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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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JIOKTOpP €EKOHOMIYHUX HayK, Iipodecop,
CyMChKHi HAIlIOHATLHUN arpapHUi YHIBEPCUTET
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KaHAUJaT €KOHOMIYHUX HAyK, JIOIEHT,

CyMcChbKHi HAITIOHATLHUN arpapHUi YHIBEPCUTET

BE3ITIIJIOTHI JIITAJIBHI AITAPATH Y CTPAXYBAHHI
CIVIBCBKOT'OCITIOJAPCBKHUX PU3UKIB

Y  crarti  aHami3yeTbcs ~ HEOOXITHICTP ~ BUKOPHUCTAHHA  JIPOHIB Yy
CIJIbCHKOTOCIIOIAPCHKOMY  BUPOOHHUIITBI Ta BUKOPUCTAaHHsS 1H(opMaiii s
CTpaXyBaHHSl CLIbCHKOTOCIOAAPCHKUX pH3UKIB. JloBemeHO, IO JpOHU B
CUIbCBKOMY TOCHOJIAapCTBI MOXYTh OyTHM BUKOPHCTaHI [l TPOBEICHHS
HEOOXIJHOTO KOMIUIEKCY 3axOJlIB LIOJI0 3HM)KEHHS HaBaHTa)XEHHS Ha IPYHT,
OOMPHUCKYBAaHHS  CUIbCHKOTOCIOIAPCHKUX  POCIUH, 300py iHbopMaiii s
MOJANBIIOTO BUKOPUCTAaHHS B rocmogapcTBax. OOrpyHTOBAHO, IO CTpaxXyBaHHS
CUIbCHKOTOCIIOJIAPCHKUX ~ PU3MKIB  BHUMarae iH(opmamiiHoro 3a0e3nedeHHs
YKJIQJICHHS IOTOBOPY CTPaxyBaHHS Ta BU3HAYCHHS PO3MIpY 30UTKIB NIPH HACTaHHI
cTpaxoBoro Bunaaky. OHUM i3 3aCTOCYBaHb JIPOHIB Y CITBCBKOMY TOCTIOJIAPCTBI €
CIIOCTEpEXEHHS 3a MmociBaMH 0e3 HEOOXIAHOCTI MOCTIHHOTO KOHTPOJIO 3 OOKY
0co0H, BIAMOBIJAIBHOI 32 HATJISA 3a MOJSIMHU. POOOTY CIpOCTATH APOHU, OCHAIIEHI
KaMepamH, sSKaMU ¢depMep MoOXKe KepyBaTh caM ab0o0 BHKOPHUCTOBYBAaTH
crieliaji3oBaHe IporpamMHe 3a0e3reueHHs, 10 J03BOJIIE 30upaTd JaHi 0Oe3
BTPYYaHHS JIOAUMHHU. J[OBElIEHO MepeBard BUKOPUCTAHHS JPOHIB MpPU KOHTPOIIO
BpOXKal0 Ha KUIbKOX TekTapax. [Ipu nmpoMy repeBaramu €. eKOHOMJICHHSI PECYPCIB,
MOB'SI3aHHUX 3 pOOOTOIO 1THIIUX CUTbCHKOTOCIOIAPCHKUX MAIINH; OOMEXEHHS y4acTl
MpaliBHUKAa Ta BUTPaATH, TMOB'I3aHUX 3 HAMMOM IMpalliBHUKIB; 17caNbHE PIIICHHS
JUIsl  HemepenOayeHUuX HaA3BUYAWHUX CUTyalllid, CHPUYMHEHUX TOBEHIO abo

