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AHInpoBceRUIL Aep>KaBHMII arpapHO-eKOHOMIYHMIT YHIBepCuTeT

MOAEAI ONITUMIBALIIT CTPAXYBAHHS B ATPOBI3HECI

The article examines agricultural insurance as a vital tool for the sustainable development of the agricultural sector.
Agricultural insurance allows farmers to minimize operational risks and supports the financial stability of agribusiness.
Agricultural insurance is not widespread in Ukraine because available insurance products do not meet current challenges
and their terms lack flexibility. Besides, insurance payments are not transparent so that farmers do not trust insurance
companies. But during the war, it is extremely important to promote agricultural insurance which can protect Ukrainian
agriculture in difficult times. All of the above justifies the topic of the conducted research based on the methodical
foundations of mathematical modelling, comparison, deduction, and generalization. The purpose of the article was to
identify the features of insurance in agribusiness, and also to develop economic and mathematical models to optimize
some parameters of insurance including risks and utility. The first result of the study made it possible to recommend
implementing comprehensive insurance products related to agribusiness, such as insurance for crops, livestock,
agricultural machinery, property, and liability, not to mention insurance against financial risk of non-payment by buyers
and price fluctuations in agricultural markets. The second research outcome identified the top insurance companies.
They have introduced innovative insurance products adjusted to the war risks, offered advanced index insurance and
combined insurance with lending from reliable partner banks. The third study result contained two mathematical models
meant to empower farmers in the field of agri-insurance. The model calculations enable farmers to balance the cost of
insurance and potential agribusiness losses depending on their probabilities. At the same time, decision-making based
on utility function complies with risk acceptance and opts for the optimal insurance parameters to provide the maximum
benefit for agribusinesses regarding their specific characteristics. The practical value of the research recommendations
lies in increasing the efficiency and attractiveness of agricultural insurance, which is a key factor in post-war recovery
and enhancing the economic security of agribusiness.

