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» Abstract. The purpose of this study was to substantiate the scenario of transformation of grain exports into the
development of beef cattle and pig breeding as high value-added products with the corresponding definition of an
indicative positive impact on the Ukrainian economy. The study employed the following methods: comparative
analysis, statistical, tabular, calculation and design, abstract-logical, as well as trend extrapolation tools. The study
found a trend of increasing concentration of raw materials in Ukraine’s agricultural exports — 85%. The share of grain
in total exports was almost 25%. Further growth in grain exports was becoming an issue for the internal and external
markets. Therewith, export earnings from meat sales continues to be insignificant at 3-4%, while beef and pork
production was steadily declining. The factual consumption of beef and veal meat by the population was almost 6
times lower than the rational norm, and pork — 1.5 times. It was found that the high concentration of raw materials
in Ukrainian agricultural exports leads to significant annual losses of export earnings, potential jobs, and a decrease
in the country’s GDP. The forecast benchmarks for the parameters are to increase beef production to 1 million tonnes
and pork production to 2 million tonnes per year. The total projected demand for grain to produce the specified

> Suggested Citation: Lupenko, Yu., Cheremisina, S., Mogylova, M., Balan, O., & Gutsul, T. (2025). Prospects for the transformation
of grain exports into livestock development as a scenario for the economic growth of the Ukrainian agricultural sector in the postwar
period. Ekonomika APK, 32(4), 10-21. doi: 10.32317/ekon.apk/4.2025.10.
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volumes of beef and pork was 12.94 million tonnes per year (wheat — 5.51 million tonnes, maize — 5.59 million tonnes,
barley - 1.84 million tonnes). The calculations proved that the use of certain volumes of wheat, maize, and barley for
fattening animals for meat production rather than export would increase Ukraine’s export earnings by 12.6% (or by
USD 1.23 billion per year). The study found that Ukraine’s GDP could grow by UAH 525.6 billion or USD 12.5 billion.
The practical findings of this study enable an objective assessment of the scenario of transformation of the grain
market structure with the corresponding determination of the forecast parameters for increasing export earnings and
added value for the Ukrainian economy, which may be useful for government agencies in predicting the areas of post-

war recovery of the country’s agricultural sector

» Keywords: grain market; commodity exports; import dependence; beef cattle and pig products; added value;

economic effect

» Introduction

Ukraine has always been an agrarian country. According to
the Official Website of the State Statistics Service of Ukraine
(n.d.), before the war, the share of agricultural exports was
40.7% (USD 27.7 billion). In 2022, this figure increased to
53% (USD 23.4 billion), and in 2023 it exceeded 60% of the
country’s total exports. However, the problem of excessive
concentration of raw materials in agricultural exports has
been a topic of debate among the academic community
and sectoral authorities for a long time. This issue became
especially acute during the war, in the face of extraordinary
geopolitical, economic, organisational, and logistical chal-
lenges. In 2021, the share of grain in Ukraine’s total exports
was 18.1%. During the full-scale war, these relative figures
increased considerably. Thus, in 2022, the export share of
grain crops increased to 20.6%, and in 2023 - to 23%. In
2024, the export revenue from grain sales exceeded USD 9.4
billion. Its share in total exports was 22.6%.

According to S. Cheremisina et al. (2025), only 20-25%
of the total grain volume is used for domestic consump-
tion. The rest is exported to foreign markets. However, in
2022-2024, grain production became a problem for both
the internal and external markets. Therefore, agricultural
producers should not only look for channels and mar-
kets for their products, but also ensure the processing of
their raw materials, which will help to increase the level of
profit from their sales. Agricultural products only become
a full-fledged commodity if they are sold on the external
market as a highly processed product with high added val-
ue, which brings a much greater amount of income.

Solving the problems of optimising the grain market,
namely, reducing the concentration of grain crops in agri-
cultural exports, allocating part of the grain to expand the
capacity of the markets for beef cattle and pig products, and
achieving an increase in export earnings and added value
for the Ukrainian economy are all relevant. The issues of or-
ganisational, economic, and logistical challenges faced by
Ukrainian grain exports since the beginning of the full-scale
war, and the substantiation of the areas of development of
the meat market as a product with high added value have
been the subject of research by many scholars.

Y. Voloshchuk & O. Shedlovska (2024) focused their
research on the need to find mechanisms for the strate-
gic development of the grain market of Ukraine. The re-
searchers conducted a thorough analysis of the problems
and challenges faced by both the internal and global grain
markets. The monitoring of current market developments
in the grain market allowed the researchers to identify pri-
ority areas for the strategic development of the Ukrainian

grain market in the context of current geopolitical and
economic challenges. The major driver of the post-war
economic recovery is to increase the investment attrac-
tiveness of agricultural enterprises and increase exports of
high value-added products.

V. Budziak & O. Budziak (2024) studied the complex of
problems faced by the Ukrainian meat market during the
war. The researchers formulated a hypothesis that regu-
lating the production of certain types of animal meat and
stimulating their exports under martial law can increase
the profitability of livestock farming and its further de-
velopment. A. Sakhno & I. Salkova (2021) focused on the
production and consumption of meat and meat products
in Ukraine. The researchers identified the key changes in
meat supply and demand, the density and vector of the re-
lationship between consumption and the factors that de-
termine it. The study reported a strong cause-and-effect
relationship between meat consumption and supply in
Ukraine. The researchers focused on the decline in house-
hold incomes, reduced supply, and positive dynamics of
meat prices as priority factors.

O. Svitovyi (2021) thoroughly analysed the current
state of grain production and the key products of its pro-
cessing. The presented practical recommendations for
improving the management of production and market-
ing of grain and its processed products in the context of
maximising added value are of considerable interest. The
researcher emphasised the need to expand the range
of finished grain products and increase exports of grain
products. This will contribute to the growth of added value
and increase the country’s export potential.

O. Yurchenko et al. (2024) studied the current state of
pig production in Ukraine. The researchers assessed the
direct losses of industrial pig production as a result of the
hostilities and identified the major problems of the func-
tioning and further development of the pork market. The
researchers suggested that the short-term task is to in-
crease pork production and expand export markets. The
development of pig production is linked to state support
and optimisation of the grain market in Ukraine.

D. Sedikov & 1. Sedikova (2023) noted that Ukraine has
significant prospects for the development of the market for
deeply processed grain products with high added value. The
researchers addressed the problem of the raw material na-
ture of Ukrainian exports (almost a quarter of which is grain).
They analysed the areas of deep grain processing and pro-
duction of high value-added products that are in demand in
the internal market and have prospective export potential.
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O. Nechyporenko et al. (2024) identified the state and
trends of beef production in the world and Ukraine. The
researchers focused on possible scenarios for the develop-
ment of the beef market, considering the reality of interna-
tional economic integration. The policy of expanding beef
exports from Ukraine to countries with which regional trade
agreements were concluded, especially regarding the pro-
duction of kosher and halal products, is considered promis-
ing. D. Enahoro efal(2021) investigated the problems oflive-
stock development in developing countries. The researchers
examined the current state of meat trade and presented
plausible forecasts for the future, highlighting the effects
of animal diseases on current and future trade dynamics.

M. Ijaz et al. (2021) studied the global negative impact
of the COVID-19 pandemic on global production, supply
chains, and meat prices. The researchers argued that in-
tegration between all stakeholders in the meat industry is
essential for the resilience of the industry’s supply chain
to handle such disruptive conditions that may arise in the
future. G.K. Dambaulova et al. (2022) identified the export
potential of the pork market in Kazakhstan and predict-
ed the key indicators of its development. The researchers
foresaw positive prospects for expanding pork production
in the country and gradually entering foreign markets,
particularly China and Russia.

G. Mateos et al. (2024) thoroughly assessed the cur-
rent situation and future prospects for pork production in
the EU. The study noted that in the short term, pork pro-
duction in the EU is expected to decline. To maintain the
performance of the pig industry, the researchers proposed
the gradual implementation of such strategies as ensuring
proper maintenance of meat quality for export markets,
improving animal disease control, and intensifying the
introduction of technological innovations in the pork pro-
duction process.

Mentioned studies focus on the negative impact of a
full-scale war on grain exports from Ukraine, destructive
changes in grain export logistics, and the need to find al-
ternatives to grain exports, namely the use of part of grain
export flows in meat production. However, the existing
research lacks elements of calculation and design to de-
termine the volumes of grain (wheat, maize, and barley)
necessary to produce the forecast parameters of pork and
beef and to calculate the incremental effect on the Ukrain-
ian economy. The purpose of this study was to develop a
mechanism for optimising the grain market aimed at re-
ducing the export burden and assessing the potential ef-
fect on the agricultural economy of Ukraine.

» Materials and methods

The study employed a series of methods of scientific cog-
nition. The method of comparative analysis was used for
analytical monitoring of the dynamics of indicators of raw
material concentration in the export of agri-food products
and retrospective monitoring of indicators of production
and consumption of beef, veal, and pork in Ukraine. The
calculation-constructive method was employed to deter-
mine the indicators of import dependence of the beef, veal,
and pork markets. Statistical method was used to deter-
mine the required volumes of grain (wheat, maize, and bar-
ley) required to produce forecast parameters for expanding
the capacity of the markets for beef cattle and pig products.
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The methodological tools of trend extrapolation
were comprehensively applied to determine the real
trends in the reduction of livestock in beef cattle and pig
production. Using the tabular method, the study illus-
trated the identified forecast indicators of optimisation
of the grain market structure and parameters of increas-
ing export earnings and added value for the Ukrainian
economy. The abstract and logical method was applied
to formulate conclusions.

The conceptual features of the study included the
substantiation of the areas of optimisation of the struc-
ture of the grain market of Ukraine with the correspond-
ing definition of indicators of raw material concentration
in the export of agri-food products; determination of in-
dicators of import dependence of beef and pork markets;
calculation of the volumes of grain (wheat, maize, and
barley) required to produce forecast parameters for ex-
panding the capacity of the markets for beef cattle and
pig products; determination of forecast parameters for
increasing export earnings and added value for the econ-
omy of Ukraine.

The study was based on the dynamics of statistical
and calculated data for 2010-2024. To establish the scale
of the reduction in production and consumption of beef,
veal, and pork, the retrospective dynamics of the relevant
indicators for 1990-2024 was chosen. The corresponding
forecast calculations of the parameters of expansion of
beef and pork markets, reduction of the export burden
of the grain market, and increase in export earnings and
added value for the Ukrainian economy were calculated
for the period up to 2030. The empirical basis of the study
was the data from the Official website of the State Statis-
tics Service of Ukraine (n.d.a; n.d.b; n.d.c).

The indicator of raw material concentration in
Ukraine’s agricultural exports was determined according

to the following formula:
RAG g

AP; = " -100%, (1)

exi

where AP, — the share of exports of agricultural raw
materials in the i period, %; RAG,,; — the export of ag-
ricultural raw materials in the i period, billion USD;
AG,,; - the total export of agricultural products in the i
period, billion USD.

Share of exports of high value-added agricultural
products:

PFexi

APy =" 1009, @)

exi

where AP - the share of agricultural products in the total

structure of exports in the i period, %; PF, - the exports

of finished food products for the i period, USD billion.
The ratio of exports of raw materials to finished agricul-

tural products was calculated using the following formula:

RAGgy;
Re; = B8exi, 3
t PFexi ( )

The import-export coverage ratio for the beef and

pork markets was calculated using the following formulas:
— Bexi

IEbm; =3, 4)

where IEbm; - the import-export coverage ratio in the beef

market in the i period; Bex; - the volume of beef exports

in the i® period, thousand tonnes; Bi,—the volume of beef

imports in the i"" period, thousand tonnes;




IEpm; = ——, )

where [Epm, — the coefficient of import coverage of ex-
ports in the pork market in the i period; Pex,— the volume
of pork exports for the period, thousand tonnes; Pi, — the
volume of pork imports in the i period, thousand tonnes.

The dynamics of the level of self-sufficiency of the
beef and pork markets in Ukraine was estimated using the

following formulas:
Bi;

IBmy = e
14

(6)

where IBm, - the import dependency ratio of the beef mar-
ket in the i period; VDbc, - the volume of domestic beef
consumption in the i" period, thousand tonnes;

1Bp; = Pi;

~ vbpe;’

)

where IPm; — the import dependence ratio of the pork
market in the i period; VDpc, — the volume of domestic
pork consumption in the i period, thousand tonnes.

The volumes of grain (wheat, maize, and barley) re-
quired to produce the forecast parameters for expanding
the capacity of the beef cattle and pig markets were deter-
mined by the following structures:

1) total estimated need for concentrated feed to
produce 1 kg of beef, kg of feed units: 1.3 (wheat) + 1.5
(maize) + 0.5 (barley) + 1.6 (feed maize meal) + 0.7 (feed
wheat meal) + 0.4 (milling waste) =6 kg of feed units;

2) total estimated need for concentrated feed to
produce 1 kg of pork, kg of feed units: 0.9 (wheat) + 1.44
(maize) +0.81 (barley) + 0.68 (feed maize meal) +0.23 (feed
wheat meal) +0.45 (milling waste) =4.5 kg of feed units.

These parameters were calculated using the Order of

the State Statistics Committee of Ukraine No. 18 (2008).
The forecast parameters of feed demand in terms of grain
were calculated using the following formula:
F—u’j, (8)
where Gn, - the demand for the n" type of grain, kg; Fr, -
the demand for the j® type of feed for the production of
1 kg of beef (pork), kg of feed units; Fu, - the content of
feed units in 1 kg of the j" type of feed, kg of feed units.

Next, the need for a specific type of grain to produce
1 kg of beef (pork) is determined as the corresponding
sum of feed types, depending on the type of grain they are
produced from — wheat, maize, and barley:

n  Ftj
j=1 F_uj ’ (9)

Gn, =

Gn,, =

where Gn,—the demand for wheat grain to produce 1 kg of
beef (pork), kg; n — the number of types of feed produced
from wheat;

Ft;
— n J
Gn, = =1 Fa,

(10)
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where Gn, - the demand for corn grain to produce 1 kg of
beef (pork), kg; n— the number of types of feed produced
from maize; -
= =
an _4‘71‘71:1 Fuj’ (11)
where Gn,— the demand for barley grain to produce 1 kg of
beef (pork), kg; n - the number of types of feed produced
from barley.

The total amount of grain for beef production is deter-
mined by the following formula:

Vb = 3(Gn,, + Gng + Gng) - Fhyroq, (12)

where Vb-the volume of grain to produce the forecast an-
nual volume of beef, million tonnes; Fb,,,~ the forecast of
beef production, million tonnes per year.

The total volume of grain for pork production is deter-
mined by the following formula:

Vp =X(Gny, + Gng + Gng) * Fpproa, (13)

where Vp- the volume of grain to produce the forecast an-
nual volume of pork, million tonnes; Fp,,,,~ the forecast of
pork production, million tonnes per year.

The calculation of the added value from the use of
grain in Ukraine for fattening and selling beef is deter-
mined according to the following formula:

AAV=((Fb,,y P, + (Fp,,q- P,) -

-(Gn,-P,+Gn,P.+Gn,-P), (14)
where AdV - the value added, UAH million; P~ the price of
a tonne of beef, UAH; P,- the price of a tonne of pork, UAH;
P, — the price of a tonne of wheat, UAH; P, — the price of a
tonne of maize, UAH; P, — the price of a tonne of barley, UAH.

» Results and discussion

Over 2010-2024, the share of agricultural products in
Ukraine’s total exports tripled, from 19.3% in 2010 to 59.1%
in 2024, a trend that intensified during the war (Cheremisi-
naetal., 2025). Thus, according to the Official Website of the
State Statistics Service of Ukraine (n.d.), this indicator was
40.7% in 2021, increased to 53% in 2022, to 60.8% —in 2023,
and decreased by 1.7% in 2024 (Table 1). A stable trend in
Ukrainian agricultural exports is the high concentration of
raw materials. Thus, during the analysed period, the share
of raw agricultural exports increased by 10.7% — from 74.1%
in 2010 to 84.8% in 2024. Therewith, the share of processed
food products in the structure of agricultural exports has
been steadily declining — from 25.9% in 2010 to 15.2% in
2024. The ratio of exports of raw materials to finished prod-
ucts almost doubled over the analysed period - from 2.87 to
5.57, i.e., USD 1 of exports of processed agricultural prod-
ucts accounts for USD 5.6 of exports of raw materials.

Table 1. Dynamics of raw material concentration in agri-food exports

Indicator 2010 2015 2020 2021 2022 2023 2024

Share of agricultural products in total exports, % 19.3 38.2 45.1 40.7 53.0 60.8 59.1

Exports of agricultural products — total, billion USD 9.94 14.56 22.18 27.71 23.39 22.0 24.7
Including:

raw material exports 7.37 12.09 18.66 23.77 20.75 18.57 20.94

share, % 74.1 83.0 84.1 85.8 88.7 84.4 84.8

export of processed products 2.57 247 3.52 3.94 2.64 3.43 3.76

share, % 25.9 17.0 15.9 14.2 11.3 15.6 15.2
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Table 1, Continued

Indicator 2010 2015 2020 2021 2022 2023 2024
ratio of exports of raw materials to finished goods 2.87 4.89 5.30 6.03 7.86 5.41 5.57
Grain exports, billion USD 2.47 6.06 9.41 12.34 9.11 8.31 9.42
Including:
wheat 0.91 2.24 3.60 5.07 2.68 2.94 3.74
maize 0.79 3.0 4.88 5.89 5.93 4.97 5.07
share of grain in agricultural exports, % 24.8 41.6 424 445 38.9 37.8 38.1
share of wheat and maize in grain exports, % 68.8 86.5 90.1 88.8 94.5 95.2 93.5
Meat exports, billion USD 0.09 0.38 0.65 0.85 0.92 0.89 1.05
Including:
beef and veal 0.046 0.084 0.084 0.12 0.069 0.086 0.079
pork 0.003 0.055 0.006 0.007 0.0005 0.003 0.008
share of meat in agricultural exports, % 0.9 2.6 2.9 3.1 3.9 4.0 4.2

Source: based on State Statistics Service of Ukraine (n.d.a; n.d.b; n.d.c)

One of the major export commodities is grain. During
the analysed period, its share in the structure of agricultural
exports increased from 24.8% in 2010 to 38.1% in 2024. In
2023, the share of grain in the overall structure of Ukrainian
exports reached its five-year high, exceeding 23%. Wheat
and maize are consistently dominant by type of grain, with
their share in grain exports increasing from 68.8% to 93.5%
over the analysed period. At the same time, export earn-
ings from meat sales continue to be insignificant. During
the analysed period, they did not exceed USD 1 billion, and
their share in total agricultural exports was 3-4%. Chicken
continues to be the primary meat export product, while an-
nual exports of beef, veal, and pork do not exceed USD 100
million, which is 0.4% of the agricultural export structure.

The high concentration of raw materials in Ukrainian
agricultural exports leads to considerable price dispar-
ities between raw materials for agricultural exports and
processed raw materials into high value-added products.
This causes not only significant annual losses in export
earnings, but also potential job losses and a decline in
the country’s GDP. It was found that during the war, the
share of grain exports from Ukraine in total production
increased significantly. Thus, while in 2021 this figure was
62.4%, in 2023 it increased to 75%, and in 2024 it exceed-
ed 96%. It was determined that on average, in 2022-2024,
grain exports accounted for 73.5% of total production,
while domestic consumption did not exceed 25%. How-
ever, the full-scale war led to a series of organisational,
economic, and logistical challenges faced by Ukrainian
grain exports. As a result, grain production is becoming
problematic for both the internal and European markets.

Ukrainian producers have suffered substantial loss-
es due to the catastrophic rise in the price of fuel, fertil-
isers, other inputs to the production process and logistics
costs. However, the internal and external price situation
for grain is not conducive to the efficient reproduction
of production processes by rural producers. As for the
problems of foreign markets, the reorientation of grain
logistics flows from sea routes to Asia and Africa to the EU
has led to a marked decline in grain prices in Europe. The
fundamental reason for this is clearly a significant imbal-
ance in the comparison of a set of indicators of agricul-
tural production in Ukraine and the EU countries — the
quality of land resources, labour costs, cost structure, and
economies of scale.

The problem of finding ways to reorient the raw ma-
terial orientation of Ukraine’s agricultural sector towards
processing raw materials and creating high value-added
products has become particularly acute during the full-
scale war. The search for channels, logistics routes for ex-
port, and new markets for agricultural products is not the
way forward for the effective post-war recovery of Ukraini-
an agriculture. Gradually increasing the level of processing
of domestic products, aimed at creating high value-added
goods, will not only bring more income to producers, but
also contribute to sustainable GDP growth. One of these
intermediate areas is the revival and gradual development
of Ukrainian beef cattle and pig breeding. An analysis of
the retrospective dynamics of statistical data on the state
of these components of the Ukrainian meat market shows
a steady downward trend in both absolute production and
relative consumption indicators (Table 2).

Table 2. Retrospective dynamics of production and consumption of beef, veal, and pork

| 1990 | 2000 | 2010 | 2015 | 2020 | 2021 | 2022 | 2023 | 2024
Production in slaughter weight, thousand tonnes
beef and veal 1,985.4 754.3 427.7 384.0 345.4 310.5 268.4 256.9 | 2445
pork 1,576.3 675.9 631.2 759.7 697.2 724.0 658.7 638.2 | 672.1
Production per 1 person, kg
beef and veal 38.3 15.3 9.3 8.9 8.2 7.5 7.8 7.6 7.2
pork 30.4 13.8 13.8 17.8 16.8 17.6 19.4 18.8 19.7
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Table 2, Continued

1990 2000 2010 2015 2020 2021 2022 ‘ 2023 ‘ 2024
Consumption per 1 person, kg
beef and veal 32.4 13.2 9.8 8.1 8.1 7.3 7.0 6.2 6.0
pork 19.2 10.3 18.0 18.1 18.8 19.9 19.5 19.3 19.4
Production to consumption ratio indicator
beef and veal 1.18 1.16 0.95 1.10 1.01 1.03 1.11 1.23 1.18
pork 1.58 1.34 0.77 0.98 0.89 0.88 0.99 0.97 1.2

Source: based on State Statistics Service of Ukraine (n.d.a; n.d.b; n.d.c)

During the analysed period, beef and veal production
decreased by almost 8 times, and pork production by 2.5
times. The respective relative indicators of production and
consumption per capita decreased by 5.3 and 5.4 times for
beef cattle products, and by 1.7 times for pork meat, re-
spectively (the indicator of pork consumption per capita
did not change — within 18-19 kg). It was found that the
factual consumption of beef and veal meat by the popula-
tion was almost 6 times lower than the rational norm, and
pork - 1.5 times.

The key synergistic reasons for this decline in con-
sumption of these types of meat include the low pur-
chasing power of the Ukrainian population and the cat-
astrophic decline in the number of livestock. Thus, since
independence, the number of cattle has decreased by
11 times (from 24.6 million heads in 1991 to 2.2 million
heads in 2024), fattening calves by 22 times (from 1.4 mil-
lion heads to 0.6 million heads), and pigs by 4 times (from
19.5 million heads to 5.1 million heads). Considering the
existing trends, the selected trend equations formally de-
scribe them as follows:

» the number of fattening calves by 2029 may fur-
ther decrease by 35% to 362 million heads (y=-0.5136x°+
+3,113.6x*-6E + 06x+4E+09; R*=0.978);

» the number of pigs by 2029 may decrease by 14% to
4.4 million heads (y=-4,597.4Ln(x) +21,337; R*?=0.934).

Most of the added value generated by the country’s
economy is generated in foreign trade. Therefore, the
most promising areas for the post-war development of
Ukraine’s agricultural sector are to direct agricultural
production capacities to occupy and expand new market
niches. According to the forecast indicators of the Organ-
isation for Economic Co-operation (OECD) FAO, global
pork consumption will gradually increase and may reach
16.5 million tonnes by 2030 (Hopka, 2023). If, according
to 2022 data, global trade in pork products was 11 million
tonnes, it is reasonable to assume that by 2030, the annual

increase in consumption will average 2 million tonnes. At
the same time, the gradual decline in the number of pigs
in the EU is a stable trend. Rising environmental stan-
dards and the development of policies to minimise the
negative environmental impact of pig production pro-
cesses are leading to subsidies for the closure of pig farms
in EU countries. Accordingly, a promising market niche
is opening for Ukrainian agribusiness — bringing annual
pork production to 2 million tonnes in slaughter weight
and a corresponding increase in livestock. The cross-sec-
toral programme New Pig Farming 2025 (2020), initiated
in 2020, envisages a gradual increase in the number of
pigs to the 1991 level of 20 million, which is 4 times great-
er than the factual level. Pig farming in the post-war per-
spective of the development of the agricultural sector of
the economy can be a truthful way to gradually solve the
problems of grain exports.

As for the perspective parameters of modelling the de-
velopment of the beef and veal market as products with
higher added value, the priority should be to expand the
capacity of the internal market to ensure that consump-
tion by the population meets the rational standards of
32.4 kg per person per year. Thus, the expansion of the
domestic beef, veal, and pork market will contribute to its
price stabilisation and the formation of a significant ex-
port potential of the beef cattle and pig industries. Thus,
in 2021, beef and pork prices increased by 22.3% and 7.5%,
respectively, in 2022, the price increase was 3.9% and 36%,
in 2023 - 18.9% and 15.4%, and in 2024 - 13.1% and 3.4%.
During the war, consumer prices for beef increased by
55.6%, from UAH 182.84 UAH/kg to UAH 284.53 UAH/kg,
and for pork by 48.5%, from UAH 123.75 UAH/kg to UAH
183.31 UAH/kg. This is despite a steady decline in house-
hold incomes and purchasing power. During the anal-
ysed period, imports of beef and veal decreased by 26.6%
(from 3.68 to 2.7 thousand tonnes), and pork by 48 times
(from 108.6 to 2.3 thousand tonnes) (Table 3).

Table 3. Retrospective dynamics of import dependence indicators for beef, veal, and pork markets

2010 | 2015 | 2020 | 2021 | 2022 | 2023 | 2024 F"ngt‘g perlod | 2022 as %
Import, thousand tonnes
beef and veal 3.68 1.16 | 207 | 279 1.1 23 2.7 05 734
pork 1086 | 3.69 | 2802 | 4065 | 469 | 1299 | 227 15 2.1
Export, thousand tonnes
beefandveal | 1339 | 32.06 | 2442 | 2721 | 154 | 213 | 19.46 150.5 145.3
pork 0.61 | 2717 | 29 3.81 03 0.9 3.2 1,151.5 524.6
Import-export coverage ratio
beef and veal 364 | 2764 | 1180 | 975 | 1400 | 926 | 721 300 198.1
pork 001 | 736 | 010 | 009 | 001 | 007 | 141 767 141

Ekonomika APK. 2025. Vol. 32, No. 4




@ Prospects for the transformation of grain exports...

Table 3, Continued

2010 | 2015 | 2020 | 2021 | 2022 | 2023 | 2024 F"lflflt‘g perlod | 2024 as %
Domestic food consumption, thousand tonnes
beef and veal 447 347 337 299 238 211 204 850 45.6
pork 825 775 786 824 702 667 671 850 81.3
Import dependence indicator, %
beef and veal 0.82 0.33 0.61 0.93 0.46 1.09 1.32 0.06 0.5
pork 13.16 0.48 3.56 4.93 6.68 1.95 0.34 0.18 -12.8

Source: based on State Statistics Service of Ukraine (n.d.a; n.d.b; n.d.c)

Exports of these types of meat increased by 1.5 and
5.2 times, respectively. The import-export coverage ratios
for beef and veal meat increased by a factor of 2, from 3.64
in 2010 to 7.21 in 2024, while for pork these indicators in-
creased significantly, from 0.01 to 1.41, but were still in-
sufficient. Therewith, the absolute and relative indicators
of meat exports as a high value-added product stayed
extremely low. In pre-war 2021, exports of beef and veal
amounted to 27.21 thousand tonnes or 8.8% of total pro-
duction, while pork exports were much lower - 3.81 thou-
sand tonnes or 0.5% of production. During the war, export
flows of beef cattle and pig products deteriorated to 5.7
thousand tonnes and 8.3% for beef and veal, and to 0.05
thousand tonnes and 0.14% for pork.

The determined indicators of import dependence of
the beef cattle and pig production markets indicate an ex-
tremely low (within 1%) dependence on imports of Ukrain-
ian beef and veal markets and a decrease in this indicator

for pork by 12.8% — from 13.2% in 2010 to 0.34% in 2024. If
annual pork production is increased to 2 million tonnes in
slaughter weight, and beef and veal production to a prom-
ising 1 million tonnes, the relevant indicators of import
dependence and available export potential can reach the
following parameters. If the consumption of beef and pork
is brought to the factual poultry consumption rate of 25 kg
per person per year, domestic consumption will increase
to 850 thousand tonnes, respectively. Therewith, Ukraine
can export 150.5 thousand tonnes of beef and veal and al-
most 1.2 million tonnes of pork annually. The respective
import dependence indicators will decrease to a minimum
of 0.06% and 0.18%. To determine the required volumes
of grain (wheat, maize, and barley) required to produce
the forecast parameters for expanding the capacity of the
markets for beef cattle and pig products, the study used the
established statistics of the retrospective dynamics of feed
consumption per unit of livestock production (Table 4).

Table 4. Feed consumption per unit of livestock meat production, feed units

Indicators | 2010 | 2015 | 2019 [ 2020 | 2021 | 2022 | 2023 |
Per 1 kg of cattle gain
Feeds of all kinds 1569 | 14.80 | 13.95 | 1284 | 13.17 | 1255 | 1250 | Forecast parameters
including concentrated 4.47 4.93 6.65 6.12 6.15 5.87 6.09 of demand in terms
types of concentrated Content of feed units Estimated demand for of grain, kg for
feed from grain crops per 1 kg of feed concentrated feed, feed units | the period up to 2030
soft wheat 1.28 1.3 1.02
maize 1.33 1.5 1.13
barley 1.15 0.5 0.43
feed maize meal 1.33 1.6 1.20
feed wheat meal 1.12 0.7 0.63
flour milling waste 0.63 0.4 0.63
Total X 6.0 5.04
Per 1 kg of pig gain
Feeds of all kinds 598 | 446 | 484 | 479 | 460 | 444 | 431 Forecast parameters
including concentrated 5.71 4.34 4.80 4.75 4.56 4.41 4.28 of demand in terms
types of concentrated Content of feed units Estimated demand for of grain, kg for
feed from grain crops per 1 kg of feed concentrated feed, feed units |  the period up to 2030
soft wheat 1.28 0.9 0.70
maize 1.33 1.44 1.08
barley 1.15 0.81 0.70
feed maize meal 1.33 0.68 0.51
feed wheat meal 1.12 0.23 0.20
flour milling waste 0.63 0.45 0.71
Total X 4.50 3.91

Source: based on State Statistics Service of Ukraine (n.d.a; n.d.b; n.d.c), Order of the State Statistics Committee of Ukraine

No. 18 (2008)
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Based on the average consumption of concentrated
feed per 1 kg of beef and veal production of 6.0 feed units,
the forecasted demand for particular types of grain crops
is 2.28 kg of wheat, 2.33 kg of maize, and 0.43 kg of barley.
The average feed consumption to produce 1 kg of pork is
4.5 feed units. Therefore, the determined feed requirement
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in terms of grain is as follows: wheat — 1.62 kg per 1 kg of
pig gain, maize - 1.59 kg, barley — 0.7 kg. The total project-
ed demand for grain to produce the specified volumes of
beef and pork is 12.94 million tonnes per year. Of these,
wheat is 5.51 million tonnes, maize is 5.59 million tonnes,
and barley is 1.84 million tonnes (Table 5).

Table 5. Forecast indicators for optimising the structure of the Ukrainian grain market

. o Projected grain
S | iilon tonnes | " tonnes | production, million | Forecastofgrain | Export load indicator, %
a tonnes export volumes,
g::g; beef and million tonnes® factual | factual
2022 | 2023 | 2024 | 2022 | 2023 | 2024 ] pork | total 2023 2024 forecast*

Wheat | 20.7 | 21.6 | 22.4 | 11.2 | 16.2 | 20.7 2.28 3.24 | 5.51 10.5 75.0 92.4 48.8
Maize | 26.2 | 31.0 | 26.9 | 249 | 26.4 | 29.6 2.33 3.26 | 5.59 21.4 85.2 110.0 76.3
Barley | 5.6 5.5 5.3 2.1 2.2 3.4 0.43 1.41 | 1.84 0.7 40.0 64.2 13.3
Total | 52.5 | 58.1 | 54.6 | 38.2 | 44.8 | 53.7 5.04 7.91 | 12.94 32.6 X X X

Notes: *the average values of grain export production indicators for 2022-2024 were used to calculate the forecast

indicators

Source: based on State Statistics Service of Ukraine (n.d.a;n.d.b; n.d.c)

The annual demand for grain for fattening and pro-
duction of beef and veal is 5.04 million tonnes, and for
pork production — 7.91 million tonnes. This will result in
a certain optimisation of the grain market structure in
Ukraine. If certain volumes of wheat, maize, and barley
are used to feed animals for meat production rather than
for export, the relevant indicators of the market’s export
load will decrease significantly. Thus, in 2023, 75% of the
total wheat production was exported, while the figure for
maize exceeded 85% and barley — 40%. In 2024, grain ex-
ports exceeded the pre-war figures of 2021, and the ex-
portload indicators reached record levels: wheat — 92.4%,
maize — 110.0% (including last year’s balances), barley —
64.2%. The reorientation of grain exports to internal pro-
duction of high value-added meat products will reduce
these export load indicators for grain crops to 48.8%,
76.3%, and 13.3%, respectively.

Therefore, the effective parameter of the grain mar-
ket optimisation will be a decrease in annual grain ex-
ports by 28.4% on average (from 45.6 million tonnes to
32.6 million tonnes). In terms of the main export crops,
this reduction will be 34.5% for wheat (from 16.0 million
tonnes to 10.5 million tonnes), 20.7% for maize (from 27.0
million tonnes to 21.4 million tonnes), and 73.1% for bar-
ley (from 2.6 million tonnes to 0.7 million tonnes). It was
found that such a decline in grain exports, with a corre-
sponding possible increase in beef and pork exports, will
not be reflected in a reduction in export earnings. If, ac-
cording to the data of 2024, export earnings from the sale
of grain and beef and pork meat amounted to USD 9.5
billion, the optimisation of the agricultural structure will
not affect the export earnings. Optimising the structure of
the agricultural market will help to increase this figure to
USD 10.7 billion (or 12.6%) (Table 6).