MOXKEKEI0, IHIMUMU CTUXIMHUME Juxamu. L{e 103Bossie cTpaxoBUM KOMITaHisIM, SIKi



3aliMalOThCSl CTPaXyBaHHSAM CLIbCHKOTOCHOAAPCHKUX KYJIBTYp, HIBUIKO 3’ sCYBaTH
ne BimOyJocs iX MOIIKO/DKEHHS, y SIKOMY BOHM CTaHI Ha MOMEHT HaCTaHHS
CTPaxoBOr0 BUIAJKY, IKUH po3Mip 30MTKY OYB 3aBJlaHUll CTpaxyBalbHUKY. [[poHu
B CUTbCHKOMY T'OCIIOJIAPCTBI MOXYTh BUKOHYBATH TaKi omepailii: aepodorosiiomka,
Bijieo3iiomka, 3D MojentoBaHHs, TEIUIOBI3iMiHA 3MOMKa, Jla3epHE CKaHYBaHHS,
OOMPHUCKYBaHHS, TOCIB HACIHHS, BUIISIKYBaHHS TBapuH Tomo. JIpoHUW MOXHa
BUKOPUCTOBYBATH ISl aHaI3y SKOCTI IPYHTY JUIsl CTpaxyBaHHS SIKOCTI 3eMil. Y
CTaTTI HABENCHO KIACHU(IKAIII0 CTPAXOBUX PHU3UKIB CUILCHKOTOCIIOAAPCHKOTO
BUPOOHUIITBA, fKa JO3BOJISIE BU3HAYUTU CTPAXOBI PUBMKU Ta MOXIIMBICTH IX
CTpaxyBaHHS. [Iportonyemo MeXaHi3M CTpaxyBaHHsI PHU3UKIB
CUIbCHKOTOCIIOJIAPCHKUX ~ POCIMH Ta  MOXIMBICTH  BHU3HAYEHHS  PO3MIpY
BIJIIIKOyBaHHS 30UTKIB 3a i1H(pOpMaIi€o 3 IpoHIB. BuKOpHUCTaHHS ApPOHIB 1
MOB’SI3aHOT 3 HUMHU AHANITUKU Ma€ BEIMKUANA MOTEHINaNn g MATPUMKH Ta
3a0€3MEUYECHHS ONEPATUBHOTO NPUUHATTA pIlIEHb, HE3BAKAIOUM HA 30BHIIIHI
(hakTOpH Ta MOroJIHI YMOBH.

KiarouoBi ciaoBa: pusMK, cTpaxyBaHHS, CUIbCbKE TOCIOAApCTBO, JAPOHH,

CTpaxOBU BUIIAJIOK.

Statement of the problem. In recent years, the use of unmanned aerial
vehicles, also known as drones, for both personal and professional purposes has
become increasingly common. Drones are known to be used as professional
equipment used by the military, photographers, filmmakers, archaeologists, and
surveyors. However, they can be equally useful in agriculture.

Agriculture is one of the fastest growing sectors of the economy in terms of
the introduction of new technological solutions. The use of satellite imagery has
already become 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], Dokholyan 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 1. [19], Khaustova V. [19], Bobrovnyk D. [19], Khaustov M. [19],
Petrunenko la. [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 statement). The purpose
of the article is to analyze the activities 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:



- Aerial 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.

- 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;

- 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),



of damage.

as they are not insured because it is impossible to accurately determine the amount

INSURANCE RISKS IN AGRICULTURAL PRODUCTION

v

v

Risks of property resources:

Loss of or damage to property:
- fire: fire, lightning, explosion
- by natural phenomena
- as a result of an accident
- as a result of illegal actions of third
parties, including theft

Loss or damage to a vehicle as a
result of:
- accident
- theft
- natural disaster

Loss of or damage to crops due to:
- freezing of winter crops and
perennial sown grasses
- hail, rain, storm, hurricane or
flooding of crops
- fire on the stump of sown crops

Death of farm animals as a result of:
- fire, explosion

- natural phenomenon

- forced slaughter

- death from disease

- poisoning

- traumatic injuries

- illegal actions of third parties,
including theft

Other risks

Environmental risks:
Public liability:

- property claims filed against the insured
by individuals or legal entities in
accordance with the provisions of civil
law on compensation for damage for
pollution of land, forest resources, water
environment, air basin

- property claims against the insured due
to loss of health and ability to work as a
result of environmental pollution, man-
made accidents, etc.

Deterioration in the quality of natural
resources:

- non-compliance with agricultural
production technology

- natural agronomic factors

- natural phenomena

- fires

- man-made accidents

- illegal actions of third parties
Other risks

Risks of labor resources:

Death, disability of group I, 11 or
111, temporary disability due to

- performance of official duties at
high risk

- accidents: (injuries; drowning;
burns, lightning or electric shock;
frostbite, hypothermia; accidental
acute poisoning by chemicals;
bites of animals, poisonous
insects, snakes, etc.)

