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Annotation. This article examines the geodetic support for monitoring land use
changes in Ukraine during the war and post-war periods, which is a key element of
national security, economic development, and social stability. The purpose of the
article is to present an analysis of the current state and future development prospects
of geodetic support for monitoring land resources. The research employs a
comprehensive approach, including an analysis of scientific publications and practical
examples of geodetic technologies used to monitor land use changes during armed
conflict and the post-war reconstruction of Ukrainian territories. The practical
research was based on land use in the Bilokrynytsia territorial community in the Rivne

region. The study explores the use of Global Navigation Satellite Systems (GNSS),



remote sensing (RS), and unmanned aerial vehicles (UAVs), which enable near real-
time detection of land use changes and the effective use of geospatial data for decision-
making. Special attention is given to LiDAR technologies that enable the creation of
high-precision three-dimensional models of the Earth's surface and the identification
of degradation processes, particularly in geographically complex environments.
Hybrid positioning is discussed as well, integrating various data sources (satellite,
radio frequency, inertial sensors, visual data) to enhance accuracy and reliability,
especially under conditions of limited visibility or satellite signal blockage. The study
emphasizes that the processing and interpretation of geodetic data includes
preprocessing, spatial localization, GIS analysis and modeling, and the generation of
cartographic materials. The practical significance lies in providing objective and up-
to-date data for making informed decisions on land use, spatial planning, and
emergency response. It is concluded that further research is needed to improve the use
of digital technologies, automate data collection, and integrate various sources into
GIS systems for reliable land use change monitoring during both active hostilities and
reconstruction phases.
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Actuality. Land resource management is one of the key elements of national
security, economic development, and social stability for any country. For Ukraine,
which, as a result of the armed aggression of the Russian Federation, has suffered large-
scale territorial losses, destroyed infrastructure, degradation of agricultural lands, and
the displacement of millions of citizens, the task of ensuring effective control over land
use has acquired unprecedented urgency. In this context, geodetic support becomes
especially important as a set of technical, organizational, and methodological measures
that ensure the collection, processing, and updating of spatial information about land
plots and on-site objects. Thus, modern geodetic tools — including Global Navigation

Satellite Systems (GNSS), Earth remote sensing (RS), unmanned aerial vehicles



(UAVs), and geographic information systems (GIS) — enable prompt and high-
precision monitoring of territorial changes, even in hard-to-reach or dangerous areas..

Analysis of recent research and publications. Contemporary scientific thought
Is actively exploring geodetic support for monitoring land use changes, as evidenced
by numerous publications in recent years. For instance, the issue of geodetic support
for urban land monitoring, which has gained particular importance in the context of
post-war city reconstruction, has been studied by A. Danyliuk and B. Pylypenko [1].
The researchers emphasize the role of GIS as the analytical core of monitoring,
enabling near real-time tracking of land use changes. The works of K. Mamonov, O.
Kanivets, V. Velychko, and others [2;3] focus on the tools of geodetic support for the
land management of territorial communities. The authors propose approaches to
utilizing geospatial data for managerial decision-making within communities, which is
especially pertinent in the context of decentralization and the urgent need to respond
to the consequences of the war, including shifts in land use caused by population
displacement, infrastructure damage, and land reclamation efforts. Of particular note
is publication [4], which analyzes the methodology for surveys using GNSS, laser
scanning, and photogrammetry to assess the technical condition of roads, the extent of
their damage, and to plan repair and restoration measures.

Study [5] focuses on the integration of object coordinate determination systems
through the interpretation of satellite imagery, which is essential for the rapid detection
of land use changes in combat zones where traditional field measurements are not
feasible. The practical aspect of the work involves combining GNSS observations with
automated analysis of Sentinel and ICEYE images to detect destruction, new
developments, or land degradation. The publication by V. Stadnikov and a team of co-
authors [6] analyzes the experience of using GIS technologies in updating digital
topographic maps at a scale of 1:25,000. This research is important for updating the
cartographic base for spatial monitoring, which is a prerequisite for accurately
representing land use changes, especially in de-occupied or damaged areas.

