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UNMANNED AERIAL VEHICLES
IN AGRICULTURAL RISK INSURANCE

This study analyzes the need for the use of drones in agricultural production and the use of information for agricultural
risk insurance. It is proven that drones in agriculture can be used to carry out the necessary range of activities to reduce the
load on the soil, spray agricultural plants, and collect information for further use in farms. It is substantiated that insurance
of agricultural risks requires information support for concluding an insurance contract and determining the amount of losses
upon occurrence of an insured event. Drones in agriculture can perform the following operations: aerial photography, video
recording, 3D modeling, thermal imaging, laser scanning, spraying, planting seeds, scaring away animals, etc. Drones can be
used in analyzing soil quality for land quality insurance. The article presents a classification of insurance risks of agricultural
production, which helps to determine the insurance risks and the possibility of their insurance. We propose a mechanism
for insuring the risks of agricultural plants and the possibility of determining the amount of damage compensation using
information from drones. The use of drones and associated analytics has great potential to support and enable operational
decision-making despite external factors and weather conditions.
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Bopucosa B.A., Camomkina L.JI.
CyMCBKHI HaIllOHAJIEHUH arpapHuil YHIBEpCUTET

BE3IIIJIOTHI JIITAJIBHI AITAPATH
Y CTPAXYBAHHI CIJIBCBKOT'OCITIOJAPCBKHUX PU3UKIB

Y emammi ananizyemocsa neoOXioHicmes 6UKOPUCMAHHS OPOHIB Y CillbCbKO2OCHOOAPCLKOMY BUPOOHUYMBE Md BUKOPUCTIAHHS
inghopmayii Onst cmpaxyeanhs CilbCbKO2OCNOOAPCHLKUX pu3uKia. /fosedeno, wjo Oponu @ CilbCbKOMYy 20CHO0APCMEl MOJNCYMb
OYymu GUKOPUCIAHI OJis NPOBEOEHHS HEOOXIOH020 KOMNILEKCY 3aX00I8 W00 3HUNCEHHS HABAHMANICEHHS HA TPYHM, 0ONPUCKYBAH-
HSL CIIbCLKO20CNOOAPCHKUX POCTUH, 300pY IHopmayii 0ns no0anrbuo2o sukopucmanis 6 cocnooapcmsax. QOIpyHmosano, uwo
CMpaxy8ans CitbCbKO20CHO0APCLKUX PUSUKIE 8UMA2A€E IHPOpMayilinoeo 3abe3neuenis YKiadenus 002080py CIMpaxyeanhs ma
BUSHAYEHHS POIMIPY 30UMKI6 NPU HACMAHHI CMPAx06020 6UNAOKY. OOHUM i3 3ACOCYBAHbL OPOHIB Y CIlbCLKOMY 20CN00apCmesi
€ cnocmepediceHHsl 3a nocieamu 6e3 HeoOXioHoCcmi NOCMItIHO20 KOHMPOTIO 3 DOKY 0cobU, 8i0NosidansHol 3a HA2A0 30 NOTAMU.
Pobomy cnpocmams OpoHu, ocHaujeHi Kamepamil, AKUMY (epmep Modice Kepysami cam abo GUKOPUCHO8Y8amu cneyianizosane
npoepammue 3aoesnedenis, o 003601s€ 30upamu 0ani 6e3 smpyyanus 1100uHl. JlosedeHo nepesazu 6UKOPUCMAHH OPOHIE NpU
KOHMPOTIO 8POJACAIO HA KiNbKOX cekmapax. IIpu ybomy nepesazamiu €: eKOHOMIEHHS Pecypcis, no8'a3anux 3 pooomoio iHuux
CibCLbKO20CNOOAPCLKUX MAWUH, 0OMENCEHHS YYacmi npayienuKa ma eumpamu, no8'sa3anux 3 HauMom npayieHuKie; ioeanvhe
piwenns 015 nenepedbayenux HA038UYAUHUX CUMYayitl, CHPUYUHEHUX NOBEHI0 b0 NOJCEAHCEIO, THUMUMU CINUXTUHUMU TUXAMU.
L]e do3sona€e cmpaxogum KOMNAHiaM, AKI 3aUMAOMbCs CMPAXY8AHHAM CLIbCLKO2OCNOOAPCLKUX KYAbIMYP, WEUOKO 3 ACy8amu
e 6i00YI0CsL IX NOWKOONCEHHS, Y AKOMY 60HU CMAHI HA MOMEHM HACMAHHS CMPAxX08020 GUNAOKY, SIKULL PO3MID 30umKy 6y6
3A60aHULl CMPAXYBATbHUKY. [[DOHU 6 CIIbCbKOMY 20CNO0APCMEE MONCYIMb BUKOHY8AMU MAakKi onepayii: aepopomosiiomka, eide-
osuomka, 3D mooentosanns, mennogizilina 3UOMKA, 1d3epHe CKAHYB8AHHA, 0ONPUCKYBAHHS, NOCI8 HACIHHA, 8IONAKYBAHHS MBAPUH
mowo. [ponu MOdiCHA BUKOPUCMOBYEAMU 0I5l AHANIZY AKOCMI TPYHMY 0151 CMpAxyeanHsa akocmi 3emai. Y cmammi nasede-
HO K1acugixayilo cmpaxoeux pusuKie cilbCbko20Cno0apcbKo2o 6UPOOHUYMEA, AKA 00360A€ GUIHAUUMU CIMPAX08I PUSUKY MA
Mooicnugicmy ix cmpaxysanis. [Ipononyemo mexamizm cmpaxysanisi pUsuKié CiibCbKo20CNOOAPCLKUX POCTUH MA MOICTUBICTG
BUSHAYEHHS PO3MIDY 8I0OUWKOOY8AHHS 30UMKI68 3a iHhopmayicto 3 OpOHI8. Bukopucmarnus OpoHie i n08 a3aHoi 3 HUMU AHATIMU-
KU MA€ 8enUKUll nNomeHyian 01 niOmpuMKU ma 3a0e3neyents OnepamueHo20 NPULHAMMSA pilletb, He36aAXCAIOYU HA 3068HIUHI
haxmopu ma no2o0Hi ymosu.