V crarTi po3TASIAA€THCS arpoOCTpaxyBaHH SIK SKUTTEBO BaJKAMBMI IHCTPYMEHT CTAAOTO PO3BUTKY arpapHoOro CeKTopy.
ArpocTpaxyBaHHs A03BOASIE pepMepaM MiHiMi3yBaTH OonepaLiiiHi pu3uKK Ta MiATpUMYE diHaHCOBY cTabiAbHICTb arpobisHecy.
ArpocrpaxyBauns B YRpaiHi He 3aHaATO NOWMPeEHe, OCKiABKY HasIBHI CTPaxX0Bi IPOAYKTH 4aCTO He BiAIIOBIiAAIOTh CY4aCHUM
BUKAMKAM, a IXHi yMOBM He BiA3HauaroThcs rHyuKicTio. KpiM TOro, ctpaxosi BunaaTu € Hemposzopumu, 4epes mo depmepu He
AOBIPSIIOTh CTPAaXOBMM KOMIaHisAM. AAe miA Yac BilfHM HAaA3BMYANHO Ba>KAMBO CIPUATU PO3BUTKY arpoCTPaxyBaHHs, sKe
3AaTHE 3aXUCTUTH CiAbCBKE FOCIIOAAPCTBO YKRpainu y ckaaaHi yacu. Bece BumesasHayeHe 4umMan 010 Mipoio 06rpyHTOBYE TeMy
NPOBEAEHOI'0 AOCAiIASKEHHS, BUKOHAHOIO 32 AOIIOMOTOI0 MaTeMaTMYHOIO MOAEAIOBAHHS i METOAIB NOPiBHIHHS, AeAYKLII Ta
y3araapHeHHs. MeToro craTTi 6yA0 BU3HAYMTH 0COGAMBOCTI CTpaxyBaHHs B arpo6i3Heci, a TaKOXX po3poOUTU eKOHOMIKO-
MaTeMaTHYHi MOAEAL AASI ONITHMI3aLil AeSIKMX MapaMeTPiB CTPaXyBaHHS 3 ypaxXyBaHHIM PU3UKIB Ta KOpUcHOCTI. 3a miacyM-
KaMyu AOCAiAKeHHS iAeHTH(IKOBAHO KOMIAEKCHI CTPaXOBi IPOAYKTH, PEKOMEHAOBaHI A0 BIPOBaAKeHHs B arpoGisneci. Ao
LBOTO MepeAiKy BiAHECEHO CTPaXyBaHHS CiAbCHKOTrOCMOA2PCHKUX KYABTYD, XyA0OHM, arpapHoi TexHiky, MaifHa Ta BiANOBi-
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AaABHOCTI, He KasKy4M BiKe PO CTPaxyBaHHSI BiA iHaHCOBMX PU3MKIB Yepe3 HemAaTeXi 3 GOKY NOKYIUiB i KOAMBAHHS LiH
Ha arpapHuX puHKax. B po6oTi BusABAeHO mPoBiAHI CTPaxoBi KOMIaHIi, IKi 3aNpPOBaAMAM iHHOBALiNHI CTPaXOBi MIPOAYKTH,
apanToOBaHi AO BOEHHMX PU3MUKIB, 3aCHOBaHI Ha BAOCKOHaA€HOMY iHA€KCHOMY CTPaXyBaHHi Ta MOEAHAHI 3 KPEAUTYBaHHIM
BiA HaAiHMX GaHKiB-mapTHepiB. Y cTaTTi 3amPONOHOBAHO ABi eKOHOMIKO-MaTeMaTH4YHi MOAeAi onTumizanii. Pozpaxynku
3a MepPIIOI0 MOAEAAIO AO3BOASIIOTH 36aAaHCYBATH BapTiCTh CTPaXyBaHHs Ta MOTEHNilHI 36UTKY B arpoGi3Heci, oxapakTepu-
30BaHi IxHiMu iimoBipHOCTAMU. [IpUIHATTS pimeHs i3 3acTOCyBaHHAM (QYHKIIT KOPUCHOCTI B APYTili MOAEA] Y3TOAKYETBCS 3
TOAEPAHTHICTIO AO PU3MUKIB Ta AO3BOASIE OGMPATH ONTUMAABHI TapaMeTPU CTPAXYBaHHS 3 MAKCUMAABHOIO BUTOA OO 3TiAHO 3i
cnenudiroro arpoGizHecy. Pe3yabTaTu AOCAIAKEHHS € IPAKTUYHO LiHHUMMU SIK TaKi, IO CIPUIIOTH MiABUL[EHHIO e(deKTUB-
HOCTi Ta IPUBaGAMBOCTI arpoCTpaxyBaHHsI, aAke BOHO € KAIOUOBMM (PAKTOPOM IiCASIBOEHHOTO BiAHOBAEHHS i IOCUAEHHS

€KOHOMiuHOT 6e3neku arpobisHecy.

Key words: agribusiness insurance, insurance companies, optimization models, risks, utility

function.

Katouo06i caoba: cmpaxybannsa azpobisnecy, cmpaxobi xomnanii, modenri onmumizayii, pusuxu,

Pyuxyia xopucrocmsi.

STATEMENT OF THE PROBLEM IN GENERAL
TERMS AND ITS CONNECTION WITH
IMPORTANT SCIENTIFIC OR PRACTICAL
TASKS

Insurance is a powerful mechanism for trans-
ferring the financial burden of potential losses from
anindividual or entity to an insurer. Insurance is a
central component of a broader risk management
strategy meant to transform unpredictable, large-
scale potential losses into predictable, bearable
costs. Consequently, instead of dealing with the
possibility of a catastrophic financial setback,
individuals and businesses can stabilize their
finances and ensure continuity by converting risk
into a defined, budgeted expense. What is more,
insurance encourages proactive risk mitigation and
financial protection, as insurers often offer lower
premiums to loyal clients who demonstrate a
commitment to safety measures and preventative
actions. In essence, insurance is a key financial tool
that fosters security and stability by pooling risk
among many, thereby protecting the few that
experience a loss.

