
foreign scientists on the problems of national
competitiveness. To achieve the goal, general
scientific methods were used: bibliographic (for

D)



Competitiveness of the national economy of Ukraine

studying the essence and content of national
competitiveness); analysis and synthesis (for
detailed study, systematisation and generali-
sation of criteria and indicators for assessing
competitiveness), induction and deduction (for
determining trends in the state of the coun-
try’s competitiveness); economic and statistical
(for the purpose of collecting and processing
statistical data when highlighting the state of
national competitiveness); expert method (for
assessing the effectiveness of decisions made
in managing the competitiveness of agricul-
tural enterprises); systematisation and gener-
alisation method (for developing a concept for
forming the stages of the mechanism for inno-
vative management of agricultural enterprises);
abstract-logical (when formulating conclusions
and proposals). The methodology for analysing
the competitiveness of the Ukrainian econo-
my was based on a combination of quantitative
(statistical) and qualitative methods, using data
from official data sources, international ratings
WEF (n.d.), IMD (n.d.), and analytics from CASE
Ukraine (2018). The analysis of the competitive-
ness of the Ukrainian economy is based on a
comparison of the WEF and IMD comprehensive
indices, which combine quantitative (statisti-
cal) and qualitative (expert) data. The methods
included a comparative, structural, and index
method for assessing the dynamics and ranking
of Ukraine among other countries.

The genesis of the theory of assessing the
competitiveness of countries in the world was
developed from the use of matrix approaches to
complex index approaches, combining a huge
number of components and indicators deter-
mined by various methods and assessments. A
review of methodological approaches to assess-
ing the competitiveness of a country’s economy
showed that one of the main ones is the con-
struction of ratings (Lunyova, 2022). The com-
petitiveness of an economy cannot be reduced
only to a country’s gross domestic product (GDP)
and productivity. Constructive or destructive
political, social and cultural aspects are also
an undeniable reality of the functioning of en-
terprises. Governments and institutions play a
crucial role in creating an environment charac-
terised by effective infrastructure, institutions
and policies that can encourage the sustainable
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development of enterprises and the prosperity
of the economy as a whole. Ukraine is listed in
two global competitiveness rankings: in terms of
economic competitiveness - in the Global Com-
petitiveness Index (IGC), calculated according to
the methodology of the World Economic Forum,
and in the World Competitiveness Index accord-
ing to the International IMD in Switzerland.

The choice of these two indices for analys-
ing Ukraine’s competitiveness was a standard
in economic research due to their complemen-
tarity and high level of trust. The comprehen-
sive coverage of the Global Competitiveness
Index (GCI) focuses on productivity and mac-
roeconomic factors, which allows to assess
Ukraine’s ability to ensure stable growth in the
long term. The IMD emphasised the effective-
ness of the business environment and short-
term results. It assessed how the state and
firms interact to create wealth, relying on hard
statistical data and surveys of executives, using
both indices avoids subjectivity. The IGC gave a
broader picture of structural reforms, and the
GCI - a dynamic cross-section of managerial
and economic efficiency. These indicators are
universal, using them, it is possible to compare
Ukraine with neighbouring countries correctly
and other developing countries, based on a sin-
gle globally recognised scale. It is these indices
that international investors (IMF, World Bank)
focus on when assessing the country’s risks and
potential.

The World Economic Forum methodolo-
gy is based on an approach to competitiveness
as a set of political, institutional, and economic
factors that ensure the level of productivity in a
country and, as a result, the ability of the coun-
try and its institutions to ensure stable rates of
economic growth. The current GCI was formed
from a combination of publicly available statis-
tical data (about 15,000 reports from 142 coun-
tries) and the results of a global survey of com-
pany leaders (14,039 leaders were surveyed,
13,359 responses were received, of which 36%
were from partner organisations (over 150 or-
ganisations) in the countries analysed in the
report. In Ukraine, such an organisation is CASE
Ukraine (2018). The overall coordination and
publication of the Report is carried out by the
“Centre for Global Competitiveness and Produc-
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tivity within the World Economic Forum” under
the leadership of K. Schwab, a German econo-
mist, founder and president of the World Eco-
nomic Forum in Davos.

RESULTS AND DISCUSSION

The IMD (n.d.) World Competitiveness Ranking
was created 36 years ago to provide a practi-
cal analysis of data on economies, regions and
sub-regions according to how they optimise
their individual competencies to achieve long-
term value creation for their citizens. It provid-
ed comparative analysis and identifies trends
using both statistics and real-world survey data.
The 2024 edition of the World Competitiveness
Ranking, released in June, provides extensive
coverage of 67 global economies and is a glob-
al guide to the competitiveness of economies.
Three new economies were added in 2024:
Ghana, Nigeria and Puerto Rico. The WEF Glob-
al Competitiveness Report has been published
since 1979 and was originally a joint project of
the World Economic Forum in Davos and the In-
ternational Institute for Management Develop-
ment in Lausanne, two organisations headquar-
tered in Switzerland. The link and coordinator of
the project was the famous Swiss economist S.
Garelli, a professor at IMD and the University of
Lausanne, who simultaneously held the position
of Managing Director of the World Economic Fo-
rum. In 1987, S. Garelli left his post and imme-
diately created the Center for Competitiveness
Studies (World Competitiveness Center) at IMD,
which two years later published the World Com-
petitiveness Yearbook (Schwab et al., 2002).

After S. Garelli left, the WEF involved sever-
al famous economists in developing the rating.
For example, the famous specialist in the field
of competitiveness M. Porter, a professor at
Harvard University, the creator of the theory of
competitive advantages of countries, developed
a microeconomic index, The Business Competi-
tiveness Index, first used in the Global Compet-
itiveness Report (Schwab et al., 2002). J. Sachs
from Columbia University and J. McArthur
from the Earth Institute developed the macro-
economic index The Growth Competitiveness
Index (GCI), which was first used in the Global
Competitiveness Report (Schwab et al., 2002). In
2004-2005, a new index was introduced - the
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GCI, developed under the leadership of Profes-
sor X. Sala-i-Martin of Columbia University and
a synthesis of previous indices. Ukraine was first
included in the GCI rating in 2004 (World Eco-
nomic Forum, n.d.). This index, developed by the
World Economic Forum, assesses the competi-
tiveness of countries based on various econom-
ic indicators and factors. Since then, Ukraine
has regularly participated in this rating, which
allows to analyse changes in the country’s com-
petitiveness over time.

The competitiveness of the national econo-
my is the ability of a country to produce goods
and services that can compete on the world
market, while ensuring efficiency, innovation
and sustainable growth. This concept reflects
the level of success of economic agents (com-
panies and industries) in attracting consumers
and investments, as well as in ensuring sustain-
able development. The main components of the
competitiveness of the national economy are
high labour and capital productivity, the ability
to implement new technologies, products and
business models, the development of scientific
research and technological startups, the quality
of goods and services, the ability to offer prod-
ucts and services at reasonable prices without
losing quality, recognition and support of na-
tional brands in the international market, the
formation of a positive image of the country in
the context of business and investment, a fa-
vourable environment for doing business, the
absence of corruption, equal access to resourc-
es and opportunities, stable political conditions
that promote development, active participation
ininternational trade relations and agreements,
the inclusion of the country in global supply
chains, developed transport, communication,
energy and social infrastructure capable of
supporting business processes. The WEF has
been studying the competitiveness of nations
for nearly three decades. Since 1979, the annu-
al Global Competitiveness Reports have exam-
ined the factors that enable national economies
to achieve sustainable economic growth and
long-term prosperity (WEF, n.d.). Over the years,
the WEF reports have served as benchmarking
tools for business leaders and policymakers to
identify obstacles to competitiveness and de-
velop strategies to overcome them. It is in this
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context that in 2004 the WEF introduced the
GCI, a comprehensive index for measuring na-
tional competitiveness, taking into account the
microeconomic and macroeconomic founda-
tions of national competitiveness (WEF, n.d.).
The WEF defines competitiveness as the
set of political institutions and factors that de-
termine and influence a country’s level of pro-
ductivity. The level of productivity, in turn, de-
termines the sustainable level of prosperity that
an economy can achieve. In other words, a more
competitive economy is generally able to provide
higher levels of income for its citizens. The level
of productivity also determines the rates of re-
turn obtained from investment in the economy.
Since rates of return are the main determinants
of the rate of economic growth, a more competi-
tive economy is one that is likely to grow fasterin
the medium and long term. The WEF (n.d.) pub-
lishes annual reports assessing the competitive-
ness of countries around the world. The Global
Competitiveness Report is a globally recognised
and influential benchmark that identifies weak-
nesses, gaps in national economies, and areas
of potential success. The report is based on the
GCI. Globalisation and the Fourth Industrial
Revolution have created new opportunities and
polarised economies and societies. In this con-
text, in 2018, the WEF launched the new GCI 4.0,
which is a much-needed new economic com-
pass, building on 40 years of benchmarking of
long-term competitiveness drivers. As 2020 the
WEF has suspended the publication of annual
rankings of the GCI, considering the period from

2010 to 2019. The GCI consists of 111 variables
that characterise in detail the competitiveness
of countries around the world at different levels
of economic development. The set of variables
consists of two-thirds of the results of a global
survey of company executives (to cover a wide
range of factors affecting the business climate in
the countries studied), and one-third of publicly
available sources (statistical data and research
results carried out on a regular basis by inter-
national organisations). All variables that deter-
mine national competitiveness are combined
into 12 control indicators (pillars), divided into
four groups: a favourable environment, human
capital, market efficiency, and innovative fac-
tors. M. Olczyk et al. (2022) conducted a detailed
comparative study of GCI and GCI 4.0 and deter-
mined that the use of a smaller set of indicators
(mostly accurate data) and new specific weights
arejustified. The enabling environment includes
the following indicators: institutions, infrastruc-
ture, the use of information and computer tech-
nologies, macroeconomic stability; human capi-
tal, which includes healthcare, higher education
and vocational training; the efficiency of market
functioning, which includes the efficiency of
the product market, the efficiency of the labour
market, the development of the financial mar-
ket, the size of the market; innovative factors,
which include business dynamism, innovative
potential. Competitiveness must be studied in
dynamics, therefore, the rank of Ukraine in the
world according to the GCI for the years 2010-
2018 in Table 1.

Table 1. The rank and score of Ukraine in the Global Competitiveness Index for 2010-2018

Global Competitiveness Index 2010- 2011- 2012- | 2013- 2014- 2015- | 2016- 2017-
2011 2012 2013 2014 2015 2016 2017 2018
Rank of Ukraine/countries 89/139 | 82/142 | 73/144 | 84/148 | 76/144 | 79/140 | 85/138 | 81/137
Score (1-7) 3.90 4.00 4.14 4.05 4.14 4.0 4.00 411
lkey Tor factor-driven sconomies) | 39 | 42 | 44 | a3 | 44 | 41 | 40 | a2
Pillar 1. Institutions 3.0 3.0 31 3.0 3.0 31 3.0 3.2
Pillar 2. Infrastructure 3.8 3.9 4.1 4.1 4.2 4.1 39 3.9
Pillar 3. Macroeconomic environment 3.2 42 44 4.2 4.1 3.1 3.2 3.5
Pillar 4. Health and primary education 5.7 5.6 5.8 5.8 6.1 6.1 6.0 6.0
Effici -
o e e ety | 40 | 40 | 41 | 40 | a1 | a1 | 40 | w
Pillar 5. Higher education and training 4.6 4.6 4.7 4.7 4.9 5.0 5.1 5.1
Pillar 6. Goods market efficiency 3.5 3.6 3.8 38 4.0 4.0 4.0 4.0
Pillar 7. Labour market efficiency 4.5 4.4 4.4 4.2 4.1 4.3 4.2 4.0

@
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Table 1, Continued

el e S i L 2010- | 2011- | 2012- | 2013- | 2014- | 2015- | 2016- | 2017-
2011 2012 2013 2014 2015 2016 2017 2018
Pillar 8. Financial market development 33 34 35 35 3.5 3.2 3.0 3.1
Pillar 9. Technological readiness 34 3.5 3.6 33 3.5 34 36 3.8
Pillar 10. Market size 4.5 4.5 4.6 4.6 4.6 45 4.4 4.5
Innovation and sophistication
factors subindex (key for innovation- 33 33 34 34 34 3.6 3.5 3.5
driven economies)
Pillar 11. Business sophistication 35 3.5 3.7 3.7 3.7 3.7 3.6 3.7
Pillar 12. Innovation 31 31 3.2 3.0 3.2 34 34 34

Note: the index ranges from 0 to 7, with higher values being better

Source: compiled by the authors based on WEF (n.d.)

The main differences in the construction of
the GCI (2017-2018) and GCI 4.0 were based on
three characteristics: indicators, weighting, hard
versus soft data. The GCI is an average of 114 in-
dicators grouped into 12 groups. The weighting
ranges from 5% to 15% depending on the sub-in-
dex to which the group belongs and the stage of
development of the country. Hard data makes
up a smaller part compared to soft data (37 in-
dicators based on hard data; 77 based on survey
data). The GCI 4.0 is a composite indicator, the
calculation of which is based on successive ag-
gregations of scores from the indicator level (the
most disaggregated level) to the overall score
(the highest level). At each level of aggregation,
each indicator is calculated by taking the aver-
age of the scores of its components. The overall
GCI score of 4.0 is the average of 103 indicators
across 12 components. At the same time, all “pil-
lars” have the same weight of 8.33%, regardless
of the country’s stage of development, and hard
data outweighs soft data (56 indicators based on
hard data; 47 based on surveys). Ukraine main-
tains relatively high positions due to health-
care and primary education (6,0 according to
the results of 2016-2018), higher education and
vocational training (5.1), and the size of the do-
mestic market (4.5). Since the methodology for
determining the GCIwas changed in 2017, which
makes it impossible to compare the analysed
indicators, will display the determinants of the

rating for 2019 (methodology 4.0). The GCI 4.0
framework is organised into 12 main drivers of
productivity, or “pillars”. It places a premium
on factors that will grow in significance as the
Fourth Industrial Revolution gathers pace: hu-
man capital, agility, resilience, and innovation.
The GCI 4.0 introduces a new progress score
ranging from 0 to 100. The frontier (100) corre-
sponds to the goal post for each indicator and
typically represents a policy target. Each country
should aim to maximise its score on each indica-
tor, and the score indicates its current progress
against the frontier as well as its remaining dis-
tance. This approach emphasises that competi-
tiveness is not a not a zero-sum game between
countries - it is achievable for all countries.
Competitiveness is an important starting point
because it contributes to higher living standards
and generates the resources needed for wider
societal goals. There are, inevitably, tensions -
social, economic, and environmental - between
the various dimensions of economic progress.
The competitiveness of the national economy
of Ukraine is a key factor in its integration into
the global economic community and ensuring
sustainable development. In order to determine
the cause-and-effect relationships between the
declines and rises of the national economy of
Ukraine in the ranking of the GCI, it is necessary
to examine the values of the main indicators that
are its components in Table 2.

Table 2. Assessment of Ukraine’s competitiveness in the World Economic Forum ranking 2018-2019

Index 2018 Index value 2019 Index value
General ranking 83 85 57
Enabling environment
Pillar 1. Institutions 110 46.3 104 47.9

Economics and Business Management 17(2)
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Table 2, Continued

Index 2018 Index value 2019 Index value

Pillar 2. Infrastructure 57 70.1 57 70.3

Pillar 3. ICT adoption 77 51.0 78 51.9
Pillar 4.

Macroeconomic 131 55.9 133 57.9
stability

Human capital
Pillar 5. Health 94 92.0 101 65.6
Pillar 6. Skills 46 68.9 44 69.9
Markets

P'”arnza'rire‘id““ 73 55.3 57 56.5

Pillar 8. Labour market 66 59.5 59 61.4

P'"ars?/'s ;?:“c'a' 117 48.7 136 423

Pillar 10. Market size 47 62.7 47 63.0

Innovative ecosystem
P'“a(;ylnla'r::f;:‘ess 86 55.3 85 57.2
P'”arczzp'a'gﬂi‘;;’a“‘)” 58 39.0 60 40.1

Note: scale ranges from 0 to 100
Source: compiled by the authors based on WEF (n.d.)

According to the analysis of the socio-eco-
nomic system according to the GCI in 2019,
Ukraine remained at the level of 2018 (57 points),
but there are positive trends in individual indi-
cators. According to the “Institutions” indica-
tor, the Ukrainian economy during 2018-2019
demonstrates a growth trend (+1.6 points and
104™ place), which indicates the country’s sus-
tainable institutional development. There is also
a trend towards improvement in the indicators
of infrastructure development (+0.2 points and
57% place); introduction of information and
communication technologies (+0.9 points and
78™ place); macroeconomic stability (+2 points
and 133 place) and the “knowledge and skills”
indicator (+1 point and 44™ place). The state of
commodity markets in the reporting period had
a positive trend (+1.2 points and 57 place). This
is explained by the increase in internal com-
petition and competition in the services mar-
ket (+4.9 points and 64" place), the dispositive
impact of taxes and subsidies on competition
(+3.4 points and 104" place), an increase in mar-
ket share (+3.6 points and 89™ place), non-tariff
barriers (+4.1 points and 91 place). The labour
market (+1.9 points and 59" place) and the do-
mestic market (+0.3 points and 47% place) also

©

have a growth trend. There is also a slight im-
provement in the business dynamism indica-
tor (+1.9 points and 85™ place). Some indicators
have a negative trend, in particular, the health
indicator (-6.4 points) dropped seven positions
in the ranking, to 101* place as a result of a de-
crease in life expectancy; the financial system
indicator (-6.4 points and 136™ place) due to the
deterioration of private sector lending indica-
tors (-47.5 points and 76" place). Negative trends
in the labour market that developed in the pre-
war period significantly intensified during the
war, creating new risks for the country’s econo-
my (Herasymenko et al., 2024). In 2019, Ukraine
ranked 85" in the ranking among 141 countries
in the world, which worsened the country’s posi-
tion in the ranking by two positions due to mac-
roeconomic stability (-2.0), the quality of institu-
tions (-1.6) and business dynamism (-1.9), falling
to the indicator of three years ago.

Scientist M. Chepelyuk (2020) focuses on the
GCl as a tool for measuring countries’ adaptabil-
ity and notes that countries with high GCI scores
(in particular, those with developed innovation
ecosystems and digital infrastructure) demon-
strate significantly higher resilience to econom-
ic crises. The author argues that the key factor
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of resilience is the institutional framework and
macroeconomic stability. These findings are
supported; however, in the context of geopoliti-
cal challenges, particular emphasis is placed on
economic modernisation, digital resilience, and
industrial competitiveness. Over all the years
that Ukraine participated in the ranking, it did
not rise above 68" place out of 125 countries in
2005. The underdeveloped factors include low
institutional development, due to the lack of
principles of transparency in the state and the
loss of citizens’ trust in the authorities, however,
the dynamics show that the situation is slowly
improving; outdated technologies; macroeco-
nomic instability, imperfect medicine and an
outdated healthcare system, in 2019 Ukraine
ranked 101t according to this indicator, in 2020
this fact was confirmed by the high level of mor-
bidity and mortality during the COVID-19 pan-
demic; instability in the financial market; lack
of incentives for engaging in innovative activ-
ities. As a positive aspect that form the basis of
Ukraine’s competitive advantages on the global
stage worth noting is a sufficient level of higher
education and professional training; increased
efficiency of the product market and the labour
market; a significant market size compared to
other countries; high innovation potential.

The competitiveness of the national econ-
omy of Ukraine is a multifaceted concept that
encompasses various aspects, including macro-
economic stability, technological development,
institutional quality, and the ability to adapt
to external changes. In the context of Ukraine,
this issue is particularly relevant due to ongo-
ing structural changes, geopolitical challenges,
and the need to integrate into the global econ-
omy. In the study by N. Kuprina (2023) on glob-
al competitiveness and economic transforma-
tion, a relevant addition is the consideration of
the impact of martial law on business entities,
the implementation of digitalisation tools, sus-
tainable development (environmental, social,
and governance (ESG)), adaptation to European
standards, human capital development in condi-
tions of migration, and business relocation tools.
The competitiveness of the national economy of
Ukraine is impossible without the development
of human capital, the restoration and improve-
ment of infrastructure, and the encouragement
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of enterprises to social responsibility, which can
improve their reputation and contribute to the
development of local communities. Supporting
sustainable business models that take into ac-
count environmental aspects, the introduction of
environmentally friendly technologies and pol-
icies to reduce the burden on the environment
contribute to attracting greater investment and
the growth of new markets, which can become a
competitive advantage for the national economy.

In 2019, Singapore’s economy was the best in
terms of indicators (overall index 84.8) and took
first place in GCI4.0 inthe rating of 141 countries.
The United States of America, Hong Kong, the
Netherlands, Switzerland, Japan, Germany, Swe-
den, the United Kingdom, and Denmark took
the highest positions in the GCI 4.0 rating for
2019. At the same time, in 2019, Yemen ranked
140% and Chad 141 in the GCI (WEF, n.d.). The
WEF (n.d.) is not publishing a Global Competi-
tiveness Report for several reasons. In 2021, the
WEF decided to change its approach to assess-
ing the competitiveness of countries. Instead of
the traditional GCI, a new format was introduced
that focuses on reporting on global and region-
al trends in the economy. The WEF focuses on
new criteria and trends that have emerged as a
result of the COVID-19 pandemic and its impact
on the global economy, directly on the competi-
tiveness of countries. Typically, this is associated
with the transition to more sustainable devel-
opment, digitalisation and social inclusion. The
world is facing new challenges, such as geopo-
litical risks, climate change, inequality, and the
social and economic consequences of the pan-
demic. These factors require new approaches to
understanding competitiveness, which cannot
always be adequately reflected in the traditional
form of the index. The new approach to analysis
includes more factors and indicators than just
economic data, as the WEF seeks to assess how
different countries are adapting to new con-
ditions. 2024 was a year of escalation of armed
conflicts, increased extreme weather events
caused by climate change, political polarisation,
and the spread of technologies that facilitate
disinformation. According to the experts’ eval-
uations of the basic indicators, therefore, follow
how the positions of the countries in this rating

changed in Table 3.
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Table 3. Ranking of countries in the world according
to the Global Competitiveness Index in 2017-2019

Ranking by years Country Index by years

2017 (135 countries) | 2018 (140 countries) | 2019 (141 countries) 2017 | 2018 2019
2 1 Singapore 83.0 83.5 84.8
1 1 2 United States 84.8 85.6 83.7
7 7 3 Hong Kong 82.0 82.3 83.1
5 6 4 Netherlands 82.2 82.4 82.4
4 4 5 Switzerland 82.4 82.6 82.3
8 5 6 Japan 81.6 82.5 82.3
3 3 7 Germany 82.6 82.8 81.8
8 9 8 Sweden 81.6 81.7 81.2
6 8 9 United Kingdom 82.1 82.0 81.2
11 10 10 Denmark 79.9 80.6 81.2
12 11 11 Finland 79.8 80.3 80.2
13 13 12 Taiwan 79.2 79.3 80.2
17 15 13 South Korea 78.0 78.8 79.6
10 12 14 Canada 80.0 79.9 79.6
18 17 15 France 77.4 78.0 78.8
89 83 85 Ukraine 53.9 57.0 57.0
134 139 140 Yemen 355 36.4 35.5
134 140 141 Chad 35.5 35.5 35.1

Note: scale ranges from 0 to 100
Source: compiled by the authors based on WEF (n.d.)

In the research of scientists N. Volosniko-
va et al. (2022), it was established that the WEF
classified Ukraine as a country in transition
from a factor-oriented economy to an economy
focused on efficiency. To countries at this stage
of development, the WEF (n.d.) suggests that, in
order to strengthen national competitiveness,
they ensure the effective functioning of public
and private institutions and stabilise the mac-
roeconomic environment, and then improve the
efficiency of production processes and profes-
sional training of personnel. It should be noted
that for Ukraine’s transition from a factor-ori-
ented to an economy focused on efficiency (ac-
cording to the methodology of the WEF (n.d.), itis
also key to shift the focus from the use of cheap
resources to the intensification of production
and the quality of institutions.

The IMD (n.d.) World Competitiveness Rank-
ing is conducted according to the methodology
of the IMD. The authors of the study understand
the competitiveness of a country as the ability
of a national economy to create and maintain
an environment in which competitive business
arises. The Institute has been conducting an an-
nual analytical study of competitiveness since
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1989 in collaboration with partner organisations
around the world. Until 1996, the Institute pre-
pared reports on the competitiveness of econo-
mies jointly with the analytical group of the WEEF,
and since 1996 these two organisations have
produced two separate studies. The WEF (n.d.)
publishes its own annual report and an accom-
panying global competitiveness ranking, which
is based on the GCI. The WEF (n.d.) emphasises
that long-term economic growth must be based
on a combination of innovation, inclusion, and
sustainability, and identifies the quality of in-
stitutions, human capital development, digital
transformation, and environmental responsi-
bility as key factors for future competitiveness.
The annual IMD World Competitiveness
Yearbook is one of the most comprehensive pe-
riodic studies on the competitiveness of coun-
tries and regions, which is used in a number of
countries to form public policy and determine
further government actions to increase the com-
petitiveness of the national economy, as well
as strategic business decisions in large com-
panies IMD (n.d.). Each country in the ranking
is evaluated based on an analysis of more than
300 criteria (the number of which is periodically
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increasing) according to four main indicators
of key aspects of the country’s economic life:
the state of the economy (domestic economy,
international trade, international investment,
employment, prices); government effective-
ness (public finances, tax policy, institutional
structure, business legislation, social structure);
business effectiveness (productivity and effi-
ciency, labour market, financing, management
practices, attitudes and values); infrastruc-
ture (basic infrastructure, technological infra-
structure, scientific infrastructure, health and
environment, education). The indicators have
equal weight. The ranking uses a wide range of
indicators and statistical data, including data

from international organisations, including the
United Nations, the Organisation for Economic
Cooperation and Development, the World Trade
Organization, the World Bank, the Internation-
al Monetary Fund and other institutions, as well
as 57 partner organisations around the world.
The business climate in the countries covered
by this study is assessed based on the opinions
of analysts, surveys of heads of large companies
and specialists in the field of management. The
final ranking is based on the inverse ratio: two-
thirds - statistical data and one-third - expert
assessments. Ukraine’s place in the IMD World
Competitiveness Ranking for 2016-2021 is pre-
sented in Table 4.

Table 4. Ukraine’s position in the IMD World Competitiveness Ranking for 2016-2021

Years | Overall assessment f:t;’i:::g Ir‘s: GZ:;:iZT:ynt Business efficiency Infrastructure
2016 59 60 57 60 50
2017 60 55 59 59 53
2018 59 58 59 55 53
2019 54 56 54 50 52
2020 55 54 58 49 54
2021 54 54 53 50 51

Source: compiled by the authors based on IMD (n.d.)

According to IMD (n.d.), until 2018, a down-
ward trend was observed, only in 2019. Ukraine
managed to rise 5 places in the ranking, which
was due to the rapid growth of government and
business efficiency, the state of the economy
and infrastructure also improved, but not so sig-
nificantly. In 2020, due to the weakening of the
positions of government efficiency and the state
of infrastructure, one position was lost. In 2021,
Ukraine again took 54% place, while the state
of the economy remained unchanged, govern-
ment efficiency and the state of infrastructure
contributed to growth, and business efficiency,
on the contrary, moved one place lower. Starting
from 2022, Ukraine is not included in the World
Competitiveness Ranking due to the limited re-
liability of the collected data. It is worth noting
that in 1991, state had good starting econom-
ic opportunities, for example, the level of GDP
per capita was higher than in some European
countries, USD 6,790 per person versus 6,176 in
Poland 5,272 in Romania (Vasylchak et al., 2024).
The study by S. Vasylchak et al. (2024) indicates

Economics and Business Management 17(2)

a significant gap between Ukraine and the EU
in terms of sustainable development indicators,
which has been exacerbated by military actions.
The analysis confirms Ukraine’s lagging behind
in the environmental and economic spheres,
requiring a focus on “green” recovery, which
complements the author’s study with an em-
phasis on external risks. Analytical review car-
ried out by P. Kutsyk et al. (2024) rightly focuses
on digitalisation and the internal market. This
concept can be complemented by emphasis-
ing sustainable development (green economy),
cybersecurity of infrastructure, human capital
development (STEM) and integration into Eu-
ropean digital value chains, which will make
the reform more sustainable. Modern studies
adapt these approaches, focusing on digitali-
sation, ESG factors, and the impact of military
aggression on economic stability. The ranking of
world economies by level of global competitive-
ness (IMD World Competitiveness) is presented
in Table 5. Ukraine rose by 5 positions and was
ranked 54" in the 2021 World Competitiveness

®)



Competitiveness of the national economy of Ukraine

Index, compiled annually by the International
Institute for Management Development in Swit-
zerland (IMD, n.d.). Country ranks between Slo-
vakia and Peru. Among post-Soviet countries,
the highest places in the ranking are occupied by

Lithuania (29), Kazakhstan (34) and Estonia (35).
In total, 63 countries are ranked. Singapore took
first place in 2019, displacing the United States
from the top of the ranking (this country is in
third place). Hong Kong is in second place.

Table 5. Ranking of world economies by global competitiveness (IMD World Competitiveness)

Rank by year Country Index by year

2020 | 2021 | 2022 | 2023 | 2024 2020 2021 2022 2023 2024
1 5 3 4 1 Singapore 100.0 94.7 98.11 | 97.44 | 100.0
3 1 2 3 2 Switzerland 98.37 | 100.0 | 98.92 | 99.13 | 97.55
2 3 1 1 3 Denmark 99.5 96.67 | 100.0 | 100.0 | 97.07
12 13 11 2 4 Ireland 90.73 | 87.02 | 89.55 | 99.71 | 91.86
5 7 5 7 5 Hong Kong 97.06 | 93.54 | 94.89 | 92.05 | 91.49
6 2 4 8 6 Sweden 95.87 | 96.71 | 97.71 | 91.86 | 90.30
9 9 12 10 7 United Arab Emirates 93.5 89.56 | 88.67 | 90.52 | 89.75
11 8 7 6 8 Taiwan 91.27 92.6 93.13 | 93.11 | 88.50
4 4 6 5 9 Netherlands 98.35 | 96.35 | 94.29 | 95.58 | 86.94
7 6 9 14 10 Norway 94.6 94.49 | 92.96 | 88.33 | 86.22
14 17 18 12 11 Qatar 87.86 | 82.72 | 83.85 | 89.72 | 85.33
10 10 10 9 12 United States 92.36 | 89.13 | 89.88 | 91.14 | 83.48
18 22 19 19 13 Australia 85.03 | 77.17 | 82.56 | 83.02 | 81.86
20 16 17 21 14 China 82.04 | 83.01 | 83.94 82.1 81.04
13 11 8 11 15 Finland 88.63 | 88.47 | 93.04 | 89.33 | 80.26
55 54 - - - Ukraine 51.87 50.1 - - -
62 63 62 63 66 Argentina 38.06 | 32.85 | 34.23 | 34.03 | 35.89
63 64 63 64 67 Venezuela 25.37 22.0 21.95 | 26.18 | 28.85

Source: compiled by the authors based on IMD (n.d.)

In 2021, the global competitiveness ranking
was led by European countries: Switzerland in
first place, Sweden in second, Denmark in third,
and the Netherlands in fourth. In turn, Singa-
pore, which was first in 2019 and 2020, was in
fifth place. The determining factors of compet-
itiveness were the presence of innovations, dig-
italisation, supportive policies, and social cohe-
sion. The Top ranking of countries with the most
competitive economies in 2022, out of 63 coun-
tries studied, consists of the following countries:
1- Denmark, 2 - Switzerland, 3 - Singapore, 4 -
Sweden, 5 - Hong Kong, 6 — Netherlands, 7 - Tai-
wan, 8 - Finland, 9 - Norway, 10 - USA. Ukraine’s
indicators were not considered - the data for
2021 remained. Singapore is the most compet-
itive economy in 2024. Switzerland came sec-
ond, Denmark came third, and Nigeria, Ghana,
and Puerto Rico debuted in 2024. The countries
with the lowest level of economic competitive-
ness over the studied period were Argentina and
Venezuela (IMD, n.d.).

©

The state of the economy is negatively af-
fected by inefficient management of public fi-
nances and high inflation, and a positive effect is
achieved through the protection of intellectual
property rights, a developed judicial system and
other measures. Along with institutional factors,
education and advanced training of the work-
force, constant access to new knowledge and
technologies are of crucial importance. Factors
that determine the competitiveness of the econ-
omy affect the economic systems of countries
around the world in different ways depending on
the starting conditions and the current level of
development. Increasing the competitiveness of
the national economy of Ukraine is possible only
by understanding and optimising the impact of
both internal and external factors. Coordinated
action in these two categories will allow Ukraine
not only to increase its competitiveness in the
global market, but also to ensure sustainable
development, social well-being and adaptation
and adaptation to modern challenges. When
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studying the competitiveness of the national
economy of Ukraine, scientists O. Kireitseva et
al. (2024) emphasise what is needed focusing on
European markets offers promising opportuni-
ties for growth and cooperation. To unlock the
full potential of partnerships, internal challeng-
es such as excessive tax burdens and burden-
some customs regulations need to be addressed.

Understanding the relationship between
internal and external factors will contribute to
the formation of effective strategies that will
allow Ukraine to maximise its competitive ad-
vantages. In the traditional model of econom-
ic development formed in Ukraine, drivers of
economic growth are understood primarily as
industries and sectors of the economy whose
development ensures GDP growth, as well as
internal and external factors that influence
the increase in the volume of production of
products or services (demand, competition,
changes in global markets, investments, etc.)
(Matseliukh & Korzh, 2021). The prospects for
the recovery of the Ukrainian economy largely
depend on the ability of enterprises to use their
competitive advantages and adapt to new con-
ditions. Enterprises that effectively respond to
external challenges will be able to implement
innovative approaches and cooperate interna-
tionally, have the potential for successful de-
velopment and strengthening their positions in
the market. Yu. Naumenko(2024) focuses on the
ability of Ukrainian business to adapt to the ex-
treme challenges of wartime and post-war re-
construction. The author proves that traditional
factors (resource base, cheap labour) are losing
their primary importance, instead, financial
stability, operational flexibility, and innovative
activity are becoming key. The need to create a
favourable investment climate and active state
support to attract capital to the modernisation
of the national economy is substantiated. In ad-
dition, traditional factors - the resource base
and labour costs - are being transformed today.
In order for them to become a real competitive
advantage in the modern world, they need to be
considered through the prism of modernisation
and integration into global value chains. These
factors are becoming an undeniable advantage
not in themselves, but as a foundation for build-
ing technological production. It is extremely

Economics and Business Management 17(2)

important to improve the investment climate,
namely through the introduction of tax incen-
tives, simplification of business registration
procedures, increased transparency in public
procurement, guaranteeing property rights,
combating corruption, and creating an effective
justice system to ensure investor protection.
The study by V. Strilets et al. (2024) is devot-
ed to the analysis of factors of innovative devel-
opment that determine international competi-
tiveness. The authors conducted a comparative
analysis of Ukraine and the EU countries using
modern methods of economic and mathemat-
ical modelling. It was found that in the Euro-
pean Union countries, eco-innovations, inno-
vation management and intellectual property
development have the most significant positive
impact on competitiveness. In Ukraine, a weak
connection was found between the protection
of intellectual property, innovations in industry
and the overall competitiveness of the country.
Digital innovations are identified as the most
powerful and positive factor stimulating the
competitiveness of the national economy of
Ukraine. The study confirmed that innovations
in the business sector are critical for both ob-
jects of analysis, however, in Ukraine there is a
significant gap between the innovation poten-
tial and its actual implementation. It is worth
adding that the migration of human capital and
the relocation of innovative enterprises (both
within the country and abroad) have changed
the structure of Ukraine’s innovation potential.
Researchers V. Shkola et al. (2021) investigated
the direct relationship between the develop-
ment of intellectual capital (IC) and competi-
tiveness. The main result is confirmation that
a higher level of intellectual capital provides
more stable positions in global competitive-
ness rankings, where the EU is the leader, and
Ukraine has a significant lagging, but potential
trend. Modernisation of the Ukrainian economy
requires not only increased funding for educa-
tion, but also the creation of conditions for the
realisation of intellectual potential in business.
The study by V. Shkola et al. (2021) is basic for
understanding the priorities of Ukraine, where
the advanced development of human capital is
a prerequisite for the competitiveness of the

national economy.
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N. Kuprina (2023) explores the relationship
between global competitiveness and the trans-
formation of the national economy of Ukraine,
highlighting theoretical foundations and practical
results. The author analyses the impact of external
and internal factors on the positions of business
entities, suggesting ways to adapt the economy to
global challenges. Increasing the competitiveness
of the national economy of Ukraine depends on

a number of internal and external factors. These
factors interact with each other and determine the
overall efficiency of the economy in the context of
globalisation. To increase the competitiveness of
the national economy of Ukraine, it is necessary
to take into account both internal and external
factors. Internal and external factors of increasing
the competitiveness of the national economy of
Ukraine are presented in Table 6.

Table 6. Internal and external factors of increasing the competitiveness
of the national economy of Ukraine

Internal factors

External factors

Economic policy. Stability of macroeconomic policy,
control over inflation and the exchange rate
of the national currency create favourable conditions
for business development.

Globalisation. Openness to foreign trade and investment,
which allows a country to integrate into the world economy
and gain access to new markets.

Infrastructure. Developed transport, communication
and social infrastructure reduces costs for enterprises
and facilitates access to markets.

International agreements and cooperation. Participation
in international treaties, free trade agreements,
and economic unions, which helps reduce barriers
to business and increase competitiveness.

Education and vocational training. Availability
of a qualified workforce, prepared to adapt to rapidly
changing labour market requirements
and new technologies.

Foreign investment. Attracting foreign investment can
provide not only financial resources, but also technology,
skills, and management experience.

Innovation and technology. Introduction of new
technologies and support for innovation
in entrepreneurship, which leads to increased labour
productivity and product quality.

International markets. The situation in international markets
and global trends that affect the demand
for Ukrainian goods and services.

State support system. Effective state policy to support
industry, small and medium-sized businesses, including
financial, consulting and organisational aspects.

Competition on the world stage. The experience
of competitors from other countries, which stimulates
Ukrainian enterprises to improve product quality,
reduce costs, and innovate.

Legal framework. Creation of a transparent and fair
legal system that ensures protection of property rights
and simplifies regulatory procedures.

The state of the global economy. The impact
of macroeconomic factors, such as economic crises, changes
in commodity prices, and currency fluctuations,
which can positively or negatively affect Ukraine’s relations
in foreign markets.

Social responsibility of business. Enterprises that
adhere to the principles of social responsibility are
able to improve their image, which affects consumer
demand and investment attractiveness.

Social and economic challenges in the world. The impact
of global challenges such as climate change, epidemics
and demographic changes, which will require adaptation
to increase competitiveness.

Source: compiled by the authors

Increasing the competitiveness of the na-
tional economy is an important task for ensur-
ing sustainable economic growth, improving the
well-being of citizens and integrating Ukraine
into the global economy. Effective public policy,

Ge

innovation and investment in human capital are
key factors for success in this process. Effective
implementation of these strategies will allow
Ukraine not only to increase its competitiveness
inthe global market, but also to create conditions
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for sustainable economic growth, improving the
quality of life of citizens and achieving social
justice. The development of partnership be-
tween the state and business should take place
in the format of establishing effective commu-
nication channels between the government and
the business sector, which will allow taking into
account the needs and proposals of entrepre-
neurs when forming economic policy. It is also
worth involving representatives of business and
the expert community in the process of devel-
oping regulatory acts and legislative initiatives.

Support for small and medium-sized enterpris-
es through microfinancing, soft loans and state
grants is an important component of increasing
the competitiveness of the national economy.
An important component of a competitive na-
tional economy is improving the international
image of Ukraine, promoting the formation and
promotion of Ukrainian brands in international
markets to increase the recognition and com-
petitiveness of products. Recommendations for
increasing the competitiveness of the national
economy of Ukraine are presented in Table 7.

Table 7. Recommendations for increasing the competitiveness of the national economy of Ukraine

Recommendations

Description

Structural reforms

Modernisation of the economy: It is necessary to introduce innovative technologies
in traditional sectors, such as industry and agriculture, and to support the development
of new sectors, in particular IT and the green economy.

Diversification of the economy: Reducing dependence on individual industries
and developing new markets to reduce the economy’s vulnerability to external shocks.

Improving the

Stimulating investment: Introducing tax incentives, simplifying business registration
procedures and increasing transparency in public procurement.

investment climate

Protection of investor rights: Guaranteeing property rights, combating corruption
and creating an effective justice system to ensure investor protection.

Supporting innovation

Development of scientific technologies: Supporting scientific research and innovation
initiatives through funding, research grants and cooperation
between universities and businesses.

and research

Innovation hubs: Creating innovation clusters and technology parks
to facilitate the exchange of knowledge and ideas.

Developing human

Education and vocational training: Reforming the education system
with an emphasis on modern skills, critical thinking and entrepreneurial abilities
to prepare competitive specialists.

capital

Upskilling: Providing a continuous training programme for workers to adapt
to rapidly changing labour market conditions.

Transport infrastructure: Investing in the modernisation of transport networks,
which will ensure the efficiency of logistics and reduce the cost of transporting goods.

Improving infrastructure

Digital infrastructure: Developing fast Internet and digital technologies to ensure access
to information and convenient business.

State export support programmes: Providing enterprises with information about foreign
markets, assistance in participating in international exhibitions and fairs.

Supporting exports

Deepening trade relations: Active participation in international economic organisations,
concluding free trade agreements to expand access to new markets.

Sustainable development: Introducing environmentally friendly technologies and policies
to reduce the burden on the environment, which can also become a competitive advantage.

Environmental policy

Green economy development: Supporting sustainable business models that take into
account environmental aspects, which can contribute to attracting investment
and the growth of new markets.

Ensuring social justice: Creating conditions for reducing social inequalities,
which will contribute to social peace and sustainable economic development.

Developing social policy

Corporate social responsibility: Encouraging enterprises to be socially responsible, which
can improve their reputation and contribute to the development of local communities.

Source: compiled by the authors
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Ensuring flexibility in state economic policy
forrapid adaptationtochangesinthe global eco-
nomic environment, in particular in response
to challenges associated with the pandemic or
economic crises, as well as the introduction of
a competitiveness monitoring system that will
allow for timely identification of the strengths
and weaknesses of the economy, as well as
adapting policy in accordance with new condi-
tions. Practical steps that can be taken to adapt
to change and increase competitiveness are
identified, including: integrating internal and
external strategies through harmonisation of
economic policy and strategic planning; sys-
tematic monitoring and analysis; cooperation
with international partners to share experienc-
es; investment in human capital through skills
development and workforce mobility; creating
a favourable business environment and imple-
menting environmental practices.

CONCLUSIONS
The competitiveness of the national econo-
my is a key element for ensuring the country'’s
well-being, sustainable development and inte-
gration into the global economic system. Suc-
cessfully increasing competitiveness will re-
quire a comprehensive approach, synergy of
efforts of the state, business and society to im-
plement strategies aimed at economic growth
and innovation. The results of the study will
contribute to the formation of new approaches
to strategic planning in the economic policy of
Ukraine, as well as provide scientifically sound
recommendations for state structures, busi-
ness and other stakeholders in increasing the
competitiveness of the national economy. Re-
search into the problem of the competitiveness
of the national economy of Ukraine is of great
importance for its sustainable development, so-
cial well-being of citizens and strengthening its
positions in the international arena. Increasing
the competitiveness of the national economy

of Ukraine is a complex and multifaceted task
that will require a comprehensive approach and
cooperation of all participants in the economic
process. The implementation of these recom-
mendations can become the basis for the for-
mation of a new economic model that can en-
sure the stability, development and prosperity of
the country. So, according to the WEF study for
the period of 2010-2019, Ukraine had the high-
est rating in terms of indicators in 2012-2013
(737 place out of 144 economies in the world).
From 2014 to 2016, there is an obvious down-
ward trend, Ukraine lost 9 positions in two years.
In 2017, there was a rise of 4 steps, however, by
2019 the country returned to the 2016 level, tak-
ing 85% place in the rating among 141 countries.
A study of the state of Ukraine’s ranking in the
Global Competitiveness Index according to the
corresponding index showed that the country'’s
positions are not stable and have a negative
trend towards a rapid decline.

Research prospects will focus on adapting
the GCI and World Competitiveness Ranking
methodologies to the context of war and post-
war reconstruction, namely, developing new in-
dicators that take into account security risks, in-
frastructure destruction, and internal migration.
Key areas include digital transformation, fighting
corruption, human capital development, and as-
sessing the resilience of infrastructure to attract
investment. The main focus of future research
should be on identifying priority competitive
advantages for post-war reconstruction and im-
proving positions in global rankings.
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IAaHUMH [7106a/BHOTO IHAEKCY KOHKYPEHTOCIIPOMOKHOCTI (BCECBITHBOIO €KOHOMIYHOIO
dopyMy) Ta PEATHHTY CBITOBOI KOHKYPEHTOCIIPOMOKHOCTI (IHCTUTYTY PO3BUTKY MEHEIKMEHTY).
KOHKypeHTOCIIPOMOSKHICTE HalliloHaJIbHOI eKOHOMIKY YKpalHU € KII040BHUM GaKTOPOM iHTerpariil
B [V106aJIbHY €EKOHOMIUHY CIIIJIBHOTY Ta 3a6e3MeYeHH CTAJIOr0 PO3BUTKY. MeTOI0 AOCIiIKeHHS 6YB
KOMIUIEKCHUM aHaJIi3 KOHKYPEHTOCIIPOMOSKHOCTI eKOHOMIKY YKpaiHu 3a JaHuMu [7106aIbHOro
iHleKCcy KOHKYPEHTOCIIPOMOXXHOCTI Ta PeNTHHTY CBITOBOiI KOHKYPEHTOCIIPOMOJKHOCTI, & TaKOXK
BU3HAUEHHS BHYTPIIIHIX, 30BHIUIHIX (paKTOPiB Ta O6GIPYHTYBaHHA MPaKTUYHUX PEKOMEHAAITiM
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Antoshchenkova et al.

LIOAO0  MiABUINEHHS  KOHKYPEHTOCIIDOMOXXHOCTI  HAI[iOHAJBbHOI €KOHOMIKM  VKpalHU.
MeTogmooriyHa OCHOBAa JOCHIIKeHHS KOHKYPEHTOCIIDOMOXKHOCTI HallilOHAaJIbHOI €KOHOMIKU
VKpaiHu [Jo3BoNMIA IPOBECTU KOMIUJIEKCHUN aHasli3 Ta OI[iHKY Ha OCHOBi MIiKHapOZHUX
TIOKa3HUKIB. Lle TOITOMOYKe BU3HAYUTH KIIIOYOBI aclleKTH, Ha fKi CJIiJl 3BepHYTU yBary 3 MeTOolo
MMiABUIIEeHHS KOHKYPEHTOCIIPOMOKHOCT]I VKpaiHU Ha CBIiTOBiM apeHi. Y AoCiyKeHH] BU3HAYEeHO
OCHOBHI BUKJIMKY, 110 CTOSITh ITepe, YKpaiHoo. Y CTaTTi OCHOBHA yBara IpUIisIacs BaKJINBOCTI
Iep>KaBHOI MTOMIITURY B 60pOTH6i 3 KOPYIILIi€lo, CTUMY/TIOBAHHI pO3BUTKY iHHOBALIil Ta MiABUILIEHH]
SIKOCTi OCBIiTH, IO € HeOBXiTHUMY YMOBaMU [IOCHJIEHHS KOHKYPEHTOCIIPOMOKHOCTI. OcobnnBa
yBara TpUAMANIAcad BIUIMBY MpolleciB rmobarmizalii Ta MDKHapOZHOTO CITiBpOGITHUIITBA Ha
KOHKYpEeHTHi IepeBaru YKRpaiHu. 3po6jieHO BUCHOBOK, IO JIMIIe KOMIUIEKCHUM MiAXin, KU
TIOeHyE EKOHOMIYHi, COlLiiajbHi, TEXHOJOTIYHI Ta eKOJIOTiYHi aclleKTH, AO3BOJIUTh YKpaiHi
MIBULUIUTH CBOI0 KOHKYPEHTOCIIPOMOKHICTh Ha MIDKHApOOHOMY PUHKY, ITOKPAIIUTH JO6pO6YT
HaCeJIeHHSA Ta 3a6e3MeYUTH CTaJIUM PO3BUTOK. [IpaKTUYHEe 3HAYEHHS JOCIiIKeHHs IIOJIAraE B
PO3pOo61Ii HayKOBO OBI'PYHTOBAHUX PeKOMeHZALiN I AepKaBHUX OpraHiB, 6i3Hecy Ta iHIIMX
3alliKaBJIeHUX CTOPiH LIOA0 MiABUIIeHHS KOHKYPEHTOCIIPOMOYKHOCTI HalliloHaJIPHOI eKOHOMIKU

KniouoBi cnoBa: mio6artisaliis; iHHOBaLlil; TI0ChKIUM KaIliTaI; CTAIUN PO3BUTOK; PUSUK
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The role of digital performance indicators in shaping the
promotion strategy of construction services in agribusiness

Abstract. In the context of economic digitalisation, the marketing activities of construction
companies oriented towards agribusiness depend on data and analytical tools that enable
informed decision-making based on quantitative indicators. The aim of the article was to establish
quantitative relationships between the main SEO indicators of websites and the volume of organic
traffic, as well as to assess their influence on the development of an effective promotion strategy
for construction services aimed at agribusiness enterprises. To achieve this aim, a sample of 17
Ukrainian construction companies specialising in the construction of facilities for the agricultural
sector was formed. The data were obtained from the Ahrefs service as of October 2025. The study
employed correlation analysis according to the Chaddock scale, single-factor linear regression
models, multifactor non-linear regression models with interaction elements, and simulation
sensitivity analysis. The results revealed strong positive correlations between organic traffic and
key SEO metrics: the number of keywords ranked in positions 1-3 (r = 0.87) and positions 4-10
(r=0.89), the total number of referring domains (r=0.91), the number of “dofollow” referring domains
(r=0.91), the number of unique referring IP addresses (r=0.88), and the number of unique Class C
subnets (r=0.88). Six statistically significant single-factor linear regression models were developed
with coefficients of determination R? ranging from 0.7427 to 0.8126. Multifactor non-linear models
with interaction elements demonstrated higher explanatory power (R2 up to 0.999). The simulation
sensitivity analysis confirmed that the greatest increase in organic traffic is achieved through
an increase in the number of keywords in the top 3 positions (+282 visits/month) and through
improving the URL rating of web pages (+150-162 visits/month). The practical significance of the
study lies in the fact that the obtained results enable construction companies to develop KPI-
oriented promotion strategies, optimise the allocation of marketing resources, and improve the
effectiveness of interaction with clients in the agricultural sector
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INTRODUCTION

In the context of the digitalisation of the econ-
omy, the marketing activities of enterprises are
increasingly based on the use of data and ana-
lytical tools that enable managerial decisions
to be substantiated through quantitative indi-
cators. This is particularly relevant for the mar-
ket of construction services oriented towards
agricultural enterprises, which is characterised
by high capital intensity of projects, long deci-
sion-making cycles, and a limited number of
potential clients. Under such conditions, digi-
tal communication channels perform not only
an informational function but also become
an important element in building trust in the
contractor and strengthening its competitive
advantages. Scientific research confirms the
growing role of digital performance indicators
in shaping agribusiness marketing strategies.
In their work on SMM strategies for the agricul-
tural sector, S. Koberniuk et al. (2025) concluded
that content quality, a balance of practical and
emotional material, and constant monitoring of
ROI are key factors in increasing audience en-
gagement and loyalty in the agricultural sector.
Researchers N.B. Zelisko § V.V. Maliuha (2025)
analysed the application of marketing tools in
the construction industry and found that the in-
tegrated use of SMM, SEO and email marketing
significantly increases the effectiveness of pro-
moting B2B services in particular. AuthorI. Yat-
skevych (2024) described a five-stage model for
developing an SMM strategy and emphasised
the need to integrate KPIs (reach, engagement,
conversion) at each stage to achieve measura-
ble results. Author I. Gushcha (2023) investigat-
ed digital technologies in agromarketing and
demonstrated that the implementation of the
Internet of Things, virtual and augmented re-
ality, as well as data analytics, enables the cre-
ation of personalised promotion strategies that
directly influence customer loyalty.