Table 6. Forecast parameters for the increase in export earnings
and added value for the Ukrainian economy, UAH million/USD million

Production, Exports, million Exports, million i
Product il e (e P e P USD ,ﬁg:: gﬁﬁﬁ;{gz, mg:ts,t[(])AfH Value added,
types 2024 | Forecast | 2024 | Forecast | 2024 | Forecast UAH million million | UAH million
Wheat 21.6 - 20.7 10.5 3,736.3 1,940.7 40,012.1 X X
Maize 31 - 29.6 21.4 5,072.4 4,314.8 42,063.9 X X
Barley 5.5 - 3.4 0.7 557.3 115.5 12,123.9 X X
Beefand veal | 0.24 1 0.019 0.15 79 943.4 36,922.9 260,150 223,227.1
Pork 0.67 2 0.003 1.15 7.98 3,373.3 57,277.1 359,620 302,342.9
9,452.98 | 10,687.7 525,570
Total +1,234.7 94,200.0 619,770 or 12,513.5
USD million USD million

Source: based on State Statistics Service of Ukraine (n.d.a; n.d.b; n.d.c)

It was found that the amount of added value, which is
the newly created value acquired by grain crops used for
meat production in the process of passing the chain from
producer to end consumer, will amount to UAH 525.6
billion or USD 12.5 billion. In contrast to the findings of
L. Pobochenko et al. (2023), who suggested that it is the

raw grain exports that are most promising, it is necessary
to intensify processing and transform grain flows into
high value-added products.

The findings of Yu. Haida & B. Shainiuk (2023), who
made an indicative assessment of the significant potential
of the global grain market, the growth of supply volumes
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due to increased production by the world’s largest export-
ers — Australia, Argentina, Canada, and the United States,
confirmed the findings of the present study that a de-
crease in grain exports from Ukraine will not affect global
food security. The authors of the present study agree with
the opinion of M. Constantin et al. (2023) that a sound
policy of transforming raw grain exports into exports of
high value-added agri-food products will contribute to
the sustainability, competitiveness, and efficiency of the
country’s agriculture.

O. Hromyk & O. Semenda (2023) focused on the
steady growth of the capacity and export potential of the
chicken meat market in Ukraine. The researchers noted
that chicken production currently has a series of com-
petitive advantages, the key among which is affordability
compared to other types of meat products. Consumption
of chicken is growing, while that of pork and beef is de-
clining. It is worth agreeing with the researchers’ conclu-
sions on the need to introduce mechanisms for the de-
velopment of other livestock sectors, such as beef cattle
and pig production. The findings of O. Skydan et al. (2024)
are quite interesting for the methodology and practice of
post-war agricultural development in Ukraine. The re-
searchers’ model of a cybernetic management system in
the agricultural sector of the economy, aimed at gradually
increasing the production of high value-added products
and reducing the raw material export dominance in the
context of EU integration, should be supported.

N. Sansika er al. (2023) conducted a thorough inves-
tigation of the effects of economic globalisation on agri-
culture in the context of the dynamics of value added and
income levels of countries. The researchers employed a
multifactorial approach to determine the impact of eco-
nomic globalisation on the dynamics of value added in
agriculture, including production consumption of re-
sources, employment, exports, imports, exchange rates,
investment activity, etc. It is reasonable to agree with the
researchers’ conclusions that the priority influence on the
positive dynamics of value added in agriculture in devel-
oping countries is exerted by the level of employment, the
national currency exchange rate, and foreign investment.

The findings presented by T. Melembe et al. (2021) are
quite interesting for the development of a policy of post-
war optimisation of Ukraine’s agricultural sector in the
context of reducing the concentration of raw materials in
exports. The researchers found a correlation between the
level of profitability of grain and livestock farmers and the
degree of further processing of their products. It is worth
supporting the researchers’ research conclusions that ex-
tension policies, training, and information on value ad-
dition and agro-processing of raw materials can increase
the profitability and strengthen the food security of South
African farmers. S. Bonardi et al. (2021) studied and sys-
tematised EU food legislation on risk reduction and quali-
ty assurance requirements for meat, particularly pork. The
researchers emphasised the need to further increase the
requirements for meat products imported to the Europe-
an market. It was proposed to increase the transparency
of forward and backward communication in the pork pro-
duction chain.

P. Greenwood (2021) focused on assessing beef pro-
duction in countries around the world. The researcher
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argues that sustainable beef production requires high ef-
ficiency and productivity on the farm, as well as efficient
value chains, which is required by the target market. It was
emphasised that technological digitalisation would help
to increase the productivity and efficiency of beef produc-
tion. It accelerates the flow of information about the envi-
ronment and cattle productivity and can improve the set
of performance indicators in the beef industry.

Understandably, production processes in beef cattle
and pig production involve certain technological costs,
but the process itself gives the product additional con-
sumer qualities and increases the price of the product
(Bondarenko et al., 2023). The primary factors that deter-
mine the value added are the processing of raw materi-
als, the structure of the product range, and the quality of
the product. At the same time, the creation of added value
in such production chains as ‘grain — cattle - meat’ and
‘grain — pigs — meat’ should become a promising area for
the post-war restructuring of Ukraine’s agrarian economy.

Thus, the reorientation of Ukrainian agriculture
from total grain exports to the expansion of the internal
market for beef cattle and pig products is an extremely
promising area for post-war economic recovery. There-
with, the dynamics of global beef and pork prices create
real opportunities to generate added value not only do-
mestically but also to increase the corresponding export
flows. However, the effective development of beef cattle
and pig farming requires government support and logis-
tical expansion of sales markets.

For example, the European markets are attractive due
to their proximity, favourable pricing policies, and the
long-standing experience of cooperation. However, the
integration path to the European consumer is becoming
increasingly challenging for Ukrainian agricultural prod-
ucts. The EU government pursues a tough protectionist
policy to safeguard its producers. This is a consistent prac-
tice of introducing quota restrictions, expanding the list
of environmental and phytosanitary requirements, and
tightening European standards not only for the quality
of finished products but also for the entire technological
chain of their production (cultivation).

Therefore, the European market for Ukrainian beef
and pork has limited prospects (Matviichuk et al, 2024).
Based on the statistics of consumption of different types
of meat in European countries according to V. Budziak &
O. Budziak (2024), it is advisable to choose countries with
the lowest consumption of beef and pork meat per cap-
ita for logistical export targets. For example, the markets
of such countries as Moldova, Romania, Bulgaria, Latvia,
Lithuania, and Slovakia, where beef consumption per cap-
ita does not exceed 6 kg per year, may be quite accessible
to Ukrainian beef producers. For promising pork export
destinations, Ukraine can focus on such countries as Al-
bania, Bosnia and Herzegovina, North Macedonia, and
Greece. These countries have the lowest pork consump-
tion in Europe — up to 15 kg per person. Outside of Europe,
the most promising markets are typically the Middle East
(Saudi Arabia, the United Arab Emirates, Turkey, and Chi-
na). It is also necessary to search for and cover new mar-
kets, which could potentially be the countries of Southeast
Asia — Thailand, Malaysia, Indonesia, Singapore, the Phil-
ippines, Vietnam, and others.




The conducted study correlates with the princi-
pal perspective scenarios contained in the Resolution
of the Cabinet of Ministers of Ukraine No. 76-p (2025).
The implementation of this programme is aimed at en-
suring the progressive development of Ukraine’s live-
stock sector and expanding the use of crop products
(including grain) to increase beef and pork production
as high value-added products. The result of the conduct-
ed study is the development and practical testing of a
methodical calculation and design algorithm for post-
war optimisation of the grain market of Ukraine, which,
unlike the existing ones, comprehensively covers fore-
casting the parameters of expansion of the markets for
beef cattle and pig products, determining indicators of
reducing the export burden of the structural components
of the grain market and parameters for increasing export
earnings and added value. The conducted study is valu-
able for government agencies in strategic planning and
forecasting the parameters of increasing the efficiency of
grain production and livestock development as priority
areas of economic growth in the agricultural sector of
Ukraine in the post-war period.

» Conclusions
The study found that a stable trend in Ukrainian agricul-
tural exports is a high concentration of raw materials rath-
er than finished food products. The share of raw agricul-
tural products is 85%, while exports of processed products
do not exceed 15%. In the overall structure of Ukrainian
exports, the share of grain exceeds 23%. The increase in
grain exports from Ukraine creates problems for European
farmers. Therewith, export earnings from meat sales con-
tinue to be insignificant at 3-4%. Between 1990 and 2024,
beefand veal production decreased by almost 8 times, and
pork production by 2.3 times. It was found that the factual
consumption of beef and veal meat by the population is
almost 6 times lower than the rational norm, and pork -
1.5 times. The study showed that, under current trends,
the number of fattening calves could further decrease by
35% to 362 million heads by 2029, and the number of pigs
could decrease by 14% to 4.4 million heads.

The high concentration of raw materials in Ukraine’s
agricultural exports leads to significant annual losses in
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export revenues, potential jobs, and a decline in the coun-
try’s GDP. A possible scenario for increasing the level of
agricultural processing is to channel part of grain exports
into the production of livestock products, such as beef and
pork. The forecast benchmarks for increasing beef pro-
duction are to expand the capacity of the domestic market
to ensure that consumption by the population meets the
rational standard of 32.4 kg per person per year. Growth in
global pork consumption opens a corresponding market
niche for Ukrainian farmers, estimated at 2 million tonnes
of meat per year.

The total projected need for grain to produce the
specified volumes of beef and pork s 12.94 million tonnes
per year (wheat — 5.51 million tonnes, maize — 5.59 mil-
lion tonnes, barley — 1.84 million tonnes). Calculations
proved that the use of certain volumes of wheat, maize,
and barley to fatten animals for meat production rather
than for export will significantly reduce the export load
of the market: wheat — from 75% to 48.8%, maize — from
89% to 76.3%, barley — from 47% to 13.3%. Annual grain
exports are forecast to decline by 28.4% (from 45.6 mil-
lion tonnes to 32.6 million tonnes). The decline in grain
exports, with a corresponding possible increase in beef
and pork exports, will increase Ukraine’s export earnings
by 12.6% (from USD 9.5 billion to USD 10.7 billion). The
key result of the study lies in determining the amount
of added value that would be created by directing part
of grain exports to beef and pork production. The study
found that the gross domestic product of Ukraine could
increase by UAH 525.6 billion or USD 12.5 billion. Fur-
ther research will focus on determining the volume and
sources of financing for the transformation of grain ex-
ports into the development of livestock production and
grain processing.
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» AHoOTauia. Meroio mociigkeHHs OyJI0 OOrPYHTYBaHHs CIleHapir0 TpaHcdopMmailii 3epHOBOTO EKCIOPTY Y
PO3BHUTOK M’SICHOTO CKOTAapCTBa Ta CBMHAPCTBA, SK MPOAYKIII 3 BHCOKOIO JOJAHOIO BAapTICTIO i3 BigMOBiZHUM
BU3HAYEHHSAM IHIMKAaTUBHOIO IO3UTUBHOIO BIJIUBY HAa €KOHOMIKY YKpaiHU. Byl0 BHKOPHCTAHO Taki MeTOAM:
MNOpiBHAJBHOIO aHami3y, CTaTUCTUYHUM, TAaOIWYHUY, PO3PaxyHKOBO-KOHCTPYKTUBHUU, aOCTPAaKTHO-JIOTiYHUH,
a TaKo’K iHCTpPyMeHTapiil eKCTpamoJAlil TpeHIy. BcTaHOBJIEHO TeHJEHIII0 3pOCTaHHA KOHIEHTpalii CHPOBUHU
B arpapHoMy ekcrnopTi YkpaiHu — 85 %. HacTka 3epHa B 3arajJJbHOMY eKCIIOPTi NPOAYKIII cKjIano Maiske 25 %.
ITomanplile HapOIIyBaHHS 3epPHOBOTO EKCIIOPTY CTAaj0 IP06/eMOoI0 IJjisd BHYTPIIIHBOTO Ta 30BHIITHBOTO PUHKY.
Pa3oMm 3 THUM EKCIIOPTHI HAAXOIKEeHHs BiJ MPOJa’Ky M’'sica 3aJUIIMJINCS He3HAaYHUMH — 3-4 %, a BUPOOHUIITBO
AIJIOBUYMHU Ta CBUHIHU CTiKO CKOPOUYyeThCA. PaKTUYHe CIIOKUBAHHA HaceJIeHHAM M'sica AJIOBUYMHY Ta TeJIATUHU
Maif>ke B 6 pasiB HI)KYe 3a palioHaJIbHYy HOPMY, CBUHUHU — B 1,5 pasa. BuaHaueHo, 110 BUCOKa KOHIEHTpaIlid
CAPOBHMHHU B YKPAiHCBKOMY €KCIIOPTi arpapHoi IpOAyKIil IPU3BOAUTE J0 3HAYHMX IJOPIYHUX BTPAT €KCIIOPTHOI
BUPYYKY, MOTEHIIHHUX pobodmx Micmb Ta 3MeHImeHHA BBII kpainu. I[IporHO3HUMHU OpieHTHMpaMH IapaMeTpiB
30inpIIeHHs BUPOOHUIITBA SVIOBUYMHM 70 1 MJIH T, CBUHUHY — 0 2 MJIH T Ha pik. Bu3HaueHo 3arajbHy IPOTHO3HY
noTpeby B 3epHi JJIs1 BUPOOHUIITBA BU3HAUEHUX OOCSATIB ATOBUYMHY Ta CBUHUHU — 12,94 MJTH T Ha PiK (MIIEHUTT —
5,51 MJIH T, KyKypPYA34 — 5,59 MJIH T, AYMeHI0 — 1,84 MJIH T). Po3paxyHKaMu TOBEAEHO, 110 CIIPSIMyBaHHA BU3HAUYEHUX
00cAriB MieHUI, KYKypyA3u Ta AYMEHI0 He Ha eKCIOPT, a Ha BiJroAiBJIIO0 TBapHUH [Jisl BUPOOHULITBA M SICHOI
MIPOAYKIIil, CIpusTHMe 30iTbIIIeHHIO eKCIIOPTHUX HAAXOMKEHb B YKpaiHy Ha 12,6 % (abo Ha 1,23 mupn moa CIIA
Ha pik). Buanaueno, mo BBII Vkpainu mMoske 3pocTtu Ha 525,6 Mupn rpH. abo 12,5 mupn most CHIA. ITpakTuyHi
pe3yJabTaTH IOCJiIKEeHHSI HO3BOJSIOTH 0O'€KTMBHO OIiIHUTH CIieHapill TpaHcdopMmarii CTPYKTypH 3epHOBOTO
PUHKY i3 BiiNOBinHNM BU3HAUYeHHAM IMPOrHO3HUX ITapaMeTpiB 36i/bIIeHHS eKCIOPTHUX HAAXOIKeHb Ta J0JaHOl
BapTOCTi /11 eKOHOMIKH YKpaiHH, 10 Moske OyTH KOPUCHUM JIJIs1 yPAJ0BUX OPraHiB IpU IPOTHO3yBaHHI HaNpsAMiB
IIOBOEHHOI'0 BiJJTHOBJIEHHS arpapHOIro CEKTOPY KpaiHu

> Kno4oBi cnoBa: 3epHOBUI PUHOK; CHPOBHHHUI €KCIIOPT; iIMIIOPTO3aJIesKHICTh; IIPOLYKIisi M'ICHOI'O CKOTapCTBa
Ta CBUHAPCTBA; I0flaHa BapTiCTh; EKOHOMIYHUY edeKT
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» Abstract. This article studied the peculiarities of integrating innovative technologies into poultry farming and
meat livestock farming — essential elements of the Ukrainian food market. The goal was accomplished through the
contextual analysis of industry reports, examination of the European legislation, and assessment of the Ukrainian
poultry and meat production segments in terms of the Food Demand Index, Food Supply Index, and Regional Trade
Development Index. Despite the military time turbulence, the Ukrainian meat production industry stood resilient
and demonstrated potential for sustainable development, with poultry accounting for 56.3% of the total segment.
However, integration of the Ukrainian meat production into the European segment remained modest, despite
38,481 TRACES NT certificates obtained: in 2024, the share of poultry exports decreased by 37.2% compared to
2023. The econometric analysis revealed a statistically significant relationship between innovation and output in
the national meat production segment, with 66.4% variations in annual poultry and beef consumption attributed to
innovative technologies. Connection was also discovered between the use of innovative technologies and reduced
production cost, as well as between innovative approaches and an adherence to sustainable development practices.
The integration of innovative technologies was not uniform throughout the country: the central regions of Kyiv and
Vinnytsia had the highest innovation rankings, with the potential of receiving integral index values of up to 8.13. It was
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further discovered that the use of technologies could facilitate rational allocation of resources: one robot can serve
up to 70 animals, hence, free human resources to address more technological tasks. The obtained findings could be
used to increase performance effectiveness, enhance competitiveness, and support sustainable development of the

Ukrainian food market

» Keywords: innovative technologies; cattle breeding industry; econometric dependence; supply chain; fuzzy

modelling

» Introduction

Military operations in Ukraine and limited access of
Ukrainian producers to resources have a negative impact
on the production of agricultural products in all regions
of the country and might trigger a range of food securi-
ty issues. Moreover, the threat remains relevant to all
segments of the national agricultural sector, including
poultry farming and meat livestock farming. The existing
threat might be reduced through the introduction of in-
novative solutions to the Ukrainian food market with an
aim to allocate resources, cut costs, restructure logistics
chains, and maintain sustainable development. Never-
theless, integration of technology into specific food mar-
ket segments remains an under-researched issue, which
indicates relevance of the selected topic.

Z. Hussain et al. (2025) acknowledged that the glob-
al food market has undergone major transformations to
meet evolving customer preferences and growing demand
for sustainable development. The authors further stressed
that the growing use of technology has become an integral
element of this change process and pointed to a range of
technological advances in the field. The study of S. Kima-
ni (2024) stressed the relationship between the integration
of innovation in specific sectors, including crop breeding,
enhanced productivity, and food availability. Consider-
ing this relationship, the researcher concluded that in-
novative development might become the key to fighting
food insecurity in some areas, for example, Sub-Saharan
Africa. K. Malec et al. (2024) discovered that investments
in agricultural innovation preconditioned an increase in
food security. Similar to Z. Hussain et al. (2025), the au-
thors asserted the relationship between innovations and
food security was moderated by the productivity growth.
E.D. Farsani et al. (2024) examined 36 academic sources
and detected eight factors preconditioning innovation in
agriculture — human capital, research, institutional frame-
works, market sophistication, infrastructure, knowledge
and technology outputs, and creative and innovative en-
deavours. The cited sources emphasised the role of in-
novation in sustainable development of the agricultural
sector and solution of pressing socio-economic problems.

Several studies, including the research of J.N. Oc-
ran (2025) underlined the significance of innovation for
poultry and meat livestock farming. The cited researcher,
in particular, studied the use of artificial intelligence (AI)
tools in livestock and poultry production. The author con-
cluded that Al tools transformed traditional animal hus-
bandry practices by improving animal welfare, enhancing
performance efficiency, and supporting animal farms’ sus-
tainability. S. Wongtangtintharn et al. (2025) stressed that
the use of innovative approaches and tools might facilitate
the effective integration of certain national agricultural
segments, for instance, Thai, into the global food market.

The experts argued such integration was possible due to
the use of innovative technologies, like precision-farming
and Al-driven systems, to support strategic decision-mak-
ing and ensure alignment with international food market
standards. V. Beck et al. (2024) examined the role of inno-
vative technologies in transforming livestock and meat
value chains. The authors argued that innovative tools, for
example, big data analytics, enhanced value chains’ effi-
ciency through product variation and horizontal diversifi-
cation. R.B. Bist et al. (2024) stressed the significance of in-
novative technologies for promoting poultry welfare and
increasing the segment’s competitiveness. The cited ex-
perts argued that these goals were accomplished through
the integration of technology into resource allocation,
nutrient recycling and promotion of climate-smart agri-
cultural practices. C. Krampe et al. (2024) assessed the role
of innovative technologies through a comparative analysis
of 367 pig and dairy farmers in three European countries —
Finland, the Netherlands, and Spain. Based on collected
data, those researchers concluded that farmers used in-
novative technologies, including digital tools, to manage
their data, monitor farm animals, and share information
with value-chain actors to optimise business innovation
and certification. The collected evidence suggested that
the integration of innovative technologies into strategic
planning and business management processes can trans-
form poultry and meat livestock farming to enhance the
segment’s performance and increase its competitiveness
(Taishykov et al., 2025).

Despite sufficient research in the field, specific na-
tional contexts, including Ukrainian remain a relatively
unexplored terrain. Little was known about maintaining
innovative development of poultry and meat livestock
farming under the martial law and associated limitations.
Considering the detected gap, this paper studied the pe-
culiarities of activating innovation in Ukrainian poultry
and meat livestock farming. The goal was accomplished
through examining the factors shaping the integration of
innovative tools in the selected segments, assessing hin-
drances to the integration process, and proposing strate-
gies to overcome them.

» Materials and methods

This research relied on the data of 2021-2024 retrieved
from the industry reports of the OECD-FAO Agricul-
tural Outlook 2024-2033 (2024), State Statistics Service
of Ukraine (2024), Data browser (n.d.), Statistics (n.d.).
Also, it was analysed data from sources M. Bogonos et
al. (2024), V. Afanasyev et al. (2024), 1. Guzhva (2025).
The data was used to assess the state of poultry and
meat livestock farming in the Ukrainian regions: Dni-
propetrovsk, Kyiv, Kirovohrad, Mykolaiv, Odesa, Kharkiyv,

Ekonomika APK. 2025. Vol. 32, No. 4




@ Activation of innovative development of poultry farming and meat livestock farming...

Vinnytsia, Volyn, Zhytomyr, Lviv, Poltava, Rivne, Sumy,
Ternopil, Khmelnytskyi, Cherkasy, Chernivtsi, Chernihiv,
Zakarpattia, and Ivano-Frankivsk. In addition to indus-
try reports, the following pieces of European legislation
were examined: Commission Delegated Regulation (EU)
No. 2021/1374 (2021), Regulation (EU) of the European
Parliament and of the Council No. 2022/870 (2022), Com-
mission Delegated Regulation (EU) No. 2023/2652 (2023).

The data from Yu. Lupenko et al. (2021), T. Nakelse &
E. Dennis (2024), and J. Rittirong et al. (2024) was used to
create a system of indicators to assess innovative develop-
ment of the poultry and meat livestock industries in the
food market: food demand index (I,,)) — characterised
the level of meeting consumer needs in poultry and meat
livestock products, provided that the financial activity of
agribusiness entities increased and capital was invested in
innovative technologies; food Supply Index (I ) — char-
acterised the level of production capabilities and the de-
gree of market saturation with poultry and meat livestock
products, its competitive positions in production and sale
using innovative technologies, in time space; Regional
Trade Development Index (I, ,,.) — determined opportu-
nities for the sale of poultry and meat livestock products
produced and sold using innovative technologies through
trade networks, provided an opportunity for producers to
reduce sales costs due to the volume of product batches.
When forming a dependence between the indicators, a
mathematical equation was determined to find the inte-
gral indicator of innovative development of the poultry
and meat livestock industries in the food market (I )

reg.marke

In —
Ireg.market =V X 11’1 + Uiz X 1i2+- . +Uin X Iin,

or L%y markee = UNay + UNaj,+... +UNay,, €))

where v,, v,, v,, — the weight of each i-th indicator of in-
novative development of the poultry and meat livestock
industries in the food market; I, I,,, I,,— indicators of inno-
vative development of the poultry and meat livestock in-
dustries in the food market; UNa;,, Na,, UNa,, - weighted
normalised assessment of each individual i-th indicator of
innovative development of the poultry and meat livestock
industries in the food market. Whereas, UNa,, was calcu-
lated by the formula:

UNa,,= Na,,x v,,, (2)

where Na,, - normalised estimate per person of the i-th
indicator of innovative development of the poultry and
meat livestock industries in the food market. In this case,
(Na,,) was calculated by the formula:
I;nX10

N Ain = m , 3)
where I,, — indicator per capita of the i-th indicator of in-
novative development of the poultry and meat livestock in-
dustries in the food market; Na,, — the maximum indicator
per capita of the i-th indicator of innovative development
of the poultry and meat livestock industries in the food
market, which was found empirically through a compari-
son of all indicators of the i-th indicator in a specific region.
To determine the mathematical dependence between the
indicators, correlation-regression analysis was used:

T (=) (yi=y)

T e s o

(4)
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The correlation coefficient ranged from -1<rto <+1
indicating statistically significant negative and statistical-
ly significant positive correlation, respectively. The formu-
la was used to calculate the correlation between the trade
development indicator and the demand indicator, as well
as between the demand indicator and the supply indica-
tor. If the obtained results showed a close correlation be-
tween the indicators, then the importance of these indica-
tors was determined:

Ti

Vi Q)
where v, — the weight of the i-th indicator of the innovative
industries of poultry farming and meat cattle breeding in
the food market; r, - the correlation of the i-th indicator of
the innovative industries of poultry farming and meat cattle
breeding in the food market; r;+ 1, + ... + r, — the sum of the
possible calculated correlations. The logarithmic function
was used to assess the structure of the poultry meat food
supply in Europe in 2021-2024; compare the structure of
food supply of poultry and beef in the Ukrainian, European,
and global markets; detect the econometric relationship be-
tween the trade development indicator and the food supply
indicator of the Ukrainian meat market since 2021:

y=a-In(x) +b, (6)

where In(x) — natural logarithm (logarithm base a); a — co-
efficient controlling the steepness, and b - y-intercept.

The forecast assessment of the integral index was car-
ried out on the basis of accounting data and non-financial
reporting on the signs of a stable state of innovative devel-
opment of entities in the poultry farming and meat cattle
breeding industries considering a sufficient retrospective
of indicators for constructing fuzzy-multiple parameters
by weight indicators not as a fuzzy logic by a sample of
factors, but as a convolution of the current levels of these
factors in the interval from 0 to 1, taking into account sta-
bility states. In the reverse order, the sign of the crisis of
innovative development of industries changes (very low,
low, medium, high and very high). The fuzzy set method-
ology was described using the composition of individual
indicators X = {X;}, which most closely corresponded to the
assessment objectives: X, — innovation autonomy coeffi-
cient; X, — innovation provision coefficient with own funds;
X, — intermediate innovation coefficient; X, — innovation
coefficient by cash flows; X, — innovation turnover in the
operating cycle; X, — profitability of operating activities. Ba-
sic sets were introduced, which were explained as follows:
a) a complete set of states Q, by industry entities; b) a set Q,
oflevels of the crisis of innovative development W;; ¢) for an
arbitrarily separate indicator X a set of its values P,.

A universal factor for the variables q, p and w was the
interval from 0 to 1, and the factor of the values involved
the sets Q=1{Q,, Q,, Q,, Q,, Q}, P={P, P,, P,, P, P.} and
w={W,, W,, W,, W,, W} respectively. The sets of the lin-
guistic variable “State of innovative development of the
subject of the industry” were divided into five fuzzy sub-
sets that will intersect. These subsets had the following
form (four corner points of the trapezoid): Q,=(0; 0; a;; a,);

,=(a; ay a5 a); Qu=(ay a,; a5 a)); Q= (a5 ag a, ay);
Q; = (a;; a, 0; 0). Each subset had its own membership
function pu(X), with trapezoidal membership functions be-
ing the most commonly used in this case. The one-to-one




correspondence of the linguistic variables “State of inno-
vative development of the subject of the industry” and
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“Sign of the crisis of the innovative development of the
subject of the industry” was given in Table 1.

Table 1. Correspondence of linguistic variables Q, and W,

Value of the variable Q, - Value of the variable W, - “Sign of crisis
“State of innovative development of the industry entity” of innovative development of the industry entity”
Unstable boundary (Q,) Highest (W)
Low stability state (Q,) High (W,)
Medium stability state (Q,) Average (W,)
Sufficient stability state (Q,) Low (W,)
Very stable boundary (Q,) Very low (W,)

Source: based on The European Union officially abolished tariffs on Ukrainian goods (2022), E.S. Aljohani et al. (2024),

K.M. Kang et al. (2024)

The method of the fuzzy-multiple approach took
into account the relationship between the forecast of the
steady state of innovative development of the poultry and
meat livestock industries with their probabilistic crisis,
and the developed model was characterised by flexibility
and adaptability to changing environmental conditions,
where it was possible to rank the regions of the country by
the value of the integral index.

» Results

The production of poultry and meat products is one of
the leading areas in solving the food security problems
and providing the population of Ukraine with high-qual-
ity dietary protein. Based on the analysis of trends in the
Ukrainian and European food markets since 2021, it was

Share of meat food supply in Ukraine to world level, % =
Share of meat food supply from Ukraine to the EU, %
Share of world meat supply in the EU, %

important to timely determine the vector of the poultry
and meat industries’ revival. First, even in European coun-
tries, producers need to focus on the demand of various
population groups with different income levels, including
low ones. Second, certain trends have been identified in
the dynamics and structure of the global meat consump-
tion towards an increase in the share of poultry meat. This
has had a particularly noticeable impact on the structure
of meat consumption in the European countries. Third, in
non-European countries, the share of cheaper meat pro-
duction was increasing, namely poultry and pork meat
have an advantage, and the most expensive was cattle meat
(Diachenko, 2020). The historical overview of the meat
market emergence, development, and major actors was
shown in Figure 1.

2024
m 2022

2023
2021

Share of world meat supply in Brazil, % m—m \ y =-8,544In(x) + 20,604

Share of world meat supply in China, %
Share of world meat supply in the USA, %

0 10 20 30

Figure 1. Share of meat food supply in the EU and Ukraine from the world level for 2021-2024
Source: based on OECD-FAO Agricultural Outlook 2024-2033 (2024), State Statistics Service of Ukraine (2024), P. Pyvovar

& 0. Rozhkov (n.d.)

The provided figure suggested that 26.5% of the global
meat supply was contributed by China, while 16.6% were
due to the USA - these two countries have been obtaining
the largest shares of the world meat supply since 2021. In
the analysed period, Ukraine’s contribution to the global
food market remained relatively low, but showed minor
fluctuations; as for the country’s share in the European food
market, it was identified as modest. A logarithmic trend line
suggested a gradual decline in Ukraine’s relative share over
the observed period, reflecting ongoing challenges amid
external pressures, including economic crisis and function-
ing in wartime mode. The structure of the food supply of
poultry meat in Ukraine differed from the EU countries. As
seen from Figure 2, Ukraine has a significantly higher share
in poultry (50.8%) compared to the EU (30.5%) and the
global average. However, Ukraine’s beef supply share of 16%
lags slightly behind the European (16.5%) and the world av-
erage. Logarithmic trend lines showed a steeper upward

trend for Ukraine in poultry production, suggesting accel-
erated growth in this segment. Based on the figure, Ukraine
specialised in poultry, while beef production remained
more aligned with broader regional and global patterns.

y=50,206In(x) + 16 50.8

Poultry, % =20,198In(x) + 165 ,30.5
Ukraine
16
Beef, % 6.5 EU Countries
I = World
0 10 20 30 40 50 60

Figure 2. Structure of food supply of poultry and beef in
the markets of Europe and Ukraine in 2024
Source: based on the OECD-FAO Agricultural Outlook

2024-2033 (2024), P. Pyvovar & O. Rozhkov (n.d.)
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The growing Ukrainian share in the global poultry
meat supply has become possible due to changes in the EU
legislation, according to which batches of poultry and beef
intended for human consumption can be imported into
the EU only from enterprises approved by the State Food
and Consumer Protection Service. As a part of its European
integration strategy, Ukraine has switched in 2024 to using
TRACES NT - the online platform of the European Com-
mission for certification and support of export, import,
and transit of animals, products of animal and plant origin,
food, feed — which has significantly simplified the formal
procedures for the export and transit of food products to
the EU territory, when crossing the state border (The right
to export livestock products to the EU..., 2025). As of 2023,
specialists of the territorial bodies of the State Service for
Food Safety and Consumer Protection were able to issue 20
types of certificates in TRACES NT, which allowed signifi-
cantly shortening the issuance procedures and reducing the
burden on exporters (Trusova et al., 2023). In 2024, 38,481
certificates were issued using TRACES NT for goods sent
to or through the EU territory, including 18,649 certificates
for import into the EU, and 19,832 certificates for transit.

Commission Delegated Regulation (EU) No. 2021/1374
(2021) laying down specific hygiene requirements for food
of animal origin provided for new possibilities adapted to
the 2025 and to address the identified problems regarding
the sale of poultry and meat products on the food market.
Among other aspects, the main changes were relevant to
the following aspects: the meat of ungulates criteria was
introduced to avoid possible problems during transporta-
tion, regulating the slaughter of a small number of animals
on the farm; “approval of a veterinarian” was replaced by
“official veterinarian”; the food donation requirements
were established for the freezing of meat of ungulates,
poultry and lagomorphs in retail trade if they were intend-
ed for donation.

Regulation (EU) of the European Parliament and of
the Council No. 2022/870 (2022) had supplemented the
opportunities available to Ukrainian exporters under the
Association Agreement between Ukraine and the EU. This
decision, among other things, suspended all tariff quotas
for agricultural products, which had become an incen-
tive for Ukrainian producers. The liberalisation of trade
relations, in turn, implied that Ukraine will comply with

European rules: the origin of goods and relevant proce-
dures within the framework of the Association Agreement,
refraining from any new restrictions on imports from the
EU, Ukraine’s respect for democratic principles, human
rights and fundamental freedoms, the rule of law, and the
fight against corruption. These new rules will help Ukrain-
ian producers and exporters withstand the burden of war
and strengthen their positions on the European market.

As explained by Yu. Lupenko et al. (2021), the poul-
try and meat livestock industries of Ukraine, despite the
instability of innovative activity, were trying to integrate
advanced developments and adapt them to their own
production. J. Rittirong et al. (2024) suggested that the em-
phasis was on the use of innovative and energy-renewable
technologies utilising solar energy, wind energy, biogas
plants, rational and efficient use of feed and improving its
quality, the introduction of energy-saving and intensive
technologies, modernisation, technical re-equipment and
automation of the feeding process. Researchers T. Katkova
&Y. Kravchik (2022) noted about the impact of the intro-
duction of digital technologies at enterprises on produc-
tion efficiency. Strategic task in the field of animal sciences
involved the creation of intelligent farms, where the feed-
ing processes and livestock management were combined.
In meat livestock, an essential example and one of the
basic concepts of Smart Farm involved the use of robotic
animal feeding boxes, which encompassed the principles
of building a balanced farm and fit the environmental re-
quirements of safe production. The main working element
of the robotic feeding system was a multifunctional ma-
nipulator, designed according to the principle of a human
hand, which ensured the feeding process, regardless of the
various shapes and locations of feed objects; for example,
one robot was capable of serving an average of up to 70
animals (Ibatullin ef al, 2022). The mentioned approach
allowed for equally effective control of many other tech-
nological factors in both large and small farms with an
aim of enhancing animal productivity. Despite the mar-
tial law-related limitations, the introduction of innovative
technologies in the beef cattle breeding segment precon-
ditions an increase in the supply of products to the food
market. This was evidenced by the data on the grouping
of regions by the number of cattle per 100 hectares of agri-
cultural land (Table 2).