Agricultural insurance is critically important
in Ukrainian agribusiness because the national
economy heavily depends on its agriculture.
However, in spite of the above benefits, the
implementation of agri-insurance in Ukraine isnot
widespread as it should be. There are several
reasons for this. Firstly, the main barrier is the high
cost of insurance services, which is often
unaffordable for small and medium-sized farms.
Secondly, there is a low level of trust in insurance
companies among farmers, which is due to past
negative experiences, comprehensive procedures,
and a lack of transparency in policy terms and
claim payouts. Thirdly, a shortage of high-quality
and flexible insurance products adjusted to the

peculiarities of Ukrainian agriculture is another
factor that contributes to the inhibition of
insurance progress. It is worth mentioning that to
some extent, recent state insurance programs have
made a difference. But the legislative framework
is not properly regulated yet. Finally, the uncer-
tainty and specific risks associated with the ongoing
Russian-Ukrainian war are typically beyond the
standard insurance policies so that they present a
significant hindrance that limits the development
of the agri-insurance market in Ukraine.

All of the above implies that it is expedient and
timely to employ mathematical modeling to
explore optimal insurance in agribusiness taking
into account risks and utility inherent in Ukrainian
farming.

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS

Literature on agri-insurance is vast. Relevant
recent studies are as follows. The research [1] has
examined what influences farmers' decisions about
insurance and suggested ways to improve
agricultural insurance to address the challenges
arising from climate change. The scholars aimed
to show that there is a balance between insurance
payouts and subsidies, which make up a farmer's
total income, and the premiums they pay, which
are part of their expenses. The study concluded
that once this balance is achieved, multi-peril
agricultural insurance can help reduce the negative
impacts of climate change.

M. Rajeev and P. Nagendran highlighted that
insurance is especially important for protecting
small-scale crop growers in developing nations.
The study findings clarified a connection between
the interest rate of informal lending and whether
farmers adopt crop insurance as they often want
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to avoid losses but cannot afford insurance. The
research suggests logical ways to set crop insurance
premiums that can overcome the challenges of
informal lending. The research inferred that by
improving farmers' financial literacy and ensuring
a reliable loss assessment mechanism, agri-
insurance can earn farmers' trust and increase their
participation[2].

According to [3], livestock insurance requires
its reshaping to cope with unreliable data and
fraudulent claims. These issues can be addressed
by using technologies such as blockchain and the
Internet of Things. Their implementation will
contribute to livestock insurance transparency and
real-time monitoring. Ultimately, these digital
solutions will speed up the supply chain, eliminate
intermediaries, secure transaction records, and
make them tamper-proof.

A. Puska et al. [4] argued that agri-insurance
is a key factor in improving farm productivity by
protecting farmers from various risks if insurance
products are appropriate and provided by a
reliable company. Therefore, the authors offered
a decision-making procedure employing fuzzy
methods and sensitivity analysis to evaluate
insurance companies. It incorporated several
criteria, such as the subject of insurance, basic and
supplementary risks covered, the insurance
premium, payment method (for example,
immediately, after the harvest, or in installments),
the subsidization and possible delays of payments,
limitations and additional services, and the
insurance premium.

Agricultural insurance in Ukraine has been
studied in many recent publications by Ukrainian
scientists. S. A. Vlasiuk et al. carried out a
comprehensive study of the agricultural insurance
services market in Ukraine based on the rating of
insurance companies under the current conditions
of a full-scale Russian invasion of Ukraine. The
researches noted that the improvement of
agricultural insurance in Ukraine can be associated
with the measures provided by the Law of Ukraine
"On the Features of Insurance of Agricultural
Products with State Support” (issued in 2024 with
amendments and clarifications), and the active
implementation of efficient international practices
in the field of agri-insurance [5].