D. Nyangoma et al. (2024), in their models
of strategic digital marketing for agribusiness,
demonstrated that a data-driven approach with
a focus on ROI and conversion rates is key to
enhancing the competitiveness of agricultural
companies. Researcher W. Shen (2024), using
agricultural machinery manufacturers as an
example, demonstrated that the application of
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artificial neural networks and fuzzy cognitive
mapping for traffic analysis enables the opti-
misation of digital advertising costs and the en-
hancement of marketing channel effectiveness.
In her study of digital marketing for agricultural
mechanisation in Africa, A.S. Ajibola (2025) em-
phasised that KPIs (engagement, conversion to
purchases, ROI) are essential for assessing the
impact of social media and mobile platforms on
the sustainability of small agribusinesses. Au-
thors E.A. Inyommom et al. (2025), based on a re-
gression analysis of Nigerian agricultural firms,
found that social media marketing, relationship
marketing and content marketing collectively ex-
plainover 51% of the variation in company perfor-
mance, with SMM having the strongest influence.

M. Braglia et al. (2022) proposed a structured
Industry 4.0 approach to KPIs (penetration, rec-
ognition, productivity) and demonstrated that
systematic monitoring of digital technologies
via a metrics matrix is the key to effective dig-
ital transformation of production. The authors
U.S. Nwabekee et al. (2021) demonstrated that
integrating digital marketing with financial
metrics (ROI, CAC, CLV, ROAS) enables compa-
nies in competitive sectors to significantly in-
crease profitability, particularly when organisa-
tional barriers between marketing and finance
are overcome. In their study of brand awareness
and digital marketing in the agricultural sector,
M. Sheeraz et al. (2023) found that media ana-
lytics, web analytics and UTM parameters ena-
ble the precise measurement of the impact on
brand awareness and organic traffic. According
to research into digital marketing strategies in
the agri-food sector by N. Kanellos et al. (2024),
it was found that increased digital marketing
effectiveness helps to reduce advertising costs
and boost profitability through more efficient
use of resources and the optimisation of adver-
tising campaigns.

The specific characteristics of the B2B mar-
ket for construction services aimed at agricul-
tural enterprises, where organic traffic serves
as the primary source of high-quality leads and
key SEO indicators (the number of keywords in
top positions, backlink profile, URL rating) di-
rectly determine promotion effectiveness, re-
main insufficiently studied. Under conditions
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of the growing importance of digital marketing,
a considerable proportion of agricultural-ori-
ented construction companies utilise websites
and other digital tools in a fragmented manner,
without a clearly defined system of performance
indicators or strategic orientation. In marketing
management practice, the evaluation of isolated
metrics, such as the number of visits or keyword
rankings, predominates without consideration
of their combined influence on promotion out-
comes. Thus, the absence of empirical studies
combining organic traffic analysis with correla-
tion and regression methods specifically for this
segment highlighted the need to determine the
role of digital performance indicators in shap-
ing the promotion strategy of construction ser-
vices for agricultural enterprises.

The object of the study was the marketing
activities of construction companies providing
design and construction services for agricul-
tural enterprises in Ukraine. The subject of the
study was the digital performance indicators
of the websites of these companies, namely:
organic traffic and key SEO metrics, and their
impact on the results of promoting construction
services in the digital environment. The aim of
the article was to determine the role of digital
performance indicators in shaping the strategy
for promoting construction services for agri-
cultural enterprises based on a correlation and
regression analysis of web analytics data from
Ukrainian construction companies. To achieve
this aim, the article set out to address the fol-
lowing objectives: to analyse the key digital
performance indicators of websites belonging
to construction companies in the agricultural
sector; to assess the strength of the relationship
between digital indicators and outcome varia-
bles; and to justify the use of digital indicators as
a tool for strategic marketing planning.

MATERIALS AND METHODS
The methodological framework of the study
was developed with consideration of the spe-
cific characteristics of the construction servic-
es market for agricultural enterprises, which is
characterised by high-value transactions, long
decision-making cycles, and the dominance of
B2B communications. Under such conditions,
digital promotion channels perform not only

©

an informational function but also a strategic
one, fostering trust in the contractor and sup-
porting the customer acquisition process. To
achieve the stated aim, the study employed a
combination of general scientific and special-
ised methods. In particular, methods of analysis
and synthesis were used to generalise theoret-
ical approaches to evaluating the effectiveness
of the digital promotion of services, while the
comparative method was applied to compare
the levels of digital activity among the analysed
companies. The principal tool of quantitative
analysis was correlation analysis, which ena-
bled the assessment of the strength and direc-
tion of relationships between digital website in-
dicators and the resulting variables. To evaluate
linear relationships between variables, a matrix
of pairwise Pearson correlation coefficients (r)
was calculated, and the interpretation of the
strength of relationships was conducted ac-
cording to the Chaddock scale. Correlation co-
efficients were determined using the following
formula (Illowsky & Dean, 2018):

r= i\/ﬁ, (1)

where, R? - the coefficient of determination,
which indicates how well the factors explain
the outcome, where a value of O means that the
model explains nothing, while a value of 1 means
that the model fully explains the variability of
the data (Illowsky & Dean, 2018). Correlation co-
efficients may vary within the range from -1 to
+1 (LibreTexts Ukrayinska, 2025), where values
of |r| > 0.7 according to the Chaddock scale in-
dicate a strong (close) relationship, 0.3<[r|<0.7
indicate a moderate relationship, 0.1< |r| < 0.3
indicate a weak relationship, and |r| < 0.1 indi-
cate a very weak or absent relationship (Tyutch-
enko, 2022).

To identify causal relationships between
the indicators, econometric modelling methods
were employed. At the first stage, single-fac-
tor linear regression models with separate in-
dependent variables were constructed, which
made it possible to identify the key influencing
factors affecting the resulting indicator and
to select statistically significant variables with
high coefficients of determination. At the sec-
ond stage of the study, multifactor non-linear
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regression models with interaction elements in
the form of second-order polynomials without
quadratic terms were developed. This approach
was chosen in order to account for the synergis-
tic influence of digital indicators on promotion
outcomes. Particular attention was devoted to
avoiding multicollinearity between independ-
ent variables, which was achieved through pre-
liminary analysis of the correlation matrix and
the construction of models only with relatively
independent factors (Farrar & Glauber, 1967).
The adequacy of the constructed models was
assessed on the basis of the coefficient of deter-
mination R?, the Fisher criterion, and the level of
statistical significance of the regression coeffi-
cients (p-value). In addition, average and max-
imum approximation errors were analysed in
order to assess forecasting accuracy.
Sensitivity simulation analysis of multiple
regression models was also applied, enabling
the assessment of how changes in independ-
ent variables (X,) affect the dependent variable
Y, (organic traffic). This approach has practical
value for marketing applications, as it helps
predict the effect of investments in SEO factors
for companies operating within the agricultural
construction sector. It constituted a logical con-
tinuation of the previousregression analysis and
was based on the principles of econometrics and
scenario modelling. The applied methodological
approach made it possible not only to establish
statistical relationships between digital website
performance indicators and the results of con-
struction service promotion, but also to create
a foundation for the practical application of the
obtained results within the process of strategic
marketing planning for construction compa-
nies oriented towards the agricultural sector.
The information base of the study consisted
of data from the leading web analytics service
Ahrefs (n.d.) and SEO analysis tools (Bek, 2023),
reflecting the organic presence of websites in
search engines, keyword structure, traffic vol-
ume and value, as well as indicators of the ex-
ternal backlink profile. The initial population
comprised 32 Ukrainian companies specialising
in the construction of facilities for the agricul-
tural sector, selected from search query results
across the five most effective search engines:
Bing, DuckDuckGo, Yahoo, Ecosia, and Google,
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which are characterised by relevant, accurate,
and unique search outputs (Chertinov, 2025).
During the sample formation process, step-by-
step data cleaning was conducted: resources not
directly belonging to companies (aggregators
and advertising platforms), websites display-
ing signs of fraud or technical threats, and web
resources hosted on web studio domains not
indexed by analytical services were excluded.
In addition, paid advertising indicators were de-
liberately excluded from the analysis, since only
a small proportion of companies used paid traf-
fic acquisition channels, making it impossible
to produce representative conclusions. Certain
indicators relating to outgoing and backlinks
were also excluded because of their low rep-
resentation within the overall population of an-
alysed websites. Following the completion of the
staged data cleaning process, a final sample of 17
companies and a 17 x 17 data matrix containing
17 digital performance indicators were formed.

RESULTS
The construction of facilities for agricultur-
al enterprises (silos, farms, warehouses, etc.)
represents a narrow B2B segment with limit-
ed search demand. Clients (agricultural pro-
ducers) search for such services infrequently
(seasonally or during investment projects),
mainly using local or highly specific queries
(“elevator construction’, “grain storage con-
struction”, “metal structures for farms”, etc.).
Organic traffic in this sector is consistently
lower than in B2C or mass-market B2B seg-
ments. Global benchmarks for the construction
sector (Kaufman, 2025; Rudan, n.d.) indicated
average traffic of approximately 1,000-4,000
sessions per month, primarily characterising
large-scale or consumer-oriented companies.
According to Ahrefs (n.d.), SEMrush (n.d.), and
BrightEdge (n.d.), the volume of organic traffic
for professional services in 2024 was generally
distributed as follows: small companies gen-
erated 1,200-3,500 sessions per month, medi-
um-sized companies 4,000-12,000 sessions per
month, and large companies more than 20,000
sessions per month (International Outsourcing
Group, n.d.). Reports demonstrated that, global-
ly, the construction sector in the United States
and Europe recorded lower average traffic
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than mass-market industries (e-commerce ap-
proximately 20K-200K), but higher traffic than
narrow B2B segments in Ukraine (Internation-
al Outsourcing Group, n.d.). According to B2B
statistics for 2025, organic traffic from the first
search position generated a 27% CTR on mobile
devices (First Page Sage Team, n.d.); the aver-
age CTR for keywords ranked in positions 1-3
ranged between 27-32%, whereas for positions
4-10it declined to 10-15%. This justified the need
for a detailed distribution of organic keywords
by ranking positions within the data matrix and
for subsequent regression analysis in order to

accurately determine their influence on organic
traffic within the B2B segment (Shum, 2026).

To identify Ukrainian construction compa-
nies specialising in the construction of facilities
for the agricultural sector, search queries were
conducted in five search engines: Bing, Duck-
DuckGo, Yahoo, Ecosia, and Google (Cherti-
nov, 2025). Each search engine produced search
results, from which no fewer than 20 relevant
entries were selected. Subsequently, the list of
companies was consolidated into a single table
with duplicates removed. As a result, a list of 32
companies was obtained (Table 1).

Table 1. Companies specialising in the construction of facilities
for agricultural enterprises in the Top 5 organic search results of search engines

No. Company name No. Company name No. Company name
1 Lubnymash 12 Platonmax 23 Innovative Technologies Ukraine
2 Pulsar Construction 13 Budmontazh Kolos 24 KMz
3 Demetra 14 UcG 25 Sokol
4 Eridon Bud 15 Elkos LTD 26 Agrovector
5 Adept Group 16 Invest Bud 27 Grain Capital
6 Finpro Group 17 ServiceStroy 28 Ravaro
7 Neuero Ukraine 18 Neobud-Montazh 29 Delta Engineering
8 Elevator Machinery Plant 19 BOEZ Ukraine 30 Arsenal
9 MUR 20 Ecorembud 31 APK Global
10 Vityaz 21 Bogart Bud 32 TransBud Project
11 | Grain Complexes and Systems | 22 Rilia Ukraine

Source: compiled by the author

Company No. 26 in Table 1 was excluded
from the analysis because the link directed not
to the company’s website, but to the AgroVec-
tor platform containing advertisements for the
construction of agricultural facilities. Position
No. 29 was excluded from the analysis due to
an antivirus warning identifying the site as a
scam. Positions No. 31 and No. 32 were removed
because the websites were developed on studio
domains that are not indexed by Ahrefs (n.d.).
Companies No. 8, No. 15, No. 21, and No. 23 were
excluded from the analysis due to an insuffi-
cient number of indexed indicators, as well as
having a zero domain rating and no Ahrefs rank
assigned (Ahrefs, n.d.). In addition, companies
No. 5, No. 14, No. 18, No. 19, No. 20, No. 28, and

©

No. 30 were excluded because of the absence
of data on organic traffic. From the dataset ob-
tained through the Ahrefs analytics service
(Bek,2023),indicatorsrelated to paid advertising
were excluded, since only 3 out of the 32 com-
panies (9.4%) used such services: BOEZ Ukraine
(No.19), KMZ (No. 24), and Grain Capital (No. 27).
Indicators relating to the uniqueness of outgo-
ing domains, outgoing links, and backlinks were
also excluded from the analysis due to their lim-
ited coverage, representing only 25% of the total
number of analysed construction companies (8
out of 32). As a result of the step-by-step data
cleaning process, a final sample of 17 companies
and a 17 x17 data matrix were formed, includ-
ing 17 digital performance indicators (Table 2).
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Table 2. Analysis of the main performance indicators of the websites
of Ukrainian companies in the construction sector for agricultural enterprises (beginning)

. Organic
Rating
Keywords .
No. Target . 51+ | Traffic | Value
URL | Domain | Total | Top3 | 4-10 | 11-20 | 21-50

X, X, X, X, X, X, Xq X, Y, Y,
1 lubnymash.com/ 8 8 31 3 18 1 4 5 207 21.27
2 | pulsar-construction.ukr/uk | 0 15 17 4 4 0 6 3 67 3.25
3 demetra.ua/ 5 16 72 7 35 4 17 9 179 13.72
4 www.eridonbud.com/ 5 2.6 12 1 0 4 3 56 0.05
5 finpro.group/uk 0 10 19 2 2 8 5 18 0.09
6 neuero-ukraina.com.ua/ 7 1.1 23 3 4 7 3 59 5.62

7 mur.vn.ua/ 4.5 3 14 1 0 5 4 33 0
8 mzv.com.ua/ 13 20 70 4 25 10 16 15 75 9.45
9 gcs.com.ua/ 5 2.8 9 0 3 1 1 16 4.65
10 platonmax.com.ua/ 0 0 15 1 7 2 3 2 10 2.14
11 bmkolos.com/ 6 3.6 21 2 12 2 22 3.74

12 invest-bud.com.ua/ 0 0 25 2 6 1 9 7 1
13 servicestroy.com.ua/ 8 18 63 5 26 6 13 13 109 13.76
14 rielaukr.com.ua/ 7 0 25 3 9 5 5 3 41 7.13
15 kmzindustries.ua/ 49 32 138 20 63 16 24 15 327 45.94
16 zeosokol.com.ua/uk 0 0.8 13 2 3 1 6 1 26 4.09
17 zeo.ua/ 6 30 61 5 22 11 17 6 79 9.57

Source: compiled by the author using data from Ahrefs (n.d.)

In the study, the indicator of Organic Traf-
fic was used as the dependent variable Y,,
representing the estimated monthly number
of website visits generated through organ-
ic search (Ahrefs, n.d.). Additionally, Y, was
calculated as the monetary value of organic
traffic (Organic Value), reflecting the equiv-
alent cost of such traffic if acquired through
paid advertising (USD/month) (Ahrefs, n.d.).
The independent variables X,-X,, consisted of
key SEO metrics characterising the backlink
profile and organic ranking of websites (Bek,
2023): X, - the strength rating of a specific URL
page (URL Rating) on a scale from 0 to 100; X, —
the strength rating of the entire domain (Do-
main Rating) on a scale from 0 to 100; X, - the
overall domain ranking (Ahrefs Rank) among
all websites in the Ahrefs database, where a
lower value indicates a stronger domain; X, -
the total number of organic keywords (Or-
ganic Keywords Total) for which the website
ranks within the top 100 results; X, - the num-
ber of keywords ranked in positions 1-3; X, -
the number of keywords ranked in positions
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4-10; X, - the number of keywords ranked in
positions 11-20; X, - the number of keywords
ranked in positions 21-50; X, - the number of
keywords ranked in positions 51-100; X,, - the
total number of referring domains (Referring
Domains Total); X,, - the number of referring
domains with “dofollow” links, which transfer
“link equity” and authority from the donor site
to the recipient; X,, - the number of referring
domains with “nofollow” links, which do not
transfer authority or link equity; X,; - the to-
tal number of unique IP addresses from which
backlinks originate (Referring IPs); X,, - the
number of unique Class C subnets (Referring
Subnets); X,; - the total number of backlinks
(Backlinks Total); X,, — the number of “dofol-
low” backlinks, which transfer search authori-
ty and ranking value from the donor website to
the target website, directly influencing rank-
ings; and X,, - the number of “nofollow” back-
links, which do not transfer search authority
but may generate direct traffic (Table 2 and Ta-
ble 3). All data were obtained from the Ahrefs
service (n.d.) as of October 2025.
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Table 3. Analysis of the main performance indicators of the websites of Ukrainian companies
in the construction sector for agricultural enterprises (conclusion)

Referrin
Ahrefs Domains : IPs Backlinks
No. Target Rank All | Followed Not IPs |Sub nets| All | Followed Not
followed followed
X3 XIO X11 XIZ x13 X14 X15 XIG x17
1 lubnymash.com/ 19739586 | 148 105 44 121 107 2,289 | 2,122 167
2 | pulsar-construction.ukr/uk | 10759264 | 13 12 1 13 13 54 50 4
3 demetra.ua/ 9902041 | 111 81 31 103 91 369 281 88
4 www.eridonbud.com 40920917 | 57 46 11 41 40 85 48 37
5 finpro.group/uk 17127335 | 3 3 0 3 3 3 3 0
6 neuero-ukraina.com.ua/ | 56175383 | 19 2 17 18 18 41 3 38
7 mur.vn.ua/ 38046653 | 47 17 31 45 43 169 56 113
8 mzv.com.ua/ 7478921 | 71 45 28 77 70 1,400 1,175 225
9 gcs.com.ua/ 39166039 | 67 47 20 63 59 149 113 36
10 platonmax.com.ua/ 0 0 0 0 0 0 0 0 0
11 bmkolos.com/ 34444817 | 46 29 18 40 38 1,883 38 1,845
12 invest-bud.com.ua/ 0 16 0 16 15 15 20 0 20
13 servicestroy.com.ua/ 8624514 | 145 109 37 152 130 990 582 408
14 rielaukr.com.ua/ 0 1 0 1 1 1 1 0 1
15 kmzindustries.ua/ 2873777 | 363 310 59 332 278 1,178 967 211
16 zeosokol.com.ua/uk 61285701 | 6 6 0 2 2 13 13 0
17 zeo.ua/ 3505420 | 136 90 53 138 127 2,205 | 1,039 1,166

Source: compiled by the author using data from Ahrefs (n.d.)

For the agricultural construction B2B sec-
tor in Ukraine, the actual figures for organic
traffic proved to be 12 times lower than glob-
al indicators, with a typical range for small
and medium-sized enterprises of 7-327 or-
ganic visits per month, highlighting the need
for stimulation and clear expansion of traf-
fic generation efforts. Using Formula 1, the

author calculated Pearson correlation coef-
ficients (r) between the website performance
indicators of construction companies and
constructed a matrix of pairwise coefficients
(Table 4 and Table 5), in which changes in cell
background colour were used to highlight in-
dicators demonstrating strong relationships
between variables.

Table 4. Correlation between the website performance indicators
of construction companies (beginning)

X, X, X, X, X, X, X, X, X, X,
X, 1,0
X, 031 1.0
X, 005 | -0.48 1.0
X, 0.38 0.85 -0.48 1.0
X, 0.15 0.75 -0.37 0.92 1.0
X, 0.38 0.79 -0.45 0.98 0.92 1.0
X, 0.46 0.82 -0.45 0.90 0.80 0.84 1.0
X, 0.30 0.88 -0.45 0.94 0.83 0.88 0.88 1.0
X, 0.48 0.74 -0.53 0.86 0.69 0.80 0.75 0.85 1.0
X, 0.34 0.76 -0.29 0.88 0.87 0.91 0.74 0.75 0.68 1.0

®
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Table 4, Continued

X, X, X, X, X, X, X, X, X
X,y 0.28 0.75 -0.29 0.88 0.90 0.91 0.74 0.74 0.66 0.99
X, 0.53 0.72 -0.24 0.75 0.62 0.76 0.66 0.69 0.63 0.86
X5 0.37 0.80 -0.32 0.90 0.87 0.92 0.78 0.78 071 1.00
X, 0.38 0.80 -0.31 0.89 0.86 0.92 0.78 0.78 071 0.99
X, 0.57 0.56 -0.22 0.44 0.29 0.48 0.47 0.36 0.34 0.55
Xy 0.57 0.56 -0.29 0.51 0.37 0.54 0.46 0.40 0.51 0.62
X, 0.27 0.26 -0.02 0.13 0.04 0.16 0.23 0.12 -0.04 0.17
Y, 0.32 0.67 -0.29 0.83 0.87 0.89 0.62 0.68 0.63 0.91
Y, 031 0.64 -0.29 0.82 0.88 0.85 0.74 0.63 0.61 0.92

Source: calculated by the author

Table 5. Correlation between the website performance indicators
of construction companies (conclusion)

Xl 1 XlZ X13 X14 X15 XIG Xl 7 Yl YZ
X, 1.0
X, 0.80 1.0
X5 0.99 0.88 1.0
X, 0.98 0.89 1.0 1.0
X5 0.49 0.72 0.55 0.57 1.0
X, 0.57 0.73 0.61 0.62 0.81 1.0
X, 0.13 0.33 0.19 0.20 0.70 0.15 1.0
Y, 0.91 0.74 0.88 0.88 0.46 0.65 0.03 1.0
Y, 0.93 0.70 0.90 0.89 0.49 0.63 0.06 0.88 1.0

Source: calculated by the author

All correlation coefficients with Y, were pos-
itive, indicating a direct relationship, except for
X,, where the negative sign was expected, since
a lower rank corresponds to a stronger website.
The values were rounded to two decimal places
for ease of interpretation. The highest correla-
tion coefficients with Y, were observed for X,
(0.83), X, (0.87), X, (0.89), X,, (0.91), X,, (0.91), X,,
(0.74), X, (0.88), and X,, (0.88), which justified
the subsequent selection of variables (X, X;, X,,,
X, X X,,) for single-factor regressions with
r>0.7and R?>0.7.

Six simple linear regression equations were
identified, representing single-factor mod-
els with separate independent variables X, X,
X0 Xy X5, and X, and the dependent variable
Y,. These models demonstrated a linear rela-
tionship and were statistically significant with
a high level of probability at coefficients of de-
termination R?> 0.7: R?=0.7427 for Formula 2,
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R?=0.7915 for Formula 3, R?=0.8126 for Formula
4, R2=0.8096 for Formula 5, R2=0.7712 for For-
mula 6, and R?=0.7581 for Formula 7.

Y,=15.658+16.376 xX.. (2)
Y,=84065+4.7714xX,. (3)
Y,=16.158+0.8507 x X, (4)
Y,=26.201+1.0046xX,,. (5)
Y,=17719+0.8913xX . (6)
Y,=14.627+10502%X,,. (7)

The positive sign of the coefficients associ-
ated with the independent variables confirmed
a direct relationship (Beyer, 2023), whereby an
increase in the independent variable X, corre-
spondingly resulted in an increase in the de-
pendent variable Y, as illustrated in the graphs
(Fig. 1). The magnitude of the coefficient associ-
ated with the independent variable indicated the
strength of the factor’s influence on the outcome.
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Figure 1. Scatter plots with regression lines for single-factor models
of the dependence of organic traffic (Y,) on key SEO indicators (X, X, X5, Xy, Xy, X,)

Source: compiled by the author

Figure 1 presents scatter plots with line-
ar regression lines for six single-factor mod-
els that proved to be statistically significant
with coefficients of determination R?>0.7. The
points on the plots correspond to empirical
observations, the straight line represents the
constructed linear regression model, and the
equations together with the R? values are pro-
vided directly in Formulas 2-7. Each diagram
illustrates the relationship between organic
traffic (Y,, visits/month) and the corresponding
independent variable for the 17 analysed com-
panies, where:
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a) the diagram with the steepest regres-
sion slope (coefficient 16.376) demonstrates
the strongest influence: an increase of one key-
word in the top-3 positions increases organic
traffic by an average of 16.376 visits. The points
are densely concentrated around the line, and
the model explains 74.27% of the variability be-
tweenX,andY;;

b) the second strongest factor of influence
(coefficient 4.7714), where an increase of one
keyword in positions 4-10 results in an average
traffic increase of 4.771 visits. The model ex-
plains 79.15% of the variability between X, and Y;;
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c) the diagram illustrating the influence of
the total number of referring domains with a
coefficient of 0.8507. This model demonstrat-
ed the highest explanatory power, accounting
for 81.26% of the variability between X,; and Y,,
although with a relatively limited influence on
organic traffic;

d) the diagram illustrating the influence of
“dofollow” referring domains on organic traffic,
with a modest coefficient of 1.0046 and an ex-
planatory power of 80.96%. The regression line
has a moderate slope but a high density of data
points;

e) the diagram illustrating the influence of
the diversity of referring IP addresses, with a
modest coefficient of 0.8913 and explanatory
power of 77.12%;

f) the diagram illustrating the influence of
the diversity of Class C subnets, with a modest
coefficient of 1.0502 and explanatory power of
75.81%.

All graphs demonstrate a clear positive lin-
ear trend without pronounced non-linear devi-
ations or outliers, confirming the adequacy of
applying simple linear models for these factors.

The six identified models demonstrated
good explanatory power, where between 74.27%
and 81.26% of the variationinthe dependentvar-
iable Y, was explained by variability in factors X,
Xe, Xi0o Xipy Xi5, and X,,. The remaining variation
inY,, ranging from 25.73% to 18.74%, was attrib-
uted to other factors not included in the mod-
els and to random influences. These equations
described a strong direct linear relationship
between the variables, representing a strong
result for simple regression models, and may
therefore be used to forecast Y, with relatively
high accuracy. The influence of the independent
variables on the dependent variable Y, was not
investigated due to the strong direct linear rela-
tionship with the dependent variable Y,, where
the correlation coefficient r = 0.88 > 0.7. Since
part of the variation remained unexplained, the
study additionally considered extending the
model with supplementary factors through the
application of multifactor regression analysis.

A prerequisite for constructing the mul-
tifactor regression model was the avoidance
of multicollinearity, whereby the independent
variables had to remain relatively independent
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from one another in order to prevent instabili-
ty of regression coefficients, reduce standard
errors, increase the reliability of forecasts, and
improve the assessment of the influence of in-
dividual factors (Farrar § Glauber, 1967). Com-
binations of independent variables with weak
inter-factor relationships between X, varia-
bles were identified, and equations of multi-
ple non-linear regressions with interaction
elements were developed in the form of sec-
ond-order polynomial models without quadrat-
ic terms, depending on combinations of inde-
pendent variables.

Equation No. 7 for the combination of inde-
pendent variables X-X,-X-X,-X:

Y,=-713.336 - 677.512xX +7.01x10°x X, +
+682.908 %X, +128.841xX,-3.679x X +
+6.85x1076x X, x X, +219.359 x X x
*xX,;-26.914x X, x X, +0.018 x X, x X, -
-3.9%105xX;xX;-5x107x X, x X, +
+9.02x108x X, x X, -108.622 x X, x
x X +0439 % X x X, (8)

The equation contains both linear terms (X,,
X,, X, X, X,5), and bilinear products of individ-
ual factors (X, x X, X, x X, X, * X,, X, x X5, Xy x X,
X, x X, Xy x Xs, X x X, X, % X,o), incorporating 5
independent variables and 9 interaction terms,
giving a total of 14 regressors and a constant
term. The model explains 99.5% of the varia-
tion in the dependent variable Y, (coefficient of
determination R?=0.995). The Fisher criterion
F=0.054 = 0.05 lies on the threshold of signif-
icance, under which the model is formally in-
significant; however, due to the exceptionally
high coefficient of determination, it possesses
substantial practical value. The average approx-
imation error amounted to 2.2%, while the max-
imum error was 11.2%, indicating high forecast-
ing accuracy across the entire sample.

The significance level of the observed result
(p-value) in the statistical hypothesis testing
proved to be less than 0.05 for each independ-
ent variable and interaction term, except for the
term X, x X;;, for which p-value = 0.099 > 0.05,
and X, x X, for which p-value=0.153>0.1. The
p-value indicates the probability of obtain-
ing an extreme value of the statistic under the
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assumption that the null hypothesis is true.
Thus, when p < 0.05, there is strong evidence
against the null hypothesis in favour of the alter-
native hypothesis, meaning that the factor in-
fluences the dependent variable Y;; when p>0.1,
the data are consistent with the null hypothesis;
and when 0.05<p<0., a borderline case with
weak evidence against the null hypothesis is ob-
served, under which the null hypothesis is for-
mally not rejected.

Since the effect size of factor X, x X, proved
to be extremely small and influenced the de-
pendent variable only within the seventh deci-
mal place, and considering its consistency with
the null hypothesis, it was decided to disregard
this factor. Given the small effect size, factor
X, xX,;, which demonstrated weak inconsisten-
cy with the null hypothesis, was also disregard-
ed. As a result, an equation with 12 regressors
and a constant term was obtained in the follow-
ing form:

Y,=-713.336- 677512 X, +7.01x
x10°5x X, +682.908 x X, +128.841x X, -
-3.679xX,,+6.85x106x X, x X, +219.359 x
xX, %X, -26.914x X, x X, -3.9x10x
xX,x X +9.02x108x X, x X,, -108.622 x
x X x X +0439x X, x X, .9)

Equation No. 8 for a combination of inde-
pendent variables X;-X,-X:

Y,=-75484+1774xX,+8.802x X, - 0.287x
x X, -1211x X, x X, +0.045xX,xX,.  (10)

The equation contains both linear terms
(X, X,, X)), and bilinear products of individual
factors (X, xX,, X, xX,,), including 3 independ-
ent variables and 2 interaction terms, giving a
total of 5 regressors and a constant term. The
model explains 97.0% of the variation in the
dependent variable Y, (coefficient of determi-
nation R?=0.97), which confirmed the excellent
fit of the model to the data and its high quality.
The Fisher criterion F=5.43x10-¢<0.05 demon-
strated that the model is statistically significant
at any conventional level and confirmed that
the regressors collectively explain Y, substan-
tially better than the simple mean value. The
average approximation error was determined
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at 16.1% and is considered acceptable; howev-
er, the maximum error reached 38.5%, which is
associated with outliers and with the fact that,
at these points, the values of the factors extend
beyond the typical data range. The significance
level of the observed result (p-value) in the sta-
tistical hypothesis testing proved to be less than
0.05 for each independent variable and inter-
action term, indicating a low probability of ob-
taining extreme statistic values under a true
null hypothesis and providing strong evidence
in favour of the alternative hypothesis, where-
by each factor and interaction contributes sub-
stantially.

Equation No. 9 for the combination of inde-
pendent variables X,-X,-X,-X,-X,:

Y,==64.101+11xX7+1.86x107x
xX,xX,+0.975% X, x X, - 0181xX ,xX,, -
-196x107xX,xX,,+0.05xX ,xX,, -
-0.024xX, %X, (11)

The dependence of Y, on the factors is de-
scribed exclusively through one linear term
(X,,) and six bilinear interaction terms (X, x X,
X, x Xy, X, ¥ Xy, X, x Xy, X, % Xy, X, ¥ X,,). The mod-
el assumes that the influence of most factors
manifests only in combination with others and
explains 99.9% of the variation in the depend-
ent variable Y, (coefficient of determination
R2=0.999), which demonstrated the excellent
fit of the model to the data and its high quality.
The Fisher criterion F=7.18 x10-< 0.05 showed
that the model is statistically significant at any
conventional level and confirmed that the re-
gressors collectively explain Y, substantially
better than the simple mean value. The average
approximation error was determined at 1.0%,
while the maximum error was 3.2%, indicat-
ing high forecasting accuracy across the entire
sample and demonstrating an almost perfect
fit of the model to the data within the sample
range. The significance level of the observed
result (p-value) in the statistical hypothesis
testing proved to be less than 0.05 for the in-
dependent variable (X,,) and the six interaction
terms, indicating strong evidence in favour of
the alternative hypothesis, where the factor and
each interaction are statistically significant and
make a substantial contribution.
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High values of the coefficient of determi-
nation in the multifactor models confirmed the
appropriateness of a comprehensive approach
to shaping a digital promotion strategy based on
the interaction of several key indicators rath-
er than the isolated management of individual
metrics. To assess the marginal effect of each in-
dependent variable on Y, through “what-if” sim-
ulation analysis, the interactions of factors in
the non-linear models were taken into account,
making it possible to obtain average values of
traffic growth resulting from a unit change in
Xn. The research was conducted on a sample
of 17 companies using actual data from Tables 2
and 3 within the original Equations No. 7, 8, and
9. Actual values of the independent variables
(Xn) for each of the 17 websites were separate-
ly substituted into each second-order polyno-
mial equation, enabling the determination of
baseline (initial) theoretical values of Y, for each
equation. Subsequently, each independent var-
iable Xn was increased by one unit (AXn = +1),

while all other variables remained unchanged.
Foreach suchiteration, a new predicted value of
Y, was recalculated, and this procedure was re-
peated for all Xn variables in Equations No. 7, 8,
and 9 and for each of the 17 websites. For every
variable Xn, website, and equation, the absolute
increase AY, was calculated using the following
Formula 12:

AY,=(predicted Y, =) - (baseline Y,). (12)

The absolute increase AY, represents a
quantitative measure of influence, indicating
traffic growth when the value is positive and
traffic decline when the value is negative. Calcu-
lations according to Formula 12 were performed
separately in order to account for variation be-
tween websites. For each Xn variable, the aver-
age value of the increase AY, for the sample of 17
websites was aggregated, producing a general-
ised effect (Table 6), where each value is accom-
panied by the symbols “+” for direct influence
and “-" for inverse influence.

Table 6. Average increase in organic traffic resulting
from a one-unit increase in one of the independent variables of the model

Average increase in Organic Traffic (AY,), visits/month resulting
Equation from a one-unit increase in the independent variable
X, +1 X;+1 X,+1 X;+1 X,+1 X,+1 X,+1 X;+1 X,+1
Equation 7 (F. 8) +161.8 | +6.1x10° +282 -142.6 +0.7
Equation 7 (F. 9) +150.2 | +8.9x10° +282 -132.2 +0.7
Equation 8 (F. 10) +1.6 +3.1 -0.1
Equation 9 (F. 11) -21.6 -3.4x10° -5 +0.7 +0.2

Source: calculated by the author

Table 6 contains cells with missing data.
This is due to the absence of the correspond-
ing independent variables Xn in Equations 7, 8
and 9 (see Formulas 8, 9, 10, and 11). The sim-
ulation analysis additionally highlighted the
necessity of a comprehensive approach to the
group of variables: increasing X, (the number
of keywords ranked in Top-3 positions) and X,
(the URL Rating of a specific page) in order to
achieve maximum traffic growth; reducing X,
(the number of keywords ranked in positions
51-100), since growth in this variable has a neg-
ative effect; disregarding X, (the overall domain
rank within the Ahrefs database) because of
its lack of substantial influence and the nega-
tive nature of the relationship; and secondary

Economics and Business Management 17(2)

efforts directed towards increasing X, (the total
number of organic keywords), X,, (the number
of referring domains with “nofollow” links), X,.
(the total number of backlinks), X,, (the number
of “nofollow” backlinks), as well as reducing X,
(keywords ranked in positions 11-20), in order to
support the overall effectiveness of the profile.
The results of the conducted study provid-
ed construction companies specialising in the
construction of facilities for the agricultural
sector with a specific, data-oriented toolkit for
transitioning from intuitive or fragmented dig-
ital marketing towards a KPI-oriented strategy.
The practical application of the results involves
the clear prioritisation of SEO investments
aimed at ensuring the fastest possible traffic
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growth without the need for additional content.
The highest priorities are keywords ranked in
the Top-3 positions (X,) and positions 4-10 (X),
which exert the most substantial influence on
organic traffic. To increase the number of such
keywords, construction companies are advised
to systematically develop a content strategy fo-
cused on “long-tail” queries reflecting the spe-
cific characteristics of the agricultural sector.
Parallel priority should be given to backlink pro-
files (X,o, X,;, X;5, X,,). Domain authority should
be strengthened through the acquisition of
high-quality “dofollow” links from industry-re-
lated resources. To achieve this, construction
companies may conduct regular informational
and outreach activities on agricultural portals,
farmers’ forums, industry media, and the web-
sites of equipment suppliers. Another parallel
priorityisthe URLRating of a specific page (X,). To
improve this indicator, construction companies
should focus on optimising the internal struc-
ture of their websites by improving the tech-
nical performance of each page (speed, mobile
optimisation, internal linking). Such a compre-
hensive approach enables not only the forecast-
ing of traffic growth but also the optimisation
of marketing expenditure, ensuring maximum
return on investment in digital promotion.

From a strategic perspective, the results of
the study enable construction companies to de-
velop an annual KPI-oriented promotion pro-
gramme in which organic traffic becomes the
key measurable performance indicator. The use
of empirical models makes scenario forecasting
possible, allowing companies to estimate po-
tential lead growth and conversions even before
implementation measures begin, as well as to
promptly adjust strategy based on the results of
monthly monitoring. The implementation of the
proposed recommendations is intended to con-
tribute to reducing customer acquisition costs,
increasing trust among agricultural producers,
and ensuring a long-term competitive advan-
tage within the market for construction services
in agribusiness.

DISCUSSION
According to B2B statistics from 2025, 61% of
marketers prioritised SEO and organic traffic
as the main focus of inbound marketing, which
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delivered a high ROI through personalised con-
tent and highlighted the importance of digital
metrics (First Page Sage Team, n.d.); 57% of com-
panies believed that SEO generated more leads
than any other channel, with 76% of web traf-
fic coming from search engines (Shum, 2026);
68% of companies reported that organic traffic
from search engines was their primary source
of high-quality leads, whilst 54% of marketers
planned to increase investment in SEO pre-
cisely because of the higher ROI compared to
paid advertising, which is particularly impor-
tant for sector-specific markets such as con-
struction services for the agricultural sector
(Bateman, 2025). 73% of B2B buyers considered
SEO and organic search to be one of the most
important sources of information during the
supplier research phase, and companies that
invested in quality content and SEO generated
55% more leads than those relying primarily on
paid advertising (PB] Marketing, n.d.). Accord-
ing to digital marketing data for the agricultural
sector, agricultural companies that invested in
SEO and content marketing received a steady
stream of high-quality leads through organic
search, as farmers and agribusinesses active-
ly used online channels to search for service
providers, equipment and solutions, making
digital metrics key to building trust and com-
petitive advantages in the B2B segment (Dom-
browski, 2025). The effectiveness of promotion
in segmented industries, such as construction
for the agricultural sector, depended to a large
extent on a comprehensive approach to con-
tent, technical optimisation and the quality of
the backlink profile, which allowed for a steady
flow of organic traffic even in the face of limited
search demand and high customer acquisition
costs (Romain, 2024), whilst strategic flexibility
in shaping marketing strategies enabled com-
panies to adapt effectively to changes in de-
mand and the competitive environment, which
was particularly important for sector-specific
markets such as the construction of facilities
for agricultural enterprises, where the long deal
cycle required a rapid response to digital oppor-
tunities and precise measurement of effective-
ness (Norouzi, 2025).

The agricultural sector, farmers and ag-
ricultural producers increasingly sought out
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suppliers of services, equipment and solutions
via social media and search engines, where
brands that actively published useful content
and optimised their profiles for key search
terms significantly increased their visibility
and trust among their target audience, making
digital performance metrics critically impor-
tant for construction companies focused on ag-
ribusiness (Baranowska, 2025), whilst agricul-
tural companies that integrated SEO, content
marketing and digital advertising with a clear
focus on measurable KPIs (organic traffic, con-
version, lead quality), achieved a significantly
higher ROI than those relying solely on tra-
ditional channels or fragmented digital tools,
which is particularly important for the B2B ser-
vices segment, such as the construction of fa-
cilities for agribusinesses (Rhea + Kaiser, n.d.).
In the agricultural sector, even with zero search
volume for key queries, a comprehensive con-
tent marketing strategy, SEO optimisation and
targeted information and awareness-raising
efforts enabled significant growth in organic
traffic and high-quality leads, demonstrating
the potential of digital performance metrics for
sector-specific construction companies oper-
ating with limited search demand in the agri-
cultural segment (Sandyriev, 2025).

Areview of theliterature on digital marketing
inagribusinessrevealed significantacademicin-
terest in the role of digital performance metrics
in shaping promotional strategies. Researchers
S. Wang & R. Meng (2024) developed the “Zebra”
optimiser model with a weighted random for-
est algorithm (ZO-WRF) to forecast marketing
channels for agricultural products in Leshan and
confirmed that machine learning based on social
data achieves 95% accuracy in predicting media
marketing effectiveness, significantly outper-
forming traditional methods. The issue of using
digital performance indicators was addressed
in studies by S. Hasnain & A. Kazmi (2015) on
digital marketing, brand management and ser-
vice promotion. Despite a significant body of
scholarly work, most studies have focused on
general agromarketing strategies, whilst the
works of A. Mostova (2022) and Z. Lu (2023)
focused on consumer markets, whilst the re-
search by S. Hasnain § A. Kazmi (2015) concen-
trated on specific online communication tools.
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The analysed studies confirmed that digi-
tal performance indicators form the strategic
foundation for developing a marketing strategy
in agribusiness. Researchers D. Nyangoma et
al. (2024) highlighted the shift from an intuitive
to a “data-driven” approach, where KPIs (reach,
engagement, conversion, ROI) have become
an essential tool for optimising resources and
enhancing competitiveness. In particular, re-
searchers S. Koberniuk et al. (2025) and 1. Yat-
skevych (2024) emphasised the need to monitor
digital metrics in SMM strategies. Researchers
I. Gushcha (2023) and M. Sheeraz et al. (2023)
focused on the role of data analytics and brand
awareness. Author W. Shen (2024) investigated
the power of machine learning predictions. Re-
searcher A.S. Ajibola (2025) focused on KPIs for
technology adoption among smallholder farm-
ers. Researchers M. Braglia et al. (2022) focused
on a structured Industry 4.0 KPI system. Au-
thors U.S. Nwabekee et al. (2021) paid particular
attention to the integration of digital marketing
with financial metrics. The authors’ findings
were fully consistent with this paradigm, em-
pirically confirming the strong influence of SEO
metrics on organic traffic in the B2B segment.

Despite a shared methodological frame-
work, the studies differ significantly in subject
matter and approach. The studies by M. Sheer-
az et al. (2023) and E.A. Inyommom et al. (2025)
focused on general digital strategies (SMM,
content marketing, “big data”) in the agri-food
industry or at the level of end consumers/small-
holder farmers. The authors D. Nyangoma et
al. (2024) proposed conceptual models, whilst
the researchers M. Braglia et al. (2022) focused
on universal Industry 4.0 KPI frameworks. The
authors S. Wang & R. Meng (2024) paid par-
ticular attention to predictive ML models. In
contrast, the author’s work was purely empiri-
cal and econometric: it was based on a correla-
tion and regression analysis of real-world data
from Ahrefs (n.d.) for 17 Ukrainian construction
companies and proposed specific quantitative
models of the impact of SEO metrics on organ-
ic traffic specifically within the B2B segment
of construction services. Thus, whilst most of
the literature addressed the question “which
tools and models to use”, this study answers the
question “which specific SEO metrics have the
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greatest impact on results and how to optimise
them quantitatively”.

The analysed works highlighted addition-
al aspects that significantly broaden the un-
derstanding of the role of digital performance
indicators in shaping the strategy for promot-
ing construction services in agribusiness. In
particular, the works of A.S. Ajibola (2025) and
D. Nyangoma et al. (2024) highlighted the spe-
cific characteristics of developing countries,
resource constraints and the need to personal-
ise strategies. Meanwhile, I. Yatskevych (2024),
S. Koberniuk et al. (2025), and N.B. Zelisko &
V.V. Maliuha (2025) highlighted the synergy of
various digital channels (SMM, SEO, content
marketing) to achieve a cumulative effect.

In turn, the author’s work organically com-
plemented this body of research, adding an em-
pirical dimension specifically to the B2B seg-
ment of construction services: the high capital
intensity of projects, the lengthy decision-mak-
ing cycle, limited search demand, and the syn-
ergistic influence of SEO factors. Thus, the body
of analysed sources formed a solid theoretical
and methodological foundation, against which
this study demonstrated scientific novelty - the
quantitative verification of the role of digital
performance indicators for the strategic plan-
ning of construction services promotion in agri-
business, using Ukrainian companies as a case
study. The results obtained not only confirmed
the general trends in the literature but also of-
fered practical tools for construction companies
operating in the agricultural sector, facilitating
the transition from descriptive recommenda-
tions to predictive KPI-oriented strategies.

CONCLUSIONS
As a result of the conducted study, the decisive
role of digital performance indicators in shaping
the promotion strategy of construction services
for agricultural enterprises was confirmed. The
analysis demonstrated that, within a B2B mar-
ket characterised by high-value contracts and
long decision-making cycles, the website of a
construction company serves as a key instru-
ment of communication, trust formation, and
support for the customer acquisition process.
The correlation analysis confirmed the exist-
ence of strong direct relationships between the
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majority of digital website performance indi-
cators and the resulting variables characteris-
ing the level of their presence within the digital
environment. High values of correlation coeffi-
cients according to the Chaddock scale demon-
strated that organic visibility in search engines,
the structure and quality of keywords, as well as
the characteristics of the backlink profile, exert
a systematic influence on the effectiveness of
the digital promotion of construction compa-
nies operating within the agricultural sector.

The constructed single-factor linear re-
gression models confirmed the statistically sig-
nificant influence of individual digital indicators
onthe resulting variable Y, (organic traffic), with
coefficients of determination exceeding 0.7, in-
dicating the high explanatory power of the mod-
els. This provided grounds for asserting that in-
dividual SEO indicators may be used as reliable
measures of the effectiveness of construction
service promotion strategies within the digi-
tal environment. The results of the multifactor
regression analysis and sensitivity simulation
analysis demonstrated the existence of a syn-
ergistic effect between digital performance
indicators, whereby their combined influence
substantially exceeded the influence of each in-
dividual factor. In particular, the greatest aver-
age increase in organic traffic resulting from a
unit increase in the independent variables was
observed for X, (the number of keywords ranked
in positions 1-3) and X, (the number of keywords
ranked in positions 4-10), which was confirmed
by high positive coefficients. This indicated the
priority of focusing specifically on these varia-
bles in order to achieve rapid and substantial
traffic growth.

A secondary but still important direction
identified in the study was work on variables X,
(the total number of referring domains), X,, (the
number of referring domains with “dofollow”
links), X,, (the total number of unique referring
IP addresses), and X,, (the number of unique
Class C subnets), where comprehensive opti-
misation of these factors would strengthen do-
main authority and improve positioning within
search engines. The obtained results made it
possible to consider digital website perfor-
mance indicators not only as tools for the oper-
ational control of marketing activities, but also
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as elements of strategic planning. Accordingly,
for construction companies working with agri-
cultural enterprises, systematic management
of organic visibility, keyword structure, and the
quality of digital content may serve as the foun-
dation of a long-term competitive advantage
in the market. Prospects for further research
include expanding the sample of enterprises,
analysing the dynamics of digital indicators
over time, and incorporating additional factors
into the models that characterise user behav-
iour and content quality. This would allow for
a deeper understanding of the mechanisms
through which digital indicators influence the

strategic promotion of construction services
within the agricultural sector and would im-
prove the accuracy of forecasting marketing
performance outcomes.
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Financial support of territorial communities under martial
law: Challenges and prospects for the agricultural sector

Abstract. The aim of the article was to identify transformations of financial resources of territorial
communities during martial law and determine the role of the agricultural sector in restoring
the financial capacity. The methodology was based on the analysis of statistical indicators of local
budget revenues of Ukraine in 2022-2024, structural and functional analysis of the role of the
agricultural sector and forecast modelling of the restoration of the tax base in 2025-2030. The
agricultural sector, which provides more than 30% of rural community budgets, suffered losses of
about USD 59.8 billion. due to the destruction of infrastructure, mining of more than a quarter of
land and areduction in exports. The volume of international grant support from the World Bank, the
Food and Agriculture Organization of the United Nations, the International Fund for Agricultural
Development and the European Union increased from USD 385 million in 2022 to USD 650 million
in 2024, which confirmed the importance of foreign aid. Forecast calculations showed that in 2025-
2027,tax revenues from the agricultural sector will increase from UAH 54.9 billion to UAH 67.9 billion,
while the annual needs for financing its restoration in 2025-2030 will remain at the level of USD 17-
18 billion. with a reorientation to the modernisation of equipment and support for farmers. The
combination of state, municipal, and international support mechanisms creates the basis for
restoring the financial capacity of communities, and Ukraine’s integration into the European
market opens up new opportunities for strengthening the tax base. The practical significance of the
study lies in the formulation of recommendations for the development of local agricultural funds,
microcredit and preferential lending programmes. The results can be used by local governments,
state institutions and international donors to develop strategies for the financial sustainability of
territorial communities

Keywords: budget; revenues; grants; subventions; food security, forecast modelling

INTRODUCTION
The relevance of the study of the financial sup- communities' revenues, which was a conse-
port of territorial communities under mar- quence of the decline in economic activity and
tial law is due to the sharp reduction in these restrictions on access to the resource base.