Kniouoegi cnoea: pusux, cmpaxysanmsi, ciibCbke 20Cno0apcmeo, OpoHU, Cmpaxosutl 6UNAOOK.

Statement of the problem. In recent years, the use filmmakers, archaeologists, and surveyors. However, they
of unmanned aerial vehicles, also known as drones, for  can be equally useful in agriculture.
both personal and professional purposes has become Agriculture is one of the fastest growing sectors of the
increasingly common. Drones are known to be used as  economy in terms of the introduction of new technological
professional equipment used by the military, photographers,  solutions. The use of satellite imagery has already become
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commonplace in crop planning. Modern irrigation systems
ensure a constant level of moisture in crop fields. Today,
we can see an increasing use of drones in agriculture — they
are used in many aspects of crop cultivation, livestock
breeding, and field monitoring.

One of the applications of drones in agriculture is to
monitor crops without the need for constant supervision by
a person responsible for field supervision. The work will be
simplified by drones equipped with cameras that the farmer
can control him-/herself or use specialized software that
allows collecting data without human intervention [1-3].
This way, one can properly control the harvest on several
hectares. There are many advantages:

— resources associated with the operation of other
agricultural machines are saved;

— employee involvement and costs associated with
hiring employees are limited;

— this is an ideal solution for unforeseen emergencies
caused by floods or fires, and other natural disasters. This
allows insurance companies that insure crops to quickly
find out where the damage occurred, what condition they
were in at the time of the insured event, and how much
damage was caused to the insured.

In agriculture, drones are also used for:

— spraying fertilizers and plant and soil protection
products;

— obtaining up-to-date and accurate information on the
area, relief, soil specifics of fields, plant and soil conditions;

— inventory of agricultural land;
assessment of crop germination;

— forecasting crop yields;

— use instead of dogs when grazing livestock.