It is worth noting that the reviewed studies demonstrate the active adaptation of

geodetic science to wartime conditions and highlight the need for further research



involving digital technologies, automation of data collection, and integration of various
information sources into GIS systems, which will ensure reliable monitoring of land
use changes both during hostilities and in the reconstruction period.

The purpose of the study is to present an analysis of the current state and future
development prospects of geodetic support for monitoring land use changes in Ukraine
under the conditions of war and post-war recovery.

Materials and methods of research. A comprehensive approach was used in the
course of the research, involving the analysis of scientific publications as well as
practical examples of the application of geodetic technologies for monitoring land use
changes amid armed conflict and the post-war restoration of Ukrainian territories. The
practical research material was based on the land use within the Bilokrynytsia territorial
community of the Rivne region.

Research results and their discussion. Geodetic support for monitoring land use
changes during wartime and post-war periods acquires particular strategic importance,
characterized by a number of specific challenges and adaptations. Under conditions of
active hostilities and an unstable security environment, traditional approaches to
geodetic measurements and observations face significant limitations, necessitating the
use of innovative methods and technologies (Table 1).

1. Key features of geodetic support for monitoring during wartime and post-

war periods
Feature Description Methods and Technologies
Increased  Risk and | Critical need for rapid collection | Rapid GNSS measurement
Limited Access and processing of geospatial | methods (RTK, PPK),

information to respond to | operational  processing  of
dynamic changes and assess the | remote sensing data, use of
consequences of hostilities. UAVSs for quick mapping..

Ensuring Work Safety Safety measures during geodetic | Use of remotely operated
work in hazardous areas are of | systems  (UAVs,  robots),

paramount importance. special protective equipment,
coordination  with  military

structures..
Monitoring Critical | Priority  of  observing the | High-precision GNSS
Infrastructure condition of transport, energy, | observations, laser scanning,
and  hydraulic  engineering | aerial photography for
objects.. detecting damage and

deformations.




Damage Assessment Documentation and quantitative | Photogrammetry, 3D laser
determination of destruction to | scanning, analysis of high-
buildings, structures, and | resolution satellite imagery..

infrastructure..
Control of Restoration | Geodetic support for | Traditional geodetic methods
Works construction and installation | (total station measurements,

works, control of geometric | leveling), GNSS measurements
parameters and deformations..
Use of  Geographic | Integration, analysis, and | Use of specialized GIS
Information Systems | visualization of various | software, creation of thematic
(GIS) geospatial data to support | maps and models.

decision-making.
Regulatory and Legal | Possible temporary changes in | Compliance  with  current

Aspects the regulation of geodetic | regulations, coordination of
activities and data access. works with relevant authorities.

Remote Observation | Preferential use of methods that | Aerospace surveying, satellite

Methods do not require direct presence at | technologies, UAVSs, radar..

the monitoring object.

Information Security Ensuring the protection of | Application of cryptographic
geospatial data from | methods, restriction of access to
unauthorized access and | information.
cyberattacks.

It should be noted that geodetic support for monitoring constitutes a set of
scientific and technical measures aimed at obtaining highly accurate spatiotemporal
data on the dynamics of the studied objects. The fundamental basis of this process is
the creation and maintenance of a reference geodetic network, which provides a unified
coordinate system for all subsequent measurements. The accuracy and density of the
network points are key factors determining the reliability of monitoring results. The
geodetic monitoring process involves the use of various methods and instrumental
tools, the selection of which is determined by the specific characteristics of the
observation object, the required measurement frequency, and accuracy criteria.

In situations where traditional points of the State Geodetic Network (SGN) are
damaged or destroyed, satellite technologies (GNSS) become particularly important,
providing continuous access to coordinate information in both static and kinematic
modes. GNSS (Global Navigation Satellite System) is a satellite-based navigation
system intended for the positioning of objects and the determination of their spatial
location, i.e., their coordinates [7]. One of the significant advantages of using GNSS

technologies is the considerable reduction in time required for geodetic surveying



tasks. GNSS technologies have proven especially effective for planning work in terrain
modeling for the construction sector, topographic surveying, and geodetic
measurements at sites remote from SGN points [8]. However, limitations must be taken
into account, particularly the inability to conduct surveys under conditions of limited
visibility of the sky. GNSS technologies rely on several widely used systems and
software solutions, such as GPS (USA), Galileo (EU), and BeiDou (China), which
consistently provide high-precision (up to centimeters) spatial positioning — a critical
requirement for geodetic research [9]. For example, in the dissertation study by S.
Tretiak, a methodology was presented for using GNSS technologies to monitor
deformation of the Dniester River channels and its right- and left-bank tributaries, and
to determine their characteristics [10].