Table 2. The impact of the density of livestock in beef cattle breeding
on the volume of food supply of beef produced using innovative technologies in 2024

Group of regions by number of livestock
. of meat cattle per 100 hectares of agricultural land
Indicators I T 11 Total
to 10 10.1-20 20.1 and more

Number of regions in the group 8 10 2 20

Average livestock density by group, head 6.7 13.5 30.6 10.1
Food supply of beef using
innovative technologies per capita, kg 56 126 157 8.8
Food supply of beef using innovative technologies

per 100 hectares of agricultural land, kg 6.7 13 46.1 102

Beef consumption per capita, kg 7.2 10.8 11.1 8.1

Note: group I regions: Dnipropetrovsk, Kyiv, Kirovohrad, Mykolaiv, Odesa, Kharkiv; group II regions: Vinnytsia, Volyn,
Zhytomyr, Lviv, Poltava, Rivne, Sumy, Ternopil, Khmelnytskyi, Cherkasy, Chernivtsi, Chernihiv; group III regions:

Zakarpattia, Ivano-Frankivsk

Source: based on Organisation for Economic Co-operation and Development (2024), M. Bogonos et al. (2024)
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According to the Table 2, for every 1% increase in beef
cattle density, the food supply of beef produced with inno-
vative technologies grows by 0.7% per person and by 0.9%
per unit of land area. It was discovered that an enhance-
ment in the livestock contributes to a statistically signifi-
cant increase in the use of organic fertilisers, improvement
of soil fertility and obtaining environmentally friendly
agricultural raw materials. Thus, with an increase in the
density of beef cattle per 100 hectares of agricultural land
from 6.7 to 30.6 heads, the manure yield per 1 hectare of
arable land increases by 7.8 times, respectively. Therefore,
in regions, where livestock density was low — fewer than 10
heads per 100 hectares of agricultural land (specifically 6.7
heads) — there was a need to implement innovative meas-
ures to boost meat production and strengthen the country’s
food potential. The production of poultry meat was among
the essential components contributing to the meat market
supply in Europe. Commercial value was mainly represent-
ed by chickens, turkeys, ducks, or geese. Chickens have
became the most widespread among domestic birds in Eu-
rope; the share of their meat has exceeded 85% of the total
poultry meat production for more than 20 years (Fig. 3).

7.5 2024
Turkeys, % . Z}53 2023
. y = -57,35In(x) + 70,568 2022
3.1
Geese, % %3 2021
5
Ducks, % B g%
84.4
Chickens, % ggg’
| | | | |
-20 0 20 40 60 80 100

Figure 3. Structure of poultry meat food supply
in Europe for 2021-2024
Source: based on Statistics (n.d.), State Statistics Service of
Ukraine (2024), Data browser (2024)

The Figure 3 suggested that chicken meat production
had remained the main segment of the European poultry
meat supply chain. However, there was noticed a slight de-
crease in the share of this particular segment of the Euro-
pean poultry meat market - from 85.3% in 2021 to 84.4% in
2024. Decrease was also seen in the production of turkey
meat — from 8.3% to 7.5%. However, upward trends were
identified in the production of duck and goose meat —
from 3.7% in 2021 to 5% in 2024 and from 2.7% in 2021
to 3.1% in 2024, respectively. Therefore, it was concluded
that the European poultry meat supply had undergone
some changes since 2021.

As of 2024, the poultry meat market in Ukraine re-
mained among the key segments of the agricultural sec-
tor (State Statistics Service of Ukraine, 2024). Although
the Russian military aggression against Ukraine had sig-
nificantly affected the industry, especially in areas with
major production facilities, most large producers could
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resume operations, and the market was gradually stabilis-
ing. The poultry meat market was showing positive chang-
es by adapting to new conditions, in particular, through
support from state and international programmes con-
tributing to the restoration of the agricultural sector. The
Ukrainian products were in demand in foreign markets,
in particular in the EU and the Middle East, which add-
ed opportunities for export. However, the share of exports
in total production decreased to 37.2% in 2024 compared
to 2023 (Afanasyev et al., 2024). Considering the structure
of meat production in Ukraine using modern innovative
technologies, the largest share (56.3%) fell on the poultry
industry (BDO in Ukraine on poultry farming..., 2024).
However, during military operations, poultry farms in re-
gions, where innovations were actively implemented and
production had increased still experienced negative im-
pacts on their efficiency (Fig. 4).

Food supply, %
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Figure 4. Efficiency of food supply in the poultry industry
of Ukraine by innovative technologies in 2021-2024
Source: based on BDO in Ukraine on poultry farming:
Market status, forecasts and opportunities for

export (2024), V. Afanasyev et al. (2024)

Logistics in the poultry industry since February
24, 2022 has faced challenges due to the disruption of tra-
ditional transport routes, in particular in the South and
East of Ukraine. At the same time, Ukrainian producers
were actively using western border crossings and alter-
native routes through European countries, which allowed
maintaining stability in the supply of products. However,
poultry meat prices in Ukraine remained below the world
level, which helped maintaining demand in both domes-
tic and foreign markets. To a large extent, the formation
of meat prices was influenced by the ratio of supply and
demand for it and the solvency of the population. In 2021-
2024, average prices across all sales channels changed sig-
nificantly - to USD 1,578 per ton of poultry meat in live
weight, or 2.1 times compared to 2021. Poultry meat sales
prices by region of Ukraine were presented in Figure 5.
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Figure 5. Selling price of 1 ton of poultry meat for 2021-2024
Source: based on BDO in Ukraine on poultry farming: Market status, forecasts and opportunities for export (2024),
Organisation for Economic Co-operation and Development (2024), M. Bogonos et al. (2024)

Innovative technologies in the poultry industry con-
tinued to develop, despite safety challenges and economic
hurdles. Large enterprises tend to modernise equipment,
optimise production processes, and introduce new ap-
proaches and tools, including automation, to increase
efficiency and reduce costs (Samoichuk et al, 2016). One
example suggested that work on poultry farms was a la-
bour-intensive and monotonous process, which involved
cleaning and disinfection, egg collection, and other oper-
ations, and that can be intensified and automated with the
help ofrobots (Sychov et al., 2024). The use of robots allowed

cleaning and disinfecting poultry houses and created a
map indicating the places, where the work is or was being
performed. A constantly moving robot encouraged birds to
move and teaches chickens not to lay eggs on the floor. In
addition, the robot worked autonomously, constantly emits
light and, if necessary, produced sounds or music. Another
important aspect was the movement towards biosecurity
of the farm, as human contact with birds was reduced. The
econometric dependence of the innovative development
indicators of the poultry and meat livestock industries in
Ukraine was determined (Table 3).

Table 3. Data for determining the econometric dependence between the indicators
of innovative development of the poultry and meat livestock industries of Ukraine

Volume of retail Volume of food Volume of food
turnover of poult Wil il supply of poult supply of beef
Years | and beefb branl(‘iy of consumption of consumption b ixsllnovativery b im)l’ovative
technologi)(;s, USD thgflggll(lltg'n s th osngsf{ ons tg’chnologies, tg,chnologies,
thousand thousand tons thousand tons
2021 148,301 2,112 1,874 2,517.8 2,047.8
2022 155,528 2,184 2,074 2,762.8 2,298.5
2023 246,604 2,178 2,178 2,809.4 2,244.7
2024 198,227 2,070 2,277 2,747 2,369.4

Source: based on M. Bogonos et al. (2024), T. Nakelse & E. Dennis (2024), Organisation for Economic Co-operation and

Development (2024)

The econometric dependence and consequences of
the correlations between the trade development indicator
and the demand indicator were demonstrated in Figure 6.
The graph illustrated a statistically significant relationship,
suggesting that shifts in demand were closely associated

4000
3500
3000
2500
2000
1500
1000
500
0

thousand tons

0 1 2 3 4 5

y=101,43x+2,092.3

with changes in trade dynamics. This correlation implied
that an increase in consumer or market demand may serve
as a driving force behind trade expansion. Understanding
this interdependence helped to better predict economic
outcomes and formulate responsive trade policies.

Volume of food supply of poultry
meat by innovative technologies,
thousand tons

m Volume of food supply of beef
meat by innovative technologies,
thousand tons

6 7

Figure 6. Econometric relationship between the trade development indicator
and the food supply indicator of poultry and beef in Ukraine on average for 2021-2024
Source: based on P. Pyvovar & O. Rozhkov (n.d.), M. Bogonos et al. (2024)
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The econometric dependence and effects of the cor-
relations between the demand indicator and the supply
indicator were demonstrated in Figure 7. The figure re-
vealed a clear interrelationship, where changes in demand
were closely mirrored by adjustments in supply levels.
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This suggested a dynamic equilibrium mechanism, in
which supply responds to demand fluctuations over time.
Such patterns were essential for understanding market
stability and forecasting future trends in production and
consumption.

Poultry meat consumption,
thousand tons

m Beef meat consumption,
thousand tons
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Figure 7. Econometric relationship between the demand indicator and the food supply indicator
for poultry and beef in the markets of Ukraine on average for 2021-2024
Source: based on V. Afanasyev et al. (2024), P. Pyvovar & O. Rozhkov (n.d.), M. Bogonos et al. (2024)

At the same time, linear variables of poultry and beef
consumption volume changed the annual production vol-
ume of products through the use of innovative technolo-
gies by 42.9%, respectively. The econometric dependence

300000+
a 250000
22]
= 200000~
=
£ 150000~
g 100000
S 50000~

y=22,763x + 13,455

and consequences of correlations between the food sup-
ply indicator and the trade development indicator (retail
turnover of poultry and beef by brand technologies in
2021-2024) were shown in Figure 8.

¢ Volume of retail turnover
of poultry and beef by brand
technologies, thousand USD
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Figure 8. Econometric relationship between the food supply indicator and the trade development indicator in the
poultry and beef market in Ukraine on average for 2021-2024
Source: based on Statistics (n.d.), V. Afanasyev et al. (2024), State Statistics Service of Ukraine (2024)

The linear regression model indicated that variations
in poultry and beef consumption volumes explain 66.4%
of the variance in annual meat production levels based on
innovative technologies (R?=0.664). The weight of each in-
dicator of innovative development of the poultry and beef
industries in the food markets of poultry and beef (v) will
be as follows:

0.45 0.66 0.82
Ureg.trade = E = 023, Vdem = 1—93 = 034, voffer E =0.42 y (7)

2r=0.45+0.66 4+ 0.82 = 1.93. 8)

The calculation of each individual indicator of in-
novative development of the poultry and beef industries
in the food markets of poultry and beef, on average per
person, allows determining the reference region for each
indicator, namely:

1. v,,,, max =30.2 kg — Dnipropetrovsk region (South-
ern region) ~10 points.

2. v, max=298.58 kg - Vinnytsia region (Central re-
gion) ~10 points.

3. VrgirageMax = 14294.37 thousands USD - Kyiv region
and Kyiv city (Central region) ~10 points.

The mathematical expression for calculating the nor-
malised score of each of the three indicators for the i-th

region will be calculated as follows:

. 1t %10 : L ¢ erX10
i _ _‘dem . i __ ‘offer .
Nagem = =305 Naosrer = 50855
i I x10
i — Ired.trade
Nareg.trade - 14,29437 ° (9)

The calculation of the weighted normalised score of
each of the three indicators for the i-th region will be as
follows:

UN@bem = Naben X 0.34 UNalprer = Nabppe, X 0.42;

UNaf‘eg.trade = Nai’eg.trade % 0.23. (10)

Taking into account the previous calculations, a math-
ematical model of an integral indicator of innovative devel-
opment of the poultry and meat livestock industries in the

food markets of poultry and beef has been formed:

I}i2MD =X UNatiiem + UNati)ffer + UNaf‘eg.trade’ (1D

where —separate i-th region in the food market of poultry
and beef in the country.

The calculation of the integral index of innovative de-
velopment in the poultry and meat livestock industries
among the food markets of the Central, Northern, Southern
and Western regions of Ukraine was shown in Figure 9.
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Figure 9. Integral index of innovative development of poultry farming and meat cattle breeding industries
among the Central, Northern, Southern and Western regions of Ukraine on average for 2021-2024

Source: calculated by the authors

Regions with the highest poultry and beef consump-
tion were the most attractive for producers. Conversely,
the highest degree of market competition was observed
in regions, where food products were widely supplied us-
ing innovative technologies. However, in these particular
regions, the supply of such products surpassed the level
of consumption. Accordingly, the lowest prices for prod-
ucts were observed, which, in turn, also stimulated the
consumption of poultry and beef among other types of
meat. The central region of Ukraine was the first in the rat-
ing for innovative development of the poultry and meat
livestock industries, as it included two regions at once —
Vinnytsia region as the leader in the volume of food sup-
ply of poultry and beef using innovative technologies, and
Kyiv region being the leader in the volume of retail trade.
The predictive assessment of the signs of a stable state
of innovative development of entities in the poultry and
meat cattle industries of the Central region of Ukraine
took into account sufficient retrospective of indicators of
the financial component in business entities to construct
fuzzy-multiple parameters by weight indicators (Fig. 10).

15t quarter m Cherkasy
of 2025 Kirovohrad
| B Zhytomyr
2nd quarter m Kyiv
0f 2025 Vinnytsia
0 2 4 6 8 10

Figure 10. State of innovative development of poultry
and meat cattle breeding entities in the Central regions
of Ukraine for the 1-2" quarter of 2025
Source: based on I. Guzhva (2025), P Pyvovar &

0. Rozhkov (n.d.)

The results suggested that in the first quarter of 2025,
only 52 business entities from three regions of the Cen-
tral part of Ukraine — Vinnytsia, Kyiv, and Cherkasy — had
a sufficiently stable state of innovative development of
the poultry and meat livestock industries — 7.75; 7.72;
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7.04, respectively. Among the regions in the central part
of Ukraine, two regions — Vinnytsia and Kyiv regions - re-
tained their leading positions in the food market. For the
second half of 2025, a significant application of the fi-
nancial component of the innovative development of the
poultry and meat livestock industries was planned, where
business entities in these regions were actively adapting
to the European market requirements for meat products.
Such adaptation made it possible to increase the index to
avery stable state through the regulation of strategic posi-
tions and strengthening of competitive advantages within
the values of 8.04 and 8.13, respectively.

Thus, establishing a stable trajectory of innovative de-
velopment over time and determining optimal conditions
for its support in the poultry and meat livestock industries
can shift the balance of influencing factors. Depending on
the time dimension, the state of innovative development
may follow one of three possible scenarios: a decline, a sta-
ble level, or a growing equilibrium. Accordingly, changes
in innovative development were likely to occur gradually,
influenced by moderate structural adjustments in finan-
cial components — particularly under the most favoura-
ble scenario, which assumed successful mitigation of the
post-war crisis in the poultry and meat livestock sectors.

» Discussion

Among the key ideas introduced in this paper, one was
about the growing global demand for poultry and meat
and the role of technology in addressing it. The idea was,
for instance, reflected in Figure 1 of this paper compar-
ing the share of meat supply in Ukraine, the EU, Brazil,
China, and the USA. The case of Ukraine also illustrated
that integration into the European or global market was
connected with the need to increase meat production
volumes. Several examples introduced in the paper sug-
gested that Ukraine had already made a step toward in-
tegrating innovative approaches to meat production by,
for example, using robots to clean chicken coops, make
chickens move, and control the hatching of eggs so to
increase production volumes. The significance of tech-
nology in maintaining or growing the volume of meat
production was further confirmed in previous studies, in-
cluding A. Suychinov et al. (2024). While using Slovakia as




a context, the cited experts acknowledged the significance
of Al-powered strategies, including precision biotechnol-
ogy, for addressing consumer needs in certain amount of
meat. The study of the researcher was considered rele-
vant to the this research, considering economic, cultural,
and other similarities between the Ukrainian and Slovak
contexts. Some consistency was also detected between
the study of Q. Sun et al. (2025) and this research, since
both examined the use of innovative strategies and tools
in growing meat production volume. The study of Chi-
nese meat production context allowed Q. Sun et al. (2025)
to conclude that the integration of Al agents into supply
chain management and intelligent control systems leads
to a 26.89% increase in overall profits. The work of scien-
tist was relevant to this study because according to the
above cited data, Chinese agricultural segment accounts
for around one-third of the global meat production. The
data meant that Chinese farmers had accumulated suffi-
cient experience in the meat production segment, which
can be partly or completely adapted to the Ukrainian
context. Another reason was that the study of Q. Sun et
al. (2025) introduced strategies to increase overall prof-
its without compromising production quality standards;
and the obtained insights might be partly integrated into
the Ukrainian agrarian segment striving to maintain resil-
ience amidst the war-era turbulence.

This paper also elaborated on the idea that integrat-
ing the Ukrainian agrarian segment into the European
food market implied an adherence to the EU production
standards and quality requirements. This idea, which was
examined in the context of the EU legislative acts, rests
on the assumption that customers tend to buy foods pro-
duced in compliance with universal quality, ethics, and
sustainability requirements (Karatieieva et al., 2024). In
this regard, there was noticed a consistency between this
research and the study of P. Castellani ez al. (2025) examin-
ing customers’ motivation for purchasing lab-grown meat.
Experts discovered that, while the relationship between
the perceived higher environmental sustainability and
customers’ intention to buy lab-grown meat remained
unclear, peculiarities of the meat production process
still play an essential role in a purchasing decision-mak-
ing process. A partial consistency was found between the
work of P. Castellani et al. (2025), focused on the lab-grown
meat production, and this work exploring the peculiarities
of sustainable poultry and meat production in the context
of technological advances. The idea of using technolo-
gy for sustainable meat production was also explored by
L. Woelken et al. (2024), who interviewed 11 experts to de-
tect the factors shaping the cultivated meat production.
Based on the interview data, the experts argued that the
use of innovative practices lowers production costs and
cultural barriers. The latter effect of particularly important
for the Ukrainian agrarian segment seeking flexibility as
a way to navigate the turbulent market, stay competitive,
and maintain sustainable development.

This paper further took an in-depth look into the role
of technology in cutting costs of meat production, since
this strategic goal was considered relative in the Ukrain-
ian context. Lowering costs and toxicological evaluation
of meat not only helps to maintain an adequate standard
of living for the population affected by the war, but also
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to stay competitive, while integrating into the European
and global market (Tkachuk et al., 2023). The idea of a
relationship between technology and meat production
cost was confirmed in previous research, including the
work of A. Samad et al. (2024). The authors argued that
the use of technology can cut costs by producing restruc-
tured meat with increased shell life. Despite some con-
sistency noticed, it was worth stressing that compared to
the present research, the study of this researchers had a
considerably narrower focus on restructured meat, the
pricing features of which might be somewhat different
from the pricing features of the traditional meat produc-
tion. Logical parallels were also drawn between this re-
search and the study of Y. Deng et al. (2024) exploring the
use of technology in processing of rabbit meat. Scientists
argued that innovative tools might be applied in such
critical processes as deodorisation, texture adjustments,
and water retention, where any transformation was
closely related to the end-product price. In spite of exist-
ing similarities, it should be stressed that this study and
the research of Y. Deng ef al. (2024) differed in their focus,
which might affect the transferability of obtained results.
L.K. Hernandez-Murillo & E Galan-Mendez (2024) argued
that integrating technology into meat production and
processing processes can cut costs through the adoption
of sustainable practices. As explained by this research-
ers, advances in thermal and non-thermal treatments
increase productivity, yield, and quality, while ensuring
effective allocation of available resources. The study ex-
tended the scope of the present discourse by elaborat-
ing on the strategies to cut costs in the meat processing,
which follows immediately after the meat production
process. Hence, most obtained results found their con-
firmation in previous research studies, which meant this
work has fit into the already existing academic discourse.
This paper, however, had also made its own contribution
to the field due to its specific focus on the poultry and
meat production segment of the Ukrainian food market.
While exploring the Ukrainian context, this paper had
provided insights into maintaining competitiveness and
sustainable development of certain economic segments
amidst turbulence.

» Conclusions

The research revealed that the Ukrainian poultry industry
was gradually stabilising despite the war-caused disrup-
tions. As of 2024, poultry accounted for 56.3% of the total
meat production in Ukraine, indicating its dominant role
in the sector. The export capacity remained resilient, with
38,481 TRACES NT certificates issued for goods exported or
transited through the EU. However, the share of poultry ex-
ports had decreased to 37.2% since 2021, reflecting wartime
limitations and market shifts. Econometric analysis con-
firmed a strong relationship between innovation and out-
put: variations in poultry and beef consumption volumes
explained 66.4% (R?=0.664) of the variance in annual meat
production through innovative technologies. Additionally,
every 1% increase in livestock density per 100 hectares re-
sulted in a 0.7% rise in per capita beef supply and a 0.9% in-
crease per land unit. The data also suggested a positive eco-
logical outcome, with manure yield per hectare increasing
7.8 times as livestock density rose from 6.7 to 30.6 heads.
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The study also identified regional leaders in innova-
tion: central regions, especially Vinnytsia and Kyiv, ranked
the highest in terms of food supply, retail trade, and overall
innovative development index. The analysis further high-
lighted the role of robotic automation, Al-driven livestock
monitoring, and smart farming systems in transforming
both large-scale and smallholder operations. For instance,
robotic feeding systems can serve up to 70 animals per ro-
bot, enhancing productivity and aligning with EU biosecu-
rity standards. Hence, innovation in Ukraine’s poultry and
meat livestock industries was not only feasible, but also
vital for economic recovery, food sovereignty, and inter-
national competitiveness. Strategic investments, coupled
with regulatory alignment and region-specific support, can
ensure a sustainable and resilient future for the sector. Lim-
itations of the study include restricted access to primary

data from regions directly impacted by military actions,
which may affect the representativeness of some regional
comparisons. Future research should explore the long-term
effects of technology adoption on cost-efficiency and envi-
ronmental sustainability in meat production under martial
law conditions, with a focus on modelling different integra-
tion scenarios into the European food market.
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» AHoOTauia. VY miif crarTi MOCTiIKeHO OCOOJMBOCTI BIPOBAKEHHS IHHOBAIIMHUX TEXHOJIOTIN y MTaXiBHUIITBI
Ta M'SICHE TBAapUHHHUIITBO — BaKJIMBiI eJleMeHTH YKpaiHCBKOTO IIPOIOBOJIBYOTO PHUHKY. Meta Oyna AOCATHYTa
IIJISIXOM KOHTEKCTYaJIbHOIO aHalidy rajy3eBUX 3BiTiB, BUBUYEHHsI €BPONIENCHKOTO 3aKOHOJABCTBA Ta OLIHKU
CerMeHTiB NTaxiBHUIITBA Ta M'SICHOTO BUPDOOHUIITBA YKpAiHU 3 MOIIALY iHIEKCYy IONUTY Ha IPOJOBOJILCTBO, iHIEKCY
NIPOIO3ULil IIPOJOBOJIBCTBA Ta IiHAEKCY PO3BUTKY perioHanapHOI TopriBjii. HesBakaioun Ha BiliCBKOBY Kpu3Yy,
YKpalHChKa M’siCHA TPOMUCJIOBICTh MPOJEMOHCTPYBA/IA CTIUKICTh TA TOTEHIAT MJIsT CTAJIOTO PO3BUTKY, MPUIOMY
NTaxiBHUIITBO CTAHOBUJIO 56,3 % Bijg 3arajapbHOrO cermeHTa. OHAK iHTErparlisi yKpalHCHKOro M’SICHOTO BUPOOHUIITBA
B €BPOIEHCHKUN CETMEHT 3aJjMIIaacsi CKPOMHOI0, He3Baskaloun Ha oTpumaHHs 38481 ceptudikariB TRACES NT:
y 2024 poli YacTKa eKCHopTy OTHulli 3MmeHmmiaacsa Ha 37,2 % mnopiBHAHO 3 2023 pokoM. EkoHOMeTpUYHHI aHaJsi3
BUSIBUB CTaTMCTHYHO 3HAYYIIVI 3B’SI30K Mi’K iHHOBaIisiMH Ta 0OCATOM BHUPOOHUIITBA B HAIiOHAJIHHOMY CETMEHTi
M’sicorepepoOHOI TPOMUCIIOBOCTi, TPUYOMY 66,4 % KOJTMBAaHb Y PiYHOMY CIOKMBAHHI IITUIII TA SIJIOBUYHWHU OB I3aHi
3 iHHOBamiMHUMU TeXHOJOTiAMHU. TakosK Oy710 BUSBJIEHO 3B’S30K Mi’K BUKOPHUCTAHHAM iHHOBAIIMHUX TEXHOJIOTIN
i BHMPKEHHSIM BUPOOHUYMX BUTPAT, a4 TAKOK Mi’K iHHOBaLIMHUMU MinxoqaMu i JOTpMMaHHSAM MPUHIHIIB CTAJIO0rO0
pO3BUTKY. IHTerpailisi iHHOBaLiHUX TeXHOJIOTi! He Oy/Ja OIHAKOBOIO IO BCill KpaiHi: 1eHTpasbHi perionn Kuesa Ta
BinnHui Masiu HaliBUIIi peATUHIY iHHOBAIIHHOCTI, 3 HOTEHIIiaJIoM OTPUMAaHHS iHTerpajJbHUX 3HAYeHb iHIeKcy 10 8,13.
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» Abstract. This work was aimed at analysing modern approaches to the development of farms through the lens of
innovation and investment, as well as examining the impact on sustainable development and the environmental aspects
of the economy. The study explored the concept of sustainable development in the agricultural sector, particularly in
the context of Ukraine, where there was significant potential for its implementation due to the presence of fertile land
and favourable climatic conditions. It was found that capital investment in the agricultural sector decreased to UAH 12.6
billion in 2023, followed by a slight increase to UAH 15.2 billion in 2024. The research highlighted the need to move away
from traditional agriculture based on chemical fertilisers and pesticides towards sustainable methods, such as organic
farming, bioenergy, and precision agriculture, which allowed for resource optimisation and a reduction in negative
environmental impact. In particular, spending on environmental protection in agriculture increased to UAH 1,007.3
million in 2023, indicating greater attention to the restoration of natural resources. It was revealed that the main barriers
to the implementation of sustainable practices remained the low level of digitalisation, insufficient financial support,
and institutional constraints. Based on the results obtained, several promising areas for development were identified,
such as the expansion of the circular economy, the implementation of precision agriculture, and the stimulation of
investment in renewable energy sources. The findings emphasised the need for active state support, the creation of a
favourable investment environment, and the development of scientific research to ensure the sustainable development
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of the agricultural sector. Strategies aimed at improving infrastructure, preserving natural resources, and increasing
the efficiency of agricultural production could serve as the foundation for the creation of a resilient agricultural system
capable of adapting to global challenges such as climate change and population growth

» Keywords: green technologies; precision agriculture; bioenergy; agricultural sector of Ukraine; state support

» Introduction

The development of the agricultural sector within the
modern economy has been closely linked to the adoption
of innovative approaches and the attraction of invest-
ment — key factors in ensuring its long-term sustainability
and global competitiveness. This has necessitated a com-
prehensive reassessment of traditional farming methods
in favour of innovative solutions capable of adapting the
sector to evolving market and climate conditions. In this
context, farms have become not only key producers of
agricultural goods but also active participants in innova-
tion and investment processes that account for economic,
environmental, and social aspects of development. This
approach has become particularly relevant in the face of
global climate change, rapid land degradation, population
growth, and the resulting increase in demand for environ-
mentally friendly products.

One of the major challenges faced by farms in this pro-
cess has been the insufficient funding for modern innova-
tive technologies aimed at the efficient and rational use of
natural resources. Combined with imperfect investment
incentive mechanisms, limited access to financial instru-
ments, and the weak integration of environmental princi-
ples into farm development strategies, this has hindered
the adaptation to current market conditions. In particular,
the absence of a systematic approach to innovation-driven
investment development has created barriers to the adop-
tion of modern technologies that not only increase efficien-
cy but also minimise negative environmental impacts.

The theoretical framework for research in this area has
been shaped by the concepts of sustainable development,
ecological economics, and innovation management. The
concept of sustainable development has focused on en-
suring balanced economic growth, social well-being, and
environmental preservation for future generations. Eco-
logical economics has emphasised the integration of envi-
ronmental protection measures into all areas of economic
activity, including agriculture (Naumenkova et al., 2024).
Innovation management, in turn, has offered effective
tools for the implementation of cutting-edge technologies
that contribute to the optimisation of production process-
es and enhancement of the environmental safety.

In the context of researching innovation and invest-
ment development in farming, significant contributions
have been made by various scholars, whose work has laid
both the theoretical and practical foundations for analys-
ing this topic. Notably, R.R. Danda (2023) highlighted the
importance of technological innovations in enhancing the
competitiveness of farms, emphasising that the integration
of novel solutions into production reduces costs and opti-
mises resource use. O. de Oca Munguia et al. (2021) stressed
thatinnovation drives economic progress and that its appli-
cation in agriculture transforms traditional land use meth-
ods into high-efficiency systems. V. Shcherbak & B. Shovko-
plyas (2023) explored mechanisms for attracting investment
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into farms, focusing on the need to develop financial instru-
ments accessible to small and medium-sized enterprises.
The authors argued that effective financing stimulates both
economic growth and the adoption of environmentally safe
technologies. Meanwhile, J.E Velasco-Mufioz et al. (2021)
expanded on the principles of ecological economics, un-
derscoring the importance of implementing circular econ-
omy practices in farming. The research stressed the need to
shift from extensive to rational resource use. P. Yukhymen-
ko et al. (2021) concentrated on the role of public policy in
the development of farms, indicating that subsidies and tax
incentives could be important drivers for investment in sus-
tainable development. K. Pawlak & M. Kotodziejczak (2020)
studied the role of institutions in ensuring a stable econom-
ic environment that supports farm development, empha-
sising the importance of conditions for long-term agricul-
tural planning. M.M. Maja & S.E Ayano (2021) pointed out
that the economic development of agriculture is closely
tied to demographic processes and that innovation in this
sector can address food security challenges. H. Saleh et
al. (2020) highlighted the importance of human capital in
implementing innovations, noting that educational pro-
grammes and professional training for farmers are vital
for the effective use of new technologies. R. Henry’s (2020)
study showed that agricultural intensification through in-
novation is an effective response to the rising demand for
food products, particularly under conditions of limited nat-
ural resources. Finally, D. Pauschinger & E Klauser (2022)
emphasised that the adoption of digital technologies in
farming, such as monitoring and data analysis systems,
boosts productivity and reduces environmental pressure.

Thus, theresearch conducted by these authors demon-
strates the diversity of approaches to the innovation and
investment development of farms to ensure the sustain-
ability, economic efficiency, and environmental responsi-
bility. Despite the considerable academic interest in this
area, several important aspects remain underexplored.
Specifically, mechanisms for integrating environmental
innovations into the business models of farms, with regard
to regional specificities, have not been sufficiently studied.
The relationship between the use of innovative technolo-
gies and the reduction of environmental pressure, as well
as the role of public policy in encouraging the adoption
of such technologies, also requires further investigation.

The aim of this study was to identify models for inno-
vation and investment development in farms that ensure
the effective implementation of environmentally oriented
technologies and the creation of a resilient economic and
ecological system in the context of current challenges. The
objectives included analysing the current state of inno-
vation and investment development in Ukrainian farms,
identifying the factors influencing the investment attrac-
tiveness of environmental projects in agriculture, and de-
velopingrecommendations for strengthening these efforts.




» Materials and methods

To study the sustainable development of Ukraine’s ag-
ricultural sector in the context of ecological economics
and innovation management, a comprehensive approach
was used, incorporating several analytical methods. Sta-
tistical data obtained from the State Statistics Service of
Ukraine (2023) served as the main source for analysing the
economic situation in the agricultural sector. These data
included indicators of production, capital investments,
environmental protection expenditures, and other eco-
nomic indicators that enabled the assessment of the state
and trends in the development of the agricultural econo-
my under sustainable development conditions. The study
used statistical data from 2020 to 2023, as this period al-
lowed for an evaluation of current sectoral development
trends, while data for 2024 had not yet been published at
the time of analysis. However, this does not apply to capi-
tal investments in agriculture, forestry and fisheries (State
Statistics Service of Ukraine, n.d.). A comparative analysis
method was applied to assess changes in the agricultural
economy against the backdrop of climate change, the po-
litical situation, and external influences.

One of the main aspects of the work involved re-
searching the implementation of innovative technologies
in the agricultural sector, particularly precision farming,
bioenergy, and organic agriculture. The research method-
ology also included exploring the potential for innovation
integration into the production processes of agricultural
enterprises. In particular, it analysed which technologies
were the most promising for different regions of Ukraine
under resource constraints and the need to preserve nat-
ural resources. This allowed for the assessment of which
investment models were the most effective for the devel-
opment of the agricultural sector and identified the barri-
ers to large-scale innovation implementation. To analyse
investment opportunities, methods for evaluating the
investment attractiveness of agricultural enterprises were
used, along with assessments of the economic efficiency
of implementing “green” technologies.

Additionally, an analysis of government policy in
the agricultural sector was conducted, focusing on the
funding of scientific research, state programmes, and
subsidies for farmers engaged in organic farming or us-
ing renewable energy sources. This analysis revealed key
issues and opportunities for improving state support for
sustainable development in the agricultural sector. The
policy analysis method was used, involving the study of
existing government initiatives and the effectiveness in
the context of sustainable agricultural development. An-
other important stage of the study involved examining
the environmental aspects of agricultural production.
An ecological analysis method was used to assess the
environmental impact of different forms of agricultur-
al production. This included analysis of environmental
protection expenditures, the use of biological and chem-
ical pest control agents, and methods for preserving bio-
diversity on agricultural lands.

The effectiveness of sustainable practices in the agri-
cultural sector was evaluated using a cross-country com-
parison method. Compared to other countries such as
the Netherlands, Switzerland, Germany, Poland, and the
USA, Ukraine’s potential for developing organic farming,
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bioenergy projects, and precision agriculture was an-
alysed. The selection of countries for comparison was
based on the experience in implementing sustainable ag-
ricultural practices and the level of sectoral development.
For this comparison, international reports and studies
were used. This comparison helped identify weaknesses
and prospects for developing innovation management in
Ukraine’s agricultural sector.