In the context of globalization and the rapid
development of information technologies, there is
a urgent need to improve agricultural insurance
mechanisms by implementing digital tools. I.
Fedorovych substantiated that this will increase
transparency, reduce the rate of fraud, and
improve the accessibility of agri-insurance
services. In particular, the use of Al will lead to
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the formation of a new paradigm of digital agri-
insurance which will contribute to a more accurate
assessment of insured events and a faster response
to changes in farming [6].

D. H. Tsarenko and S. V. Khalin revealed that
the effective use of insurance combined with other
risk management methods, such as diversification,
financial planning, and modern agricultural
technologies, boosts the agribusiness sustaina-
bility. The main focus of the study was on how to
overcome the economic and behavioral factors
that, despite the importance of agricultural
insurance, lead to the fact that its level of dis-
tribution is insufficient [7].

Many scholars analyze agricultural insurance
during the period of martial law in Ukraine, which
carries previously unseen risks. Despite the war,
the insurance market in Ukraine remains viable
owing to the fact that the NBU maximally
promotes the use of electronic documents and
remote settlement of insurance cases [8]. Similarly,
O.Bodnar andD. Ivanenko stated that agricultural
insurance should maintain financial stabilization,
increase investment attractiveness, and ensure food
security, which is extremely difficult in the
conditions of force majeure during the war in
Ukraine. In this regard, the authors proposed
promising developments of military-adapted
insurance products to enhance the effectiveness of
agricultural insurance as a prime factor in post-
war recovery and sustainable agricultural
development [9].

Given all of the above, it makes sense to con-
tinue research into developing agri-insurance
consistent with the contemporary challenges that
Ukrainian agriculture has to address.

FORMULATION OF THE OBJECTIVES

OF THE ARTICLE (TASK STATEMENT)

The purpose of the article was to identify the
features of insurance in agribusiness, and also to
develop economic and mathematical models to
optimize some insurance parameters in terms of
risks and utility.

PRESENTATION OF THE MAIN RESEARCH
MATERIAL

According to the study objective, the research
aimed at solving three tasks. The first one was to
identify the most beneficial insurance products
related to agribusiness. The second was to specify
the most efficient insurance companies that
provide services to Ukrainian farmers. The third
task was to develop mathematical models that
would help in planning and proving the advantages
of insurance at the enterprise level.
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Figure 1. Agri-insurance dynamics in Ukraine

Source: composed by the author based on data from [14].

Agribusiness meets a large number of risks
associated with natural aspects, economic
fluctuations and other unforeseen circumstances.
Insurance is an important tool for minimizing these
risks and maintaining the financial stability of
agricultural enterprises. The major types of agri-
insurance are as follows [10].

1. Crop insurance in plant production is one of
the most common types of agri-insurance, designed
to protect from damage of crops and harvest losses.
It covers a wide range of risks, including adverse
weather conditions, such as freezing and ice crusts
in case of winter crops, droughts, hail, floods,
hurricanes, lightning strikes, earthquakes,
landslides, avalanches and other natural disasters
that cause physical destruction. Other optional
risks covered include fire and arson, illegal acts of
third parties, in particular theft and vandalism, as
well as plant diseases and pest infestations. Crop
insurance can address the entire production cycle
from sowing until harvest or deal with a certain
period, for example the spring-summer vegetation.
Besides, some crop insurance products compensate
only for production costs while the others insure
potential yield and revenue based on expected
market price.

2. Livestock insurance protects against finan-
cial losses related to the death, illness, or injury of
farm animals such as cattle, sheep, goats, pigs,
poultry, and bee colonies. This type of insurance
might support Ukrainian animal husbandry that s
weaker than crop production [11; 12]. The risks
covered by livestock insurance incorporate epi-
demics of infectious and non-contagious diseases,
fire, flood, traffic accidents, natural disasters, theft,
or forced slaughter. Some advanced insurance
products can compensate even for reduced
productivity and potential income loss for the
above reasons.