- consumption of products and
services of inadequate quality;

- natural disaster

- accident, explosion, road traffic
accident, transportation by vehicle

- illegal actions of third parties

- improper performance of official
duties by medical workers,
journalists, and other
professionals
An individual's application to a
medical institution for the
purpose of
- guaranteed provision of the full
scope of medical care
- guaranteed provision of medical
services during outpatient
treatment
- guaranteed provision of medical
services during inpatient treatment
Survival of the person to the
agreed term:
- death before the stipulated
period
Marriage at a certain age:

- marriage before the agreed
period
- marriage later than the agreed
period
- not getting married
- death of a person before the
specified period

Reaching retirement age by an

individual:

- death of a person before
retirement
- retirement due to disability

- death of the insured person at
retirement age

Other risks

Financial risks:

Failure to repay the loan and interest
on its use as a result of:

- damage to property by fire, lightning,
explosion

- natural phenomenon

- accident

- illegal actions of third parties,
including theft

- deterioration of the financial condition
of entrepreneurs or their bankruptcy

- force majeure circumstances
Investment risks:

- failure to meet the planned deadlines
for the implementation of an investment
project

- marketing risks

- Failure to timely repay borrowed funds
and interest on them

- loss of profit

- risks associated with the introduction
of innovations

Loss of profit due to:
- drop in production volumes (turnover)

- additional costs aimed at avoiding or
reducing the rate of decline in
production (turnover) and its recovery

Exchange risks:

- buyer's refusal to accept the purchased
goods or delay in payment for forward
and futures contracts

- refusal of the seller to deliver the
goods or their delay

- disruption of supplies of commodities
due to unfavorable natural conditions,
political and other events

Currency risks:

- costs associated with the production of
export products in the event of a foreign
importer's refusal to accept them

- non-payment for goods delivered and
services rendered

- losses due to changes in the exchange
rate of the payment currency

Late return of lease payments due to:

- damage to property by fire, natural
disaster, accident

- illegal actions of third parties

- deterioration of the financial condition
of entrepreneurs or their bankruptcy

Other risks

Fig. 1. Classification of insurance risks in agricultural production

Source: authors’ presentation




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 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, 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 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 Table 1.

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
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Total for region 594.5 38.5 1925 114,441 | 94.2 36.0 180.0 16,956
Sumy 15 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 2000 | 4960 | 5.7 6.8 170.0 969
Hiukhivskyi 355 385 1925 | 6835 | 5.1 36.0 180.0 918
Konotopskyi 49.4 39.0 1950 | 9,635 | 8.2 36.0 180.0 | 1,476
Krasnopilskyi 325 395 1975 | 6420 | 57 355 1775 | 1,012
Krolevetskyi 204 30.0 1500 | 3060 | 16 33.0 165.0 264
Lebedynskyi 44.7 40.0 2000 | 8940 | 7.1 365 1825 | 1,296
Lypovodolynskyi 3L5 39.5 1975 | 6,220 | 54 355 1775 959
Nedryhailivskyi 33.0 40.0 2000 | 6,600 | 3.9 36.0 180.0 702
Okhtyrskyi 3738 40.0 2000 | 7,560 | 7.9 355 1775 | 1,402
Putyviskyi 17.0 385 1925 | 3275 | 22 34.0 170.0 374
Romenskyi 58.1 39.0 1950 | 11,330 | 95 35.0 1750 | 1,663
Seredyno-Budskyi | 12.1 295 149.5 1,785 | 08 315 1575 126
Sumskyi 51.4 405 2025 | 10,410 | 10.0 405 2025 | 2,025
Trostianetskyi 22.9 405 2025 | 4635 | 40 36.0 180.0 720
Shostkynskyi 19.0 29.5 1495 | 2,805 | 1.0 305 152.5 153
Yampilskyi 12.2 29.0 145.0 1,770 | 08 26.0 130.0 104

Continued Table 1. Formation of the insurance fund for the conservation and
recovery of soil fertility in Sumy region in the cultivation of potatoes and

vegetables*

Potato and vegetables
Name of districts | Area, Monetary value | o e payment Size of insurance

thousand Orf Lhaofland, |, ont from 1 ha, US| fund, thousand

hectares }jo(i?asfsnd US dollars US dollars
Total for region 874 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 6.2 375 187.5 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
Putyvliskyi 3.6 355 177.5 639
Romenskyi 6.7 375 187.5 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

* Calculated by the authors according to the data of the State Statistics
Service of Ukraine: http://www.ukrstat.gov.ua/

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.

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 [20-22].

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