Suggested Citation:
Nehoda, O. (2026). Financial support of territorial communities under martial law: Challenges and prospects for the
agricultural sector. Economics and Business Management, 17(2), 110-129. doi: 10.31548/economics/2.2026.110.

*Corresponding author (o_negoda@ukr.net)

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


https://orcid.org/0009-0003-2722-6026
https://economicscience.com.ua/en

Nehoda

Significant losses of tax revenues, in particular
from personal income tax and land payments,
were accompanied by an increase in the de-
pendence of local budgets on centralised trans-
fers, which significantly weakened the financial
autonomy. An additional challenge was the de-
cline in the role of the agricultural sector, which
traditionally was a key source of revenue for ru-
ral budgets, but suffered large-scale losses due
to the destruction of infrastructure, mining of
territories and reduction of production capaci-
ties. In such conditions, the search for effective
mechanisms for restoring and diversifying fi-
nancial resources that can ensure the sustain-
ability of local budgets and create a basis for
further economic reconstruction at the com-
munity level becomes particularly important.
In the study by L. Pronko et al. (2024), the
authors showed that territorial communi-
ties during the martial law period underwent
transformations in the direction of increasing
dependence on inter-budgetary transfers and
reducing the communities’ tax sources. It was
found that the key factor of financial instability
was the reduction of income from labour and
land use, which significantly reduced the finan-
cial autonomy of communities. In the work of
0. Mohylnyi et al. (2022), the consequences of
deregulation measures in the agricultural sec-
tor were analysed. Although the reduction of ad-
ministrative burden and transaction costs had a
positive effect on agricultural producers, these
measures turned out to be insufficient in the
context of large-scale destruction of logistics
chains. The authors emphasised that it was the
disruption of transport and warehouse infra-
structure, as well as the decline in food security,
that became key factors in the decline in eco-
nomic activity of communities. E.S. De Dios et
al. (2021), studying the experience of the Phil-
ippines during the martial law period, showed
that long-term centralisation of financial flows
leads to structural imbalances in investment
processes. As a result, there was a gradual de-
cline in the productivity of the regional econo-
my, which limited the ability of local budgets to
develop independently. This experience is rele-
vant for Ukraine, as it demonstrates that without
proper financial autonomy, communities be-
come vulnerable to external shocks. M. Nehrey &
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R. Finger (2024) focused on the initial conse-
quences of the military invasion for the agricul-
tural sector of Ukraine. The authors emphasised
that the decline in yields and the sharp increase
in production costs were primarily due to the
mining of significant areas and the loss of access
to basic infrastructure. This directly affected the
reduction in tax revenues at the local level, as
agricultural enterprises could not maintain the
previous level of production activity.

In a global review by R. Leonhardt et
al. (2022), it was found that a combination of
grant programmes, feed-in tariffs, and prefer-
ential lending contributed to the formation of
sustainable local energy systems and strength-
ened the financial capacity of communities.
JK.L. Chan et al. (2021) using the example of
ecotourism practices in Malaysia showed that
the active participation of the population in
tourism management ensured the creation
of additional sources of income and stimulat-
ed the rational use of natural resources. In the
study by M. Rosales et al. (2023), it was proven
that the institutionalisation of grassroots gov-
ernance increased the level of resilience of
communities to emergencies and reduced the
time to restore basic management functions.
These results confirmed the importance of var-
ious instruments and citizen involvement in the
formation of a sustainable financial and social
basis for development, which demonstrates the
universality of institutional practices across
sectors and countries. An important emphasis
is also placed on the intangible aspects of de-
velopment. M.O. Edwards-Fapohunda (2024)
demonstrated that adult learning and educa-
tion programmes are directly correlated with
employment growth. Educational initiatives not
only strengthen human capital, but also stimu-
late citizens' financial participation in local pro-
cesses, which ultimately forms a more stable
tax base. In turn, A.V. Machado et al. (2022), ana-
lysing the functioning of community-controlled
water supply systems, proved that long-term
sustainability depends on quality management
and financial discipline, as well as active partic-
ipation of the local population in decision-mak-
ing. This emphasises that institutional capacity
and the human factor are as important as finan-

cial resources.
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However, the literature review revealed a
number of gaps. Integrated quantitative models
that would combine data on agricultural loss-
es, the scale of mining and the transformation
of fiscal policy in the dimension of territorial
communities of Ukraine were not sufficiently
developed. Attention remained limited to spatial
differences in the impact of wartime destruc-
tion on the tax base and to assessing the effec-
tiveness of new financial instruments, in par-
ticular agricultural funds and microcredit. The
consequences of Ukraine’s integration into the
European Union (EU) for local budget revenues
in the medium term were also not comprehen-
sively investigated. In addition, there was a lack
of analysis of the differentiation of financial ca-
pacity between rural, urban and industrial com-
munities, which necessitates further research.
The purpose of the study was to determine the
features of the transformation of the financial
capacity of territorial communities during the
war period and outline the role of the agricul-
tural sector in restoring the revenue base. To
achieve this goal, the following tasks were set: to
analyse the dynamics of local budget revenues
in 2022-2024, taking into account the reduc-
tion of personal income tax and the growth of
inter-budgetary transfers; to assess the impor-
tance of agricultural production for the forma-
tion of tax revenues and the scale of its losses
as a result of military actions; to explore mech-
anisms for supporting communities and agri-
cultural producers from the state and interna-
tional organisations, with further identification
of prospects for restoring the tax base through
the introduction of innovative technologies and
the development of financial instruments at the
community level.

MATERIALS AND METHODS
The study was applied in nature and was con-
ducted as an analytical-descriptive study with
elements of forecast modelling, which was due
to the need for a comprehensive assessment of
the transformations of the financial capacity of
territorial communities during the war. It was
this approach that made it possible to com-
bine descriptive assessments of current trends
with the construction of forecast scenarios. The
chronological framework of the study covered
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the years 2022-2024, which provided the oppor-
tunity to trace changes in the structure of local
budget revenues in the dynamics of martial law.
To form forecasts for the restoration of the tax
base, benchmarks for 2025-2030 were taken
into account, which gave the study a strategic
dimension and allowed assessing the prospects
for financial sustainability in the medium term.
Data collection was carried out by processing
official statistical materials and reports using
open state and international sources. For the
analysis of budget indicators, data from the Por-
tal “Decentralisation” (n.d.) were used, reflect-
ing the dynamics of local budget revenues, the
structure of tax revenues, and the volume of in-
ter-budgetary transfers. The study of the impact
of military actions on the agricultural sector was
carried out based on official data from the Food
and Agriculture Organization of the United Na-
tions (FAO) (2023a;2023b) and analytical reports
from the KSE Institute (2023), which highlighted
the scale of losses and key risks to production.
Additional information was provided by materi-
als from the European Commission (2022; 2023;
2024) and World Bank (n.d.), which contained
estimates of recovery needs and the volume of
financial assistance. To form a comprehensive
picture, reports from the International Fund for
Agricultural Development (IFAD) (2022) were
also used, reflecting international approaches
to supporting rural areas and long-term recon-
struction scenarios.

The study used a statistical method that
provided the opportunity to generalise and sys-
tematise data on the dynamics of local budget
revenues in the period 2022-2024. It was used to
analyse official indicators that reflected chang-
es in revenues from the main tax and non-tax
sources. The application of this method made it
possible to identify patterns in the transforma-
tion of the revenue base of communities, assess
trends in the ratio of own and external funds,
and determine structural shifts in the financing
of local budgets. The method of structural and
functional analysis was used to study the role of
the agricultural sector in ensuring the financial
capacity of territorial communities. Revenues
were distributed by key components related to
agriculture, which made it possible to assess the
share in the overall revenue structure. The use
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of this method made it possible to determine
the dependence of local budgets on agricultural
production, trace the impact of war destruction
on the functioning of economic units, and form
an idea of the scale of financial losses in rural
communities.

The comparative method was used to com-
pare the instruments of financial support for
the agricultural sector and territorial communi-
ties in Ukraine with the practices implemented
by international organisations. This approach
made it possible to identify common and dis-
tinctive features of these instruments and deter-
mine the directions of the adaptation to Ukraini-
an conditions, which created an analytical basis
for recommendations on optimising financing
mechanisms. In addition, a case method was
used, which made it possible to analyse specific
examples of territorial communities from differ-
ent regions of Ukraine. Three communities were
selected for the study - de-occupied (Izium,
Kharkiv region), frontline (Orikhiv, Zaporizhzhia
region) and rear (Tlumach, Ivano-Frankivsk re-
gion). The selection criteria were different se-
curity conditions for the functioning and use of
different financial support instruments (budget
funds, grants from international organisations,
preferential financing).

Forecast modelling was used to identify
possible scenarios for restoring the financial
base of communities in the medium term, and
it was based on the average annual rates of res-
toration of agricultural production, the expected
growth in employment after the demining of
agricultural land, and the expansion of the tax
base through involvement in European Union
support programmes, in particular the Ukraine
Facility (European Commission, 2022), which
provided long-term macro-financial assistance
to Ukraine. Additionally, analytical materials
by R. Neyter et al. (2024) were taken into ac-
count, which highlighted joint initiatives of the
European Union and the Food and Agriculture
Organization for the restoration of farms. The
Common Agricultural Policy (European Com-
mission, 2023) and the European Agricultural
Fund for Rural Development (European Com-
mission, 2024) approaches served as a refer-
ence for assessing future needs in financing
the agricultural sector for 2025-2030, which
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identified key areas of investment in land dem-
ining, modernisation of machinery, restoration
of infrastructure, and support for small and me-
dium-sized farmers. For the forecast revenues
to local budgets from the agricultural sector, the
horizon 2025-2027 was chosen, which was due
to the availability of reliable short-term macroe-
conomicindicators and the possibility of the cor-
relation with current data from the Ministry of
Finance of Ukraine (n.d.) and Open Budget (n.d.).
For the needs of financing the restoration of the
agricultural sector, a wider period of 2025-2030
was used, since infrastructure projects, mod-
ernisation of equipment and support for farms
are of a long-term nature. Thus, the distinction
between time horizons was due to the different
nature of the indicators: tax revenues could be
forecast with a higher degree of accuracy in the
short term, while investment needs required a
longer perspective.

Methodologically, the forecast was carried
out using trend analysis (time-series forecast-
ing) based on data from 2020-2024. A multiple
regression model was used, where the depend-
ent variable was tax revenues to local budgets,
and the independent variables were the area
of demined land, the amount of state and in-
ternational financial support, the employment
index in agriculture, and agricultural product
export indicators. For the needs of financing the
restoration of the agricultural sector, a scenar-
io-based approach was used, which took into ac-
count three scenarios: baseline (slow recovery),
optimistic (accelerated attraction of investments
and international assistance), and pessimis-
tic (delay in the demining and modernisation
processes). The interpretation of the results
obtained was based on a combination of quan-
titative analysis with a qualitative assessment
of institutional mechanisms. This approach al-
lowed not only to systematise the impact of war
destruction on the financial capacity of com-
munities, but also to identify key structural de-
pendencies between the state of the agricultural
sector and the possibility of forming a sustaina-
ble tax base. In addition, based on the methods
used, practical recommendations were formu-
lated that are practical in nature and aimed at
developing compensatory mechanisms for the
financial stabilisation of territorial communities.
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RESULTS AND DISCUSSION
Transformation of local budget revenues
under martial law
The financial resources of territorial commu-
nities during the martial law period underwent
significant transformations, which directly af-
fected the dynamics of the revenues. Tax and
non-tax revenues, which in the pre-war period
formed the basis of the financial autonomy of
local self-government, gradually lost stabili-
ty. The effect of transferring the military levy
and personal income tax (PIT) to a special fund
of the state budget was especially noticeable,
which led to the loss of a significant part of the
communities' own resources and increased
dependence on centralised redistribution of

financial flows (Ministry of Finance of
Ukraine, 2024). A comparison of the main reve-
nue items in 2022-2024 showed both structural
shifts and multidirectional trends in the dynam-
ics of key sources of budget funding. While local
taxes demonstrated gradual growth, PIT during
this period decreased, forming a negative trend
for the financial base of communities. Instead,
inter-budgetary transfers and other revenues,
including administrative fees and fines, began
to play a more significant role in supporting rev-
enue. The summarised data on these changes
are presented in Table 1, which reflects the dy-
namics of revenues of local budgets of Ukraine
in 2022-2024 and makes it possible to trace
structural changes in the sources.

Table 1. Dynamics of revenues of local budgets of Ukraine in 2022-2024 (general fund, billion UAH)

Year Personal income tax Local taxes Transfers Other revenues Total
2022 300.5 126.4 150.2 42.1 619.2
2023 291.2 134.7 168.9 44.5 639.3
2024 259.3 142.5 187.9 61.4 651.1

Note: transfers - grants and subventions from the state budget; other revenues - administrative payments, fines,

non-tax fees

Source: developed by the author based on data from the Ministry of Finance of Ukraine (n.d.), Open Budget (n.d.),

Portal “Decentralisation” (n.d.)

The data in Table 1 showed that in 2022-
2024 there was a steady reduction in the volume
of personal income tax - from UAH 300.5 to
259.3 billion, which corresponded to a decrease
of almost 14%. At the same time, local taxes in-
creased by 12.7%, which confirmed the relative
stability in the revenue structure. The most
dynamic source was inter-budgetary trans-
fers, which increased by UAH 377 billion and
reflected the strengthening of the centralisa-
tion of the budget system. Other revenues also
showed an increase of UAH 19.3 billion, but the
share remained secondary. The overall results
indicated a relative stability of the total volume
of revenues, but with a significant change in the
structure, which meant a decrease in the finan-
cial independence of territorial communities
and an increase in the role of state mechanisms
in ensuring the viability. A similar effect of
centralisation of financial flows was described
by B. Topi¢-Pavkovi¢ (2024), emphasising that
the concentration of resources without com-
pensatory mechanisms makes local budgets
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vulnerable to external and internal shocks.
The structure of local budget revenues in 2024
confirmed the trend towards redistribution of
financial flows in favour of centralised resourc-
es. Despite the significant role of traditional tax
revenues, the share of grants and subventions
increased significantly, which together pro-
vided more than a quarter of the general fund.
This indicates the formation of a model in which
the sustainability of local finances increasingly
depended on the state budget. The general-
ised proportions between the main sources of
income are shown in Figure 1, which makes it
possible to outline the key trends in the trans-
formation of the revenue base of territorial
communities during the war period.

Data analysis showed that 40% of lo-
cal budget revenues in 2024 were provided
by personal income tax, which remained the
key source of formation of the financial base
of territorial communities. At the same time,
the share of grants and subventions in total
exceeded 28%, which indicated a significant
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dependence on state budget resources. This re-
sult correlates with the conclusions of K. Klu-
za & K. Woéjtowicz (2025), who, in the study,
proved that inter-budgetary transfers, on the
one hand, strengthen the financial stability of
communities, and on the other hand, increase
the dependence on central government deci-
sions. Local taxes formed more than a fifth of
revenues, confirming the importance for main-
taining communities’ own financial capabilities.
Other sources, in particular excise taxes and
non-tax payments, were of an auxiliary nature
and did not create a tangible impact on ensur-
ing financial autonomy. This revenue structure
demonstrates the strengthening of centralisa-
tion tendencies and the gradual limitation of
communities’ opportunities to implement inde-
pendent financial policy.

Fraction in revenues

H Personal income tax
M Local taxes

Excise taxes

Grants
B Subventions

m Other revenues

Figure 1. Structure of revenues of local budgets
of Ukraine in 2024
Source: developed by the author based on Ministry of
Finance of Ukraine (n.d.), Portal “Decentralisation” (n.d.)

An in-depth analysis showed a reduction in
the share of personal income tax and local tax-
es in the general budget fund and an increase
in the role of centralised financing. On the one
hand, this guaranteed minimal stability during
the period of military challenges, but on the oth-
er hand, it deprived communities of strategic
development planning tools. A similar pattern
was confirmed by G. Abuselidze (2021), pointing
out that excessive centralisation in the process-
es of decentralisation reforms reduces the in-
stitutional capacity of local budgets and limits
the autonomy. According to the Ministry of Fi-
nance of Ukraine (2024), in conditions of limit-
ed resources, most communities were forced to
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direct budget funds mainly to social protection
and ensuring protected expenditure items. The
change in the tax burden led to the fact that the
financial resources of local governments be-
came more dependent on the decisions of cen-
tral authorities and international donors (Open
Budget, n.d.). In fact, a significant part of the in-
dependence in the formation of the revenue part
of the budgets was lost, which led to an orienta-
tion towards a centralised system of resource
distribution. As C.I. Ojiako § O.C. Raphael (2025)
showed, limiting the financial independence of
local governments hinders the implementation
of strategic development programmes and in-
creases dependence on external sources of sup-
port. This situation created additional risks in
the event of a state budget deficit or a reduction
in the volume of external support.

In the systemic dimension, the transforma-
tion of revenues confirms the decrease in the
role of local tax revenues and the increase in the
centralisation of financial flows. Such a trend is
typical for crisis conditions, but it contradict-
ed the principles of budget decentralisation,
which provided for strengthening the financial
independence of territorial communities. The
situation that developed highlighted the need to
find compensatory mechanisms and alternative
sources of income that can ensure the sustain-
able development of communities. One of these
areas was the agricultural sector, the potential of
which lies in the ability to form a stable tax flow
and support the financial autonomy of commu-
nities in the medium term.

The agricultural sector as the basis

of the financial capacity of rural communities
During the war period, the agricultural sec-
tor remained one of the key factors in the for-
mation of the revenue base of rural commu-
nities. Its importance for local budgets was
manifested through revenues from personal
income tax, land tax, rent for the use of agri-
cultural land, as well as other related sources
(Open Budget, n.d.). An analysis of the dynam-
ics of tax revenues in the agricultural sector in
2022-2024 made it possible to outline the scale
of the reduction in the contribution of agricul-
tural production to the formation of commu-
nity income and showed how the war events
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affected the sustainability of local finances.
Studying the share of the agricultural sector in
the income structure made it possible to deter-
mine the level of dependence of budgets on the
functioning of agricultural enterprises. The
comparative analysis demonstrated a gradual
reduction in the share of primary sources due

45 40
40 347
35
30
25
16.2
ig 11.1 13.7
: 9.6
7.9

10 4.8 71y

5 I

0

2022 2023

to a decrease in production capacities and loss
of access to land resources in significant are-
as. As shown in Figure 2, this trend indicated a
strategic risk to the financial capacity of terri-
torial communities in the absence of compen-
satory mechanisms and alternative sources of
filling local budgets.

M Personal income tax from
agricultural enterprises (%)

M Land tax (%)

30.1

Rent (%)
11.5
8.4 6.3 Other related sources (%)
39
I H Total (%)

2024

Figure 2. Share of the agricultural sector in the structure
oflocal budget revenues of Ukraine in 2022-2024
Source: developed by the author based on FAO (2023b), A. Albaladejo Roman (2024), Portal “Decentralisation” (n.d.)

Analysis of Figure 2 showed that in 2022-
2024, there was a gradual reduction in the
share of the agricultural sector in the structure
of local budget revenues from 40.0% to 30.1%.
The most significant decrease was observed
at the expense of personal income tax from
agricultural enterprises, which decreased by
almost 5 percentage points. Land tax and rent
also decreased: the share of land tax decreased
from 11.1% in 2022 to 84% in 2024, and rent
from 7.9% in 2022 to 6.3% in 2024. This directly
reflected the loss of access to agricultural land
and the decline in the activity of agricultural
producers. Other sources remained relative-
ly stable, but the share was insignificant for
meeting the needs of local budgets. The overall
dynamics confirmed the increasing depend-
ence of territorial communities on external
sources of financing and highlighted the need
for income diversification in order to main-
tain the financial capacity. Similar conclusions
were made by PK. Ozili § PT. Iorember (2024),
who proved that long-term economic security
is possible only with systematic investments in
key industries, among which the agricultural
sector plays a leading role in forming financial
sustainability.
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Direct financial losses of the agricultural
sector are considered one of the key indicators
of the impact of military actions on the econom-
ic base of territorial communities. These losses
encompass both the destruction of production
and logistics capacities, and limited access to
land due to mining, as well as a decrease in ex-
port opportunities. The aggregate indicators for
2022-2024 made it possible to outline the scale
of the problem and trace the trend towards its
aggravation. The generalised results of these
processes are shown in Figure 3, which reflects
the structure and dynamics of direct financial
losses of the agricultural sector in the period
under study. Analysis of Figure 3 showed that
in 2022-2024, the total direct losses of the ag-
ricultural sector increased from USD 417 to
59.8 billion, demonstrating a steady increase
in the negative consequences of military oper-
ations. The largest losses fell on the category of
destroyed infrastructure, which accounted for
about half of the total losses. The destruction
of warehouses, elevators, transport routes and
logistics centres actually reduced the possibili-
ties for storing and transporting products, which
had a long-term effect on the economy of com-
munities. An additional factor of destabilisation
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was land mining, the scale of which grew every
year: according to the KSE Institute (2023), as of
2023, about 30% of the territory of Ukraine was
potentially contaminated with mines and ex-
plosive remnants of war, and in 2024 more than
5.2 million hectares of land remained unsuitable
for agricultural use (FAO, 2023a). This made sig-
nificant areas inaccessible for production and
created risks for both economic activity and the
safety of the rural population. At the same time,
the reduction in exports remained an important
factor that limited foreign exchange earnings
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and weakened the resource base of the state and
local budgets. Taken together, these processes
formed a multidimensional challenge that in-
cluded the destruction of the material and tech-
nical base, loss of access toland, and restrictions
on access to foreign markets. Similarly, V. Per-
nechele et al. (2021) showed that systematic in-
vestment in the agricultural sector creates long-
term multiplier effects for local budgets and
strengthens food security, which confirms the
importance of restoring agriculture as a strate-
gic resource.

59.8 Infrastructure destroyed
(billion USD)
m Landmine losses (billion USD)
29.2
13.916.7 B Export reductions (billion USD)
. l m Total (billion USD)

2024

Figure 3. Direct financial losses of the agricultural sector of Ukraine in 2022-2024
Note: destroyed infrastructure refers to elevators, warehouses, transport facilities, logistics routes; losses from land
mining include unreceived products and demining costs; reduced exports - reduced foreign exchange earnings

from agricultural products exports

Source: developed by the author based on FAO (2023a), KSE Institute (2023), A. Albaladejo Roméan (2024

A critical element of financial losses was
also the reduction in the number of people em-
ployed in agriculture due to the mobilisation of
the working-age population: in 2022-2023, the
number of workers in the agricultural sector de-
creased by 12-15% on average across the coun-
try (Nehrey & Finger, 2024), and in some front-
line regions, losses exceeded 25% (Neyter et
al., 2024). The reduction in the workforce in the
production process caused a drop in produc-
tivity and led to a decrease in tax payments to
local budgets. Thus, the financial capabilities
of territorial communities were directly de-
pendent on demographic changes imposed on
wartime circumstances. The loss of labour po-
tential, combined with increasing infrastruc-
ture damage and land loss, increased the bur-
den on the system of inter-budgetary transfers
and international aid. As K. Kumar et al. (2025)
showed, it is tax incentives and regulatory inter-
ventions that can restore the productive base of
the agricultural sector and thereby support tax
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revenues at the local level. This confirmed that
without external support, local governments
would be unable to provide even a basic level of
social and economic functions. Similar trends
were described by K. Jansen et al. (2022), who
emphasised that centralisation and the reduc-
tion of the role of local farms lead to the loss of
economic subjectivity of rural areas, making
these areas dependent on external resources.
The cumulative effect of infrastructure de-
struction, loss of access toland, reduced exports,
and reduced labour resources determined stra-
tegic risks to the financial sustainability of rural
communities. The accumulation of these fac-
tors led to the need to significantly expand the
volume of state support and attract external
financial resources, in particular through grant
and loan programmes of international organi-
sations. At the same time, long-term recovery
could be ensured only by reviving agricultural
production as a key basis of the tax base of lo-
cal budgets. The identified trends confirmed
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that the agricultural sector during the war peri-
od performed not only an economic, but also a
system-forming function in shaping the finan-
cial stability of territorial communities. In this
context, effective mechanisms for financing
and attracting additional resources that can
support the development of agriculture and the
restoration of the revenue base of communities
in the medium term became of paramount im-
portance. A similar approach was demonstrated
by M. Fetoui et al. (2021), who showed that the
restoration of degraded lands is possible only
through multi-level cooperation between state
institutions, local communities and interna-
tional organisations, which fully corresponds to
Ukrainian realities.

The combination of direct and indirect loss-
es to the agricultural sector during the war peri-
od significantly weakened the financial basis of
territorial communities, making these commu-
nities more dependent on centralised transfers
and foreign aid. The loss of infrastructure, land
resources, labour potential, and export oppor-
tunities created a complex challenge for the
economic stability of local governments. Under
these conditions, the restoration of agricultural
production is a key prerequisite for strengthen-
ing the tax base and ensuring the long-term fi-
nancial sustainability of communities.

Mechanisms of financial support for territorial
communities and agricultural producers

The financial stability of territorial communi-
ties during the martial law period was largely
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determined by the volume of resources received
in the form of inter-budgetary transfers. Grants
and subventions performed a compensatory
function, since the communities’ own revenues,
in particular revenues from personal income
tax and economic activity, were significantly
reduced. The growth in the role of transfers re-
flected the adaptation of state financial policy to
crisis conditions and demonstrated the level of
support forlocal budgets in ensuring the solven-
cy and performing socially significant functions.
A. Bayrakgeken (2024) confirmed this logic, em-
phasising that the key condition for econom-
ic security in crisis situations is the creation of
flexible legal mechanisms capable of ensuring
the adaptability of financial systems.

An analysis of the dynamics of grants and
subventions in 2022-2024 showed a steady
increase in centralised financing, which con-
firmed the formation of a model of high de-
pendence of communities on state resources. As
shown in Figure 4, there was both an increase in
the absolute volume of transfers and a change
in the structure. The share of subventions was
of particular importance, as these subventions
were directed at specific areas of expenditure, in
particular education, healthcare and social pro-
tection, while grants performed a more univer-
sal function of balancing budgets. The relation-
ship between these forms of support made it
possible to assess how rigidly the conditions for
the use of centralised funds were determined
and what opportunities communities retained
for communities’ own financial manoeuvring.

187.9
134.8 M Grants (billion UAH)
B Subventions (billion UAH)
53.1
I Total (billion UAH)
2024

Figure 4. Dynamics of the volume of inter-budgetary transfers
for territorial communities in 2022-2024
Note: grants - funds transferred to local budgets without specifying a specific target; subventions - inter-budgetary
transfers from the state budget for specific purposes (education, healthcare, infrastructure)
Source: developed by the author based on the Ministry of Finance of Ukraine (n.d.), Portal “Decentralisation” (n.d.)
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The data presented in Figure 4 showed a
stable growth in the volume of inter-budget-
ary transfers in 2022-2024. If in 2022 territorial
communities received UAH 154.8 billion, then
in 2024 this figure increased to UAH 1879 bil-
lion, which corresponded to an increase of al-
most 21%. The largest share in the structure of
transfers was made up of subventions, which
increased by UAH 22.3 billion over three years
and confirmed the priority of targeted financing
focused on the educational, medical and social
spheres. Grants demonstrated slower growth
rates, but retained a key role in balancing lo-
cal budgets and ensuring the basic solvency.
The overall dynamics of transfers confirmed
the growth of centralised support as the main
mechanism for compensating for losses of own
revenues, which in conditions of martial law
increased the dependence of communities on
the state budget and narrowed the possibilities

for strategic planning at the local level. Similar-
ly, R. Svartzman et al. (2021) proved that a mul-
ti-level model of coordination of financial flows
in crisis conditions allows reducing systemic
risks and compensating for losses of income at
the local level.

In this context, grant and preferential fi-
nancing acquires particular importance, as it
acts as an additional tool for increasing the fi-
nancial sustainability of communities. To specify
these trends, it is advisable to consider examples
of three territorial communities from different
regions of Ukraine: deoccupied, frontline, and
rear (Table 2). The cases presented make it pos-
sible to trace how the combination of budget re-
sources, international grants, and preferential
lending programmes ensures the restoration of
agricultural infrastructure, support for produc-
tion processes, and the formation of the tax base
of local budgets.

Table 2. Examples of financial support for territorial communities in 2022-2024

e e c9mmumty Support tool el Direction of use Expected effect
type (region) amount
State budget + Restoration of the Restoration of export
Deoccupied | Iziumska (Kharkiv) 8 USD 4.2 million | grain elevator and flows and increase in
FAO grant e
logistics PIT revenues
. World . Sowing campaign
Frontline Orikhivska Bank ARISE | USD 1.8 million | _Purchase of mobile ensured and jobs
(zaporizhzhia) dryers and seed stock
Programme preserved
Local budget Construction of a 12% increase in
Tlumatska (lvano- . modern dryer and
Rear . + programme | UAH 25 million ; land-related budget
Frankivsk) “ ” expansion of the
5-7-9 elevator revenues lease

Source: developed by the author based on FAO (2023a), World Bank (2023), D. Poursina et al. (2024), Cabinet
of Ministers of Ukraine (2025), Delegation of the European Union to Ukraine (2025), Ministry of Finance of

Ukraine (n.d.), Portal “Decentralisation” (n.d.)

In the case of the deoccupied Iziumska com-
munity in Kharkiv region, funding was provid-
ed through a combination of the state budget
and the FAO grant programme, which ensured
the restoration of basic production capacities
(FAO, 2023a). In addition to the restoration of the
elevator, part of the funds were directed to the
purchase of equipment for grain quality control
laboratories, which allowed for the restoration of
export supplies through the Black Sea corridors.
A study by D. Poursina et al. (2024) confirmed
the significant economic effect of the grain ini-
tiative in supporting international trade. Addi-
tionally, FAO and EU grant resources were used
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to train local farmers in risk management in the
post-war period, which increased the humanre-
sources potential of the community (Delegation
of the European Union to Ukraine, 2025). The cu-
mulative effect was manifested in an increase in
personal income tax revenues and the restora-
tion of contracts with international traders.

The Orikhivska frontline community of
Zaporizhzhia region received support under the
World Bank’s Ukraine Agriculture Recovery In-
clusive Support Emergency (ARISE) programme,
which provided funding for mobile grain dryers
and seed stock restoration (World Bank, 2023).
Thanks to this, the community was able to
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conduct a full-fledged sowing campaign despite
limited logistical capabilities and constant risks
of hostilities. In addition, part of the funds were
used to create a reserve seed stock for subse-
quent seasons, which increased resilience to
possible future disruptions. The economic ef-
fect was manifested in the preservation of over
300 jobs and stabilisation of land lease reve-
nues. In the Tlumatska rear community of Iva-
no-Frankivsk region, the use of the local budget
in combination with the “5-7-9” programme
made it possible not only to build a modern dry-
er and expand the elevator, but also to create a
cooperative for small farmers. The affordable
lending programme provided low interest rates,
which stimulated additional investments in
technical re-equipment (Cabinet of Ministers
of Ukraine, 2025). As a result, the community
received a 12% increase in land-related budget
revenues lease and increased employment in
the field of agricultural infrastructure services.
A critical additional factor of financial sup-
port was the activities of international organ-
isations that provided a resource base for the
restoration of the agricultural sector. In particu-
lar, the Ukraine Facility programme (European
Commission, 2022) provided for the provision
of long-term macro-financial assistance to
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Ukraine, including resources to support agricul-
tural production and the development of local
infrastructure. The Common Agricultural Poli-
cy (European Commission, 2023) was aimed at
supporting the competitiveness of agricultural
producers through the modernisation of tech-
nologies, the development of innovations and
ensuring food security. The European Agricul-
tural Fund for Rural Development (European
Commission, 2024) provided funding for rural
rehabilitation projects, including land demining,
infrastructure construction and modernisation,
and support for small and medium-sized farms.
FAO (2023a) implemented grant programmes
focused on the direct rehabilitation of farms,
the purchase of seeds, equipment, and the res-
toration of production capacities in the affected
areas. Data for 2022-2024 showed a gradual in-
crease in the volume of international assistance,
reflecting the increased interest of partners in
stabilising the agricultural sector of Ukraine.
This trend had not only socio-economic but also
fiscal significance, as support for agricultural
production directly influenced the formation of
local tax revenues and served as an important
element in ensuring the financial sustainability
of territorial communities, which is clearly re-
flected in Figure 5.
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Figure 5. Volumes of grant support to the agricultural sector
from international organisations in 2022-2024
Note: data reflect grant support in the form of financing programmes for the restoration, modernisation and

support of agricultural production

Source: developed by the author based on International Fund for Agricultural Development (2022), FAO (2023b),

World Bank (n.d.)

Analysis of Figure 5 showed a steady in-
crease in the volume of international grant as-
sistance to the agricultural sector of Ukraine
in 2022-2024. The total amount of funding
increased from USD 385 million in 2022 to
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USD 650 million in 2024, which correspond-
ed to an increase of 69%. The largest share of
assistance was provided by the European Un-
ion, which accounted for about 40% of the
total. Resources provided by the World Bank
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remained significant, while FAO and IFAD fo-
cused on supporting small farms and imple-
menting food programmes. This dynamics
indicated the growing role of international
donors in stabilising the agricultural sector,
which directly formed the tax base and finan-
cial sustainability of territorial communities.
According to the Fund for Entrepreneurship
Development (n.d.), state programmes to stim-
ulate small businesses played an important role
in supporting the agricultural sector, in par-
ticular the affordable loan programme “5-7-9".
Expanding access of rural enterprises to cheap
financial resources made it possible to main-
tain employment of the population, maintain
production capacities and minimise the risk of
complete loss of tax revenues. The combination
of external and internal financing instruments
created conditions for diversification of income
sources and contributed to more sustainable
development of communities even under mili-
tary restrictions. A similar effect was described
by S. Karim et al. (2022), showing that during the
COVID-19 pandemic, adaptive mechanisms of
the banking sector, in particular regulatory eas-
ing and targeted support programmes, made it
possible to minimise the negative effect of the
crisis on local economies.

At the same time, problems of efficiency of
use of attracted resources persisted. Insuffi-
cient level of transparency and control mech-
anisms created risks of non-targeted spending
of grant and subvention funds, in particular
delays in the implementation of reconstruction
programmes and cases of use of funds without
clear reference to target indicators (KSE Insti-
tute, 2023; World Bank, n.d.). This reduced the
effectiveness of financial support, as part of the
funding did not provide the expected effect in
restoring production capacities and developing
local infrastructure. This problem correlates
with the results of the study by A. Biatek-Jawor-
ska (2022), which found that the activation of
municipal enterprises can reduce the debt
burden and at the same time increase the ef-
ficiency of using financial resources at the lo-
cal level. Therefore, the need to strengthen the
institutional capacity of local governments for
high-quality administration of external and in-
ternal financial flows became urgent, because
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it was this factor that determined the trust of
international partners and further readiness
for cooperation.

In general, the financial capacity of territo-
rial communities in wartime was formed thanks
to a combination of multi-level support from the
state and international organisations. The de-
velopment of effective schemes of interaction
between communities, government structures
and donors became a key prerequisite for min-
imising the consequences of war destruction
and created the basis for further reconstruction
of the economy at the local level. This trend de-
termined the prospects for long-term restora-
tion of financial stability through the restoration
and development of the agricultural sector.

Prospects for restoring the financial

capacity of communities through

agricultural development

The restoration of the agricultural sector after
the end of the active phase of hostilities is a key
factor in rebuilding the financial base of terri-
torial communities. It is this sector that deter-
mines the level of tax revenues, which are the
basis of the revenue part of local budgets in rural
regions. Forecasting its development makes it
possible to assess the potential volumes of re-
sources that will be formed in the medium term
and will ensure the financial capacity of com-
munities. Revenues from personal income tax,
land tax and rent are of particular importance,
since these revenues reflect both the level of
economic activity and access to land resources,
which directly affect budget planning.

Forecast calculations of revenues make it
possible to determine guidelines for strategic
financial planning of territorial communities
(Fig. 6). The expected gradual restoration of ag-
ricultural production after land clearance and
modernisation of production facilities will con-
tribute to employment growth, labour produc-
tivity, and land use costs (Neyter et al., 2024).
This will generate a stable increase in tax and
rental payments, which in the future will en-
sure not only the fulfilment of current social
and administrative obligations, but also create
opportunities for investment in the develop-
ment of social and production infrastructure
(World Bank, n.d.). Thus, the restoration of the
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agricultural sector becomes not only an eco-
nomic but also a socio-strategic factor capable
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of determining the trajectory of rural communi-
ties in the post-war period.
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Figure 6. Forecast revenues to local budgets from the agricultural sector in 2025-2027
Note: land tax - mandatory payments for the use of land plots; rent - revenues for the use of agricultural land.
Forecast data are calculated based on the average annual rates of recovery of agricultural production of 8-10%, the
expected growth in employment in the sector after land clearance, as well as the expansion of the tax base through
integration into support programmes of the European Commission and international donors
Source: developed by the author based on FAO (2023b), A. Albaladejo Roméan (2024), Ministry of Finance of

Ukraine (n.d.)

Analysis of Figure 6 indicates a gradual re-
covery and growth of tax revenues from the
agricultural sector in 2025-2027. The largest
increase is expected due to the personal in-
come tax, the volume of which increases from
UAH 275 billion in 2025 to UAH 34.8 billion in
2027. This is due to the expansion of employ-
ment in agriculture and the gradual restoration
of entrepreneurial activity in the liberated and
restored territories. Land tax during this period
shows an increase of UAH 3.3 billion, which is
associated with the introduction into econom-
ic circulation of lands that were inaccessible
due to mining or destruction of infrastructure.
The rent for agricultural land also increases by
UAH 24 billion, reflecting the increased inter-
est of private and corporate investors in land
use and the increase in rental costs. In total, lo-
cal budget revenues from the agricultural sec-
tor increase from UAH 54.9 billion in 2025 to
UAH 679 billion in 2027, confirming its key role
as a budget-forming factor and the basis for the
financial stability of territorial communities.
Similarly, D.R. Hakim & S.R.S. Dewi (2021) showed
that targeted tax revenues can strengthen the fi-
nancial capacity of territories and ensure diver-
sification of income sources.

Determining the needs for financing the
restoration of the agricultural sector is the next
important step in shaping post-war reconstruc-
tion strategies. The analysis of key areas showed
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that the largest resources in the medium term
will be required for land demining, modern-
isation of the technical base and restoration
of damaged infrastructure, while supporting
farms is seen as a long-term investment in the
development of the local economy. Forecast data
for 2025-2030 indicate a gradual reallocation of
financial flows from priority measures aimed at
eliminating the consequences of the war to in-
vestments in technological renewal, increasing
productivity, and ensuring sustainable compet-
itiveness of the agricultural sector (Fig. 7). This
approach forms the basis for balanced develop-
ment of local budgets and creates opportunities
for long-term strengthening of the financial
capacity of communities. Analysis of Figure 7
shows that in 2025-2030, the largest expendi-
tures will be required for infrastructure restora-
tion and land demining, but the share in overall
needswill gradually decrease. At theinitial stage,
these areas are critically important for return-
ing agricultural land to production and restoring
logistics links. Financing for demining decreas-
es from USD 5.5 billion in 2025 to USD 3.4 billion
in 2030, which is explained by the completion of
key stages of territory clearance and the gradual
reduction in the scale of the problem. This corre-
lates with the conclusions of K.Q. Yaqub (2024),
who, analysing the experience of Iraq, proved
that excessive dependence on a single source of
income (in particular, oil revenues) creates fiscal
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vulnerability, which echoes the Ukrainian situ-
ation, where the dominance of certain income
items requires compensatory mechanisms.
In contrast, spending on equipment modern-
isation shows the opposite dynamics - grow-
ing from USD 3.0 to USD 4.8 billion, reflecting
a strategic shift in emphasis from eliminating
war consequences to increasing production
productivity. This conclusion is consistent with
the results of the study by A. Ahmad et al. (2024),
which showed that the introduction of innova-
tive technologies and artificial intelligence in
the agricultural sector provides increased pro-
ductivity, reduced costs, and the formation of
stable tax revenues. Digitalisation of process-
es in production and logistics, as A. Ahmad et
al. prove, creates the basis for strengthening the
financial capacity of communities, since the in-
troduction of innovative technologies and arti-
ficial intelligence in the agricultural sector pro-
vides increased productivity, reduced costs, and
the formation of stable tax revenues. Forecast
data developed based on materials from KSE In-
stitute (2023), R. Neyter et al. (2024) and World
Bank (n.d.), confirmed a similar role of modern-
isation of agricultural machinery, which was
determined as one of the key factors in restor-
ing the financial base in the medium term. Sup-
port for farms during this period also gradually
increased, which indicates the growing role of
small and medium-sized agricultural producers
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inrestoring economic activity and ensuring sus-
tainable development of the agricultural sector.
The total annual financing needs according to
forecasts for 2025-2030 remain stable and fluc-
tuate at the level of USD 17-18 billion (Neyter et
al., 2024; World Bank, n.d.), which confirms the
sustainability of financial obligations in the me-
dium term and the need for long-term planning
of relevant programmes. A similar pattern was
noted by C. Challoumis (2024), who developed
the concept of integrating the dynamics of the
monetary cycle and economocracy, proving that
the effectiveness of the financial system in cri-
sis conditions depends on the ability to balance
income and expenditure, taking into account cy-
clical fluctuations.

In the context of forming the financial sta-
bility of territorial communities after the end of
the active phase of hostilities, an important task
is not only to assess resource needs, but also to
determine strategic guidelines for development.
The predicted recommended solutions, summa-
rised in Table 3, make it possible to outline the
key areas of state, municipal and international
support. These solutions reflect possible steps
aimed at creating new financial instruments, re-
storing the tax base and stimulating agricultural
development, which together form the basis for
long-term strengthening of the financial capac-
ity of local budgets and increasing the economic
independence.
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5.2 4.9
4342I33 3'84'5I3.6 il
2028 2029 2030

® Infrastructure rehabilitation (billion USD)

Figure 7. Financing needs for the restoration of the agricultural sector by areas in 2025-2030
Note: the forecast financing needs for the main areas of development of the agricultural sector are given: land
demining - costs for clearing territories to return these territories to economic circulation; modernisation of
equipment - investments in modern machinery and equipment; infrastructure restoration - reconstruction of
warehouses, logistics facilities, irrigation systems; support for farmers - grants, loans, and subsidies for small and

medium-sized producers

Source: developed by the author based on FAO (2023b), KSE Institute (2023), A. Albaladejo Roméan (2024)
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Table 3. Predicted recommended solutions for restoring the financial capacity
of territorial communities through agricultural development

Estimated
Direction The essence of the solution Expected effect implementation
period
S T Expansion of sales markets, increase
Integration into the Participation in EU programmes — . . -
European market Ukraine Facility, CAP, EAFRD n fore‘|gn exchange earnings, growth 2025-2030
in local budget revenues
Introduction of modern agricultural . . . .
. e . Reducing production costs, increasing
Technology technologies (precision farming, . . ;
Lo N competitiveness, increasing tax 2025-2028
modernisation irrigation) and product storage
) revenues
systems (mobile dryers, elevators)
Develobment of Creating affordable financing Diversification of production,
~lop - programmes for small farmers and preservation of jobs, stabilisation of 2025-2027
microcredit
personal farms the local economy
Creation of local Pooling state, municipal, and donor Financing t;lemlnlr}g, suppprtlng
X resources to support farmers and farmers, increasing the fiscal 2025-2030
agricultural funds S o
restore land sustainability of communities

Note: local agricultural funds are special financial instruments created at the community level to support the
agricultural sector and restore land resources; microcredit is a mechanism for providing small loans to small

farmers and farms in order to maintain the activities

Source: developed by the author based on FAO (2023a), KSE Institute (2023), European Commission (2022; 2023;

2024)

The restoration of the tax base of territorial
communities is possible thanks to Ukraine’s in-
tegration into the European market and involve-
mentinagricultural sector support programmes
by the European Union, in particular the
Ukraine Facility (European Commission, 2022),
Common Agricultural Policy - CAP (European
Commission, 2023) and European Agricultural
Fund for Rural Development — EAFRD (Europe-
an Commission, 2024). The implementation of
these programmes involves the creation of new
opportunities for export, the introduction of Eu-
ropean production standards and an increase
in the quality of products. It is assumed that
this will not only ensure stable growth in farm
incomes, but also expand the resource base of
local budgets by increasing revenues from per-
sonal income tax, land payments and rent. In the
medium term, such processes should contribute
to the formation of a more predictable and di-
versified revenue part of local budgets. A similar
conclusion was made by J. Zhang & Z. Shi (2025),
who, based on the CGE model, proved that social
capital and cultural interaction strengthen the
economic base of rural areas and provide addi-
tional sources of income.

Modernisation of the agricultural sector
through the introduction of modern technolo-
gies for production, storage, and processing of
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products is considered one of the most prom-
ising areas of recovery. The use of innovative
solutions allows reducing the cost of produc-
tion and increasing the efficiency of resource
use: according to estimates, the use of precision
agriculture technologies reduces fuel and fertil-
iser costs by 15-20%, which corresponds to sav-
ings of over USD 1.2 billion per year on a nation-
al scale (KSE Institute, 2023). At the same time,
the introduction of irrigation systems increas-
es the yield of grain crops by an average of 25-
30%, providing additional tax revenues for local
budgets at the level of UAH 4-5 billion per year
(FAO, 2023a). According to World Bank calcula-
tions (n.d.), reconstruction and modernisation
of storage infrastructure reduces post-harvest
losses from 15% to 7-8%, which is equivalent to
saving about 2.5 million tonnes of grain annu-
ally. The development of processing enterpris-
es can increase the added value of products by
35-40% and bring communities an addition-
al UAH 6-7 billion in tax deductions each year
(FAO, 2023a). Taken together, such measures
not only stabilise the production process and
ensure competitiveness in international mar-
kets, but also contribute to the growth of tax
revenues to local budgets, strengthen the finan-
cial capacity of territorial communities and cre-
ate an attractive investment environment for
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the long-term development of rural areas. The
prospects for restoring the financial capacity
of territorial communities through the devel-
opment of the agricultural sector confirm the
need to combine state, municipal, and interna-
tional support instruments. A similar approach
was proposed by T. Mallawaarachchi & D.B. Ra-
hut (2023), emphasising that inclusiveness and
diversification of income are key conditions for
sustainable development of rural areas in the
post-crisis period. Implementation of compre-
hensive measures to demine territories, expand
access to financial resources and modernise
production creates a basis for long-term res-
toration of the revenue base of local budgets.
Such a strategy provides not only financial sta-
bilisation, but also forms the basis for analysing
social and economic effects that will determine
the further trajectory of development of local fi-
nances in the post-war period.

Thus, the results of forecast calculations and
analysis of the main areas of financing showed
that the restoration of the financial capacity of
territorial communities directly depends on the
pace of revival of the agricultural sector and the
effectiveness of the implementation of mecha-
nisms for its support. The combination of mod-
ernisation of production, attraction of invest-
ments, integration into European programmes
and development of local financial instruments
creates a comprehensive basis for stabilising lo-
cal budgets and creating prerequisites for long-
term economic growth.

CONCLUSIONS
The results of the study showed that in 2022-
2024, the financial base of territorial com-
munities in Ukraine underwent significant
changes. Personal income tax decreased from
UAH 300.5 billion in 2022 to UAH 259.3 billion
in 2024 (-14%), while inter-budgetary transfers
increased by 21%, reaching UAH 1879 billion. In
the revenue structure of 2024, personal income
tax accounted for almost 40%, and the share of
grants and subventions exceeded 28%, which
indicated an increase in centralised trends and
a decrease in the financial independence of
communities. The agricultural sector remained
the leading factor in generating income in ru-
ral areas, but its share decreased from 40.0%
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in 2022 to 30.1% in 2024. The largest drop was
observed in personal income tax from agricul-
tural enterprises - from 16.2% to 11.5%. Direct
losses of the industry in 2022-2024 amounted
to USD 59.8 billion, of which about half was due
to destroyed infrastructure. Additional negative
factors were land mining and reduced exports,
which increased fiscal risks for communities. At
the same time, international support increased:
grant funding increased from USD 385 million in
2022 to USD 650 million in 2024. Forecasts indi-
cate thatin 2025-2027 tax revenues from the ag-
ricultural sector will increase from UAH 54.9 bil-
lion to UAH 679 billion, while the needs for
financing its recovery in 2025-2030 will remain
at the level of USD 17-18 billion annually. The
greatest resources will be required for the res-
toration of infrastructure and land demining,
while costs for modernisation of equipment and
support for farmers will gradually increase. At
the same time, the long-term recovery strategy
should be based on the implementation of the
predicted recommended solutions, including
integration into European markets, modernisa-
tion of agricultural technologies, development
of microcredit and creation of local agricultural
funds, which will ensure stability and diversifi-
cation of sources of income of communities.