Unmanned aerial vehicles (UAVS) enable detailed surveys of small areas with
high precision. They are particularly relevant in areas that are inaccessible due to
hostilities or landmines [1]. The implementation of UAV technology allows for high-
resolution digital aerial imaging, which makes it possible to obtain highly accurate
visualizations of land surfaces and the objects located on them. A notable example is
the study conducted in the settlement of Solotvyno [11], which resulted in a catalog of
modified (reconstructed, renovated, dismantled, etc.) and new objects within the
Solotvyno salt mine area.

Professional UAVs equipped with dual-frequency GPS, PPK/RTK technologies,
large-matrix cameras, and lenses free from distortion and chromatic aberrations make
it possible to digitize stereo images and meet the requirements for creating topographic
plans at scales of 1:5000 to 1:1000, and partially 1:500. Accordingly, this enables the
monitoring of agricultural and forestry land, the study of archaeological and cultural
heritage, and the inspection of the technical condition and safe operation of energy and
utility infrastructure based on UAV aerial survey data. An interesting example of UAV
survey application is the topographic and geodetic support for assessing the technical
condition of roads damaged as a result of military aggression in the Beryslav district
of Kherson region [4]. Using 733 drone-captured images of the study area, taken from

an altitude of 35 meters at a resolution of 1.5 cm/pixel, an assessment was carried out



to evaluate the extent of damage to geodetic markers and to detect the impacts of
military actions on roads, including traces of heavy machinery, shell craters, and burn
marks. The aerial images were processed and analyzed using software packages such
as Agisoft Metashape Professional, Global Mapper, and Pix4D Mapper. These tools
are effective photogrammetric solutions for creating 3D models from 2D images,
allowing for accurate detection and measurement of pavement defects. The results
indicated that the surface condition of the examined road T0403 was unsatisfactory and
required restoration.

Remote sensing (RS) methods are among the most effective tools for studying
urban landscapes. An example of urban land monitoring using Sentinel-2 satellite
imagery is presented in [12]. Interpretation of the satellite images made it possible to
assess the current state of urban landscapes in the city of Poltava, identify the spatial
characteristics of the city-such as the condition of green spaces, areas completely
lacking vegetation, and building density — and to classify the city's territory according
to four categories: built-up area, urban vegetation, bare soil, and water bodies.

The application of LiDAR technologies is an effective and well-justified solution
for monitoring land use changes, especially in conditions characterized by increased
complexity. LIDAR (Light Detection and Ranging) is an advanced remote sensing
technology that uses laser pulses to measure the spatial coordinates of objects. Modern
LiDAR systems can be mounted on various platforms, including aircraft, unmanned
aerial vehicles (UAVs), and ground vehicles. The data obtained using LiDAR
technology make it possible to generate detailed and highly accurate three-dimensional
models of the Earth's surface, representing a significant breakthrough in the
methodology for assessing the value and functional purpose of land plots and natural
resources. The effectiveness of LIDAR systems is especially evident in geographically
complex environments, including dense forests, mountainous areas, and terrains with
variable topography. This is due to LiDAR’s unique ability to penetrate through
foliage, allowing for the creation of high-accuracy digital surface models, unlike the
limitations inherent to conventional photogrammetric approaches, as presented in

scientific work [13]. The use of LiDAR for geodetic monitoring allows for the rapid



detection of sudden changes in relief and land cover, the identification of erosion and
landslide processes, as well as other degradation phenomena that can potentially
deteriorate land resources. LIDAR technologies are characterized by a high level of
accuracy and rapid digital data collection, supporting their application in all types of
geodetic research—especially in the context of assessing the condition of land
resources in hard-to-reach areas. This ensures the timely acquisition of high-quality
geospatial data. The ability to integrate LIDAR imagery with data from other sources,
such as GNSS or UAVs, enables the creation of comprehensive geographic information
systems that implement a multifaceted approach to land resource assessment [9].