» Results

The concept of sustainable development has become one
of the central ideas in modern economic, environmental,
and social policy. Its primary aim is to ensure a balance
between three key pillars: economic growth, environmen-
tal preservation, and social well-being. This concept holds
that the planet’s resources must be utilised in such a way
that current needs are met without compromising the
ability of future generations to meet the own needs (Rug-
gerio, 2021). The agricultural sector plays a vital role in re-
alising the principles of sustainable development, as it is
directly linked to the use of natural resources such as soil,
water, biodiversity, and energy. Traditional farming meth-
ods, focused on maximising production, often lead to re-
source depletion, land degradation, and pollution of water
and air. As a result, these approaches not only pose envi-
ronmental threats but also undermine the long-term pro-
ductivity of the agricultural sector itself (Harwood, 2020).

Sustainable agriculture involves a shift towards meth-
ods that prioritise environmental safety, social responsi-
bility, and economic efficiency. For example, the imple-
mentation of precision farming technologies enables the
efficient use of fertilisers and pesticides, thereby reducing
the environmental impact (Tkachenko & Tykha, 2020).
Organic farming is gaining popularity due to its ability to
maintain soil fertility and support biodiversity. One of the
key principles of sustainable development is the efficient
use of resources. In the agricultural context, this means
optimising water use through drip irrigation systems and
rehabilitating degraded lands using reclamation technol-
ogies (Stephens et al., 2020). In addition, growing atten-
tion is being paid to the use of renewable energy sources
such as biogas plants, solar panels, and wind turbines,
which can be integrated into farming operations.

Sustainable development also encompasses social
aspects. The agricultural sector should provide decent
working conditions, support employment in rural areas,
and strengthen local communities. This is crucial not only
for social stability, but also for preserving the cultural and
economic potential of rural regions. The concept of sus-
tainable development offers a pathway toward creating
a resilient agricultural system that ensures food securi-
ty, conserves natural resources, and contributes to so-
cio-economic development (Rexhepi et al., 2024). In the
long term, this is the only viable approach to preserving
the viability of the agricultural sector and ensuring its ad-
aptation to global challenges such as climate change, pop-
ulation growth, and resource scarcity.

Ecological economics is a fundamental component
of sustainable development, combining economic, social,
and environmental aspects to create a resilient system of
production and consumption. In the context of farming,
ecological economics plays a critical role, as this sector is
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heavily reliant on natural resources and significantly im-
pacts ecosystems. The primary goal of ecological econom-
ics is to integrate environmental principles into economic
activities to strike a balance between production needs
and ecological constraints (Prokopowicz, 2020). Farms
guided by ecological economic principles emphasise the
rational use of natural resources. This involves moving
away from extensive agriculture, characterised by land ex-
haustion and excessive chemical use, towards integrated
systems that consider resource renewability. For instance,
organic farming methods reduce reliance on synthetic fer-
tilisers and pesticides, helping to preserve soil fertility and
reduce water and air pollution (Shuvar et al., 2022).

Ecological economics also promotes the implementa-
tion of circular models on farms, which focus on minimis-
ing waste and reusing resources. Practices such as com-
posting organic waste or using biogas systems to process
agricultural residues allow farms to significantly reduce
the environmental footprint and lower energy costs (An-
dreitsev et al., 2024). Another important aspect is the eco-
nomic valuation of natural resources. Ecological econom-
ics offers methods to account for the value of ecosystem
services such as air purification, water cycle regulation,
and biodiversity maintenance (Xia & Ruan, 2020). This
approach helps farms recognise the real value of natural
capital, encouraging more responsible environmental
stewardship. Beyond technological solutions, ecological
economics places emphasis on social factors. Sustainable
farms create jobs, reduce rural outmigration, and contrib-
ute to the development of local communities (Washing-
ton & Maloney, 2020). For example, using environmentally
friendly approaches can increase demand for high-val-
ue-added products such as organic goods or locally pro-
duced items, which in turn strengthens rural economies.

The relevance of ecological economics to farming also
lies in its capacity to help adapt to climate change (Brych et
al., 2023). Measures such as reducing greenhouse gas emis-
sions through low-carbon technologies or establishing
agroforestry systems that limit soil erosion exemplify this
adaptation. These initiatives help farms become more resil-
ient to climate risks such as droughts, floods, and extreme
temperatures (Tkachenko & Voronin, 2024). Government
policy plays a vital role in the implementation of ecological
economics principles. Incentivising farmers through finan-
cial tools — such as subsidies for green technologies or tax
benefits for reducing environmental impacts — serves as a
strong motivator for adopting sustainable models. Educa-
tional programmes that raise farmers’ awareness about the
benefits of eco-friendly solutions and the long-term impact
on farm productivity are equally important.

Innovation management is a powerful tool enabling
farms to enhance production efficiency, respond to mar-
ket challenges, and ensure sustainable development. At
its core, innovation management involves adopting new
technologies, management practices, and organisational

solutions aimed at optimising resource use, reducing costs,
and boosting competitiveness. In agriculture, innovation
management plays a pivotal role in securing productivity
(Gama & Magistretti, 2023). One example is the use of pre-
cision agriculture technologies. Tools such as GPS naviga-
tion, soil moisture sensors, drones for crop monitoring, and
data analysis software allow farms to plan production pro-
cesses more accurately. This significantly reduces spending
on fertilisers, water, and pesticides, while also minimising
environmental impact (Sharma et al., 2020).

Another key area of innovation management is dig-
italisation. The integration of modern information tech-
nologies, such as cloud platforms, mobile farm manage-
ment apps, and automated data collection systems, allows
farmers to control every stage of production more effec-
tively. For example, software can analyse data on weather
conditions, soil status, and crop needs, providing real-time
recommendations (Abbasi et al., 2022). Innovation man-
agement also includes the introduction of biotechnolo-
gies, which enhance the quality and productivity of crops.
The use of biological pest control agents or genetically
modified drought- and disease-resistant varieties ensures
high yields even under unfavourable climatic conditions.

Furthermore, building energy resilience is a key aspect
of innovation management. Renewable energy sources
such as solar panels, wind turbines, and biogas plants are
becoming increasingly popular on farms. These technol-
ogies help reduce reliance on traditional energy sources,
lower greenhouse gas emissions, and cut energy costs.
Innovation management also contributes to optimising
logistics and product distribution. With tools like e-com-
merce platforms, direct-to-consumer sales channels, and
digital marketing, farms can expand the market reach, re-
duce dependence on intermediaries, increase profitability,
and establish direct connections with end consumers.

Human capital development is a crucial component
of innovation management. Training farmers in modern
technologies, expanding the knowledge of sustainable
practices, and strengthening innovation competencies
enable faster adoption of advanced solutions. Educa-
tional programmes, training sessions, partnerships with
research institutions, and the exchange of best practices
lay the foundation for the effective use of innovative tools
(Khoshmaram et al., 2020). Farms in Ukraine play an im-
portant role in ensuring food security, boosting export po-
tential, and supporting the country’s economic stability.
However, the current state of innovation and investment
development in the sector is uneven, influenced by both
external and internal factors. On the one hand, Ukraine
possesses significant natural potential for agricultural de-
velopment, including fertile soils and a favourable climate.
On the other hand, a range of economic, technological,
and institutional barriers hinders the full-scale adoption
of innovations and investment attraction. Table 1 presents
the economic accounts of the agricultural sector.

Table 1. Economic accounts of agriculture in Ukraine for 2018-2023, UAH billion

No. Types/groups of products/activities 2020 2021 2022 2023
1 Cereal crops 309.7 538.9 334.1 320
2 Industrial crops 209.9 393.1 294.3 310.5
3 Fodder crops 10.4 13.9 11.7 12.2
4 Vegetable crops 49.2 59.7 83.2 91

Ekonomika APK. 2025. Vol. 32, No. 4




Chupryna et al. @

Table 1, Continued

No. Types/groups of products/activities 2020 2021 2022 2023
5 Potato 60.9 61.2 54.2 55.5
6 Fruits, berries, grapes 26.8 28.8 24.1 26
7 Other crop products 3.5 4.6 9.5 10.3
8 Crop production output as a whole 670.4 1,100.2 811.1 825.5
9 Livestock (raising of farm animals) 110.4 127.9 136.6 140
10 Livestock products 93.6 109.7 107 108.3
11 Livestock production in general 203.9 237.6 243.6 248.3
12 Agricultural product output 874.4 1,337.8 | 1,054.7 | 1,073.8
13 Agricultural services output 13.5 21.6 14.9 15.5
14 Agricultural production output 887.8 1,359.4 | 1,069.6 | 1,089.3
15 Output of non-agricultural integral secondary activities 5 7.1 4.4 4.6
16 Agricultural output 892.9 1,366.5 | 1,073.9 | 1,093.9
17 Intermediate consumption 511.5 789.6 637 645
18 Gross value added 381.4 576.8 437 448.9

Source: based on State Statistics Service of Ukraine (2023)

The year 2021 marked a peak in agricultural pro-
duction, driven by favourable weather conditions and
increased exports of grain and industrial crops. How-
ever, in 2022, production declined due to the negative
impact of the war, which led to a reduction in cultivat-
ed land areas, logistical difficulties, and limited access
to financing. In 2023, the sector showed signs of partial
recovery. Although output of grain and industrial crops
slightly decreased compared to 2021, there was an in-
crease in the production of vegetables and potatoes, in-
dicating the adaptation of farms to the new conditions.
Despite these changes, the gross value added by agricul-
ture has remained at pre-war levels, underscoring the
importance of innovation-driven investment to improve
production efficiency. Recovery of the sector requires the
implementation of modern technologies, enhancement
of infrastructure, and attraction of investment — espe-
cially into environmentally oriented projects. The low
level of investment in science and innovation presents

a significant barrier to the adoption of modern technol-
ogies that could enhance production efficiency, ensure
environmental sustainability, and help farms adapt to
climate change. Insufficient funding makes it impossible
to develop large-scale innovative projects, which require
considerable resources and long-term research. The de-
velopment of Ukraine’s agricultural sector demands a
fundamental reassessment of approaches to financing
scientific research. The key task is not only to increase ex-
penditure but also to ensure its effective allocation. This
can be achieved through the attraction of private capital,
partnerships with international organisations, and the
integration of innovation into the sector’s strategic devel-
opment programmes. To ensure the sustainable develop-
ment of the agricultural sector, it is essential to invest in
the modernisation of technical infrastructure, the intro-
duction of innovative technologies, and the improvement
of production efficiency. Table 2 presents capital invest-
ments in agriculture, forestry, and fisheries.

Table 2. Capital investments in agriculture, forestry, and fisheries for 2020-2024, UAH million

Year 2020 2021 2022 2023 2024 (January-September)
Volume of capital investments 36,442.1 49,127.4 32,604 31,641.9 31,821.7
Investments in tangible assets 35,756.7 48,198.6 | 32,099.7 | 30,644.3 30,896.9
Of them
Residential buildings 64.8 99.2 65.6 159.5 38.8
Non-residential buildings 6,735.8 7,485 4,937.9 4,609.8 4,112.3
Engineering structures 1,656.9 2,655.1 1,793.6 2,054.9 1,349.8
Machinery, equipment, and inventory 18,188 24,978.2 15,751.8 12,554 15,156.9
Vehicles 4,868 7,598 5,074.5 5,798.7 5,827.5
Earth 126.7 149.7 68 81.5 1,131.4
Long'te”ﬁ\i‘&fggfj{fi‘éﬁo‘g cropand | 765 4 4,698.5 4,022 4,860.2 2,879.2
Other tangible assets 351.1 534.9 386.3 525.6 401
Investments in intangible assets 685.4 928.8 504.3 997.7 924.9
Of them
Software and databases | 339 | 852 53.8 80.2 715

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

The bulk of investment continues to be directed
towards tangible assets, particularly machinery, equip-
ment, and tools. However, the share has also decreased:
in 2023, investment stood at UAH 12.6 billion, with a
modest increase to UAH 15.2 billion in 2024. Investment

in non-residential buildings and engineering structures
remains low, indicating a slowdown in infrastructure
expansion. The reduction in investments in long-term
biological assets to UAH 2.8 billion in 2024 reflects high
risks in livestock and crop production. Meanwhile,
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investments in intangible assets, such as software, re-
main negligible, signalling insufficient digitalisation
within the sector. Overall, to revitalise and develop the
agricultural sector, it is essential to stimulate investment
in innovation, infrastructure, and digital technologies,
which would enhance the competitiveness of farming
enterprises and the resilience to challenges.

One of the most significant issues remains the insuffi-
cientlevel of financing for farms. Small and medium-sized
farming businesses often face limited access to credit due
to high interest rates, low financial capacity, and limited
state support. Many farms, in particular, are unable to in-
vest in modern technologies that are fundamental to in-
novative development. The state of innovation implemen-
tation also depends on the level of technical equipment
available to farmers. Despite the availability of modern
technologies — such as drones, precision farming systems,
and automated management platforms — the adoption re-
mains limited. The main reasons for this include the high
cost of equipment, a lack of awareness among farmers re-
garding the benefits of new technologies, and a shortage
of technical support at the local level.

At the regional level, there is a marked disparity in the
development of farming enterprises. In the southern and
central regions, where large agricultural holdings are con-
centrated, innovative solutions are adopted more actively.

In contrast, in the western and northern regions, where
small and medium-sized farms dominate, innovation and
investment activity is significantly weaker. This disparity
is driven not only by differences in financial capacity but
also by unequal access to modern knowledge, technol-
ogies, and infrastructure. While government support is
aimed at stimulating farm development, it remains insuf-
ficient. Funding programmes, such as compensation for
the cost of agricultural machinery or support for organic
production, do exist, but the coverage is limited. More-
over, complex procedures for obtaining subsidies and
grants hinder farmers’ access to these resources.

A noteworthy aspect of the current situation is the
growing interest in environmentally-oriented production.
Ukrainian farmers are gradually beginning to recognise
the advantages of organic farming, renewable energy
sources, and environmental protection practices. How-
ever, the implementation requires substantial investment
and training, posing yet another challenge for small and
medium-sized enterprises. Regarding the investment cli-
mate, foreign investors have shown interest in cooperating
with Ukrainian farms, particularly in organic production
and the use of renewable energy. However, the unstable
economic situation, war, and regulatory constraints create
risks that deter investment. Table 3 presents environmen-
tal protection expenditures in agriculture.

Table 3. Environmental protection expenditures in agriculture, forestry, and fisheries for 2021-2023, million UAH

Year 2020 2021 2022 2023
Current expenses 373.4 479.4 412.4 1,007.3
Air protection and climate change issues - 12.7 11.9 29.1
Waste water treatment - 11 7.5 14.1
Waste management - 19.2 16.2 15.1
Protection and rehabilitation of soil, groundwater, and surface water - 11.1 12.8 680.7
Other measures - 425.3 363.9 268.3

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

Expenditures on environmental protection in agri-
culture, forestry, and fisheries demonstrate important
dynamics, reflecting certain shifts in environmental
policy priorities. In 2020, total spending amounted to
UAH 373.4 million. By 2023, this had risen significantly
to UAH 1,007.3 million, likely due to the implementa-
tion of large-scale natural resource rehabilitation pro-
grammes. The most substantial increase was observed
in expenditures on the protection and rehabilitation of
soils and both groundwater and surface water: from UAH
12.8 million in 2022 to UAH 680.7 million in 2023. This
indicates a growing recognition of land degradation as a
critical issue for the agricultural sector. At the same time,
expenditures on air protection, wastewater treatment,
and waste management remain relatively low, suggesting
insufficient attention to these areas.

Amid global challenges related to natural resource
degradation, climate change, and growing demand for en-
vironmentally friendly products, the development of farm-
ing in Ukraine requires innovative and investment-driven
approaches. In the context of ecological economics, which
aims to balance economic growth with environmental
preservation, farmers must adapt the production pro-
cesses, adopt advanced technologies, and actively attract
investment. This will ensure the sector’s sustainability,
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minimise environmental risks, and enhance competitive-
ness. A key area for improving innovation-investment
models is the adoption of circular economy principles.
This involves resource reuse and minimisation of waste.
For instance, organic livestock waste can be converted
into biogas or compost, providing farms with energy inde-
pendence and improving soil quality. A successful exam-
ple of such practices can be found in Europe, particularly
in the Netherlands, where farmers widely utilise biogas fa-
cilities (Westhoek & Boezeman, 2024). As of 2025, this di-
rection is still developing in Ukraine, but the government
should encourage farmers through grants, tax incentives,
or subsidies to implement such solutions.

Another crucial element is the development of pre-
cision agriculture. The use of drones, sensors, and satel-
lite technologies enables farmers to collect data on field
conditions, soil moisture, and plant disease levels. This
allows for precise application of fertilisers and pesticides,
reducing costs and minimising environmental impact.
For example, farmers in the USA actively use automatic
tractor control systems, which not only save fuel but also
improve productivity (The self-driving tractor..., 2025).
In Ukraine, as of 2025, such technologies are increasingly
being adopted, but the technologies remain largely acces-
sible only to large farms due to the high cost.




Organic farming also represents a promising direction.
Ukraine has significant potential in this area thanks to fertile
soils and favourable climatic conditions. However, to expand
the area under organic cultivation, government support is
needed in the form of certification programmes, grants, and
assistance in accessing international markets. Switzerland is
a leader in organic farming due to its well-designed govern-
ment policy and broad support for farmers (Organisation
for Economic Co-operation and Development, 2023). In
Ukraine, as of 2025, there are successful examples of organic
production, but it has yet to become widespread.

Environmentally focused infrastructure investments
are also of great importance. For example, implement-
ing drip irrigation systems can significantly reduce water
use and increase crop yields. This is especially relevant for
southern regions of Ukraine, which suffer from water short-
ages. Other investments could include building modern
logistics centres for produce storage, helping reduce harvest
losses and maintain quality. Bioenergy is another strategic
area for development. Farmers can install solar panels, wind
turbines, or biogas plants to supply farms with alternative
energy. In Germany, for example, farmers widely use biogas
systems, allowing the farmers to sell surplus energy to the
national grid, creating an additional income source (Park &
Grundmann, 2025). In Ukraine, as of 2025, this area is still
emerging but holds significant potential for scaling up.

State involvement is crucial to support innovative
and investment-driven development. It should create
a favourable investment climate through a stable legal
framework, tax incentives for green projects, and access
to concessional financing. Furthermore, public-private
partnerships should be promoted to attract foreign invest-
ment and cutting-edge technologies. For instance, Poland
has successfully established agritech hubs like the Poznan
Science and Technology Park, which bring together re-
search institutions, agricultural companies, and start-ups
to drive innovation in agriculture. Creating similar hubs
in Ukraine could accelerate agrotechnology development
and boost the sector’s competitiveness.

In conclusion, improving innovation-investment
development models for farms within the framework of
ecological economics is an integral part of sustainable
agricultural development in Ukraine. The integration of
modern technologies, development of the circular econ-
omy, bioenergy, and organic farming, as well as support
from the state and international partners, will ensure farm
sustainability, improve efficiency, and minimise environ-
mental impact. These models will contribute not only to
economic growth but also to building an environmentally
responsible agricultural sector, laying the foundation for
Ukraine’s future development.

» Discussion

The study of sustainable development in Ukraine’s agricul-
tural sector within the context of ecological economics and
innovative management has shown that, despite consid-
erable potential, this sector faces a number of challenges
that require resolution at both policy and practical levels.
Barriers to the implementation of innovations, environ-
mentally friendly technologies, and sustainable practices
were identified, encompassing both economic and social
aspects. This underscores the need for a comprehensive
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approach to ensure sustainable agricultural development.
Analysis of results indicates that infrastructure for large-
scale implementation of precision farming in Ukraine is
insufficiently developed. GPS navigation technologies,
drones, and data analysis for resource optimisation are
already actively used in some regions of Ukraine, but the
prevalence is still not widespread enough to mark a mass
shift to these innovations (Remeshevska et al., 2021; Hor-
bal & Makarova, 2023). This is due both to the high initial
costs of adopting such technologies and the lack of ade-
quate qualifications among farmers. Similar problems are
observed in other developing countries, but in Ukraine,
these problems are more pronounced due to economic
instability and uncertainty in agricultural policy. In the
work, K. Takahashi et al. (2020) examined the impact of
modern agricultural technologies on farming efficiency,
particularly the use of drones, GPS navigation, automated
control systems, and other innovative solutions that form
the basis of precision farming. The authors noted that
such technologies significantly reduce production costs
and increase yields through precise monitoring of soil
and crop conditions, allowing timely responses to chang-
ing environments. Y. Hu et al. (2022) also highlighted that
economic benefits increase with the adoption of innova-
tive technologies, but successful implementation requires
substantial financial support for agricultural enterprises.
Current findings align with the authors’ conclusions about
the importance of precision farming technologies. How-
ever, the current study focuses more on the environmen-
tal aspects and identified implementation barriers, which
are less emphasised in the cited works.

Analysis of state policy in the agricultural sector re-
vealed a significant issue — the low effectiveness of gov-
ernment programmes supporting sustainable agricultural
development. Although programmes for supporting or-
ganic farming, bioenergy development, and environmen-
tally friendly technologies exist, these technologies often
suffer from limited funding and poor implementation at
the local level (Romankiewicz et al., 2023). This suggests
a need to revise national agricultural policy and increase
investment in sustainable farming development. Similar
conclusions were drawn in studies from other countries,
where government support proved critical for implement-
ing innovative agricultural technologies. J. Streimikis & T.
Balezentis (2020) analysed the effectiveness of sustaina-
ble development support programmes in the agricultural
sector, noting that many fail to achieve the goals due to
political instability and insufficient funding. The authors
proposed optimising existing programmes and increas-
ing financial support for ecological initiatives. These re-
sults align with current findings on the ineffectiveness of
state programmes and the importance of boosting invest-
ment in sustainable agricultural development. While the
authors stressed the need for policy reforms, the current
study emphasised economic and social barriers.

T. Havemann et al. (2022) explored the potential for
attracting private investment in sustainable agriculture
and assessed the role of state support programmes. The
authors argued that attracting investors effectively is only
possible under stable economic conditions and with a
favourable investment climate. The conclusions align
with current findings regarding the importance of state
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funding for sustainable development of the agricultural
sector. However, the present study focuses more on spe-
cific economic and social barriers impeding sustainable
practices, while the authors place greater emphasis on
state mechanisms and the role of the private sector.

Regarding environmental aspects, the research con-
firms the importance of transitioning to organic farming
and preserving biodiversity. In this context, programmes
supporting environmentally friendly production and
rural enterprises that operate according to sustainable
standards play a significant role (Rudavska et al., 2023).
However, the study showed that only a small proportion
of agricultural enterprises in Ukraine are currently ready
to transition to organic farming, primarily due to the high
costs of certification and production process organisation.
H. Aghasafari et al. (2020) focused on the state of organic
farming, noting that although it holds great potential, de-
velopment is hampered by high certification costs and an
uncertain organic product market. Z. Ferdous et al. (2021)
also noted that only some farmers can afford to switch to
organic farming due to limited financial capacity, creating
barriers to widespread adoption despite long-term eco-
logical and economic benefits. The authors’ findings align
with current results, particularly concerning the impor-
tance of organic farming development and the obstacles
to its widespread adoption. While the authors concentrat-
ed more on the technical aspects, the current study focus-
es on how these barriers affect sustainable development.

Another important issue is the lack of proper infra-
structure for developing bioenergy in the agricultural
sector. Bioenergy projects have considerable potential in
Ukraine, given the country’s rich resources for bioener-
gy production (Borysiak et al., 2022). However, there are
currently no effective mechanisms for advancing this
field. International experience shows that agricultural bi-
oenergy can be effective only through close cooperation
between government institutions, the private sector, and
research organisations. A. Bharti et al. (2021) explored the
potential of bioenergy in agriculture, highlighting the use
of biomass for energy production as a way to reduce reli-
ance on traditional energy sources and lower energy costs
in farming. However, A. Abdullah et al. (2021) stressed
that the lack of infrastructure and investment creates se-
rious barriers to the development of bioenergy technolo-
gies, limiting the wide-scale adoption in agriculture. The
authors’ findings reflect aspects of the current study, par-
ticularly the importance of developing bioenergy. Nev-
ertheless, the present research places more emphasis on
environmental aspects rather than the economic and in-
frastructural challenges. M. Qaim (2020) examined the in-
fluence of international organisations and foreign invest-
ment on the development of sustainable agriculture. The
author noted that international programmes and funds
play a crucial role in financing ecological initiatives, but
the effectiveness is limited by the country’s political and
economic situation. While the author emphasises the role
of international investors, the current study focuses more
on domestic economic barriers and policy. The author
draws attention to external factors that could help imple-
ment sustainable practices.

The analysis also confirmed that developing sus-
tainable agriculture in Ukraine requires significant
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enhancement of educational programmes for farmers and
infrastructure to support innovations. This includes creat-
ing advisory centres, access to modern agricultural tech-
nologies, and a more active role for local authorities in im-
plementing national initiatives at the local level. E. Raji et
al. (2024) studied challenges in sustainable agriculture
development, particularly stressing the need for improved
educational programmes for farmers and the develop-
ment of relevant infrastructure to support innovative ini-
tiatives in the agricultural sector. The authors highlighted
the importance of advisory centres to help small and me-
dium-sized farmers navigate rapid changes in agriculture
and adapt to new technological demands. The current
findings confirm the importance of these aspects, as ef-
fective implementation of innovative technologies is im-
possible without proper training and infrastructure sup-
port at the local level. In conclusion, although Ukraine’s
agricultural sector has significant potential for sustainable
development, achieving this requires substantial changes
in state policy, financing, infrastructure, and education.
The implementation of innovative and environmentally
friendly technologies, support for organic farming, and
bioenergy development can become the main drivers of
sustainable growth in the country’s agricultural sector.

» Conclusions

The research results showed that sustainable development
in agriculture includes the implementation of innovative
technologies such as precision farming, organic produc-
tion, and the use of renewable energy sources. The use of
organic farming methods contributes to the preservation
of soil fertility and the maintenance of biodiversity. For
example, in Ukraine in 2021, spending on environmental
protection in the agricultural sector amounted to UAH
479.4 million, but due to crisis conditions related to the
war, in 2022 this decreased to UAH 412.4 million. In 2023,
this spending increased again, reaching UAH 1,007.3 mil-
lion, indicating growing attention to the issue of environ-
mental sustainability.

In 2023, the volume of capital investment in the ag-
ricultural sector amounted to UAH 12.6 billion, but even
so, investment in infrastructure and digital technologies
remains low, particularly in intangible assets such as soft-
ware, which continue to be at a low level. This indicates
limited digitalisation in agriculture, which is an important
factor in increasing the efficiency and resilience of agri-
cultural enterprises. Nevertheless, Ukrainian farmers are
gradually beginning to adopt new environmental practic-
es. Thus, in 2023, there was an increase in spending on soil
and water resource protection, which indicates a growing
interest in sustainable and environmentally safe farming
methods. However, for further development, it is impor-
tant to increase public funding for scientific research, en-
courage investment in innovative technologies, and mod-
ernise infrastructure.

Therefore, to ensure the sustainable development of
Ukraine’s agricultural sector, it is necessary to increase
investment in innovation and infrastructure, as well as to
support the implementation of new environmentally ori-
ented technologies. The active role of the state in creating
favourable conditions for investment, including through
tax incentives and subsidies, as well as the development of
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public-private partnerships, is key to the successful trans-  » Acknowledgements
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» AHoTauiq. /[lana po6ora Gysia HampaBJjeHa Ha aHaJTi3 Cy4aCHUX IiIXO/iB 10 PO3BUTKY (hepMePChKUX TOCIIOJapPCTB
yepe3 IPU3My iHHOBAIil Ta iHBecTHUNili, a TAKOK BUBYEHHs IXHHOTO BIIMBY Ha CTaJUI PO3BUTOK Ta €KOJIOTi4HI
acIeKTH eKOHOMIKH. Y poOoTi MOCTigKyBasach KOHIIEMIIis CTAJOr0 PO3BUTKY B arpapHOMY CEKTOpPi, 30KpeMa B
KOHTEKCTI YKpaiHU, Jie € 3HAYHUH MOTeHIiaJ 1J1s 1l BIpOBa/IXKEHH Yepe3 HasiBHICTh POAIOYMX 3eMeJIb i CHPUSTIINBUX
KJIiMaTUYHUX YMOB. ByJ0 BCTaHOBJIEHO, IO KalliTajbHi iHBECTHUIII B arpoceKToOp CKopoTusiaucsa y 2023 poui 1o
12,6 MJIpA I'pH, 3 NOJAJBIIMM HE3HAYHUM 3POCTaHHAM 0 15,2 mipn rpH y 2024 poui. Jloc/tigkeHHA NiIKpecansIo
HeOoOXiTHICTh Iepexony Bil TpaaWmifHOTO CLIBCHKOTO TOCHOAPCTBA, IO 0a3yeThCAd Ha XiMiYHMX MoOpUBax Ta
TIeCTUNH/IAX, IO CTAJINX METOIB, TAaKMX SIK OpraHiuHe 3eMJepoOCTBO, OHioeHepreTmKa Ta TOYHE 3eMJIEPOOCTBO, 110
JI03BOJISIE ONITUMIi3yBaTH BUKOPHUCTAHHSA PECypCiB Ta 3MEHIIUTH HETaTUBHUI €KOJIOT{YHIH BIVINB. 30KpeMa, BUTPATH
Ha eKOJIOTiYHHUH 3aXUCT Y CUTBCHKOMY rociofapcTBiy 2023 porti 3pociiu 1o 1007,3 MJTH TpH, 110 BKA3ye Ha MiABUILIEHY
yBary 0 BiJHOBJIEHHSI IPUPOIHUX PeCypCiB. BUABJIEHO, 1110 KIIOYOBUMH Oap’epamMu Ha IIJISIXY BIIPOBAA)KEHHS CTAIUX
MPaKTUK 3aJIUIIAIOTHCSI HU3bKUHM piBeHb IudpoBisalii, HegocTaTHICTh (hiHAHCOBOI MIATPUMKU Ta IHCTUTYIINHHI
obmeskeHHs1. Ha 0CHOBI OTpuMaHuUX pe3y/IbTaTiB BU3HAYEHO [IepCIeKTUBHI HalIPSIMKYU PO3BUTKY, TaKi SIK IOINPEHHS
OUPKYISAPHOI €KOHOMIKY, BIIPOBAPKEHHSI TOYHOTO 3eMJIepoOCTBA Ta CTHUMY/IIOBAaHHs iHBeCTHIIN y BiHOBJ/IOBaHI
Jokepena eHepril. OTpuMaHi fOaHi MOKpec/juIM HEOOXiTHICTh AKTHUBHOI JAEpyKaBHOI MiATPUMKH, CTBOPEHHS
CIPUATINBOTO iHBECTHUI[IHHOTO CcepeloBUINA Ta PO3BUTKY HAYKOBUX MAOCTiIKeHb AJA 3abe3ledeHHs CTaJIOro
PO3BUTKY arpapHoro cektopy. Ctparerii, cnpsiMoBaHi Ha IOKpaIleHHsI iHQPaCTPYKTYpHU, 30epeskeHHsI TPUPOIHUX
pecypciB i ninBuieHHs eeKTUBHOCTI arpapHOro BUPOOHULITBA, MOKYTh CTaTU OCHOBOIO [IJIsI CTBOPEHHS CTiMKOI
arpapHoi CUCTeMH, III0 aJalTYETHCS 10 [TT0OATHFHIX BUKJIFMKIB, TAKHX SIK 3MiHA KJIIMaTy Ta 3pOCTaHHS ITOMYJIALIil

» KnloyoBi croBa: 3esieHi TEXHOJIOTI]; TOYHE 3eMJIepoOCcTBO; 6i0eHepreTHKa; arpapHUN CEKTOp YKpalHY; IepKaBHA
migTpUMKa
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» Abstract. The study aimed to analyse the role of financial technologies in increasing transparency in the
agricultural market and determine the potential to address key issues in the sector. The study examined the
effectiveness of financial technologies such as blockchain, digital platforms, peer-to-peer (P2P) lending, InsurTech
and RegTech in increasing the transparency of the agricultural market and optimising agricultural processes.
The study determined that the introduction of financial technologies significantly improves the transparency of
the agricultural market, reducing opportunities for corruption and price manipulation. The use of blockchain
technologies in agricultural transactions ensures data integrity and transparency in the supply chain, which can
be used to trace the origin of products, reducing the risk of fraud. Digital platforms for agricultural trading enable
farmers to interact directly with buyers, which ensures fair market prices and eliminates the role of intermediaries,
reducing costs. The analysis showed that FinTech solutions, such as P2P lending, enable farmers to obtain financing
on more favourable terms, which makes it easier for small and medium-sized agribusinesses to access credit.
Innovative risk insurance solutions, such as InsurTech, using satellite data to assess climate threats, can be used
to respond quickly to natural disasters and minimise losses. The study also confirmed that the use of big data and
artificial intelligence technologies enables accurate forecasting of yields and demand for agricultural products,
making the agricultural sector more predictable and sustainable. Thus, FinTech technologies help to optimise
financial flows and reduce risks in the agricultural sector
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» Introduction

The agricultural sector is one of the main components
of the economy of many countries, including Ukraine,
and its development directly affects food security and
economic stability. However, the sector faces numerous
challenges, such as market opacity, corruption risks, lack
of access to finance for small and medium-sized farmers,
and inefficient management of agricultural resources. In
this context, financial technologies (FinTech) can make
a significant difference by increasing transparency, mak-
ing financial services more accessible and reducing risks.
Innovations in blockchain technology, digital platforms,
peer-to-peer (P2P) lending, risk insurance and the use
of artificial intelligence can make the agricultural sector
more efficient, resilient and open.

The problem of transparency and efficiency of the
agricultural market remains relevant in many countries,
as many farmers and agrarians face difficulties in obtain-
ing financing, as well as high risks associated with climate
change and natural disasters (Babash et al., 2025). S. Menon
& K. Jain (2021) highlighted how blockchain technologies
can ensure transparency of transactions in agriculture by
tracking the supply chain of products. Reduction of the risks
of data falsification and abuse was achieved using distribu-
tion ledgers. O.0. Ajayi et al. (2024) highlighted that digital
platform have contributed to reducing farmers’ depend-
ence on intermediaries, leading to more transparent and
efficient trading. Such platforms also provide fairer prices
for the products by reducing transaction costs. Z. Chen et
al. (2021) emphasised the importance of using automated
data collection systems to forecast prices and demand
for agricultural products. The study also highlighted that
accurate analytical tools can reduce the economic risks of
farmers. M. Soekarni et al. (2024) studied the benefits of
P2P lending for small farmers who usually did not have ac-
cess to traditional finance. This reduced interest rates and
facilitated the process of obtaining loans. E Rufaidah et
al. (2023) analysed how financial technologies have helped
reduce barriers to investment in the agricultural sector.
The study also emphasised the importance of digital plat-
forms for raising funds from a variety of investors.