Drones can be useful for spraying crops. Spraying
is an important branch of agriculture where drones can
also find their application. Small drones will not replace
machines designed for spraying large areas, but they can be
successfully used for small areas. Thanks to the accuracy
of the drone, spraying can be performed with high
precision [4-5]. An additional advantage of using drones
for this purpose is the scaring away of wild animals that
feed on crops. The sound of the device can keep them from
approaching the fields. This allows to reduce losses for the
agricultural producer (insured) in case of loss or damage to
crops in the case of an insured event.

These are not all the benefits of drones for agricultural
purposes. Agriculture, as an industry that depends on
weather and random factors, changes frequently. A drone
can easily help to prepare detailed documentation in case of
crop damage due to, for example, heavy rain or hail. It can
be used to collect the documents required by the insurance
company (or to receive financial assistance from the state).
In addition to preparing documentation to optimize various
processes, a drone can be used to monitor work efficiency.

Analysis of recent research and publications. The
issue of agricultural risk prevention has been considered
by scientists for a long time. The peculiarities of involving
innovative technologies in the development of agricultural
production and insurance protection of agricultural
producers have been studied: Baliyants K.M. [15], Dok-
holyan S.V. [15], Hidirova S.Z. [15], Zhamolatova Z.N.
[15], Skryl T.V. [16], Osipov V.S. [16], Vorozheikina T.M.
[16], Shumkova O. [16], Ma X. [19], Gryshova L. [19],
Khaustova V. [19], Bobrovnyk D. [19], Khaustov M. [19],
Petrunenko Ia. [21], Pohrishcuk B. [21], Abramova M.

[21], Vlasenko Yu. [21], Cao W. [22], Zhang Y. [22],
Peng Qian P [22] and others. Features of artificial
intelligence involvement have been studied: Takehiro K.
[1], Hideaki S. [1], Yoshihide S. [1], Stutsel B. [6],
Johansen K. [6], Malbéteau J.M. [6], McCabe M.F. [6] and
others.

Formation of the objectives of the article (task state-
ment). The purpose of the article is to analyze the activi-
ties of insurance companies when insuring agricultural
risks with the use of unmanned aerial vehicles; to clarify
the specific features of the use of drones in agricultural
production.

Summary of the main research material. Drones in
agriculture take aerial photographs, monitor fields, create
3D maps, sow seeds, apply fertilizers and chemicals,
control crops, help with irrigation, and monitor animals
[6—7]. They can perform a variety of operations:

» Aecrial photography — to detect bald spots, crop
damage caused by natural factors, and other defects
that need to be eliminated in a timely manner. Aerial
photography from a drone is much better than satellite
photography in terms of its detail, due to the low flight
altitude.

* Video recording — the performance of the aircraft
during video recording reaches 30 km in 1 hour, which
significantly reduces time and financial costs compared to
the use of ground-based equipment.

* 3D modeling — allows one to identify waterlogged
or arid areas, excavation, and competently create plans and
maps for soil moisture or drainage, site reclamation or land
reclamation.

e Thermal imaging is carried out using the entire
spectrum of infrared radiation: near, middle and far ranges.
The study makes it possible to determine the timing of
differentiation of growth points, which directly affects the
yield and preservation of productive properties of plants
while maintaining the hereditary capabilities of the variety.

» Laser scanning — used for terrain analysis in hard-
to-reach or inaccessible areas. This method provides an
accurate high-density model with a detailed display of
the terrain, even when working in conditions of strong
plantation density.

» Spraying — due to the possibility of retrofitting,
drones are used for spot spraying of plants and fruit trees.
This approach allows farmers to treat only diseased plants,
preventing chemicals from getting on the rest of the crop.

