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Abstract. The article discusses the role and capabilities of modern
geoinformation technologies in the process of geo-ecological monitoring of territorial
communities. The growth of anthropogenic pressure, climate change and active
development of land resources necessitate the introduction of innovative tools for
timely detection, analysis and forecasting of the state of the environment.
Geoinformation systems ensure the integration of different types of spatial data, their
modelling and rapid visualisation, which enables local authorities to make
scientifically sound management decisions on the use of natural resources, spatial
planning and environmental safety at the local level.

The study analyses the main functional capabilities of geographic information
systems, in particular spatial analysis, geostatistics, risk modelling and scenario
forecasting. Particular attention is paid to the use of remote sensing of the Earth to
assess the dynamics of natural processes such as soil degradation, changes in
vegetation cover, water balance and pollution detection. Examples are given of the

application of integrated geoinformation solutions in communities for monitoring land



conditions, analysing environmental sustainability and monitoring compliance with
environmental protection standards.

The results of the study prove that the introduction of geoinformation technologies
into the geo-ecological monitoring system is a key condition for improving the
efficiency of natural resource management at the level of local communities. The use
of integrated geospatial data allows for more accurate assessment of environmental
threats and the development of sound sustainable development strategies. Thus,
geoinformation systems serve as the basis for the creation of modern monitoring
systems that meet the requirements of adaptive management in the environmental
sphere.
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community, land resource management, land use planning, rational land use.

Actuality. The rapid development of information technologies in general and
artificial intelligence in particular is causing structural changes in many industries and
areas. In this context, the relevance of using geoinformation technologies in geo-
ecological monitoring of territorial communities is determined by a complex of modern
environmental, socio-economic and managerial challenges. In the context of martial
law, constant growth of anthropogenic pressure, intensification of economic activity
and climate change, there is a need to create a system of operational, reliable and
scientifically sound control over the state of the environment at the local level using
modern geoinformation systems and technologies. Amalgamated territorial
communities, as the basic link in land resource management, need accurate and
effective tools to identify negative environmental processes, assess their consequences
and plan for sustainable development.

Geographic information systems enable the integration of diverse spatial data,
combining the results of remote sensing, field research, and statistical observations.
This allows for a comprehensive picture of the state of land, water, and biotic resources,
tracking their dynamics and predicting potential threats. In today's world, where

environmental processes are developing rapidly and often have a localised nature,



geoinformation technologies are becoming an indispensable tool for timely
management decisions.

Equally important is the ability of geoinformation systems to maintain the
transparency and openness of environmental information, which contributes to
increasing the environmental responsibility of the population and involving the public
In monitoring the state of the environment.

Thus, research into the use of geoinformation technologies in geo-ecological
monitoring of local communities is extremely relevant, as it meets the current needs of
digital transformation, provides a basis for effective natural resource management, and
forms a reliable toolkit for communities to adapt to environmental risks.

Analysis of the latest scientific research and publications. Durova, N. V.,
Kondratyuk, D. Yu. and Pershko, L. O., researching the use of geoinformation
technologies by local communities in the context of digitalisation, came to the
conclusion that the implementation of geoinformation technologies in local
communities is a complex task that requires the resolution of numerous technical,
economic, social, organisational and legal issues, and solving these problems requires
a comprehensive approach that includes investing in infrastructure and training,
engaging stakeholders, developing standardised protocols, and complying with the
regulatory framework [1].

Researchers I. Yasinetska and I. Mushenik in their work [2] note that “today, GIS
are an indispensable tool for researching tasks related to spatially distributed
information, including the input and storage of source information, effective processing
of spatial data, visual and geostatistical analysis, as well as the preparation of various
types of source cartographic and other documents.” And "remote sensing technologies
provide a wide range of opportunities for agricultural land use, such as: identification
and accounting of crop areas; forecasting crop yields; assessing the condition of crops;
determining crop areas; identification of areas requiring fertilisers and agrochemicals;
control of crop rotation and the quality of agrotechnical measures; determination of
crop frost damage areas; pasture areas; analysis of subsidy results; assessment of snow

cover and moisture; identification of affected areas and much more."



Thus, most scientists address issues related to the use of geoinformation systems
in the management of community land resources and agriculture, but research on their
application in the geo-ecological monitoring of territorial communities is relatively
new and understudied.

The aim of the study is to provide scientific justification for the use of
geoinformation technologies in geo-ecological monitoring of territorial communities.

Materials and methods of scientific research. The methodological basis of the
study was the use of geographic information system tools for the integration, storage,
analysis, and visualisation of spatial data. Data processing was carried out in modern
geographic information technology environments, which made it possible to combine
traditional geographic information methods with modern computational geography
algorithms.

Comparative analysis was used to form a classification of geo-ecological
monitoring of territorial communities; system analysis to determine the relationships
between natural, anthropogenic and management factors; the monographic method to
generalise theoretical approaches and assess the state of scientific developments;
structural-logical modelling methods to develop a geo-ecological monitoring
algorithm.

The tools used provided a comprehensive and multi-level approach to assessing
the environmental status of local communities, allowing spatial patterns of potential
threats to be identified and directions for optimising the monitoring system to be
determined.