K. Bezas & E Filippidou (2023) studied the role of arti-
ficial intelligence in the agricultural sector, in particular in
creating accurate yield forecasts. The study also noted that
artificial intelligence (Al) can help farmers plan produc-
tion efficiently and optimise the use of resources. B. Shee-
han et al. (2023) explored the potential of using Insurance
Technology (InsurTech) to reduce the risks associated
with natural disasters such as droughts and floods. The
speed of insurance payments accelerate recovery from
losses. L. Grassi & D. Lanfranchi (2022) addressed the
use of Regulatory Technology (RegTech) to automate the
monitoring of land transactions. This reduced the level of
raider attacks and abuses in land issues. N. De la Pefia &
O.M. Granados (2024) highlighted the importance of open
data in the agricultural sector, which helped to reduce
information asymmetry between market participants.
Access to this data facilitated planning for farmers and
ensured equal access to markets. M. Kumarathunga et
al. (2022) studied the role of digital currencies and stable-
coins in international agribusiness payments, which re-
duced the cost of foreign exchange transactions. The use
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of such currencies for transactions between international
partners ensured speed and security.

In summary, existing research reveals the importance
of financial technologies for increasing agricultural mar-
ket transparency, but many aspects, such as the impact on
small farms, regulation of digital platforms, and adaptation
of technologies to the specific conditions of different coun-
tries, require further study. The study aimed to examine the
role of FinTechs in the agricultural market, analyse their im-
pact on improving transparency, reducing corruption risks
optimising financial flows, and identify potential areas for
the development of these technologies in agriculture.

Research objectives:

1. To consider the main mechanisms for using digital
financial instruments to reduce corruption risks in the ag-
ricultural sector.

2. To assess the effectiveness of these technologies in
optimising financial flows between farmers, suppliers and
consumers.

3.To identify the prospects for the development of
FinTech in agriculture in the context of current economic
challenges.

» Materials and methods
The study analysed how various digital tools and platforms
can address the many challenges faced by the sector. The
study examined the effectiveness of financial technologies
such as blockchain, digital platforms, agri-finance through
P2P lending, InsurTech and RegTech in addressing issues of
transparency, anti-corruption, access to finance and opti-
misation of agricultural processes. The study also examined
successful examples of the use of FinTech solutions in the
agricultural sector of different countries. For the analysis,
countries that are actively implementing digital financial
technologiesin the agricultural sector and demonstrate pos-
itive results of application were selected. For example, plat-
formssuchasAgriLedger (n.d.) (UK), Agri Marketplace (n.d.)
(Portugal) and Hectare Trading (n.d.) (UK) have demon-
strated how modern technologies can help increase supply
chain transparency, optimise trade processes and facilitate
farmers’ access to finance. In the United States and Austral-
ia, blockchain-based platforms, such as GrainChain (n.d.)
and AgriDigital (n.d.), have significantly increased the effi-
ciency of agricultural trade by providing instant payments
and transparency in transaction processes. These countries
have developed infrastructure for digital payments and
regulatory support for FinTech initiatives. Indonesia was
chosen due to the active use of Big Data and blockchain in
agriculture. The HARA (n.d.) platform helps to collect and
analyse agricultural data, which enable informed manage-
ment decision-making and increase productivity. Kenya,
as one of Africa’s leaders in FinTech, was included in the
study because of its successful application of digital finan-
cial solutions for small farmers. The Farmdrive (n.d.) plat-
form uses FinTech to analyse farmers’ data, providing them
with access to credit and promoting financial inclusion.
In addition, innovative Ukrainian projects such as
AgriChain (n.d.), SmartFarming (n.d.) and Kernel (n.d.),
which actively use digital platforms to automate agricul-
tural processes and facilitate farmers’ access to finance,
were studied. All these projects are aimed at reducing costs
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and increasing transparency in the agricultural sector of
Ukraine, which is an important factor in the development
of the national economy and stimulating investment in ag-
riculture. To assess the effectiveness of FinTech solutions
in Ukraine, a comparative analysis was conducted with the
practices of other countries. The comparison was based on
key indicators, such as the level of digitalisation of the ag-
ricultural market, access to finance for farmers, the spread
of blockchain technologies in the land registry and agricul-
tural transactions, and the impact of FinTech solutions on
reducing operating costs. The study also addressed gov-
ernment support for the implementation of digital solu-
tions, the investment attractiveness of the sector, and the
availability of regulatory mechanisms that promote the
development of financial technologies.

The study analysed the use of blockchain technolo-
gies for agricultural transactions in Ukraine to assess their
effectiveness in increasing transparency and reducing
corruption risks (Iermakova et al., 2022). Digital platforms
for agricultural trading, such as AgroTrade, FarmMarket,
CropBuy, AgriConnect, and RuralMarket, were also stud-
ied to help optimise the purchase and sale processes and
eliminate intermediaries (Prikhodko et al., 2022). Par-
ticular attention was paid to the dynamics of the growth
of financing through P2P lending for farmers to assess its
impact on the availability of financial resources for farm-
ers (IMARC Group, n.d.). In addition, the development of
FinTech in agriculture at the global level was studied to
compare the implementation of financial technologies in
Ukraine and other countries and identifying key factors
for the successful use of FinTech solutions in this area
(Peng et al., 2023). One of the key aspects of the research
was the study of technological solutions that can ensure
transparency at all stages of agricultural production, from
production to sales. The use of blockchain technologies to
guarantee the integrity of transaction data, track product
supply chains and register land ownership was addressed.

» Results

The agricultural sector is an important component of any
country’s economy, but it faces several challenges that
make it difficult to operate efficiently and transparently.
One of the most pronounced is asymmetry of informa-
tion when market participants do not have equal access
to data on prices, supply and demand (Beckman & Coun-
tryman, 2021). Farmers, agribusinesses, and other market
participants often lack the necessary information to make
informed decisions, leading to inefficient resource alloca-
tion, price manipulation, and distorted market forecasts.
Without adequate access to data on market conditions,

small farms can suffer significant losses without being
able to adjust their strategies. Another serious problem is
the corruption risks that often arise in government grants
and subsidies. The lack of transparency in the procedures
for providing financial assistance to farmers can lead to
abuse when funds are allocated to those with political
connections or influential enterprises rather than to those
in need. Such actions not only worsen the competitive-
ness of small agribusinesses but also undermine trust in
state institutions. In addition, the lack of transparency in
land transactions is often used for tax evasion or illegal
land acquisition (De Maria & Howai, 2021).

Difficulties in financing are also a significant problem
for the agricultural sector. Banks are often reluctant to lend
to farmers due to the high level of risk involved in natu-
ral factors, seasonality and volatility of agricultural prices.
This limits the ability of farmers to expand production,
introduce new technologies or modernise infrastructure.
Small and medium-sized farms face even greater difficul-
ties, as their financial condition may not meet the require-
ments of banks to obtain a loan. Lastly, the lack of unified
digital tools for managing agricultural operations makes
market control and audit much more difficult. In 2025,
many processes in agriculture are still conducted manu-
ally or using outdated technologies. This not only hinders
effective financial management but also creates opportu-
nities for errors, inaccuracies and even fraud. The absence
of a single digital space for data exchange, yield monitoring
or logistics management leaves farmers without the prop-
er tools to make quick and informed decisions. All these
problems together create barriers to agricultural market
development and reduce its efficiency. To overcome them,
it is important to introduce modern digital technologies,
create transparent financing mechanisms, and strengthen
anti-corruption initiatives to ensure fair access to the mar-
ket for all participants (Ruml & Qaim, 2021).

Blockchain is a technology that has gained consider-
able popularity in 2025 due to its ability to provide trans-
parency, security and automation of processes in various
fields. In the agricultural sector, blockchain can be a key
tool for increasing efficiency, trust and fairness, particular-
ly in agricultural transactions. One of the main advantag-
es of blockchain is its ability to ensure data immutability,
which is especially important for the registration of trans-
actions (Khalegi et al., 2024). Each transaction recorded
in the blockchain cannot be altered or falsified, which
guarantees its authenticity and gives market participants
confidence in the veracity of the information. As a result,
all parties can be confident that the data on sales or sup-
ply of agricultural products will not be changed (Table 1).

Table 1. Use of blockchain technologies for agricultural transactions in Ukraine

Metric 2020 2021 2022 2023 2024

Number of transactions via blockchain (thousand) 1.5 3.2 5.5 8.0 12.0
Value of transactions via blockchain (USD million) 50 120 200 350 500
Share of blockchain transactions in the total market (%) 2.5 4.5 6.2 8.1 12.5
Average deal size (USD thousand) 33 37 42 44 48

Average fee per transaction (%) 0.2 0.15 0.12 0.1 0.08
Level of trust in blockchain transactions (%) 60 68 75 82 90
Number of platforms using blockchain 2 5 9 15 25
Number of verified smart contracts (thousand) 0.5 1.5 3.0 5.0 8.5

Source: compiled by the authors
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Another important area of application of blockchain
technology is the registration of land ownership and lease
rights. In the agricultural sector, the issue of land rights is
one of the most complex and controversial, as there are
frequent cases of raider attacks or manipulation of land
rights. Blockchain can be used to create open and reliable
registries that record all land transactions, whether they
are purchases, sales, leases or re-registrations. This not
only reduces corruption but also makes it easier for poten-
tial investors or lenders to access accurate information.

One of the most promising features of the block-
chain is the ability to create so-called smart contracts.
These contracts enable automation of processes relat-
ed to financial settlements and the execution of agree-
ments. For example, farmers do not need to manually
track the execution of contracts or make payments for
the delivered products — all the processes are automated
using a software code. Smart contracts can be configured
in such a way that payments are made only after certain
conditions are met, such as product delivery or achieve-
ment of specific quality indicators. This minimises risks
and reduces administrative costs while increasing the ef-
ficiency of transactions.

Thanks to blockchain, the agricultural sector has
substantial transaction transparency insurance, improv-
ing land rights management, and automating financial
processes. Its implementation can contribute to a signifi-
cantreduction in corruption risks, increased trust among
market participants, and the development of a more ef-
ficient agricultural economy. For example, in countries
where blockchain has been implemented for land rights
registration and financial transaction control, the level of
corruption schemes in agricultural transactions has de-
creased by an average of 30-40% (Sajja et al., 2023). This
was achieved by making data impossible to falsify, auto-
mating contracts and ensuring open access to informa-
tion about all stages of transactions.

Digital platforms have become an integral part of
many sectors of the economy, and the agricultural mar-
ket is no exception. Online agricultural trading exchang-
es are opening new opportunities for farmers, providing

up-to-date market prices without intermediaries and di-
rect participation in the auction. This significantly reduces
the cost of intermediary services and improves access to
more favourable deals. Instead of selling their products
through multiple layers of intermediaries, farmers can sell
directly to processors or exporters, providing fairer prices
while retaining a larger share of the profits.

One of the main advantages of digital platforms is
their ability to provide transparency in pricing. Tradition-
ally, prices for agricultural products are formed through
long chains of intermediaries, which often leads to a
distortion of the real value of the product (Reza-Ghareh-
bagh et al., 2022). However, with online exchanges, farm-
ers have access to real, current market prices, which im-
proves informed decision-making regarding selling. Such
transparency also ensures market competitiveness, as all
participants receive the same information, which helps to
avoid price manipulation and stimulates fair competition.

In addition, digital platforms provide additional an-
alytics and forecasting algorithms, which is an impor-
tant tool for farmers in planning production. Intelligent
systems that analyse large amounts of data help predict
changes in demand and prices for agricultural products.
Thanks to these tools, farmers can better plan further ac-
tivities, identify the most profitable strategies for growing
and selling products, and optimise production costs. This
minimises risks, reduces unexpected expenses and in-
creases overall efficiency.

Digital platforms for agricultural trading not only
increase the transparency and efficiency of the agricul-
tural market but also provide new opportunities for the
development of small and medium-sized farms. They
improve independence and informed decision-making
and have direct access to large markets without the need
to go through intermediaries. As technology is constantly
evolving, it can be expected that the role of such platforms
will only grow in the future, making the agricultural sector
even more transparent, competitive and resilient (Dubini-
na et al., 2024). Table 2 presents data on digital platforms
for agricultural trading, their availability, number of users,
annual growth of users, and trading volume.

Table 2. Digital platforms for agricultural trading

Platform Access type | Users (thousand) | Annual growth of users (%) Trading volume (USD million)
AgroTrade Paid 150 15 25
FarmMarket Free 230 20 40
CropBuy Paid 180 10 35
AgriConnect Paid 300 25 50
RuralMarket Free 120 5 18

Source: based on D. Prikhodko et al. (2022)

The use of FinTech solutions in the agricultural sec-
tor opens new opportunities for providing financing to
agricultural enterprises, significantly improving farmers’
access to the necessary resources. One of these innova-
tive tools is P2P lending, which provides receive financial
support directly from investors, bypassing banking insti-
tutions. This approach greatly simplifies the process of
raising funds, as farmers can access a wide range of inves-
tors through specialised online platforms, which provide
more flexible financing terms. Thanks to P2P lending,

farmers can quickly obtain the necessary funds to de-
velop their businesses without going through lengthy
banking procedures and high interest rates. P2P lend-
ing is an innovative financing model that provide loans
directly from investors, bypassing traditional financial
institutions such as banks. This creates an opportunity
for farmers to raise funds faster and on more favourable
terms, as P2P lending platforms can offer lower interest
rates due to the absence of bank intermediaries and min-
imal transaction costs (Table 3).
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Table 3. Growth dynamics of financing through P2P lending for farmers

Year Number of loans To.tal amount ?f. Average interest | Number of investors | % increase in the nl.lmber of
(thousand) financing (USD million) rate (%) (thousand) loans from the previous year

2020 2.3 35.8 7.9 50 -

2021 3.4 52.1 7.2 70 47.8

2022 5.1 85.6 6.8 100 50.0

2023 7.0 115.3 6.4 130 37.3

2024 9.0 150.0 6.0 >60 28.6

Source: based on IMARC Group (n.d.)

The process of lending through P2P platforms is trans-
parent and fast: farmers create a profile on the platform,
where they specify the required amounts and conditions,
and investors can choose projects for investment, incor-
porating the risks and potential returns. This creates a
win-win situation for both parties: farmers get access to
the necessary financial resources without lengthy bank
procedures, and investors can get a higher return on their
investments than with traditional bank deposits. P2P lend-
ing significantly reduces financial inequality in the agricul-
tural finance market. For example, farmers who previously
had limited access to bank loans due to high interest rates
or limited credit history are now able to raise finance from
a wide range of investors. Since the introduction of such
platforms, access to finance for farmers has increased by
30-40%, significantly improving financial stability and en-
suring development of small and medium-sized farms
(Jung & Lee, 2022). This approach also helps reduce farm-
ers’ dependence on large financial institutions and creates
healthy competition among financial intermediaries.

Another important innovation is the use of Big Data
and artificial intelligence to assess the creditworthiness
of farmers. Traditionally, banks conduct complex credit
checks on customers based on a limited amount of data,
which often makes it difficult for farmers, especially small
farms, to obtain loans. However, with the help of modern
technologies such as Big Data and artificial intelligence,

it is possible to analyse huge amounts of data, including
weather conditions, yield history, financial results and
even farmers’ social networks. This approach improves
accuracy of assessment of farmers’ ability to repay loans
and minimises risks for investors and lenders.

In addition, stablecoins and digital currencies are be-
coming important tools for international payments in the
agricultural sector. Agriculture is increasingly integrated
into the global economy, and farmers, especially those
engaged in exports, face numerous challenges in making
international payments. The use of stablecoins or digital
currencies avoids the high commission costs associat-
ed with traditional banking transactions and ensures the
speed and security of transfers between countries. This
creates new horizons for agribusinesses, enabling trade
on international markets with fewer intermediaries and
reduced transaction costs.

The use of FinTech solutions in agri-finance greatly
simplifies farmers’ access to the necessary financial re-
sources, increases the efficiency of agribusiness manage-
ment, and creates favourable conditions for development.
These technologies not only provide farmers with the op-
portunity to receive funds faster and on more favourable
terms but also enable international trade and improve the
financial stability of the agricultural sector (Lomachyns-
ka et al., 2023). Table 4 shows the global dynamics of Fin-
Tech development in agriculture from 2020 to 2024.

Table 4. FinTech development in agriculture (global dynamics)

Year | N e agricultural sector || Totalinvestments, USDbillion |y e ettt ral market, %
2020 230 5.1 7.9
2021 280 6.7 9.3
2022 320 8.5 10.8
2023 370 10.2 12,5
2024 420 12.0 14.2

Source: based on X. Peng et al. (2023)

Insurance is an important element of the stability of
agricultural production, which is constantly facing nat-
ural risks such as droughts, frosts or floods. However,
traditional methods of insurance do not always meet the
needs of farmers, so there is a need to introduce innova-
tive solutions. One of these solutions is InsurTech, which
actively uses modern technologies to improve the pro-
cess of risk insurance in agriculture. One of the main ad-
vantages of InsurTech is the ability to use satellite data to
assess losses from natural disasters. Satellites can mon-
itor weather conditions in real-time, which enables a
quick assessment of the extent of drought, frost or flood.
This significantly speeds up the process of determin-
ing losses, making it more accurate and objective, and
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reduces the risk of fraud or errors in the insurance claims
process. Another important innovation is the creation of
automated insurance payments based on weather indi-
cators. Using data from meteorological stations and sat-
ellites, InsurTech can be used to automatically calculate
payments if weather conditions cause significant losses.
For example, if the rainfall in a particular region is below
normal for a long time, the system automatically starts
the process of paying out insurance claims without the
need to contact an insurance agent or conduct a com-
plex loss assessment procedure. This approach greatly
simplifies the insurance process and reduces response
time, which is critical for farmers who depend on receiv-
ing compensation quickly.




Thanks to mobile apps like Flock, farmers’ access to
insurance products has become much easier and faster.
The technology built into mobile platforms can be used to
check insurance terms and conditions, apply for policies,
receive weather information and even apply for insurance
claims anytime and anywhere. Mobile apps simplify ac-
cess to insurance for small and medium-sized farmers
who may not have been able to use traditional insurance
products before due to the complexity of the procedures
or the high cost. Thanks to such tools, farmers can quickly
respond to changes in the environment and protect them-
selves from unpredictable natural risks (Vidal-Gonzalez &
Fernandez-Piqueras, 2020).

The introduction of InsurTech in agriculture is opening
new horizons for farmers by providing them with access to
more accurate, convenient and faster insurance products.
Technologies based on satellite data, payment automation
and mobile applications greatly facilitate the insurance
process and make it more accessible to farmers. This helps
to reduce economic losses caused by natural disasters and
ensure stability in agriculture, which is an important con-
dition for the development of the agricultural sector in the
context of global climate change (Hou & Wang, 2024).

Regulatory technologies (BigTech) are becoming an
important tool for ensuring transparency and efficiency
in the agricultural sector, where the regulation of financial
and legal processes often faces problems of complexity
and inefficiency. The introduction of automated systems
helps to significantly improve control over government
subsidies and tax reporting. Automation of tax reporting
ensures submission of the necessary documents to the tax
authorities quickly and securely. Thanks to digital plat-
forms, farmers can reduce administrative costs and avoid
mistakes that could lead to fines or penalties. In addition,
automated systems can be used by authorities to efficient-
ly check the compliance of tax returns without the need
for complex manual checks, which contributes to faster
and more accurate compliance with regulations.

Artificial intelligence is also substantial in detecting
fraudulent schemes in the field of state subsidies. Using
machine learning algorithms, artificial intelligence can
analyse large amounts of data and detect anomalies that
may indicate fraud. For example, the system can identify
farmers who are trying to receive subsidies based on false
or incorrect data, or those who manipulate information
about the amount of land or produce to receive excessive
payments. Detecting such schemes at an early stage can
significantly reduce corruption and fraud in the agricul-
tural sector, ensuring fairness and equity in the distribu-
tion of public resources. In addition, the use of artificial
intelligence in the agricultural sector contributes to an
overall increase in economic efficiency. As noted in stud-
ies, the use of machine learning algorithms improves ac-
curacy of yield forecasting, optimised use of fertilisers and
water, and reduced environmental impact. This approach
forms the basis for more rational planning of agricultural
production and sustainable development of the industry.

In addition, online monitoring of the land cadastre is
a powerful tool for preventing raiding in the agricultural
sector. In Ukraine and in other countries with developed
agricultural sectors, the problem of illegal land grabbing
remains a pressing issue (Maschewski & Nosthoff, n.d.).
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The use of technology to monitor land rights through digi-
tal platforms enables authorities, investors and farmers to
obtain up-to-date information on the legal status of land.
This makes it possible to detect illegal transactions, fraud
or attempts to seize land before they are completed. In
this case, regulatory technologies can help ensure trans-
parency and stability in the land market, preventing raider
attacks and violations of property rights.

The introduction of BigTech in the agricultural sector
has the potential to significantly improve control, moni-
toring and regulation, which reduces corruption and in-
creases trust in agricultural institutions. Automation of
tax procedures, the use of artificial intelligence to detect
fraud, and online monitoring of land cadastre create effec-
tive tools for managing agricultural policy and ensuring
stability in the agricultural sector. This helps farmers oper-
ate in a more transparent and secure environment, which
is an important factor for developing and maintaining
sustainable agricultural growth (Volosovych et al., 2024).

One of the most innovative platforms is AgriLedg-
er (n.d.), based in the UK. It is a blockchain platform that
provides transparency in the agricultural supply chain.
Using blockchain technology, AgriLedger improves effi-
ciency of tracking of every stage of production and trans-
portation of products, from farmers to end consumers.
This level of transparency not only increases consumer
confidence but also helps fight counterfeiting, which is es-
sential for food safety and market sustainability. Another
interesting example is Agri Marketplace (n.d.) from Por-
tugal. This online platform directly connects farmers with
buyers, eliminating intermediaries, which ensures better
prices for the products. In addition, the platform provides
additional opportunities for market analysis with special
analytical tools that help forecast demand and optimise
production. This significantly reduces marketing costs
and improve operational efficiency.

The UK is also home to Hectare Trading (n.d.), a Fin-
Tech company that offers digital platforms for trading
livestock and crops. This platform provides transaction,
procurement and sales of products through a user-friend-
ly online interface. The use of digital tools in such activ-
ities significantly reduces costs and increases the effi-
ciency of business management, as process automation
mitigates mistakes, providing quick response to market
changes and business planning with greater accuracy.
GrainChain (n.d.) (USA, Latin America) is an innovative
platform that uses blockchain to create digital contracts in
agriculture. The platform enables farmers and businesses
to conduct transactions without intermediaries, ensur-
ing the reliability and transparency of each transaction.
Blockchain technology can be used to track the origin of
products, control financial flows and guarantee timely
payments. This reduces the risk of fraud and bureaucratic
obstacles, ensuring safe, fast and efficient transactions be-
tween all market participants.

AgriDigital (n.d.) is a blockchain solution for grain
trading that enables farmers and traders to make instant
payments and provides transparency in the supply chain.
Each stage of the grain supply is recorded in real-time on
the blockchain platform, which enables market partic-
ipants to track products at all stages of their movement
from the producer to the end consumer. This increases
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trust between market participants, reduces risks and en-
ables farmers to receive prompt payment for their prod-
ucts. HARA (n.d.) is a platform that combines Big Data and
blockchain technologies to collect and analyse agricultur-
al data. HARA provides farmers with access to information
on climatic conditions, soil conditions, and market prices,
which can be used to optimise production planning. The
use of blockchain technology makes it possible to store
this data unchanged, ensuring transparency and reliabili-
ty, which is important for making informed management
decisions and reducing corruption risks.

Farmdrive (n.d.) is a FinTech platform that analyses
farmers’ data to provide them with access to credit. The
platform uses algorithms to assess the creditworthiness of
farmers based on their agricultural activities and the data
they provide, providing necessary funding even for small
farmers without a traditional credit history. The use of mo-
bile technology to collect data makes FarmDrive accessible
to farmers in remote areas where traditional bank lending
is limited, promoting financial inclusion and agricultural
development. AgriChain (n.d.) is an ecosystem of digital
solutions that provides transparency in agribusiness man-
agement. The platform enables agrarians to effectively
manage their financial flows, automate document flow
and control all stages of production. Using digital tools,
AgriChain can be used to create a single platform for track-
ing financial transactions, which makes processes in the
agricultural sector more transparent and reduces the like-
lihood of corruption. It also enables farmers to optimise
costs and improve business management efficiency.

SmartFarming (n.d.) is a Ukrainian startup that uses
satellite and drone technologies to collect data to help
farmers make informed management decisions. These
technologies can be used to accurately assess the condition
of crops, identify problems in the fields and predict yields.
In addition, SmartFarming provides financial planning
tools to help farmers manage their income and expens-
es, optimise production and reduce the risks associated
with adverse weather conditions. Kernel (n.d.) is a digital
platform for agricultural trading that automates finan-
cial transactions and contracting. The platform enables
farmers and traders to transact directly with each other,
which increases trade efficiency and reduces intermediary
costs. By automating financial transactions and conclud-
ing smart contracts, Kernel Trade significantly speeds up
transaction processing, reducing administrative costs and
increasing trust between market participants.

Digital technologies, as noted by S. Yekimov et
al. (2022), can significantly improve the financial transpar-
ency of the agricultural market, and financial technologies
(FinTech) can play an important role in reducing costs,
improving the efficiency of management decisions and at-
tracting investment. The technologies can be used not only
to optimise internal financial processes but also to increase
trust among partners and consumers, which ultimately has
a positive impact on food security and the development of
the agricultural sector. The use of FinTech in the agricultur-
al sector helps to increase the transparency, efficiency and
investment attractiveness of the market. The introduction
of blockchain solutions, digital platforms, and artificial in-
telligence algorithms can reduce corruption risks, improve
access to finance, and promote sustainable agricultural
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development. Governments and businesses should invest
more actively in FinTech innovations to ensure the compet-
itiveness of the agricultural market on a global scale.

Comparing the adoption of financial technologies in
Ukraine’s agricultural sector with other countries, it can be
noted that in the European Union, the United States and
Latin America, these technologies are actively used to im-
prove transparency, trade efficiency and access to finance,
reducing risks and increasing competitiveness. In Ukraine,
however, the adoption of FinTech in the agricultural sec-
tor has been much slower due to insufficient digital in-
frastructure, lack of government support, and low levels
of trust in new technologies among farmers. To catch up
with international trends, Ukraine needs to invest in the
digitalisation of the agricultural sector, stimulate legisla-
tive initiatives, and raise awareness among farmers about
the benefits of new technologies.

» Discussion

The study determined that the use of financial technolo-
gies has significant potential to increase the transparency
of the agricultural market. In particular, the use of block-
chain technologies has made it possible to ensure the im-
mutability of data on transactions and products, which
reduces corruption risks and increases the level of trust
among market participants. This ensured efficient tracking
of the supply chain of agricultural products and registered
property rights, which is an important step in the fight
against corruption and unfair practices in the market.

This problem was also studied by H. Liu et al. (2023),
where the results confirmed that blockchain technologies
can significantly increase the transparency of the agricul-
tural market due to its unique mechanism for recording
data, which ensures its immutability and accessibility to
all participants. In the case of the agricultural sector, this
technology can be used to track all stages of production,
from sowing to sale, which ensures clarity in financial and
commodity flows. Open and immutable records reduce
the possibility of falsification and manipulation of infor-
mation (Fitriasari et al., 2024).

R. Trequattrini et al. (2024) have also shown that the
use of blockchain in the fight against corruption is an ef-
fective tool for reducing opaque transactions and avoid-
ing abuse. Every transaction or data change in the system
is recorded without the possibility of tampering, making
bribery or fraud schemes much less likely. This environ-
ment encourages trust among agricultural market partic-
ipants, as everyone has equal access to information and
can monitor the transparency of transactions.

Notably, the introduction of blockchain technolo-
gies in the agricultural sector faces certain challenges,
including the need to adapt existing infrastructures to
new standards. Many agricultural enterprises may not be
sufficiently prepared for such changes, which require sig-
nificant investments in technological modernisation and
staff training (Makhazhanova et al., 2024). Another impor-
tant aspect is ensuring access to high-speed internet in ru-
ral areas, which is a prerequisite for the effective operation
of blockchain systems. Agricultural enterprises can gain
significant benefits from the use of new software products
that will increase the speed, accuracy, transparency, and
accessibility of control and accounting processes.




The study also confirmed that digital platforms for
agricultural trading significantly improve farmers’ access
to market information and reduce intermediary costs. The
platforms enable farmers to sell products directly to pro-
cessors or exporters, which ensures fairer prices and facil-
itates market access. In addition, the analytical tools used
on such platforms enable farmers to plan their production
more accurately and make informed business decisions.

R. Abiri et al. (2023) concluded that digital platforms
for agricultural trading significantly increase the accessi-
bility and efficiency of information exchange between sell-
ers and buyers. The use of such platforms enables farmers
to access markets outside local areas, which expands op-
portunities for selling products. In addition, these plat-
forms provide rapid updates of price and demand infor-
mation, improving real-time informed decision-making.

V. Sharma et al. (2022) determined that analytical
tools are key in improving farm production planning by
helping to predict yields and optimise inputs. Using data
on weather conditions, market trends and other factors,
farmers can more accurately determine what crops to
grow and when to grow them to maximise efficiency. This
helps to reduce the risks associated with unprofitability
and increase farm profitability.

These results confirm the above study as they
demonstrate the real benefits of using digital platforms
and analytical tools for agricultural trading. The results
confirm that platforms can indeed improve access to
markets by reducing intermediation costs and ensur-
ing competitive prices. In addition, analytical tools help
farmers to more accurately forecast market needs and
adjust their production strategies, leading to a more sta-
ble and efficient business.

An important aspect of the study was the use of P2P
lending for the agricultural sector, which provides fi-
nancing without the intermediation of traditional banks.
This solution has reduced barriers to access to capital,
especially for small and medium-sized farms. The use of
Big Data and artificial intelligence to assess the credit-
worthiness of farmers minimises risks for investors and
greatly simplifies the process of raising finance (Mish-
chenko et al., 2025).

The study by S.A. Aziz et al. (2024), also found that P2P
lending is becoming a promising way to finance the agri-
cultural sector, as it provides access credit without the in-
termediation of traditional financial institutions, is nota-
ble. This reduces the cost of processing loan applications
and ensures use of funds from multiple investors, increas-
ing the availability of capital for small and medium-sized
farmers. Due to the transparency and speed of such plat-
forms, farmers can get a loan in a short time, which is es-
pecially important during seasonal periods.

In turn, E.M. Ouafiq et al. (2022) concluded that the
use of Big Data and artificial intelligence in farm finance
opens new opportunities for more accurate risk assess-
ment and customer needs. Artificial intelligence can ana-
lyse large amounts of data on market conditions, weather
and production performance, improving farm profitabil-
ity prediction for banks and investors. This not only re-
duces the probability of credit defaults but also ensures
personalised financial solutions, which significantly in-
creases the efficiency of agricultural financing.
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These findings correlate with the theses presented in
the previous section, as they confirm the importance of
innovative technologies in the development of the agri-
cultural sector. In particular, the results demonstrate that
the use of P2P lending and analytical tools such as Big
Data and artificial intelligence does indeed provide more
efficient and affordable financing for farms. This not only
reduces lending costs but also improves the accuracy of
financial forecasts and reduces risks for investors.

A study of the use of InsurTech solutions has shown
that the use of satellite data to assess risks (such as
drought, flood or frost) helps farmers reduce econom-
ic losses. Automation of insurance payments based on
weather data significantly speeds up the process of reim-
bursement of losses, which is extremely important for ag-
ricultural producers who often face unpredictable natural
disasters (Nikolaieva, 2023). Mobile apps make insurance
accessible even to farmers in remote areas.

R. Schwarze & O. Sushchenko (2022) also conducted a
study that confirmed that InsurTech in agriculture is an im-
portant stage in the development of agricultural insurance,
as innovative technologies can reduce risk management
costs and increase the availability of insurance services for
farmers. Thanks to the use of big data, blockchain tech-
nologies and automated platforms, insurers can respond
more quickly to changing weather conditions and provide
more accurate risk assessments. This provides farmers
with not only more favourable terms but also a guarantee
of prompt settlement of the insurance situation.

N. Jha et al. (2021) also determined that automating
insurance payments through weather data significant-
ly increases the efficiency of insurance for farmers, as it
ensures quick response to changes in climate conditions.
The use of accurate weather forecasts and monitoring sys-
tems enables the automatic calculation of insurance pay-
ments without the need for intermediaries. This approach
not only reduces the cost of processing claims but also
speeds up payments, which is critical for farmers in times
of weather crisis.

Comparing the data obtained during the research, it is
possible to conclude that the use of InsurTech and insur-
ance claims automation has significant potential for opti-
mising the insurance process in the agricultural sector. The
difference between traditional methods and new technol-
ogies lies not only in the speed of information processing
but also in the increased accuracy of risk forecasts using big
data and weather models. These innovations significantly
improve access to insurance products for farmers, making
them more affordable and reliable in a changing climate.

One of the important aspects of the study was the use
of RegTech to automate government control processes, in-
cluding monitoring the land cadastre and preventing raid-
ing. These technologies also help to increase transparen-
cy in the use of government subsidies by automating tax
reporting and controlling their intended use. The use of
artificial intelligence to detect fraudulent schemes helps
to reduce the risk of financial abuse in the sector (Pylypen-
ko etal., 2025).

S. Kanojia et al. (2024) concluded that RegTech can
significantly increase the efficiency of state control in the
agricultural sector by automating the processes of mon-
itoring and verifying compliance with regulations. The
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introduction of digital tools makes it possible to monitor fi-
nancial transactions, land management and other aspects
ofagricultural activities with maximum speed and accuracy.
This not only reduces the cost of administrative procedures
but also ensures greater transparency in the interaction be-
tween government agencies and agricultural enterprises.

P Adhikari et al. (2024) determined that artificial intel-
ligence in detecting financial abuse and fraud for farmers
can be a powerful tool for preventing fraud at all stages of
agribusiness. Thanks to machine learning algorithms that
analyselarge amounts of data, itis possible to detect abnor-
mal financial transactions in time and prevent fraudulent
activities. This mitigates financial losses and provides a saf-
er environment for the development of agricultural busi-
nesses, reducing risks for both businesses and consumers.

Analysing the results of the study, the introduction of
RegTech and artificial intelligence technologies in the ag-
ricultural sector significantly increases the efficiency of
control and detection of abuses. This not only enables gov-
ernment agencies to respond quickly to violations but also
creates transparent conditions for farmers, reducing the risk
of financial fraud. Thanks to such innovations, the agricul-
tural sector can provide greater security and stability, which
helps to develop trust among market participants and con-
tributes to the sustainable development of the industry.