3. Agricultural machinery insurance (like
CASCO for farming) protects from breakdown,
damage, or theft of machinery that can result in
significant financial losses and operational delays.
It concerns tractors, combines, seeders, sprayers,
and attachments that represent significant assets
for any agricultural enterprise. The risks covered
include traffic accidents such as collisions, rollo-
vers, hitting an obstacle, fire, explosion, lightning
strikes, illegal acts of third parties, for example,
hijacking and deliberate damage, natural disasters,
mostly flood, hail, storm, hurricane, earthquake,
landslide.

4. Additional property insurance is focused on
administrative buildings, warehouses, storage
facilities, greenhouses, processing equipment,
irrigation systems, and other assets used in crop
production and animal husbandry. As a rule, the
risks covered encompass fire, flooding, theft,
natural disasters, and unlawful acts.

5. Liability insurance can be general (regarding
the damages caused to third parties while using
agricultural machinery) or professional (appli-
cable to agronomists and veterinarians to protect
from substantial losses that may arise from their
professional errors).

6. Financial risk insurance typically embraces
protection against non-payment by buyers and
price fluctuations for agricultural products.

The choice of a certain type of insurance de-
pends on the features of the agribusiness, its size,
crops grown, animal species, potential threats and
regional location [13]. This makes insurance more
accessible and appealing to farmers.

With regard to the second task, the study
revealed that there are many national companies
which provide services in the Ukrainian agri-
insurance market. However, over the last few years
the volume of insurance payments has dropped on
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Table 1. Model 1 input data

In compliance with the third task, the
formulation and calculation of two m-

Amount of loss (Ai),

UAH 0 (100000 |300000 500000

700000 | 900000

athematical models are proposed to empower

Probability of loss (Pi) | 04 | 0.25 0.15 0.1 0.07

0.03

Ukrainian farmers in the field of agri-insurance.

Source: composed by the author.

Table 2. Model 2 output data

C1, UAH | 25000 [ 25000 | 75000 | 75000
Q 0.01 0.05 0.01 0.05

Y, UAH 0 25000 | 7817.9 [ 75000
G 11.510 | 11.505 | 11.499 | 11.490

Source: composed by the author.

account of the ongoing Russian-Ukrainian war
which exacerbates the risks of farming [14]. In
particular, Figure 1 illustrates that the worst
indicators of agri-insurance were observed in 2023.
But the situation has been improving since 2024
owing to new initiatives from insurance leaders
such as INGO (https://ingo.ua/services/agro-
riziki), ARX (https://arx.com.ua/corporate-
produkty/agro-multirizikove-strahuvannya and
https://arx.com.ua/corporate-produkty/
strahuvannya-agro-tvarin), PZU Ukraine (https:/
/www.pzu.com.ua/corporate/sh.html) and
UNIVERSALNA (https://universalna.com/agro-
insurance/).

Indeed, INGO together with Syngenta have
started a partnership program for index insu-
rance "MeteoZakhist" against three weather
risks: drought, heat and rain. The program insu-
res crops of corn, sunflower, rapeseed, wheat
and barley. To participate in the program, far-
mers must use appropriate Syngenta products.
The unique efficiency is due to the fact that
payments are made automatically based on data
received from satellites. During the war, insuran-
ce becomes more attractive, as now it protects
against military risks. For example, ARX covers
losses from hostilities, losses from shelling,
mining of territories, damage to equipment and
infrastructure (for instance, granaries and
warehouses). Such insurance products are
intended exclusively for territories controlled
by Ukraine, located at a certain distance from
the zone of active hostilities and borders with
aggressor countries. It is also necessary to pay
attention to the state mechanism of compen-
sation of up to 60% of the insurance payment,
which makes insurance more accessible to
farmers. Finally, financial insurance for farmers
from PZU Ukraine and UNIVERSALNA is being
expanded, as banks (such as PrivatBank, Ukrgas-
bank, and others) are launching partnership
programs using collateral insurance of assets and
future harvests for agricultural crediting.