* Seed planting has started practicing relatively
recently and has not yet become widespread, but some
companies are experimenting with planting seeds using
drones. Essentially, producers are experimenting with
specific systems that are programmed to scatter seeds
into prepared soil. This technology helps to minimize the
need for personal presence to plant plants in a selected
area, which can sometimes become an expensive and
energy-consuming task. The same drone technology can
be adapted and applied to many types of farms, reducing
planting time and labor costs.

Modern unmanned systems in agriculture solve the
following tasks:

— assessing the quality of crops and detecting damage
or death of crops;

— determining the exact area of dead crops;

— audit and inventory of land;

— identification of crop defects and problem areas;
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— analysis of the effectiveness of measures aimed at
plant protection;

— monitoring compliance with the structure and crop
rotation plans;

— detection of deviations and violations committed in
the process of agrotechnical works;

— relief analysis and mapping of vegetation indices
PVI, NDVI;

— collection of information for the security service,
including the detection of illegal grazing in the fields;

— support for the construction of land reclamation
systems;

— monitoring the storage of root crops in piles;

— application of trichogramma;

— creation of maps for differentiated fertilization and
spraying of fields.

— counting seedlings and biological yield.

Modern drones in agriculture allow insurance companies
to use the information to take preventive measures when
insuring crops and to determine the damage in the event
of an insured event. Agricultural risk insurance helps to
reduce financial losses, provides agricultural producers
with a stable income and promotes sustainable agricultural
development in the face of unpredictability [8-9].

Clarifying the essence of agricultural risk insurance and
the manifestation of various risks in the agricultural sector
necessitate improving their classification. We propose a
classification of agricultural insurance risks based on the
object criterion, which is shown in Fig. 1. The risks of
property resources cover the possibility of causing damage
to material resources and intangible assets of agricultural
enterprises and property of rural residents. We do not
consider the risks of damage to intangible assets (goodwill,

brand, patents, know-how, technical, scientific and
practical, instructional, design, and other documentation),
as they are not insured because it is impossible to accurately
determine the amount of damage.

It should be emphasized that agricultural risks are
significantly influenced by unfavorable objective, human-
independent, natural and other factors. Since the resumption
of compulsory insurance of property of farm households,
tenants, joint-stock and other non-state-owned enterprises
in Ukraine is currently being carried out slowly, and they
do not have sufficient funds for voluntary insurance,
since insurance premiums are paid only from the profit
remaining after taxes, a significant part of the property of
these enterprises is not insured [10; 11].

Crop insurers can be: agricultural enterprises, tenants,
farm households located in Ukraine. The insurance covers
all types of agricultural crops and plantations: winter and
spring cereals, legumes, industrial, vegetable, melons,
fodder, orchards, berry gardens, vineyards, greenhouse
crops, etc. The object of insurance is the insured's property
interest related to indemnification of actual costs of sowing
and growing crops as a result of complete loss of plants on
all or part of the sowing (planting) area, regardless of the
phase of their development, due to: freezing of winter crops
and perennial grasses sown in previous years (the term of
use of which has not expired according to agrotechnical
standards); hail, rain, storm, hurricane or flooding of crops,
if the latter is a result of a natural disaster; fire on the stump
of spiked and other sown crops.

The sum insured under the insurance contract, within
which crops (groups of crops) are insured, shall be
determined in the amount of planned or actual costs of
sowing (planting) and growing the crop, based on the data

INSURANCE RISKS IN AGRICULTURAL PRODUCTION
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Figure 1. Classification of insurance risks in agricultural production

Source: compiled by the authors
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of the economic and social development plan of the farm
(business plan) and relevant accounting documents. The
sum insured may not exceed the total planned or actual
costs stipulated by the technology of growing a crop, nor
be less than the actual costs incurred at the time of entering
into the insurance agreement. Depending on the zone and
conditions in which the crop is grown, the sum insured shall
be determined with due regard for the impact of climatic
and other factors (agrotechnical requirements for growing),
which also directly affect the condition of crops at different
stages of plant development and harvest formation. In this
case, the amount of the sum insured is set within a certain
percentage of the total cost of the identified expenses. It may
be limited by an unconditional deductible of up to 20%.

