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PECULIARITIES OF THE CREATION OF GIS FOR MONITORING THE
ACTIVITIES OF AGRICULTURAL ENTERPRISES IN POLTAVA REGION

Modern trends in the development of the agricultural sector in Ukraine require
the widespread implementation of information technologies to ensure effective
management of land and production resources. First of all, the use of geographic
information systems in agriculture is an effective tool for monitoring and accounting
for land assets of agricultural enterprises.

This article proposes a method and peculiarities for creating a geographic
information system for monitoring the activities of agricultural enterprises
(hereinafter — MAAE GIS) in the Poltava region. A functional model of the MAAE
GIS and a conceptual model of the geospatial database (hereinafter — GDB) of the
MAAE GIS have been developed. The authors of the article conducted a pilot
implementation of the MAAE GIS, and based on its materials, thematic maps were
created that reflect crops in the territories of the Sergiyivska, Serednyakivska,
Petrivsko-Romenska, Berezovolutska, Ruchkivska and Kharkivska village councils of
the Poltava region for the period of 2022-2025. During the analysis of cartograms,
conclusions were drawn more specifically regarding the activities of agricultural
enterprises in the area of interest and trends observed in agricultural commodity
production than research on the cultivated crops.

The developed methodology allows to create a GIS designed to track the
inappropriate use of land resources of Ukraine. Its implementation contributes to
achieving sustainable development goals, directly affecting the possibility of
exporting agricultural products to EU countries and European integration in
general.

Keywords: geospatial data; GIS; monitoring; agriculture; geospatial database;,
geospatial analysis.
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Problem formulation. On June 9, 2023, the EU Deforestation Regulation
(EUDR, Regulation (EU) 2023/1115) [1] was approved. Although this regulation is
not integrated into Ukraine's legislation, its compliance is necessary not only due to
the country's specific geopolitical vector of development, but also for economic

reasons.

The regulation aims to combat deforestation by setting clear requirements for
export products:

— export products must be grown on land that has not been subject to
deforestation after December 31, 2020;

— the process of growing/manufacturing export products must not violate the
legislation of the supplier country;

— the possibility of full traceability of the logistics chain;

— the presence of a Due Diligence Statement (DDS) — an official legal statement
confirming the legality of export products and compliance with the requirements
listed above.

In addition, a clear list of products covered by the EUDR requirements has been
defined:

— cattle (including derivatives such as beef and leather);

— cocoa (including related products such as chocolate and cocoa butter);

— coffee;

— palm oil (including derivatives used in hygiene products, cosmetics, industry,
etc.);

— rubber (and related products such as tyres);

— soy (including derivatives used in soy-based foods and animal feed);

— wood (including wood, pulp, paper and furniture).

From the above, it becomes clear that by establishing the conformity of land use
with its intended purpose, one of the requirements of the EU regulation is fulfilled -
the conformity of sources and production of goods with local standards. In the
context of the Ukrainian agricultural sector, such a product is soybeans.

Thus, the creation of the MAAE GIS will ensure control over the
implementation of EUDR requirements, which, in turn, guarantees stable profits from
the export of agricultural products to EU countries. Maintaining access to the
European market, as a result, becomes especially important in conditions of martial
law. In addition, the creation of the MAAE GIS will contribute to the achievement of
two sustainable development goals at once: overcoming hunger and preserving the
terrestrial ecosystem. Compliance with sustainable development goals, in contrast to
the requirements of the EUDR, is legally enshrined in Ukraine by the Decree of the

President of Ukraine dated 09/30/2019 No. 722/2019 “On the Sustainable
Development Goals of Ukraine for the period up to 20307 [2].

Analysis of recent research. To understand the functionality and creation of
geographic information systems for monitoring agricultural activities, it is necessary
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to analyse the existing experience of using relevant systems in the farm sector using
specific examples.

A Ukrainian example of a geographic information system for monitoring
agricultural activities is the IoT platform "Agrocontrol" — in essence, a GIS, which
allows for optimising costs and automating production processes in agriculture [3].
The developers offer access to GIS in the form of 24 modules, depending on the
user's needs. In general, access to the modules involves installing appropriate
measuring devices that will record the requested indicators for further analysis:
meteorological stations, GPS trackers for agricultural machinery, video cameras and
various sensors. In addition, the functionality includes classic tools for web mapping
and geospatial analysis.