The limitations of the study are the depend-
ence on official statistical data and reports of
international organisations, which may not fully
reflect the real scale of economic losses in com-
munities, as well as the lack of unified methods
for assessing the financial consequences of
land mining and the destruction of agricultural
infrastructure, which reduced the accuracy of
long-term forecasts. Further research should be
aimed at quantitatively assessing the socio-eco-
nomic effects of restoring the agricultural sec-
tor, modelling regional disparities in commu-
nity incomes, and analysing the effectiveness
of Ukraine’s integration into the financial and
agricultural programmes of the European Un-
ion, which will allow for the formation of more
comprehensive strategies for restoring and
strengthening the financial sustainability of ter-
ritorial communities.
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®diHaHcoBe 3a6e3neyYeHHs TepuTopiasibHUX rpoMag,
B YMOBaX BOEHHOIO CTaHY: BUK/TUKU Ta NepCneKTUBU
OJ19 arpapHoro ceKropa

AHoTauUig. MeTolo cTaTTi 6y710 BUSABIEHHS TpaHCchopMallili GiHAHCOBUX PeCypCiB TepUTOPiaIbHUX
rpoMag, y nepioZi BOEHHOI'O CTaHy Ta BU3HAYeHHS POJIi arpapHOI0 CEKTOPY YV BiLHOBJIEHHI IXHBOI
diHaHCOBOI CIIPOMOKHOCTI. MeToZIooris I'PYHTYBaacsd Ha aHajli3i CTaTUCTUYHUX IIOKa3HUKIB
IOXOHiB MiclleBUX OIOMKeTiB VRpaiHu y 2022-2024 poKaX, CTPYKTYpPHO-(YHKI[IOHAIBHOMY
aHai3l poJyii arpapHOTO CEKTOpPY Ta IIPOTHO3HOMY MOJEeNIOBaHHI BifHOBJIEHHS I10JATKOBOI
6a3u y 2025-2030 porax. ArpapHUI CEKTOp, 1o 3abe3neuye noHan 30 % GIOIKETIB CiTbCBKUX
rpoMaj, 3a3HaB BTPAT Ha CyMy 6IM3bKO 59,8 MJIpZ, O YHACTIIOK pyHHyBaHHA iHOpaCTpyKTypH,
MiHyBaHHS IIOHaJ YBEPTi 3eMesib i CKOPOYEeHHS EeKCIIOpTy. O6ciaru MiKHApoZHOI IpaHTOBOI
MaTpUMKY Bif CBiToBoro 6aHKy, IIpOmOBOJNIBUOI Ta CiTBCHKOTOCIIOAApPChKOi opraHizaiiii OOH,
MikHapogHOro GOHAY CiJIbCBKOTOCIIOZAPCHKOTO PO3BUTKY Ta E€BpoIiericbkoro Cor03y 3pociu 3
385 miH gon. y 2022 poui zo 650 MiH nos. y 2024 pol, 1o MiATBepAUIIO BaroMicTh 30BHIIIHBOI
JonoMoru. ITporHosHi po3paxyHKU IoKasany, 1o y 2025-2027 pokax MNOLaTKOBI HaAXOO KeHHS
Bif] arpapHOT0O CEKTOPY 3POCTYTh i3 54,9 MIpZ, TPH H0 67,9 MJIpZ I'PH, TOZAI AK LOPiUHi TOTpebu y
diHaHcyBaHHI 110T0 BiTHOBIEHHA y 2025-2030 poKax 3aJMIIaTUMYyThCSI Ha piBHI 17-18 MyIpH IOJ.
3 [Iepeopi€HTAalli€I0 Ha MOJEPHi3allilo TeEXHIKU Ta MiATPUMKY epMepiB. IToegHAHHSA IepKaBHUX,
MYHIUMIIAJIBHUX Ta MDKHapOIHWX MeXaHi3MIB IIITPUMKU CTBOPIOE OCHOBY [IJiSl BiZHOBJIEHHS
diHaHCOBOI CIPOMOXKHOCTI I'poMaJl, a iHTerpallifa YKpalHU 0 €BPOIEMCHKOI0 PUHKY BiIKpHUBAE
HOBi MOKJIMIBOCTI A1 3MilIHEHHS [TOAaTKOBOI 6a3u. [IpakTUYHe 3HaYeHHS JOCIIiIKeHHSA ITOJIATAE y
dopMyBaHHI peKOMeHalli N I0JI0 PO3BUTKY JIOKAJIBHUX arpapHUX QOHIiB, MIKDOKPEeIUTYBaHHS Ta
IIpOrpaM ITiIBrOBOrO KPpeAUTYBaHHS. Pe3ynsTaTy MOKYTh OyTU BUKOPHCTaHI OpraHaMu MiCLieBOro
CaMOBpSyBaHHS, NEPKAaBHUMM YCTAHOBAMU Ta MDKHapOOHUMU [IOHOpaMM IJis PO3PO6KU
cTparerii iHaHCOBOI CTIMKOCTI TePUTOPiaIBHUX TPOMafL

KniouoBi cnoBa: 6I0IKeT, IOXOAY; TpaHTH; CybBeHIIii; MMpofoBoyibya 6esreKa; IIPOrHO3He
MOJIEIIOBaHHSA
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The state of efficiency of use and prospects for restoration
of resource potential of agricultural enterprises
of the Polissia zone of Ukraine in the post-war period

Abstract.The purpose ofthis studywastodetermine the features of the formation and effectiveness
of the use of resource potential of agricultural enterprises of the Polissia zone of Ukraine in
conditions of wartime transformations. The research methodology was based on the application
of descriptive-statistical, structural, dynamic and comparative analysis, as well as the case study
method on the example of the enterprises Galeks-Agro and Ritter Bio Agro LLC. The study found
that the natural and climatic conditions of Polissia limited the efficiency of resource use: the pH
level of soils was 4-5.5, the humus content was 0.8-1.5%, and annual losses were 0.3-0.5 tonnes/
hectare. At the same time, an increase in grain crop yields by more than 40% and an increase
in production volumes to UAH 258 billion in 2023 were found, which may indicate adaptation.
Comparative analysis of enterprises showed significant differences in efficiency: at Galeks-Agro,
revenue per hectare was UAH 41,780, profit - UAH 8,887, labour productivity - 1,530,392 UAH/
employee, integral indicator — 0.75. At Ritter Bio Agro LLC, revenue per hectare was UAH 2,902,
profit per hectare was UAH 631, labour productivity - UAH 196,927 per employee, integral indicator
of efficiency - 0.25. At the same time, close profitability values (21.27% and 21.73%) indicate similar
cost efficiency, while differences in overall results are due to the scale and intensity of resource
use. In the post-war period, increasing the efficiency of resource potential use is associated
with optimising land use, modernising the material and technical base, developing processing,
diversifying production, and improving logistics and export activities. The practical significance
of the study lies in the possibility of using the obtained results and substantiated approaches to
increase the efficiency of resource potential use and forming management decisions regarding the
restoration of agricultural enterprises in the post-war period
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INTRODUCTION

The functioning of agricultural enterprises in
the Polissia zone of Ukraine in the conditions
of military transformations is accompanied by
a disruption of the processes of formation and
resource potential use, which manifested itself
in the loss of part of production resources, a de-
crease in the efficiency of land use and limited
access to material, technical and financial re-
sources. A full-scale war led to the destruction
of infrastructure, loss of equipment, mining of
agricultural lands and disruption of logistics
chains, which directly affected the effective-
ness of agricultural production. Violation of the
effectiveness of the functioning of agricultural
enterprises necessitates a review of approaches
to the formation and use of the production and
financial capabilities in the context of innova-
tive transformations, which are accompanied
by the influence of external and internal factors.
The study by N.M. Sulima et al. (2024) found that
agricultural enterprises concentrate a signifi-
cant share ofland, labour and financial resourc-
es, which determines the role in the formation
of production potential. Increasing the efficien-
cy is associated with the introduction of inno-
vative technologies, the development of human
capital, diversification of activities and the use
of various sources of financing, which allows
adapting to changes in the economic environ-
ment. The activities of small and medium-sized
agricultural enterprises, as established by
N.O. Avercheva & H.V. Kozak (2024), are accom-
panied by a decrease in the level of profitability,
a decrease in employment and an increase in
dependence on external sources of financing.
A significant part of economic entities is on the
verge of financial sustainability, and the resto-
ration of the functioning in the post-war period
requiresimproving managementprocesses,im-
plementing performance assessment systems
and attracting state and international support.

The complexity of the processes of combin-
ing and using production factors in agricultural
enterprises in the context of the transforma-
tion of the economic environment necessitates
the clarification of the essence and structure
of the resource capabilities. The resource po-
tential of agricultural enterprises in the study
of S.V. Stepanenko (2022) considered it as a
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complex system of interconnected elements,
including land, capital, and labour with the fur-
ther detailing in accordance with the peculiar-
ities of the functioning of agricultural produc-
tion. The author also proved that the efficiency
of resource use is determined not only by the
volume, but also by the proportionality and
balance of the combination, with a special role
played by intellectual and image capital, as well
as the transformation of land relations and the
growth of the importance of human capital in
the conditions of innovative development. The
agricultural sector of Ukraine, as established
by LV. Tomashuk & R.O. Horobchuk (2024), has
significant potential, formed at the expense of
natural resources, labour supply, infrastruc-
ture and technological capabilities. Its imple-
mentation is limited by an insufficient level of
modernisation, investment difficulties and so-
cial challenges, in particular the ageing of the
population in rural areas. The authors argued
that increasing efficiency is possible through
the introduction of innovative technologies, the
development of cooperation, the digitalisation
of production, and the expansion of processing,
which will contribute to the growth of added val-
ue and the competitiveness of products.
Disruption of agricultural land use pro-
cesses due to military actions, accompanied by
a decrease in cultivated areas, deterioration of
soil quality characteristics and complication of
production and logistics processes, necessitates
arethinking of organisational and economic ap-
proaches to land use. The study found that mili-
tary aggression caused significant losses of land
resources due to mining, occupation and pollu-
tion, which, as noted by 0.M. Dyachynska (2025),
led to a reduction in sown areas and a decrease
inyields. The researcher also substantiated that
in conditions of limited access to resources and
disruption of logistical connections, agricultur-
al enterprises are forced to adapt the produc-
tion structure, reduce costly crops and review
approaches to the use of land resources, and
also identified areas of state support, invest-
ment support and land use optimisation for the
restoration of production processes in the post-
war period. A. Shevchenko et al. (2025), in the
study, determined that the resource potential of
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agricultural enterprises includes land, material
and technical, financial and human components
that form the possibilities of the development
and adaptation to changes in the economic en-
vironment. The authors also substantiated that
innovative diversification of activities, in par-
ticular the introduction of niche crops, the de-
velopment of new areas of production and the
use of modern technologies, contributes to in-
creasing financial stability, reducing risks and
ensuring the stability of the functioning of agri-
cultural enterprises in the post-war period.

Deterioration of the conditions for provid-
ing agricultural production with material and
technical, financial and labour resources in con-
ditions of economic instability is accompanied
by adecrease in productivity and a complication
of the processes of reproducing production ca-
pabilities. In the study of M.P. Martyniuk (2024),
the resource availability of agriculture was
characterised by significant limitations caused
by the destruction of infrastructure, disruption
of logistical connections, loss of part of the land
and limited access to financing, which nega-
tively affected the efficiency of the functioning
of enterprises. The author also argued that in-
creased efficiency is possible through the intro-
duction of innovative technologies, in particular
precision agriculture, production automation
and digital solutions, as well as through diver-
sification of financing sources, development
of environmentally friendly practices and staff
training. At the same time, RM. Soloshen-
ko (2023) found that the war caused complex
negative consequences, in particular the de-
struction of logistics and production infra-
structure, loss of up to 30% of agricultural land,
shortage of financial resources and reduction of
production by 30-40% compared to the pre-war
period. The author also argued that recovery is
possible on the basis of an integrated approach,
which involves the reconstruction of infrastruc-
ture, modernisation of irrigation systems, at-
traction of international investments, state fi-
nancial support, implementation of digital and
agro-technological solutions, as well as the de-
velopment of human capital and diversification
of export markets.

Meanwhile, the issues of assessing the ef-
ficiency of resource use in a regional context
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remain insufficiently addressed, and there are
no comprehensive approaches to restoring pro-
duction potential, taking into account territorial
conditions and the consequences of war-re-
lated impact. The purpose of this study was to
study the processes of formation and efficiency
of use of production resources of agricultural
enterprises of the Polissia zone of Ukraine un-
der the influence of military changes. To achieve
this goal, the following tasks were defined: to
analyse the composition and structure of re-
source endowment of agricultural enterprises
of the Polissia zone of Ukraine, taking into ac-
count natural and climatic conditions and mil-
itary changes; to assess the effectiveness of use
of production resources; to substantiate the di-
rections of restoration and improvement of the
effectiveness of use of resources of agricultural
enterprises in the post-war period.

MATERIALS AND METHODS
The study was empirical in nature and covered
the time period of 2021-2025, which was due to
the need to simultaneously take into account
the pre-war state of the agricultural sector, the
sharp transformation of the resource base as a
result of full-scale military operations in 2022
and the stage of gradual restoration in 2023-
2025, which made it possible to trace the dy-
namics of changes in the use of the resource
potential of agricultural enterprises. The object
of the study was agricultural enterprises of the
Polissia zone of Ukraine and the resource po-
tential, which was formed under the influence
of natural and climatic, economic and military
factors. The Polissia zone was considered as a
spatial environment for the functioning of en-
terprises, which determined the specifics of
resource use. To clarify the territorial bound-
aries of the study, the method of regional and
spatial analysis was used, which made it pos-
sible to outline the composition of the relevant
regions (Resolution of the Cabinet of Ministers
of Ukraine No.2068,1998) and take into account
the natural and geographical features. To iden-
tify the factors that affected the efficiency of re-
source potential use of agricultural enterprises
in the Polissia zone of Ukraine, the study used a
descriptive-analytical method. Using this meth-
od, the characteristics of the soil cover were
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analysed, in particular, soil acidity (Soil fertil-
ity models..., 2022; Soil pH and..., 2025), as well
as the humus content and its dynamics (One of
the biggest.., 2018). Special attention was paid
to the peculiarities of the structure of agricul-
tural production and its transformation (Zos-
ymchuk, 2022). The obtained data were used to
identify natural, climatic and resource factors
that determined the conditions for using the
resource potential of agricultural enterprises in
the region (Nechyporenko et al., 2025).

Within the framework of the study of the
resource potential of agricultural enterprises
of the Polissia zone of Ukraine, the case study
method was applied on the example of the en-
terprises Galeks-Agro (n.d.) and Ritter Bio Agro
LLC (n.d.). The choice of these enterprises was
due to the need to compare different models
of production organisation within the same
natural and climatic zone. The study of the en-
terprise Galeks-Agro was carried out using
structural and descriptive-analytical methods
to characterise the components of the resource
potential, in particular land, biological, material,
and technical and innovative resources, as well
as determining the features of the combination
in the production process. The assessment of
the organisational and production model and
the level of integration was carried out using a
functional-structural approach, which made it
possible to analyse the relationships between
crop production, livestock farming and process-
ing. The study of innovative and environmen-
tal components of the resource potential was
based on the analysis of the enterprise’s com-
pliance with international standards of organic
production: Regulation (EU) 2018/848 (2018),
Bio Suisse (2023). Additionally, for a generalised
assessment of the efficiency of resource use,
elements of financial analysis were used based
on the reporting of Galeks-Agro (n.d.), which
allowed correlating the structure of resource
availability with the results of economic activity.

The study of Ritter Bio Agro LLC (n.d.) was
conducted using a similar methodological ap-
proach, taking into account the specifics of its
production model. The characteristics of land
resources and production specialisation were
carried out using structural and descriptive-an-
alytical methods to determine the structure
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of crops and the features of the use of land po-
tential in organic production: Regulation (EU)
2018/848 (2018), Ritter Bio Agro LLC. Informa-
tion on the organic orientation of the enter-
prise’s activities was taken into account based
on the availability of relevant organic produc-
tion certificates, in particular Organic Stand-
ard (n.d.), Naturland (n.d.) and Bio Suisse (2023).
The assessment of the material and technical
support and production model was carried out
using a functional-structural approach based
on information on the enterprise’s activities.
Additionally, elements of financial analysis
were used based on open reporting data, which
allowed correlating resource support with the
results of economic activity.

To generalise approaches to resource po-
tential use, a comparative method was applied
by comparing the activities of Ritter Bio Agro
LLC (n.d.) and Galeks-Agro (n.d.) according to
the following indicators: revenue per hectare,
UAH/ha, profit per hectare, UAH/ha, profitabil-
ity, %, revenue per 1 employee, UAH, integral
efficiency indicator. The calculation of revenue
perhectare was carried out according to the for-
mula (1):

D: = % (1)

where D - net revenue from sales of products,
UAH,; S - the area of agricultural land, ha.

This indicator was used to assess the eco-
nomic return on land resources and allowed
comparison of the efficiency of enterprises. The
calculation of profit per hectare was carried out
according to the formula (2):

P, = g, (2)

where P - net profit, UAH.

The indicator characterised the efficiency
of land resource use taking into account costs
and reflected the level of financial result for-
mation per unit of area. The level of profitability
was determined as (3):

R= % x 100%. 3)

This indicator enabled assessing the effi-
ciency of enterprise costs and determining the
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ratio of profit received to the volume of products
sold. The calculation of labour productivity (rev-
enue per employee) was carried out according
to the formula (4):

D

L=5 (4)

where N - the average number of employees,
people.

The indicator was used to assess the effi-
ciency of using labour resources and reflected
the volume of products created per employee. In
order to ensure the comparability of indicators
that have different units of measurement, the
normalisation was applied using the minimax
method (5):

(X - Xmin)/ (Xmax - Xmin)' (5 )

Normalisation made it possible to bring
heterogeneous indicators to a single scale and
provided the possibility of the further generali-
sation. The integral indicator of the efficiency of
using resource potential was determined as the
arithmeticmeanofthe normalised indicators(6):

I=(x,+x%,+X;+%,)/4. (6)

The use of the integral indicator allowed
for the aggregation of partial indicators of ef-
ficiency and the formation of a generalised
assessment of the level of use of the resource
potential of enterprises. Based on the generali-
sation of the obtained results, directions for the
restoration and improvement of the efficien-
cy of resource use in the post-war period were
formed using the method of generalisation and
systematisation, which provided a justification
for approaches to increasing the operational ef-
ficiency of agricultural enterprises, taking into
account the identified trends and limitations.

RESULTS AND DISCUSSION
The state and dynamics
of agricultural production development
inthe Polissia zone of Ukraine
The Polissia zone of Ukraine covers the north-
ern and partly western regions of the coun-
try and is characterised by the predominance
of sod-podzolic soils of sandy and sandy loam
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mechanical composition, as well as a signifi-
cant share of waterlogged and swampy lands.
It includes the territories of Volyn, Rivne, Zhy-
tomyr, Kyiv, Chernihiv, Sumy, Lviv, Ternopil
and Khmelnytsky regions (Resolution of the
Cabinet of Ministers of Ukraine No. 2068, 1998).
The total area of the zone is over 113 thousand
km? (about 20% of the territory of Ukraine), and
in some regions, in particular the Rivne region,
the share of Polissia territories exceeds 73%
(about 1.5 million hectares). The natural envi-
ronment of the region is characterised by an ex-
cess water balance: the average annual rainfall
is 600-650 mm (in some areas over 700 mm)
with evaporation of 400-450 mm. The temper-
ature regime ranges from -4.5..-8°C in winter
to +17..+19°C in summer, and the duration of
the frost-free period is 160-180 days. The func-
tioning of agricultural enterprises in the Polis-
sia zone of Ukraine is determined by specific
natural resource conditions that directly affect
the efficiency of resource potential use. One of
the keys limiting factors is the properties of soils
characterised by high acidity and low natural
fertility. The predominance of sod-podzolic soils
with a pH level of 4-5.5 causes the formation of
an acidic environment, which leads to the accu-
mulation of toxic forms of aluminium, inhibi-
tion of the development of the plant root system
and a decrease in the availability of nutrients
(Soil pH and..., 2025). As a result, the efficiency
of fertiliser use decreases by 20-40%, which in-
creases production costs and reduces resource
efficiency (Soil fertility models..., 2022).

The natural and climatic conditions of
Polissia also determine the structure of agri-
cultural production and the choice of econom-
ically viable crops. The most adapted are grain
and leguminous crops (winter wheat, rye, triti-
cale, maize), as well as crops traditional for the
region - potatoes, flax, buckwheat, and fodder
grasses. Under conditions of proper land rec-
lamation and technological support, individual
crops can provide a high level of yield, in par-
ticular maize - up to 10-12 t/ha. At the same
time, the structure of production is gradually
transforming from traditional specialisation to
a more diversified model, which includes the
expansion of areas under soybeans, rapeseed,
and sunflower (Zosymchuk, 2022). Along with
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natural limitations, the development of agricul-
tural production is affected by the processes of
resource base degradation. One of the charac-
teristic features of the soils of the Polissia zone
is the low humus content, which in light min-
eral soils is mostly 0.8-1.5%. Under conditions
of intensive land use, annual humus losses due
to mineralisation are estimated at 0.3-0.5 t/ha,
which requires the compensation to maintain
the initial level of soil fertility (One of the big-
gest..., 2018). These processes, combined with
erosion phenomena and land drainage, lead to a
decrease in the productive potential of agricul-
tural landscapes.

Despite the above limitations, the region
was experiencing positive dynamics in the de-
velopment of agricultural production. Over the
last decades, the yield of major agricultural
crops increased, which is associated with the
introduction of modern technologies, the use of
new varieties and the development of land rec-
lamation. In particular, the yield of grain crops
increased by more than 40%, which was accom-
panied by an increase in production indicators
despite existing natural limitations. At the same
time, the increase in production volumes was
accompanied by a change in the structure of
crops and the expansion of the use of more pro-
ductive crops. The dynamics of production was
growing: the volume of agricultural production
increased to UAH 258 billion in 2023, with the
share of the Polissia zone accounting for about
10% of the total production in Ukraine, with a
high specialisation in the production of indi-
vidual crops, in particular oats and buckwheat.
At the same time, despite the soil degradation
processes, the region maintains a tendency to
maintain the achieved levels of yield, which may
be associated with the adaptation of agricultur-
al production to existing resource constraints
(Nechyporenko et al., 2025). Thus, agricultural
production in the Polissia zone operates under
conditions of a combination of natural con-
straints and gradual technological adaptation.
The specifics of soil and climatic conditions,
the degradation of the resource base and the
transformation of the production structure de-
termine the features of the formation of the re-
source potential of agricultural enterprises and
necessitate the need to increase the efficiency
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of its use through the introduction of adaptive
technologies, diversification of production and
optimisation of land use.

Assessment of the efficiency

of resource use of agricultural enterprises

of the Polissia zone of Ukraine

The agricultural enterprise Galeks-Agro (n.d.)
is an example of the formation and effective
resource potential use in the conditions of the
Polissia zone of Ukraine, based on the model of
vertically integrated production. The enterprise
functions as a comprehensive system that cov-
ers all stages of agricultural production - from
the cultivation of organic crop and livestock
products to the processing and sale to the end
consumer on the principle of “from field to ta-
ble”. Such an organisation of activities ensures
the closure of the production cycle, an increase
in the level of added value and more efficient
use of available resources. The enterprise’s land
resources constitute over 10 thousand hectares
of agricultural land certified as organic. Pro-
duction is carried out in the conditions of the
Polissia zone, which is characterised by less
fertile soils and increased humidity, which ne-
cessitates the adaptation of agricultural tech-
nologies. The specialisation of crop production
is represented by the cultivation of grain and
leguminous crops, in particular wheat (includ-
ing spelt), rye, barley, oats, buckwheat, mil-
let, maize, soybeans, as well as legumes (peas,
beans, vetch). Fodder crops provide the internal
needs of livestock farming, which indicates ara-
tional combination of industries and the closure
of resource flows. The livestock sector is repre-
sented by the breeding of Simmental cattle of
the meat and dairy production. The total live-
stock population is about 4.7 thousand heads,
of which approximately 1.7 thousand are dairy
cows. The average annual productivity is about
7,000 litres of milk per cow, which corresponds
to a high level of efficiency in the use of biolog-
ical resources. The development of livestock
farming is ensured by the presence of modern
dairy complexes operating according to Eu-
ropean standards, as well as its own feed base
formed at the expense of crop production. The
material and technical base of the enterprise
includes production infrastructure that ensures
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the implementation of basic technological pro-
cesses in crop and livestock farming, in par-
ticular soil cultivation, sowing, harvesting and
animal husbandry. It includes dairy farms, fat-
tening complexes, an elevator with a capacity of
about 12 thousand tonnes of storage, as well as
processing enterprises. The presence of its own
infrastructure ensures the possibility of imple-
menting a full production cycle and reducing
losses at individual stages of production.

A feature of the resource potential of Gal-
eks-Agro (n.d.) is the development of process-
ing, which allows transforming raw materials
into products with high added value. The enter-
prise has its own dairy plant with a capacity of
up to 30 tonnes per day, which produces over
120 types of organic dairy products, including
the production of organic beef and pork, as well
as a wide range of processed products, in par-
ticular sausage products (boiled, semi-smoked,
raw smoked), sausage products, thick sausag-
es, meat patés and lard products. Additionally,
grain crops are processed into flour, cereals and
other products, which indicates a deep integra-
tion of production processes and effective use of
the raw material base. The enterprise’s resource
potential includes innovative and environmen-
tal elements that are implemented through or-
ganic production and the corresponding certi-
fication system. All products of the enterprise
are certified in accordance with international
standards of organic production: Regulation
(EU) 2018/848 (2018), Bio Suisse (2023), which
confirms compliance with environmental re-
quirements and increases the competitiveness
of products. The organic management mod-
el involves the rational use of land resources,
preservation of soil fertility and minimisation of
negative impact on the environment.

The economic results of the Galeks-Agro
enterprise (n.d.) can be characterised using
generalised financial indicators. In particular,
in 2025, net revenue from sales of products
amounted to UAH 417.8 million, and net profit -
UAH 88.9 million, which exceeds the indicators
of the same period of the previous year. The en-
terprise is partially focused on foreign markets,
exporting organic products, in particular grain,
cereals and flour. About 30% of the products
produced are sold outside Ukraine, while the
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rest is used for internal processing and ensur-
ing the production cycle. The main export des-
tinations are the countries of the European Un-
ion (in particular, Germany, Switzerland, Italy,
the Netherlands, the Czech Republic), as well as
the USA and Canada, which indicates the inte-
gration of the enterprise into the international
markets of organic products. Thus, the resource
potential of Galeks-Agro is formed on the basis
of a combination of land, material and technical,
biological and innovative resources that oper-
ate within a vertically integrated production
system. The state of efficiency of its use is char-
acterised by ensuring a closed production cycle,
a rational combination of crop and livestock in-
dustries, as well as the development of its own
processing, which contributes to increasing the
return on resources and reducing losses at in-
dividual stages of production. Additionally, the
effectiveness of the resource potential use is
manifested in the stable dynamics of produc-
tion indicators, in particular livestock produc-
tivity and volumes of raw material processing,
which reflects the adaptation of the enterprise
to the natural and climatic conditions of the
Polissia zone.

Ritter Bio Agro LLC (n.d) is an agricultural
enterprise operating within the Polissia zone
of Ukraine (Rivne region, Goshchansky district)
and specialising in organic crop production with
an orientation towards external markets. The
production activity of the enterprise is based on
the use of land resources, which form the basis
of its resource potential, and is characterised by
the absence of a livestock direction, which de-
termines a clear industry specialisation. The en-
terprise’s land bank consists of about 3.8 thou-
sand hectares of agricultural land located within
the Rivne region. A significant part of the land
(approximately 3.2 thousand hectares) is cer-
tified as organic, while about 600 hectares are
in the transition period to organic production.
This structure of land resources indicates the
gradual expansion of the organic segment and
the transformation of traditional agriculture in
accordance with environmental requirements.
The production specialisation of the enterprise
is focused on growing grain, leguminous and
oil crops. The basis of the sown areas is formed
by wheat, maize, rye and buckwheat, which are
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the basic crops for organic production in the
conditions of Polissia. In addition, soybeans are
grown as a representative of leguminous crops,
as well as oil crops - sunflower and rapeseed.
The structure of the enterprise’s production
includes niche and industrial crops, in particu-
lar buckwheat as an export-oriented organic
product, as well as sugar beets, the cultivation
of which in the organic segment is a relatively
new direction for Ukraine. The crop structure is
characterised by the dominance of grain crops
with the inclusion of oil and niche crops in the
crop rotation, which ensures compliance with
the principles of organic farming. Organic pro-
duction is a key component of the enterprise’s
resource potential. The company was operating
in this segment since its foundation (2013) and
is certified in accordance with international
standards, in particular Organic Standard (n.d.),
Naturland (n.d.) and Bio Suisse (2023). Products
sold as organic are produced in compliance with
the established requirements, which ensures
access to external markets, primarily the coun-
tries of the European Union.

The material and technical base of the en-
terprise is formed in accordance with the scale
of its activities and includes modern agricul-
tural machinery necessary for soil cultivation,
sowing and harvesting. Although open sources
do not contain detailed information on specif-
ic technologies of precision agriculture, the
scale of production and export orientation of
the enterprise are consistent with the use of
modern technological solutions, which is in-
directly confirmed by the need for products
to comply with the requirements of interna-
tional quality standards and certification, in
particular Regulation (EU) 2018/848 (2018),

ISO 22000:2019 (2019), HACCP (2022). Infra-
structure includes warehouses for storing
products, while information on the availabil-
ity of own elevator capacities in open sources
is not detailed, which may indicate partial use
of leased logistics infrastructure. Assessment
of the effectiveness of the resource potential
use can be partially illustrated by generalised
financial indicators. In particular, in 2025, the
company’s revenue was about UAH 58 million,
while a negative financial result was recorded
(loss of more than UAH 10 million), which is
accompanied by a decrease in profitability to
-18.25%. At the same time, in the previous pe-
riod (2024), the enterprise demonstrated posi-
tive financial results (profit of UAH 27.8 million,
profitability of 23.87%), which indicates the
variability of the efficiency of resource use de-
pending on market and production conditions.
Thus, the resource potential of Ritter Bio Agro
LLC is formed mainly at the expense of land
and material and technical resources with the
dominance of the crop production specialisa-
tion and the lack of integration with livestock
breeding and processing. The state of its use
efficiency is characterised by an orientation to-
wards organic production and export of prod-
ucts, a gradual expansion of certified areas, as
well as the dependence of efficiency on exter-
nal market conditions and crop structure. In
order to assess the efficiency of the resource
potential use of agricultural enterprises of the
Polissia zone, a comparative analysis of the ac-
tivities of Galeks-Agro and Ritter Bio Agro LLC
was conducted using a system of relative indi-
cators characterising the effectiveness of the
use of land and labour resources. The results of
the calculations are given in Table 1.

Table 1. Comparative assessment of the efficiency
of using the resource potential of agricultural enterprises of the Polissia zone

Indicator Galeks-Agro Ritter Bio Agro LLC
Revenue per hectare, UAH/ha 41,780 2,902
Profit per hectare, UAH/ha 8,887 631
Profitability, % 21.27 21.73
Revenue per employee, UAH 1,530,392 196,927
Integral efficiency indicator 0.75 0.25

Source: calculated by the author based on Galeks-Agro (n.d.), Ritter Bio Agro LLC (n.d.)
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Analysis of the indicators calculated in Ta-
ble 1according to formulas (1-6) enabled reveal-
ing differences in the effectiveness of using the
resource potential of the studied enterprises. In
particular, Galeks-Agro demonstrates signif-
icantly higher values of revenue and profit per
hectare, UAH/ha, which indicates a more inten-
sive use of land resources and a higher level of
the economic return. Additionally, the enter-
prise is characterised by significantly higher
labour productivity, which reflects a more effi-
cient use of labour resources and a higher level
of organisation of production processes. At the
same time, the level of profitability of both en-
terprises is comparable (21.27% in Galeks-Agro
and 21.73% in Ritter Bio Agro), which indicates
a relatively close cost efficiency per unit of rev-
enue received. This means that in terms of cost
profitability, both enterprises operate in similar
economic conditions, despite differences in the
scale of activity and the level of resource availa-
bility. The value of the integral indicator for this
enterprise is 0.75, while for Ritter Bio Agro it is
0.25, which indicates a higher level of general-
ised efficiency of resource potential use. The
results obtained can be explained by differences
in the scale of production, the level of diversi-
fication of activities and the availability of pro-
cessing capacities. In particular, the integrated
structure of Galeks-Agro, which combines crop
production, livestock farming and processing,
creates the prerequisites for the formation of
added value and more efficient use of resourc-
es. In contrast, Ritter Bio Agro functions mainly
as a producer of raw materials, which limits the
possibilities of increasing the economic return
onresource potential.

The analysis of the resource potential of ag-
ricultural enterprises in this study was formed
taking into account military transformations,
which determined its focus on identifying the
features of resource use at the enterprise lev-
el and determining the possibilities of the res-
toration and adaptation to changed operating
conditions. In this context, a comparison with
H. Luo et al. (2025) reflects a difference in ap-
proaches to the interpretation of resources: if in
this study the main attention is paid to the use
under conditions of limitations and the need
for restoration, then in the work by H. Luo et al,,
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resources are considered as a factor in the for-
mation of economic value within the frame-
work of rural development policy. Common to
both approaches is the orientation towards in-
creasing the efficiency of resource use, but the
difference lies in the focus of the study. Further
comparison with S. Seifert et al. (2024) makes it
possible to expand the understanding of the ef-
ficiency of resource use from the enterprise lev-
el to the level of agrolandscapes. In this study,
the emphasis is on the analysis of production
systems of specific enterprises and the ability
to adapt to changes, while S. Seifert et al. inves-
tigate eco-efficiency within broader spatial sys-
tems using quantitative approaches. Thus, the
difference lies in the scale of analysis and the
level of generalisation of results.

Comparison with K.P. Pawlowski & G. Sot-
tysiak (2024) demonstrates a different nature
of resource use constraints. In this study, these
constraints are associated with wartime con-
ditions and the transformation of the resource
base, while in the aforementioned study, such
constraints are associated with environmen-
tal policy and regulatory requirements. At the
same time, both approaches combine the need
to adapt agricultural production and find ways
to increase resource efficiency. Comparison
with Y. Yuan et al. (2025) makes it possible to
shift the emphasis towards internal factors of
increasing efficiency. In this study, attention
is focused on the organisational features of re-
source use and various production models, in
particular vertically integrated and specialised,
while Y. Yuan et al. consider digitalisation as a
key tool for increasing efficiency. The approach
of considering resources as the basis for enter-
prise performance remains common.

Another approach is presented in the study
by P.K. Sarangi et al. (2024), where resources
are considered in the context of the reuse and
the formation of closed production cycles. In
this study, attention is focused on combining
existing resources and increasing the efficien-
cy of the use within enterprises, which differs
from the approach focused on circularity. A
comparison with CJ. Watson et al. (2024) sum-
marises different approaches to resource anal-
ysis. While in this study the analysis is carried
out at the level of individual enterprises and the
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productionmodels, C.J.Watsonetal. considerthe
use of resources in a broader interdisciplinary
context. Thus, the results of the study comple-
ment existing scientific approaches, specifying
the features of the resource potential use at the
level of agricultural enterprises of the Polissia
zone and the adaptation to changed operating
conditions. Thus, the analysis of the activities of
the studied enterprises shows that the efficien-
cy of the resource potential use in the conditions
of the Polissia zone is largely determined by the
model of production organisation. The vertically
integrated Galeks-Agro model ensures a more
complete and balanced use of land, biological
and material and technical resources by com-
bining industries and developing processing.
In contrast, the specialised model of Ritter Bio
Agro is characterised by an orientation towards
organic crop production and external markets,
which makes the effectiveness dependent on
market conditions. The results obtained con-
firm that increasing the efficiency of resource
potential use is associated not only with the
volume of resources, but also with the level of
the integration, the structure of production
and the development of processing activities.

Directions of restoration

and improvement of efficiency

of use of resources in the post-war period

The conducted research enabled establishing
that the formation and resource potential use
of agricultural enterprises of the Polissia zone
of Ukraine during the war period took place in
conditions of significant limitations associ-
ated with the reduction of the resource base,
the complication of production processes, the
disruption of logistical connections and the
increase in the risks of economic activity. The
identified features of the functioning of the en-
terprises Galeks-Agro and Ritter Bio Agro indi-
cate a different level of resistance to external
influences, which determines a differentiated
approach to determining directions of resto-
ration and improvement of efficiency of use of
resources in the post-war period. One of the di-
rections is the restoration and optimisation of
the use of land resources. In the conditions of
the Polissia zone, where soils are characterised
by increased acidity, low fertility and excessive

Economics and Business Management 17(2)

humidity, increasing the efficiency of land use
is associated with the introduction of adapted
cultivation technologies, improving the agro-
chemical condition of soils and rationalising the
structure of crops. For enterprises operating in
the organic production segment, it is important
to expand the area of certified land and com-
plete the transition period for some land, which
allows for an increase in the level of use of land
potential and ensure the stability of production.
The second direction is the development of the
material and technical base and the modern-
isation of the production infrastructure. It was
established that under the conditions of war-re-
lated impact, some enterprises suffered losses
of equipment and restrictions in access to re-
sources, which negatively affected the efficiency
of production processes. In the post-war period,
the renewal of the technical fleet, the introduc-
tion of modern technologies for soil cultivation,
sowing and harvesting, as well as the develop-
ment of warehouse and logistics infrastructure
are relevant. For enterprises with a vertically
integrated structure, such as Galeks-Agro, this
also involves the support and modernisation of
processing capacities, which ensure the forma-
tion of added value within the enterprise.
Increasing the efficiency of the use of labour
resources and adapting production to weather
conditions is one of the directions of recovery in
the post-war period. A study of the activities of
agricultural enterprises in the Zhytomyr region
confirms the presence of practical limitations in
the use of resource potential. In particular, dur-
ing the harvesting process, difficulties are noted
associated with adverse weather conditions, in
particular excessive rainfall, which complicates
field work. At the same time, one of the produc-
tion factors is labour resources, the shortage of
which significantly limits the efficiency of land
potential use. The shortage of workers in combi-
nation with wartime conditions complicates the
implementation of production operations and
reduces the effectiveness of agricultural activi-
ties. In the post-war period, increasing the effi-
ciency of labour potential use is associated with
the automation of production processes, the in-
troduction of digital management technologies
and an increase in the level of mechanisation

(RuportZT, 2023).
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The next direction is the development of
processing and increasing the level of integra-
tion of production. The analysis showed that
vertically integrated enterprises have a higher
level of efficiency in the resource potential use
due to a closed production cycle and the for-
mation of added value. In the post-war period,
the development of processing infrastructure,
in particular the production of dairy, meat and
grain products, allows reducing dependence on
external markets, increasing profitability and
ensuring a more complete use of the raw mate-
rial base. For specialised enterprises in the crop
sector, the gradual expansion of participation
in value-added chains is relevant, including
through cooperation or partnership. Diversifi-
cation of production and development of niche
crops is one of the areas of recovery in the post-
war period. In the production structure of enter-
prisesin the Polissia zone, along with traditional
crops, niche and technical crops are represent-
ed, which provide for the expansion of the pos-
sibilities of using land resources and sales mar-
kets. The development of such production helps
reduce the risks associated with fluctuations in
yields and price conditions.

A separate area is increasing the efficiency
of resource use through the development of ex-
port activities and logistics. Enterprises focused
on external markets face significant logistical
constraints and dependence on a limited num-
ber of sales markets. In particular, about 60% of
exporters of organic products experience dif-
ficulties in transportation, especially at border
crossings, and 45% of enterprises depend on 2-3
main markets, which increases the risks of the
activities. Additionally, 29% of producers noted
increased competition in international markets,
and 28% - increased requirements for product
quality. In these conditions, increasing the ef-
ficiency of resource potential use is associated
with the optimisation of logistics chains, diver-
sification of sales markets, as well as improving
product quality in accordance with interna-
tional standards (The main challenges..., 2025).
Increasing the efficiency of resource potential
use takes into account the implementation of
innovative and environmental approaches. The
development of organic production, compli-
ance with international quality standards and

the use of modern technologies contribute to
increasing the competitiveness of products and
the efficiency of resource use. In the post-war
period, the innovative transformation of the
agricultural sector is one of the key factors in
its restoration and development. Thus, increas-
ing the efficiency of using the resource poten-
tial of agricultural enterprises in the Polissia
zone in the post-war period is associated with
the comprehensive implementation of meas-
ures covering the restoration of land resourc-
es, modernisation of the material and technical
base, development of labour potential, adapta-
tion of production to natural and climatic con-
ditions, expansion of processing, diversification
of activities and improvement of logistics. This
creates the prerequisites for increasing the effi-
ciency of resource use and ensuring sustainable
development of the agricultural sector.

The analysis of the resource potential of ag-
ricultural enterprises in this study was formed
under the influence of war losses, which de-
termined its focus on restoring production ca-
pabilities and adapting to the limitations of the
resource base. In this context, a comparison
with the work by Y. Li et al. (2024) made it pos-
sible to expand the vision of efficiency factors:
if in this study the restoration of resources re-
mained key, then Y. Li et al. associated increased
efficiency with technological innovations and
the diffusion through patent activity. Thus,
both approaches overlapped in the systemic
understanding of agricultural production, but
diverged in determining the sources of its de-
velopment. This difference in the interpreta-
tion of resources was even more pronounced
when compared with the work by S. Wunder et
al. (2025), where resources were interpreted as
natural capital that can be included in market
mechanisms through biodiversity credits. If
this study was about restoring the production
potential of enterprises, then in the work by
S.Wunder et al.,, the emphasis shifted to the eco-
nomic assessment and preservation of natural
systems. The common orientation remained
the efficiency of resource use, but the tools for
achieving it differed significantly.

Further comparison with L. Biagini et
al. (2026) logically transferred the analysis to
the plane of resource interaction. In this study,
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efficiency was considered as the restoration
of lost opportunities, while L. Biagini et al. an-
alysed it through the relationships between
food, water, energy and environmental com-
ponents, identifying trade-offs between these
components. This means a transition from a
regenerative logic to assessing the balance of
the resource system. Another perspective was
presented in the study by M.R. Marcone (2025),
where efficiency was formed not only at the
level of enterprise resources, but also through
interaction within supply chains. While this
study focused on internal constraints and the
overcoming, M.R. Marcone considered in-
terorganisational connections as a factor in
the transformation of the agricultural sector.
Thus, the systematic nature of the analysis
was maintained, but the level of its implemen-
tation changed. Comparison with A. Muska et
al. (2025) made it possible to expand the scope
of the study to the inter-country level. While
this study assessed the resource potential of
enterprises in a specific region, A. Muska et
al. analysed the “green competitiveness” of EU
countries based on integrated environmental
indicators. This emphasised a common focus
on resource efficiency, but demonstrated dif-
ferent levels of generalisation and methodo-
logical approaches. Comparison with A. Serra-
no et al. (2024) made it possible to summarise
the difference between approaches to changes
in the resource base. While this study focused
on its reduction and restoration due to war-re-
lated impact, A. Serrano et al. analysed the op-
posite process - the expansion and intensifica-
tion of resource use through the development
ofirrigation, which formed regional specialisa-
tion and production growth.

The disruption of the functioning of agri-
cultural enterprises in this study was associ-
ated with military losses of resources, which
determined its focus on the analysis of inter-
nal resource potential and opportunities for
the restoration of production. In this context, a
comparison with]. Du et al. (2024) demonstrated
a shift in focus from internal transformations to
external economic processes: the authors stud-
ied the efficiency and potential of China's agri-
cultural exports using econometric models. De-
spite the difference in objects, both approaches

Economics and Business Management 17(2)

combined multifactor analysis and took into
account the structural heterogeneity of the agri-
cultural sector, although methodologically both
approaches were implemented through differ-
ent tools - from structural analysis to model-
ling of trade flows. Further comparison with the
study by M.-L. Huang et al. (2025) made it possi-
ble to trace the transition from problems of res-
toration to assessing the efficiency of resource
use in a broader systemic dimension. If in this
study resource losses determined the logic of
adaptation of agricultural production, then in
the work by M.-L. Huang et al,, the efficiency was
analysed through the concept of “food - ener-
gy - water” using quantitative models, which
reflected a different level of generalisation and
different research tools.

This difference in approaches was even
more clearly manifested when compared with
Y. Chen et al. (2024), where the agricultural sec-
tor was considered as a system of sustainable
development through the Driver - Pressure -
State - Impact - Response model. While this
study focused on the restoration of the resource
base after losses, Y. Chen et al. in the study as-
sessed the state and dynamics of sustainabili-
ty based on an indicator approach. Both stud-
ies combined a systemic vision of agricultural
production, but the analytical goals differed:
restoration versus sustainability assessment.
A logical continuation of this line of compar-
ison was the analysis of A. Saxena et al. (2024),
where the emphasis was shifted to the techno-
logical transformation of the agricultural sec-
tor. In contrast to this study, which described
adaptation to resource constraints, A. Saxena et
al. considered tools for increasing efficiency
through digital technologies and the Internet
of Things. At the same time, the common focus
remained on optimising resource use, although
the context of the application differed signifi-
cantly. A similar trend was observed in the study
by C. Che et al. (2024), where digitalisation was
considered as a factor in increasing agricultur-
al eco-efficiency. While in this study, efficiency
was limited to military losses and degradation
of the resource base, C. Che et al. analysed the
positive impact of the development of the digital
economy using econometric models. Thus, the
common focus on efficiency was combined with
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a different economic environment of operation.
Comparing this study with the work of B. Liao et
al. (2025) made it possible to expand the context
to the level of integration of energy and agricul-
ture. In this case, the studies were close in terms
of the systemic approach and consideration of
resource relationships, but differed in the focus:
this study focused on restoring production po-
tential, while the work by B. Liao et al. - on the
development of “PV+” models and increasing
the efficiency of land use in the context of ener-
gy transition.

During the war period, the functioning of
agricultural enterprises in the Polissia zone was
accompanied by a limitation of the resource
base, the complication of production process-
es and the disruption of logistical connections,
which affected the efficiency of resource poten-
tial use. The study showed that the adaptation
of enterprises occurred through changes in
organisational and production models, the de-
velopment of the material and technical base,
the improvement of logistics and the expansion
of processing activities. It was established that
the impact of war factors was differentiated: for
vertically integrated enterprises this was man-
ifested in the transformation of the production
structure and the maintenance of a closed cycle,
while for specialised enterprises - in increased
dependence on external markets and logistical
restrictions. In the post-war period, increas-
ing the efficiency of resource use is associated
with the restoration and optimisation of land
use, modernisation of the material and techni-
cal base, development of processing, diversifi-
cation of production, improvement of logistics,
and the implementation of innovative and dig-
ital solutions.

CONCLUSIONS
The study showed that the efficiency of using
the resource potential of agricultural enterpris-
es of the Polissia zone of Ukraine in 2021-2025
was formed under the influence of natural and
climatic constraints and military transforma-
tions, which led to changes in the structure of
production, resource supply and financial re-
sults. In particular, the functioning of enter-
prises in the region takes place in conditions
of low natural fertility of soils, characterised by

increased acidity (pH 4-5.5), low humus content
(0.8-1.5%) and its annual losses at the level of
0.3-0.5 t/ha, which limits the efficiency of using
land resources and requires additional costs to
maintain the productivity. Despite these limi-
tations, positive dynamics of agricultural pro-
duction are observed in the region. In particu-
lar, the yield of grain crops increased by more
than 40%, and production volumes increased
to UAH 258 billion in 2023, which indicates the
adaptation of the agricultural sector to existing
resource constraints and a gradual increase in
the efficiency of using resource potential.

At the enterprise level, it was found that
the efficiency of resource potential use signif-
icantly depends on the production organisa-
tion model. In particular, Galeks-Agro, which
cultivates over 10 thousand hectares of land,
demonstrates higher efficiency indicators:
revenue is UAH 417.8 million, net profit is UAH
88.9 million, which corresponds to UAH 41,780
of revenue and UAH 8,887 of profit per hectare,
UAH/ha. Labour productivity is UAH 1,530,392
per employee. At the same time, Ritter Bio Agro
LLC with a land bank of 3.8 thousand hectares
is characterised by significantly lower indi-
cators of resource use intensity: revenue per
1ha is UAH 2,902, profit is UAH 631, and labour
productivity is UAH 196,927 per employee. Cal-
culation of the integral indicator of resource
potential use efficiency confirmed these differ-
ences: its value is 0.75 for Galeks-Agro and 0.25
for Ritter Bio Agro. This indicates a higher level
of generalised efficiency of resource use in en-
terprises with a vertically integrated production
model. At the same time, a comparable level of
profitability (21.27% and 21.73%, respectively) in-
dicates a similar cost efficiency, which indicates
the influence of external market conditions on
the results of enterprises. The generalisation of
the results shows that increasing the efficien-
cy of resource potential use in the conditions
of the Polissia zone is associated not only with
the volume of resources, but also with the level
of the integration, diversification of production
and development of processing. In the post-war
period, the key areas are land use optimisation,
modernisation of the material and technical
base, development of logistics and export diver-
sification, which creates the prerequisites for
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increasing the effectiveness of the functioning
of agricultural enterprises.