Overall, the study showed that the introduction of
financial technologies can significantly transform the ag-
ricultural market, making it more transparent, efficient
and accessible to farmers. However, to implement the full
potential of these technologies, it is necessary to address
possible barriers, such as insufficient internet access in
some regions or legal difficulties. Successful adoption of
these technologies requires governments and businesses
to invest heavily in infrastructure and adaptation to local
conditions. Only with proper regulation and the develop-
ment of technological infrastructure will the agricultural
sector be able to achieve sustainable growth and improve
conditions for farmers.

» Conclusions

The use of financial technologies in the agricultural sec-
tor contributes to increasing the transparency, efficiency
and investment attractiveness of the market. Blockchain
solutions ensure the immutability of transaction data, reg-
istration of property rights and automation of contracts,
which minimises corruption risks and improves control
over financial flows. In Ukraine, the number of blockchain
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ing their dependence on traditional banks. The number
of FinTech start-ups in the global agricultural sector grew
from 150 in 2018 to 370 in 2023, and total investments in
the sector increased from USD 2.5 billion to USD 10.2 bil-
lion. InsurTech innovations facilitate access to insurance
using satellite data, mobile apps and automated pay-
ments, helping farmers protect themselves from natural
risks. RegTech solutions increase control over subsidies,
automate reporting and help prevent fraud. In general,
FinTech innovations have the potential to transform the
agricultural market, increasing its efficiency, transparency
and access to financial resources. Governments and busi-
nesses should actively implement these technologies to
ensure the sustainable development and competitiveness
of the agricultural sector. A limitation of the study is that
it focuses mainly on already implemented FinTech solu-
tions and does not consider potential regulatory barriers
and risks associated with their large-scale implementa-
tion in different countries. Further research is needed on
the impact of FinTech solutions on the financial sustain-
ability of small and medium-sized farms, as well as their
adaptation to climate change and global market trends.
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» AHoTauifa. [JaHe mociifskeHHs OyJ0 copsiMOBaHe Ha BUBYEHHsI poJii (DiHAHCOBUX TEXHOJIOTIH y mimBuIeHHi
MIPO30POCTi arpapHOro PUHKY Ta BU3HA4YEHHs IXHBOTO IIOTEHINiasly [JIsI BHUPIIIeHHS KJIOYOBHX NMPOOJEM ITHOTO
cekTopa. Y I[bOMY IOCJiIKeHHi Oy/I0 TPOBeIeHO aHa/Ti3 e(peKTUBHOCTI (hiHAHCOBUX TEXHOJIOTIN, TAKUX STK OJOKUYEIH,
uudposi mwiarpopmu, P2P-kpeaurtyBanss, InsurTech ta RegTech, myist migBUIleHHsT IPO30POCTi arpapHOro PUHKY
Ta oNTUMi3alii arpapHuX IpoleciB. Y pe3yJasTaTi IpoBeAeHOro AOCiIKeHHA Oy/I0 3’ICOBAHO, 1110 BIIPOBAKEHHS
(piHaHCOBUX TEXHOJIOTIN 3HAYHO MOKpAIIye IPO30PiCTh arpapHOr0 PUHKY, 3MEHIIYIOYX MOKJIUBOCTI /I KOPYIHil
Ta MaHINIANIA 3 miHamMu. BukopucranHs 6JIOKYEH-TeXHOJIOTIH Yy cdepi arpapHuX yrox 3abesnedye HE3MIHHICTh
JIAHUX Ta IIPO30PICTh JIAaHIIOTA IOCTABOK, 110 TO3BOJISIE€ BifICTEKYyBATU IIOXOJKEHHsI IIPONYKILil, 3HU)KYIOUU PU3UKU
mraxpatictsa. [{udpoBi naaTdopmu IJisi arpapHUX TOPTiB AAl0Th MOYKJIMBICTH (hepMepaM HAmpsIMy B3aEMOMISITH
3 MOKYMIAMY, L0 CIPHUAE OTPUMAHHIO CIIPaBeJJIMBUX PUHKOBUX IIiH Ta YCYBAa€ pOJIb IIOCEPEJHUKIB, 3HUKYIOUU
BUTparu. AHani3 mokasdas, mo FinTech-pimenns, Taki sk P2P-kpeauTyBaHHs, HAIOTh MOSKJIUBICTH dhepmepam
oTpUMyBaTH (iHAHCYBaHHA HA BUTIOHIIINX yMOBaX, IO MOJIETIIYE JOCTYI O KPEOUTHUX PEecypciB IJIs Majaux Ta
cepenHix arpo6isHeciB. IHHOBaNifHI pileHHs B 06J1aCTi cTpaxyBaHHA PU3HKIB, 30kpeMa InsurTech, BUKOpHUCTOBYIOUH
CYITyTHUKOBI JTaHi JJ1 OIiHKY KJIIMaTUYHUX 3arpos3, TO3BOJISIOTH IIBUIKO pearyBaTy Ha MPUPOIHI KaTacTpodu Ta
MiHiMi3yBaTH 30UTKH. JJOCTIIsKEHHS TAKOK ITiITBEPAMUIIO, III0 BUKOPUCTAHHS TEXHOJIOTiM BEJTUKUX IaHUX Ta IITYYHOTO
iHTeJIeKTY J03BOJIsI€ TOYHO TPOTHO3YBAaTHU BPOKAUHICTh Ta MOMUT HA arpoNpoyKIIilo, III0 pOOUTH arpapHUN CeKTOp
Oinpu1 ependavyBanuM i ctilikum. Takum unHoM, FinTech-Texnoutorii fornomaraoTs onTuMisyBaru (hiHaHCOBi IOTOKU
i BHMDKYIOTh DUBUKHU B arPapHOMY CEKTODI
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» Abstract. The study focused on analysing the changes in Ukraine’s agricultural sector caused by the hostilities
and their implications for national security, as well as finding strategies for the sector’s recovery. This study employed
statistical data analysis, comparative analysis, and an assessment of the impact of military operations on various aspects
of the Ukrainian agricultural sector to determine the extent of damage and opportunities for recovery. The study found
that Ukraine’s agro-industrial complex has suffered extensive losses due to the hostilities, which posed severe risks to
the country’s food, economic, social, and environmental security. Specifically, the occupation and hostilities have led to
the loss of some agricultural land, its mining and degradation, which has reduced the production of major crops such
as wheat, maize, sunflower, barley, and in 2022, about 1.2 mil t of grain could not be stored due to damaged warehouses,
and over 30% of elevators were destroyed or damaged, resulting in the loss of another 2.5 mil t of grain. soybeans. The
destruction of infrastructure, blocked ports, and logistical problems caused a 60% drop in maize and wheat exports,
which reduced foreign exchange earnings and commodity prices - for instance, wheat fell by 25% and maize by 30%. At
the same time, massive unemployment in rural areas, a decline in livestock, and a 30% reduction in the number of farms
led to an 18.4% decline in meat production and a 14.7% decline in milk production, exacerbating social problems and
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driving up prices. A labour shortage of more than 300,000 workers reduced agricultural production efficiency by 12%,
and cultivated areas decreased by 10-12%. There have also been substantial environmental impacts, including soil and
water pollution caused by the hostilities. To minimise these threats, comprehensive measures were needed, including
mine clearance, restoration of agricultural infrastructure, diversification of logistics, and state support for agricultural
producers. Implementing these measures will help stabilise the situation and ensure the country’s food security. The
findings can be used to develop strategies to restore Ukraine’s agricultural sector, increase its resilience to crises, and

strengthen national security in the face of military threats

» Keywords: environmental impact; infrastructure; recovery; logistics; foreign exchange earnings

» Introduction

Ukraine’s agricultural sector plays a crucial role in shap-
ing the country’s economic, food, and social stability. The
sector not only supplies the internal market with food,
but also plays a major role in generating foreign exchange
earnings through the export of agricultural products.
Ukraine is one of the largest producers and exporters of
grains, oilseeds, meat, and milk. The agricultural sector is
also significant for the development of rural areas, which
are home to a large proportion of the population working
in agriculture. However, with the outbreak of the war in
2014 and the subsequent escalation of the conflict in 2022,
Ukraine’s agricultural sector suffered extensive losses. The
occupation of territories, destruction of infrastructure,
mining of agricultural land, restrictions on access to ports
and transportation of products, and reduced yields due to
hostilities have all led to a decline in production and ex-
ports, which has markedly affected the country’s economy
and national security (Diachenko & Zhmudenko, 2023).
The loss of agricultural land and infrastructure has direct-
ly affected food security, as production of staple foods has
decreased, and disruption of logistics routes has made it
challenging to deliver products to consumers. This has
caused economic hardship and social tensions in the
country. The threat of food insecurity and growing social
problems were consequences of the war, making the res-
toration of the agricultural sector crucial to national secu-
rity (Shahini et al., 2023).

Analysing the effects of hostilities on the agricultural
sector requires examining a series of key issues, includ-
ing economic, social, and environmental consequences.
B.R. Rexhepi et al. (2023) studied the economic impact of
the war on the agricultural sector, emphasising the signifi-
cance of the agricultural sector for the country’s economy.
The destruction of this sector due to hostilities could lead
to serious problems in ensuring food security and foreign
exchange earnings. E Tersoo Gbaeren et al. (2024) exam-
ined the social consequences of the destruction of agricul-
tural infrastructure, especially for rural areas. The destruc-
tion of jobs and infrastructure led to mass unemployment
and social instability in regions, where agriculture was
the principal source of income. R.P. Tucker & J.R. Mc-
Neill (2025) analysed the environmental impact of the war
on agricultural land, focusing on mining and soil contami-
nation. This greatly complicated the restoration of agricul-
tural production in the affected areas. C.G. Fit et al. (2025)
addressed the technical aspects of restoring agricultural
infrastructure, highlighting the need to modernise ma-
chinery and rebuild warehouses. The researchers also em-
phasised the significance of processing agricultural waste
into value-added products for sustainable development.

R. Key et al. (2024) explored the effects of port blockades
on agricultural exports, which limited foreign exchange
earnings. The development of alternative logistics routes
has become key to restoring exports and maintaining
economic stability. S. Qu et al. (2024) investigated the im-
pact of the war on international agricultural trade, noting
that the disruption of foreign trade reduced competitive-
ness in world markets. M. Prem et al. (2025) stressed the
significance of demining agricultural land for its further
use. Without safe access to these lands, the resumption of
agricultural production would be impossible. T.-H. Le et
al. (2022) studied the social consequences of the war, in-
cluding internal migration and increased social tensions
due to job losses in agriculture. This could have led to
marked social upheaval, especially in rural areas. T. Ghe-
breyohannes et al. (2022) analysed state support for the
agricultural sector during the war, emphasising the need
for subsidies, soft loans, and insurance to help farmers re-
store production capacity and maintain the stability of the
sector. N. Denissova & R. Born (2021) studied the role of in-
ternational aid in the post-war recovery of the agricultural
sector. Attracting foreign investment and grants is crucial
for rebuilding infrastructure and ensuring sustainable de-
velopment of the agricultural sector. Overall, despite the
existingresearch, the issues of adaptation of the agricultur-
al sector to new conditions after the war, integration of in-
ternational aid, and a comprehensive approach to restor-
ing ecosystems and infrastructure are still understudied.

The purpose of the study was to assess the effects of
military operations on the agricultural sector and identify
effective ways to restore it to reduce the negative conse-
quences and strengthen the country’s national security.
Objectives of the study were as follows: to consider the
impact of the destruction of agricultural infrastructure on
food security and the national economy; to assess the ex-
tent to which the decline in agricultural production affects
the stability of national security; to identify the primary
ways to restore the agricultural sector to reduce the ad-
verse effects of the war.

» Materials and methods

This study analysed, how military operations affected
Ukraine’s agricultural sector and their implications for
food security. The period from 2014 to 2025 was covered,
with a focus on the destruction of infrastructure, loss of
land, and decline in agricultural production. Particular
consideration was given to the problem of declining yields
and the difficulty of restoring the agricultural sector after
the hostilities. The study also focused on the adverse eco-
nomic consequences for the country arising from these
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factors. One of the principal methods employed was the
analysis of statistical data, which helped to track changes
in the agricultural sector. The data for the analysis were
taken from the Food and Agriculture Organization of
the United Nations (2025) and State Statistics Service of
Ukraine (2025). Geospatial analysis was employed to in-
vestigate the consequences of the occupation of territo-
ries and land contamination due to mining. This allowed
assessing the extent of the loss of agricultural land that be-
came unsuitable for cultivation after the russia seized the
territories. For this, mapping materials and satellite im-
ages from Global Forest Watch (n.d.) were used. This ap-
proach helped to analyse in detail, how the war changed
the area of land available for agricultural activities, which
severely affected the agricultural production.

A prominent aspect of the study was also the destruc-
tion of agricultural infrastructure, including elevators,
warehouses, and processing plants. For this, the study
used data on logistics failures obtained from Agricultur-
al market research (n.d.). This analysis helped to assess,
how the damage to infrastructure affected farmers’ ability
to store and process their produce. The study also exam-
ined, how these problems hampered access to crucial in-
puts, such as fertiliser and fuel, which are critical to the
proper functioning of the agricultural sector. The impact
of the blockade of ports on the Black Sea was analysed by
studying the export and internal markets for agricultural
products. The data from The National Academy of Agrari-
an Sciences of Ukraine (n.d.) were used to identify chang-
es in the market situation and determine the economic
consequences of the blockade of ports for the agricultural
sector. The blockade has greatly complicated the export of
agricultural products, leading to an oversupply of goods
in the internal market and falling prices, which created
financial challenges for farmers. Particular attention was
paid to the livestock sector, where the war led to a major
reduction in meat and dairy production. Data from the
State Statistics Service of Ukraine (2025) were used to as-
sess the extent of the decline in production. This helped to
investigate, how farm damage and feed shortages affected
the overall state of the industry and its ability to meet the
food needs of the population.

A study was also conducted on the effects of staff
shortages in the agricultural sector caused by emigration
and human losses. Statistical data from the Migration re-
search and publications (n.d.) helped to assess, how the
reduction of the labour force complicated the recovery of
agricultural production. The study of these factors helped
to identify the key challenges faced by the agricultural
sector in the context of recovery and assess their effects
on the overall productivity of the sector. The study ana-
lysed the influence of military operations on Ukraine’s
agricultural sector and compared it with the experience
of three other countries — Poland (World Bank Group in
Poland, n.d.), Israel (Statistics, n.d.), and Syria (Syrian
Arab Republic, n.d.). The study examined, how each of
these countries managed to restore the agricultural sec-
tor after military conflicts. It was vital to identify the key
factors that affect the effectiveness of restoring agricultur-
al infrastructure and the stability of food security. These
methods provided a comprehensive picture of the effects
of the war on Ukraine’s agricultural sector. The study of
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each of the factors helped to identify key obstacles to the
industry’s recovery in the wake of the war, which is essen-
tial for ensuring food security and economic stability in
the country in the future.

> Results

One of the most severe consequences of the war was the
loss of major areas of fertile land that ended up in the tem-
porarily occupied territories or mined. Ukraine has his-
torically been one of the world’s largest grain producers,
and the reduction in cultivated areas has directly affected
the yields and food security. Mine action and fighting have
caused physical damage to the soil, complicating the re-
covery. Artillery, rocket, and armoured vehicle explosions
change the chemical composition of the soil, making it
less fertile. Furthermore, large areas must be demined,
which is a lengthy and costly process. International organ-
isations such as the Food and Agriculture Organization of
the United Nations estimated that over 30% of Ukrainian
agricultural land has become temporarily unusable, great-
ly reducing food production capacity (Daszkiewicz, 2022).

The destruction of key infrastructure, such as eleva-
tors, warehouses, processing plants, and logistics centres
has substantially hampered agricultural production. The
lack of adequate grain storage facilities resulted in crop
losses, as the products often could not be stored or sold
in time. The destruction of agricultural processing plants
drastically affected the food industry, as a great portion
of agricultural products could not be processed and sold
on internal or external markets. Logistical challenges
hampered the supply of fertilisers, fuel, and crop protec-
tion products, which was another factor in the decline in
yields. The situation was particularly critical in 2022-2023,
when many farms were unable to obtain the necessary
resources for the sowing campaign due to the hostilities
(Nycz-Wojtan, 2023). An analysis of the destruction of ag-
ricultural infrastructure, including elevators, warehouses,
and processing plants, revealed severe consequences for
Ukraine’s agricultural sector. According to Agricultural
market research (n.d.), over 30% of elevators were de-
stroyed or damaged, resulting in the loss of about 2.5 mil t
of grain due to the lack of adequate storage capacity. In
2022, about 1.2 mil t of grain could not be stored due to
damaged warehouses, causing major losses. Infrastruc-
ture problems also led to logistical disruptions and delays
in delivering products to markets, which reduced the eco-
nomic performance of the agricultural sector by 7-10%. At
the same time, the availability of inputs such as fertilisers
and fuel decreased by 20-25%, which made agricultural
operations more challenging and led to a 15-20% decline
in yields. The 30-40% reduction in the production capac-
ity of processing companies compared to pre-war levels
also led to a 35% decrease in the processing of agricultural
products, which adversely affected the country’s economy
and food security.

Before 2022, Ukraine was one of the largest grain ex-
porters, ensuring the food security of many countries, par-
ticularly in Africa and the Middle East. However, after the
outbreak of full-scale hostilities in 2022, Ukrainian ports
on the Black Sea were blockaded, effectively paralysing
agricultural exports. The Grain Corridor, created with the
support of UN in mid-2022, enabled partial resumption




of supplies, but exports stayed well below pre-war levels
(Hassen & El Bilali, 2022). As a result, Ukrainian farmers
faced a surplus of products that they could not sell, which
led to falling prices on the internal market and financial
difficulties in the agricultural sector. The congestion of rail
and road routes across the western border could not ful-
ly compensate for the loss of maritime exports, as these
routes were much more expensive and less efficient. Due
to the war, a considerable part of the sown area was not
properly planted or cultivated. The main reasons for this
include the inability to access land due to hostilities or
occupation, shortages of fuel, fertilisers and crop protec-
tion products, and the destruction of irrigation systems,
which is particularly critical in the southern regions. E
Lin et al. (2023) emphasised that in 2022-2023, Ukrainian
farmers faced a lack of sufficient funding for the sowing
campaign. Banks and investors were reluctant to provide
loans due to high risks, which further complicated the sit-
uation. The result was a decline in the harvest of strategic
crops such as wheat, maize, and sunflower. This not only
reduced farmers’ incomes, but also threatened food secu-
rity in the country and caused food prices to rise.

The livestock sector also suffered severe losses. Due
to the destruction of farms, lack of feed, and challenges
in selling products, many agricultural enterprises were
forced to reduce production or cease operations altogeth-
er (Laber et al., 2023). The key challenges included the
physical destruction of livestock farms and holdings, a
shortage of feed due to reduced grain and oilseed yields,
logistical problems that complicated the transportation of
livestock products, and a loss of internal and external de-
mand due to a drop in the population’s purchasing power.
The decrease in production of meat and dairy products
resulted in higher prices, which adversely affected the
living standards of the population. The war in Ukraine
dramatically affected the livestock sector, which resulted
in a decline in meat and dairy production. According to
the State Statistics Service of Ukraine (2025), in 2022, meat
production decreased by 18.4% and dairy production —
by 14.7%. This was caused by damage to livestock farms,
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feed shortages, and a decrease in the number of operating
farms, which led to a 30% reduction in their number. As a
result, the market witnessed a sharp rise in prices: meat
prices increased by 22% and milk prices grew by 18%.
These factors strongly affected the country’s food security
and increased dependence on imported supplies.

The authors A. Manaye et al. (2023) noted that the
agricultural sector also suffered from major human loss-
es. The war claimed the lives of many farmers, agricul-
tural workers, and experts, exacerbating the staff short-
age. Many skilled professionals were forced to leave their
jobs due to mobilisation, evacuation, or the destruction
of their businesses. This created further problems for the
agricultural sector, as without experienced workers, the
restoration of production would be significantly compli-
cated. The situation was particularly acute in rural areas,
where the loss of has led to an increase in poverty and so-
cial tensions. A study of the effects of labour shortages in
the agricultural sector caused by emigration and human
losses revealed considerable difficulties for the recovery
of production. According to the Migration research and
publications (n.d.), at the end of 2023, Ukraine’s agricul-
tural sector lacked more than 300,000 workers, which was
15% of the total workforce before the war. This resulted in
a 10-12% reduction in cultivated areas, which led to an
8-10% drop in yields. The cost of agricultural operations
increased by 25%, while the overall efficiency of agricul-
tural production decreased by 12%, which complicated
the sector’s recovery and exacerbated the country’s food
security. The war substantially affected Ukraine’s nation-
al security, which included not only military aspects, but
also economic, social, and environmental ones. The agri-
cultural sector, which was the backbone of the economy
and provided a great part of food security, suffered severe
losses. The disruption of agricultural production posed
a threat not only to Ukraine, but also to its internation-
al partners. The war led to pronounced changes in the
production of major crops, which threatened the food
security of Ukraine and other countries that imported
Ukrainian grain (Table 1).

Table 1. Dynamics of production of major crops in Ukraine (2014-2025)

Year Wheat (mil t) Maize (mil t) Sunflower (mil t) Barley (mil t) Soybeans (mil t)
2014 24.0 28.0 12.0 8.0 3.0
2015 26.0 30.0 14.0 9.0 3.5
2016 27.0 32.0 15.0 9.5 4.0
2017 28.0 33.9 16.0 10.0 4.5
2018 29.0 35.0 17.0 10.5 5.0
2019 30.0 36.0 18.0 11.0 5.5
2020 31.0 37.0 19.0 11.5 6.0
2021 33.0 39.0 20.0 12.0 6.5
2022 19.0 22.0 10.0 5.0 2.5
2023 20.0 23.0 12.0 6.0 3.0
2024 25.0 27.0 15.0 7.0 3.5
2025 30.0 35.0 18.0 8.0 4.0

Source: based on State Statistics Service of Ukraine (2025)

In the pre-war period, agricultural production in
Ukraine grew steadily, showing positive dynamics in all
major crops. The highest levels were achieved just before
the outbreak of full-scale war. After 2022, production

declined sharply due to the loss of territory, infrastruc-
ture destruction, and logistical difficulties. However, in
the following years, a gradual recovery in volumes was
observed, which demonstrated the high resilience and
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adaptability of the agricultural sector. It was expected
that in the short term, production levels would again
approach pre-war levels. The loss of areas, where wheat,
barley, and soybeans were historically grown, including
areas in the east and south of the country, led to a de-
cline in the area under cultivation. This meant not only
a reduction in the amount of milling wheat on the in-
ternal market, but also major challenges in meeting ex-
port obligations, as Ukraine was historically one of the
largest exporters of wheat on the global market. As of 31

December 2023, significant areas in the east and south
of Ukraine, including parts of Donetsk, Luhansk, Zapor-
izhzhia, and Kherson regions, continued to be temporar-
ily occupied. These regions are crucial for the country’s
agricultural sector, as they are home to fertile soils, large
agricultural enterprises, and infrastructure facilities. The
occupation complicated access to resources, disrupted
logistics chains, reduced yields, and limited control over
agricultural potential. The loss of these territories drasti-
callyaffected Ukraine’seconomyandfoodsecurity (Fig. 1).

Novoiharkasék
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Figure 1. Temporarily occupied territories after the full-scale invasion
Note: the boundary of the territories is defined as of 31 December 2023

Source: based on Global Forest Watch (n.d.)

Barley, which is one of the main export crops, also suf-
fered considerable losses. Many regions that historically
grew barley were under occupation or in the zone of active
hostilities, which significantly reduced the area under this
crop. The lack of infrastructure for barley harvesting and
transportation further complicated the situation, resulting
in a decrease in the amount of barley available on the in-
ternal market and for export. The production of soybeans,
which is a valuable crop for providing protein for both the
internal market and exports, also experienced major chal-
lenges. Specifically, the decline in soybean acreage caused
by the lack of access to certain areas and restrictions on
the supply of inputs such as fertilisers and crop protection
products led to a decline in production of this crucial crop
for the agricultural sector. Maize production suffered ex-
tensive losses due to shortages of fertilisers, fuel, and crop
protection products. Lack of access to the necessary re-
sources for efficient cultivation of this crop made it almost
impossible to grow it in some areas. Additionally, the lack

of access to warehouses and logistics networks for storing
and transporting maize was yet another obstacle. The de-
cline in the area under oilseeds such as sunflower, as well
as the decline in barley and soybean plantings, was the re-
sult of the russian aggression. Oilseeds and pulses require
stable conditions for transportation through ports, which
Ukraine lost due to the blockade and destruction of port
infrastructure. This drastically limited export opportuni-
ties and created a shortage of oilseeds and protein crops in
the country. The outcome was not only in food shortages
on the internal market, but also in instability on interna-
tional markets, where Ukrainian grain had always played
a prominent role in ensuring food security, particular-
ly for countries in Africa and the Middle East. K. Mazur &
0. Alieksieieva (2024) noted that, before the war, the agricul-
tural sector was one of the key sources of foreign exchange
earnings in Ukraine, accounting for about 40% of foreign
exchange earnings. Losses in the agricultural sector were a
serious blow to the country’s economic stability (Table 2).

Table 2. Effects of the war on the economic performance of Ukraine’s agricultural sector

q Exports Investments Number Employment
Year LTS a}grlcultural of agricultural in the agricultural of agricultural in the agricultural
production (bn USD)
products (bn USD) sector (bn USD) enterprises sector (mil people)
2014 50.0 20.0 1.5 25,000 3.0
2015 52.0 22.0 1.8 24,500 2.9
2016 53.0 23.0 2.0 24,000 2.8
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Table 2, Continued

Gross agricultural Exports . Investl.nents Nu.mber . Employ_'ment
Year - of agricultural in the agricultural of agricultural in the agricultural
production (bn USD) products (bn USD) sector (bn USD) enterprises sector (mil people)
2017 54.0 24.0 2.2 23,500 2.7
2018 55.0 25.0 2.5 23,000 2.6
2019 56.0 26.0 2.8 22,500 2.5
2020 57.0 27.0 3.0 22,000 2.5
2021 58.0 28.0 3.2 21,500 2.4
2022 30.0 12.0 0.5 18,000 2.0
2023 32.0 15.0 1.0 19,000 2.1
2024 35.0 18.0 1.5 20,000 2.2
2025 40.0 22.0 2.0 21,000 2.3

Source: based on Food and Agriculture Organization of the United Nations (2025)

Prior to the outbreak of full-scale war, Ukraine’s ag-
ricultural sector was showing steady growth, with in-
creasing production, exports, and investment, although
the number of agricultural enterprises and employment
were gradually declining. In 2022, the sector experienced
a sharp decline in all indicators due to the war. At the
same time, a gradual recovery was being observed since
2023: exports, investments, the number of enterprises,
and employment were growing, suggesting the begin-
ning of the industry’s recovery. The blockade of ports,
particularly those in the Black Sea, and the destruction
of logistics chains substantially limited agricultural ex-
ports. Ukraine lost access to major markets for its prod-
ucts, including Europe, Africa, and the Middle East. The
decline in agricultural exports meant not only a decrease
in farmers’ incomes, but also major losses for the budget,
as most of the country’s foreign exchange earnings were
generated by agricultural exports. Agricultural enterprises
responsible for processing products, including elevators,
grain processing plants, and other storage and logistics
facilities, were destroyed or severely damaged. This not
only complicated the processing of the harvest, but also
put millions of people out of work, further deepening the
economic crisis. Agricultural enterprises faced a major
funding shortage due to high investment risks. Banks and
other financial institutions reduced lending, making it im-
possible for the sector to recover and modernise. Without
government and international support, farmers could not
return to pre-war production levels. The loss of foreign ex-
change earnings, declining tax revenues, and a substantial
budget deficit exacerbated economic challenges and in-
creased dependence on international aid.

An analysis of the effects of the blockade of ports on
the Black Sea, based on data from The National Academy
of Agrarian Sciences of Ukraine (n.d.), found a significant
negative impact on agricultural exports. After the blockade
of ports in 2022, wheat and maize exports decreased by
60%, leading to a surplus of products on the internal mar-
ket. This led to a 25% drop in wheat prices, a 30% drop in
maize prices, and a 20% drop in sunflower prices. Farmers
faced financial difficulties as they were unable to sell their
products at favourable prices, which reduced their income
by 15-20% and adversely affected the level of investment
in agriculture, ultimately reducing production by 10-15%
in 2023. The destruction of agricultural infrastructure and
reduced agricultural production not only affected the econ-
omy, but also had major social consequences (Moersdorf et

al., 2023). Agriculture was the principal source of income
for millions of people, especially in rural areas. The loss of
jobs on farms, in processing plants, and in logistics com-
panies led to a sharp increase in unemployment. The lack
of alternative employment opportunities made many rural
communities socially unstable. As living conditions in rural
areas deteriorated, many people began to move to cities or
abroad in search of better living conditions. This migration
put more strain on urban infrastructure, contributing to
social tensions and increasing competition for resources
in cities. Cancellation of social programmes, lower living
standards, and an unstable labour market could lead to se-
vere social conflicts. Internal tensions in rural communities
could escalate into mass protests and unrest.

The environmental consequences of the war may
have long-lasting effects on the environment, making
it difficult to restore the agricultural sector at all levels
(Meaza et al., 2024). Large areas that were previously used
for agricultural work have become unsafe due to mines.
This made them unsuitable for cultivation and made it
impossible for agricultural enterprises to function nor-
mally, leading to losses not only in agricultural work, but
also in land contamination. The destruction of irrigation
infrastructure, as well as the destruction of water systems
that provided water to farms, led to drought and reduced
yields in the southern and eastern regions. This has se-
vere consequences not only for agriculture, but also for
the overall state of water resources. The use of chemical
warfare agents and leaks of oil products and chemicals
during shelling led to severe contamination of soil and
water resources (Shaforost ef al., 2024). This created long-
term problems for agriculture, as the contamination of the
soil made it unsuitable for growing crops. Fires caused by
shelling were destroying forests and nature reserves, which
was damaging biodiversity. The war negatively affected lo-
cal ecosystems, increasing the risks to the natural balance.

The war that broke out in Ukraine in 2014 posed a
serious challenge to the country’s agricultural sector. De-
stroyed infrastructure, loss of land, reduced yields, and
labour shortages are just some of the problems that have
arisen as a result of the hostilities. Ukraine, with one of the
largest agricultural productions in Europe, needed effec-
tive measures to restore its agricultural sector. To assess
this situation, it is useful to consider the experience of
other countries that experienced analogous crises, such as
Poland, Israel, and Syria. Poland, which also suffered se-
vere destruction during World War II, managed to quickly
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rebuild its agricultural sector thanks to effective govern-
ment programmes and international financial support.
Specifically, the Polish government developed strategies
that included providing subsidies to farmers, financing
infrastructure rehabilitation, and introducing the latest
agricultural technologies. This allowed Poland not only to
restore agricultural production, but also to become one of
the largest agricultural countries in Europe, which played
a significant role in the continent’s food security (World
Bank Group in Poland, n.d.).

Israel, for its part, faced other challenges caused by
the constant threat from its neighbours, but the coun-
try managed to find effective solutions through innova-
tive technologies. Israel was actively using hydroponics,
drip irrigation, and automation of agricultural processes,
which helped it to make the most efficient use of limited
water and land resources. A prominent aspect was also the
availability of an efficient infrastructure for storage and
processing of products, which had became the key to the
sustainability of the agricultural sector even in challeng-
ing conditions (Statistics, n.d.). The Syrian experience,
while less successful, also provided valuable lessons. Syria
suffered heavy losses in the agricultural sector during the
war, including the destruction of large tracts of farmland
and a decline in production of major crops. In response to
these challenges, the government has sought internation-
al aid to rebuild infrastructure and support farmers. How-
ever, due to the lack of stability and ongoing hostilities,
recovery was greatly slowed. This experience underscored
the significance of stable security for the effective recovery
of the agricultural sector (Syrian Arab Republic, n.d.)

Comparing these examples with the situation in
Ukraine, several key aspects can be identified. Ukraine, on
the one hand, has a strong agricultural infrastructure and
significant potential for recovery, but due to the armed
conflict and the loss of territory, the country faces chal-
lenges in obtaining financing and restoring production
capacity. However, thanks to international support and
the restoration of some infrastructure, Ukraine’s agricul-
tural sector was gradually beginning to recover. Another
prominent area was the development of innovative tech-
nologies in agriculture, which enabled the optimised use
of limited resources. The experience of Poland and Isra-
el was most relevant for Ukraine, as these countries, like
Ukraine, have a strong agricultural sector and have faced
the challenges of recovering from large-scale conflicts.
Specifically, Poland, with its financial instruments to sup-
port farmers, and Israel, with its innovative solutions, can
serve as examples for Ukraine in the conflict.

Restoring Ukraine’s agricultural sector required a com-
prehensive approach, including both international finan-
cial support and the introduction of modern technologies
that can ensure the efficiency of agricultural production
even in the face of armed conflict. Despite the large-scale
losses, Ukraine’s agricultural sector has great potential for
recovery, which could become the basis for stabilising the
economy and maintaining food security. One of the first
steps to restore the agricultural sector was to clear mines,
especially in Eastern and Southern Ukraine, where large ar-
eas of agricultural land were mined due to the hostilities.
This will not only allow the land to be returned to agricultur-
al use, but will also help to avoid further human casualties.
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For this, Ukraine can engage international support pro-
grammes and humanitarian demining, which will enable
a faster start to the resumption of agricultural activities in
the hazardous areas. The damaged agricultural infrastruc-
ture, including elevators, warehouses, ports and transport
routes, must be modernised. Rebuilding these facilities will
ensure uninterrupted storage, transportation, and process-
ing of agricultural products, which was critical to restor-
ing production capacity. Prominent aspects included the
modernisation of port facilities on the Black and Azov Seas,
as well as the development of alternative logistics routes
through the Danube ports and railway routes.

An essential element of the agricultural sector’s recov-
ery is to support agricultural producers through govern-
ment lending and compensation programmes. This will
allow farmers to resume operations after significant losses
incurred as a result of the war. Furthermore, it is necessary
to create conditions to ensure access to resources for the
resumption of production, including compensation for
the cost of agricultural machinery, fertilisers, and plant
protection products. The use of the latest technologies is
key to increasing the efficiency of agricultural production.
The recovery of the agricultural sector should include the
introduction of innovative technologies, such as drones
for crop monitoring, satellite monitoring of land, and the
development of climate-resilient crop varieties. Digitalisa-
tion of processes, automation of farm management, and
cost optimisation will help to markedly increase produc-
tivity and reduce costs.

Considering the destruction of conventional logistics
routes, it is vital to develop alternative ways to export ag-
ricultural products. The reopening of the Danube ports,
railway routes, and road transport infrastructure will help
to increase export volumes even under limited conditions.
Furthermore, diversification of agricultural exports will
reduce dependence on a single market and minimise risks
in case of shifts in demand or problems in certain markets.
Restoration of Ukraine’s agricultural sector is an arduous,
but achievable task that requires a comprehensive ap-
proach, including land demining, infrastructure modern-
isation, support for producers and the introduction of the
latest technologies. This will not only restore agricultural
production, but also strengthen the country’s economy,
return the country to stable production and exports, and
ensure food security.