It should be noted that it is much more common to use established GIS such as
QGIS and ArcGIS than to create customised ones for specific needs. One such
example is the nitrogen management in sugar beets using remote sensing and GIS,
which is one of the most successful early applications of remote sensing and
geographic information systems in agriculture [4].

Sugar beet is a crop that leaves much of the nitrogen it takes up during the
growing season in the field at harvest. A portion of that nitrogen can be credited
against the supplemental fertiliser nitrogen required by the following crop. Satellite
imagery can be used to delineate areas within sugar beet fields where higher or lower
nitrogen credits can be applied to the subsequent crop. The amount of nitrogen credits
for subsequent crops is directly related to the green reflectance of the sugar beet’s
canopy [4].

The colour of leaves at harvest is related to the amount of nitrogen contained
within the plant. Yellow sugar beet tops at harvest suggest that the leaves contain low
levels of nitrogen, while green tops suggest that the plants contain a substantial
amount of nitrogen. Leaf colour can be used as a basis for nitrogen credits from sugar
beet. For yellow leaves, nitrogen residues are absent, whereas for dark green leaves, a
specific residue has been identified [4].

In this specific example, the methodology for monitoring residual nitrogen

levels consists of the following stages [4]:

1) Acquisition of input data — obtaining LANDSAT imagery for the area of
interest with a spatial resolution of no worse than 30 meters. The images most useful
for assessing residual nitrogen are acquired between August and October.

2) Image processing and NDVI calculation.

3) Researching the area of interest.

4) Classification of the area of interest into several zones based on the color of
the sugar beet canopy.

5) Creation of thematic maps of residual nitrogen.
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6) Soil sampling for residual nitrogen according to the thematic maps
throughout the entire crop rotation.

American Crystal Sugar Cooperative reported that about 30% of their grower
acreage used sugar beet canopy tops in 2005 to reduce fertiliser nitrogen levels to
subsequent crops [4]. The lack of such practice among domestic agricultural
enterprises once again highlights the gap in the application of GIS between Western
countries and Ukraine.

This study aims to define the peculiarities of developing GIS for monitoring the
activities of agricultural enterprises in the Poltava Region as a case study.

Results. The method for developing the MAAE GIS includes the development
of its functional model and the conceptual model of the GDB of MAAE GIS.

The functional model represents a generalised view of the system through its
functions. In other words, the functional model describes the activities or processes
that occur within the system without detailing the technical implementation (fig. 1).

MAAE GIS
1
Data import/export ~ Accounting of
inappropriate use of
Capability for parcels
importing/exporting vector — .
data < - Editing
Capability for Deleting
importing/exporting raster
data Additing
Services connection
Implementation of Report generation
geospatial analysis
- - ~ Qualitative reports
Metric functions . =
- - - Quantitative reports
Topological functions

Fig. 1. UML diagram of the functional model of MAAE GIS

Data import/export. This block provides the user with the following
functionalities:

— import and export of vector data. For example, field boundaries of a specific
agricultural enterprise can be uploaded, and land parcels within its area can be
analyzed;
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— import and export of raster data. If necessary, up-to-date remote sensing data
or aerial imagery of the study area can be loaded;

— integration of external services. API-based connections to the Public Cadastral
Map of Ukraine and the State Register of Real Property Rights enable access to all
information required for a comprehensive analysis of agricultural enterprise
activities.

Implementation of geospatial analysis. This block includes such geospatial
analysis functions as metric and topological analysis. The metric function enables the
precise measurement of the area of inappropriate land use. The topological function
enables the performance of overlay analysis, specifically the selection of land parcels
that fall within the boundaries of cultivated fields of a particular agricultural
enterprise.

Accounting for the inappropriate use of parcels. This module allows adding,
deleting, and editing attribute information and land parcels whose use does not
comply with their designated purpose.

Report generation. This module enables the user to generate reports, which are
conventionally divided into quantitative and qualitative. Quantitative reports allow
generating a table containing information on:

— the total number of land parcels used not in accordance with their designated
purpose;

— the total area of such parcels;

— the total area of inappropriate use within the parcels;

— the total percentage of such parcels relative to the total number of parcels.

