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Annotation. Modern development of society is impossible without effective
management of natural resources, among which land resources play a key role. Land
is the basis of economic activity, a source of food security and an integral element
of ecological balance. In this regard, there is a need to improve land management
systems, especially in the context of the rapid development of digital technologies and
the globalisation of information processes.

The use of digital technologies, such as geographic information systems, remote
sensing, big data and blockchain, creates new opportunities for effective monitoring,
analysis and forecasting of land use changes. These tools help to ensure transparency
of cadastral records, reduce the risks of abuse in land relations, and increase the
accuracy and speed of management decision-making. At the same time, there is a
growing demand for the integration of such technologies into management systemes,
which requires scientific justification and practical implementation.

In the face of growing challenges related to urbanisation, climate change and land
degradation, digital technologies are an important tool for supporting sustainable
development. In Ukraine, where a significant portion of land resources is in a state
of environmental hazard and management systems often remain outdated, the
introduction of modern digital solutions is not only promising but also urgent.

Thus, this article focuses on the current issues of integrating digital technologies
into land management systems, which is essential for increasing their efficiency,
transparency and sustainability. This study is aimed at identifying new approaches to
solving land use problems adapted to modern challenges and needs of society.

Key words: digital technologies, geographic information systems, remote sensing,
land management, sustainable development.
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Actuality

Modern societal development is im-
possible without effective management
of natural resources, with land resources
holding a key position. Land serves as
the foundation of economic activity, a
source of food security, and an integral
element of ecological balance. In this
regard, there is a growing need to im-
prove land resource management sys-
tems, particularly in the context of rapid
advancements in digital technologies
and the globalization of information
processes.

The use of digital technologies such
as geographic information systems
(GIS), remote sensing, big data, and
blockchain creates new opportunities for
effective monitoring, analysis, and fore-
casting of land use changes. These tools
enable transparency in cadastral records,
reduce risks of misuse in land relations,
and enhance the accuracy and efficien-
cy of decision-making processes. At the
same time, the increasing demand for in-
tegrating such technologies into manage-
ment systems necessitates scientific sub-
stantiation and practical implementation.

Amid growing challenges related to
urbanization, climate change, and land
degradation, digital technologies play
a crucial role in supporting sustainable
development. In Ukraine, where a signif-
icant portion of land resources is under
ecological threat and management sys-
tems often remain outdated, the imple-
mentation of modern digital solutions
is not only promising but also an urgent
necessity.

Thus, this article addresses the press-
ing issues of integrating digital technol-
ogies into land resource management
systems, which is critical for improving
their efficiency, transparency, and sus-
tainability. This study aims to identify

new approaches to solving land use
problems that are adapted to contempo-
rary challenges and societal needs.

Analysis of the latest scientific
research and publications

The problems of development and
automation of land management sys-
tems have been studied by such sci-
entists as P. Putsentailo, N. Khoma, S.
Babiy, V. Dankevych, P. Oukes, M. Van
Andel, E. Folmer, R. Bennett, R. Lem-
men, C. Lemmen, etc.

The majority of recent publications
have concluded that technologies that
allow efficient use of land resources and
reduce environmental losses, while con-
tributing to increased and sustainable
production, are essential for achieving
food security. Some existing tools and
technologies, such as Geographic Infor-
mation System (GIS), Remote Sensing
(RS), Global Positioning System (GPS),
Artificial Intelligence (Al), Big Data,
Analytics and Internet of Things (IoT)
play an important role in achieving this
goal and, when combined with other in-
formation data, provide data-driven in-
formation for targeted land management.

At the same time, the issue of wide-
spread implementation of modern dig-
ital technologies in land management
systems is relatively new and poorly
understood.

The purpose of the article is to
highlight scientific and methodological
approaches to the formation of modern
digital technologies in land manage-
ment systems.

Materials and methods
of scientific research

The theoretical and methodological
basis of the study is modern conceptual
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approaches to the problem of introduc-
ing modern digital technologies in land
management systems. It is proposed to
use a set of methods aimed at collecting,
processing and analyzing data, as well
as at assessing their impact on manage-
ment decision-making.

In the process of studying the intro-
duction of modern digital technologies
into land management systems, an in-
terdisciplinary approach is used that
combines the methods of geoinforma-
tion analysis, mathematical modeling,
as well as comparative and empirical
analysis.

The integration of digital technolo-
gies contributes to increasing transpar-
ency and efficiency in the field of land
management, which meets the current
challenges of sustainable development.

The results

Analyzing the works of domestic
scientists, it should be noted that study
[1] defines information support for land
resource management as a comprehen-
sive process of collecting, processing,
and presenting data necessary for mak-
ing management decisions regarding
land use at various administrative-terri-
torial levels.