When drawing up an act for the complete or partial loss
of crops, special attention should be paid to establishing
the actual cause of crop loss, which is well assisted by
agricultural drones. If the crops were lost due to reasons
for which the insurer is not responsible, an act of any form
is drawn up, which indicates the actual cause of the crop
loss, the size of the area of its sowing and loss, and the
location (field number, team, etc.). In case of complete
destruction of crops on the entire sown area or part of it as a
result of insured events stipulated in the insurance contract,
the amount of loss is determined for each crop separately,
based on a duly drawn up act and the availability of the
necessary documents. The amount of loss is determined
based on the costs actually incurred by the insured at the
time of the insured event on average per 1 hectare, which is
taken into account by dividing the total amount of costs by
the area of crops planted under the insurance contract and
the area of the crop that actually died. The insurer shall not
be liable for crops where the plants are partially damaged
(falling out) and it is necessary to reseed the crop. Such
areas shall not be included in the calculation of the loss and
the amount of insurance indemnity. An insurance contract
under which an insurance indemnity has been paid shall
remain in force until the end of the term specified therein in
the amount of the difference between the insurance amount
stipulated in the contract and the amount of the insurance
indemnity paid.

The direct losses indemnified by the insurer shall
not exceed the amount of costs actually incurred by the
insured and stipulated in the insurance contract. If any crop
is sown (planted) on an area larger than the area accepted
for insurance, the amount of loss in case of its destruction
shall be determined on the basis of the entire actual area
of sowing of the crop. The amount of insurance indemnity
shall be paid in proportion to the percentage of the area
of the crop under the insurance contract to the actual area
sown. The amount of insurance indemnity shall be deducted
from the unconditional deductible, the next payment, and
the overpaid insurance indemnity. Upon payment of the
insurance indemnity, the insurer shall be entitled to the
right of claim that the insured has against the person whose
fault caused the loss.

Let's take a closer look at the capabilities of drones:

1. An orthophotomap allows one to accurately measure
the geometric dimensions of a field and determine its
geometric area in projection. This will be the area for
which the farmer pays land tax and rent. In addition, the
orthophoto plan obtained with the help of a drone will
provide a lot of additional information for an attentive
agronomist. It shows sifting, reseeding, areas where

plants have died, and traces of trampling by people and
machinery. Moreover, they are not just visible, but can
be counted on the orthophotomap, measured and the area
can be measured, and vector contours of interesting and
problematic areas can be obtained for further work with
them. For example, to create tasks for ground-based
unmanned vehicles, which also work using vector contours
and GPS coordinates.

2. Multispectral imaging. Any farmer will confirm that
all his fields are different and heterogeneous. Even within
the same field, there are areas where the yield is always
different from the average. In some areas, it is noticeably
higher, in others, it is lower. Moreover, for different crops,
these differences can be diametrically opposed. What does
it depend on? There are many factors. The relief of the
field — some hillsides are more exposed to the sun, others
are shaded. Mineral composition. Different soil moisture.
Different weed infestation, susceptibility to pests, and this
is an incomplete list. There are so many factors that even
an experienced agronomist is not always able to predict
their impact on a particular crop at a certain stage of the
growing season, and even take into account the influence of
the weather. Even knowing about this mosaic, agronomists
still have questions about field management. There are also
different approaches here. One can, for example, ignore
the mosaicism and hope for an average harvest. One can
additionally feed the plants in weak areas to a greater
extent [12—14].

On the contrary, one can spend less expensive fertilizers
and seeds on potentially weak and unpromising areas and,
at the same time, increase their dosage on potentially strong
areas to reduce overall financial costs across the field and
increase overall yields. And finally, one can simply reseed
the field in whole or in part if the views on the future harvest
do not cover the expected investments. The decisions are
ambiguous, difficult, and responsible. In these conditions,
an objective decision support system will be very useful
for agronomists and farmers. Such a system will provide
quantitative indicators on the basis of which an informed
and least risky decision can be made for a given situation.