» Discussion
The study found that the war caused extensive losses to
Ukraine’s agricultural sector, which substantially affect-
ed the country’s national security. First of all, a signifi-
cant part of agricultural land, particularly in the east and
south of the country, was in the combat zone or tempo-
rarily occupied, which led to a decrease in production
capacity. This directly affected the country’s food secu-
rity, as significant amounts of land historically used for
growing staple crops became unusable for cultivation.
Furthermore, the shortage of agricultural inputs such as
fertilisers, pesticides, and machinery markedly reduced
yields in the rest of the territory.

Y. Zhou et al. (2021) also investigated this problem,
where the findings confirmed that the loss of agricultural
land can severely affect national security, as the reduction




of the area for growing crops directly threatens the stabili-
ty of the country’s food system. Reduced food production
due to lost land can lead to food shortages, creating con-
ditions for economic and social tensions. In the context of
globalisation and population growth, these consequences
can have not only national, but also regional and inter-
national implications. M. Kuiper & H.D. Cui (2021) also
showed that the loss of land suitable for agriculture can se-
riously affect food security, as the ability to meet the food
needs of the population becomes more vulnerable. Re-
ducing the amount of land available for cultivation reduc-
es a country’s ability to ensure its own food supply, leading
to dependence on imports and market instability. This can
increase social tensions and contribute to rising prices for
staple foods. Notably, the loss of agricultural land can be
the outcome of both natural and anthropogenic factors.
Soil contamination, erosion, urbanisation, and industri-
alisation all lead to a reduction in the area of fertile land
(Melnychenko, 2024). At the same time, climate change is
a critical factor, which exacerbates negative trends in ag-
riculture, reducing yields and increasing the frequency of
natural disasters such as droughts and floods.

Ukraine’s agricultural infrastructure also suffered se-
vere damage due to the hostilities. Damage to warehous-
es, elevators, storage systems, and transport networks
substantially hampered the storage and transportation of
agricultural products. This affected the ability of the agri-
cultural sector to supply the internal market and perform
export obligations, which negatively influenced the coun-
try’s economic security (Pylypenko et al., 2025). The loss
of ports and blocked trade routes reduced exports, which
limited foreign exchange earnings and worsened Ukraine’s
economic situation. M. Junaid & A. Gokce (2024) conclud-
ed that the destruction of agricultural infrastructure caus-
es major economic losses, as the process of production
and supply of agricultural products becomes disrupted.
Destroyed transport networks, warehouses, and storage
of machinery complicate not only production, but also
sales of products, which can lead to a drop in trade. This
adversely affects the country’s economic growth, as agri-
culture is a vital component of its economy. R. Osei-Kyei et
al. (2021) found that damage to agricultural infrastructure
also seriously affects the economic security, as the country
loses its ability to quickly restore production and increase
exports. The destruction of the storage and processing
system leads to the loss of significant economic resources,
as well as social instability due to lower incomes of farm-
ers and workers. As a result, the country becomes more
vulnerable to external economic threats and loss of its
economic independence. These findings confirmed the
results of the above-presented study, as they demonstrat-
ed a direct link between the destruction of agricultural
infrastructure and a decrease in the economic stability of
a country. Admittedly, the loss of key infrastructure ele-
ments, such as transport routes and processing facilities,
drastically slows down economic recovery and can lead to
food shortages. Restoration of such infrastructure requires
extensive financial outlays, which could delay the full eco-
nomic recovery for a long time.

Declining yields due to resource constraints and chal-
lenges in securing the necessary agricultural inputs also
became a key issue. As Ukraine was a major exporter of
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grain and oilseeds, the decline in yields had far-reach-
ing implications for international trade (Khodakivska et
al., 2023). The lack of sufficient exports created instability
on international markets, where Ukrainian grain histori-
cally played a prominent role, particularly for developing
countries. The decline in production has undoubtedly
affected the food security of not only Ukraine, but also
many other countries that were dependent on imports of
Ukrainian agricultural products. A.M.D. Ortiz et al. (2021)
also found that a decline in yields can greatly reduce a
country’s export potential, as reduced production vol-
umes limit the ability to supply products to international
markets. This leads to the country losing its competitive
advantage in the foreign market and may also force it to
import goods that it used to produce independently. In
case of a steady decline in yields, the country’s economy
becomes vulnerable to fluctuations in global agricultur-
al markets. O.0. Aluko et al. (2021) concluded that yield
problems also severely affect export capacity, as lower pro-
duction volumes force governments to reconsider their
foreign trade strategies. Countries suffering from crop
failures may be forced to limit their exports to meet inter-
nal demand, in turn leads to higher prices and shortages
on global markets. This not only undermined economic
stability, but can also led to political and social conflicts
over food shortages. These findings were consistent with
the arguments presented in the previous section, as they
confirmed the existing link between declining yields and
the impact on export capacity. As noted earlier, a decline
in agricultural output directly limits a country’s ability to
take part in international trade, making it more depend-
ent on imports. Furthermore, these findings also con-
firmed the need for effective strategies to improve yields
and ensure stability in export markets.

The war also led to major problems in the livestock
sector, as reduced feed production, loss of feed bases,
and a reduced labour force markedly reduced the pro-
duction of meat, milk, and other livestock products. This
was another reason for the reduction in food supply in
the country, which exacerbated the food situation and
led to food price inflation. The decline in livestock pro-
duction not only made it more difficult to meet internal
needs, but also affected Ukraine’s export opportunities.
L. Pinotti et al. (2021) confirmed that the loss of feed
resources significantly affects livestock production, as
a decrease in the available feed leads to a decrease in
livestock production. The lack of feed resources leads
to a decrease in livestock productivity, which limits the
supply of meat, milk, and other livestock products to
the market. This puts further pressure on the country’s
food security, particularly through higher prices and a
growing shortage of domestic products. J. Schillings et
al. (2021) also found that challenges in livestock pro-
duction have a long-term impact on the food situation,
as a decline in livestock production threatens not only
the country’s food independence, but also its econom-
ic stability. A decline in milk and meat production may
lead to the need to import these products, increasing de-
pendence on external suppliers. Furthermore, this could
adversely affect farmers’ incomes and contribute to so-
cial tensions in rural areas. Comparing the reviewed data
with the findings obtained during this study, it can be
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concluded that the loss of feed bases directly affected the
decline in livestock production, which contributed to the
aggravation of the food situation. Reduced feed availabil-
ity not only reduced livestock productivity, but also made
it more complicated for livestock farms that already suf-
fered losses to recover. Thus, these findings highlighted
the value of stable feed resources for food security and
economic stability.

Human losses among agricultural workers were an-
other major consequence of the war. Most agricultural
workers were forced to leave their homes due to the hos-
tilities, which led to a shortage of labour at many enter-
prises. The lack of skilled personnel and losses among
workers complicated production processes and the re-
sumption of agricultural activities. This also greatly af-
fected the national security, as the decline in production
capacity in the agricultural sector created more risks to
the food situation in the country. A. Mishra et al. (2021)
concluded that human losses and labour shortages in the
agricultural sector have severe implications for the recov-
ery of the agricultural sector. The decline in the number
of workers, especially in the context of post-war recovery,
complicated agricultural production processes, which
can lead to delays in seasonal work. The lack of skilled
workers and high labour out-migration, especially from
rural areas, threatens the efficiency of the agricultural
economy and its ability to recover from crisis periods.
A.C. Newton et al. (2021) found that the recovery of the
agricultural sector after large losses of human resources
required extensive investments in education and train-
ing of new employees, as well as in creating favourable
conditions for attracting labour to agriculture. Addition-
ally, it is essential to introduce modern technologies and
automation, which can compensate for labour shortages
and increase production efficiency. Only a comprehen-
sive approach to addressing the labour shortage problem
can ensure a stable recovery of the agricultural sector
and its sustainable development in the future.

When analysing the results, it was clear that the short-
age of labour in the agricultural sector is one of the prima-
ry obstacles to the rapid recovery of the agricultural sector.
The lack of skilled workers in agriculture leads to major
losses in production and reduced efficiency of farms. This
underscores the relevance of not only rebuilding infra-
structure but also investing in human capital to ensure
the sustainability of the agricultural economy in the long
term. The consequences for Ukraine’s national security
became complex and multidimensional. The loss of ag-
ricultural land, the destruction of infrastructure, reduced
exports, lower yields, and losses in livestock production
became serious challenges to the country’s national se-
curity in economic, food, and social terms. Restoration of
the agricultural sector requires valiant efforts and resourc-
es, including investments in infrastructure rehabilitation,
introduction of the latest agricultural technologies and
support for farmers. Thus, the post-war recovery of the ag-
ricultural sector will be crucial for the stability of Ukraine’s
national security in the future.

» References

» Conclusions

The war severely affected Ukraine’s agricultural sector,
which suffered large-scale losses ranging from land loss
to infrastructure destruction. Declining yields, produc-
tion of major crops, and falling exports threatened food
and economic security. By 2022, the agro-industrial com-
plex accounted for up to 40% of the country’s foreign ex-
change earnings, but due to the occupation, mining, and
destruction of farmland, the area under crops shrunk
drastically. This led to a drop in wheat, maize, and sun-
flower production, which adversely affected the internal
market and exports. The blockade of ports and disrup-
tion of logistics reduced foreign exchange earnings, ex-
acerbating the financial situation, while elevators and
processing plants were destroyed, making it impossible
to process and store products properly. Unemployment,
internal migration, and social instability increased in
rural areas due to the destruction of infrastructure and
job losses. Still, Ukraine can recover - it needs landmine
clearance, infrastructure upgrades, international aid,
and investment in innovation. Advances in technology,
digitalisation, new crop varieties, and logistics routes can
greatly strengthen the agricultural sector. Support for
farmers, affordable credit, and compensation for losses
were key to stabilisation. The development of Danube
ports and rail exports will help overcome logistical dif-
ficulties. Implementation of these steps will not only re-
store the agricultural sector, but also strengthen nation-
al security by ensuring Ukraine’s strong position in the
global agricultural market.

The study analysed, how the hostilities affected
Ukraine’s agricultural sector, particularly through the
loss of land, destruction of infrastructure, and a decline
in exports. Comparison with the experience of Poland,
Israel, and Syria helped to identify effective strategies
for restoring the agricultural sector in times of conflict.
The findings underlined the need for a comprehensive
approach to the recovery of Ukraine’s agro-industrial
complex, with a focus on international support, innova-
tion, and security stabilisation. A limitation of the study
was the limited amount of available data on the exact
economic losses and prospects for the recovery of the
agricultural sector due to the confidentiality of some in-
formation and the lack of official reports for the current
period. For a more comprehensive understanding of the
influence of hostilities on Ukraine’s agricultural sector, it
is necessary to investigate the long-term environmental
consequences of the destruction of agricultural infra-
structure and mining of lands.
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» AHoTauiqa. JlocmimkenHs: OyJI0 30CEpeIKeH0 Ha aHaji3i 3MiH y CLIBCHKOTOCIIOMApCHKOMY CEKTOpPi YKpaiHu,
CIIpUYMHEHNX OOMOBMMH [isiMH, Ta IX HACHIIKax AJsA HaI[ioHAJbHOI 0e3MeKH, a TaKo)K Ha MOIIYKYy CTparerii
BiTHOBJIEHHSI CEKTOpY. Y LbOMY JOCJi[I)KEHHI BUKOPUCTOBYBABCS CTAaTUCTUYHHUI aHa/li3 HAHUX, MOPiBHAJIbHUMI
aHaJsi3 Ta OliHKa BIJIMBY BiliICbKOBUX ollepaliil Ha pi3Hi aclleKTH CiTbChKOTrOCIONAPChKOT0 CEKTOPY YKpaiHH, 1106
BU3HAYUTHU MacIITa0M 30MTKIB Ta MOYKJIMBOCTI JJIs BiTHOBJIEHHS. J0CTiI)KeHHS MTOKa3aJsIo, [0 arpOIpOMICIOBUH
KOMIIJIEKC YKpaiHM 3a3HaB 3HAYHHX BTpaT depe3 OOMOBI Iii, [0 CTBOPIOE CepIHO3HI PU3WKHU [JIS MTPOJOBOJIBYO],
€KOHOMIYHO{, coIfiaJIbHOI Ta eKoJIoriuHOo] Oe3neKku KpaiHu. 30KpeMa, OKymallisd Ta 60HOoBi Aii IpuU3BesH OO BTPATH
JedKUX CiTbCBKOTOCIOAAPCHKUX YTifgb, iX BUAOOYTKY Ta Aerpajalii, III0 3MEHIINJI0 BUPOOHUIITBO OCHOBHUX
CiJIbCBKOTOCIIOIAPCHKUX KYJIBTYP, TaKUX SIK MIIEHUIS, KYKYpy[A3a, COHSIIHUK, SUMiHb, a y 2022 poli O6JU3BKO
1,2 MJIH TOHH 3epHa He MOIJIO 30epiraTucs 4epes MOLIKOIKeHi ckiaany, noHax 30 % eseBaropiB Oy/10 3HUIIIEHO ab0
TIOIITKO/I’KEHO, 1110 IPU3BEJIO O BTPATH Ile 2,5 MJIH TOHH 3epHa Ta coi. PyiiHyBaHHs iHppacTpyKTypH, OJI0KyBaHHS
TOPTiB Ta JIOTICTUYHI TPOOIEeMU CIPUYUHUIIA TTAIiHASA €KCITOPTY KYKYPYI3H Ta MIIeHUIli Ha 60 %, 110 3MEHIIIHNJIO
HaIXO[KeHH iIHO3eMHOT BaJIIOTH Ta I[iHU Ha CHPOBUHHI TOBApH — I[iHU Ha MIIIEHUII0 Br1ajau Ha 25 %, a Ha KYKypyI3y —
Ha 30 %. BomHouac MacoBe 6e3pobITTA B CUIBCHKIN MiCIIEBOCTi, CKOPOUYEHHsI MOTOJIIB’'S XyIOOHW Ta CKOPOYEHHS
KisIbKOCTi (pepmMepchKux rocrnogapcTs Ha 30 % IMpU3BesH 40 3HIKeHHSA BUPOOHUIITBA M’sica Ha 18,4 % Ta MoJIOKa
Ha 14,7 %, 1110 3aroCTpUJIO colianabHi mpobJseMu Ta MPU3BEJO 10 3pocTaHHsA IiH. Jedinur pobouoi cuiu, noHan
300 000 mpalliBHUKIB, 3HU3UB €(EKTUBHICTh CiJIbCHKOTOCIOMAPCHKOTO BUPOOHUIITBA Ha 12 %, a MOCiBHI MJIOTII
ckoporuyuca Ha 10-12 %. Takoyk crocrepiraBcs 3HAYHWUM BIIMB Ha HABKOJIMIIHE CepeloBHIIE, BKJIIOYAIOUU
3a0pyIHEHHS 'PYHTY Ta BOJAM, CIpUYNHEeHe 60ioBUMHU HissMu. [ miHiMisamii mux 3arpo3 HeoOXiTHI KOMILIEKCHI
3ax0fl¥, BKJIIOYAIOYM PO3MiHYBaHHA, BiJHOBJIEHHS CLIBCHKOIOCIONAPCHKOI iH(GPACTPYKTYpH, AuBepcudikaliito
JIOTICTUKHU Ta AEPyKaBHY IMiJTPUMKY CiTbCBKOTOCIOIAPChKUX BUPOOHUKIB. BOPOBAIsKEHHS IIUX 3aXO0[iB JOIIOMOSKE
crabiyidyBaTy cUTyalilo Ta 3a0e3MeYUuTH MPOAOBOJbUY Oe3leKy KpaiHu. Pe3ynbraTul JOCTiIKEHHS MOKYThH OyTU
BUKOPUCTaHi 151 po3p0oOKU cTpaTeriii BiTHOBJIEHHS ClIbCHKOIOCIIOAAPCHKOI0 CEKTOPY YKpaiHy, MigBUIIIeHHSA HOro
CTiHKOCTI 710 KpH3 Ta 3MiI[HEHH HallioOHAJIBHOI 0e3IeKH repe]; 006/ IIIYsIM BifiChKOBHX 3arpo3

» Kno4oBi cfoBa: BIJIMB Ha HABKOJIUIITHE CEPEIOBUIIIE; iH(PACTPYKTYPA; BiJHOBJIEHHS; JIOTiCTUKA; HaIXOMKEHHST
iHO3eMHOI Ba/II0TH
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» Abstract. The research interest was driven by the limited level of insurance coverage in the agricultural sector,
which reduced the ability of producers to withstand economic losses and climate impacts. The purpose of the study
was to identify the features of the functioning of the agricultural insurance system in Ukraine and to justify the
relevance of adapting institutional and technological practices of the European Union countries for its modernisation.
The methodological framework of the study included the application of the dynamic analysis method to evaluate
changes in the key indicators of the Ukrainian insurance market during 2022-2024; the comparative analysis method
to contrast organisational models of agricultural insurance in France, Germany, Spain, and Poland; the structural
analysis method to identify dominant elements within the insurance coverage system; the content analysis method
for a systematic review of regulations, analytical reports, and technological solutions aimed at improving the
efficiency of insurance protection. Also, it was used logical generalisation method for developing conclusions and
recommendations based on the obtained analytical results. The findings indicated that the share of insured agricultural
land in Ukraine remained significantly lower than in the aforementioned EU countries, where the coverage level
reached 30-50%. It was established that the existing system did not ensure an adequate distribution of risks, creating
conditions for the financial vulnerability of small and medium-sized farming enterprises. The study identified key
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barriers to the development of the national agricultural insurance system: the absence of subsidisation of insurance
premiums, high costs of insurance services, and low awareness levels among agricultural producers. The effectiveness
of European models was found to rely on the use of state support, reinsurance mechanisms through international
structures, and the implementation of digital technologies for risk assessment. The adaptation of these instruments
to the conditions of Ukraine was considered necessary for expanding access to insurance services and strengthening
the financial stability of the agricultural sector. The results obtained may serve as a foundation for the development of
effective public policy measures in agricultural insurance provision

» Keywords: state subsidisation; economic resilience; digital technologies; market transformation; structural

analysis; European models

» Introduction

The relevance of the study was driven by the necessity to
strengthen the financial resilience of the agricultural sec-
tor under the influence of natural-climatic, economic,
and technogenic risks, which hinder the stability of agri-
cultural production without the application of insurance
protection instruments. In Ukraine, agricultural insur-
ance remained underdeveloped due to the high cost of
insurance products, the absence of effective mechanisms
of state support, low awareness among agricultural pro-
ducers, and limited reinsurance infrastructure. Given the
effectiveness of index-based insurance models, premium
subsidisation systems, and public-private partnership
frameworks in the countries of the European Union, there
was a need for scientific justification of the possibilities for
adapting these institutional and technological solutions
to the Ukrainian context.

The review of academic literature demonstrates that
the development of agricultural insurance in Ukraine and
its systemic impact on the transformation of the agricul-
tural sector remain insufficiently explored. In particular,
the study by N. Sirenko et al. (2024) focused on changes
in the export structure of organic products under the in-
fluence of wartime factors, while insurance aspects were
not addressed. Similarly, O. Nechyporenko et al. (2022)
concentrated on infrastructural challenges and asset loss-
es in the agricultural sector, yet issues of insurance pro-
vision were not included in the analysis. Digitalisation of
the insurance market was covered in the study by C. Eck-
ert & K. Osterrieder (2020) and A.A. Mustafina et al. (2020),
where blockchain tools, artificial intelligence, and auto-
mated services were analysed. However, the specificity
of agricultural insurance, methods for assessing sectoral
risks, and accessibility of insurance services for agricultur-
al producers did not receive sufficient attention. D. Lan-
franchi & L. Grassi (2021) explored general trends in the
development of the insurance sector without distinguish-
ing the agricultural context. In the study by N. Sirenko et
al. (2021), the regulation of digital currencies was ad-
dressed, yet digital mechanisms in agricultural insurance
remain under-researched despite their potential role in
enhancing risk management in agriculture.

The study by Z. Juhdszova et al. (2023) analysed the
relationship between the development of insurance in
the agricultural sector and improvements in food security
levels, establishing that the effective functioning of insur-
ance mechanisms contributed to better agricultural per-
formance. Nevertheless, the study lacked a detailed anal-
ysis of integrating the proposed model into the Ukrainian
regulatory environment. In the paper by I. Sazonets et

al. (2021), the focus was placed on the financial capaci-
ty of agricultural producers and the importance of de-
veloping reinsurance mechanisms, but the role of state
involvement in ensuring the accessibility of insurance
services remained unexplored. Transnational interaction
in agricultural insurance was addressed in the study by
0. Vilenchuk et al. (2022), where the potential of inter-
national insurance cooperation in agribusiness was out-
lined against the backdrop of contemporary challenges.
The study emphasised the importance of access to global
reinsurance instruments and collaboration with interna-
tional financial institutions. However, the mechanisms for
adapting this experience to the regulatory environment
of the Ukrainian market and the role of the state in com-
pensating insurance costs remained outside the scope of
analytical consideration.

Aspects of institutional development of the agri-
cultural sector under contemporary transformations
were examined in the study by O. Pavelko et al. (2024).
The authors analysed trends in changes to the produc-
tion structure, financial support, and export orientation
of the agricultural complex. Despite the comprehensive
approach to assessing sectoral prospects, insurance as a
tool for mitigating production risks was not explored in
detail, creating a gap between financial mechanisms and
risk-oriented management. The study by L. Voytovych &
D. Voytovych (2024) focused on the digital foundations of
modernising the insurance sector. The study addressed
the creation of an innovative environment, automation of
insurance processes, and the implementation of informa-
tion and communication technologies. However, the ap-
plication of digital solutions within agricultural insurance
was not analysed, which limits the possibility of extrapo-
lating the findings to a sector-specific context. Financial
and marketing shifts in the functioning of the insurance
market during wartime conditions were examined by
Yu. Aleskerova et al. (2024). The study presented compa-
ny adaptation strategies, evolving consumer demands,
and behavioural patterns. Nevertheless, the agricultural
dimension remained beyond the analytical framework
despite its heightened vulnerability to crisis factors and its
strategic value for the national economy.

The analysis of academic sources demonstrated the
lack of comprehensive research in the field of agricultural
insurance. Authors tend to focus on individual components
such as digitalisation of the insurance market, marketing
strategies, institutional changes, or the broader economic
context. Nevertheless, comprehensive approaches to an-
alysing insurance protection instruments, mechanisms of
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state regulation, and opportunities for adapting the expe-
rience of the European Union to the specific conditions of
the Ukrainian agricultural sector remain insufficiently de-
veloped. The purpose of the study was to substantiate the
areas for improving the system of agricultural insurance in
Ukraine based on the analysis of organisational models im-
plemented in France, Germany, Spain, and Poland.

» Materials and methods

The conducted study adopted a theoretical and analytical
focus, concentrating on the examination of the evolution
of the agricultural insurance system, the identification of
key dynamic characteristics, and the assessment of possi-
bilities for improving relevant mechanisms. The analysis
covered the period 2022-2024, which enabled the tracking
of changes in the structure and scale of agricultural insur-
ance in Ukraine and facilitated a comparative assessment
with the practices of the European Union countries, in-
cluding France, Germany, Spain, and Poland. Particular at-
tention was devoted to identifying the factors influencing
the functioning of the market, assessing the effectiveness
of existing state regulation instruments, and examining
prospects for the implementation of international experi-
ence. The analytical framework was based on the systema-
tisation of official insurers’ reports, materials of regulatory
bodies, and publications of international institutions en-
gaged in analytical monitoring of insurance markets. The
primary sources consisted of data from the National Bank
of Ukraine (n.d.), which reflected indicators of agricultural
insurance coverage, volumes of insurance premiums, and
payouts. Supplementary statistical data were obtained
from the Forinsurer portal (n.d.), which provides detailed
analytical reviews of the development of the agricultural
insurance segment and the activities of leading compa-
nies operating in this field.

A separate group of sources comprised financial
statements of insurance organisations providing agricul-
tural insurance services in Ukraine and demonstrating
the highest levels of activity in the market during 2022-
2024. Annual reports of companies such as PZU (n.d.),
ARX (n.d.), Oranta (n.d.), Etalon (n.d.), TAS (n.d.), UPSK
(n.d.), and Universalna (n.d.) were analysed. The selection
of these companies was based on their representativeness
in the agricultural insurance segment, the volume of con-
cluded contracts, the stability of insurance payouts, and
the availability of open financial reporting. These reports
contain data on the dynamics of contract conclusion,
the structure of insurance products, levels of financial
stability, and changes in demand for insurance services
from the agricultural sector, allowing an evaluation of
the competitive environment and the identification of
transformational trends in the market. The analysis of the
Polish practice was conducted using data from the Polish
Reinsurance Company (n.d.), providing a more detailed
characterisation of the mechanisms of agricultural insur-
ance in markets similar to Ukraine in terms of agricultural
structure, the development of small and medium-sized
farming, and the regulatory framework. The Polish case
was examined as a potential model for adaptive applica-
tion, given its institutional similarity and the active imple-
mentation of a subsidised insurance system. The analysis
of reinsurance mechanisms was based on the examination
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of the activities of international companies Munich Re
(n.d.), Swiss Re (n.d.), and Hannover Re (n.d.), which pro-
tected local markets against catastrophic risks through the
conclusion of reinsurance agreements. The experience of
these institutions was considered as a potential reference
point for developing a national reinsurance system capable
of ensuring the financial stability of the agricultural insur-
ance segment of Ukraine under conditions of high risk in
agricultural production. The application of statistical meth-
ods for the analysis of time series, including the calculation
of growth rates, absolute and relative deviations, mean val-
ues, and graphical interpretation of indicators, enabled the
assessment of structural and quantitative changes in the
agricultural insurance market of Ukraine during 2022-2024.
Average values of premiums, the share of insured areas, and
the level of payouts were determined, which facilitated the
identification of structural trends, the evaluation of insur-
ance coverage levels, and the examination of the impact of
the economic and regulatory environment on the respec-
tive segment.

Content analysis was applied to examine the regulato-
ry framework governing agricultural insurance in Ukraine,
particularly the Law of Ukraine No. 4391-VI (2012) and the
Law of Ukraine No. 1909-IX (2021). The interpretation of
the findings was based on logical generalisation, which
ensured the systematisation of the collected data and the
identification of the key factors shaping the conditions for
market functioning. Based on these generalisations, the
advantages and limitations of existing insurance protec-
tion mechanisms were outlined, and their effectiveness in
mitigating risks for agricultural producers was assessed.
Structural analysis enabled the identification of interre-
lations between the level of state regulation, the financial
stability of insurers, and the accessibility of insurance
products for agricultural businesses. These findings form
the foundation for developing practical recommendations
aimed at improving the functioning of the agricultural
insurance market, particularly through the expansion of
subsidised insurance programmes and the implementa-
tion of digital tools for risk monitoring.

> Results

The insurance system in the agricultural sector was exam-
ined as a key risk management instrument supporting the
economic activities of agricultural enterprises. The agricul-
tural sector of Ukraine during 2022-2024 remained highly
vulnerable to natural and climatic fluctuations, including
droughts in the southern regions, excessive moisture in the
western areas, and the consequences of the full-scale war,
which resulted in the loss of arable land and disruptions to
logistics. The utilisation of insurance instruments helped
reduce direct losses associated with crop failure or de-
struction. According to the Ministry of Agrarian Policy and
Food of Ukraine, the total losses of the agricultural sector
in 2022 exceeded USD 9.3 billion. Of which approximately
25% could have been potentially covered under conditions
of full-scale implementation of insurance mechanisms
(UN estimates losses in..., 2025). Within the framework
of the state-supported agricultural insurance programme
launched in a pilot format in 2023, a share of agricultural
producers received compensation of up to 60% of insur-
ance premiums for insuring winter cereal crops.




From an economic perspective, agricultural insur-
ance involves the establishment of centralised financial
reserves, formed through insurance premiums and uti-
lised to compensate losses in the event of risk material-
isation. In 2023, the volume of collected insurance pre-
miums in the agricultural insurance segment amounted
to approximately UAH 480 million, while total payouts
exceeded UAH 270 million, indicating an increase in the
share of insured areas compared with 2022 (UN estimates
losses in..., 2025). The financial model of insurers’ oper-
ations was based on the accumulation of premiums and
the distribution of payouts in accordance with contractu-
al terms. The effectiveness of insurance mechanisms de-
pended on the accuracy of risk assessment, the quality of
actuarial calculations, and the solvency of insurance com-
panies. According to PZU (n.d.), the average compensa-
tion rate under crop insurance contracts in 2023 reached
62 per cent, reflecting a dependence of outcomes on
weather conditions during April-June. The introduction
of insurance coverage contributed to enhancing the eco-
nomic security of agricultural enterprises by reducing the
risk of production disruptions, delays in loan repayments,
and the destabilisation of cash flows.

Various types of insurance products were employed in
agricultural insurance to mitigate risks specific to agricul-
tural production. Crop insurance covered losses caused by
natural hazards such as drought, hail, or frost. Protection of
perennial plantations applied to long-term crops vulnera-
ble to climate-related damage. Income insurance provided
compensation to producers in cases of reduced profitability
due to unfavourable market conditions or operational chal-
lenges. Reinsurance functioned as an intra-industry risk
redistribution mechanism, alleviating the burden on indi-
vidual companies and strengthening the overall resilience
of the insurance sector. Index-based insurance was regard-
ed as an alternative model of risk protection, involving the
use of standardised indicators such as precipitation levels,
air temperature, or satellite-based vegetation indices (Kov-
al, 2023). This approach removed the need for individual
damage inspections, thereby optimising the decision-mak-
ing process regarding payouts. The adoption of this model
contributed to greater transparency, reduced administra-
tive burdens, and accelerated the fulfilment of insurance
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obligations. Under conditions of increasing climate varia-
bility, index-based insurance gained growing importance
in global practices of protecting the agricultural sector.

The effectiveness of the agricultural insurance sys-
tem was determined by the level of coordination between
state authorities and private insurance institutions. In
France, Spain, Italy, and Poland, public-private partner-
ship models were implemented, combining partial state
financing of insurance premiums with stabilisation funds
and supervision of insurers’ financial stability (Bucheli et
al., 2022). The application of such approaches facilitated
broader access to insurance services and reduced the agri-
cultural sector’s vulnerability to exogenous risks. In these
countries, multi-level insurance systems were established,
integrating classical products with innovative approaches
to risk assessment and management. Subsidised models
enabled producers to access insurance coverage on more
favourable terms, while digital tools — including satellite
monitoring, weather indices, and automated algorithms
— enhanced the accuracy of actuarial calculations and
shortened claims processing times. Evidence demonstrat-
ed the positive impact of these elements on the stability of
financial flows within agriculture.

The development of agricultural insurance in Ukraine
required the adaptation of institutional and technological
solutions tested in France, Germany, Spain, and Poland,
while considering the specific characteristics of the na-
tional regulatory environment, financial infrastructure,
and level of digital readiness. Priority areas included har-
monising legislation, engaging global-level reinsurance
companies, and establishing effective mechanisms for
budgetary subsidies of insurance premiums. The analy-
sis of the activities of PZU (n.d.), ARX (n.d.), Oranta (n.d.),
Etalon (n.d.), TAS (n.d.), UPSK (n.d.), and Universalna
(n.d.) provided insights into the effectiveness of applied
risk management tools, the diversification of insurance
products, and the potential for developing innovative
forms of insurance coverage. The assessment of the dy-
namics of key agricultural insurance indicators in Ukraine
for 2022-2024 enabled the identification of the main are-
as of transformation within this segment of the insurance
market under conditions of economic turbulence and in-
creasing external risks (Table 1).

Table 1. Key indicators of agricultural insurance in Ukraine, 2022-2024

Indicator 2022 2023 2024
Number of insurance companies providing agricultural insurance services 10 8 7
Total insurance premiums, thousand UAH 81.061 75.000 70.000
Total insurance payouts, thousand UAH 29.830 25.000 20.000
Payout ratio, % 36.8 33.33 28.57

Source: based on S. Vlasiuk et al. (2023), O. Vilenchuk & A. Savytska (2024), Forinsurer (n.d.)

Between 2022 and 2024, a reduction was observed in
the number of insurance companies operating in the field
of agricultural insurance, from 10 active participants in
2022 to 7 in 2024. This trend may indicate ongoing mar-
ket consolidation and the withdrawal of certain com-
panies due to an unfavourable economic environment,
heightened operational risks in agriculture, and declining
profitability of related services. The volume of collected
insurance premiums demonstrated a gradual decrease,

falling from UAH 81,061 thousand in 2022 to UAH 70,000
thousand in 2024. This pattern may reflect lower demand
for insurance products among agricultural producers or
tighter restrictions on insurance terms, which reduced
their attractiveness. The decline in total insurance pay-
outs during the same period, from UAH 29,830 thousand
to UAH 20,000 thousand, was accompanied by a decrease
in the payout ratio from 36.8% to 28.57%. Such dynamics
may indicate both a reduction in the number of insured
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events and a transformation in insurers’ compensation
policies. These findings point towards a trend of market
contraction, restricted accessibility of insurance products
for agricultural enterprises, and a decline in the overall
level of insurance coverage. This situation resulted from
a combination of economic factors and characteristics
of the regulatory environment, which defined the oper-
ating conditions of market participants. A critical aspect
involved assessing the degree of competition among in-
surers, their financial stability, and the effectiveness of
reinsurance mechanisms as a tool for risk diversification.
During 2022-2024, activity in the agricultural insur-
ance market remained concentrated among companies
such as PZU (n.d.), ARX (n.d.), Oranta (n.d.), Etalon (n.d.),
TAS (n.d.), UPSK (n.d.), and Universalna (n.d.), which
were included in the study sample. The majority of in-
surance operations were performed by large companies,
particularly PZU (n.d.), ARX (n.d.), Oranta (n.d.), Etal-
on (n.d.), TAS (n.d.), and UPSK (n.d.), which possessed
sufficient reserves, stable financial reporting, access to
international reinsurance structures, and effective dis-
tribution channels for insurance products. Reduced ac-
tivity or complete withdrawal of certain companies from
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the agricultural insurance segment was associated with
limited financial resources, insufficient capitalisation,
and difficulties in managing risks under conditions of
heightened agricultural losses. The development of the
agricultural insurance market in Ukraine is shaped by a
combination of economic, regulatory, and climatic fac-
tors. Variability in weather conditions, market instability,
and changes in state financing of the agricultural sector
underscore the relevance of insurance as a tool for risk
mitigation. However, limited competition among insur-
ers, the high cost of insurance products, and insufficient
levels of subsidies create barriers to accessing insurance
coverage, particularly for small and medium-sized pro-
ducers. The analysis of the number of agricultural insur-
ance contracts concluded by key insurance companies
between 2022 and 2024 provided insights into shifts in
demand structure, the activity levels of individual market
players, and prevailing trends within the segment. The
resulting dynamics reflect the response of the market to
evolving economic conditions and regulatory pressures,
enabling the formulation of evidence-based conclusions
regarding the prospects for further development of agri-
cultural insurance in Ukraine (Fig. 1).