Information and digital support for
land relations play a crucial role in im-
proving regulatory frameworks and sig-
nificantly influence the development of
the land market, which officially com-
menced in 2021.

The efficiency of land resource man-
agement largely depends on the quali-
ty of information support. The primary
factors determining its success include
the relevance, reliability, accessibility,
and timeliness of information; the speed
of data collection and processing; tech-
nical infrastructure and the adoption of

GIS technologies; the completeness of
data on land resources; and adequate
funding for information systems. Digi-
tal land management systems have the
potential to create integrated informa-
tion platforms for assessing the quality
and location of agricultural lands, based
on inventory, productivity analysis, and
geographic features. These systems also
support the finalization of land market
reforms for agricultural lands, improve
land relations, attract loans secured by
land, and enhance the efficiency of the
agricultural sector.

Special attention in research is given
to the implementation of digital tech-
nologies in agricultural enterprises. For
example, the application of GIS and
GPS systems enables the automation of
management processes, cost reduction,
and improvement of agrotechnical indi-
cators.

The works of V. Dankevych and Ye.
Dankevych [2] highlight a wide range
of opportunities offered by modern in-
formation technologies in land manage-
ment and land use. Their studies address
aspects such as the use of GIS, remote
sensing, and land data management sys-
tems to optimize the allocation and use
of land resources. The authors provide
examples of practical applications of
digital tools aimed at reducing costs and
increasing land use efficiency.

The digitization of land cadastres,
as well as the introduction of Big Data
and artificial intelligence technologies,
opens up new opportunities for ana-
lyzing large datasets, effective land-
use planning, and monitoring changes.
Integrating the public through digital
platforms promotes transparency and
openness in land management process-
es, reduces corruption risks, and ensures
the accessibility of electronic services.
This approach modernizes land resource
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management and contributes to achiev-
ing sustainable development goals.

The authors conclude that informa-
tion innovations in land resource man-
agement play a critical role in improving
the economic efficiency of Ukraine’s
agricultural sector. Digital technologies,
particularly geographic information sys-
tems and precision farming systems, not
only optimize resource use and mini-
mize environmental impact but also sig-
nificantly increase productivity and prof-
itability in agriculture. Such intensive
adoption of information technologies
promotes rational and transparent land
resource management, providing vital
support in addressing food security chal-
lenges and ensuring economic stability.

The adoption of innovations and the
Internet of Things (IoT) in agriculture
plays a pivotal role in enhancing the
economic efficiency of land resource
management for agricultural enterpris-
es. These technologies facilitate the
collection, analysis, and utilization of
large datasets to optimize agricultural
production, reduce losses, and improve
productivity. The introduction of a
geoinformation vegetation index mod-
ule is just one innovation that enhances
production efficiency and supports the
sustainable development of the agricul-
tural sector. The realization of such proj-
ects requires joint efforts from industry
stakeholders and academic institutions,
but their potential to create a modern,
efficient, and sustainable agro-industrial
complex is substantial.

Using modern geoinformation tech-
nologies, particularly geoinformation
vegetation index modules, represents
an important step toward achieving the
goals of sustainable agricultural de-
velopment. These innovations, aimed
at optimizing production and reducing
losses, have the potential to increase the

economic efficiency of land resource
management for agricultural enterpris-
es. The integration of these technologies
into the agricultural sector requires col-
laborative efforts from the government,
businesses, and academic institutions.
This approach will enable the creation
of an effective management system that
accounts for current trends and industry
needs, contributing to its sustainable de-
velopment.

The implementation or moderniza-
tion of information systems often begins
with data modeling. In the field of land
resource management, as in other indus-
tries, this process is complex: intricate
laws and regulations, lengthy techno-
logical processes, distributed organiza-
tional responsibilities, various coding
systems and data formats, as well as the
need to comply with the LADM ISO
19152 standard.

Transitioning from the system con-
cept to its realization is an indirect path.
The Netherlands' example [3], specifi-
cally the principle of Domain-Driven
Design (DDD) in cadastral organiza-
tion, demonstrates an approach appli-
cable to broader land management. This
approach helps overcome implementa-
tion complexity by adopting a flexible
methodology that focuses on problem-
atic areas related to business involve-
ment, rather than being restricted solely
to technical aspects. By selecting sub-
domains and addressing interactions be-
tween them, the scope of implementa-
tion becomes less overwhelming. At the
business and process levels, challenges
exist in resolving issues between these
subdomains.

The strategy for developing a new
system focuses on viewing transactions
as events, which more accurately re-
flects actual registration actions (Zeven-
bergen, 2002; Vos and Roes, 2020). An
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event-oriented approach offers opportu-
nities to transcend state-centric systems
and enhances traceability, functionality,
and interoperability of cadastral systems.