The initial data for the system can be information
obtained as a result of processing multispectral imagery
from a drone.

Creating tasks for parallel driving systems. By
obtaining information about the field's zoning based on
various indicators, such as plant stress level, vegetative
mass, distribution of specific chlorophyll content across
the field, weed infestation and their localization, a
farmer or agronomist can develop the right strategies for
managing this field. And so, using the materials obtained
from the drone, the agronomist decides to treat the field
with herbicides. One can fill the field with a wheeled
sprayer evenly, which is expensive in terms of the cost of
the product and the cost of application.

One can use a more expensive but "smart" wheeled
sprayer to apply the herbicide differentially, which is
cheaper in terms of drug consumption but more expensive
in terms of application costs. Or one can use an unmanned
agrodron, which not only was originally designed for
differential application of liquids, but also does not trample
the field, does not add stress to plants from mechanical
contact with parts of the sprayer and heat from its engine.

3. Application of substances by drone. Liquids,
granules, trichogram, fumigation. In the case of tall crops,
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such as sunflower and corn, it is not always possible to
drive a sprayer into the field. Unlike wheeled sprayers, a
sprayer on an agricultural drone can apply substances to the
leaf with jewelry-like precision, and with a consumption of
only a few liters per hectare. Given the fact that a drone
literally blows agrochemicals down to the ground with its
propellers, the application of liquids by drones is becoming
perhaps the most effective today. In addition to liquids, the
drone is capable of dispersing granular preparations on the
field. And, of course, a drone can also apply trichogramma
as a means of safe biological plant protection [15-16].

Fumigation is another unusual type of active ingredient
application. During fumigation, a special installation on
the drone creates a powerful stream of hot air. The hot air
is fed with a mixture of a liquid and biologically neutral
steam generator and the active ingredient. Microdroplets
of the active ingredient are attached to the steam particles,
then the biologically active steam is forcefully blasted out
of the fumigator nozzle.

The active ingredient can be used to fumigate orchards
and vineyards, effectively kill pests in open warehouses,
streams and forest belts, and kill mosquitoes in reeds.
The fumigation method is especially effective when
combined with a drone, which brings a cloud of vapor to
the destination in places that cannot be reached in any other
way.

An important activity of drones in agriculture is field
monitoring, observing the condition of crops. Thanks to
cameras installed on drones, the farmer does not need to do
this personally. Of course, he or she can control the drone
him-/herself or, thanks to special software, the equipment
will collect the necessary data without involving a person
in the whole process. This feature is especially useful
for multi-hectare crops — by using drones, one can save
the costs associated with operating other agricultural
machinery. It also works perfectly in case of emergencies —
random natural phenomena such as fires, flooding of crops,
and also helps in solving issues related to the distribution of
agricultural land plots, obtaining information by insurance
companies if necessary to take preventive measures in
the case of crop insurance or land quality insurance;
determining the damage in the event of an insured event.

Methodical bases of the insurance of quality of land
resources of agricultural producers. One of the ways of the
corresponding mechanism can be the compulsory insurance
of land resource quality. In this case, insurers are the
enterprises-users of agricultural land resources of all forms
of ownership. The object of insurance is land resources
owned or leased by agricultural enterprises. Insurance
risk involves a reduction in soil fertility in accordance
with the standards specified in a land plot certificate, for
which relevant authorities should examine the quality of
land resources within their certification. An insured event
is the deterioration of the key certificate indicators of land
resource quality through geo-climatic processes, natural
phenomena, accidents, illegal actions of third parties, etc.
The fact of occurrence of an insured event is determined
by the annual comparison of existing indicators with the
certificate ones [17-19].