The limitation of the study is the limited ac-
cess to complete and representative statistical
data in a regional context, which is due to war
conditions and partial loss of information on the
functioning of agricultural enterprises. Prospects
for further research are related to expanding the
analytical base through the use of micro-level
data from enterprises, as well as the use of eco-
nomic and mathematical modelling to assess

the efficiency of resource use and predict sce-
narios for the recovery of the agricultural sector.
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CtaH edpeKTUBHOCTI BUKOPUCTAHHSA Ta NepCneKTUBM
BiAHOBJ/IEHHS peCypPCHOro noreHuiany
arpapHux nignpueMcTB MNonicbKoi 30HU YKpaiHu
y nicnaBoeHHMM nepiopf,

AHoTauiga. MeTol HaHOTO IOCTiKeHHA 6y/0 BU3HAUYEHHA 0cCO6iuBOCTeN GOpMyBaHHS Ta
Pe3yIbTaTUBHOCTI BUKOPUCTAHHS PEeCypCHOro ITOTeHIliany arpapHUX IiampueMcTB [losicbKoi
30HU YKpaiHU B yMOBaxX BOEHHUX TpaHchopMallil. MeTomosioriss AOCTiIRKeHHS ['pyHTyBajacs
Ha 3aCTOCYBaHHI ONMCOBO-CTaTUCTUYHOIO, CTPYKTYPHOrO, AMHAMIYHOTO Ta IIOPiBHSJIBHOIO
aHaJi3y, a TaKOK MeTOAy Kelc-cTaZi Ha Mpuriazi mignpueMcts Galeks-Agro Ta ToBapuCTBO 3
06MesKeHOI0 BiAmoBimanbHicTio «PiTTep Bio Arpo». V pe3ynsraTi ZoCmigKeHHs BCTaHOBJIEHO, 110
TIPUPOIHO-KIiMaTUUHi yMoBu Ilojicca o6MexyBaau epeKTHBHICTh BUKOPHCTAHHS PECYpCiB:
piBeHB pH I'PyHTIB cTaHOBUB 4-5,5, BMicT rymycy - 0,8-1,5 %, a mopiuni Brpatu - 0,3-0,5 TOHH/
reKTap. BogHoyac BUSBIEHO 3POCTaHHA YPOXKAMHOCTI 3€pHOBUX KYIBTYp 6i/bIl HiK Ha 40 %
Ta 36inbIIeHHS 06CATiB BUPOOGHUIITBA 0 258 MIIPH I'pH y 2023 porii, [0 MOXKE CBIIYUTH MIPO
apjanraiio. [IopiBHAJIBPHUN aHai3 MiAIPHUEMCTB [1I0Ka3aB CYTTEBI BiZMiHHOCTI B eeKTUBHOCTI:
y Galeks-Agro moxinm Ha 1 rekTap cTaHOBUB 41 780 IpH, MpUOGYTOK — 8887 I'pH, IPOLYKTUBHICTD
mpani - 1 530 392 rpH/mpalliBHUKA, iHTerpaJbHUM MOKasHUK — 0,75. V TOB «PitTep Bio Arpo»
Ioxim Ha 1 rekTap cTaHOBUB 2902 I'pH, IpUOYTOK Ha 1Ta - 631 IpH, IPOAYKTHUBHICTD Mpatii — 196
927 TpH Ha OJHOTO MpalliBHUKA, iIHTerpaJIbBHUM ITOKa3HUK ePpeRTUBHOCTI — 0,25. BogHouac 6/113bKi
3HaYeHHA peHTabenbHOoCTi (21,27 % Ta 21,73 %) cBifuaTs Ipo nomibHy eeKTUBHICTb BUTPAT, TOAI K
BiIMIHHOCTI B 3araJIbHUX pPe3y/IbTaTax 3yMOBJIEHI MacuITabaMy Ta iHTeHCUBHICTIO BUKOPUCTAHHS
pecypciB. V micIIBOEHHUM Iepiof MiABUINEHHS pe3yJIbTaTUBHOCTI BUKOPUCTAHHSA PeCypCHOr0
TIOTeHIIiaJy MOB'3YEThCSA 3 OITHMi3allielo 3eMJIEKOPUCTYBaHHS, MOJlepHi3alli€lo MaTepiasibHO-
TexHiYHOI 6a3u, PO3BUTKOM IlepepobKy, AuBepcrdikalielo BUpOOHUIITBA Ta YOOCKOHATEHHAM
JIOTICTUKY U eKCIIOPTHOI AisIBHOCTI. IIpakTUYHe 3HaUeHHA JOCTiIKeHHS [10JIATra€ B MOKJIMBOCTI
BUKODUCTAHHS OTPHMMAaHUX pE3ylbTaTiB 1 OBIPYHTOBAHUX IMAXOLIB [OJiS IABUIIEHHS
edeKTHMBHOCTI BUKOPHUCTAaHHA PEeCypCHOro IOTeHIiany Ta GopMyBaHHS YIIPaBIiHCBKUX pillleHb
LIOZI0 BiZHOBIIEHHA AisIJIBHOCTI arpapHUX MiAIIPUEMCTB Y IiCIABOEHHUY I1epioy,

KniouoBi cnoBa: TPOAYKTUBHICT; 3€MJIEKOPHUCTYBAaHHS; BPOXKAWHICTB;, AuBepcHdikallis;
uudpoBizallis; peHTabeIbHICTD
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modernisation, seasonality, and demographic changes in rural areas. At the same time, the trends
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effective motivational mechanisms capable not only of increasing labour productivity but also of
ensuring the sustainable socio-economic development of Ukraine’s rural areas

Keywords: wages; employment; unemployment; agricultural sector of the economy, incentives;

labour efficiency

INTRODUCTION

The relevance of the study is determined by the
need to identify effective mechanisms of la-
bour motivation in Ukraine’s agricultural sec-
tor, which is characterised by low wage levels,
seasonal production, and a high dependence
of outcomes on natural, climatic, and market
factors. Under current conditions of increasing
competition for labour resources and growing
migration processes, it is important to establish
a comprehensive motivational system combin-
ing economic, social, and psychological factors
influencing employees. In addition, the develop-
ment of market relations, Ukraine’s integration
into the global economic environment, and the
introduction of innovative technologies in agri-
culture impose new requirements on personnel
management, particularly regarding approach-
es tolabour incentives. Effective staff motivation
is becoming a key factor in increasing labour
productivity, strengthening enterprise com-
petitiveness, and ensuring sustainable devel-
opment. Thus, the study of labour motivation
mechanisms in agricultural enterprises is time-
ly and carries significant theoretical and practi-
cal importance for improving human resource
management systems under modern economic
challenges. The issue of labour motivation is of
particular relevance within the context of stra-
tegic management in agribusiness. Modern ag-
ricultural enterprises operate under conditions
of intensified competition in the labour market,
the introduction of digital technologies, and the
automation of production processes, all of which
transform the requirements for personnel man-
agement. The establishment of effective motiva-
tional mechanismsisbecominganintegral com-
ponent of agribusiness strategy, as the level of
employee engagement and productivity directly
determines the competitiveness of an enter-
prise and its ability to adapt to market changes.

Z.Lyschenko (2024) investigated the motiva-
tional aspect of human resource management
in agricultural enterprises. It was found that
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effective motivation helps to overcome difficul-
ties and adapt to changes, particularly climatic,
market and personnel-related ones. A.V. Her-
asymenko (2023) investigated the influence of
socio-economic motivational factors on labour
productivity within an effective agribusiness
system. It was noted that labour productivity in
Ukrainianagricultureis showing positive growth:
in 2020, livestock production volumes exceeded
those of crop production. However, wage growth
is outpacing labour productivity growth, which
may negatively impact the sector’s economic
potential. A.D. Chikurkova & Yu.M. Hray (2020)
investigated improvements in the development
of motivational policies at agricultural enter-
prises. They drew attention to the role of the
individual and intellect in the economy, and
consequently, to labour motivation. At the same
time, the approach of enterprises and the state
to this issue is often ineffective, resulting in a
decline in the effectiveness of measures aimed
at labour motivation. The researchers consider
the study of factors influencing labour motiva-
tion in the agricultural sector to be particularly
relevant. O.M. Bachynska (2024) assessed im-
provements in staff motivation methods. She
noted that increased motivation contributes to
the achievement of strategic goals and strength-
ens competitiveness in the market, helping to
attract skilled workers and increase employee
loyalty. K.A. Tkachenko & G.M. Kopteva (2023)
demonstrated that a successful motivation sys-
tem must be flexible, differentiated and tailored
to the individual needs of employees, which vary
depending on their stage of life, professional
level and personal values. They also noted that
in the current context of digitalisation and the
intellectualisation of work, incentive systems
mustbebased on knowledge, innovation and the
development of employees’ creative potential.

L.I. Zastavnyuk (2022) studied staff motiva-
tion as a factor in enhancing a company’s com-
petitiveness. The author noted that a company’s
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competitiveness depends on the level of motiva-
tion among its staff, as it is motivated employees
who ensure the effective functioning and devel-
opment of the organisation. An effective mo-
tivation system increases labour productivity,
facilitates the realisation of employees’ labour
potential and provides competitive advantages.
To enhance the effective utilisation of human
potential, it is necessary to develop a company
policy aimed at motivating staff. O.S. Mykhaylo-
va et al. (2020) studied the use of software prod-
ucts to enhance work motivation in the dairy
cattle sector. The researchers noted that to en-
hance the motivational impact on staff at dairy
farms, a combination of material and non-ma-
terial incentives is required, which will ensure
a sustained motivational impact on production
outcomes. It was proposed to create an organi-
sational and economic mechanism for fostering
employee motivation, based on the evaluation of
specific motivational tools according to defined
criteria and levels of their implementation.

Previous studies, despite a thorough anal-
ysis of motivational factors in agriculture, have
mainly focused on individual aspects - eco-
nomic or organisational - whilst neglecting the
complex influence of social and psychological
factors. Furthermore, the relationship between
wage levels, employment and labour produc-
tivity in the agricultural sector of the economy
has not been sufficiently investigated. The aim
of this study was to identify patterns in the in-
fluence of wage levels on employment and un-
employment indicators. To achieve this aim,
the following objectives were set: to conduct an
empirical analysis of the relationship between
wage levels, unemployment and employment;
to assess the effectiveness of economic factors
in stimulating labour activity among agricul-
tural workers; and to summarise theoretical ap-
proaches to the role of social and psychological
factors in labour motivation.

MATERIALS AND METHODS
The study employed a structural method to ana-
lyse the internal structure of phenomena related
tolabour motivation. In particular, it was applied
to study the structure of the motivation system,
namely the relationship between material and
non-material incentives and their functions in
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labour behaviour, as well as the classification
of incentives by type (material/non-material,
individual/collective, internal/external). Vari-
ous approaches to labour motivation by schol-
ars such as A. Smith (1776), A.H. Maslow (1954)
and D. McGregor (1960) were also examined.
Attention was also paid to the theories of mo-
tivation developed by F. Herzberg et al. (1959),
V.Vroom (1964) and ].S. Adams (1965). The period
used for the analysis was 1995-2024; at the time
of writing, data for this period alone were avail-
able for analysis. For the level of employment
in the agricultural sector of the economy, the
period was from 2000 to 2021 due to the lack of
relevant information on the website of the State
Statistics Service of Ukraine (Ukrstat, n.d.) for
the period after 2021 (following the outbreak of
the war, the State Statistics Service of Ukraine
began publishing less information freely avail-
able), which ceased publishing separate data
from 2022 onwards due to the start of Russia’s
full-scale invasion. Data from 2022 onwards is
presented excluding information from the tem-
porarily occupied territories. Based on data re-
garding the number of employed persons, the
figures for 2024 have been estimated, taking
into account demographic changes resulting
from the Russian-Ukrainian war.

As part of the study, a statistical analysis was
conducted of indicators characterising wages
and employment levels in Ukraine as a whole
and in the agricultural sector of the economy
in particular. The study analysed the level of
employment in the agricultural sector, the dy-
namics of real wages in Ukraine and in specific
sectors - agriculture, industry and construc-
tion — as well as the difference and ratio between
wages in the agricultural sector and the national
average and other sectors. Real wages were cal-
culated from nominal wages, adjusted for in-
flation, based on data from the State Statistics
Service of Ukraine (Ukrstat, n.d.). The approach
to calculating real wages is shown in formula (1):

Wy =22, @
where w,,, - the real wage level in period N; w,,, -
the nominal wage level in period N; I, - the cu-

mulative inflation rate in period N. The initial
value was the wage for 1995, whilst all other
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values were adjusted for the cumulative infla-
tion rate, calculated as the product of all infla-
tion rates in the current and previous years (up
to and including 1996). The ratio of the sector’s
average wage to the national average was calcu-
lated as the ratio of the sector’s average wage to
the national average wage, minus one, as shown
in the formula (2):

Wyr = (Z—: —1) x 100%, ()

where w,, — the ratio of the sector’s wage lev-
el to the national average wage for the period,;
w, — the sector’s average wage level for the peri-
od; w, - the level of the average wage in Ukraine
during the period.

This indicator was assessed dynamically, as
was the change in the employment level. A com-
parison of the data for these two indicators was
used to evaluate the influence of the economic
component on employee motivation. Within the
framework of the study, the change in the ratio
of wage levels in the sector was also calculated
by comparing the values for 2024 and 2000. This
was carried out using formula (3):

W) = —AT028ZWATZ000 3 1 ()00, ®3)
WAT2000
where w, - the indicator of change in the ratio of
wage levels in the sector; w,;,,,, — the ratio of the
wage level in the sector to the average wage level
in 2024; w,,,,,, — the ratio of the wage level in the
sector to the average wage level in 2000.

A comparative method was also used to an-
alyse differences and dynamics in the key indi-
cators of labour motivation across various sec-
tors of the economy (agriculture, industry, and
construction). This method was applied to com-
pare nominal and real wage levels, deviations of
sectoral wages from the national average, the
dynamics of employed persons and their share
within the structure of the economy, as well as
the relationship between changes in wages and
changes in the share of employees in the select-
ed sectors.

RESULTS
Labour motivation is one of the key compo-
nents of the personnel management system, as
it determines the effective utilisation of labour
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potential and directly influences the results of
the enterprise’s activities (Podr et al., 2025). It
represents a combination of internal and ex-
ternal incentives for work that determine an
employee’s behaviour, the form, direction and
intensity of their work, thereby directly influ-
encing the enterprise’s performance. In agri-
cultural enterprises, the application of work
motivation theories requires consideration of
sector-specific factors that influence the ef-
fectiveness of staff incentives (Kanas & Stein-
metz, 2021). Due to seasonality and the low
capital intensity of the agricultural sector, wage
levels here are lower than in industry or the in-
formation technology sector; therefore, finan-
cial incentives alone are insufficient. A com-
prehensive approach combining material and
non-material motivators is required. The sea-
sonal nature of the work leads to uneven work-
loads and the risk of underemployment, which
requires flexible incentive systems — short-term
contracts, seasonal bonuses, performance-re-
lated bonuses for production cycles, and social
support (Manoharan et al., 2023a). It is also im-
portant to retain skilled staff capable of working
with machinery and natural resources. As re-
sults depend on external factors (weather, soil,
prices), the link between workers' efforts and
outcomes is weak. Thus, collective motivation
based on shared responsibility is effective, as is
the development of non-material incentives - a
sense of belonging, professional pride, stabili-
ty and opportunities for development (Johari &
Tha, 2020; Westerman, 2020).

Theories of work motivation distinguish
between incentives and interests. Incentives
are material or non-material factors used by an
organisation to influence employees’ work be-
haviour with the aim of increasing their produc-
tivity and the efficiency of economic activity. An
employee’s interests, in turn, represent the sum
of their needs, values and expectations, which
determine their motivation to work and their
level of engagement in work activities. These en-
compass material, social, psychological and pro-
fessional development interests. Incentives are
classified according to several criteria. By nature
of their impact, they are divided into material
(monetary and non-monetary) and non-materi-
al. Material monetary incentives include wages,
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bonuses, allowances and profit-sharing. Mate-
rial non-monetary incentives include benefits
packages, perks, housing, meals and insurance.
Non-material incentives include recognition,
praise, career progression, professional train-
ing and improved working conditions. By level
of application, a distinction is made between
individual incentives (personal bonuses, pay ris-
es), collective incentives (team bonuses, shared
profit-sharing) and organisational incentives
(corporate programmes). Based on the source
of motivation, a distinction is made between
external (extrinsic) incentives, which are based
on material rewards and social guarantees, and
internal (intrinsic) incentives, which are linked
to job satisfaction, self-fulfilment and a sense
of the significance of one’s work (Ghasemi &
Shakerian, 2025).

An employee’s interests form the basis of
their intrinsic motivation, influence their per-
ception of incentives and determine their be-
havioural guidelines, in particular their drive
for performance, willingness to take on respon-
sibility and long-term loyalty to their employer.
In agricultural enterprises, labour motivation is
characterised by seasonality, high levels of phys-
ical exertion, and the dependence of work out-
comes on natural and climatic conditions and
fluctuations in agricultural market conditions.
Consequently, the development of an effective
labour motivation mechanism in agricultural
enterprises has not only an economic but also
a social dimension, as it concerns ensuring a
decent standard of living for workers and the
stable development of rural areas. The theoret-
ical and methodological foundations of labour
motivation have evolved through the develop-
ment of economic thought and socio-psycho-
logical approaches. Classical economics, as ex-
emplified by the work of A. Smith (1776), linked

motivation primarily to material incentives and
wages; however, this approach did not take into
account the psychological and social multidi-
mensionality of labour behaviour. Further devel-
opment was driven by humanistic concepts, no-
tably A.H. Maslow’s hierarchy of needs (1954), the
models of D. McGregor (1960) and F. Herzberg et
al. (1959), which emphasised the importance of
non-material incentives and intrinsic needs.
Contemporary approaches integrate econom-
ic, behavioural and social factors, drawing on
V. Vroom’s expectancy theory (1964), ].S. Adams’
equity theory (1965) and B.F. Skinner's reinforce-
ment model (1953). The evolution of ideas about
motivation reflects a shift from a purely mate-
rialistic to a comprehensive understanding of
labour activity, encompassing interests, values,
social ties and the need for self-actualisation.

The methodology for studying labour mo-
tivation in agriculture combines economic, so-
ciological and psychological approaches (Xu et
al, 2022). The economic approach focuses on
wages, bonuses and social security, establishing
a direct link between work outcomes and remu-
neration whilst accounting for seasonality and
collective forms of incentives (Nikolova & Cnos-
sen, 2020; Manoharan et al., 2023b). The socio-
logical approach views motivation as a result of
social relations, norms and values, emphasising
the importance of collective culture, trust and
team spirit (McCollum & Findlay, 2019; Hyggen
§ Vedeler, 2021). The psychological approach
focuses on internal behavioural factors — needs,
values, recognition, development and com-
fort - taking into account the individual char-
acteristics of employees. Such a comprehensive
approach enhances emotional engagement,
professional pride and resilience to seasonal
challenges. Table 1 summarises the key features
of these approaches.

Table 1. Approaches to understanding labour motivation

Approac_h to. labour Examples of incentives in the agricultural sector Purpose / effect on the employee
motivation

Wages, performance-related bonuses, incentives for Increase in labour productivity,
Economic exceeding targets, profit-sharing schemes stimulation of performance through

(for managers), and social guarantees material rewards, and income

(insurance, housing, meals) stability

Recognition within the team, support from colleagues Strengthening loyalty, cohesion,

Social and management, corporate events, development of | and a sense of belonging, as well as
team spirit, and participation in community life enhancing social stability

Economics and Business Management 17(2)
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Table 1, Continued

Approach to labour
motivation

Examples of incentives in the agricultural sector

Purpose / effect on the employee

Psychological

Opportunities to influence processes, recognition
of achievements, professional development,
training, self-realisation, and a sense
of the significance of one’s work

Enhancement of intrinsic
motivation, emotional engagement,
independence and responsibility, and
satisfaction with work and its results

Source: compiled by the authors based on D. McCollum § A. Findlay (2019), M. Nikolova & F. Cnossen (2020),
C. Schultz et al. (2020), C. Hyggen & J.S. Vedeler (2021), Y. Xu et al. (2022), K. Manoharan et al. (2023b)

AsshowninTable1, an effective motivational
system in the agricultural sector requires an in-
tegrated approach combining economic, social,
and psychological incentives. Economic instru-
ments ensure employees’ material interest and
income stability, social incentives contribute to
strengthening the workforce, loyalty, and social
cohesion, while psychological incentives satisfy
employees’ internal needs, increase their emo-
tional engagement, and enhance their sense of
the significance of work. Thus, labour motivation
in agricultural enterprises has a comprehensive
nature and should be based on a combination of
material and non-material incentives, the provi-
sion of social protection for employees, and the
creation of conditions that increase the prestige
of agricultural work. In Ukraine, the formation of
a modern labour motivation system in agricul-
tural enterprises remains at a stage of develop-
ment characterised by the search for optimal in-
centive mechanisms capable of simultaneously
ensuring production efficiency and improving
employees’ welfare.

From the perspective of strategic manage-
ment in agricultural enterprises, an effective
labour motivation system is not merely an in-
strument of personnel policy but also a key el-
ement of the overall entrepreneurial strategy.
Agricultural enterprises implementing inno-
vative approaches to employee incentives - in-
cluding flexible wage systems linked to produc-
tion cycle outcomes, competency development
programmes, and employee participation in
managerial decision-making - demonstrate
greater adaptability to market fluctuations.
The digitalisation of agricultural production
and the implementation of precision farming
are transforming the structure of labour func-
tions, increasing the share of intellectual and
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technologically complex work, which requires
a revision of traditional motivational mod-
els towards strengthening non-material and
developmental incentives. Consequently, the
management of labour motivation in modern
agricultural enterprises is both an operational
management task and an element of an innova-
tive entrepreneurial strategy.

Given the key role of material motivation in
shaping employees’ labour activity, particular
attention should be paid to the analysis of wages
as the principal economic incentive. In the con-
text of Ukraine, wage levels and their structural
characteristics vary significantly across sectors
and regions, which affects employees’ percep-
tions of financial incentives and, consequently,
their motivation and productivity. Agriculture is
characterised by lower average wages compared
with industry or the service sector, as well as by
high seasonality and the dependence of income
on natural, climatic, and market factors. This
necessitates a statistical analysis of wage lev-
els, their dynamics, and structural characteris-
tics both nationally and within the agricultural
sector in particular. Figure 1 presents nominal
wages in Ukraine during the period 1995-2024
overall, as well as specifically in the agricultur-
al sector, industry, and construction. As shown
in Figure 1, the average wage in Ukraine during
1995-2024 increased hyperbolically. In 1995, the
highest-paid sector was construction, while the
lowest-paid was agriculture. During this period,
wages in the agricultural sector increased from
UAH 52 to UAH 18,012; in construction from UAH
103 to UAH 16,928; in industry from UAH 89 to
UAH 23,150; while the national average wage
increased from UAH 73 to UAH 21473. The
overall trend is characterised by steady growth
with temporary slowdowns associated with the
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financial crisis 0of 2008-2009, the COVID-19 pan-
demic, and the full-scale invasion in 2022. De-
spite the overall increase in nominal incomes,
the agricultural sector remained throughout
the entire period the sector with the lowest-paid
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labour, indicating the persistence of a signif-
icant wage gap between agriculture and the
more capital-intensive sectors of the economy.
An assessment of real wages during this period
is presented in Figure 2, based on formula (1):

Average wage

= Agricultural sector
Industry

== Construction

2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
20224
20234
20244

Figure 1. Dynamics of the average nominal wage
in Ukraine by main sectors of the economy, 1995-2024, UAH
Note: * - excluding information from temporarily occupied territories
Source: compiled by the authors based on data from Ukrstat (n.d.)
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Figure 2. Real average wages in Ukraine by sector, 1995-2024, UAH
Note: * - excluding information from temporarily occupied territories
Source: compiled by the authors based on data from Ukrstat (n.d.)

The data presented in Figure 2 provide a
clearer understanding of the extent to which
each sector became better remunerated. Thus,
the average real wage in Ukraine increased by 8.2
times, in industry by 7.2 times, in construction by
4.6 times, while in agriculture it increased by 9.7
times. The overall upward trend changed only in
2009 (a decline in the overall real wage by 6%, in
the agricultural sector by 4%, in industry by 7%,
and in construction by 27%) and in 2014-2015
(a decline in the overall real wage by 16%, in the
agricultural sector by 10%, in industry by 16%,
and in construction by 13%): in the first case,
this was related to the global financial crisis,
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while in the second case it was associated with
the occupation of Crimea and part of Donbas.
Thus, although the average wage in agriculture
in Ukraine remains below the national average
wage, a positive trend can be observed in terms
of the convergence of agricultural wages to-
wards the national average. It should be noted
that among the selected sectors, such a trend
is observed only in the agricultural sector of
the economy. It is also worth considering the
indicator showing the extent to which wages in
agricultural enterprises differ from the average
wage in the country. Its dynamics are presented
in Figure 3, calculated on the basis of formula (2):
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42.50%
35.00%
27.50%
20.00%
12.50%
5.00%
-2.50%
-10.00%
-17.50%
-25.00%
-32.50%
-40.00%

= Agricultural sector
= |ndustry
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Figure 3. Deviation of the real average wage by sector
from the national average in Ukraine, 1995-2024
Note: 4 - excluding information from temporarily occupied territories
Source: compiled by the authors based on data from Ukrstat (n.d.)

As can be seen from Figure 3, the gap be-
tween the average wage in the agricultural
sector and the overall average wage narrowed
from -30% to -16%, whilst in industry and con-
struction it widened from 22% to 8% and from
41% to -21% respectively. A significant decline
in construction occurred in 2008-2009 (from
144% to -20.72%), which was linked to the
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global financial crisis. The agricultural sector of
the economy, on the other hand, began to grow
from that point onwards. Another metric char-
acterising labour motivation in agricultural en-
terprises is the level of employment in the real
economy sectors. Thus, the absolute figures
for the number of employed persons are shown
in Figure 4:
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Figure 4. Dynamics of the number of employed persons in selected sectors

of the Ukrainian economy during the period 2000-2021, thousand persons
Note: values for the construction sector correspond to the scale on the right-hand side, whereas values for the
agricultural and industrial sectors correspond to the scale on the left-hand side
Source: compiled by the authors based on data from Ukrstat (n.d.)

As can be seen from Figure 4, the number of
employed personsin Ukraine gradually declined
in each of the sectors. In the agricultural sector,
employment decreased from 4,367 thousand
persons to 2,692.7 thousand persons (by 38.3%);
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in industry, from 4,598.3 thousand persons to
2,313.2 thousand persons (by 49.7%); and in con-
struction from 903.6 thousand persons to 690.8
thousand persons during the period from 2000
t0 2021 (by 23.6%). Nevertheless, this was largely
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associated with the decline in Ukraine’s overall
population. The working-age population de-
creased by 4,565 thousand persons, or 23.6%. At
the same time, the total population decreased
by 5,258.06 thousand persons, or 10.61%. This
indicates that the majority of the population de-
cline involved economically active individuals,
which may be associated with labour migration
abroad. However, there are other explanations
for this phenomenon, including technological
development and automation, as well as struc-
tural changes in the economy (an increasing
role of the service sector). Information for 2022,
2023, and 2024 is unavailable due to the limited
release of statistical data by the State Statistics
Service of Ukraine. Nevertheless, there are esti-
mates regarding the overall population decline
and general trends in these sectors, on the basis
of which forecasts for 2022-2024 were made.
According to these forecasts, the number of
employed persons in the agricultural sector de-
creased by 20% during 2021-2024, in industry
by 277%, and in construction by 30%. However,
a more detailed analysis of these data will only
be possible if official statistics are published by
the State Statistics Service after the end of the
full-scale invasion.

Thus, it is also worth considering the share
of employed persons in each sector relative to
the total number of employed persons during
the analysed period. The share of employment in

all three sectors generally declined, although the
rates of decline differed, with the highest decline
observed in industry. The share of employment
inindustry decreased from almost 23% to 14.8%;
in the agricultural sector from 21.6% to 17.2%;
while the situation in construction remained
more stable, with 4-5% of all employed persons
in the country working in this sector annually.
This decline is associated not only with the over-
all decrease in the country’s population but also
with the reorientation of the economy towards
the tertiary sector, which generally offers higher
wages to employees. According to forecast data
for the period 2022-2024, the share of employ-
ment in the agricultural sector decreased from
17.2% to 16.1%,; in industry from 14.8% to 12.5%;
and in construction from 4.4% to 3.6%. Data on
employment shares were calculated on the basis
of employment figures in each sector (Figure 4)
and the total number of employed persons; all
information was obtained from the official web-
site of Ukrstat (n.d.). Although official data are
unavailable, an increase in the share of employ-
ment would likely have occurred in the defence
sector (due to an increase in the number of mil-
itary personnel). The role played by changes in
wages in such trends can be assessed by com-
paring changes in the share of employment with
changes in the difference between average wag-
es in the sectors and the national average. These
data are presented in Table 2:

Table 2. Comparison of indicators of changes in the share of employment and the average wage

Change in the share

Change in the ratio of the sector’s average wage

ooy of employment to the national average wage
Agricultural sector -25.6% 56.72%
Industry -45.0% -75.05%
Construction -19.6% -262.27%

Note: calculated on the basis of formula (2) and formula (3)
Source: compiled by the authors based on data from Ukrstat (n.d.)

As can be seen from Table 2, it is difficult
to identify a clear relationship between chang-
es in the ratio of average sectoral wages to the
national average and changes in the share of
employed persons. In construction, the aver-
age wage in the sector became significantly less
attractive for employees, yet the decline in the
share of employment amounted to only -1.2%,
which was the smallest among all selected
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sectors of the real economy. At the same time,
the change in agriculture reached -20.3%, de-
spite the fact that the situation regarding aver-
age wages improved. The situation in industry
was the worst in terms of employment, while
remaining moderate in terms of wages. This in-
dicates that other factors must play a role in the
absence of a direct correlation, including both
the social and psychological factors mentioned
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above and those specific to each sector in rela-
tion to specialisation (the transition to a more
highly paid field may be more difficult in some
sectors than in others).

Thus, work motivation is a key factor in the
effectiveness of human resource management,
combining material and non-material incen-
tives that determine employees work behav-
iour. In the agricultural sector of the economy,
due to seasonality and dependence on natural
conditions, an integrated motivation system
that combines economic, social and psycholog-
ical approaches is effective. Statistical analysis
for the period 1995-2024 showed an increase
in real wages, particularly in agriculture; how-
ever, employment levels in the sector declined,
highlighting the importance of non-materi-
al factors - self-fulfilment, social support and
trust - in fostering sustainable employee mo-
tivation. Alongside the economic factors of

Economic factors:

- Wages, bonuses, incentives
+ Social benefits package

labour motivation, which have traditionally
remained the focus of academic research, so-
cial, psychological, and specific non-materi-
al aspects of labour motivation are becoming
increasingly significant under the conditions
of modern transformations in the agricultural
sector. For agricultural enterprises, these as-
pects are of particular importance because the
sector is characterised by seasonal production
processes, increased levels of physical work-
load, dependence of labour outcomes on natu-
ral and climatic conditions, and relatively lower
material remuneration compared with other
sectors of the economy. Under such conditions,
non-economic incentives are capable of ensur-
ing the stability of labour behaviour, long-term
employee engagement, and loyalty to the em-
ployer. All of the characteristics of labour mo-
tivation described above can be summarised in
the form of a diagram (Fig. 5):

Social factors:

+ Teamwork, support

- Stability, status

+ Support from management

+ Social status within the community

Psychological factors:

- Self-realisation, working with nature
+ Satisfaction from results
+ Autonomy in decision-making

U

Outcomes of motivation: employee engagement, loyalty to the enterprise, stability of labour relations,

increased labour productivity

Figure 5. A model of labour motivation in agricultural enterprises

Source: compiled by the authors

The deepening of the theoretical founda-
tions of labour motivation in agricultural enter-
prises requires moving beyond the traditional
economic approach, which focuses primarily on
wages and material incentives. The sector-spe-
cific nature of agricultural production limits
the effectiveness of exclusively financial moti-
vators, since labour outcomes largely depend
on natural and climatic conditions, seasonality,
and fluctuations in market conditions, while the
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relationship between an employee’s individual
efforts and the final result is weakened. Under
such conditions, the role of social, psychologi-
cal, and specific non-material factors increases,
as they shape employees’ intrinsic interest, en-
sure the stability of labour behaviour, and sup-
port long-term engagement in the production
process. The social approach to labour motiva-
tion in agricultural enterprises is based on the
specific organisation of work in the agricultural
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sector, where production activities are carried
out within relatively stable workforces closely
connected with local communities. For employ-
ees, not only wage conditions are important, but
also social recognition, support from colleagues
and management, a sense of fairness, employ-
ment stability, and the opportunity to combine
professional activity with family life. In rural
areas, labour often has a pronounced social di-
mension, as it forms part of a way of life and an
element of social identity, thereby strengthen-
ing the motivational effect of non-material so-
cial incentives. The psychological approach to
labour motivation in the agricultural sector has
a clearly defined sectoral specificity associated
with the nature of work objects and the duration
of production cycles. A significant proportion of
agricultural workers demonstrate intrinsic mo-
tivation driven by the desire to work with plants
and animals, care for them over an extended
period, and observe the results of their own la-
bour in the form of crop yields or livestock pro-
ductivity. Achieving planned outcomes creates a
sense of professional pride, job satisfaction, and
self-realisation, which strengthens intrinsic in-
terest in fulfilling work responsibilities regard-
less of fluctuations in material rewards.

Under modern conditions, the system of
psychological and specific non-material mo-
tivational factors in agricultural enterprises
should also include institutionally determined
interests associated with the possibility and
guarantee of exemption from military conscrip-
tion during mobilisation. For male employees
of working age, this factor acquires particular
significance, as it directly influences their sense
of personal security, employment stability, and
ability to engage in long-term career planning.
The existence of legally established mecha-
nisms for reserving employees of agricultural
enterprises recognised as critically important
for maintaining the functioning of the economy
and ensuring the state’s food security creates an
additional non-material motive for maintaining
employment relationships and increases staff
loyalty. From a motivational perspective, this
factor combines institutional and psycholog-
ical dimensions because, on the one hand, it is
based on legal norms, while on the other hand it
transforms into an employee’s intrinsic interest
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in remaining within the agricultural sector and
fulfilling professional duties under conditions of
heightened social responsibility.

DISCUSSION

Thus, labour motivation in agriculture is a com-
plex process incorporating economic, social,
and psychological factors. Particular impor-
tance is attached to a sense of fairness, trust
in management, corporate culture, and op-
portunities for professional development. An
effective motivational system combines ma-
terial and non-material incentives in order to
increase loyalty, cohesion, and employees’ in-
trinsic engagement. An analysis of wage and
employment dynamics in the sector during
1995-2024 demonstrates a 9.68-fold increase
in real wages and a reduction in the gap with
the national average from -30% to -16%; at the
same time, the share of employed persons de-
creased by 20.3%, indicating the significance of
non-material factors. Thus, although wage in-
creases are important, they are insufficient on
their own, and the sustainable development of
the agricultural sector requires a combination
of economic, social, and psychological moti-
vational mechanisms. From the perspective of
agribusiness management, the establishment
of an effective labour motivation system con-
stitutes a strategic objective of the enterprise.
Managers of agricultural enterprises who apply
modern management approaches - including
differentiated motivational programmes fo-
cused on individual and collective performance,
the implementation of innovative HR tools, and
transparent systems for evaluating labour ef-
ficiency - achieve higher levels of staff loyalty
and reduce employee turnover. The obtained
results indicate that entrepreneurial decisions
in the field of personnel management should be
considered comprehensively: from establishing
competitive remuneration to developing an or-
ganisational culture that supports the engage-
ment and development of every employee.

In Ukraine, social and psychological factors
play a significant role in labour motivation. Al-
though the situation in the agricultural sector
has improved over time, unlike the two other
sectors used for comparison - namely manu-
facturing and construction - wage levels remain
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below average. S.S. Maican et al. (2021) conducted
astudyonasmall sample of farmers and demon-
strated the following pattern: worker motivation
is a key factor in increasing the productivity and
economic efficiency of agricultural enterprises.
In the Romanian model, farmer motivation has
both a direct and an indirect impact on econom-
ic outcomes through increased job satisfaction,
which ensures the stability of production pro-
cesses. This approach is fully consistent with
the findings of the Ukrainian analysis, where
wage levels are an important but not the sole
determinant of stable employment. This points
to a trend common to Central and Eastern Eu-
ropean countries - a gradual shift from a purely
economic to a comprehensive approach to moti-
vation management, combining material, social
and psychological factors. Thus, the empirical
results of both studies confirm the validity of
an integrated approach to the development of a
labour motivation system in agriculture, which
takes into account the interaction of material
and non-material factors.

The results of this study confirm that eco-
nomic factors remain a fundamental, but not
exhaustive, element of the labour motivation
system in Ukraine’s agricultural sector. It was
shown that wages are not the primary cause of
changes in the country’s employment levels,
indicating the presence of other factors, par-
ticularly social and psychological ones. In turn,
M. Hefmanova et al. (2024) investigated the mo-
tivational factors of Generation Z in agriculture
and demonstrated a common trend towards a
shift in emphasis from material incentives to
non-material factors aligned with the values
of the new generation of workers. Whilst the
Ukrainian model demonstrates the predomi-
nance of economic motivational mechanisms,
research on Generation Z shows that for young
people, the key determinants of engagement are
work-life balance, autonomy, flexible working
hours, personal development and social sup-
port. This indicates a fundamental shift in the
perception of work: for the new generation, it
ceases to be merely a source of income and be-
comes a space for self-fulfilment and psycho-
logical well-being.

This study has shown that economic in-
centives remain a key driver of employment
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and labour productivity in Ukraine’s agricultur-
al sector. In particular, it has been established
that an increase in real wages and the share of
agricultural income in the overall national wage
structure contributes to a reduction in unem-
ployment and a strengthening of labour motiva-
tion. C. Schaffer et al. (2024), in turn, investigated
farmers' motivation and perceptions of the ben-
efits and challenges of agroforestry in Northern
Europe, particularly Sweden. It was shown that
the multifunctionality of agroforestry stems
from farmers’ diverse motivations: income gen-
eration, environmental sustainability, climate
adaptation and landscape management. Farm-
ers deliberately design their systems to pro-
vide a range of ecosystem services (provision-
ing, regulating, supporting and cultural). They
demonstrate innovation, strategic thinking and
adaptability, which are influenced by disposi-
tional, social and cognitive factors. Many com-
bine several agroforestry systems to optimise
land use, increase productivity, diversify income
and strengthen resilience to market changes.
However, challenges include management com-
plexity, a lack of appropriate technologies, lim-
ited plant materials and insufficient practical
knowledge. Comparing these findings with cur-
rent research reveals that in both countries, the
understanding of work in the agricultural sector
is viewed through the prism of multifunctional
activities that combine economic, environmen-
tal and social objectives. This approach forms an
integrated model of motivation, in which behav-
ioural, cognitive and ethical factors are no less
important than material incentives.

The current study demonstrated that the
primary driver of labour motivation in Ukraine’s
agricultural sector remains the economic fac-
tor, particularly the level of wages and social-la-
bour guarantees. V. Marinoudi et al. (2024) ex-
amined adaptation to the agricultural labour
market shaped by robotisation. It was shown
how automation and digital technologies are
transforming the agricultural labour market
and redefining the skills required for future
work; automation not only replaces repetitive
tasks but also reshapes labour roles towards
more complex, intellectual, and socially orient-
ed activities. This shift increases demand for
higher-order cognitive and soft skills, such as
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critical thinking, problem-solving, adaptabil-
ity, and collaboration, while simultaneously
reducing the demand for physical labour and
increasing wage inequality between skilled and
unskilled workers, thereby contributing to eco-
nomic polarisation.

J. Ognjanovi¢ et al. (2023) demonstrated
that the efficiency of human capital signifi-
cantly improves the financial performance and
productivity of agricultural enterprises, in par-
ticular by increasing net profit, operating profit
and labour productivity per worker. However,
this does not have a significant impact on val-
ue added per employee. This indicates that in-
vestment in employees knowledge, skills and
development is a key factor for success and
competitiveness in agriculture, particularly
when combined with modern technologies and
favourable working conditions. The findings
of this and the current study are consistent in
recognising human capital as a central factor
in the efficiency of agricultural production, yet
they approach this issue from different aca-
demic perspectives. This article focuses on mo-
tivational mechanisms in the workplace as the
basis for improving productivity and sustaina-
bility in agriculture, whereas the Serbian study
analyses the effectiveness of human capital uti-
lisation in financial terms - net profit, operat-
ing profit and labour productivity per employee.
The similarity between the two works lies in the
recognition that investment in human capital -
through skills enhancement, motivation and
competence development - has a direct posi-
tive impact on the performance of agricultural
enterprises. Both studies demonstrate that ef-
fective human resource management contrib-
utes to increased labour productivity and the
competitiveness of the sector. At the same time,
the Serbian article empirically confirms the im-
pact of human capital on enterprise profitabil-
ity, whilst the Ukrainian study emphasises the
socio-psychological aspects of motivation.

Thus, labour motivation in agriculture is
shaped by a combination of economic, social and
psychologicalfactors. Material incentivesremain
important, but their effectiveness is significant-
ly enhanced when complemented by non-ma-
terial forms of encouragement - recognition,
support, opportunities for development and a
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supportive social environment. A comparison
of the agricultural sector with other industries
has shown that, despite a gradual improvement
in working conditions, it is precisely non-mate-
rial factors that often determine staff engage-
ment and retention. Thus, improving work per-
formance in agricultural enterprises requires a
comprehensive labour motivation system that
combines financial incentives with the develop-
ment of corporate culture, support for employ-
ees and the building of trust in the employer.

CONCLUSIONS

Labour motivation in agricultural enterpris-
es is a key factor in the effective utilisation of
labour potential and the development of the
sector. The evolution of theoretical approaches
demonstrates a transition from classical mod-
els focused primarily on material incentives to
integrated concepts combining economic, so-
cial, and psychological factors. Within the mo-
tivational system of agricultural enterprises, an
important role is played not only by incentives -
material and non-material, individual and col-
lective - but also by employees’ interests, which
determine their engagement and attitude to-
wards work. The combination of economic, soci-
ological, and psychological approaches makes it
possible to create a balanced motivational model
capable of increasing productivity, loyalty, and
staff resilience to the specific challenges of agri-
cultural production.

An empirical analysis of wage dynamics and
employment levels in Ukraine’s agricultural sec-
tor during the period 1995-2024 revealed a posi-
tive trend in the growth of real wages in the agri-
cultural sector by 9.68 times, which reduced the
gap with the national average wage from -30% to
-16%. In industry, wages also increased, though
at a slower rate (by 7.22 times in real terms from
1995 to 2024), resulting in the persistence of sig-
nificant disparities between individual subsec-
tors. In the construction sector, the dynamics
were stable but less pronounced compared with
the agricultural sector, indicating lower elasticity
to changesin market conditions. The rate of wage
growth in the agricultural sector was the highest
among the analysed sectors. At the same time,
the share of employment in the sector decreased
by 20.3%, indicating the significance of non-ma-
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terial motivational factors and the specific na-
ture of the sector; moreover, such a decline was
also characteristic of both industry and con-
struction. The research findings demonstrate
the need to implement flexible motivational sys-
tems combining material incentives (wages, bo-
nuses, social guarantees) with collective forms
of encouragement, seasonal bonuses, non-ma-
terial incentives, opportunities for professional
development, and social support for employees.
Such a comprehensive approach makes it possi-
ble to increase productivity, strengthen staff loy-
alty, retain qualified personnel, and contribute
to the socio-economic stability of rural areas. For
entrepreneurs and managers in the agricultur-

changes in employment, while other factors,
predominantly socio-psychological, determine
the need to establish an effective labour moti-
vation system in the agricultural sector as a key
condition for improving labour productivity,
enterprise stability, and the welfare of the rural
population. Further research may focus on inte-
grated motivational models taking into account
regional characteristics, employee qualifica-
tions, and seasonal production cycles, as well
as on assessing the effectiveness of incentives
through labour productivity, job satisfaction,
and social stability within communities and the
state as a whole.

al business, this means a practical need to move ACKNOWLEDGEMENTS
from reactive personnel management to proac-  None.
tive strategic planning of the motivational sys-
tem as a competitive advantage of the enterprise FUNDING
under conditions of the digital transformationof  None.
the agricultural sector.

The limitation of the study lies in the fact CONFLICT OF INTEREST
that economic models explain only part of the  None.
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MoTuBauiqa npaui B cinlbCbKOrocnogapcbKux NianpueMcrBax:
TEOpPETUYHI 3acagM 1 CTaH PO3BUTKY B YKpaiHi

AHoTauiq. AKTyaIbHICTb HOCIIiI>ReHHS 3yMOBJIeHA THM, 110 ITOIIPY BU3HaYaJIbHY POJIb MOTHBAILil
y 3abe3rmedyeHHi MPOAYKTUBHOCTI mpalli Ta COLiaJbHO-eKOHOMIYHOI CTabiIbHOCTI CLTBCBRUX
TepUTOpil, I piBeHb Ha arpapHuX IiAIIpHEMCTBaxX VKpaiHM 3a/IMINAE€TbCS HU3BKUM 4Yepes
HeOCTaTHIO OIUIATY, CE30HHICTD i HecTabiNbHy 3aliHATICT. MeTor0 poboTH 6yII0 TpoaHasi3yBaTu
B33€MO3B'I30K MK OIIIATOIO IIpalli Ta 3aMHATICTIO B arpapHOMY CEKTOPi eKOHOMIKM 11 BUSHAYUTHU
3HAQUeHHS EeKOHOMIYHMX i HeeKOHOMiuHuX GaKTOpiB y MOTHBALll IpalliBHUKIB. Y paMKax
IOCTiIKeHHsI 6y/I0 BUKOPUCTaHO CTPYKTYPHUM Ta IOPIiBHANBHUI METONU, a TaKOK METOZ,
CTAaTUCTUYHOTO aHasIi3y. V mpoueci JOCTiIKeHHs 6yI0 MOKa3aHo, L0 CKIAZOBUMU MOTUBALLi
mpali € CTUMYNM Ta iHTepecH, BIUIMB Ha SIKi MOXKYTh 3LiMCHIOBATH POOOTOIABII YU AepikaBa
LIS TOTO, 1106 MOTHMBYBATH IMpalliBHUKA. [IpX IbOMY CTUMYJIM MOXKYTh 6YTU K MaTepiaJbHUMHU,
TaK i HeMaTepiaJIbBHUMU. BysI0 TaKOXX PO3MISHYTO IiAXOAM Pi3HUX YYeHUX IIOAO0 AOCIiIKeHHS
MOTMBALIii ITpalli. AHasTi3 JUHaMIiKU 3ap0o6iTHOI 1aTH ITOKa3aB, 10 ¥ 1995-2024 pokax HOMiHabHa
3apIjiaTa B CiIbCHKOTOCIIOAAPCHKUX MiAIPUEMCTBAX 3pocia 6ibll HiXK y 120 pasis, a peasbHa — y
9,7 pasa, 10 CBiIYMTH PO TIOJIMIIeHHS MaTepiaJlbHUX YMOB mpatii. [lorpu 1ie, 3apobiTHa 1IaTa
TIPaLiBHUKIB CiIBCHKOIO FOCIIOZAPCTBA 3aUIMINAJIacsa HUKUYOIO 3a CepelHIO 10 KpaiHi: y 1995 porii
pO3puB cTaHOBUB -30 %, a y 2024 po1li CKOPOTUBCA I0 -16 %. Y cdepi 3aMiHATOCTI criocTepiranacs
CTiliKa TeHEHL1Iis 0 CKOPDOUYEeHHS: 4YaCcTKa ITPAlliBHUKIB arpapHOro CeKTOpy eKOHOMIKY B 3arajIbHil
CTPYKTYpi 3aMHATOCTI 3MeHInuaaca Ha 20,3 %, 110 3yMOBJIEHO TeXHOJIOTTYHOI0 MOJepHi3alli€io,
Ce30HHICTIO Ta JemorpadiyHMMM 3MiHaMU y CinbCBKiM MicleBocTi. IIpu IIbOMY TeHIEHIIii,
[0 CIIOCTEpIrajucsa B arpapHOMY CEKTOpi eKOHOMIRM, 6y HapKpall MOpiBHAHO 3 IHIIUMU
cexTOpaMy, a caMe OYZIiBHUIITBOM Ta IIPOMUCIIOBICTIO. 3arajloM OTpMMAaHi JaHi CBimyaTh, 1o,
rompu mnojimnireHHs GiHAHCOBUX i COLiaIBHUX YMOB, MOTHBALIIA Ipalli MOTPe6ye KOMITJIEKCHOTO
migxony, IKWM MIO€IHYE eKOHOMIYHI, COLiaJIbHI 1 IICUXOJIOTTYHI YMHHUKYU. OTpUMaHi pe3y/ibTaTH
MaIOTh IIPaKTUYHE 3HaYEHHS A7 po3po6IeHHS MieBUX MexaHi3MiB MOTUBALlil, 3TATHUX He JIUIIIe
MiJBUILIUTY IPOLYKTUBHICTB Mpalli, a ¥ 3a6e3MMeYUTH CTAJIUIN COLjaIbHO-eKOHOMIUHUI PO3BUTOK
CLTBCBKUIX TEpUTOPiN VKpaiHu

KniouoBi cnoBa: 3apobiTHa IUIaTa; 3ayHATICTH; 6€3pOb6ITTS; arpapHUN CEKTOp EKOHOMIKU;
CTUMYJIIOBAHHS; epeKTHUBHICTb ITpalli
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Methodological approaches to the management
of retail and leisure centres in conditions of uncertainty:
Crisis-resilient and adaptive strategies

Abstract. The study aimed to identify effective management models for shopping and entertainment
centres based on an analysis of the interaction between the asset, tenant and visitor flow subsystems.
The methodology included a comparative analysis of management strategies for shopping and
entertainment centres, a systematic approach, and conceptual modelling. The main findings of
the study are the formation of a comprehensive interpretation of the shopping and entertainment
centre as an open, adaptive socio-economic system, the functioning of which is determined by
the interaction of three key subsystems: asset management, tenant management and visitor flow
management. During the study, the system of factors influencing shopping and entertainment
centres was structured for the first time into five interrelated groups - macroeconomic, behavioural,
urban, technological and social - which made it possible to substantiate the multidimensional nature
of the environment in which they operate. It was found that the defining trend in their development
is the transformation of their function from predominantly retail to a comprehensive one - with
a focus on experience, leisure and services. As a result of a comparative analysis of management
strategies, three basic types have been identified - traditional, adaptive and anti-crisis - and their
fundamental differences have been established in terms of management logic, level of flexibility,
rental policy and ability to respond to changes in the environment. The study demonstrated that the
operational effectiveness of shopping and entertainment centres depends not on the use of a single
strategy, but on the ability to combine strategies depending on the level of uncertainty. Within the
scope of the study, conceptual models for managing the subsystems of shopping and entertainment
centres have been developed, in particular an asset management model based on a combination
of occupancy, profitability and spatial efficiency indicators; a tenant management model, which
involves forming a balanced tenant structure taking into account their role in generating footfall; a
visitor flow management model that takes into account consumer behaviour patterns and the spatial
organisation of the facility. The practical significance of the study lies in the possibility of using the
developed approaches and models to optimise the management of shopping and entertainment
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centres, particularly in the areas of formulating rental policy, managing tenant mix, spatial planning

and analysing visitor behaviour

Keywords: letting policy; visitor behaviour; tenant mix; spatial layout; cost-effectiveness

INTRODUCTION
In an unstable economic environment, char-
acterised by shifts in consumer behaviour,
security risks and intense competition, the
management of shopping and entertainment
centres (SECs) requires flexible and effective
decision-making approaches. Uncertainty af-
fects footfall, financial performance, tenancy
relationships, logistics and the organisation of
service processes, requiring a swift response
to external and internal challenges. Anti-crisis
and adaptive strategies aimed at maintaining
operational stability, retaining customer loyal-
ty, improving resource efficiency and securing
competitive advantages are becoming increas-
ingly relevant. Research into methodological
approaches to the management of shopping
and entertainment centres makes it possible
to identify effective tools for strategic develop-
ment and to formulate practical solutions for
the operation of enterprises in a changing envi-
ronment. The management of retail and leisure
centres in times of uncertainty is increasingly
focused on combining economic performance,
flexible service and the ability to respond quick-
ly to changes in consumer behaviour. In this re-
gard, A. Khalifavi et al. (2023) investigated the
success indicators of commercial centres in the
process of organising leisure-shopping spaces.
The authors analysed the functional charac-
teristics of retail properties and demonstrated
that combining shopping and leisure enhances
the centre’s appeal, the length of visitors’ stays
and revenue levels. The effectiveness of man-
agement decisions also depends on a focus on
the needs of a family audience, as highlight-
ed by M. Junaid et al. (2024), who analysed the
components of the family shopping experience
and the principles for creating family-friendly
shopping centres. The study demonstrates that
easy navigation, safe rest areas and services for
children enhance visitor loyalty and encourage
repeat visits. Alongside service solutions, the
indoor environmental parameters of buildings
are substantial. This assertion was confirmed
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by X. Zang et al. (2023), who investigated the
impact of different functional zones on cus-
tomer thermal comfort in shopping centres
in Northern China. Optimising the microcli-
mate within specific zones of the centres will
allow for the improvement of the perception
of the space and of the experience of the visi-
tors themselves. Such approaches to manage-
ment include issues related to partnership and
territorial development models. For example,
R. Kirk (2023) examined how lifestyle centres
are the new stage in the evolution of retail prop-
erty. His work investigated the governance of
these retail properties and the role of partner-
ships between public and private entities. He
found that aligning the interests of business,
government and the community increased
the resilience of retail properties in the face of
market fluctuations. Furthermore, the ability
to accurately forecast sales during periods of
economic crisis is crucial for such properties.
H.-]. Kim et al. (2023) investigated models for
forecasting offline sales during the pandemic,
using a South Korean shopping centre as a case
study. The use of analytical models can be used
for the timely adjustment of marketing activi-
ties, stock levels and financial planning. Adap-
tive management also involves optimising the
operating costs of facilities. G. Ramkumar et
al. (2025) investigated improvements to the
thermal management of multi-zone air-condi-
tioning systems in a shopping centre. The appli-
cation of intelligent control algorithms reduces
energy consumption and improves operational
efficiency. Optimisation was achieved through
the automated analysis of temperature read-
ings in various functional areas of the building,
the forecasting of thermal loads, and the dy-
namic adjustment of cooling settings following
visitor numbers, the time of day, and the inten-
sity of use of the premises.