Qualitative reports allow generating a table with information on all land parcels
used not in accordance with their designated purpose, including:

— cadastral number;

— designated purpose of the parcel;

— type of land use (land category);

—area, ha;

— actual use of the land parcel;

—land parcel lessee.

The conceptual model consists of the main types of objects: the territory of
administrative-territorial units and territorial communities, parcels, and contours of
agricultural enterprise fields. The relationships between the object types, associations,
are shown, as well as their attributes, without technical details (such as data types,
attribute field lengths, etc.).
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Territory of administrative—
territorial units (ATU) and
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and Territories of Territorial
Communities (CATUTTC)

Official name in Ukrainian

Official name in English

Date and time of object version
creation

Date and time of object version

replacement/removal
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L Plot
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Plot area
Location
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Name of the land plot lessee

Inappropriate land use

Actual use of the plot

Area of inappropriate land use

Fig. 2. UML diagram of the conceptual model of the GDB of MAAE GIS

In addition, based on the materials of the geographic information system,
cartograms were created to illustrate crop patterns within the territories of the
Serhiivska, Seredniakivska, Petrivsko-Romenska, Berezovolutska, Ruchkivska, and
Kharkovetska village councils of Poltava Region for the period 2022-2025

(fig. 3.a—3.d).
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Fig.3. Thematic maps of crop patterns based on selected rural councils of Poltava Region for 2022-
2025



632 leooesis ma 3emne8nopsOKy8aHHs.

After analysing the thematic crop maps for the territories of the Serhiivska,
Petrivsko-Romenska, Berezovolutska, Ruchkivska, and Kharkovetska rural councils
for the period 2022-2025, the following conclusions can be drawn:

— within the area of interest, agricultural activities are carried out by both large
agroholdings and small agricultural enterprises and individual farmers;

— the type of agricultural land lessee can be identified by the scale of cultivated
areas under a single crop and the degree of their consolidation: the larger the field and
the higher its level of consolidation, the greater the probability that the land is
cultivated by an agroholding. This relationship is explained not only by financial
capacity but also by a higher level of operational planning, which is characteristic of
agroholdings;

— within the analysed rural councils, the set of cultivated crops is typical and
consistent with standard crop rotation practices;

A trend toward an increasing number of individual parcels and small land blocks
within previously consolidated areas has been observed. The crops cultivated on
these parcels differ from those grown in the formerly consolidated land masses. This
indicates a withdrawal of landowners from agroholdings and a transition either to
individual land cultivation or to leasing land to small farming enterprises.

Conclusions. The GIS for Monitoring the Activities of Agricultural Enterprises
(MAAE GIS), whose development process has been presented and substantiated in
this article, can become a successful technological solution for the inventory and
monitoring of land banks of agricultural enterprises in Ukraine.

Based on the MAAE GIS data, crop cartograms for the territories of rural
councils in the Poltava Region were created and analysed. To a large extent, these
cartograms were used to track the activities of agricultural land lessees and to identify
emerging trends in the agrarian sector.

The research results contribute to achieving two Sustainable Development Goals
simultaneously: Zero Hunger and Life on Land. By ensuring compliance between
land use and its designated purpose, one of the requirements of the EU Regulation on
Deforestation-free Products (EUDR) — namely, the conformity of product sources and
production processes with local regulations — is fulfilled. Compliance with EUDR
requirements, in turn, opens access for Ukrainian agricultural products to the
European market and confirms that their producers adhere to environmental
commitments.
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1. T. H., npodecop, Kapmincskuii ¥0.0., Ph.D Kiuns /1. O.,
KaHJl. TeX. HayK, ao1eHT, JIazopenko H. 0., Porauos H.,
KuiBcbkuil HallioHAJIbHUM YHIBEpCUTET OYIIBHUIITBA Ta apXITEKTYPH

OCOBJIMBOCTI CTBOPEHHS I'IC JJISI MOHITOPUHT'Y JISIJIBHOCTI
CIJIbCHhKOTOCHOJAPCBKHUX HMIAMPUEMCTB HA IPUKJIAII
MOJTABCBHKOI OBJIACTI

CydacHi TeHIeHLIi pPO3BUTKY arpapHOro CEeKTOpy B VYKpaiHl BHUMararoTh
IMIMPOKOTO  BIPOBAKEHHA  1HGOpPMAIIHHUX  TEXHOJOTI g 3a0e3neueHHs
e(eKTUBHOTO YMpaBIIHHA 3€MEJIbHUMU Ta BHPOOHMYMMH pecypcamu. B mepiry
4yepry, BUKOPUCTAaHHSA T'€OIH(POpPMAalIMHUX CUCTEM B CUIBCHKOMY TOCHOJAPCTBI €
17IeaIbHUM 1HCTPYMEHTOM JIJISi MOHITOPUHTY Ta OOJIIKY 3€MEJIbHUX aKTUBIB arpapHuX
H1IPUEMCTB.