This enables scalable implemen-
tation of LADM. An event-based ap-
proach aligns particularly well with
document-based registration systems
but also proves beneficial for title-based
systems. On a technical level, the "Ca-
dastre" case demonstrates that data mod-
ification becomes more straightforward
using standard formats such as XML,
JSON, and GML. Furthermore, event
sourcing improves interoperability and
operationalization through loosely cou-
pled systems with independent models,
software, and platforms.

Modern digital technologies, such
as GIS and artificial intelligence (Al),
play a crucial role in improving land
resource management. The use of dig-
ital twins, which are virtual models of
physical objects, offers opportunities
for real-time monitoring, analysis, and
forecasting of land use changes. This
enhances managerial decision-making,
resource use efficiency, and reduces en-
vironmental impacts. In Ukraine, such
practices are in their infancy, making it
important to study international experi-
ence and assess the potential for adapt-
ing these technologies to local realities.

An analysis of international prac-
tices shows that the introduction of
digital twins in land resource manage-
ment brings significant advantages. For
example, in the United Kingdom, the
"Universal Digital Twin" project creat-
ed a universal digital twin for collect-
ing, managing, and analyzing land use
data. This twin integrates geospatial in-
formation and allows for scenario mod-
eling to predict the impact of different
land-use options on ecosystems and en-
ergy resources.

In South Korea, digital twins are
actively used to optimize land resource
management. For instance, a pilot proj-
ect in Jeonju integrates physical and
digital data into a unified system to
support policy decisions. Using digital
twins enables monitoring of urban land,
environmental conditions, and compre-
hensive analysis of urban infrastructure
development scenarios.

Digital twins are also crucial in mod-
ern agriculture for improving land use
efficiency. Combining digital twins with
GIS and Al provides precise monitoring
and forecasting tools, enabling better
decision-making. These technologies
help optimize water and chemical use,
increase yields, and reduce greenhouse
gas emissions.

Based on the analyzed practices and
studies of domestic and international
scientists, a framework of modern dig-
ital technologies to be implemented in
land resource management systems has
been developed (fig.).

The main software products that can
be implemented in land management
systems are the following: ChatGPT,
DeepSeck, Tableau, ArcGIS Pro, Goo-
gle Cloud, AWS, Azure, Confluence,
AR application, etc.

The integration of modern digital
technologies into land management
systems is an important stage of their
modernization, which contributes to the
transparency, efficiency and sustainabil-
ity of management processes.

Analyzing large amounts of data us-
ing machine learning and artificial intel-
ligence algorithms opens up new oppor-
tunities for predicting changes in land
use, identifying soil degradation risks,
and developing climate change adapta-
tion strategies.

Successful examples of using dig-
ital twins in the UK and South Korea
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Fig. 1. Scheme of modern digital technologies to be implemented in land
management systems

Source: author's

demonstrate the prospects of integrating
these solutions into land management
processes. Ukraine can adapt these
practices to improve the management of
agricultural and urban land.

The key areas for the introduction
and development of digital technologies
in land management systems should be
as follows:

- Development of a national strategy
for the digitalization of land manage-
ment, taking into account international
experience.

- Use digital twins to integrate data
from different sectors, including envi-
ronmental, social and economic aspects
of land use.

- Creation of innovative platforms
for public engagement in land manage-
ment, which will increase transparency.

In the medium term, digital technol-
ogies will play a key role in creating
sustainable land management systems.
Adapting them to Ukraine's conditions

will become the foundation for rational
land use, food security, and economic
stability.

Conclusions and perspectives

Thus, the integration of GIS and Al
into the creation of digital twins is a
promising area for Ukraine, especially
in the context of sustainable develop-
ment. The use of these technologies will
significantly improve the efficiency of
land management, ensure the rational
use of land, increase the transparency
of management processes and minimize
risks. Given the successful experience
of the UK, where digital twins serve
as a universal tool for analyzing and
forecasting land use, and South Korea,
which is actively implementing digital
twins to optimize urban land manage-
ment, Ukraine may consider adapting
such solutions to its needs. Integrating
GIS and Al into the process of creating
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digital twins will help Ukrainian man-
agers ensure that decisions are informed Actual Problems of Economics, 5(275), 41-
and improve the quality of planning. 49. [in Ukrainian]

Thus, digital twins can become the ba- 3. Oukes, P, Van Andel, M., Folmer, E.,
sis for more efficient land management, Bennett, R., & Lemmen, C. (2021). Do-
contributing not only to the economic main-Driven Design applied to land ad-
but also to the environmental sustain- ministration system development: Les-

management in agricultural enterprises].