Hybrid positioning is a method of determining the spatial location of an object
that uses a combination of several data sources: satellite (GPS, GLONASS, Galileo),
radio frequency (Wi-Fi, Bluetooth, RFID), inertial sensors (accelerometers,
gyroscopes), and visual data (camera, LIDAR). This approach helps to compensate for
the weaknesses of individual technologies and achieves greater accuracy, stability, and
reliability in positioning. The main goal of this approach is to ensure high accuracy and
data reliability in situations where a single technology is insufficient to meet the
requirements of geodetic work or when its functionality is diminished due to external
factors [14]. Such conditions may arise, for example, in adverse weather conditions or
in urbanized areas where satellite signals may be blocked or weakened. In these cases,
hybrid positioning employs INS.

Inertial Navigation Systems (INS) are autonomous navigation systems that
determine the position, orientation, and velocity of an object without the use of external
reference points. Their operation is based on measuring accelerations and angular
velocities using built-in accelerometers and gyroscopes, respectively. The working
principle of an INS involves integrating the measured parameters from a known initial
state.

The key advantages of using hybrid positioning include:

- increased accuracy in recording changes in land parcel boundaries through

synchronization of data from GNSS, drones, and photogrammetric images;



- continuous updating of cartographic information via mobile Geographic
Information Systems (GIS) based on hybrid positioning;

- the ability to promptly detect and document land use violations, such as
unauthorized construction, illegal logging, or alterations of watercourse channels;

- integration with Earth remote sensing (RS) — satellite and aerial imagery is
supplemented by ground data, enabling comprehensive spatiotemporal analytics.

An example of the integration of object coordinate determination systems and
remote sensing image interpretation is presented in study [5].

Technological innovations contribute to the formation of a new paradigm of
digital efficiency in the geodetic field, which is manifested in reduced operational costs
when conducting various types of geodetic surveys and exploratory work. A summary

of the geodetic technologies used for monitoring land use changes in Ukraine is

provided in Table 2 [9].

2. Comparative analysis of geodetic support for monitoring land use

changes
Geodetic Characteristic Key advantage of Achieved geodetic | Analysis of
Support use effect digitalizatio
n vector
1. Global Universal precise | High precision and Optimization of High
Navigation determination of resistance to cadastral surveys
Satellite spatial meteorological and monitoring of
Systems coordinates.. factors. land cover changes.
(GNSS)
2. Unmanned Acquisition of | Data collection over Optimization of High
Aerial Vehicles | high-resolution significant economic costs and
(UAVs) and RS aerial territories and in reduction of risks in
photographs. hard-to-reach geodetic processes.
regions.
3. LIDAR Remote Development of Monitoring of relief | High
Technologies | determination of high-precision transformations and
distances to digital three- degradation
objects by using | dimensional models processes that
laser radiation. of the Earth's worsen the condition
surface. of land resources.
4. Hybrid Synergistic use of Elimination of Support for Very high
Positioning multiple disadvantages of continuous
technologies to autonomous monitoring with high
achieve optimal | positioning systems. precision.
accuracy.




5. Inertial Maintaining data Autonomous Ensuring stable Medium
Navigation continuity on the operation accuracy in the
Systems (INS) position and independent of presence of satellite
trajectory of an | satellite navigation. | signal interference.
object's
movement.

Thus, well-grounded and specialized geodetic support technologies are critically
important for significantly enhancing the capabilities of land use change monitoring,
especially under wartime and post-war conditions. This is due to the fact that certain
areas of Ukraine are characterized by limited access or complex field conditions,
making the use of traditional methods impossible. A crucial stage of monitoring is the
processing and interpretation of geodetic data. This process, which is an integral
component of geodetic research, should encompass several fundamental stages,
including:

- preprocessing: Involves the initial validation and correction of collected data through
filtering, removal of noise and visual errors in the measurements. This minimizes the
Impact of random and systematic errors and eliminates visual aberrations that could
distort the interpretation of results;

- spatial localization and coordination, or geospatial referencing: Ensures accurate
positioning of data within a defined coordinate system. This is achieved using modern
Global Navigation Satellite System (GNSS) technologies or other relevant geospatial
information sources;

- geoinformation analysis and modeling: Involves a comprehensive study of data
relationships and patterns through modeling and interpretation. Within this research
process, it is essential to integrate the following methods to identify patterns, determine
land use relief changes, or assess other characteristics of the study area: mathematical
modeling, statistical analysis, and machine learning.