Despitethe arguments put forward bythe au-
thors mentioned above, there remain gaps in the
academic literature regarding a comprehensiv
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justification of methodological approaches to
the management of retail and leisure centres
in conditions of uncertainty. The mechanism
for combining anti-crisis measures with long-
term adaptive strategies remain insufficiently
explored, as do the tools for rapid response to
changes in consumer behaviour, security risks
and market fluctuations. Models for integrating
digital analytics, scenario planning, resource
optimisation and customer-centric manage-
ment require further development to ensure the
sustainable operation of such centres. The aim
of the study was to examine how asset-related,
tenant-related and visitor-related components
interact within retail and entertainment centres
and to define management approaches capable
of adapting to changing market and functional
conditions. The objectives of the study were to
summarise theoretical approaches to analy-
sis of shopping and entertainment centres and
their structural organisation; to compare man-
agement strategies for shopping and enter-
tainment centres and identify their differences
under various operating conditions; and to sub-
stantiate models for managing key subsystems
of shopping and entertainment centres and
their interrelationships.

MATERIALS AND METHODS
The methodological framework of the study
comprises systems analysis, comparative
analysis, the structural-functional approach,
and the method of conceptual modelling. The
combination of these methods was used for a
comprehensive examination of shopping and
entertainment centres as complex open so-
cio-economic systems operating in a multidi-
mensional and dynamic external environment
and characterised by an internal multi-level
structure. Within the framework of systems
analysis, a decomposition of shopping and en-
tertainment centres as open dynamic systems
has been carried out. Attention was paid to
identifying external and internal interrelation-
ships, as well as the mechanisms of their mutual
influence. The system'’s external environment
was structured using factor classification. This
classification made it possible to systematise
the sources of uncertainty affecting the func-
tioning of shopping centres, prioritise different
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types of risks, and fully account for the specifics
of martial law in Ukraine, in particular the risks
of physical destruction of facilities, logistical
disruptions in the supply of goods, supply chain
disruptions, and demographic shifts caused by
internal and external population migration. A
systematic analysis of the shopping centre was
conducted based on the principle of decom-
posing the integrated socio-economic system
into interrelated subsystems (asset manage-
ment, tenant management and visitor flow
management), followed by an examination of
their functions, interrelationships and feedback
loops within a single management mechanism.
A comparative analysis was used to classify
management strategies for shopping centres.
The strategies were categorised into three main
types: traditional, adaptive and crisis-response.
The criteria for this classification were the level
of stability of the external environment and the
degree of adaptability of the management sys-
tem. The criteria for the comparative analysis
included management logic, letting policy, ten-
ant mix, visitor behaviour and spatial planning,
as these parameters reflect the interconnection
between the economic, spatial and behavioural
levels of shopping centre operation. Their se-
lection is justified by the fact that they directly
determine the shopping and entertainment
centre’s adaptability to changes in the external
environment, the effectiveness of revenue gen-
eration, and the stability of visitor flows. This
approach made it possible to identify differenc-
es between strategies, determine the conditions
for their effective application, and justify the
need for the combined use of different man-
agement models depending on the level of un-
certainty. A structural-functional approach was
used for a detailed analysis of the internal or-
ganisation of the shopping and entertainment
centre. The internal structure of the system was
decomposed according to criteria of functional
interaction into three key subsystems, namely
asset management, tenant management and
visitor flow management.

The conceptual model of shopping centre
management was operationalised through a
system of quantitative indicators for the three
subsystems: assets, tenants and visitor flows.
For the asset subsystem, the key indicators are
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defined as the occupancy rate (%) = (occupied
area/total area) x 100, income per m? (Net Op-
erating Income (NOI)/m?, in monetary terms)
and the vacancy rate (%) = (vacant area/total
area) x 100; occupancy rates of 290%, vacancy
rates of <5% and stable NOI were considered
normal, whilstadropin occupancybelow 80% or
avacancy rate exceeding 15% triggered a review
of rental rates and optimisation of space utili-
sation. For the tenant subsystem, the following
indicators were used: tenant mix structure (%
share of tenant categories), average lease term
(months) and rental income per tenant; a sin-
gle category’s dominance of <40% was defined
as the acceptable norm, whilst exceeding 50%
required a rotation of the tenant mix, the intro-
duction of new formats and a review of the com-
mercial strategy. For the visitor flow subsystem,
the following metrics were applied: throughput
(people/hour), conversion rate (%) = (buyers/
visitors) 100, and average spend (in monetary
units); a conversion rate of 225-30% was con-
sidered the standard, whereas a drop below 20%
or adecline in traffic of more than 30% required
adjustments to circulation routes, marketing
incentives and the reorganisation of zones.
Functional dependencies of both direct and
cascading types exist between the subsystems:
changes in visitor flows directly affect tenants’
profitability, which in turn determines the oc-
cupancy rate of the assets and the need to re-
view the letting policy; Similarly, an imbalance
in the tenant mix alters the structure of demand
and transforms behavioural patterns, requir-
ing the spatial layout of the shopping centre to
be adapted. The conceptual modelling method
has become the primary tool for formalising the
management subsystems of shopping centres.

The modelling process analysed key aspects
of shopping centre operations, namely: asset
management, tenant mix and visitor flows,
which together form an integrated system of
spatial, commercial and behavioural interac-
tions. The expected outcome of the modelling
is to identify mechanisms for transitioning be-
tween management strategies and to justify
adaptive and anti-crisis tools for ensuring the
sustainability of shopping centres under condi-
tions of varying levels of uncertainty. The mech-
anisms of interaction between the shopping
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centre’s subsystems were based on a system
of feedback loops between asset management,
tenant structure and visitor flows, where chang-
es in one element triggered chain reactions in
the others. External factors (macroeconomic,
behavioural, urban and security) were integrat-
ed into the models as environmental variables
that influenced the parameters of each sub-
system and determined the level of adaptabil-
ity of management decisions. Thus, the chosen
methodological toolkit ensures the necessary
systematic approach, comprehensiveness and
scientific rigour of the analysis conducted.

RESULTS
Shopping and entertainment centres are
among the most complex elements of urban
commercial infrastructure, having emerged as
a result of the evolution of the retail sector and
the transformation of consumption patterns.
The emergence of shopping and entertainment
centres is linked to the shift from tradition-
al shops to multi-functional spaces that cater
to economic, recreational, social and cultural
functions. In Ukraine in particular, these spac-
es have taken on additional functions and are
transforming into multifunctional hubs of ur-
ban life (Nesterova & Brynzylo, 2024). The spe-
cific management of shopping and entertain-
ment centres in Ukraine is influenced by the
state of war in the country. The war has creat-
ed a drastic level of uncertainty for the region
and introduced a series of unique risks to these
shopping and entertainment spaces. These
risks include the threat of physical damage or
destruction of these facilities due to shelling,
the need to organise the evacuation of visitors
during air raid alerts, the disruption of supply
chains for logistics and the shift of the region’s
demographics due to population migration
(Brynzylo, 2025). Due to these factors, tradition-
al management methods have been proven to
be insufficiently effective in managing these
spaces, instead focusing on methods and strat-
egies that aim to ensure the safety of individ-
uals visiting the shopping and entertainment
centres, the ability to restructure the activities
occurring within the facilities and to preserve
their economic viability. In order to address
these challenges, it is necessary to diversify the

Economics and Business Management 17(2)



Brynzylo

functions of shopping centres and to transform
them into multi-functional hubs. According to
S. Biiyiiksahin (2023), a multi-functional hub
includes various functions beyond shopping
and entertainment, such as commercial, social,
cultural, educational, recreational and even hu-
manitarian functions. Such a hub will become a
site for socialinteraction, temporary accommo-
dation, psychological relief and even education-
al and voluntary initiatives. The transformation
of shopping centres into multifunctional hubs
will provide them with a stabilising function
during the crisis (Sepe, 2025). This will enhance
their social significance for society and provide
them with stability during difficult periods, as
well as provide additional sources of income
for these shopping and entertainment centres.
Thus, shopping and entertainment centres
in Ukraine are transitioning from a function
that provides primarily economic benefits to
a facility that serves a variety of social and se-
curity functions for the community, requiring
new approaches to managing these spaces.

Beyond the concentration of various types
of business within these centres is the interac-
tion between those businesses, creating a syn-
ergistic effect in the attraction of visitors to the
shopping and entertainment centre. The retail
component of these shopping and entertain-
ment centres contributes to the turnover of
the centre and creates rental income for those
who own the shopping and entertainment cen-
tre. The retail component is established upon
the principles of commercial efficiency in that
the main function of retail spaces within these
shopping and entertainment centres is to create
rental income through the letting of the com-
mercial space. The entertainment component
of these shopping and entertainment centres is
established with the intention of creating emo-
tional and behavioural engagement of the con-
sumers of those spaces and products. Examples
of these entertainment spaces include cinemas,
children’s entertainment zones, play areas,
restaurants, food courts and other areas estab-
lished for the provision of leisure activities for
the visitors of the shopping and entertainment
centre (Saidi et al., 2026). While the main eco-
nomic function of these areas is indirect, the en-
tertainment component of these shopping and
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entertainment centres influences the length of
the visit of the consumers of those spaces. Thus,
these shopping and entertainment centres are
not merely real estate developments but con-
tain a socio-economic system that includes the
commercial interests of the owners of the shop-
ping and entertainment centre, the business in-
terests of the tenants of the shopping and enter-
tainment centre, and the behavioural system of
the visitors of that location. The combination of
these systems is what necessitates the study of
these shopping and entertainment centres.
Furthermore, a shopping and entertain-
ment centre is understood as an open, dynamic
system, in constant interaction with its exter-
nal environment. This environment includes
macro-economic conditions, household in-
come levels, demographic changes, develop-
ment of e-commerce, urbanisation processes
and changes in consumer habits. All these fac-
tors contribute to a high level of uncertainty
that directly affects the operational efficien-
cy of the shopping and entertainment centre
(Ruth, 2024). The internal structure of the shop-
ping and entertainment centre is multi-layered,
and can be divided into three key subsystems:
asset management, tenant management and
visitor flow management. Such a decomposition
transforms the analysis from a complex and ho-
listic entity to a structured set of interrelated el-
ements, each of which has a distinct functional
role (Baghaee et al.,, 2021). Asset management is
the system for organising and using the centre’s
spatial and physical resources. This includes
commercial premises, infrastructure facilities,
logistics sites, car parks and common areas. As
noted by M. Heptig (2023), the main function
of this subsystem is to optimise the utilisation
of space in terms of profitability, accessibility
and investment value. Tenant management re-
fers to the process of forming, structuring, and
maintaining the commercial mix of a shopping
and entertainment centre. This involves se-
lecting the tenants that will operate within the
shopping and entertainment centre, creating
an optimal mix of such tenants, and regulat-
ing and maintaining the tenancy relationships
within the shopping and entertainment centre
(Chantarayukol, 2019). The tenant management
subsystem determines the commercial profile
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of a shopping and entertainment centre. Visi-
tor flow management relates to the behaviour-
al dimension of the operations of a shopping
and entertainment centre. This subsystem
involves analysing the number of visitors to a
shopping and entertainment centre, the move-
ments of these visitors within the shopping
and entertainment centre, and the reactions
of the visitors to the changes that occur within
the shopping and entertainment centre. This
management subsystem determines the oper-
ational effectiveness of the shopping and en-
tertainment centre. According to S. Baghaee et
al. (2021), the management of shopping and en-
tertainment centre subsystems are interrelat-
ed. Each of these subsystems is interconnected
with each of the others. For instance, changing
the mix of tenants operating within a shopping

and entertainment centre will impact the visitor
patterns within that shopping and entertain-
ment centre, which can impact the efficiency
of the utilisation of the assets of that shopping
and entertainment centre. These interrelation-
ships between the different management sub-
systems create a single functioning mechanism
within the shopping and entertainment centre
that has numerous feedback loops that impact
its development. Based on this approach, a
transition is made to the analysis of manage-
ment strategies for retail and leisure centres,
which can be categorised according to their
degree of stability and adaptability to the ex-
ternal environment. To this end, a comparative
analysis was conducted, enabling a comparison
of different types of management models; the
results are presented in Table 1.

Table 1. A comparative analysis of management strategies for shopping centres

Parameter

Traditional strategy
(stable environment)

Adaptive strategy
(unstable environment)

Crisis management strategy
(crisis environment)

Level of
uncertainty and
transition criteria

Occupancy rate 290%;
footfall fluctuation <5%,;
stable external environment
with no significant shocks

Occupancy rates of 75-89%;
footfall fluctuations of 10-20%;
changes in consumer behaviour and
some volatility in demand

Occupancy rate <75%;
drop in footfall >30%;
disruption to operations
or security threats

System status
indicators
(control signals)

Footfall is stable (+5%);

vacancy rate <5%; NOlI is

stable; the tenant mix is
balanced (no single category
accounts for more than 40%)

Fluctuations in footfall of 10-25%;
vacancy rates of 5-15%; changes
in average spend of £10-15%;
dominance of a single category
up to 45%

A drop in footfall
of >30-50%; a vacancy rate
of >20%,; a decline in NOI;
a single category accounting
for >50% of the total

Leasing policy
of the shopping
centre

Long-term leases (3-5 years),
fixed rents, low tenant
turnover

Flexible contracts, a hybrid model
(fixed fee + percentage of turnover),
shorter terms (1-3 years)

Temporary agreements (up
to 12 months), rent relief,
and bespoke anti-crisis
rates

Spatial layout
of the shopping

Consistent functional zoning
(retail/food/entertainment)

Partial conversion of areas
(up to 20-30%), pop-up formats,

Conservation or closure
of areas (up to 40-60%),
repurposing for core

traffic redistribution

centre temporary reconfiguration functions
Visitor flow Static flow planning, basic Dynamic traffic management (heat | Restricted access to cerFam
) . maps, route analytics), areas, controlled traffic
management traffic zoning

routes, safety first

Marketing tools
for shopping

Mass advertising campaigns,
standard loyalty schemes

Personalised digital marketing,
audience segmentation, promotional

Crisis communication,
information support,

no category >40%

up to 45-50% of a single category

centres campaigns maintaining core demand
. . . ) Dominance of essential
. Diversified structure: Partial concentration: ) .
Tenant mix services (pharmacies,

groceries): >50%

Key management
tools for shopping
centres

Planned yield management,
strategic budgeting

Operational, data-driven,
scenario-based planning

Crisis management, cost
minimisation, liquidity
protection

Source: compiled by the author based on S. Burnaz & Y.I. Topcu (2011), C.Y. Yiu & S.Y.S. Xu (2012), Y. Xu et al. (2022),

Z.Wuetal. (2023)
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A comparative analysis of management
strategies for retail and leisure centres has
shown that the traditional model operates in
a stable environment, where occupancy rates
exceed 90%, footfall fluctuations do not exceed
5%, and the tenant mix remains balanced (the
share of any single category of tenants does not
exceed 40%). Under such conditions, long-term
lease agreements, fixed rates and a stable spa-
tial layout without significant changes to func-
tional zoning are applied. The adaptive strategy
is implemented in conditions of heightened un-
certainty, when occupancy rates fall to 75-89%,
footfall fluctuations range from 10-20%, and
individual tenant segments may account for
up to 45-50% of the mix. This strategy involves
flexible lease agreements, the transformation
of retail areas to better suit the requirements of
retail entrepreneurs (up to 20-30% of the retail
space), pop-up formats for retail entrepreneurs,
and the use of analytics to determine where
visitors go in order to redistribute them across
retail spaces to maximise commercial occupan-
cy. This strategy is effective in striking a balance
between the profitability of retail spaces and the
needtoadapttochangesintheretailmarket. The
crisis management strategy is the most radical
form of management. In this strategy, there is a
complete overhaul of the leasing policy of retail
spaces, the purpose of certain retail zones, and
a change in the management of the property to
ensure that the property can survive the crisis.
The effectiveness of this management strate-
gy is determined by how quickly the property
management company can roll out this strategy
and reduce losses caused by the crisis affecting
the commercial property. Overall, the results of
the analysis demonstrated that none of these
strategies can be applied universally to com-
mercial properties. The effectiveness of shop-
ping and entertainment centre management is
determined by the ability to combine different
approaches depending on the level of economic
and behavioural uncertainty. In stable condi-
tions, it is advisable to use traditional models;
in dynamic environments, adaptive ones; and
in crises, anti-crisis management mechanisms.
Thus, the key conclusion is that a shopping and
entertainment centre functions as a system re-
quiring multi-variant management capable of
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ensuring a balance between stability, flexibility
and resilience to external influences.

The operation of shopping and entertain-
ment centres is determined by a combination
of external and internal factors that shape the
conditions for their development, econom-
ic efficiency and the behavioural dynamics of
visitors. Shopping and entertainment centres
cannot be viewed as isolated commercial en-
tities, as they are in constant interaction with
the economic, social, technological and urban
environment. This is precisely why analysing
influencing factors is an essential step in anal-
ysis of the reasons behind the transformation of
management models and changes in approach-
es to organising their operations. The most fun-
damental level of influence is provided by mac-
roeconomic factors, which shape the general
conditions for the functioning of the consum-
er market. CI1-C. Lan & C.-]. Lee (2021) argued
that these include the inflation rate, changes
in household income, the unemployment rate,
currency fluctuations and overall economic
stability. Changes in these indicators directly
impact the purchasing power of the population,
which in turn impacts the footfall and spending
in shopping and entertainment centres. Dur-
ing periods of economic instability, consumers
tend to visit shopping and entertainment cen-
tres less frequently, spend less money within
these centres, and shift their focus towards pur-
chasing goods and services that are deemed as
essential for their operations. In addition to the
economic factors that impact the population’s
spending within shopping and entertainment
centres, there are also behavioural factors to
consider in relation to the shift in the technol-
ogy industry. For instance, many consumers
have changed their shopping habits and the way
in which they make purchasing decisions due
to the growth of the technology industry and its
related technologies. Consumers are increas-
ingly combining physical and digital shopping
channels, using online platforms to compare
prices, select goods and make purchases. This
is leading to a decline in the role of traditional
retail as the sole channel for consumption and
is forcing shopping and entertainment centres
to compete not only with one another but also
with digital platforms. At the same time, the
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structure of shopping centre visits is changing;
it is not the purchase itself that is becoming in-
creasingly relevant, but the experience of being
there, leisure and social interaction (Ameen et
al., 2021). During the period of full-scale war in
Ukraine, there was a decline in footfall at shop-
ping and entertainment centres, with a drop in
footfall of approximately 30-40% in 2022 com-
pared to pre-war levels, followed by a partial
recovery to a level that remained 8-16% lower
than the figures for 2019-2021, even in 2024-
2025. At the same time, a decline in operational
efficiency has been recorded due to security re-
strictions and air raid alerts, leading to a loss of
approximately 11-18% of shopping centres’ op-
erating hours across various regions of Ukraine
(Attendance at Ukrainian shopping.., 2024).
Structural changes in consumer behaviour
are reflected in the redistribution of spending
across product categories: the fashion, enter-
tainment and discretionary spending segments
saw a decline of approximately 10-20%, whilst
the share of spending on essential goods in-
creased, confirming the shift in the function of
shopping centres as spaces for purpose-driven
rather than recreational visits (Tyupka, 2026). At
the same time, even during the market recov-
ery phase in 2025, footfall at shopping centres
remained on average 10-16% below pre-crisis
levels, indicating the long-term impact of the
crisis on consumer behaviour and the retail in-
frastructure (Budhouse Group, 2025).

A separate category is formed by urban fac-
tors that determine the spatial and territorial
environment in which shopping and entertain-
ment centres operate. These include urban den-
sity, transport accessibility, the development of
public infrastructure, the level of car ownership
among the population, and the overall organi-
sation of urban space. Shopping and entertain-
ment centres located in areas with high trans-
port accessibility and heavy pedestrian traffic
have greater potential to attract visitors. At the
same time, changes in urban infrastructure,
such as the development of new residential are-
as or transport hubs, can redistribute consumer
flows between different venues. Technological
factors, which have become systemic, are also
substantial in the structure of these influences.
The development of e-commerce, marketplaces,
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mobile apps and delivery services has trans-
formed the competitive environment for shop-
ping centres. Some consumer functions, which
were previously conducted exclusively in phys-
ical retail spaces, have moved into the digital
sphere. This has led to a reduction in the role of
shopping centres as the sole venue for shopping
and has strengthened their function as spaces
for experience, leisure and social interaction
(Borrallo-Jiménez et al., 2020). At the same time,
information and communication technologies
have also made it possible to manage the shop-
ping and entertainment centres themselves, as
the technology can allow managers to analyse
visitor flows and behaviours within the centres,
and the efficiency of the utilisation of the space
within the shopping and entertainment centres.

Another of the factors that is shaping the
changing role of shopping and entertainment
centres is the impact of social factors on those
centres. Shopping and entertainment centres
have, in many cases, become the places where
individuals interact with others, participate in
various leisure and recreational activities, en-
gage in cultural interactions, and communicate
with others. Changes in the lifestyles of individ-
uals, the growth of the service economy, and a
shift in the motivations of consumers towards
experiencing activities rather than simply pur-
chasing goods is contributing to the transfor-
mation of shopping and entertainment centres
into spaces in which the social component of
the shopping and entertainment centres is just
as important as the economic component of
those centres (Krey et al, 2022). Thus, each of
these factors interact with each other, and each
of which has contributed to the development of
the shopping and entertainment centre as it ex-
ists today. Each of these factors can be divided
into groups of themselves, with the macroeco-
nomic impacts on the shopping and entertain-
ment centre, the behavioural factors that relate
to consumers within the shopping and enter-
tainment centre, the urban factors that impact
the shopping and entertainment centre, the
technological factors that impact the shopping
and entertainment centre, and the social fac-
tors that impact the purpose and motivations of
the shopping and entertainment centre. Each of
these factors, however, has a combined impact
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upon the shopping and entertainment centre
that helps to create the necessity for the trans-
formation of the management of those shop-
ping and entertainment centres.

Consideration of a shopping and entertain-
ment centre as a management object requires
a preliminary systematic analysis of its internal
organisation and external links. This approach
involves interpreting the shopping and enter-
tainment centre as a holistic, open socio-eco-
nomic system that operates in constant inter-
action with its environment and is in a state
of continuous adaptation. Systemicity in this
case means that a shopping and entertainment
centre is not the sum of its individual elements
(tenants, floor space, visitors), but rather an in-
tegrated structure where each component per-
forms a specific function yet simultaneously
depends on the functioning of other elements
(zhou et al., 2024). Consequently, any change in
one part of the system inevitably triggers trans-
formations throughout its entire structure. The
open nature of the shopping and entertainment
centre system is manifested in the constant ex-
change with the external environment of three
main types of resources: economic (cash flows,
rental payments, investments), information
(consumer behaviour analytics, market trends,
marketing signals) and behavioural (visitor
flows, changes in consumer preferences, mi-
gration of demand between sales channels).
This tripartite structure of flows determines the
complexity of shopping centre management.
The external environment for a shopping and
entertainment centre is multifaceted and vola-
tile. It is shaped by macroeconomic conditions,
household income levels, inflationary trends,
the development of e-commerce, urban trans-
formations, as well as changes in the social
behaviour of the population. None of these fac-
tors can be controlled by the shopping centre’s
management system, which creates a state of
constant uncertainty.

A key feature of this phase is that the ex-
ternal environment becomes not only unstable
but also non-linear. This means that even minor
changes in individual factors can lead to dispro-
portionately significant consequences for the
operation of a retail and leisure centre. For ex-
ample, a change in consumer habits can sharply
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reduce footfall in certain categories of shops,
triggering a chain reaction of changes in the
tenant mix and profitability. The internal struc-
ture of a shopping and entertainment centre is
characterised by the presence of interrelated
subsystems that form its functional architec-
ture (Eroglu et al, 2005). These subsystems do
not exist autonomously but are in a state of con-
stant interaction, where every change gener-
ates corresponding adaptive responses in oth-
er elements of the system. In the most general
terms, three basiclevels of internal organisation
can be identified, namely the spatial-material
level, which is determined by the structure of
assets; the commercial-economic level, which
is shaped by tenancy relationships; and the be-
havioural-consumer level, which reflects visitor
activity. The spatial-material level determines
the physical configuration of the shopping and
entertainment centre. It includes the archi-
tectural structure of the building, spatial zon-
ing, engineering infrastructure and the logic of
movement within the facility. This level is fun-
damental, as it creates the physical conditions
for the implementation of all other processes.

The commercial and economic level reflects
the structure of the relationship between the
centre’s owner and the tenants. It determines
which businesses operate within the shopping
centre, how the retail space is allocated, what
financial flows are generated, and how stable
the economic model underpinning the facili-
ty’'s operation is. It is this level that ensures the
transformation of spatial resources into finan-
cial results (Berezko, 2021). The behavioural and
consumer level is the most dynamic and sensi-
tive to external changes. It reflects the actual ac-
tivity of visitors, their movement patterns, con-
sumer preferences, level of engagement, and
reaction to changes in the structure of the retail
space. This level is the source of the economic
efficiency of the entire system. A characteristic
of the shopping centre system is the presence
of complex feedback loops between all levels
of its organisation. These links are non-linear
in nature and form cyclical processes of mutu-
al influence. For example, a change in spatial
structure affects visitor behaviour, which alters
profitability, which in turn influences the ten-
ant mix and subsequent decisions regarding
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asset utilisation. Thus, the system functions as
a self-regulating mechanism in which there is
no single centre of causality. Instead, there is a
network of interdependent processes that con-
stantly adjust one another (Krey et al., 2022).
This property determines the complexity of
managing retail and entertainment centres and
the need for a systematic approach. It is worth
noting that a systematic analysis of shopping
centres can cause a shift from describing indi-
vidual elements to analysis of the logic of their
interactions (Uscher-Pines et al., 2013). This is a
key prerequisite for the subsequent modelling
of management subsystems, as models can only
be constructed correctly provided there is a set
interpretation of the system'’s structure and the
nature of its internal relationships.

Further consideration of a retail and lei-
sure centre as a management entity requires
interpreting it not as a collection of separate
commercial spaces, but as a single integrated
system operating based on interdependent sub-
systems. Such a system is open, as it constantly
interacts with the external environment, re-
sponds to market changes and adapts internal
processes to new conditions. Notably, any retail

and entertainment centre are not a static entity,
but a dynamic structure that is constantly being
reshaped by economic, social and behavioural
factors. This is precisely why its effective func-
tioning is only possible through the synchro-
nised management of several interconnected
subsystems. The asset management subsystem
forms the foundational level of a shopping and
entertainment centre’s operation, as it defines
the physical and spatial basis of the entire sys-
tem. Assets are defined not only as physical
property, but as the entire complex of resourc-
es capable of generating economic value: com-
mercial spaces, infrastructure, communal ar-
eas, logistics spaces, and the architectural and
functional organisation of the building. In fact,
this subsystem determines how effectively the
space is utilised and how it translates into fi-
nancial returns. It is the key level that shapes
the property’s base capitalisation and its invest-
ment appeal. To systematise the elements of as-
set management and determine their function-
alrole within the structure of aretail and leisure
centre, the key components of this subsystem,
their interrelationships and performance indi-
cators have been summarised (Table 2).

Table 2. An expanded conceptual model for the management of a retail and leisure centre

Functional role Interactions
System Contents and | . . " Assessment A
. in a shopping with other . Vulnerability issues
component | description criteria
centre subsystems
Physical retail Form the basis | Depend on the |, High dependen.cet on .the qu.allty
. spaces used - ; % occupancy, | of the tenant mix; a hidden issue
Retail space . for generating | tenant mix and . . “ . ”
for business - . vacancy rate | is the risk of “nominal occupancy
) rental income visitor flows . ;
premises coupled with low tenant yields
Lifts, Ensure Vulnerability to overcrowding
Infrastructure | escalators, accessibility Influence visitor . during peak hours;
] Bandwidth S
assets car parks, and ease behaviour a trade-off between visitor
service areas | of movement comfort and maintenance costs
Plannin Determines Typical conflict between
Spatial ining the efficiency Related to Conversion commercial density and safety/
. of zoning and - . . . Lo g
organisation ) of space visitor traffic to purchases | evacuation considerations; the risk
traffic flow S s e 4 ”
utilisation of inefficient “dead zones
Market Determines Depends on Return on High sensitivity to external shocks
Investment valuation the long-term | the tenantsand | Investment (war, migration, falling demand),
value of the centre | stability of the the return on (ROI), which sharply reduces market
as an asset system investment capitalisation capitalisation
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Table 2, Continued

Functional role Interactions
System Contentsand | . . ) Assessment e
.. in a shopping with other . Vulnerability issues
component | description criteria
centre subsystems
Profit per Reflects the NOI, revenue Fildden prqble”m of short-term
Space . - Depends on the overlapping” of returns due
S unit of floor efficiency of - per square - :
efficiency e tenant mix to unreliable tenants; the risk
area asset utilisation metre - "
of income volatility

Note: all indicators in this model are measured in percentages (%), monetary units, profitability metrics (in
particular NOI), turnover and vacancy rates, capacity units (persons/hour or m2/person), and time intervals
(months, years), depending on the nature of the relevant parameter

Source: compiled by the author

An analysis of this model concluded that as-
set management cannot be viewed as an isolat-
ed technical function, as it directly determines
the economic rationale of the entire retail and
leisure centre. In particular, the occupancy rate
is not a sufficient indicator of performance,
as it does not reflect the quality of tenants and
their ability to generate a steady flow of visi-
tors. Moreover, it is the spatial structure that
determines consumer behaviour; the location
of entrances, anchor tenants, leisure areas and
services shapes movement patterns, which di-
rectly influence the level of commercial activi-
ty. A summary of vulnerability issues indicates
that the operational efficiency of a shopping
centre is dependent on the quality of the ten-
ant mix and the system’s capacity to maintain a
balance between commercial efficiency, oper-
ational safety and visitor comfort. high formal
occupancy rate may conceal a decline in real
profitability. Attention to short-term financial
results increases the risk of income instability

in the long run. These further increases sensi-
tivity to external shocks and operational over-
loads which together reduce resilience and
capitalisation appeal of the shopping and en-
tertainment centre. Assets therefore serve an
economic as well as a behavioural function. The
tenant management subsystem is central to the
development of a shopping and entertainment
centre’'s commercial ecosystem. The tenants
create the substance of the space and determine
itsmarket appeal. Tenant management involves
not only the placement of businesses, but also
the formation of a balanced tenant mix that en-
sures synergy between different categories of
tenants. Such synergy lies in the mutual rein-
forcement of footfall; large anchor brands gen-
erate a flow of visitors that is distributed among
smaller tenants, thereby increasing their sales.
Furthermore, the systematisation of the tenant
structure and an analysis of their role in shaping
the commercial ecosystem of a shopping and
entertainment centre are presented in Table 3.

Table 3. An expanded conceptual model for managing tenants in shopping centres

System Contents and Ll ol
. Functional role with other Key effects Signs of imbalance
component description
subsystems
Develops the Dominance of a single category
Tenant mix Mix of tenants commercial Affects visitor Sales svner of tenants; a loss of balance
of varying sizes | profile of the traffic ynergy between retail and services;
shopping centre a decline in diversity
. . Other shops . Risk of becom.m.g dle.pendent
Anchor tenants Major retail Generate most are boosting Increase in on 1-2 brands; significant loss
brands traffic sales visitor numbers | of traffic should they withdraw;
asymmetry in bargaining power
Small and o Maintain _ Dlsplgpement during crises;
. . Specialist shops Increase , . instability of rental payments;
medium-sized . . . the system’s | Steady income ) .
: and services diversity sensitivity to fluctuations
enterprises balance in demand
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Table 3, Continued

System Contents and . In?eraction . .
- Functional role with other Key effects Signs of imbalance
component description
subsystems
Ensure the . High turnover; unstable
B Depend on High . L
Small renters Local outlets system’s traffic adaptabilit income; low resilience
flexibility P ¥ to external shocks
Formal nature of retention;
Retention Tenant Reduces Related Income underlyling confhct_s with
olicy management vacancy rates | to profitability stability tenants; a decline in the
p system quality of the tenant mix when
retention is artificial

Source: compiled by the author

An analysis of this model demonstrates that
the tenants of shopping centres are not pas-
sive participants in the commercial real estate
of these centres, but active participants in their
economic dynamics. The type of tenants that
populate these shopping centres have a direct
impactuponthebehaviour of thevisitorstothose
shopping centres. Finding the right balance
between stability and flexibility in the tenant
population of shopping centres is crucial to en-
suring the long-term success of those shopping
environments. While too much stability among
the tenants of shopping centres can create posi-
tive effects for those commercial properties, too
much stability can also prevent those shopping
centres from adapting to changes in the market-
place. Signs of imbalance in the shopping cen-
tre's tenant management system collectively re-
flect a disruption of the structural and functional
equilibrium of the tenant mix, manifested in the
dominance of certain categories of tenants, are-
duction in diversity, and an imbalance between
retail and services. Additionally, thereis a critical
dependence on a limited number of key brands,
which increases the risk of losing footfall and

exacerbates bargaining asymmetry, as well as
the instability of medium and small tenants dur-
ing periods of crisis and fluctuations in demand.
The result is a decline in the overall resilience
of shopping centres, accompanied by high ten-
ant turnover, unstable income, hidden conflicts
and a deterioration in the quality of lease port-
folio management in the long term. Therefore,
effective tenant management is a compromise
between these two extremes. The visitor flow
management subsystem is the most dynamic
and behaviour-oriented component of a shop-
ping and entertainment centre. It reflects the
actual level of interaction between the system
and the end consumer. Visitors not only gener-
ate demand but also determine the efficiency of
space utilisation, as their movement patterns
influence conversion rates in commercial areas.
Accordingly, visitor flow management involves
analysing traffic intensity, concentration zones
and behavioural patterns. To summarise the
behavioural characteristics of visitors and their
impact on the efficiency of the shopping and en-
tertainment centre, a conceptual model of this
subsystem has been developed (Table 4).

Table 4. Extended conceptual model for managing visitor flows in shopping centres

Visitor traffic

of visits to the

baseline demand

the security

S Conter}ts.and Functional role | Interrelationships Et':onomlc Risks in a time of war
component description impact
Substantial decrease
Total number Determines the Depends on in visitor numbers
the tenants and Profitability,

sales figures

due to air raid alerts,

shopping centre for space : . shelling and population
pping P situation 8 pop
displacement
Can be used ) . Sales Changes to r_outes
. ) - . Relating to spatial S through evacuation zones
Behavioural Typical visitor for prediction optimisation .
structure and and restricted access

patterns routes of consumer and zone

. safety . to parts of the
behaviour allocation

shopping centre
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Table 4, Continued

R Conter.lts.and Functional role | Interrelationships Et':onomnc Risks in a time of war
component description impact
Places with Identification Increasin Increased risk
Concentration the highest . Affect tenants ng of casualties during air
: of key selling . conversion B
zones concentration . and vice versa raid alerts, the need
points rates :
of people to disperse crowds
Breakdown Determines Relating to assets Space Interruptions during
Time series of visitor traffic | the load on the and security utilisation emergencies, reduction
by time infrastructure protocols efficiency in “peak” hours
.Optlmls.es Depends on the Growth in Traffic restrlc}'lons,
. Layout of the interaction ; closure of certain areas,
Spatial routes . L design and safety sales and L
shopping centre | between visitors and changes to logistics
routes engagement b
and tenants due to sheltering
Security Provision . Malntgpance Direct risks of physical
B Ensures the Integrates with all of visitor
scenarios of shelters, . . harm, damage
- . physical safety shopping centre | numbers even .
(military evacuation routes . S to infrastructure,
) of visitors subsystems in times . ; !
component) | and alarm signals of crisis operational disruption

Source: compiled by the author

An analysis of this model concluded that
visitors are not a passive element of the system,
but an active factor that shapes the economic
efficiency of a shopping and entertainment cen-
tre. Itis through their behaviour that the link be-
tween spatial structure, letting policy and finan-
cial results is realised. Through reviewing each
of the models for shopping and entertainment
centres it becomes apparent that each centre
comprises three main levels: spatial (assets),
commercial (tenants) and behavioural (visitors).
Each of these elements has a function within
the shop or entertainment centre, but the ef-
fectiveness of the shopping and entertainment
centre relates solely to the interaction of each
of these components. Thus, the management of
the shopping and entertainment centre should
relate to the balance between spatial elements,
business structure and consumer behaviour, as
any alteration to any of these elements will have
atransforming effect on the entire system of the
shopping and entertainment centre. The war in
Ukraine has contributed to a sharp drop in foot-
fall in shopping and entertainment centres, as
confirmed by official market research. Accord-
ing to research by the Ukrainian Trade Guild
(UTG), footfall in shopping and entertainment
centres in the capital city of Kyiv dropped to 291
visitors per 1,000 m? in 2022, compared to 506
visitors per 1,000 m? in the pre-war period. This
represents a drop of 40-45% in footfall in shop-
ping and entertainment centres (The vacancy
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rate..., 2023). Another indicator of the changes
resulting from the war is the vacancy rate for
retail space within shopping and entertainment
centres. At the end of 2023, the vacancy rate
for operating shopping centres in Kyiv reached
14.2%.If temporarily closed retailers are also ac-
counted for, the vacancy rate increased t0 19.7%.
This means that 1in 5 retail spaces in Kyiv were
unused. For regional shopping and entertain-
ment centres, the vacancy rate was even high-
er, reaching over 27%. In 2024, shopping and
entertainment centres began to experience a
recovery of their retail space. The vacancy rate
in shopping centres in the capital of Ukraine
dropped to 13.1% (Vacancy rate of operat-
ing..., 2024). However, there are still the conse-
quences of the war in Ukraine visible within the
retail and entertainment sector. For example,
the footfall in shopping and entertainment cen-
tres is even throughout the country. Addition-
ally, the rental income for these retail spaces
has become increasingly unstable, as have the
shopping and entertainment centres’ sensitiv-
ities to external factors. As a result, changes in
the management models of these retail spaces
have developed in reaction to the war.

DISCUSSION
The findings of this study confirm that the
management of shopping and entertain-
ment centres in conditions of high uncertain-
ty, particularly during martial law in Ukraine,
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requires fundamentally new methodological
approaches. The effectiveness of shopping and
entertainment centres is determined not only
by the commercial component, but also by the
centres’ ability to transform into multifunction-
al hubs, optimise internal subsystems (assets,
tenants, visitor flows) and adapt quickly to ex-
ternal shocks. The findings are consistent with
international research analysing anti-crisis
strategies, resilience and the transformation of
shopping centres in an unstable environment.
The results of this study indicate that, in condi-
tions of high uncertainty and crisis, the effec-
tive management of shopping and entertain-
ment centres requires a shift from traditional
to adaptive and anti-crisis strategies. The study
determined that a balanced and well-thought-
out tenant mix increases footfall, average
spend, visitor dwell time and the centre’s over-
all commercial performance. This is consistent
with T. Kariya et al. (2023). Researchers have
developed a tenant portfolio selection model
for the risk-aware management of shopping
centres. They have demonstrated that strate-
gically selecting a tenant mix, considering risk
correlations, can reduce revenue volatility and
enhance the overall resilience of the property in
times of economic uncertainty. Methodological
aspects of optimising the tenant mix are also
discussed by G.K.M. Alegria (2025). The author
proposed multi-objective integer programming
for the synergistic optimisation of the tenant
mix. The study demonstrated that the use of
mathematical optimisation methods can pro-
vide a balance between maximising rental in-
come and creating commercial synergy among
tenants. Algorithmic approaches to tenant
management confirm the need for quantitative
methods. This is consistent with H. Sawazaki et
al. (2026). The authors developed a mecha-
nism for allocating tenants in shopping centres
based on a deferred acceptance algorithm. They
demonstrated that the algorithmic approach
ensures a fairer, more efficient and optimised
allocation of tenants compared to traditional
expert methods. The issue of the transforma-
tion and adaptation of shopping centres in a dy-
namic environment is examined by M. Hannin-
en § L. Paavola (2021). The authors conducted a
case study of the management of organisational

‘ 176

transformations at the large Itis shopping cen-
tre. The study identified key managerial, spa-
tial and marketing changes necessary for the
centre’s successful adaptation to new market
realities. One avenue for enhancing resilience
is the use of artificial intelligence. This is con-
sistent with D. Garanin et al. (2025). The authors
analysed in detail the potential of artificial in-
telligence in the management of shopping and
entertainment centres. They noted that the im-
plementation of Al can improve demand fore-
casting, personalised offers, optimisation of
retail space, and enhanced operational efficien-
cy in shopping and entertainment centres. The
study’s findings also align with approaches to
assessing resilience. This is consistent with an
analysis by J. Zhang et al. (2025), based on par-
tial least squares structural equation modelling
(PLS-SEM) and machine learning tools to inves-
tigate the complex mechanism by which loca-
tional factors influence the resilience of retail
properties. They found that different location
attributes affect the long-term resilience of re-
tail spaces in different ways, and that consumer
attachment is one of the factors.

The socio-cultural role of shopping and
entertainment centres in the urban environ-
ment is also significant. This is consistent with
MJ. Grzegorzewski (2025). The author investi-
gated the phenomenon of the “shopping mall
city” and escapism in Jakarta's shopping cen-
tres. The study showed that shopping centres
become spaces of private comfort and psycho-
logical relief, particularly in conditions of high
urban density and social tension. The impact of
e-commerce on the sustainability of commer-
cial properties confirms the need to strengthen
the agglomeration effect. This is consistent with
the findings of X. Pan et al. (2024), who analysed
the impact of e-commerce on the spatial resil-
ience of large warehouse clusters. They found
that the retail agglomeration effect mitigates
the negative impact of online trade and helps
to maintain the competitiveness of physical
premises. General processes of transforma-
tion in the commercial property sector are also
reflected by G. Wiejak-Roy (2025). The author
examined the state of disequilibrium in the re-
tail property sector. The study emphasises that
the existing crisis is creating conditions for the
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structural transformation of retail properties,
which requires new management models. This
is consistent with C. Oluigbo et al. (2025). The au-
thors examined the issue of sustainable devel-
opment of shopping and entertainment centres.
They noted that the integration of sustainability
principles into management strategy is becom-
ing a prerequisite for the long-term viability of
shopping and entertainment centres. Finally, a
promising methodological approach to the re-
development and modernisation of centres is
the life cycle of facilities. This is consistent with
J. Tamburic et al. (2025). The authors developed
a model for the redevelopment of shopping
centres based on the life cycle approach. The
study proposes a systematic toolkit for plan-
ning service life design, which is particularly
relevant for the crisis-response modernisation
of shopping centres under conditions of limited
resources. The non-linear nature of the interac-
tion between shopping centre subsystems, with
cascading effects of change, is partly illustrat-
ed by studies of the impact of external distur-
bances on commercial systems. In particular,
D.G. Mogale et al. (2023), using the example of
online retail, showed how simultaneous disrup-
tions (changes in demand, closures of premis-
es, supply chain disruptions) create a high level
of uncertainty and require the development of
adaptive response mechanismes.

The distinction between the spatial, com-
mercial and behavioural levels of shopping
centre operation is partly consistent with Y.-
H. Fang § C.-Y. Li (2025). In omnichannel retail,
the authors, drawing on Uncertainty Reduction
Theory, demonstrated how consumers inter-
act with different levels of the retail system
and attempt to reduce transactional uncer-
tainty, which is relevant to the management of
multichannel interaction in shopping centres.
Shaping a shopping centre’s commercial pro-
file through its tenant mix is a key element of
resilience. This is consistent with the findings
of J. Luo (2023), who analysed crisis manage-
ment strategies in the US fashion retail market.
The study highlights the role of the business
structure and tenant balance in supporting
the sustainability and market position of retail
properties during a crisis. The systematisa-
tion of multidimensional factors influencing
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shopping centres (economic, social, technolog-
ical, urban and behavioural) is consistent with
R. Zayadin et al. (2023). The authors investigat-
ed how entrepreneurs make decisions under
conditions of perceived environmental uncer-
tainty, highlighting the multifactorial nature of
influences and their interaction with business
systems. Differences in the logic of shopping
centre management strategies depending on
the level of environmental stability were illus-
trated by F.S. Akerele et al. (2022). A study of
spatial adaptation strategies in Nigerian enter-
tainment centres showed that the operational
efficiency of such facilities directly depends on
their ability to adapt to changing conditions and
fluctuations in demand. A synthesis of the com-
parative analysis results indicates the presence
of consistent conceptual overlaps between the
findings and scientific approaches to the study
of retail and entertainment systems. The sys-
temic nature of the functioning of retail and
entertainment centres, their dependence on a
multidimensional environment, and the inter-
connection of spatial, commercial and behav-
ioural components have been confirmed. At the
same time, it has been established that the key
factor in effectiveness is not the isolated opti-
misation of individual elements, but the coor-
dination of their interaction, which determines
the adaptability and stability of the system in a
changing environment.