Formation of the insurance reserve fund for the
conservation and recovery of soil fertility on the example
of Sumy Region, Ukraine. Environmental risk insurance is
carried out both on a voluntary basis and in a mandatory
manner. The source of formation of insurance funds are
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insurance premiums of enterprises with environmentally
hazardous production facilities. The seed capital of the insurer
may be created at the expense of regional environmental
funds, financial resources of state and commercial insurance
systems, contributions of the founders. The payment of
insurance indemnities will first depend on the number of
insured persons, the amount of seed capital and the relevant
payments, the possibility of reinsurance.

The results of the calculations carried out according to
the statistical reporting on the formation of the insurance
fund for the conservation and recovery of soil fertility
for agricultural purposes, where the main types of crop
production are grown in accordance with formula 5
on the example of the Sumy Region in 2022, are shown
in Tables 1 and 2.

In the calculations made, the amount of insurance rate
is equal to 1% of the monetary value of agricultural land
resources, but it varies for each farm depending on the
quality of land resources in accordance with the certificate
indicators in connection with the use of increasing (from
1.0 to 2.5) and decreasing (from 0.9 to 0.2) coefficients.

The insurance reserve fund should be used to recover the
quality of land resources, paying insurance compensation
to their owners upon occurrence of an insured event subject
to their compliance with the agrotechnical requirements
for growing crops; to reproduce land resources unsuitable
for agricultural use; to prevent the deterioration of the
ecological state of agricultural land; to carry out measures
to reproduce degraded and contaminated soil, to increase
fertility, etc. The relations between the insurer and the
insured are based on the principles of mutual benefit and
economic interest of the insured in improving the level of
its own environmental safety.

Conclusions. The use of drones and associated analytics
has great potential to support and solve some of the most
pressing challenges facing agriculture in terms of access
to valid real-time data and the ability to make operational
decisions despite external factors and weather conditions.

One of the main advantages of using agricultural
drones is a significant increase in the efficiency and
productivity of agricultural operations. Modern drones
are equipped with advanced sensors, imaging technology,
and GPS capabilities that allow for precise and targeted
application of fertilizers, pesticides, and herbicides. This
targeted approach minimizes wastage of resources and
reduces chemical exposure, contributing to sustainable
agricultural practices. In addition, agricultural drones
can cover large areas of farmland in a shorter amount of
time, reducing labor and time. They can access hard-to-
reach places and provide real-time data and statistics for
better decision-making. In general, agricultural drones
optimize agricultural processes, help reduce resource use,
and contribute to higher yields and increased profitability
for farmers. In today's world, drones are widely used in
agriculture to improve production efficiency.

Comparing drones to satellites, we can say that unlike
drones, satellites are sensitive to cloud cover. At the same
time, the radar sensors of SAR satellites penetrate the
clouds, so they can receive images even on cloudy days.
An agricultural drone, on the other hand, is not suitable for
use in the dark, during heavy rain or strong winds. Cloud
cover with gaps also degrades the quality of drone images,
so it is better to use them when the sky is completely clear
or overcast.
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Table 1
Formation of the insurance fund for the conservation and recovery
of soil fertility in Sumy Region in the cultivation of grain and industrial crops
Grain crops Industrial crops
= S g g 5 = Sy g g 5
s | EE s s £ s | % g 5 g
Name of districts 5 ;ﬁ 2| o E <2 Z5e 5 ;5 2| o E s 2 Z2Z%¢
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i |8-25| 2285 g82 | 8 |S-2n|2zE5| g5
=9 - Sw Towm NEw =9 - Sw Towm NEw
<= |Z2%EP0 | EaER| BER <=2 |Z2SEP | EaER | BER
Total for region 594.5 38.5 192.5 114,441 94.2 36.0 180.0 16,956
Sumy 1.5 40.0 200.0 300 0.1 41.0 205.0 21
Bilopilskyi 51.9 39.5 197.5 10,250 8.2 35.5 177.5 1,456
Burynskyi 38.8 39.0 195.0 7,566 7.0 35.0 175.0 1,225
Velykopysarivskyi 24.8 40.0 200.0 4,960 5.7 6.8 170.0 969
Hlukhivskyi 35.5 38.5 192.5 6,835 5.1 36.0 180.0 918
Konotopskyi 49.4 39.0 195.0 9,635 8.2 36.0 180.0 1,476
Krasnopilskyi 32.5 39.5 197.5 6,420 5.7 35.5 177.5 1,012
Krolevetskyi 20.4 30.0 150.0 3,060 1.6 33.0 165.0 264
Lebedynskyi 44.7 40.0 200.0 8,940 7.1 36.5 182.5 1,296
Lypovodolynskyi 31.5 39.5 197.5 6,220 5.4 35.5 177.5 959
Nedryhailivskyi 33.0 40.0 200.0 6,600 3.9 36.0 180.0 702
Okhtyrskyi 37.8 40.0 200.0 7,560 7.9 35.5 177.5 1,402
Putyvlskyi 17.0 38.5 192.5 3,275 2.2 34.0 170.0 374
Romenskyi 58.1 39.0 195.0 11,330 9.5 35.0 175.0 1,663
Seredyno-Budskyi 12.1 29.5 149.5 1,785 0.8 315 157.5 126
Sumskyi 51.4 40.5 202.5 10,410 10.0 40.5 202.5 2,025
Trostianetskyi 22.9 40.5 202.5 4,635 4.0 36.0 180.0 720
Shostkynskyi 19.0 29.5 149.5 2,805 1.0 30.5 152.5 153
Yampilskyi 12.2 29.0 145.0 1,770 0.8 26.0 130.0 104
Source: calculated by the authors according to the data of the State Statistics Service of Ukraine [20]
Table 2