- cartographic material generation: The creation of digital maps, 3D terrain models, or
interactive Geographic Information Systems (GIS) in the context of land use. These
digital tools offer high efficiency in visualizing collected geospatial data, conducting
comparative analysis with other spatial datasets, and supporting informed decision-

making.



The results of the practical application of this geodetic data processing and
interpretation methodology are presented through the example of digital maps created
for the Bilokrynytsia territorial community in the Rivne region (Figure 1). The digital
maps of the community developed by the authors using QGIS software — namely, the
land use plan and the digital elevation model-constitute integral components of the
'Land Resources and Land Cadastre' database within the community’s geographic
information system (GIS). The maps have spatial (geographic) referencing, which
enables, if necessary, the analysis of the geomorphological structure of the area in
relation to land use. It should be noted that all data are presented in a single coordinate

system, ensuring representative coordinate accuracy.

Fig. 1. Digital maps of the Bilokrynytsia territorial community, Rivne region:
a — existing land use plan; b — digital terrain model of the community area with
color coding.

Conclusions and prospects. The analysis of the current state and development
prospects of geodetic support for land use change monitoring in Ukraine—particularly

under wartime conditions and during post-war recovery—allows for the formulation of



several key conclusions and the identification of future research directions. Land
resource management is a fundamental component of national security, economic
development, and social stability in any country. Geodetic support is viewed as a
complex of technical, organizational, and methodological measures for obtaining data
to monitor land use. Modern geodetic tools-including Global Navigation Satellite
Systems (GNSS), Earth Remote Sensing (ERS), Unmanned Aerial Vehicles (UAVS),
and Geographic Information Systems (GIS)-enable prompt and highly accurate
monitoring of territorial changes, even in hard-to-reach or hazardous areas. The
processing and interpretation of geodetic data is an integral component of the
monitoring process. It includes several essential stages: preprocessing, spatial
localization and coordination, geoinformation analysis and modeling, and the
generation of cartographic materials.

The applied significance of using geodetic technologies for monitoring land use
changes lies in their ability to provide objective and up-to-date data for informed
decision-making on the rational use of land resources, territorial planning, assessment
of anthropogenic impacts, and rapid response to emergencies and recovery efforts
during the post-war period. These technologies not only detect changes but also allow
for forecasting their dynamics, which is crucial for sustainable development and
environmental security.

Further scientific research is required on the use of digital technologies, the
automation of data collection, and the integration of diverse information sources in GIS
systems. This will ensure reliable monitoring of land use changes both during active
conflict and in the reconstruction phase.
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IF'EOJAE3UYHE 3ABE3INEYEHHS ITPOLECIB MOHITOPUHI'Y 3MIH
Y CTPYKTYPI 3EMJIEKOPUCTYBAHHSI YKPAIHU B MEPIOJ
3BPOMHOI ATPECII POCIi TA HOCTKOH®JIKTHOI'O BIZITHOBJIEHHSI