CONCLUSIONS
The research resulted in the development of
a theoretical framework for shopping and en-
tertainment centres as a system, the function-
ing of which is based upon the interaction of its
commercial, spatial and behavioural elements.
Shopping and entertainment centres should
be viewed as more than a commercial proper-
ty, but as an environment in which economic,
behavioural and social interactions take place.
As part of the study, the management system of
a retail and entertainment centre was broken
down, resulting in the identification of three key
subsystems: asset management, tenant man-
agement and visitor flow management. It was
established that each of these subsystems fulfils
a distinct functional role, yet their effectiveness
is only realised through their interaction. A key
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outcome of this approach was the identification
of the non-linear nature of the interrelation-
ships between the subsystems, where changes
in one trigger cascading transformations in the
others. A comparative analysis revealed funda-
mental differences between these approach-
es, particularly in terms of parameters such as
management logic, letting policy, tenant struc-
ture, spatial organisation, and the nature of in-
teraction with visitors. The analysis revealed
differences between the strategies in terms of
the degree of management flexibility and the
level of response to changes in the external
environment, which determined the nature of
the tenancy policy, tenant structure and spa-
tial organisation. The study also found that the
level of adaptability of management decisions
varied from a consistently fixed approach in
the traditional model to a rapidly transforma-
tive one in adaptive and anti-crisis strategies.
The study also developed conceptual models
for managing the main subsystems of shopping
centres, which provided a detailed analysis of
their internal structure and functional interre-
lationships. The study established that the ef-
fectiveness of asset management is determined

not only by the occupancy rate of the premises,
but also by their profitability and their ability to
shape visitors’ behavioural patterns. In the area
of tenant management, the key role of a bal-
anced tenant mix was identified, which ensures
synergy between different business catego-
ries and contributes to the stability of financial
flows. Regarding visitor flow management, it
was established that consumer behaviour pat-
terns are a determining factor in the effective
use of space and the generation of economic re-
sults. Prospects for further research include the
development of quantitative models for assess-
ing the effectiveness of shopping centre man-
agement and their practical testing, considering
the specific characteristics of different markets

and property types.
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MeToauyHi nigxoan Ao ynpaBniHHSA TOProBeNbHO-
po3BakaJibHUMU LLEeHTPaMM B yMOBaX HEBU3HAY€HOCTi:
AaHTUKPMU30BI Ta aganTUBHI cTpaTerii

AHoTauia. MeTolo JociimkeHHS 6yl0 BU3HAUEHHS eQEKTUBHUX MOJENeHN YIIpaBJIiHHSA
TOPrOBENIbHO-PO3BKAJIPHUMU LIeHTpaMU Ha OCHOBI aHasIi3y B3a€MOZil MiICUCTeM aKTUBIB,
OopeHJapiB i MOTOKIB BifBiAyBadiB. MeTOAOJOTIA BKIIOYa/a ITOPIBHANBHY XapaKTepPHUCTUKY
VIIPaBIiHCBKUX CTPaTeriii TOPTOBEJIbHO-PO3BKAJNBHUMM I[eHTpaMM, CHUCTEMHUN Migxiz,
a TAaKOXX KOHILEMNTyaJlbHe MOJeioBaHHA. OCHOBHI pe3ynbTaTu [JOCTiAKeHHs IOJATalTh Y
dopMyBaHHI KOMIUIEKCHOTO YSIBJIEHHS IIPO TOPrOBENIBHO-PO3BaKaJIBHUI LIEHTD K BIAKPUTY
aIalITUBHY COLiaJIbHO-eKOHOMIUHY cUCTeMy, GYHKIIIOHYBaHHS SKOI BU3HAYAEThCA B3aEMOZIEI0
TPbOX KJIIOYOBHUX IIiACUCTEM, YIIPaBIiHHA aKTHMBaMU, YIIPABIiHHA OpeHAApsAMH Ta yIIpaBIiHHA
IIOTOKaMU BifBifyBauiB. V IIpolleci JOCHiJ}KeHHs BIlepllle CTPYKTYPOBAaHO CHUCTeMY (aKTOpiB
BIUIMBY Ha TOPTOBEJIBHO-PO3BAKAJBHI LIEHTPU 32 II'ATbMa B3a€EMOIIOB'SI3aHUMU TIpyliaMu -
MaKpOEKOHOMIUYHUMHY, TTOBENiHKOBUMH, YPOaHICTUYHUMM, TEXHOJOTTYHUMU Ta COLaJIBHUMHU,
110 IO3BOJIMJIO OBGI'PYHTYBATHU 6araTOBUMIpPHICTb cepeoBULIa ix GyHKIIIOHYBaHHSA. BUABIIEHO, III0
BU3HAYaJIBHUM TPEHZOM DO3BUTKY € TpaHchopMalis Ix ¢yHKIil Bif rmepeBa’kHO TOProBeIbHOI
JI0 KOMILJIEKCHOI — i3 TOMiHYBaHHAM JOCBifly, O3BULIA Ta cepBiciB. V pe3ynbTaTi TOPIBHAIBHOIO
aHaJTi3y YIIpaBIiHCBKUX CTpaTeriil imeHTHoiKoBaHO Tpu 6a30Bi TUIM - TpaguLiliHi, aZanTHUBHI
Ta aHTUKPU30BI — Ta BCTAHOBJIEHO IX IIPUHIIMIIOBI BIAMIHHOCTI 3a JIOTIKOIO YIIpaBJiHHA, pPiBHEM
THYYKOCTi, OpeHIHOIO IIOJIITUKOIO Ta 34ATHICTIO pearyBary Ha 3MiHu cepefioBuiia. O6rpyHTOBAHO,
o edeKTUBHICTb (PYHKIIIOHYBAaHHSA TOPTOBENIbHO-PO3BaYKAIBHUX LIEHTPIB 3aJIeXKUTh He Bil
BUKOPUCTaHHA OKpeMoi cTparerii, a Bif 3maTHOCTI [0 ix KOM6GiHyBaHHS 3aJIeKHO Bif piBHA
HEeBU3HAUEHOCTi. V Mekax HOCIHiIKeHHA pOo3po6JIeHO KOHLENTYaIbHI MOZENi YIIpaBJIiHHS
mifgcucTeMaMy TOPTOBEIBHO-PO3BaYKAJIBHUX II€HTPIB, 30KpeMa MOZeslb YIIpaBIiHHA aKTUBaMU,
110 6a3y€eThCs Ha IIOEIHAHHI TOKA3HUKIB 3aITOBHEHOCTI, TOXiTHOCTI Ta IPOCTOPOBOi epeKTUBHOCTI;
MOJIeTb YIIPaBIiHHA OpeHIapsaAMHU, SKa Iepenbadae $opMyBaHHS 36aIaHCOBAHOI CTPYKRTYpHU
OopeHZapiB i3 ypaxyBaHHSIM ix posni y dopMyBaHHI TpadiKy, Mozenb YIPaBIiHHS ITIOTOKaMU
BiZiBiZyBauiB, 110 BpaxoBye MTOBELIHKOBI ITaTepHU CIIOKUBAYiB i poCTOPOBY opraHisariito 06'eKTa.
[TpaKTUYHe 3HAYEHHS JOCTIiIKEeHHS IIOJISATA€E ¥ MOKJIMBOCTI BUKOPUCTaHHS PO3PO6IJIeHUX MTiAXOAIB
i Momenel [nya oNTHMisallii yIIpaBiiHHA TOPrOBeNBHO-PO3BKAJBHMMU LIEHTpaMH, 30KpeMa
y coepi dopMyBaHHS OpeHIHOI IOJTUKY, VIPaBIiHHA CTPYKTYpPOIO OpeHZapiB, IJIaHYBaHHA
IIPOCTOPY Ta aHaJIi3y [IOBeLiHKU BiABilyBauiB

Kno4oBi cnoBa: opeHHA IIOJIITHKA; IIOBeiHKA BiBiyBauiB; CTPYKTypa OpeHIapiB; MpoCcTopoBa
opraHisailis; eKOHOMiuHa epeKTUBHICTD
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possibility of using its findings by public authorities, energy companies, and investors to substantiate
managerial decisions in the field of renewable energy in Ukraine

Keywords: renewable energy sources; investments; energy efficiency, management; bioenergy;,

sustainable development; financing

INTRODUCTION
Ukraine’s energy transition, under the condi-
tions of wartime risks, European integration,
and climate commitments, necessitates the
combination of innovative development, in-
vestment activity, and energy security. The de-
struction of energy infrastructure, rising energy
costs, limited access to capital, and dependence
on imports reinforce the importance of effec-
tive management of energy and investment
processes as a key prerequisite for sustainable
economic recovery. Under these circumstanc-
es, the development of renewable energy sourc-
es, energy-efficient technologies, green invest-
ments, and institutional mechanisms for their
promotion constitutes an essential component
of the transformation of the energy sector. The
limited alignment of investment decisions with
the objectives of environmental transformation
and the elevated risks within the energy sector
complicate the selection of effective financing
directions and long-term development plan-
ning. L.M. Ivashko (2024), in her study, focused
on the management of green investment port-
folios in energy enterprises, substantiating the
expediency of applying a portfolio approach,
integrating Environmental, Social and Govern-
ance (ESG) criteria, and employing multicriteria
methods for evaluating investment decisions.
The findings demonstrated an improvement in
the validity of investment choices and a reduc-
tionin financial risks. At the same time, 0.V. Ka-
linin et al. (2024) examined approaches to
managing investments for the sustainable de-
velopment of green energy by analysing region-
al and fuel-related shifts in investment flows,
opportunities for replacing nuclear generation,
and instruments for assessing the investment
attractiveness of energy projects based on indi-
cators such as Levelised Unit Energy Cost, Net
Present Value (NPV), Internal Rate of Return
(IRR),and ReturnonInvestment(ROI). Theirfind-
ings confirmed the appropriateness of combin-
ing renewable energy sources with innovative
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technologies, particularly small modular reac-
tors, and highlighted the importance of infra-
structure modernisation and adaptation of the
regulatory environment.

The increasing instability of the economic
environment, the scarcity of investment re-
sources, and the technological deterioration of
energy infrastructure complicate the achieve-
ment of long-term effectiveness in innova-
tion and investment processes. D.V. Babych et
al. (2024), in their studies, substantiated the key
role of innovation and investment development
in enhancing the efficiency of the energy com-
plex. The authors demonstrated a close rela-
tionship between expenditure on research and
development and the growth of energy supply
volumes, whilealsoemphasisingtheimportance
of state regulation, institutional mechanisms,
and strategic planning for the modernisation
of energy processes and the strengthening of
energy security. The insufficient integration
of sustainable development principles into the
strategic management of the energy sector,
combined with limited investment activity, reg-
ulatory fragmentation, and low energy efficien-
cy, constrains the long-term transformation of
Ukraine’s energy system, as noted in the works
of M. Shkvarylyuk & I. Petrunchak (2025). These
researchers focused on strategic management
in the context of sustainable development, sub-
stantiating the need to modernise managerial
approaches, strengthen the role of state pol-
icy, promote renewable energy sources, and
enhance corporate responsibility in order to
achieve energy efficiency and environmental
sustainability. Similar conclusions can be ob-
served in the studies of K. Kraus et al. (2023), in
which the strategic development of the energy
sector is examined through the lens of inno-
vation, digitalisation of managerial processes,
the implementation of advanced technolog-
ical solutions, the decentralisation of energy
systems, and the expanding role of renewable
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energy sources. The authors also emphasised
that the systematic integration of innovation
into production, investment, and managerial
decisions creates conditions for improving en-
ergy efficiency, strengthening energy security,
and enhancing the adaptability of companies to
wartime and post-crisis challenges.

Insufficient alignment between economic,
social, and environmental objectives in the op-
eration of energy enterprises leads to imbalanc-
es in their long-term development and compli-
cates the integration of sustainability principles
into managerial decision-making. In the study
by Y.S. Papizh et al. (2023), the issue of sustain-
able management of energy enterprises was
examined through the lens of contradictions
between market imperatives and the require-
ments of environmental and social responsibil-
ity. The authors emphasised the need to revise
traditional management models and substan-
tiated the expediency of applying a cluster ap-
proach as an instrument for enhancing man-
agerial efficiency. Their proposed model of an
autonomous specialised polystructural cluster
was considered a mechanism for rationalising
resource provision and reducing production
costs. In arelated field of research, N. Chaplyns-
ka & P. Makeienko (2023) focused on innovative
approaches to ensuring energy security, paying
particular attention to global trends in energy
consumption, the development of renewable
energy sources, and the role of innovation pol-
icy in the transformation of energy systems.
Their study analysed the dynamics of global en-
ergy consumption, indicators of innovation ac-
tivity within the energy sector, structural shifts
in electricity generation, and reductions in car-
bon emissions, while also substantiating the
importance of renewable energy as one of the
key directions for strengthening the resilience
of energy systems.

The low level of energy efficiency within
economic systems, the high energy intensity
of production, and the insufficient alignment
of investment and managerial decisions with
the principles of sustainable development con-
strain the possibilities for long-term moderni-
sation and the reduction of Ukraine’s energy de-
pendence. These issues were examined in detail
in the works of M.M. Klymchuk et al. (2021), in
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which the need for interdisciplinary approach-
es to energy-saving management was substan-
tiated and the concept of energy-efficient de-
velopment was proposed as an instrument for
combining investment, managerial, and tech-
nological decisions. The authors systematised
concepts of energy-efficient development, in-
cluding environmental economics, green leas-
es, passive houses, and urban economics, and
demonstrated their suitability for establishing
strategic mechanisms aimed at improving en-
ergy efficiency. The study also highlighted the
potential economic and environmental effects
of implementing energy-efficient projects and
outlined the role of institutional and managerial
factors in reducing energy consumption.

At the same time, issues concerning the
integration of innovative managerial decisions
with investment and financial mechanisms, the
assessment of the long-term economic and fi-
nancial sustainability of energy projects, and
the adaptation of managerial models and stra-
tegic decisions to the conditions of wartime and
post-war macroeconomic instability in Ukraine
remain insufficiently explored. The aim of this
study was to substantiate managerial approach-
es to the coordination of energy and investment
decisions, taking into account innovative fac-
tors, the risks of a wartime economy, and the
requirements of Ukraine’s long-term sustaina-
ble development. To achieve this aim, the study
set the following objectives: to analyse the con-
dition, dynamics, and structure of investments
in Ukraine’s renewable and low-carbon energy
sector under conditions of wartime instabili-
ty; and to generalise the practice of managing
energy and investment processes, together
with the institutional, financial, and regulatory
mechanisms supporting them.

MATERIALS AND METHODS
The study had a practical orientation and cov-
ered the period from 2022 to 2025, as this was
the timeframe during which significant chang-
es occurred in the management of energy and
investment processes as a result of the full-
scale invasion, extensive destruction of energy
infrastructure, restricted access to financial re-
sources, and the simultaneous intensification of
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Ukraine’s adaptation of its energy policy to Eu-
ropean requirements in the fields of decarboni-
sation and sustainable development. Within the
framework of the study, the volumes of invest-
ment in renewable and low-carbon energy dur-
ing the specified period were analysed on the
basis of materials from Capital Investments in
the Energy... (2024) and the work of O. Chaika §
1. Orel (2024). A comparative-structural analysis
of statistical indicators was employed, involving
the comparison of annual volumes of capital in-
vestmentinthe energy sector, their share within
the overall structure of capital expenditure, and
the proportion of renewable energy sources in
2022-2023 relative to the pre-war level of 2021.

The analysis of bioenergy enterprises in
Ukraine during 2022-2025 was conducted using
descriptive-analytical and structural-compar-
ative methods. The descriptive-analytical ap-
proach was used to generalise open data from
Bioenergy in Ukraine: Analytical... (2025) con-
cerning the types of bioenergy enterprises, feed-
stockresources, generation formats, and therole
of bioenergy in heat supply and the substitution
of imported natural gas. Structural-comparative
analysis was applied to compare bioenergy pro-
jects with solar and wind generation in terms of
installed capacity scale, investment horizon, and
management system organisation. The struc-
ture of investment in renewable energy sources
(RES) was examined using a structural-compar-
ative analysis by comparing the proportion of
investments in solar, wind, bioenergy, and oth-
er renewable technologies during the wartime
period with their pre-war proportions. This ap-
proach made it possible to identify inter-techno-
logical shifts and determine the factors underly-
ing the dominance of particular technologies.

A separate section examined the sources
of funding for investments in RES, in particu-
lar the involvement of the European Bank for
Reconstruction and Development (EBRD, n.d.),
the European Union (EU), the World Bank and
the International Finance Corporation (n.d.). To
this end, applied institutional analysis was em-
ployed to assess the financial, guarantee and
regulatory mechanisms through which inter-
national financial organisations participate in
the implementation of investment projects in
the renewable energy sector within the context
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of a wartime economy. The effectiveness of in-
vestments in renewable energy in 2022-2025
was assessed through a descriptive and analyt-
ical synthesis of actual performance indicators
for completed projects, including ROI, payback
periods, and social and environmental impacts,
based on data from Alternative Energy (n.d.).
Barriers to the implementation of energy pro-
jects, in particular procedural and infrastruc-
tural constraints on connection to electricity
grids, were examined using a problem-orient-
ed analysis to identify key constraints in the
investment process, based on official clarifi-
cations from the National Energy and Utilities
Regulatory Commission (n.d.a), published in a
“question-and-answer” format regarding con-
nection to electricity grids.

The functioning of “green” auctions was
analysed using a case study based on data from
the first “green” auction of 2025, selected as an
example of the initial practical implementation
of the auction mechanism within the context of
a wartime economy. Within the framework of
the case analysis, the announced quota param-
eters, feed-in premium conditions, the level of
investor interest, and the actual results of the
auction were assessed, including the absence of
participants in the solar energy segment, which
made it possible to identify the factors limiting
the investment attractiveness of this instrument
(The First “Green” Auction..., 2025). Wartime risk
insurance mechanisms were examined within
the framework of an applied institutional anal-
ysis using the instruments of the Multilateral
Investment Guarantee Agency (MIGA) (n.d.) as
an example. This involved the generalisation
of information regarding insurance coverage
parameters, premium levels, and certain limi-
tations associated with the application of these
instruments in financing renewable energy in-
vestment projects under conditions of wartime
instability. Following the same methodological
approach, government programmes supporting
investment and energy efficiency were analysed
using applied institutional-descriptive analysis,
taking as examples the “Energy Conscious” pro-
gramme (n.d.), Energodim (n.d.) and the “5-7-9%”"
programme, in which Privatbank is a partici-
pant... (n.d.), selected as the most representative
instruments of state support that were directly
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utilised between 2022 and 2025 to stimulate in-
vestment in energy efficiency and renewable
energy. The analysis examined the programmes’
objectives, financial support mechanisms, the
range of beneficiaries, as well as their role in
reducing financial barriers and shaping man-
agement decisions regarding energy consump-
tion, modernisation and the decentralisation of
generation, which made it possible to link these
instruments to the practice of managing energy
processes at corporate and regional levels. Eu-
ropean regulatory instruments, in particular Di-
rective (EU) 2018/2001(2018) and Regulation (EU)
2022/869 (2022), were analysed through a legal
and regulatory review, which involved exam-
ining their objectives, regulatory requirements
and the instruments provided to support the de-
velopment of renewable energy. Ukraine’s stra-
tegic documents, in particular Resolution of the
Cabinet of Ministers of Ukraine No. 868-p (2021),
the National Strategy for Low-Carbon Develop-
ment until 2050... (n.d.) and the National Energy
and Climate Plan... (2024), were examined using
institutional-descriptive analysis to identify pri-
orities, targets and mechanisms for state gov-
ernance of energy and investment processes. In
the final stage of the research, using methods of
synthesis, generalisation and systematisation,
practical recommendations were developed to
improve the efficiency of managing energy and
investment processes, in particular based on an
analysis of the case study of the implementation
ofthe LLC “Wind power GSI Volyn 3" project (n.d.),
selected as a representative example of an in-
vestment project in the renewable energy sector
under awartime economy, and an assessment of
legislative changes in the energy and heat sup-
ply sectors adopted in 2024-2025, in particular
Law of Ukraine No. 4213-IX (2025), which ena-
bled the formulation of practical approaches to
improving management decisions in the con-
text of wartime and post-war transformation.

RESULTS AND DISCUSSION
The current state and practice
of managing energy
and investment processes in Ukraine
Between 2022 and 2025, investment in Ukraine'’s
renewable and low-carbon energy sectordevel-
oped against a backdrop of profound structural
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shifts caused by the war, damage to energy in-
frastructure and the concentration of funding
on supporting baseload generation. The lack
of a single aggregate indicator for investment
in renewable energy means that fragmentary
data must be used; however, this data does al-
low for an assessment of general trends and
the proportions of investment. Annual in-
vestment in renewable and low-carbon ener-
gy during the period 2022-2025 amounted to
USD 1.09 billion, whilst in 2011-2021 the total
volume exceeded USD 12 billion. Following a
sharp decline in capital investment in 2022
(-49% compared with 2021), investment activi-
ty in the energy sector began to recover as ear-
ly as 2023, when total capital investment rose
to UAH 109.3 billion, exceeding pre-war levels
(Capital investments in the energy... 2024). At
the same time, the share of renewable energy
sources in the overall investment structure re-
mained limited, fluctuating between 1 and 5%,
as the bulk of financial resources was chan-
nelled into the refurbishment of thermal power
stations, electricity grids and gas sector facili-
ties. In 2023, investment in solar energy alone
amounted to around USD 150 million, equiv-
alent to approximately UAH 6 billion, and ac-
counted for around 5.5% of total capital invest-
ment in the energy sector (Chaika & Orel, 2024).

The structure of investment in renewable
energy sources (RES) in 2022-2025 was charac-
terised by the clear dominance of solar energy,
which accounted for 60-70% of all investment.
This was due to the speed of project implemen-
tation, relatively low capital intensity and the
widespread adoption of self-consumption mod-
els for businesses. Wind energy accounted for
20-30% of investment, mainly through large-
scale infrastructure projects, in particular the
construction of wind farms with a capacity
exceeding 800 MW, planned for completion by
2030. Bioenergy and small-scale hydropower
together accounted for no more than 10-15% of
investment, whilst bioenergy projects differed
in their management logic from solar and wind
generation, as their implementation depended
on the stability of raw material supply, biomass
contracting and supply logistics, as well as the
possibility of combining electricity and heat
generation; hydrogen projects remained at the
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pilot stage and accounted for less than 1% due
to high technological and financial barriers,
as noted by O. Dluhopolskyi et al. (2023) and
L. Bondarchuk (2025). Between 2022 and 2025,
bioenergy enterprises in Ukraine formed a dis-
tinct segment of the renewable energy sector
with a distinct production, management and
investment logic, driven by the specific nature
of the raw material base, the generation for-
mat and integration with the agricultural and
municipal sectors. The dominant enterprises
were those utilising solid biomass, in particular
wood waste, straw, maize stalks and sunflower
husks, the resource potential of which is esti-
mated at approximately 94 million tonnes per
year, of which less than 15% is actually utilised.
It was these enterprises that accounted for
around 3.5% of thermal energy production and
contributed to replacing up to 17% of imported
natural gas, which underscored their impor-
tance for regional energy security (Bioenergy
in Ukraine: Analytical..., 2025).

The typical feedstock base for bioener-
gy enterprises in Ukraine is agro-industrial
in nature and includes agricultural residues,
wood biomass and organic by-products, which
amounts to over 90 million tonnes of potential
annually and determines how the efficiency of
projects depends on the logistics of collection,
processing, storage and transport of biofuel
Under these conditions, the management sys-
tem for bioenergy enterprises was based on
long-term contractual relationships with bio-
mass suppliers, the planning of logistics flows
and the consideration of the seasonality of ag-
ricultural waste, which distinguishes it from
management models for solar and wind power
generation. The predominant form of energy
production was thermal generation and cogen-
eration, which accounted for over 90% of total
bioenergy production, whilst electricity gener-
ation played a secondary role due to regulatory
constraints and the specific nature of tariff in-
centives. Bioenergy projects generally have a
lower installed capacity (1-10 MW) and a longer
investment horizon compared with solar and
wind power stations, due to the high capital in-
tensity of the raw material and logistics infra-
structure, but at the same time provided stable
cash flows through the production of thermal
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energy (Zhelezna et al. 2021). This model reduc-
es enterprises’ dependence on fluctuations in
the electricity market and enhances the role
of bioenergy as a tool for decentralised energy
supply, integrated with local communities, ag-
ricultural production and district heating sys-
tems, which determined its role in enhancing
the resilience of Ukraine’s energy system amid
the instability caused by the war.

Solar projects for self-consumption (solar
power stations (SPS) on business rooftops) grew
by 20-40% due to reduced costs, whilst wind en-
ergy grew due to large wind farms (the 400 MW
Tyligulska wind farm). Investment activity in bi-
oenergy and hydropower during 2022-2025 was
limited due to logistical factors. Hydrogen pro-
jects during this period did not progress to the
mass implementation stage and were primar-
ily considered in the medium term, after 2025,
with the involvement of international partners.
In particular, the strategic project portfolios of
certain foreign investors envisaged a combi-
nation of wind and solar generation as a basis
for the further development of hydrogen infra-
structure: ONUR Group (n.d.) announced pro-
jectswith an installed capacity of approximately
320 MW of wind and 50 MW of solar generation.
General approaches to the development of hy-
drogen energy and its integration with renewa-
ble energy sources are consistent with the pro-
visions of strategic documents on the post-war
transformation of the energy sector. Overall, the
share of renewable energy sources in the ener-
gy sector stands at 2-5%, with plans to increase
this to 10% (Savchenko, 2025).

In terms of funding sources, investment
in renewable energy was predominantly pri-
vate. Own funds from Ukrainian enterprises
and private investors accounted for 50-60% of
investment, whilst international financial or-
ganisations contributed a further 30-40%. The
state budget and grant programmes together
did not exceed 10-15%, which is explained by
the limited fiscal space in wartime conditions.
The EBRD (n.d.), the EU, the World Bank and the
International Finance Corporation (n.d.) (IFC)
played a key role, not only by financing individ-
ual projects but also by reducing risks for pri-
vate capital through guarantee mechanisms. In
particular, the EBRD has earmarked up to EUR
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1 billion for investment in renewable energy
and energy networks in 2024-2025, whilst also
providing a loan of EUR 160 million to Ukrnaf-
ta to finance the construction of approximate-
ly 250 MW of gas-fired power stations across
Ukraine, and has also signed a letter of mandate
with Concern Galnaftogaz (n.d.) to raise EUR
60 million for the development of wind energy
(The EBRD invests in Ukraine from..., 2025). In
addition, the EBRD, together with international
partners, is establishing a new financial mech-
anism with the potential to mobilise up to EUR
2 billion in investment for renewable energy
projects, which, together with EU guarantees to-
talling EUR 9.3 billion, has created the conditions
for intensifying auctions and scaling up “green”
generation amid the risks posed by the war (Pe-
run, 2025). The IFC invested EUR 60 million in
the OKKO wind farm (n.d.) (147 MW) in partner-
ship with the EBRD and the Black Sea Trade and
Development Bank (BSTDB, n.d.) in 2025, which
will reduce CO, emissions by 245,000 tonnes
annually. The Corporation is preparing four
energy projects for financing, including solar
and wind generation, and is developing distrib-
uted generation with energy storage systems
(Mykhaylova, 2025). The World Bank allocated
USD 116 million in grants in 2025 for gas-fired
cogeneration plants and district heating equip-
ment in seven cities (Kharkiv, Sumy, Chernihiv,
etc.), which enhances the resilience of the sys-
tems and promotes low-carbon solutions. A fur-
ther USD 88 million was allocated to business
support programmes, including green technol-
ogies and industrial parks with a renewable en-
ergy component (The World Bank will provide
an..., 2025). The EU, for its part, has allocated
EUR 9.3 billion in guarantees under the Embas-
sy of Ukraine to the United Kingdom... (n.d.) to
attract private investment in renewable ener-
gy, including solar and wind projects, with EUR
2.3 billion in agreements in 2025 (EUR 1.8 billion
in loan guarantees + EUR 580 million in grants).
The European Investment Bank (EIB, n.d.) has
provided EUR 600 million for decentralised
generation and EUR 20 million in grants for re-
newable energy for municipalities in 2024-2025
(New financing from the EIB..., 2024).

The performance of investments in re-
newable energy in 2022-2025 confirms their
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economic and social viability. Investments to-
talling USD 150 million in 2023 yielded an av-
erage ROI of 15-20% due to the “green tariff”
(EUR 0.117/kWh) and corporate Power Purchase
Agreements (PPAs), with an average payback
period of 5-7 years for solar power stations. The
social impact was evident in the commissioning
of over 1,400 new renewable energy facilities,
the creation of 10-15 thousand jobs, and the im-
proved resilience of the power system during
blackouts (Alternative Energy, n.d.). In total,
over 2 GW of new renewable energy capacity
was commissioned between 2022 and 2025, en-
abling a reduction in gas consumption of 1-5 bil-
lion cubic metres and a cut in CO, emissions of
5-7 million tonnes annually (Nedylko, 2025). The
implementation of energy projects in Ukraine
between 2022 and 2025 took place against a
backdrop of regulatory, financial, institution-
al and military constraints, which reduced the
investment attractiveness of renewable and
low-carbon energy. The most critical barrier re-
mained grid connection, the duration of which,
depending on capacity, was up to 280 days for
400-1,000kW facilitiesand up to350 days for1-5
MW projects, including the design, approval and
land allocation stages, which in some cases was
extended by a further 180 days. Even for distrib-
uted generation with a capacity of up to 400 kw,
connection times exceeded six months, which
hindered the development of rooftop solar pow-
er stations and small-scale projects by small and
medium-sized enterprises (SMEs). Formally,
the least problematic stage was licensing, which
is carried out by the National Energy and Util-
ities Regulatory Commission (NEURC, n.d.) and
was nominally set at 10-30 working days; but
in practice it dragged on for up to three months
due to inspections and deliberations at meet-
ings, whilst a rejection blocked the resubmis-
sion of documents for a further three months,
which negatively affected the start dates of
renewable energy projects (National Energy
and Utilities Regulatory Commission, n.d.b).

An additional regulatory factor contribut-
ing to low predictability was “green” auctions,
the effectiveness of which remained limited
due to small quotas, uncertainty regarding
feed-in-premium parameters, land-use barri-
ers and war risks. In 2025, the total renewable
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energy support quota stood at 330 MW, howev-
er, the auction for solar power plants in March
(33 MW) did not take place due to a lack of par-
ticipants, which demonstrated the low invest-
ment attractiveness of the proposed terms (The
first “green” auction..., 2025). Restrictions limit-
ing participation to 25% of the quota per inves-
tor, debts under the “green” tariff scheme and a
lack of alignment with the corporate PPA mar-
ket further undermined business confidence.
Although corporate PPAs were gradually gain-
ing ground as a tool for stabilising revenues,
their development was hampered by a capacity
shortfall following the loss of over 9 GW of gen-
eration capacity, the risk of blackouts and the
absence of a long-term energy strategy (White
paper “Corporate PPAs.., 2024). War-related
risks reduced the investment attractiveness of
energy projects, as 63,000 energy infrastruc-
ture facilities were destroyed between 2022
and 2025, and capacity losses exceeded 9 GW
(In Ukraine, during the three years..., 2025). This
increased the weighted average cost of capital
(WACC) by a further 3-5% and led investors to
avoid the eastern and southern regions, con-
centrating their investments in the west of the
country, although even there the risk of repeat-
ed attacks made ROI figures less predictable.
Insurance against war risks through MIGA (n.d.)
and other institutions provided cover for 70-
90% of potential losses; however, the high cost
of insurance premiums (5-10% of asset value)
and the exclusion of force majeure outages
limited its effectiveness, particularly for SMEs
(MIGA insured the first investment..., 2023).
State guarantees and programmes in 2022-
2025 partially offset these barriers through
preferential lending, compensation mecha-
nisms provided by the Energy Efficiency Fund,
and guarantees of the origin of “green” ener-
gy. The “Energy Conscious” programme (n.d.)
in 2022-2024 took on a comprehensive nature
and covered various groups of beneficiaries,
creating the institutional conditions for scal-
ing up energy-efficient and renewable ener-
gy solutions. For households, the programme
provided preferential loans at 0% per annum
of up to UAH 480,000 for the installation of
solar panels, small wind turbines and ener-
gy storage systems, which contributed to the

‘ 190

development of distributed generation and
increased energy self-sufficiency in the face
of widespread power cuts. For associations of
co-owners of multi-apartment buildings (as-
sociations of co-owners of multi-apartment
buildings and housing and construction coop-
eratives), the GreenDIM grant scheme (n.d.) was
utilised, which provided compensation of up to
70% of the cost of energy efficiency projects,
with a maximum funding limit of UAH 2 mil-
lion, thereby encouraging the modernisation of
buildings and a reduction in energy consump-
tion (Energy-Aware: The government..., 2024).
The Energodim programme (n.d.), implement-
ed through the Energy Efficiency Fund (n.d.),
provided partial reimbursement of costs for the
thermal modernisation of buildings, the mod-
ernisation of building services systems and
the introduction of energy-saving technolo-
gies, primarily for associations of co-owners of
multi-family residential buildings. Indirectly,
this helped to reduce peak loads on the power
system and generate additional demand for en-
ergy-efficient technologies, thereby creating a
favourable environment for investment deci-
sions in related energy sectors. The expansion
of the “5-7-9 %" state loan programme (Privat-
bank is a participant in the programme..., n.d.)
between 2022 and 2025 provided small and
medium-sized enterprises with access to pref-
erential long-term financing for investment
projects in the fields of energy efficiency and
renewable energy. The use of interest rate sub-
sidies and the option of partial state loan guar-
antees helped toreduce the financial burden on
businesses, lower the weighted average cost of
capital, and enhance enterprises’ investment
capacity for the deployment of solar power sta-
tions, energy-saving equipment and decentral-
ised generation technologies.

A comparison with the study by C. Bis-
tuer-Talavera et al. (2024) helped to identify the
structural limitations of investment analysis
within the context of the energy transition. Sim-
ilar to this study, the authors interpreted the
energy transition as a capital-intensive process,
the effectiveness of which is determined by ac-
cess to finance, institutional stability and the
coherence of government policy. At the same
time, the focus of C. Bistuer-Talavera et al. was
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on the micro-financial level - the capital struc-
ture of Spanish energy companies, in particular
the dominance of debt instruments and pro-
ject finance. Against this backdrop, the pres-
ent study broadened the analytical framework,
shifting the emphasis to macro- and institu-
tional governance of energy and investment
processes in Ukraine, where war risks, infra-
structure destruction and limited capital mobi-
lisation remained key determinants. A further
comparison with the work of K. Si Moham-
med et al (2025) highlighted methodological
differences in the study of the impacts of green
investments. In both approaches, investments
in the energy and green sectors were viewed
as a key instrument for decarbonisation and
environmental sustainability. However, K. Si
Mohammed et al. applied a quantitative econo-
metric approach, focusing on the relationship
between green technology, investment and CO,
emission trends in Chinese provinces within
the framework of the Kuznets environmental
curve model. In contrast, this study prioritised
the managerial and institutional dimensions,
where environmental outcomes were viewed
as derivatives of the system'’s ability to adapt
investment decisions to conditions of high mil-
itary and macroeconomic uncertainty. A logical
extension of this comparison was to draw on the
work of C. Han & L. Yang (2024), which presented
a corporate-level analysis of the energy transi-
tion. Similar to this study, the authors empha-
sised the role of investment in renewable ener-
gy and green finance as drivers of sustainable
development. At the same time, their approach
focused on the internal management and finan-
cial strategies of a single energy corporation
in China, utilising machine learning tools. In
contrast, this study went beyond the corporate
level, analysing the systemic coordination of
energy and investment decisions at the nation-
al level against a backdrop of military risks and
structural instability.

A comparison with the study by A. Thom-
as et al. (2024) enabled to supplement the analy-
sis with a behavioural dimension of investment
decisions. As in this paper, the authors inter-
preted the energy transition as a multi-facto-
rial process dependent on the institutional en-
vironment, government policy and managerial
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decisions. As in the present study, the authors
regarded the energy transition as a multifac-
torial process dependent upon the institution-
al environment, public policy, and managerial
decisions. However, A. Thomas et al. focused on
the willingness of small and medium-sized en-
terprises in Italy to invest in the energy transi-
tion, demonstrating the predominance of coun-
try-specific and socio-psychological factors,
while financial constraints played a relatively
minor role. In the present study, by contrast,
investment behaviour was shaped primarily by
wartime risks, infrastructure losses, and limited
access to capital, which fundamentally altered
the logic of decision-making. A comparison
with the work of I. D’Adamo & E.N. Rossi (2025),
which emphasised the regional and institu-
tional aspects of investment in sustainable de-
velopment, enabled to broaden the analytical
framework of the study and clarify the role of
territorial disparities in shaping investment
flows. In both studies, investment was viewed
as a key instrument for achieving sustainable
development goals and reconciling economic,
social and environmental priorities. However,
I D’Adamo & E.N. Rossi focused on analysing the
regional distribution of investment in Italy and
the impact of Next Generation EU funding on
reducing territorial disparities. In contrast, this
study focused on the management of energy
and investment processes in Ukraine, where the
risks of war and a shortage of financial resourc-
es have shaped a fundamentally different tra-
jectory for the implementation of sustainable
transformations. In both studies - by I. Alvarez
§J. Ux6 (2025) and the present one - the energy
transition was viewed as a driver of long-term
economic transformation, whilst investment in
renewable energy sources was seen as a tool for
enhancing the economy’s resilience and com-
petitiveness. Another common feature was the
recognition of the key role played by govern-
ment policy and institutional mechanisms in
stimulating investment processes. At the same
time, I. Alvarez & J. Ux6 focused on a macroe-
conomic analysis of Spain’s energy transition
against a backdrop of institutional stability and
large-scale support from the EU, particularly
through the Next Generation EU funds. In con-
trast, this study focused on the management of
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energy and investment processes in Ukraine
amidst the risks of war, infrastructure destruc-
tion and limited access to capital, which dic-
tated a different logic for investment decisions
and the mechanisms for their implementation.
Thus, investment trends in Ukraine's renewa-
ble and low-carbon energy sector in 2022-2025
were characterised by a gradual recovery fol-
lowing a sharp decline in 2022, yet remained
structurally constrained by military risks, reg-
ulatory uncertainty and a shortage of financial
resources. Despite the dominance of solar and
wind energy and the growing role of private
capital and international financial organisa-
tions, the share of renewable energy sources in
total investment in the energy sector remained
low due to the priority given to restoring basic
infrastructure. At the same time, the results of
completed projects demonstrated the economic
viability and significant social impact of invest-
ments in renewable energy, laying the ground-
work for their scaling up, provided that regula-
tory and military risks are reduced and support
mechanisms are strengthened.

Practical mechanisms

for managing investments

in the context of the green transition

The transformation of Ukraine’s energy sector
between 2022 and 2025 took place against a
backdrop of a war economy, limited access to fi-
nancial resources, infrastructure risks and reg-
ulatory alignment with European requirements.
In such circumstances, the management of in-
vestments in renewable energy projects takes
on a systemic nature and requires a combina-
tion of financial, institutional and risk-orient-
ed mechanisms. A key factor is aligning invest-
ment decisions with long-term energy policy
objectives, in particular increasing the share
of renewable energy sources to 27% by 2030,
in accordance with “Green” transformation in
the world... (2022). One of the fundamental in-
struments for institutional support of invest-
ment in “green” energy is the introduction of
a system of guarantees of origin for electricity
from renewable sources. In accordance with the
requirements of European legislation, in par-
ticular Directive (EU) 2018/2001 (2018) and Reg-
ulation (EU) 2022/869 (2022), electricity from
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renewable sources, biomethane, and, in the fu-
ture, renewable hydrogen must be verified by
means of guarantees of origin; this is a prereq-
uisite for their circulation within the EU internal
market and participation in cross-border trade.
Between 2022 and 2025, work in Ukraine is in-
tensifying on establishing a mechanism for the
circulation of such guarantees, which involves
the creation of registers, rules for transfer and
control over their use. The existence of guaran-
tees of origin adds financial value to electricity
from renewable energy sources and enhances
the predictability of cash flows within corporate
power purchase agreements. The development
of the system of guarantees of origin is direct-
ly linked to the implementation of Ukraine’s
strategic climate documents. In particular, Res-
olution of the Cabinet of Ministers of Ukraine
No. 868-p (2021), the National Energy and Cli-
mate Plan...(2024) and the Strategy for Low-Car-
bon Development... (n.d.) provide for a phased
increase in the share of renewable sources in
final energy consumption and a reduction in
greenhouse gas emissions. In these documents,
the system of guarantees of origin is regarded
as a tool for market-based verification of “clean”
energy and a prerequisite for Ukraine’s integra-
tion into the European energy area.

The financing of investment projects in the
renewable energy sector for 2022-2025 was
based on a combination of private capital, state
support instruments and resources from inter-
national financial organisations. The models ac-
tually implemented included limited recourse
projectfinance, corporate PPAs, blended finance
incorporating grant components, and mech-
anisms for insuring against war risks. Some of
the large-scale wind and solar projects during
this period were implemented with the partic-
ipation of international financial organisations,
notably the EBRD (n.d.), the IFC (International
Finance Corporation, n.d.) and the Credit Insti-
tution for Reconstruction (KFW) (n.d.), within
the framework of EU financial programmes.
The involvement of such institutions provided
not only direct lending or quasi-equity financ-
ing, but also mitigated risks for private inves-
tors through co-financing mechanisms, the
provision of guarantees, technical assistance
and the standardisation of environmental and
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social responsibility requirements for projects.
The use of blended finance models, in which
grant funds were combined with concessional
loans, made it possible to reduce the weighted
average cost of capital, increase the internal
rate of return on investment projects and offset
heightened warandregulatoryrisks.Inthe prac-
tical implementation of investment projects,
the Ukraine Facility (n.d.) was utilised, under
which funding of approximately EUR 2.3 billion
was earmarked for decarbonisation measures
and the restoration of energy infrastructure.
Resources from this programme were used to
support investment in renewable generation,
the modernisation of electricity grids, the devel-
opment of energy storage systems and the im-
plementation of decentralised energy solutions.
The combination of grant components, conces-
sional debt financing and EU guarantees cre-
ated the conditions for launching investment
projects even in the face of limited access to
commercial capital and heightened uncertainty
linked to military risks, which significantly ex-
panded the scope for implementing renewable
energy projects in Ukraine (Ukraine received
2.3 billion euros..., 2025).

The development of wind energy during
2022 and 2025 illustrates the practical applica-
tion of such financial models. Prior to the full-
scale invasion, the installed capacity of wind
farms in Ukraine exceeded 2 GW, accounting

for over 20% of the renewable generation mix.
Despite the loss of some assets in the tempo-
rarily occupied territories, around 230 MW of
new capacity was commissioned during the
full-scale war, and the project portfolio exceeds
7 GW. Achieving the targets of 6.1 GW of onshore
and 0.1 GW of offshore wind generation by 2030
will require investment of around USD 20 bil-
lion. In this context, annual feed-in-premium
auctions and corporate PPAs are used as mech-
anisms to mitigate price risks and secure long-
term contractual revenues. Regulatory changes
in 2024-2025 play a distinct role in the practi-
cal management of investments, in particular
the introduction of a cable pooling mechanism
and new grid connection rules for facilities
with a capacity exceeding 20 MW. Transparent
grid capacity allocation and municipal incen-
tives for the deployment of renewable energy
facilities reduce administrative delays and en-
hance the predictability of investment sched-
ules (Ukraine’s 2025 wind market..., 2025). This
is significant both for large centralised projects
and for distributed generation, which is actively
developing in the form of rooftop solar power
stations for small and medium-sized business-
es. Managing investments in a wartime and
post-war economy requires the systematisation
of risks and the selection of appropriate tools to
mitigate them. The main types of risks and re-
sponse mechanisms are set out in Table 1.

Table 1. Key risks of investment projects in Ukraine’s renewable energy sector
and management instruments (2022-2025)

Risk group Characteristics Practical management instruments
s Physical damage to facilities, suspension Insurance by MIGA, distributed generation,
Military - - . ; ;
of power generation, restrictions on access to sites and project modularity
Exchange rate volatility of the hryvnia PPAs with currency indexation, hedging,
Currency . . . . e
under foreign currency debt financing and currency diversification
. . . Long-term contracts, Ministry of Finance
Changes in tariff policies, payment delays, ; .
Regulatory . ; guarantees, and the involvement of multilateral
and adaptation to EU regulations . . S
financial organisations (MFOs)
Limited grid transmission capacity Cable pooling, local energy storage systems,
Infrastructure - . )
and damage to substations and backup grid connections
Financial Restricted access to capital and an increase Blended finance, preferential loans
in the weighted average cost of capital (WACC) from the EBRD and IFC, and EU grants

Source: compiled by the authors based on Ukraine’s 2025 wind market... (2025), Y.I. Shcherbak &
T.V. Nagachevska (2025), EBRD (n.d.), International Finance Corporation (n.d.)
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The risks associated with investment pro-
jects in Ukraine’s renewable energy sector for
2022-2025, as summarised in the table, are
multi-layered in nature and form an interlinked
system of constraints on investment activity.
The predominance of security and macro-fi-
nancial factors is leading to a shift in man-
agement decisions towards risk-oriented and
contractual models, within which mechanisms
for guaranteeing, diversifying and distribut-
ing risks among project participants play a key
role. The combination of financial and non-fi-
nancial management tools signals a shift from
isolated responses to individual threats towards
a comprehensive approach aimed at maintain-
ing the investment viability of projects amid
military and regulatory uncertainty. The use of
appropriate tools ensures that investment de-
cisions are aligned with ESG principles, which
are gradually being incorporated into the fi-
nancial and management models of energy
projects. The environmental dimension is re-
alised through the reduction of emissions and
the decarbonisation of production processes,
whilst the social dimension is achieved through
the expansion of distributed generation and
an increase in the energy self-sufficiency of
businesses and households, whilst the govern-
ance component is based on the use of trans-
parent contractual mechanisms, standard-
ised financial reporting and compliance with
the requirements of international investors.
In practical terms, this creates the conditions
for attracting financial resources on more fa-
vourable terms and reducing the weighted av-
erage cost of capital for renewable energy pro-
jects. Consequently, investment management
in the context of Ukraine’'s green transition in
2022-2025 emerges as a multi-level system
that integrates financial models, regulatory
mechanisms and risk management tools. The
development of guarantees of origin, the prolif-
eration of PPAs, the involvement of internation-
al financial organisations and the adaptation of
infrastructure solutions form the institutional
framework for scaling up renewable energy
in the context of post-war recovery and fur-
ther integration into the European energy area.

A comparative analysis with the study by
X. Shi & D. Shi (2025) made it possible to outline
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the financial dimension of managing the green
transformation. Similar to the present study,
the authors considered investment to be a key
instrument for enhancing the efficiency of en-
ergy systems and reducing barriers to the de-
ployment of renewable technologies. At the
same time, their analysis focused primarily
on the functioning of green financial instru-
ments - green lending, green bonds and gov-
ernment incentives - within China'’s relatively
stable institutional environment. Against this
backdrop, this study expanded the financial log-
ic by combining it with regulatory and risk-ori-
ented mechanisms adapted to conditions of
high uncertainty, thereby transforming invest-
ment from a development tool into a means of
simultaneously stabilising and restoring the
energy system. A shift in focus from financial
instruments to technological outcomes was evi-
dent when compared with the work of H.P. Zhou
§ Y.H. Liu (2025). In both studies, investment,
energy efficiency and government policy were
considered as interrelated elements of sus-
tainable development. However, H.P. Zhou &
Y.H. Liu concentrated on the technological and
innovative dimensions of the energy transition,
analysing therole of digitalisation and improved
energy efficiency within a context of institu-
tional stability. In contrast, this study examined
technological solutions through the prism of
investment management, where access to capi-
tal, military risks and the state of infrastructure
significantly limited the potential for imple-
menting even economically viable technolo-
gies. A similar distinction between quantitative
and managerial approaches was evident when
comparing this study with that of S.D. Nabella et
al. (2025). The authors empirically demonstrat-
ed the positive impact of green investments on
the structure of the renewable energy mix under
conditions of relative macroeconomic stability,
emphasising the role of economic factors and
government policy. At the same time, this study
went beyond quantitative relationships, focus-
ing on practical mechanisms for managing in-
vestments in a situation where macroeconomic
stability had been disrupted by military action,
and investment decisions were determined not
only by economic feasibility but also by security
and institutional constraints. The institutional
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dimension of the energy transition was inter-
preted differently compared with the work of
H. Wibisono et al. (2024). Both studies viewed the
energy transition as a complex socio-technical
process dependent on the quality of governance
and policy coherence. However, H. Wibisono et
al. focused on the consequences of failures in
renewable energy projects, analysing how tech-
nical and managerial failures undermine public
trust in the transition process itself. In contrast,
this study aimed to prevent such failures by
developing adaptive investment mechanisms,
in which financial, regulatory and risk-orient-
ed instruments were viewed as a means of en-
hancing the resilience of the energy system.

A comparison with the work of A. Idris &
A. Rahman Razak (2025) added a macroeco-
nomic perspective to the analysis. In both stud-
ies, the energy transition and green growth
were treated as prerequisites for long-term de-
velopment. At the same time, A. Idris & A. Rah-
man Razak used spline modelling to identify
the non-linear impact of these processes on
economic growth in the Asia-Pacific region,
whilst disregarding the practical aspects of
investment implementation. In contrast, this
study focused specifically on investment man-
agement mechanisms, where war risks, infra-
structure destruction and capital shortages
determined not only the scale but also the form
of the green transition. A comparison with the
work of 1. Farida & D. Setiawan (2024) made
it possible to clearly distinguish between the
corporate and systemic levels of analysis. Like
this study, the authors recognised the impor-
tance of green investments for sustainable
development, but focused on the financial per-
formance of such investments at the level of
individual companies. In contrast, the present
study considered investments as an element of
the national energy sector governance system,
within which corporate decisions were strict-
ly constrained by institutional conditions, the
state of infrastructure and military uncertain-
ty. Between 2022 and 2025, the management
of investments in Ukraine’s renewable energy
sector took place against a backdrop of military
risks, a transforming regulatory environment
and gradual integration into the European en-
ergy market. Theimplementation of investment
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projects during this period was based on the
use of long-term pricing contract models, en-
ergy origin guarantee instruments, the involve-
ment of international financial organisations,
and multi-level risk management mechanisms.
The establishment of a system of guarantees of
origin, the development of corporate PPAs, and
the introduction of auction mechanisms and
blended finance have created the institutional
conditions for stabilising cash flows and reduc-
ing investment uncertainty. Taken together,
these instruments ensure that investment de-
cisions are aligned with Ukraine’s climate com-
mitments, the requirements of European leg-
islation and the objectives of post-war energy
infrastructure reconstruction.

Recommended approaches

to improving the management

of energy and investment processes

The management of energy and investment
processes in Ukraine during the period of the
war economy was characterised by a combi-
nation of infrastructure losses, financial con-
straints and regulatory transformation. The
combination of these factors has created a
need not only to adapt current management
practices but also to systematise applied man-
agement decisions aimed at preserving the en-
ergy sector’s investment capacity in conditions
of heightened uncertainty. In this context, it is
appropriate to identify key directions for im-
proving the efficiency of managing energy and
investment processes. The first direction is the
development of management decisions for en-
terprises in the energy sector, which was im-
plemented in 2022-2025 through the gradual
introduction of long-term strategic planning
and the formalisation of investment proce-
dures. Following the loss of around half (35 GW)
of generating capacity as a result of missile at-
tacks in 2022-2024, companies were forced to
shift from a focus on large-scale centralised
facilities to portfolio management of projects,
particularly in the solar and wind generation
segments. In practice, this has manifested it-
self in the creation of internal investment com-
mittees, the phased commissioning of capac-
ity, and a shift towards corporate PPA models,
which allow future cash flows to be locked in
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without direct dependence on state tariff mech-
anisms. Such management approaches are
already being applied in the implementation
of large-scale wind projects financed through
limited recourse project finance arrangements
involving international financial organisations
(Kryzhny, 2024). In particular, in 2024-2025, an
investment project was carried out to construct
a wind farm with an installed capacity of 147
MW, implemented by a specially established
project company, LLC “Wind power GSI Volyn
3" (n.d.). The project was implemented under
a limited recourse project finance model, un-
der which funding was provided in the form of
a long-term senior secured loan of up to EUR
60 million, with future cash flows from the gen-
eration and sale of electricity identified as the
primary source of debt service. The financing
was structured as secured debt involving the
EBRD, IFC and BSTDB, which entailed the ap-
plication of project analysis standards, envi-
ronmental and social requirements, as well as
risk management procedures typical of partici-
pation by international financial organisations.
The loan was secured by the project company’s
assets and contractual rights relating to the
sale of electricity. An additional element of the
project’s financial architecture was the use of a
first-loss coverage mechanism under the Eu-
ropean Union launches... (2024), which was ap-
plied to redistribute war and country risks be-
tween private investors and public institutions.
The use of this instrument helped to reduce the
risk burden on lenders and created conditions
for attracting long-term debt financing amid
military instability (Galnaftogaz Wind, n.d.).
The second direction involves stimulating
investment in renewable energy at the region-
al level, where institutional changes linked to
the decentralisation of energy decision-making
took place between 2022 and 2025. Local au-
thorities became increasingly involved in creat-
ing the conditions for the deployment of renew-
able energy facilities by streamlining land-use
procedures, co-financing grid infrastructure
and supporting distributed generation pro-
jects. In 2024-2025, government policy was
supplemented by the launch of tenders for the
construction of new generation capacity rang-
ing from 5 to 80 MW, as well as major tenders
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for 700 MW, to be commissioned by the end of
2027. This approach combines regional inter-
ests with the national objective of increasing
the share of renewable energy sources to 27% of
the energy mix by 2030, in line with the govern-
ment-approved plan involving total investment
of around USD 20 billion (Ukraine approves
$20 billion plan..., 2024). The third direction re-
lates to instruments designed to enhance the
investment attractiveness of projects for pri-
vate investors, which, during the period under
review, were implemented primarily through a
combination of financial and insurance mech-
anisms. Practical experience shows that, in
wartime conditions, private capital is mainly
attracted through the involvement of inter-
national financial organisations in the form of
blended finance. The use of such models helps
to reduce investment risks for private investors
whilst maintaining the market-based nature
of financing without complete dependence on
budgetary resources.