Etalon Universalna  UPSK TAS
3,501 3,051 569 3,748
1,201 2,766 1,146 4,945
4,684 3,612 4,595 2,175

Figure 1. Number of agricultural insurance contracts concluded (2022-2024)
Source: based on PZU (n.d.), ARX (n.d.), Oranta (n.d.), Etalon (n.d.), TAS (n.d.), UPSK (n.d.), Universalna (n.d.)

The indicators of the number of agricultural insur-
ance contracts concluded in 2022-2024 indicate variation
across individual insurance companies, which was likely
driven by a combination of internal managerial factors
and the influence of the external economic environment.
In 2023, for instance, Oranta recorded an increase in the
number of concluded contracts to 4,787, nearly double
the figure of the previous year (2,267), while in 2024 this
indicator declined to 2,586. A similar trend was observed
in TAS, where 4,945 contracts were signed in 2023, yet only
2,175 in 2024. These fluctuations may have been linked to
changes in insurance programme conditions, the level of
financial accessibility of products, regulatory policy ad-
justments, or the degree of state support. Different com-
panies exhibited distinct dynamics in maintaining their
client bases. For example, PZU (n.d.) demonstrated rela-
tive stability throughout the analysed period, with 1,785
contracts concluded in 2022, 1,309 in 2023, and 1,611
in 2024. This reflected the consistency of its operational
strategy and the existence of an established clientele. In
contrast, UPSK showed a significant rise in 2024, reaching
4,595 contracts compared with 569 in 2022 and 1,146 in
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2023. This trajectory may indicate a strengthening of the
company’s market presence, the introduction of more
competitive insurance terms, or growing demand for its
products among agricultural producers.

The consolidated analysis of contract dynamics con-
firmed the overall instability of the agricultural insurance
market. Likely contributing factors include intersectoral
competition and broader macroeconomic influences,
such as limited access to state support, shifts in reinsur-
ance policies, fluctuations in market conditions, and the
high level of climate-related risks. The absence of a sys-
temic mechanism for public financing of agricultural in-
surance remained one of the key obstacles to the stable
development of this segment. Unlike the situation in
Ukraine, the countries of the European Union possess a
far more advanced institutional framework for managing
agricultural risk insurance, which integrates public subsi-
dies, diversifies insurance products, and adopts modern
risk assessment technologies. State involvement in market
operations enabled a reduction in the financial burden on
agricultural producers, expansion of insurance coverage,
and mitigation of the likelihood of market destabilisation.




Within the European Union, a range of compensatory in-
struments are actively employed, including partial premi-
um subsidisation, the operation of insurance stabilisation
funds, and state reinsurance programmes that enhance
insurers’ resilience to large-scale losses.

The comparative analysis of agricultural insurance
models in the European Union enabled the identification of
the principal characteristics of state support mechanisms,
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particularly in terms of compensation procedures, regula-
tion of insurance conditions, and the integration of digital
technologies into risk assessment processes. The examina-
tion of these mechanisms provides insights into the factors
underpinning their effectiveness within highly developed
systems of insurance protection and establishes a foun-
dation for assessing the prospects of their adaptive imple-
mentation within the Ukrainian context (Table 2).

Table 2. Models of state support for agricultural insurance in selected European countries

Country Insurance model Mechanism of state support
France Combined insurance with partial The state subsidises a portion of insurance premiums,
coverage of premiums reducing the financial burden on producers
German Combined insurance with State support is provided through subsidies
Y an emphasis on private insurers on insurance premiums and tax incentives for farmers
Spain Combined system involving The state co-finances insurance premiums
P both the state and private insurers and provides reinsurance through state-managed funds
Poland Insurance programmes backed The state provides financial guarantees
by financial guarantees to compensate for losses in the event of catastrophic events

Source: based on A.I.D. Rus & I. Brici (2021), A. Bilochenko & I. Gushcha (2022)

In France, Germany, and Spain, combined models
of agricultural insurance operate, based on the inter-
action between state institutions and the private insur-
ance sector. This approach reduced the financial burden
on agricultural producers, increasing the accessibility of
insurance services and stimulating their wider adoption
among farming enterprises. The use of mechanisms for
subsidising insurance premiums and granting tax in-
centives contributes to expanding insurance coverage,
which in turn strengthens the overall stability of agricul-
tural production. In Spain, state involvement extended
beyond subsidising premiums and includes reinsurance
functions implemented through specialised public funds.
This provided additional guarantees for insurance com-
panies and agricultural producers in cases of significant
losses, particularly those resulting from natural disasters.
In Poland, agricultural insurance programmes were based
on mechanisms of state financial guarantees. These pro-
grammes envisage partial compensation of losses in the
event of catastrophic risks, including droughts, floods and
other extreme events, thereby ensuring stability in the ag-
ricultural sector even under unfavourable climatic con-
ditions. The diversity of approaches to state support for
agricultural insurance in the European Union arises from
the need to adapt to national agroclimatic and econom-
ic conditions. The implementation of combined models,
premium subsidies, and systems of financial guarantees
enhanced the resilience of the agricultural sector and en-
sures its long-term competitiveness.

The integration of digital technologies into agricultur-
al insurance had become one of the key approaches for
improving the efficiency of risk assessment systems. The
automation of premium calculations, application pro-
cessing, and crop monitoring through satellite imagery,
meteorological models, and remote sensing systems im-
prove both the speed and objectivity of decision-making.
Within the European Union, such technologies were inte-
grated directly into insurance products, reducing transac-
tion costs and improving the quality of insurance services.
International reinsurance companies played a significant
role in maintaining the financial stability of agricultural

insurance systems, particularly under conditions of high
catastrophic loss probability. The study examined the ac-
tivities of three leading reinsurance structures — Munich
Re (n.d.), Swiss Re (n.d.) and Hannover Re (n.d.) — whose
experience was considered relevant for adaptation to the
national agricultural insurance market. Their involvement
in supporting local insurers in Poland, France, Germany,
and Spain facilitated risk diversification, reduced the fi-
nancial burden on primary insurers, and expanded the
range of available insurance products for agricultural pro-
ducers (Kramer et al., 2022).

In France and Spain, Munich Re (n.d.) provided rein-
surance coverage for agricultural risks based on weather
indices, employing fixed triggers that enabled insurance
payouts without the need for individual loss assessments.
The application of parametric insurance was integrat-
ed into state reinsurance mechanisms and used for the
prompt compensation of losses caused by natural haz-
ards. The use of standardised indicators was found to con-
tribute to reducing the duration of the decision-making
process regarding payouts and to enhancing the transpar-
ency of insurance operations in the agricultural sector. In
Poland, France, and Spain, Swiss Re (n.d.) implemented
reinsurance programmes in the form of public-private
partnerships, encompassing subsidised models of ag-
ricultural insurance. The application of digital tools for
modelling agricultural risks was recorded, including sat-
ellite monitoring, predictive algorithms, and automated
loss assessment. The company’s activities contributed
to the stabilisation of reinsurance reserves, which main-
tained the solvency of primary insurers in the event of
large-scale occurrences.

In Poland and Germany, Hannover Re (n.d.) intro-
duced weather index-based reinsurance models using
meteorological data, satellite observations, and geospa-
tial indicators. The analysis demonstrated that the com-
pany’s reinsurance programmes were adapted to regional
variations in climatic conditions, enabling differentiation
of coverage structures according to the profile of agricul-
tural risk. This structure facilitated the effective redistri-
bution of risk among insurers and reduced the likelihood
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of excessive concentration of liabilities in the agricultural
sector. Implementation of European models of agricul-
tural insurance within the Ukrainian context required
the adaptation of effective practices in accordance with
institutional characteristics. Priority areas include the in-
tegration of innovative approaches to agricultural risk as-
sessment, expansion of budgetary subsidies for insurance
premiums, and the establishment of stabilisation insur-
ance funds to cover unforeseen losses.

The development of a national system of agricultural
insurance necessitates a comprehensive approach com-
bining financial, regulatory, and organisational compo-
nents. A key task involved conducting a systematic assess-
ment of the effectiveness of existing insurance mechanisms

to identify vulnerable areas and develop measures for their
optimisation. Collection and analysis of statistical data on
payouts, coverage of agricultural land, and the structure
of insurance premiums provide the foundation for an ob-
jective evaluation of the market. Comparative analysis of
statistical data on agricultural insurance in Ukraine and the
European Union enabled identification of the level of en-
gagement of agricultural producers with the insurance sys-
tem, tracking of coverage trends over recent years, and as-
sessment of the effectiveness of state support programmes
(Table 3). Such indicators were crucial for determining the
financial stability of insurance companies, the level of trust
among farming enterprises, and the effectiveness of regula-
tory interventions by state institutions.

Table 3. Comparative analysis of agricultural insurance indicators in Ukraine and selected EU countries

Uscsine | Poland | Gormmany | Boanee | Spuin
Share of insured agricultural land, % 4 25 30 35 50
Volume of insurance premiums, UAH billion 70 95.4 120.3 160.2 175.6
Volume of insurance payouts, UAH billion 20 60.5 85.2 115.4 130.8
Share of insurance premiums in GDP, % 0.7 2.3 2.5 2.8 3.1
Subsidisation of insurance premiums, % 0 60 50 65 75

Note: GDP — Gross Domestic Product

Source: based on National Bank of Ukraine (n.d.), Polish Reinsurance Company (n.d.)

In 2024, the proportion of insured agricultural land in
Ukraine remained minimal, accounting for less than 4%
of the total area, substantially lagging behind the levels
observed in European Union countries. In Germany and
France, coverage exceeded 30%, while in Spain it reached
up to 50%, indicating active utilisation of insurance instru-
ments by agricultural producers. Such levels were largely
supported by state programmes, which compensated a
significant portion of insurance costs, reducing the finan-
cial burden on producers. The absence of mechanisms for
state subsidies of insurance premiums in Ukraine hinders
access to insurance protection, as farmers are required to
cover the full cost of insurance themselves. In contrast,
the degree of subsidy in European Union countries varies
according to national policy: in Germany it reached 50%,
in France 65%, and in Spain 75%. This level of support
creates additional incentives for farmers to adopt insur-
ance-based risk management mechanisms.

The ratio of insurance premiums to gross domes-
tic product in Ukraine amounted to 0.7%, several times
lower than the corresponding figures in European Union
countries. In Poland, the ratio reached 2.3%, in Germany
2.5%, and in France 2.8%. Higher values reflect greater
integration of insurance into the financial infrastructure
of the agricultural sector and a higher level of trust in
insurance instruments among farming enterprises. The
results of comparative analysis confirm the necessity of
transforming the Ukrainian system of agricultural risk
insurance. Priority measures include the introduction of
budgetary programmes for compensation of insurance
premiums, the establishment of financial guarantee sys-
tems to cover losses from large-scale risks, and the ex-
pansion of access to insurance products for small and
medium-sized agricultural producers, who remain most
vulnerable to unforeseen losses.

Interpretation of statistical data allowed for the as-
sessment of the level of trust of agricultural producers in
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insurance companies. High levels of agricultural insurance
coverage in European Union countries indicate effective
collaboration between the state and private sector, pro-
viding farmers with predictability of financial outcomes.
In Ukraine, however, the low number of contracts and the
limited area of insured land indicate weak integration of
insurance mechanisms into the risk management system
of the agricultural sector. Analysis of insurance premiums,
payout volumes, and the proportion of insured land iden-
tified key factors influencing the effectiveness of agricul-
tural insurance. Among these are the availability of state
financial support, the level of trust in insurance compa-
nies, the affordability of insurance products, and the im-
plementation of digital tools for risk assessment. Improve-
ments in procedures for concluding insurance contracts,
ensuring transparency in payouts, and the digitalisation
of loss assessment processes could stimulate demand for
insurance services in the agricultural sector.

International experience confirms that the effective-
ness of agricultural insurance depends on a combination
of factors, including state support, reinsurance mecha-
nisms, and the accessibility of insurance instruments. The
use of subsidised models, the development of index-based
insurance, and the integration of digital technologies pos-
itively influence the level of insurance coverage of agri-
cultural land. Comparison of structures and approaches
in France, Germany, Spain, and Poland highlighted the
specific organisation of the insurance market and enabled
assessment of the feasibility of adapting selected models
to the Ukrainian context. Evaluation of European practic-
es of agricultural insurance allowed the identification of
key institutional features of the organisation of insurance
protection, the effectiveness of state policy implementa-
tion, and the robustness of risk management instruments
in agriculture. Comparison with the Ukrainian model
provided grounds for identifying structural differences
and formulating proposals for improving the Ukrainian




system, drawing on the experience of European Union
countries. The data summarised in Table 4 enabled
analysis of the characteristics of national approaches to
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agricultural insurance and facilitated assessment of their
relevance in the context of Ukrainian economic and insti-
tutional conditions.

Table 4. Comparative analysis of agricultural insurance models in Ukraine and selected EU countries

Country Insurance model State support Liel qf participation L2 ?f Ll
of private insurers insurance
Ukraine Voluntary insurance None High, though financial Low, at the stage
without subsidies stability is limited of implementation
Poland Subsidised insurance 60% of premiums High querate, reglopal
covered by the state indices are applied
. . 50% of premiums . High, weather index
Germany Combined insurance subsidised by the state High insurance widely used
France Combined insurance 65% of premiums Hish High, satellite data
with reinsurance subsidised by the state & are widely applied
Spain State and private insurance 75% of premiums Moderate, state control | High, advanced technological
P p covered by the state via dedicated funds platforms used

Source: based on A.I.D. Rus & I. Brici (2021), A. Bilochenko & I. Gushcha (2022), S. Vlasiuk et al. (2023)

The system of agricultural insurance in Ukraine op-
erated voluntarily without state participation in financing
insurance premiums, which limited its accessibility for
agricultural producers. This model contrasted with the
approaches adopted in European Union countries, where
partial subsidy instruments were employed to reduce
farmers’ expenses and encourage their participation in
insurance schemes. Contemporary challenges caused by
armed aggression require the introduction of innovative
approaches to agricultural business, including the devel-
opment of insurance mechanisms. As noted by A. Berxol-
li et al. (2023), “innovation plays a key role in ensuring the
resilience of the agricultural sector to disruptive external
impacts, particularly those related to military threats”.
This highlights the necessity of adapting the agricultural
insurance system to conditions of heightened turbulence.

In France and Germany, reinsurance mechanisms are
widely applied, enabling insurance companies to reduce
the risk of catastrophic losses. In Spain, by contrast, key
risk management functions are centralised within state
funds, ensuring the stability and accessibility of insurance
products. The broader implementation of index-based
insurance in European Union countries compared with
Ukraine is attributed to the availability of satellite moni-
toring infrastructure, automated platforms for loss assess-
ment, and the use of weather indices as an objective basis
for payout decisions. In Spain, such instruments are inte-
grated into digital insurance ecosystems, which ensures
operational efficiency and reduced transaction costs.

Between 2022 and 2024, agricultural insurance in
Ukraine operated under heightened market instability,
which led to a decrease in the number of active insurers, a
reduction in insurance premiums and payouts, and a de-
cline in the coverage of agricultural land by insurance. The
structure of insurance products was dominated by clas-
sical forms of protection, particularly crop and perennial
plantation insurance, while index-based models remained
at the stage of limited implementation. The majority of
contracts were concluded by companies with developed
infrastructure, access to reinsurance, and stable financial
indicators, which ensured relative resilience in certain
segments of the market. Comparative analysis demon-
strated a disparity between the level of development of

agricultural insurance in Ukraine and in France, Germany,
Spain, and Poland, where combined models were applied,
incorporating state subsidies for premiums, centralised
reinsurance, and digital risk monitoring systems. In these
countries, the proportion of insured land and the share
of premiums in gross domestic product significantly ex-
ceeded the corresponding Ukrainian figures, supported
by effective state participation and a high level of trust in
insurance instruments.

Analysis of the activities of international reinsurance
companies, such as Munich Re (n.d.), Swiss Re (n.d.), and
Hannover Re (n.d.), identified key approaches to ensuring
financial stability within the agricultural insurance sys-
tems of the European Union. In France and Spain, Mu-
nich Re actively introduced weather-indexed products
based on satellite data and automated payout parameters,
which reduced the time required for loss settlement and
lowered administrative costs. In Poland and Germany,
the reinsurance programmes of Swiss Re were adapted to
national state subsidy schemes, ensuring stable coverage
even under conditions of substantial loss exposure. Han-
nover Re, in turn, implemented multi-tier reinsurance
liability models using weather indicators and spatial risk
modelling. A common feature of all three companies was
the application of digital tools for agricultural modelling,
risk forecasting, and the efficient transfer of data between
insurers and regulators. This experience demonstrates the
effectiveness of reinsurance as a component of long-term
stability in the agricultural insurance market, offering a
framework that could be adapted in Ukraine to mitigate
systemic risk and strengthen trust in insurance instru-
ments within agricultural production.

» Discussion

The analysis of the obtained results confirms that the
coverage of agricultural insurance in Ukraine remains
at a low level, primarily due to the absence of state sub-
sidy mechanisms, the high cost of insurance premiums,
and limited reinsurance opportunities. Similar challeng-
es were outlined in the study by B. Kramer et al. (2022),
which highlighted that conventional insurance instru-
ments are largely inaccessible to most farming enterprises
due to their high costs and the difficulties associated with
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accurately assessing losses. The study examined the feasi-
bility of implementing innovative approaches, including
mechanisms of social insurance protection, as a means of
expanding access to insurance and compensating for cat-
astrophic losses. This study underscored the necessity of
developing a comprehensive system of state support for
agricultural insurance, particularly through the introduc-
tion of guarantee mechanisms, the subsidisation of insur-
ance premiums, and the creation of tailored products for
small and medium-sized producers.

The instability in the dynamics of insurance contract
conclusions during 2022-2024 reflects the sensitivity of the
market to regulatory changes and fluctuations in demand.
Comparable decision-making factors influencing farmers’
insurance choices were identified in the study by E. Nsha-
kira-Rukundo et al. (2021), which determined six key
determinants: the quality of insurance services, product
design features, price affordability, the level of awareness,
sociocultural barriers, and institutional support from the
state. The relevance of these findings to the Ukrainian con-
text was reinforced by the identified limitations in access
to insurance products, weak state involvement, and an in-
sufficient number of adapted insurance programmes. The
integration of technological innovations into agricultural
insurance processes was considered one of the most ef-
fective approaches to enhancing the accuracy of risk as-
sessment. The study by V. Moysiadis et al. (2021) analysed
the potential of smart farming technologies, including
drones, image processing systems, sensor networks, and
machine learning algorithms, which demonstrate their ef-
fectiveness in strengthening the functionality of insurance
products. The results of this study align with previously
obtained findings, which emphasised the feasibility of us-
ing satellite data, meteorological models, and large-scale
datasets to automate loss assessment, improve transpar-
ency, and accelerate insurance payouts.

Limited coverage of agricultural insurance, high fi-
nancial barriers, and the absence of products adapted to
climate change remain systemic challenges in Ukraine.
Similar trends were identified in the meta-analysis by
S. Vyas et al. (2021), which reviewed more than 796 stud-
ies dedicated to agricultural insurance. The authors es-
tablished that the dominance of crop insurance themes
and the focus on highly developed countries constrained
attention to issues related to livestock insurance, aqua-
culture, and adaptation to climate risks. These findings
highlighted the need to broaden both the research and
practical scope of insurance solutions, including the de-
velopment of index-based and multi-level risk manage-
ment models under conditions of climatic instability.

The low level of insurance penetration in Ukraine is
partly explained by farmers’ limited awareness, finan-
cial constraints, and the absence of a stable system of
state support. Comparable barriers were recorded in the
study by D.A. Ankrah et al. (2021), which examined the
acceptability of agricultural insurance among smallhold-
er farmers in Ghana. Only 14% of respondents had active
insurance contracts, although 90% recognised agricultur-
al insurance as an effective risk management instrument.
The main reasons for low participation included insuffi-
cient awareness (64%), lack of access to insurance prod-
ucts (23%), and high premium costs (5%). These results
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point to a common challenge for developing markets,
including Ukraine, where crucial preconditions for stim-
ulating agricultural insurance involve the provision of in-
formational support, the design of affordable insurance
programmes, and the implementation of effective subsidy
mechanisms.

The results confirm that agricultural insurance can
perform not only the function of financial risk compen-
sation but also indirectly influence the environmental be-
haviour of agricultural producers. In the study by L. Tang
& X. Luo (2021), it was demonstrated that the presence of
insurance coverage facilitates the transition of farmers to
more environmentally sustainable practices, particularly
the use of biological pesticides. According to the model-
ling results, the likelihood of adopting such pesticides in-
creased by 8.2% when insurance protection was available.
These conclusions were relevant for Ukraine, where the
potential expansion of agricultural insurance could sup-
port the implementation of technologies aimed at reduc-
ing anthropogenic pressures on the environment. The ca-
pacity of insurance mechanisms to enhance agricultural
production efficiency was explored in the study by H. Li et
al. (2022), which analysed the relationship between agri-
cultural insurance, air pollution, and total factor produc-
tivity in Chinese agriculture. It was established that insur-
ance encouraged investment in modern technologies and
contributed to productivity growth, although it did not al-
ways coincide with improvements in environmental indi-
cators. This dual effect was equally significant for Ukraine,
where the expansion of insurance coverage should be ac-
companied by the integration of environmental criteria
into insurance products to prevent adverse outcomes.

The influence of agricultural insurance on the adap-
tive capacity of the agricultural sector to climate change
was examined by H. Mao et al. (2025). The study demon-
strated that insurance mechanisms encourage the adop-
tion of technologies aimed at reducing climate-related
risks, particularly under conditions of increasing frequen-
cy of extreme weather events. Comparable conclusions
can be extrapolated to the Ukrainian context, where rising
vulnerability to climate change necessitates the introduc-
tion of insurance programmes focused on climate adap-
tation. Such programmes would involve compensatory
payments for losses caused by weather anomalies and
support for the implementation of adaptive practices. An
analysis of the experience of the United States, present-
ed in the study by N. Ahmed et al. (2022), indicated that
insurance can promote environmentally sustainable ag-
ricultural development while creating risks of production
intensification. The authors identified a positive effect of
insurance coverage on the adoption of environmentally
oriented technologies, although in some cases this was
accompanied by an increase in environmental pollution.
These findings underscore the importance of integrating
environmental standards into the structure of insurance
products in the context of Ukraine to maintain a balance
between productivity and environmental safety.

One of the barriers to the development of agricultural
insurance in Ukraine remains the delays in the payment
of insurance compensations, explained by inefficiencies
in loss verification processes. In this context, the study
by T. Manoj et al. (2025) was noteworthy, proposing the




conceptual model AgrilnsureDON based on blockchain
architecture. The use of decentralised oracles and In-
ternet of Things devices enables the automation of ac-
curate data collection for decision-making on payouts.
The proposed model ensures transparency, operational
efficiency, and reduced transaction costs. The applica-
tion of similar technologies within Ukrainian agricultural
insurance could enhance the efficiency of market func-
tioning, although further research was required regard-
ing regulatory integration and economic feasibility. The
findings indicated that the impact of agricultural insur-
ance extends beyond ensuring the financial stability of
farming enterprises, generating additional effects within
the production sphere, particularly regarding the scale of
agricultural output. Similar conclusions were reached by
D. Hou & X. Wang (2025), who investigated the relation-
ship between agricultural insurance and the expansion of
grain crop planting areas in China. The analysis of panel
data from 27 provinces enabled the authors to confirm
that the availability of insurance coverage reduced finan-
cial risks, stimulated investment activity, and supported
the expansion of agricultural land use. Nevertheless, this
impact was indirect and depended on the financial ca-
pacity of farming enterprises. A comparable dependence
was identified in the present study, demonstrating that
access to insurance services influenced the volume of in-
vestment in production processes.

The development of agricultural insurance was ac-
companied by social dimensions, particularly those relat-
ed to gender inclusion. The study by A. Timu & B. Kramer
(2021) analysed the access of women and men to insur-
ance coverage in the context of ensuring equal opportuni-
ties. The authors emphasised that gender equality issues
within the insurance sector often remained overlooked,
despite the existence of significant disparities in access to
insurance services and the impact of insurance on wom-
en’s economic independence. The findings of this study in-
dicate the necessity of incorporating socio-demographic
characteristics into the design of insurance programmes,
aligning with international trends aimed at promoting the
inclusiveness of financial instruments.

The financial impact of agricultural insurance on
farm profitability was examined in the study by C. Tan et
al. (2022), which established that the positive effect of
insurance mechanisms on incomes was most evident in
regions with high levels of insurance coverage. The role
of state-supported measures in strengthening the eco-
nomic resilience of small and medium-sized farms was
also highlighted. These results partially correspond with
the findings of the present research, which confirmed
that the availability of insurance services and the imple-
mentation of subsidised programmes have the potential
to enhance the financial security of farmers in the con-
text of Ukraine. Financial security represents a critical
factor for the stability of agricultural enterprises and
forms the foundation for establishing an effective sys-
tem of insurance protection. As noted in the study, “the
modern model of monitoring the financial security of
the state should be based on combining theoretical and
praxeological approaches, enabling prompt responses
to risks and the adaptation of regulatory instruments”
(Poltorak et al., 2023). This principle was particularly
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relevant for the agricultural sector, which is significantly
affected by both external and internal economic factors.
An analysis of regional economic development consti-
tutes an essential component in shaping an effective
agricultural insurance system, since insurance mecha-
nisms must reflect the economic capacity of regions. As
the researchers argue, “the need to assess the dynamics
of regional economic development in Ukraine is driven
by the necessity to identify reserves and opportunities for
enhancing profitability and the efficiency of further activ-
ity” (Andrusiv et al., 2020). Establishing an effective insur-
ance system in the Ukrainian agricultural sector requires
a comprehensive approach encompassing financial and
economic dimensions, together with organisational and
legal mechanisms. In particular, the researchers note that
“agricultural business insurance in the context of Ukraine
should account for the specific characteristics of agricul-
tural production, the high level of risks, and the need for
state support during the transformation of the agricultur-
al insurance market” (Babenko et al., 2021). The synthesis
of the findings demonstrated the multifaceted role of ag-
ricultural insurance in ensuring both economic and envi-
ronmental stability within the agricultural sector. Insur-
ance mechanisms were found to contribute not only to
reducing financial risks, but also to supporting the imple-
mentation of ecological practices, adaptive technologies,
and improvements in production efficiency. However,
persistent barriers included the limited coverage of insur-
ance schemes, high premium costs, lack of subsidies, and
insufficient awareness among agricultural producers.

The comparison with practices within the Europe-
an Union confirmed the effectiveness of several key ele-
ments of the insurance market, including reinsurance, in-
dex-based insurance models, state-subsidised premiums,
and digital tools for risk assessment. The implementation
of these approaches facilitated stronger trust in insurance
providers and contributed to the expansion of insurance
coverage. The analysis of international experience also
highlighted the potential of advanced technologies, such
as satellite monitoring, big data analytics, and blockchain
solutions, in accelerating procedures and enhancing the
transparency of insurance operations. In this context, the
reform of the Ukrainian model of agricultural insurance
was becoming increasingly relevant. Necessary measures
included the introduction of mechanisms for state sup-
port, the adaptation of insurance products to the needs
of different producer groups, and the integration of in-
novative technologies into risk assessment and claims
settlement processes. Particular attention should be di-
rected towards ensuring equal access to insurance ser-
vices for small-scale farmers, promoting the wider use of
index-based insurance, and developing an institutional
framework capable of supporting the sustainable growth
of the agricultural insurance market.

» Conclusions

The study conducted a comprehensive assessment of the
state and dynamics of the agricultural insurance system
in Ukraine during 2022-2024. A decline was recorded in
the number of active participants in the insurance mar-
ket from 10 to 7 companies, a decrease in the volume of
collected insurance premiums from UAH 81,061 thousand
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to UAH 70,000 thousand, and a reduction in the amount
of insurance payouts from UAH 29,830 thousand to
UAH 20,000 thousand. The decrease in the payout ratio
from 36.8% to 28.57% confirmed the limited coverage of
agricultural producers by insurance protection. It was es-
tablished that the key barriers to the development of ag-
ricultural insurance remain the absence of mechanisms
for state subsidisation, the high cost of insurance prod-
ucts, the low level of farmers’ awareness regarding risk
management instruments, and the underdeveloped rein-
surance infrastructure. The highest activity in the market
was demonstrated by the companies PZU, ARX, TAS, and
UPSK, which had access to international reinsurance re-
sources and maintained financial stability.

The comparative analysis of agricultural insurance
models in France, Germany, Spain, and Poland identified
effective practices, including combined models with state
subsidisation of insurance premiums within the range
of 50-75%, the application of index-based insurance,
the use of digital platforms for loss assessment, and the
integration of satellite technologies into the insurance
monitoring process. In these states, the share of insured
agricultural land ranged from 25% to 50%, significantly
exceeding the indicator in Ukraine, which remains at 4%.
The share of insurance premiums in the GDP structure
of the analysed countries reached 3.1%, indicating a high
level of institutionalisation of the insurance market and
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» AHoTauiqa. JIoCTiqHUIBKUI iHTEpeC 3yMOBJIIOBABCSI O0OME)KEHUM PiBHEM CTPAxXOBOTO MOKPHUTTS B arpapHOMY
CEKTODi, 10 3HM)KYBAJIO 3JaTHICTh BUPOOHHKIB MPOTUCTOSATH €KOHOMIYHUM BTpaTraM i KJIIMaTUYHUM BILTUBaM.
MeToI0 TIPOBEEHOTO MAOCTKEeHHA OO0 BHUABJIEHHS OCOO/JMBOCTEH (DYHKIIOHYBAHHA CHCTEMH arpapHOTo
CcTpaxyBaHHA B YKpaiHi Ta 00I'PyHTYBaHHS JOUIBHOCTI afjanTamii iHCTUTYI[IHHNX i TEXHOJIOT{YHUX IPAKTUK Kpaid €C
Ui Tl MoziepHisanii. MetozmoJsioriuda 6asa IOC/IiIKeHHsI OXOIJIIOBajia 3aCTOCYBaHHS METONy IMHAMiYHOIO aHAJi3y
JUI OIiHKM 3MiH KJ/IIOUOBUX IOKa3HHUKIB YKPAlHCBKOI'O CTPAaxOBOTO PUHKY BHPONOBK 2022-2024 pOKiB; MeTOmy
KOMIIapaTUBHOIO aHaJli3y JJis 3icTaBJIeHHs OpraHisaliliHux MopeJeil arpapHoro crpaxyBaHHsa y @pannii, HimequnHi,
Icnianii Ta [Tosblni; MeTomy CTPYKTYPHOIO aHANi3y 11 ifeHTrudikamii JOMiHaHTHUX eJIeMeHTiB y CUCTeMi CTPaxoBOIo
TIOKPUTTS; METOAY KOHTEHT-aHaJi3y JJIs1 CUCTeMHOI'0 BUBUYEHHSI HOPMAaTUBHO-IIPABOBUX aKTiB, aHAJITUYHUX 3BiTiB i
TEXHOJIOTIYHUX pillleHb, CIPSIMOBAHUX Ha MiJBUIIIEHHS e(DeKTUBHOCTI CTPAXOBOT0 3aXUCTYy. TakoK, Oy/I0 BUKOPHUCTAHO
METOJ, JIOTiYHOT0 y3arajabHeHHs [Jis1 (popMyBaHHs BUCHOBKIB i peKOMeHAallill Ha OCHOBi OTPMMAaHUX aHATITUYHUX
peayJibTaTiB. 3a pe3ysbraTaMy JOCIiIKeHHsI BCTAHOBJIEHO, 1110 YaCTKA 3aCTPAX0OBAHUX ClIbCHKOIOCIIOAAPCHKUX YTilb
B YKpalHi 3ajuiagacsa iCTOTHO HWYKYOIO, HiPK Y aHa/i3oBaHuUX KpaiHax €C, ne piBeHb oxomyeHHs cAaras 30-50 %;
IIpY IIbOMY BHSBJIEHO, 1[0 HAasBHA CHCTeMa He 3a0e3nedyBaJsia HaJEXKXHOTO PO3MOIiTy PU3HUKIB, III0 CTBOPIOBAJIO
TepeyMOBH AJ1s1 (hiHAHCOBOI BPa3IMBOCTI MaJINX i cepeqHix hepMepChKUX TOCIONAPCTB. [neHTH(diKOBaHO KIIOYOBI
6ap’epu PO3BUTKY HalliOHAJIBHOI CUCTEMU arpOCTPaxXyBaHHA: BiJICYyTHICTh CyOCHUAyBaHHSA CTPAaXOBUX IIpeMili, BUCOKa
c06iBapTiCTh CTPaXOBUX IOCJYT i HU3bKUI piBeHb 00i3HaHOCTI arpapiiB. BusHaueHo, 1110 e(heKTUBHICTD €BPOIENCHKIX
Monesieli 3abeamnedyBasiacsi BUKOPUCTAHHSAM JepsKaBHOI MiATPUMKH, IlepecTpaxyBajbHUX MeXaHi3MiB uepes
Mi’KHapOAHI CTPYKTYpH Ta BIPOBAIKEHHSIM IH(POBUX TEXHOJIOTIH OIiHKM PU3WKIiB. AKTyasli30BaHO HEOOXiTHICTH
ajanrariil Takux iHCTPYMEeHTIB 0 yMOB YKpaiHU 3 MeTOI0 PO3IIMPEHHS JOCTYIY 10 CTPAXOBUX IIOCJIYT Ta IMiBUIIIEHHS
¢inancoBoi cradbinpHOCTI arpocekTopy. OTpHUMaHi pe3yJIBTaTh MOKYTh CTAaTH OCHOBOIO /151 hOpMyBaHHs e()eKTUBHUX
3axO0[IiB Jep KaBHOI MOJIITUKY y cepi cTpaxoBoro 3abe3nevyeHHsI CiIbCbKOTO TOCIOapCTBa

» KnouoBi croBa: qeprkaBHe CyOCHIyBaHHS; EKOHOMIYHA CTIMKiCTh; udpOoBi TEXHOIOTT; TpaHChOpMAaIlisi PUHKY;
CTPYKTYPHMH aHaJIi3; €BpONeNChKi MoaeJTi
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