N

In model 1 we are aware of the potential
losses Ai that can occur with probability Pi. It
is necessary to find the optimal sum insured to
minimize the expected cost if the insurance
premium rate is B. To calculate this model, we
introduce the unknown sum insured X, where X >
0. Assuming that the insured sum should not exceed
the maximum loss, we obtain the following
restriction

X < max(Ai).

The objective function, which denotes the sum
of the insurance premium and the expected
uncovered loss, must be minimal

F=B X+ max(0; Ai-X) Pi— min.

The formulated optimization model is non-
linear, but spreadsheet tools are powerful enough
to calculate it. The model testing was performed
for a case of agri-insurance with parameters Ai and
Pi from Table 1 and B=0.03.

The found minimal value of the objective
function was Fmin = 27000 UAH. For calculating
the range of the optimal sum insured we included
into the model a supplementary restriction
F=Fmin and replaced the objective function with
X—min and X—max. As a result, it was
recommended to choose the optimal sum insured
between 700000 UAH and 900000 UAH.

Model 2 employed the utility function. This is
a fundamental concept in economics and decision
theory that allows us to measure the satisfaction
got from consuming certain goods or services or
possessing a certain level of wealth. In other words,
higher numbers imply more desirable outcomes.
The utility function explains choice and simulates
the risk acceptance such as propensity, neutrality,
and aversion. Utility functions are based on the
principle of diminishing marginal utility. It argues
that as consumption increases, the marginal utility
received from each subsequent unit decreases.
Hence, the most common type of utility functions
is logarithmic.

In the second developed model we are aware
of the potential loss C1 that can occur with
probability Q. It is necessary to find the optimal
sum insured in order to maximize the utility
function if the insurance premium rate is C2 and
the total value of the object insured is C3. To
calculate this model, we introduce the unknown
sum insured Y, where Y > 0. Reasoning that the
insured sum should not exceed the expected loss,
we obtain the following restriction
Y <Cl.
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The utility value without insurance amounts to

(1-Q) In(C3)+Q In(C3-C1).

The objective function of the model G should
maximize the utility value taking into account the
insurance premium paid and the uncovered loss,
Le.

G=(1-Q)In(C3-Y C2)+QIn(C3-Y C2+Y-Cl)—>max.

Like model 1, the formulated optimization
model 2 is non-linear, but spreadsheet tools are
powerful enough to calculate it. The model testing
was carried out for a few cases of agri-insurance
with parameters C1=25000 UAH and 75000 UAH,
Q=0.01 and 0.05, C2=0.03, and C3=100000 UAH.
The obtained results are displayed in Table 2.

In particular, the recommended strategy for
Q=0.05 was to insure against the total potential
loss. Witha probability ofloss Q=0.01, it was advisable
to avoid insurance for a relatively small potential loss
of C1=25000 UAH. However, the utility function
substantiated that the optimal sum insured should be
7817.9 UAH when C1=75000 UAH.

CONCLUSIONS AND PROSPECTS FOR
FURTHER EXPLORATION IN THIS
DIRECTION

Agri-insurance is vital for farmers' financial
stability, shielding them from losses associated
with unpredictable weather, pests, diseases, and
natural disasters. In addition to the named trouble,
Ukrainian farmers have to face war risks. To
facilitate this burden, firstly, it is recommended to
implement comprehensive agri-insurance that
covers crop production, animal husbandry,
agricultural machinery, property and liability in
farming. Secondly, it is advisable to turn to top com-
panies that operate in Ukrainian market, such as
INGO, ARX, PZU Ukraine, and UNIVERSALNA
whose innovative insurance products are best
tailored to the current situation in Ukraine.
Finally, it is reasonable for farmers to implement
the offered mathematical models while choosing
the optimal parameters of agri-insurance to obtain
maximum benefits considering their specific
features.

Given the dynamic environment and the
relevance of the issues raised, it is planned to carry
on further research on the application of
mathematical modeling to the development of
efficient agri-insurance intended to support
Ukrainian agribusiness.
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