The fourth direction concerns the adapta-
tion of management models to the conditions of
green and military-economic transformation,
which entails a review of approaches to risk
management, financial planning and institu-
tional interaction. Between 2022 and 2025, leg-
islative changes were adopted in Ukraine in the
energy and heat supply sectors, notably Law of
Ukraine No. 4213-IX (2025). This law was aimed
atremoving regulatory barriers to the operation
of energy enterprises by simplifying grid con-
nection procedures, extending the validity of
technical specifications and adapting require-
ments for the implementation of energy pro-
jects under martial law. These changes created
aregulatory framework for the accelerated con-
nection of renewable energy facilities to elec-
tricity grids, the introduction of a cable pooling
mechanism, and the extension of the validity
periods of technical specifications for projects
whose implementation had been suspend-
ed due to hostilities. As a result, management
models are gradually evolving towards greater
flexibility, modularity and scalability following
the conclusion of the active phase of hostilities.
The systematisation of practical management
solutions applied within the energy sector is
presented in Table 2.
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Table 2. Main directions for improving the efficiency of energy
and investment process management

Management direction

Content of managerial decisions

Practical instruments

Corporate governance

Alignment of investment decisions
with long-term energy objectives

Strategic development plans
and internal investment committees

Financial planning

Enhancement of cash flow predictability

NPV, IRR, ROI, and long-term PPAs

Risk management

Formalisation and monitoring of key risks

Insurance, currency indexation,
and diversification

Regional policy

Promotion of investment at the local level

Municipal programmes

and infrastructure co-financing

Institutional support

Attraction of external sourcesof financing

Blended finance and the participation of
multilateral financial organisations (MFOs)

Adaptation to wartime
conditions

Flexibility in project implementation

Modularity and the phased commissioning
of capacities

Source: compiled by the authors based on Ukraine approves $20 billion plan... (2024), Galnaftogaz Wind (n.d.)

Table 2 summarises the key directions
for improving the efficiency of energy and in-
vestment management in Ukraine for the pe-
riod 2022-2025 and demonstrates how they
complement one another. The combination of
corporate strategic planning, financial tools
for cash flow forecasting and formalised risk
management provided the basis for sustaining
investment activity in an environment of lim-
ited access to capital. At the same time, the in-
tensification of regional policy and institutional
support in the form of blended finance, with the
participation of international financial organi-
sations, helped to reduce investment risks and
enhance the projects’ attractiveness to banks.
Adapting management models to wartime
conditions through modularity and the phased
commissioning of capacity increased the flex-
ibility of project implementation and laid the
groundwork for the further scaling up of renew-
able energy in the post-war period.

A comparison with the study by M. Kowal-
skaetal.(2025) made it possible to clearly deline-
ate the difference between strategic-normative
and operational-managerial approaches to en-
ergy transition. As in this study, the authors em-
phasised the need to integrate economic, social
and environmental objectives into the develop-
ment of the energy sector and highlighted the
role of institutional mechanisms and public pol-
icy. At the same time, their analysis focused on
the macro level - the interrelationship between
socio-economic cohesion and sustainable en-
ergy development in EU countries, which led to
recommendations being formulated primarily
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in terms of policy alignment and cross-sectoral
coordination. Against this backdrop, the present
study shifted the focus to applied mechanisms
for managing energy and investment processes,
detailing financial, regulatory and risk-oriented
instruments adapted to capital shortages and
heightened military risks. E. Cutore et al. (2023)
proposed a formulation of the problem that
was similar in content but different in logic. In
both studies, the energy transition was viewed
as a process requiring targeted management of
investment flows and institutional support, as
well as the creation of predictable conditions for
attracting private capital. However, E. Cutore et
al. operated within the context of a stable insti-
tutional environment, focusing on the optimi-
sation of regulatory and policy instruments. In
contrast, the present study was based on con-
ditions of high uncertainty, where practical in-
vestment management mechanisms had to ful-
fil not only the function of improving efficiency,
but also that of ensuring the continuity of ener-
gy projects given limited access to capital. The
institutional dimension of the energy transition
was explored in greater theoretical depth in
the work by M.R. Di Nucci § A. Prontera (2023).
Similar to the present study, the authors em-
phasised that the effectiveness of investments
inrenewable energy depends not only on finan-
cial resources, but also on the stability of regu-
latory frameworks, policy consistency and trust
between the state, business and society. At the
same time, M.R. Di Nucci & A. Prontera focused
primarily on a political and institutional analysis
of the energy transition within the framework
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of stable European multilevel governance. In
contrast, this study examined institutional de-
cisions in conjunction with financial, guarantee
and risk-oriented instruments, driven by the
need to sustain investment activity amid the
risks of war and infrastructure destruction.

A comparison with the study by A. Raihan et
al. (2024) added an environmental and econom-
ic perspective to the analysis. In both studies,
investment in renewable energy and energy ef-
ficiency was treated as a key instrument for de-
carbonisation and reducing the environmental
impact, whilst government policy was seen as a
factor in stimulating “green” transitions. How-
ever, A. Raihan et al. focused on macroeconom-
ic and environmental analysis, assessing the
impact of energy consumption and economic
growth on greenhouse gas emissions in rela-
tively stable economies. In contrast, this study
examined environmental objectives through
the prism of investment management in the en-
ergy sector, where the risks of war, infrastruc-
ture losses and limited access to financial re-
sources significantly altered the practical logic
of implementing the green transition. Between
2022 and 2025, the management of energy and
investment processes in Ukraine evolved from
centralised, tariff-oriented models towards
more flexible, portfolio-based and risk-adapt-
ed approaches capable of functioning amid the
uncertainty of war and limited access to capital.
The key outcomes of this period were the insti-
tutionalisation of strategic planning, the expan-
sion of project finance and corporate PPAs, the
decentralisation of investment decisions, and
the active use of blended finance mechanisms
involving international financial organisations.
Taken together, these changes formed the prac-
tical basis for enhancing the resilience of the
energy sector, reducing investment risks and
creating the conditions for post-war recovery
and the scaling up of renewable energy in line
with European strategic guidelines.

CONCLUSIONS
The conducted study demonstrated that the
management of energy and investment pro-
cesses in Ukraine during 2022-2025 evolved un-
der conditions of unprecedented wartime risks,
extensive destruction of energy infrastructure,
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and restricted access to financial resources,
which substantially altered the logic of imple-
menting an innovative and sustainable energy
transition. It was established that, following a
sharp decline in investment in 2022 (-49% com-
pared with 2021), capital expenditure recovered
in 2023 to UAH 109.3 billion, exceeding the pre-
war level. Nevertheless, the structure of invest-
ment remained imbalanced due to the priority
given to financing the restoration of core infra-
structure, while the share of renewable energy
sources accounted for only 1-5% of total invest-
ment. The analysis showed that annual invest-
ment in renewable and low-carbon energy dur-
ing 2022-2025 amounted to USD 1.09 billion,
whereas in the pre-war period the cumulative
volume exceeded USD 12 billion. The dominance
of solar energy (60-70% of investment) and the
significant share of wind projects (20-30%) were
driven by the speed of implementation, rela-
tively lower capital intensity, and the growing
prevalence of self-consumption models and
corporate PPAs. In 2023 alone, investment in so-
lar energy for businesses amounted to approx-
imately USD 150 million, providing an average
return on investment of 15-20% and a payback
period of 5-7 years, thereby confirming the eco-
nomic viability of such projects even under con-
ditions of high uncertainty. It was established
that international financial institutions played
a key role in sustaining investment activity, pro-
viding 30-40% of financing for renewable en-
ergy projects and complementing private capi-
tal (50-60%) through guarantee and insurance
mechanisms. In particular, the mobilisation of
up to EUR 1billion in investments for renewable
energy and energy networks in 2024-2025, to-
gether with the establishment of new financial
instruments with the potential to mobilise up to
EUR 2 billion, created conditions for the partial
mitigation of wartime risks and the reduction of
investment uncertainty. Practical recommenda-
tions for improving the management of energy
and investment processes involve a transition
towards flexible and risk-adaptive management
models capable of operating under wartime and
post-war uncertainty. The application of a port-
folio approach to the implementation of energy
projects, with the phased commissioning of ca-
pacities, is considered appropriate, as it reduces
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investment risks and enhances the financial re-
silience of enterprises. One of the key directions
is the broader use of long-term contractual in-
struments (corporate PPAs and auction mecha-
nisms with market premiums), which ensure the
predictability of cash flows and income stability.
At the institutional level, the efficiency of invest-
ment management may be enhanced through
greater utilisation of blended finance mecha-
nisms, guarantees, and wartime risk insurance
involving international financial institutions, as
well as through the further simplification of grid
connection procedures and the development of
cable pooling mechanisms. Prospects for further
research lie in the more in-depth quantitative

assessment of the effectiveness of investment
instruments and energy project management
models, taking into account post-war recon-
struction and Ukraine’s integration into the Eu-
ropean energy market.
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YnpaBniHHA eHepreTUMHUMHU
Ta iHBeCTULINHUMM NpoLiecaMm B yMoOBaXx
iHHOBaALIMHOIrO Ta CTaslIoro po3BUTKY YKpaiHU

AHoTauia. MeToo JoCTiKeHH 6710 BU3HAUYeHHS Ta CHCTeMaTH3allig epeKTUBHUX YIIPaBITiHCBKUX
pileHp MIOAO0 Y3TOAKEHHS eHepreTUYHUX i IHBeCTULIIMHUX IIpolieciB B VKpalHi 3 BUMOTaMH
iHHOBALIIHOTO Ta CTAJIOT'0 PO3BUTKY. METOLOJIOTIYHOI0 OCHOBOO AOCITiIKeHHS 61U TOPiBHAIBHO-
CTPYKTYpHUM, IHCTUTYLiMHUM, | HOPMaTHMBHO-IIPABOBUM aHaJIi3H, IpO6JIeMHO-OPi€HTOBAHUM
miaxin, Keric-aHasli3 Ta OIKMCOBO-aHAIITUYHE y3araJlbHeHHS IPaKTUKY peaisarllil iHBeCTULIiMTHIX
MIPOEKTIB y cdepi BiHOBMIOBaHOI eHepreTHKU. OCHOBHI pe3ynbsraT 3acBimumy, o y 2022 porii
06cAT KalliTaJbHUX IHBECTHUIIIM B eHEPTeTUYHUI CeKTOp VKpaiHu CKOPOTHBCA Ha 49 % ITOPiBHAHO
3 2021 poroM, OfHaK yyke y 2023 pori iHBecTHUIIiliHa aKTHUBHICTb II0Yajia BiZHOBIIOBATUCH, a
3araJjibHi KalliTaJbHi BKIaAeHHS focarnu 109,3 Mipz rpH. V 2022-2025 porax LIopiuHi iHBeCTHUIIil
V BiTHOBJIIOBAaHY Ta HU3bKOBYIJIELIEBY €eHepreTUKY CTAaHOBUIIY 1,09 MJIpZA, [OJL., TOA IK ¥ JOBOEHHUH
repiof ix CyKymHuUit o6cAr mepeBuliyBas 12 Mipa, 1ot YacTKa BiJHOBIIOBAHMX IKepes eHepril y
CTPYKTYPi iHBeCTHUIIi!1 eHepreTUYHOT0 CeKTOPY 3a1uiIanacsa B Meskax 1-5 %, a CTpyKTypa BKIaZleHb
XapaKTepu3yBaaca JOMIHyBaHHAM COHAYHOI (60-70 %) Ta BiTpoBoi reHepaiiii (20-30 %). VY 2023 porri
iHBecTHLIil y COHAYHI eJIeKTpOCTaHLIil 17151 6i3Hecy cTaHOBWIN 6JIU3BKO0 150 MITH 1071, 3a6€31euyodn
peHTabenbHicTh 15-20 % i CTPOK OKYITHOCTI 5-7 POKIB. VIIpomoBik 2022-2025 6y710 BBEZIEHO [TOHAT, 2
riraBaT¥ HOBUX IIOTY>KHOCTEH, 110 CIIPHSJIO CKOPOYEHHIO BUKUIB CO, Ha 5-7 MJIH TOHH LIOPIiYHO.
V xomi mocrmimkeHHS 6y10 chOopMOBaHO TIPUKIIAHI peKoMeHIallil 3 MmifBulleHHS eGeKTUBHOCTI
yIIpaBiHHAeHepreTUYHYMU Ta iHBEeCTULIIMHUMU IIPOliecaMy, 3aCHOBaHI HaTopTdeIbHOMY ITiIX0],
JIOBTrOCTPOKOBUX KOHTPAKTHUX MOZEJIX i SHMKeHHI BOEHHYX Ta PeTryIISTOPHUX PU3UKIB. [IpakTUYHe
3HaUYeHHS JIOCIiJIKeHHS I10JIAra€ Y BUKOPUCTaHHI MOT0 pe3y/bTaTiB OpraHaMu Jiep>KaBHOI BIaay,
eHepreTUYHUMU KOMITaHisIMU Ta iHBECTOpaMU JJIs 06T pyHTyBaHHS YIIPaBJIiHCBKUX pillleHb y chepi
BiTHOBJIIOBAHOI eHepreTUKU B YKpalHi

Kno4oBi cnoBa: BiTHOBIIOBaHI IyKepesia eHeprii; iHBecTullil; eHeproeeKTUBHICTh; MEHEIJKMEHT;
6ioeHepreTHKa; CTaJINI PO3BUTOK; biHaHCyBaHHS
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Financing the development of water infrastructure
in Ukraine under conditions of full-scale military actions

Abstract. The purpose of the article was to investigate the sources, structure and mechanisms of
financing the development of Ukraine’s water infrastructure under conditions of full-scale military
actions, as well as to substantiate directions for improving the financial provision of the sector in
the context of post-war economic recovery. Particular attention was paid to assessing the role of
state financing, international financial assistance and public-private partnership mechanisms
in ensuring the functioning of river and port infrastructure. In the course of the research, a set of
general scientific and specific methods was employed, including methods of analysis and synthesis,
statistical analysis, comparison, generalisation, and systemic and institutional approaches. The
informational basis of the research comprised Ukraine’s regulatory and legal acts, statistical
materials of state authorities, reports of international financial organisations, as well as the results
of scientific research in the field of transport and water infrastructure development. The results
of the research established that in 2020-2024 there was a substantial increase in the volume of
financing for Ukraine’s water infrastructure, which was driven by the need to ensure alternative
logistics routes under conditions of the blockade of part of the seaports. In particular, the total
volume of state financing of the sector grew from UAH 470 million in 2020 to UAH 2.77 billion in
2024, while international assistance attracted in 2022-2024 exceeded USD 500million. The main
sources of financial provision of the sector were identified, including the state budget, international
financial assistance and investments attracted through public-private partnership mechanisms.
The growing strategic importance of Danube ports and inland waterways in ensuring export
activity and maintaining the state’s economic resilience was substantiated. The scientific novelty
of the research lies in a comprehensive assessment of the current structure of financing Ukraine’s
water infrastructure under martial law and the identification of the features of the interaction
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between state, international and private financial resources in the processes of its development and
recovery. The practical significance of the results obtained lies in the possibility of their use by public
authorities, economic entities and potential investors in developing programmes for modernising
water infrastructure and forming an effective financial policy in the field of transport logistics

Keywords: transport and logistics system; public-private partnership; international financial

assistance; recovery; river corridors

INTRODUCTION
Waterinfrastructure is an important element of
Ukraine’s transport system, ensuring the func-
tioning of logistics chains, the development
of international trade and the stability of the
economy. Water transport acquired particu-
lar significance during the period of full-scale
military actions, when traditional maritime
logistics routes were partially or completely
blocked. The destruction of transport infra-
structure, decline in investment activity, dis-
ruption of logistics links and restricted access
to ports necessitated a revision of approaches
to financing water infrastructure. Under these
conditions, effective financial provision for the
development of water transport became a crit-
ically important factor in ensuring the state’s
economic resilience. Financial provision for
the development of water infrastructure and
transport and logistics systems under condi-
tions of war-induced crisis transformations is
a relevant area of scientific research, given its
significance for maintaining Ukraine’s export
capacity and economic recovery.

V.V. Prokhorova et al. (2025) investigated
Ukraine’s economic potential in the context of
post-war recovery. The authors substantiated
that the modernisation of the infrastructure
complex is one of the basic prerequisites for ac-
celerating economic growth and enhancing the
state’s competitiveness. Atthe same time, theis-
sue of financing water infrastructure specifical-
ly remains insufficiently detailed. M. Hamdouna
§ M. Khmelyarchuk (2025) examined the impact
of technological change on the economic devel-
opment of enterprises. The researchers demon-
strated that the introduction of innovations di-
rectly affects the efficiency of resource use and
the formation of new competitive advantages.
These conclusions are important for water in-
frastructure, the modernisation of which re-
quires significantinvestment in digitalisation
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and technological renewal. F. Musiello-Neto et
al. (2025) investigated a synergetic-emergent
approach to developing enterprise compet-
itiveness potential. The authors emphasised
the need for a comprehensive combination of
financial, organisational and innovative de-
velopment mechanisms. This approach is also
relevant for the field of water infrastructure,
where the effectiveness of investments de-
pends on the coordination of actions between
the state, business and international partners.
Research on the circular economy presented in
the works of Yu. Danko & T. Shevchenko (2021)
and T. Shevchenko & Yu. Danko (2022) is of
significant interest. The authors substantiat-
ed the need to transition to resource-efficient
development models and to introduce innova-
tive mechanisms for managing infrastructure
systems. The proposed approaches create a
theoretical basis for forming long-term strate-
gies for modernising transport and water infra-
structure in accordance with the principles of
sustainable development.

An important contribution to the study of
mechanisms for developing transport infra-
structure was made by a work that revealed
the potential for using public-private partner-
ship to modernise facilities of Ukraine’s mari-
time economic complex. O.M. Aliabieva (2020)
demonstrated that attracting private capital
contributes to increasing the efficiency of in-
frastructure asset management and accelerat-
ing the implementation of investment projects.
S.A. Mashkantseva (2020) investigated the in-
novative development of the transport industry
within the system of multimodal transportation.
The work substantiated the need to integrate
different modes of transport and improve logis-
tics chains, which is particularly relevant for the
functioning of river and sea transport corridors.
The project of the Ministry of Infrastructure of
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Ukraine (2017) identified priorities for modern-
isingthetransportsystemand developinginland
waterways. The document focused on the need
to increase the investment attractiveness of the
sector and form a modern infrastructure net-
work in accordance with European standards.
Practical aspects of port infrastructure develop-
ment are covered in the “Kherson” specialized
seaport concession (n.d.) and “Olvia” special-
ized seaport concession (n.d.). These documents
present mechanisms for attracting private in-
vestment to modernise port facilities, demon-
strating the promise of using concession mod-
els in the development of water infrastructure.

At the same time, an analysis of scientific
works showed that the majority of studies are
devoted to individual aspects of transport or
water management infrastructure develop-
ment, issues of innovative development, pub-
lic-private partnership, or economic recovery.
Insufficiently researched remain the issues
of a comprehensive assessment of the sourc-
es of financing Ukraine’s water infrastructure
under conditions of full-scale military actions,
their structure, effectiveness and the role of
international financial support, which deter-
mines the relevance of this study. The purpose
of the article was to substantiate the priorities
of financial provision for the modernisation
of Ukraine’s water infrastructure under con-
ditions of military challenges, taking into ac-
count available sources of financing, invest-
ment needs and prospects for improving the
efficiency of resource management.

MATERIALS AND METHODS
The research was carried out on the basis of a
comprehensive analysis of the processes of fi-
nancing the development of Ukraine’s water
infrastructure under conditions of full-scale
military actions. The type of research is an ap-
plied economic study using elements of com-
parative, statistical and institutional analysis.
The research design involved a combination of
quantitative and qualitative approaches for as-
sessing the sources, structure and effectiveness
of financing water infrastructure. The object
of the research was the processes of financing
the development of Ukraine’s water infrastruc-
ture. The subject of the research comprised the
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economic relations, mechanisms, instruments
and sources of financial provision for the de-
velopment of river, port and logistics infra-
structure under conditions of martial law. The
informational basis of the research consisted of
Ukraine’s regulatory and legal acts, in particu-
lar Law of Ukraine No. 1054-IX (2020) and Law
of Ukraine No. 2404-VI (2010), and materials of
EU-Ukraine Solidarity Lanes (n.d.). The analy-
sis also included the concessions of “Kherson”
specialized seaport concession (n.d.) and “Olvia”
specialized seaport concession (n.d.). The source
and regulatory base was selected according
to the following criteria: the official status of
the source, the reliability of statistical data, the
availability of quantitative indicators regarding
the financing of infrastructure facilities, the rel-
evance of information to the conditions of war-
time and post-war recovery, and compliance
with the subject of the research.

The time frame of the research covered
2020-2024. The choice of this period is due to
several factors. First, it was during this period
that significant institutional changes occurred
in the field of inland water transport, associated
with the adoption of specialised legislation and
the reform of the sector’s management system.
Second, the period under study includes both
the pre-war stage of water infrastructure func-
tioning and the period of full-scale military ag-
gression, which makes it possible to assess the
transformation of financial mechanisms under
conditions of crisis challenges. Third, it was
during the selected period that the role of river
logistics and international financial assistance
in ensuring the resilience of Ukraine’s export
chains grew significantly. In the course of the
research, a set of general scientific and specific
methods was used. At the first stage, the method
of analysis and synthesis was applied to gener-
alise scientific approaches to financing infra-
structure projects and to identify the features of
water infrastructure development in Ukraine.
At the second stage, an analysis was conducted
of the dynamics of state financing, internation-
al assistance and investment inflows in 2020-
2024. At the third stage, a comparative method
was applied to assess the structure of financ-
ing and identify changes in investment prior-
ities under the influence of military factors. At
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the fourth stage, an institutional approach was
used to investigate the role of state authorities,
international organisations and public-private
partnership mechanisms in financing the sec-
tor. At the final stage, the method of generalisa-
tion and logical modelling was applied to form
conclusions and develop recommendations for
improving the financial provision of the devel-
opment of Ukraine’s water infrastructure.

RESULTS AND DISCUSSION
The financing of water infrastructure in Ukraine
during 2020-2024 became not only a subject of
state policy but also an important element of
the strategic provision of economic resilience
under conditions of profound socio-political
transformations caused by the war, the disrup-
tion of international supply chains and environ-
mental threats. Water infrastructure, which in-
cludesriver and sea ports, navigable waterways,
locks, dams, canals, water transport facilities,
and logistics hubs, plays a critically important
role in ensuring the export potential of the
agro-industrial complex, supporting interna-
tional trade, and forming conditions for attract-
ing investment in the transport and logistics
sectors (Vasiliev & Simakhova, 2025). In the pe-
riod after 2020, there was increased attention to
the modernisation of water infrastructure both
from the state and international partners. The
adoption of Law of Ukraine No. 1054-IX (2020),
the establishment of relevant state funds, and
the active use of public-private partnership
mechanisms made it possible to implement
a number of projects aimed at improving the
efficiency and environmental safety of water
transport. At the same time, military actions,
which significantly restricted maritime traffic
in the southern regions of Ukraine, necessitated

the prompt reorientation of export flows to al-
ternative river routes, primarily through the
Danube transport corridor. As a result, the need
for additional financing of repair works, fairway
dredging, modernisation of port infrastructure,
and development of border crossings and logis-
tics hubs increased.

International support programmes, in par-
ticular the EU-Ukraine Solidarity Lanes (n.d.)
of the European Union (EU), gained particular
importance during this period. Support was
directed both towards restoring physical in-
frastructure and towards creating favourable
institutional conditions for its further devel-
opment. The engagement of private investors
in the joint financing of water logistics projects
within the framework of public-private part-
nership (PPP) became a new instrument for
restoring economic activity in regions close to
the front line, where infrastructure degrada-
tion had reached a critical level. During the pe-
riod 2020-2024, the financing of Ukraine’s wa-
ter infrastructure from state budget funds was
carried out in several key areas: modernisation
of locks on the Dnipro, maintenance of inland
waterways, investments in port infrastruc-
ture, and support for the sector through legis-
lative and institutional changes. Following the
adoption of Law of Ukraine No. 1054-IX (2020),
budget expenditures for the maintenance of
inland waterways were systematised for the
first time, which made it possible to introduce
a more predictable financing model. A special
source was also created - funds from the river
toll, which were directed to the State Special-
ised Fund for the Development of Inland Wa-
terways. Table 1 shows the dynamics of budget
financing of key areas of water infrastructure
development in 2020-2024.

Table 1. State financing of Ukraine’s water infrastructure, 2020-2024 (million UAH)

Year Maintenance of IWW | Reconstruction of locks Port infrastructure Total volume
2020 0 150 320 470
2021 150 200 450 800
2022 380 290 500 1,170
2023 610 350 1,240 2,200
2024* 740 420 1,610 2,770

Note: IWW - inland waterways; * - forecast for the end of the year
Source: developed by the author based on Law of Ukraine No. 1054-IX (2020), Yurii Lytvyn: In 2023, cargo

turnover... (2024), Y. Hryhorenko (2025)
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As shown in Table 1, in 2020 no targeted
financing of inland waterways was envisaged,
however, the situation changed from 2021 on-
wards due to new legislation. The volume of
financing grew steadily, reaching almost UAH
2.8 billion in 2024. The greatest dynamics was
shown by the expenditure item related to the
development of port infrastructure, in particu-
lar under conditions of the blockade of Black Sea
ports and the rapid development of the Danube
cluster. It is worth noting that in the structure of
state financing, the main emphasis was placed
onensuringthenavigational capacityofthe main
river arteries, primarily the Dnipro, through the
maintenance of hydraulic structures, dredg-
ing works, and the modernisation of locks. In
2023, the state completed major repairs of the
Kremenchuk lock, which made it possible to in-
crease throughput capacity by more than 25%.
In parallel with direct budget financing, the in-
stitutional structure of the sector was reformed:
the Inland Waterways Administration was es-
tablished, an electronic register of the river fleet
was launched, and new mechanisms for pub-
lic-private cooperation were introduced. Thus,
state support was not only fiscal but also sys-
temic in nature, contributing to the formation of
prerequisites for private business participation.

Following the start of the full-scale in-
vasion of Ukraine by the Russian Federation,

international assistance became one of the key
factors in the support, restoration and mod-
ernisation of critical water infrastructure, as
confirmed by the initiatives of Updated Ukraine
recovery... (2025), FAO launches a $150 million
Emergency... (2025), and The European Bank
for Reconstruction and Development... (2025).
Against the backdrop of a decline in domes-
tic investment resources, it was these sourc-
es that became the drivers of restoring the
transport and logistics potential of Ukraine’s
river and port facilities. During 2022-2024, sig-
nificant emphasis was placed on supporting
logistics projects on the Danube, reconstruct-
ing facilities in the ports of Izmail, Reni and
Ust-Dunaisk, and ensuring safe navigation. In
2023, the World Bank approved the allocation of
$200 million for the development of critical in-
frastructure, part of which was directed towards
dredging works at the mouth of the Bystre,
which made it possible to restore navigation
via an alternative sea corridor (Kolisnichen-
ko, 2023a). Separate support was provided
through the EU-Ukraine Solidarity Lanes (n.d.),
within the framework of which measures were
financed to increase the throughput capac-
ity of Danube ports and improve integration
with the European transport network. The
volume and sources of support for Ukraine’s
water infrastructure are presented in Table 2.

Table 2. State financing of Ukraine’s water infrastructure, 2020-2024 (million UAH)

) . Volume of support . ..
Source of financing (million USD) Main objectives
World Bank 200 Dredging, repairs, port modernisation
EBRD 120 Port infrastructure, export support
EU 100 EU-Ukraine SoI|c.Iar|ty Lgnes programme,
technical assistance
FAO 35 Projects for a_daptmg infrastructure
to climate change
United States Agency for International . s
Development, other donors 50 Logistics, navigation safety

Source: V. Kolisnichenko (2023a), The European Bank for Reconstruction and Development... (2025), EU-Ukraine

Solidarity Lanes (n.d.)

An analysis of the data presented shows
that the total volume of international finan-
cial support for Ukraine’'s water infrastructure
exceeded USD 500 million, with almost half
of the funds directed towards rapid-response
projects in 2022-2023. International partners
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provided not only finance but also technical ex-
pertise, including assessment of the condition
of critical facilities, modelling of export flows,
logistics solutions and environmental impact.
An in-depth analysis of the structure of financ-
ing Ukraine’s water infrastructure shows that
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during the period under study, significant
changes occurred not only in the absolute vol-
umes of financial resources but also in the ratio
between individual sources of their formation.
While before 2022 a development model pre-
vailed that was based predominantly on state
financing and limited attraction of private cap-
ital, since the beginning of the full-scale war
a new financial architecture of the sector has
been forming, in which international finan-
cial institutions, donor organisations and pub-
lic-private partnership mechanisms are playing
an increasingly important role. The growing
importance of international financial support is
explained not only by the need to restore dam-
aged infrastructure facilities but also by the
necessity of rapidly adapting the transport and
logistics system to new operating conditions.
The blockade of a significant part of maritime
routes and the change in export routes caused
substantial pressure on inland waterways and
Danube ports. As aresult, there arose a need for
large-scale dredging works, modernisation of
transshipment complexes, expansion of ware-
house infrastructure, and renewal of navigation
equipment. The role of the Danube transport
cluster in ensuring Ukraine’s export potential
deserves particular attention. It was the ports of
Izmail, Reni and Ust-Dunaisk that became im-
portant hubs for the transportation of agricul-
tural products, metallurgical raw materials and
other types of cargo during the period of mili-
tary actions (Kolisnichenko, 2023b). As a result,
cargo turnover at these ports increased several
times compared to the pre-war period. At the
same time, the rapid increase in transportation
volumes revealed a number of infrastructure
limitationsrelated to insufficient berth capacity,
a limited quantity of transshipment equipment,
and the need to modernise logistics processes.
An analysis of international experience
shows that the development of water infra-
structure in EU countries is based on the prin-
ciples of long-term strategic planning, integra-
tion of transport networks, and diversification
of financial resources. As noted by Z. Xiao &
J.S.L. Lam (2022), in most EU countries the fi-
nancing of infrastructure projects is carried out
through acombination of budgetary funds, credit
resources of international financial institutions,
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grant programmes and private investment. It is
precisely this model that ensures the resilience
of infrastructure project implementation even
under conditions of economic instability. For
Ukraine, the use of a similar approach is becom-
ing particularly relevant. Given the limited state
financial resources and the significant scale of
destruction caused by military actions, the fur-
ther development of water infrastructure is im-
possible without the active attraction of external
financing. At the same time, an important task
is not only to increase the volume of investment
but also to improve the efficiency of its use by
enhancing the mechanisms of planning, mon-
itoring and control over the implementation of
infrastructure projects. An important area of
water infrastructure modernisation is the in-
troduction of digital technologies for managing
transport flows. Under modern conditions, the
competitiveness of transport systems is largely
determined by the level of digitalisation of man-
agement processes. The use of automated vessel
traffic monitoring systems, electronic document
management, digital platforms for coordinating
logistics operations, and technologies for fore-
casting cargo flows makes it possible to signifi-
cantly reduce time and financial costs, increase
the transparency of infrastructure facility oper-
ations, and minimise the risks of logistics delays
(Razaetal,2023). In addition to the economic ef-
fect, investments in water infrastructure have a
significant multiplier effect on the development
of related sectors of the economy. The imple-
mentation of infrastructure projects stimulates
the development of the construction industry,
mechanical engineering, logistics, energy and
the services sector. The creation of new logistics
hubs and transport corridors contributes to the
formation of additional jobs, increased business
activity in regions, and expanded opportunities
for attracting domestic and foreign investors.

At the same time, the analysis conducted
makes it possible to identify a number of risks
that may hinder the further development of the
sector. These include a high level of war-relat-
ed uncertainty, insufficient predictability of
budget financing, lengthy approval procedures
for infrastructure projects, and limited op-
portunities for insuring investment risks. The
presence of these factors negatively affects the
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investment attractiveness of the sector and
may reduce the interest of potential investors
in implementing long-term projects. In this
regard, one of the priority areas of state policy
should be the formation of a favourable institu-
tional environment for attracting investment in
the development of water infrastructure. This
concerns improving the legislative framework,
increasing the transparency of infrastructure
project implementation, creating -effective
mechanisms of state guarantees, and ensuring
the stability of the regulatory environment. The
implementation of these measures will make it
possible to create the prerequisites for the sus-
tainable functioning of water infrastructure and
its transformation into one of the key factors of
Ukraine’s economic recovery in the post-war
period. FAQO'’s technical assistance was particu-
larly important in restoring irrigation systems
and water intakes, as well as in equipping river
harbours with communication facilities, GPS
navigation, and hydrographic instruments (FAO
launches a $150 million Emergency..,, 2025). For
its part, the EU supported the development of
digital platforms for managing river transport
and the throughput capacity of border logistics
hubs (Ukraine: EU supports eQueue.., 2025).
Thus, international assistance proved to be
systemic, multi-level, and such that it not only
compensated for losses but also created a new
quality of logistics and water infrastructure.
These initiatives enabled Ukraine, under critical
conditions, not merely to preserve the function-
ality of river transport but also to adapt it to new
geopolitical realities, making it a cornerstone
element of agricultural export.

In the context of limited budgetary re-
sources, the critical need for infrastructure
restoration, and the strategic importance of
waterways, Ukraine is actively implementing
public-private partnership mechanisms as an

instrument for attracting long-term investment
inriver and port infrastructure. During the peri-
0d 2020-2024, PPP became one of the key forms
of financing the modernisation of water trans-
port, making it possible to attract private sector
resources, reduce pressure on the state budget,
and ensure flexibility in the implementation of
infrastructure projects. PPP was most actively
implemented in the field of port management.
Thus, successful cases include the concession
agreements at the ports of “Olvia” and “Kher-
son”, signed before the full-scale invasion by
the Russian Federation in 2022, the implemen-
tation of which nevertheless continued under
extremely difficult conditions. Investors not
only fulfilled their obligations regarding berth
repairs but also launched new logistics ser-
vices, including alternative channels for grain
transportation by river (A memorandum was
signed on the restoration.., 2025; “Kherson”
specialized seaport concession, n.d.). Despite
the military actions, these examples proved the
effectiveness of PPP as an instrument for the
development of the sector. Since 2022, an active
dialogue has begun regarding the expansion of
public-private cooperation mechanisms in the
Danube delta (Kolisnichenko, 2023a). The Gov-
ernment of Ukraine has created conditions for
private companies to invest in the creation of
new transshipment terminals, the restoration
of floating docks, and ship-repair capacities. In
particular, in the territory of the port of Reni, a
private operator launched a new transshipment
line for agricultural products with a through-
put capacity of over 1 million tonnes per year
in 2023. The project was financed through the
company’s own funds and bank loans, but with
state support through the simplification of per-
mitting procedures. Table 3 demonstrates the
key initiatives for the development of Ukraine’s
water infrastructure.

Table 3. Main PPP projects in the field of Ukraine’s water infrastructure (2020-2024)

- . Volume of investment .
Facility Type of project (million USD) Form of partnership Results
Port Concession 125 PPP (concession agreement Modernisation of berths,
of “Olvia” with QTerminals, Qatar) new warehouses
Port of . PPP with the company Restoration of terminals,
“ ” Concession 12 . .
Kherson Risoil-Kherson attraction of cargo
Reni Private investment 20 Investment project Creation of new capacities
(terminal) | with state support with simplified access to land of 1 million tonnes
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Table 3, Continued

- . Volume of investment .
Facility Type of project (million USD) Form of partnership Results
Support of private operators
Ust- Reconstruction 10 through the United States Renewal of navieation
Dunaisk of harbour Agency for International g
Development programme

Source: developed by the author based on V. Kolisnichenko (2023a; 2023b), A memorandum was signed on the
restoration... (2025), “Kherson” specialized seaport concession (n.d.), “Olvia” specialized seaport concession (n.d.)

Considering the results of PPP implemen-
tation, it can be argued that one of the most
significant achievements was the reduction
of infrastructure’'s dependence on exclusively
budgetary financing. The terms of partnership
made it possible to attract innovations, tech-
nologies, and experience in managing port fa-
cilities. For example, the Qatari company that
manages the port of “Olvia” introduced new
logistics models that take into account the risks
of the armed conflict and changes in export
routes. The success of using PPP mechanisms
is also confirmed by the active participation of
international financial institutions - in particu-
lar, EBRD supports concession... (2020) and In-
ternational Finance Corporation (IFC) and EBRD
to help modernize Chornomorsk Port... (2021),
which have repeatedly declared their readiness
to participate in co-financing such initiatives.
In addition to financial participation, these or-
ganisations provided advisory support and con-
ducted assessments of the economic feasibility
of projects. At the same time, the full-scale de-
ployment of large-scale PPP in the water in-
frastructure sector requires the improvement
of the regulatory framework. Law of Ukraine
No. 2404-VI (2010) has undergone updates but
still requires adaptation to wartime and post-
war realities, in particular regarding investment
security guarantees. The analysis conducted
made it possible to generalise the features of
financing the development of Ukraine’s water
infrastructure during the specified period and
to assess the contribution of state, internation-
al and private sources to the restoration of port
and river infrastructure. It was established that
state financing predominantly ensured priority
needs, while international support and private
investment played the leading role in imple-
menting modernisation and development pro-
jects. An analysis of public-private partnership
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mechanisms demonstrated the growing role of
business in infrastructure modernisation. En-
terprises, despite the risks, are initiating invest-
ments in river terminals, barge fleets, elevator
capacities and transshipment hubs, particular-
ly in the Danube basin. At the same time, legal
and regulatory barriers significantly reduce
PPP potential, which requires targeted reforms
at the legislative level. As A. Pedko & O. Yeme-
lianov (2025) emphasised, the experience of EU
countries, in particular Poland, the Netherlands
and Romania, could be integrated into the cre-
ation of a favourable institutional environment
for implementing long-term infrastructure
projects with the participation of private capital.

The results of the research conducted are
generally consistent with the conclusions of
contemporary scientific works devoted to the
financial provision of water infrastructure de-
velopment, water use, and institutional mech-
anisms of water resource management. Thus,
0.1 Bondar et al. (2021) substantiated the need to
diversify sources of financing the water sector
and strengthen the role of investment mecha-
nisms in ensuring its sustainable development.
The results obtained in the present study con-
firmed this position, as it was established that
exclusively budgetary financing does not pro-
vide the necessary volumes of water infrastruc-
ture modernisation, especially under conditions
of martial law. The conclusions of D.O. But-
skykh (2023) regarding the importance of state
regulation in the field of water supply and san-
itation also correspond to the results of this
study. The author emphasised the need to im-
prove institutional mechanisms for managing
the sector. In turn, the analysis showed that the
effectiveness of financial resource use largely
depends on the quality of regulatory provision
and coordination between state institutions.
0. Labenko § M. Klymenko (2025) examined
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the financial provision of water resource re-
production as a component of environmental
economics. In contrast to their approach, this
article focuses not only on the natural resource
aspect but also on the logistics and transport
function of water infrastructure. At the same
time, both studies confirmed the need for long-
term investment programmes and the combi-
nation of state and private sources of financing.

A. Pedko & O. Yemelianov (2025), in their
comparative study of budget financing models
for water supply in Ukraine and Group of Seven
countries, proved the feasibility of using mixed
financial models. The results actually confirmed
this conclusion, as the greatest effectiveness in
water infrastructure development was demon-
strated by projects implemented with the par-
ticipation of the state, international organi-
sations, and private capital. N. Andryeyeva et
al. (2021) substantiated the influence of state
economic policy on the development of infra-
structure and natural resource systems. The re-
sults obtained supplemented these conclusions,
demonstrating that under conditions of military
challenges, it is state policy that determines
the priorities for allocating financial resources
among various segments of transport and water
infrastructure. M.V. Slobodianyk (2025) empha-
sised the need to ensure the financial and eco-
nomic sustainability of water sector enterprises
by modernising sources of financing and im-
proving the efficiency of resource management.
Similar trends were identified in this study re-
garding port and river infrastructure, where the
level of sustainability directly depends on the
diversification of financial sources. J. Berbel et
al. (2017) and V. Vyhovska et al. (2022) examined
economic instruments for stimulating rational
water use. Despite the difference in the subject
area of research, their conclusions confirm the
importance of economic incentives as a factorin
improving the efficiency of managing water re-
sources and infrastructure facilities. Z. Derii et
al. (2021) investigated problems of water use in
the context of the sustainable development par-
adigm.Incontrasttothatwork, the presentstudy
focuses primarily on the financial mechanisms
of water infrastructure development. At the
same time, both approaches demonstrated the
need to combine economic, environmental and

Economics and Business Management 17(2)

institutional instruments to ensure the long-
term effectiveness of the water sector. Thus, the
results of the research conducted do not con-
tradict contemporary scientific approaches but
extend them through a comprehensive analysis
of state financing, international assistance, and
public-private partnership mechanisms in the
development of Ukraine’s water infrastructure
under conditions of full-scale war.

CONCLUSIONS

In the course of the research, it was established
that it was river ports and shipping canals that
ensured the stability of exports under condi-
tions of the maritime blockade. The growth in
transshipment volumes through the ports of
Izmail, Reni and Ust-Dunaisk became a critical
compensator for losses caused by the blockade
of the Black Sea gateway. The materials ana-
lysed showed a 3.5-fold increase in cargo turn-
over at these ports over the period 2021-2023,
which confirmed the effectiveness of resource
mobilisation and management decisions un-
der crisis conditions. At the same time, this dy-
namic could not have been sustainable without
significant capital investment in the restora-
tion of locks, dredging, the procurement of new
vessels, and the repair of hydraulic structures.
The implemented initiatives for the digitalisa-
tion of logistics processes, including systems
for tracking the movement of cargo and ves-
sels, indicated a gradual transition to a modern
model of water infrastructure management.
However, the pace of innovation implementa-
tion remained slower than in comparable sec-
tors in European countries. This necessitated
the stimulation of investment in technology
startups capable of ensuring the accuracy,
safety and predictability of logistics flows.

The overall results demonstrated that the
main prerequisite for the long-term restora-
tion of water infrastructure was the coordina-
tion of efforts between the state, international
partners and private business. To this end, it
is necessary to strengthen strategic planning,
adopt a medium-term financing programme
with transparent monitoring mechanisms, up-
date legislation on inland water transport, and
ensure scientific and analytical support for
each project. Itis emphasised that, in the future,
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Ukraine could transform river infrastructure
into one of the centres of post-war econom-
ic recovery, where waterways would serve not
only for transportation but also as a mechanism
for deeper integration into the European space
of sustainable development. An important re-
sult of the study was the establishment of a
direct relationship between the level of water
infrastructure development and ensuring the
resilience of Ukraine’s agricultural exports.
During the period of full-scale war, it was riv-
er transport corridors that made it possible to
partially compensate for the loss of maritime
port throughput capacity and to ensure the
continuity of foreign economic activity. This
provides grounds for considering the financing
of water infrastructure not only as a sectoral in-
strument of transport policy but also as a com-
ponent of the state’s food security system and
support for the competitiveness of the agro-in-
dustrial complex. The analysis conducted
also demonstrated that further improvement
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diHaHCyBaHHS PO3BUTKY BOAHOI iHPpPaCTPYKTypU
B YKpaiHi B yMOBaxX MOBHOMACLUTAa6HMX BiNCbKOBUX Ain

AHoTauia. MeToio CcTaTTi 6y/I0 ZOCTIIKEeHHS IJKepes, CTPYKTYPHU Ta MexaHi3MiB dpiHaHCyBaHHS
PO3BUTKY BOAHOI iHGPACTPyKTypy VKpaiHU B yMOBaX ITOBHOMACIITAGHMX BiMICPKOBUX [Iil, a
TaKOK OBIPyHTyBaHHA HaIPAMIB YOOCKOHaJIEHHS GpiHaHCOBOTO 3a6e31eYyeHHs raity3i B KOHTEKCTI
TTiCJITBOEHHOTO BiIHOBJIEHHS eKOHOMiKM. OCO6JIMBY yBary IPUALIEHO OLIHIN POJi JepsKaBHOTO
¢iHaHCcyBaHHA, MDKHapogHOl ¢iHAHCOBOI AOIOMOrM Ta MexaHi3MiB [epsKaBHO-IIPUBATHOIO
MapTHepCTBa ¥ 3abe3medeHHi QyHKIIOHYBAaHHS PiYKOBOI Ta ITOPTOBOI iHGPACTPYKTypHU. Y mpolieci
JOCTifyKeHH BUKOPHUCTAHO KOMIIJIEKC 3araJlbHOHAyKOBUX 1 CIeljjaJIbHUX MeTOZiB, 30KpeMa
MeTOAY aHaJli3y Ta CUHTe3y, CTaTUCTUYHOIO aHaJli3y, IOPiBHAHHS, y3araJbHeHHs, CUCTEMHOTIO Ta
iHcTUTYyIIitiHOTO TimxoxiB. IHGOpMaIIiliHy 6a3y HOCTIIKEHHS CTaHOBJIATH HOPMAaTHUBHO-IIPaBOBi
aKTU YKpalHU, CTAaTUCTUYHI MaTepiayiv fep>KaBHUX OpTraHiB BIaAH, 3BiTU MDKHApOoAHUX $piHaHCOBUX
opraHisarliii, a TAKOXX pe3y/IbTaTH HayKOBUX IOCIIZIKeHb Y cdepi pO3BUTKY TPAHCIIOPTHOI Ta BOZHOI
iHGpacCTpyKTypH. 3a pesy/braTaMy OCIIIKeHHsS BCTAaHOBJIEHO, 1110 ¥ 2020-2024 pokrax Bimbysocs
CYTTEBe 3pocTaHHA 06cariB GiHaHCyBaHHA BOZHOI iHPpaCTpyRTypH YRpaiHy, 1o 6y/I0 3yMOBIEHO
HeobXigHicTIO 3a6e3MmeueHHs aJBTepHATUBHUX JIOTICTUYHUX MapUIPyTiB B yMoOBax 6GJIOKyBaHHS
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Osadchuk

YaCTUHU MOPCBKUX IOPTiB. 30KpeMa, 3araJbHul 06cAr gepykaBHOro ¢iHaHCyBaHHA rajysi 3pic 3
470 miH rpHy 2020 potii io 2,77 MIIpZ, TpH y 2024 potlii, a 3ajydyeHa MbKHapoLHa gorioMoray 2022-
2024 porax repeBuLIa 500 MITH 0J1. BU3HaueHO OCHOBHI [isKepesia GpiHaHCOBOTO 3a6e3IeueHHs
raJtysi, cepes IKUX IepskaBHUM 6I0/KeT, Mi>KHapoAHa GiHaHCOBa IOTTOMOra Ta iHBECTHUIII, 3a1yyeHi
yepe3 MexaHi3MU JepyKaBHO-IIPUBATHOIO [TapTHepCcTBa. OBIPYHTOBAHO 3POCTAHHSA CTPATETIYHOTO
3HaYeHH AyHaMChKUX [TOPTiB Ta BHYTPINIHIX BOTHUX IUIAXIB Y 3a6e311e4eHH] eKCITOPTHOI AisTBHOCTI
Ta HOiATPUMaHHI eKOHOMIYHOI CTiMKOCTi ZepyXKaBU. HayKoBa HOBH3HA AOCIIIyKeHHS IIONAra€ y
KOMIUJIEKCHIH OLIiHIIi cy9acHOI CTPYKTypH GiHaHCYBaHHS BOAHOI iHPpacTpyKTypy YKpaiHU B yMOBax
BOEHHOTO CTAHy Ta BUSHAYEHHi 0COBIMBOCTEM B3aEMOZIi AepyRaBHUX, MIXKHAPOAHUX 1 ITPUBATHUX
diHaHCOBUX pecypciB y IIpoliecax il po3BUTKY Ta BifHOBIeHHS. [IpaKTUYHA 3HAYYIIiCTb OTPUMaHUX
pE3yJIbTaTIB [10JISTae ¥ MOKJIMBOCTI BUKOPUCTaHHA cHOPMYIbOBaHNX BUCHOBKIB i peKOMeHZallilt
opraHaMu JepyKaBHOI BJIaAY, Cy6'€eKTaMM TOCIIONAPIOBAHHS Ta ITOTEHLIMHUMU iHBECTOpPaMU i
yac po3pobieHHs mporpaM MojepHisalli BomHOI iHdpacTpykTypu Ta dopMyBaHHS ebeKTUBHOI
biHaHCOBOI MOMITUKY ¥ cPepi TPaHCIIOPTHOI JIOTiICTURU

KniouoBi cnoBa: TpaHCIIOPTHO-JIOTICTUYHA CHUCTEMA; MybJIiYHO-IIPUBaTHE TIapTHEPCTBO;
MbKHaponHa GiHaHCOBa AOIIOMOTa; BiTHOBIEHHS; piYKOBI KOpUAOPU
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