VY wmii cTaTTi 3aPONOHOBAHO METOAUKY CTBOPEHHS I€OiH(POPMaIIfHOI CUCTEMU
JUISL. MOHITOPUHTY JisUIBHOCTI CUIBCHKOTOCHONAPCHKUX MIANPUEMCTB Ha MPHUKIAIL
[TonTaBcbkoi obnacti (mam — ['IC MICTTI), a Takoxx BU3HA4€HO i OCOOJHMBOCTI
po3pobsierns. CtBopeno ¢yukiionansny monens ['IC MICTTI Tta koHuenTyalbHY
Mozenb 6a3u reonpoctopoBux aanux (nani — bI'I) TIC MJICI'TI. ABropamu crarri
npoBesieHo gocaiany peanizamio ['IC MJICITI, a 3a i mMarepiajaMu CTBOPEHO Ta
IPOAHATI30BaHO  TEMAaTU4YHI KapTH, IO BIIOOPa)KalOTh IOCIBH Ha TEPUTOPILX
CepriiBcbkoi,  CepennskiBebkoi, IlerpiBcbko-Pomencbkoi,  bepe3oBounyibkoi,
PyukiBchkoi Ta XapkoBelbkoi ciibchbkux paj [lonraBebkoi obnacti 3a nepiog 2022-
2025 pp. B xoai ananizy kaprorpam OUIHIION Mipor0 OYJI0 3p00JICHO BUCHOBKH came
I0JI0 JISUIBHOCTI arpapHUX IANPUEMCTB B 30HI 1HTEpecy Ta TEHJEHINi, 10
IPOCTIAKOBYIOTBCS B CLIBCHKOTOCTIOIAPCHKOMY TOBAPHOMY BHPOOHMIITBI, aHIXK PO
nepestik BUPOILLYBAHUX KYJIBTYD.

Po3pobnena wmetonuka go3Bossie ctBoputu ['1C, 1o mnpusHayeHa st
BiJICITIIKOBYBaHHsI HELiTbOBOr0 BHKOPUCTAHHS 3eMENbHUX pecypciB Ykpainu. [i
IMITJIEMEHTAIISl CIIPUSiE€ TOCATHEHHIO LJIEH CTaJoro po3BUTKY, HANpPsIMY BIUIMBA€E HA
MOMJIMBICTh €KCHOPTY CLICHKOIOCIOAApChKoi mpoaykiii B kpainm €C Ta
€BPOIHTETPAILIIO 3arajoM.

OTpumani B X0[1 JAOCHIIKEHHS MPAKTUYHI MaTepiaid, TOOTO TeMAaTHYHI KapTH
MOCIBIB, MAalOTh TMpaKTUYHE 3HAYEHHS JJs BHPIMIEHHA SK aHaJITUYHUX Ta
CTaTUCTUYHMX THUMIB 3aJlay, TaK 1 MOHITOPUHIOBUX. BUKOpHCTaHHS TakKux
TEMaTUYHUX KapT Ja€ PO3YMIHHS HE TUIBKA MPO PO3MIMIEHHS Ta MaciTadu
BUPOIIYBAaHUX 32 3aJaHUNd 4YaCOBHM [lama3oH KyJIbTYyp, a W  JO3BOJISIE
BIJICJIIIKOBYBaTH MISUTBHICTh ClJIbCHKOTOCIOAAPCHKUX MIAMPUEMCTB Ta TCHJCHIIT B
arpapHiit cdepi.
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KimrodoBi  cmoBa: reompoctropoBi  nani; ['IC; MOHITOPHHT;  CUIbCBKE
rOCIIOIapCTBO; 0a3a reonpoCTOPOBUX JIAHUX; T€OMPOCTOPOBUM aHAITI3.
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