Anomauia. Y cmammi posenanymo eeoodezuune 3abe3neuenHs: MOHIMOPUH2Y
3MIH 3eMNIeKOPUCY8AHHS 8 YKPAiHi 8 YMOBAX 8OEHHO20 MA NOBOEHHO20 NEPiodis, Wo
€ KIOYO8UM €eNeMEHMOM HAYIOHALHOI 0e3neKu, eKOHOMIYHO20 pO38UMKY md
coyianvHoi cmabinbrocmi. Memorw cmammi € npedCmasieHHs aHali3y Cy4acHo2o
CMAaHy i nepcnekmue po3eUmK) 2e00e3UyH020 3a0e3neuenHs MOHIMOPUH2Y 3eMelbHUX
pecypcig. Y npoyeci 00cniodxicents GUKOPUCMAHO KOMNIJIEKCHUU NiOXI0, wo nepedbadae
aHaniz HAykosux nyonikayiu, a maxkoxic NPAKmuyHux Npuxiadie 3acmocy8aHHs
2e00e3UdHUX MEXHONO02IU Ol MOHIMOPUHSY 3MIH 3eMIEKOPUCMYBAHHS 8 YMOBAX
30pouH020  KOHGIIKMY ma NOBOEHHO20 BIOHOGNEHHA mepumopit  Ykpainu.
Mamepianom npaxmuunoco  0OCHIONHCEHHA CY2y8ano  3eMIeKOPUCIYBAHHS
binokpunuyvxoi  mepumopianvnoi epomadu Pienencokoi obnracmi. J{ocniodxceno
BUKOPUCTNAHHA — 2100ANbHUX — Hagieayiunux  cynymuuxosux cucmem  (GNSS),
oucmanyitinoco 3ouoyeanus 3emni ([33) ma 6Ge3nitomuux nimManrbHUX anapamie
(PIIJIA), ski o0o3eonsa10mb  ¢hikcysamu 3MIHU 3eMIAEKOPUCMYBAHHA 6 DedCUMI,
OU3LKOMY 00 peanvHo20 Yacy, ma eqQekmusHo 8UKOPUCTOBYBAMU 2e0NPOCMOpPO8Y
iHghopmayito 051 NPUUHAMMS YNPAGIIHCoKUX piuteHb. Okpemy yeacy npuoileHo
JIIOAPHUM MEXHON02IAM, WO O00380JI10Mb CMEOPIEAMU BUCOKOMOYHI MPUBUMIDHI
MoOOeNl  3eMHOI NOoGepXHi ma SUAGIAMU Oe2padayilini npoyecu, 0coOIUBO 8
eeoepaiuno cknaonux cepeoosuwjax. Pozenanymo 2ibpuoune nosuyirosaumus, ske
NOEOHYE DI3HI Odxcepena OAHUX (CYnymHUKosi, padiouacmomHi, iHepyilHi ceHcopu,
8I3yabHI 0aHi) OJ1s1 NiOBUWEHHS MOYHOCMI MA HAOIIHOCMI NO3UYIO8AHHS, 0COOIUBO
8 ymogax obmedceHoi suoumocmi abo ONOKY8AHHS CYNYMHUKOB020 cueHany. Y
O0CNIONHCEHH] aKYeHmo8aHo, wo npoyec oOpoOKU ma iHmepnpemayii 2eo0e3uyHux
OaHUX BKIIIOUAE NONEPeoH0 0OPOOKY, NPOCMOPO8Y JIOKANI3AYiI0, 2e0iHpOPMAYiUHULL
aHaniz ma MOOeN08AHHS, a4 MAKOMNC 2eHepayilo Kapmoepagiuno2o mamepiay.

Ilpakmuuna eadxciugicmo OO0CHIONHCEHHS NOJAAE )Y HAOAHHI 00'€KMUSHUX ma



AKMyanoHux Oauux Ol NPUUHAMMSA O0OTPYHMOBAHUX PilleHb U000 PayiOHAILHO2O
BUKOPUCMAHHA 3eMENbHUX pecypcis, NAAHYBAHHSA Mepumopiti. ma onepamueHo2o
peazy8anHs Ha HAO38UYAUHI cumyayii. Buznaueno, wo noodanvuti O00CHIONCEHHS
HeoOXiOHI 01151 600CKOHANEHHS BUKOPUCMANHHS YUDPOBUX MEXHON02IU, asmomMamu3ayii
300py Oanux ma iumeepayii pisHux Ooxcepen ingopmayii y I'IC-cucmemax Ons
HAOIUHO20 MOHIMOPUH2Y 3MIH 3eMIIeKOPUCTNYBAHHS K N0 Yac 60tosux Oill, max i 8
nepiood 8i0Oy0o8u.

Knirouosi cnosa: zeooesuune 3a6e3neuents, MOHIMOPUHS, 3eMIIEKOPUCHTYBAHHS,

gitina, nosoennutl nepioo, I'lC, GNSS, BI1/IA, oucmanyiiine 30H0y8anHsl.