ability of the country in the long run.
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CYYACHI 4UN®dPOBI TEXHO/IOTII Y CUCTEMAX YIPAB/IIHHA 3EME/IbHUMMU
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AHomayis. Y cmammi po32aaHymo 8nsus Cy4acHUX Yugposux mexHos102ili Ha e¢hekmusHicmeo
cucmem ynpasniHHA 3emenbHUMU pecypcamu. Ocobaugy ysazy npudineHo aHani3y Ka4osux
iHHoBail, makux Ak 2eociHgopmauyiliHi cucmemu (IC), ducmaHruyiliHe 30HOysaHHA 3emni ([33) ma
br10KkYeliH-mexHosoz2ii, AKi cmaromes 0CHOB0IO 05 onmumizauii npouyecie MoHimopuHzay, obniky
ma BUKOPUCMAHHA 3eMesnbHUX pecypcis. ABmopu akyeHmMyoms yeazy Ha ix nomexyiani ujo0o
nioguUWeHHA rpo3opocmi, MoYHOCMi ma weuoKocmi npuliHAMmMS yrnpasniHCbKUX PiuleHb.

LlocnidxeHHs 0Xon/aroE NPAaKMUYHI acnekmu 3acmocy8aHHA LUposux iHCMpymeHmis y pisHUX
ceaMeHmax ynpaesiHHA 3emensHUMU pecypcamu, maKkux Ak Kadacmposi 0bsiku, pea2ynosaHHsA
3eMAEKOPUCMYBAHHA MA BUPIWEHHA 3eMenbHUX criopie. HasedeHo npukaadu e8rpos8adHeHHA
yugposux mexHosoeili y KpaiHax ceimy ma 8 YKpaiHi, wjo oeMoHcmpytome ycniwHul 0ocsio
asmomamu3auii 06pobku senuKkux obcazis npocmoposux 0aHux. OKpPemo Po32a8HYMO NMUMAHHA
iHmeapayii yugposux pileHs y icHytoYi 3aKkoHo0asYi ma iHcmumyuyitiHi pamku.
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Asmopu 0ocnidunu nomeHyian BUKOPUCMAHHA WMYYHO20 iHMenekmy ma 8eauKkux 0aHUX y
cpepi ynpasniHHA 3emensHUMU pecypcamu. 30Kpema, MiGKpecneHo 8axcaU8iCms 30CMoCcy8aHHA
as120pUMMI8 MAUWUHHO20 HABYAHHSA O/1F MPO2HO3YB8AHHSA 3MiH Y 3eMAeKoPUCMY8aHHI, BUSHAYEHHSA
pusuKie Oeepadayii rpyHmie ma niOMpPUMKU CMaAno20 pPO38UMKY. TaKOX 8i03HAYEeHO pPOorib
as8mMoMamu308aH020 GHAI3Y CYMYyMHUKOBUX OQHUX Y MOHIMOPUH2Y eKOs102i4H020 CMAHY 3eMenb.

Okpemuli arkyeHm 3pobsieHO HA BUKAUKAX Ma ObMeMeHHAX, Wo nocmaroms nepeo
8MPOBAOHEHHAM CYYACHUX Uupposux mexHosnoeil. Ceped HuUx — HedocmamHsa yugposizayis
OdepxcasHuUx opeaHie, obmexeHull 0ocmyn 00 BUCOKOAKICHUX OGHUX, A MAKOXC pPU3UKU
Kibepbe3neKku. HazonoweHo Ha HeobxiOHocmi po3pobneHHA HauioHAAbHOI cmpameaii yugposoi
mpaHceopmayii ynpasniHHA 3emMmenbHUMU Pecypcamu 3 ypaxy8aHHAM MiHHAPOOHO20 00csidy.

Y nidcymky 3a3Ha4yeHo, WO iHMe2payia yugposux mexHoaoeill y cucmemu ynpaesniHHs
3eMesnibHUMU pecypcamu Cripuse ix mooepHizauyii ma nidsuuye epekmusHicme ynpasniHCbKux
npouyecis. Cmammsa micmumoe pekoMeHOayii 0219 opaaHie 6nadu, HAayKosux ycmaHos i 6izHecy
w000 NodanbwWo20 Po3BUMKY Ma BrPOBAOHEHHA UUppPosUX piuleHb 014 0ocAzcHeHHA binbuw
PAYiOHAMbHO20 BUKOPUCMAHHSA 3eMesibHO20 hOHOY.

Knrouoesi cnoea: yugpposi mexHosoaii, 2eciHpopmayiliHi cucmemu, ducmaryiliHe 30HOY8aAHHSA
3emni, ynpasniHHA 3emMesnbHUMU Pecypcamu, cmanuli po38umox.
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