Formation of the insurance fund for the conservation and recovery
of soil fertility in Sumy Region in the cultivation of potatoes and vegetables

Name of districts

Potato and vegetables

Monetary value

Insurance payment

Area, Size of insurance fund
thousand hectares thooufs:ulll: stl?;;ﬁ;rs amoll}gt(if:;ﬁl;: ha, thousand US dollars '
Total for region 87.4 35.5 177.5 15,514
Sumy 1.1 40.0 200.0 220
Bilopilskyi 6.1 38.0 190.0 1,159
Burynskyi 3.0 37.0 185.0 555
Velykopysarivskyi 3.0 28.0 140.0 420
Hlukhivskyi 6.5 38.0 190.0 1,235
Konotopskyi 8.7 37.0 185.0 1,610
Krasnopilskyi 3.5 29.0 145.0 508
Krolevetskyi 5.0 32.0 160.0 800
Lebedynskyi 6.2 37.5 187.5 1,163
Lypovodolynskyi 1.6 30.5 152.5 244
Nedryhailivskyi 3.6 31.0 155.0 558
Okhtyrskyi 6.0 36.0 180.0 1,080
Putyvlskyi 3.6 35.5 177.5 639
Romenskyi 6.7 37.5 187.5 1,256
Seredyno-Budskyi 2.5 34.0 170.0 425
Sumskyi 9.3 39.0 195.0 1,814
Trostianetskyi 3.2 29.5 147.5 472
Shostkynskyi 4.3 37.0 185.0 796
Yampilskyi 3.5 30.5 152.5 534

Source: calculated by the authors according to the data of the State Statistics Service of Ukraine [20]
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Thus, despite certain drawbacks of drones, the market is
developing steadily. According to Global Market Insights,
the global market for agricultural unmanned aerial vehicles
is expected to exceed USD 4.4 billion by 2024.

Agricultural risk insurance is aimed at creating
conditions for reimbursement, first of all, of extraordinary
expenses incurred as a result of as a result of destructive
insured events. The risky nature of production is increasing

of man-made the environment, and the contradictions
between human activity and the ecological potential,
which is increasingly losing the ability of natural of natural
recovery. Therefore, the use of artificial intelligence in the
insurance of agricultural risks by insurance companies
is extremely important for determining the causes and
amount of damage in the event of an insured event, and
makes it possible to quickly pay insurance compensation

nature of production is increasing due to the growth to the insured.
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