Research results and their discussion. Geo-ecological monitoring of local
communities is a comprehensive system of observation, assessment and forecasting of
the state of the natural environment at the local level to identify negative changes and
develop management decisions. It includes monitoring air, water, soil, waste and
natural processes using both traditional and modern technologies such as GIS and
satellite data. The aim is to ensure sustainable development, environmental safety and

transparency in community management.



In general, geo-ecological monitoring can be classified according to various
factors: by object of observation, by methods, by nature of impact, by purpose, and by
frequency of implementation (Fig. 1).
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Fig. 1. Classification of geo-ecological monitoring of territorial communities

Having analysed the definitions of monitoring among contemporary researchers,
we can note the scientific work of O.M. Kanivets, who defines monitoring of land use
by territorial communities as “the use of land by united territorial communities, where
the main focus is on the formation of spatial, urban planning, environmental and socio-
economic support based on the creation of a quantitative basis for integrated
assessment, mathematical modelling, and the use of geoinformation tools to identify
imbalances in the land relations system and establish prospects for their development™
[3].

GIS technologies and remote sensing are effective tools for monitoring land use
changes, enabling detailed spatial analysis and forecasting. The use of satellite imagery
in combination with GIS allows for the rapid identification of urban expansion,
changes in vegetation cover and soil degradation. Machine learning and deep learning
algorithms significantly improve the accuracy of land use change analysis by providing
automated classification of territories. Remote sensing methods combined with
geospatial analysis are promising for optimising land resource management in the
context of urbanisation and climate change. Improvement of methods for integrating
GIS data with remote sensing data to increase the accuracy of land use change analysis.
Research into the possibilities of using drones to increase the detail of cartographic



data. Implementation of machine learning models for forecasting territorial changes,
taking into account socio-economic factors. Development of interactive GIS platforms
for real-time land use monitoring [4].

Based on the results of the analysis of scientific works by researchers and the
functional capabilities of geoinformation systems, in particular spatial analysis,
geostatistics, risk modelling, scenario forecasting, and the use of remote sensing of the
Earth to assess the dynamics of natural processes, an algorithm for geo-ecological

monitoring of territorial communities was developed (Fig. 2)
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Fig. 2. Algorithm for geo-ecological monitoring of territorial communities

based on the application of geoinformation technologies
In Fig. 2, the algorithm diagram divides the blocks into three categories, where

oval-shaped blocks show the beginning and end of the algorithm execution process,



rhombus-shaped blocks show key functional stages, and rectangular blocks show
actions related to the input-output and visualisation of geospatial data for geo-
ecological monitoring.
Thus, the algorithm for geo-ecological monitoring of territorial communities with
the widespread use of geoinformation systems and technologies includes:
Formulation of monitoring objectives and targets
* determining the type of monitoring (in accordance with the classification in
Fig. 1);
. establishing observation objects (air, soil, forest and water resources,
vegetation cover, landscapes, etc.);
* agreeing on criteria for assessing the state of the environment and impact
indicators.
Collection of incoming spatial and attribute data
* remote sensing data (satellite images, aerial photographs, UAVS);
* topographic and cadastral layers;
» data from observation points (air, water and soil quality control stations);
» socio-economic and statistical data on the local community;
» geophysical, climatic and sanitary-hygienic indicators.
Preliminary preparation and standardisation of data
« georeferencing and coordinate transformation;
+ creation of a unified geodatabase structure;
» cleaning data of errors, duplicates, etc.;
* normalisation of attribute tables.
Data integration into the GIS environment
* loading all layers into GIS (ArcGIS, QGIS, GeoServer);
* Dbuilding base maps: relief, land use, hydrographic network, road infrastructure,
sources of pollution;
+ overlaying dynamic and thematic monitoring layers.

Spatial analysis and modelling



* buffer analysis to determine the areas of influence of industrial facilities,
transport corridors, etc.;

« cross-analysis of layers to assess environmental risk;

« interpolation (IDW, Kriging) to create pollution surfaces;

» modelling of water flows and erosion sensitivity;

* calculation of indices for assessing the condition of vegetation and land;

* detection of changes based on time series.

Bisyanizayis pezynemamig y I'IC

* creation of thematic maps: atmospheric pollution maps, heat island maps,
aquatic ecosystem status maps, soil degradation maps, natural hazard maps
(landslides, floods), cumulative environmental load maps;

« generating 3D models and analytical profiles;

* creating interactive web maps for the community (via ArcGIS Online, Leaflet,
GeoNode).

Preparation of reports and recommendations

« generalisation of spatial and statistical results.

« preparation of analytical conclusions on the ecological state of the territory.

. development of recommendations (prevention of pollution and thermal
anomalies, optimisation of land use, land reclamation, environmental
management).

Conclusions and perspectives. The study confirms that geoinformation
technologies are a key tool for ensuring effective geo-ecological monitoring of local
communities. Thanks to the integration of various types of spatial data, the use of
spatial analysis tools, geostatistics, remote sensing of the Earth, and machine learning
methods, GIS technologies ensure a high level of accuracy, efficiency, and validity of
environmental assessment of territories.

The results obtained prove that the use of GIS in combination with satellite and
aerial survey data creates opportunities for comprehensive monitoring of natural
processes — soil degradation, changes in vegetation cover, urbanisation pressure, and

the formation of environmental risks. This, in turn, enables communities to respond to



environmental threats in a timely manner, improve the efficiency of land and natural
resource management, ensure transparency in management decision-making, and
develop sustainable development strategies.

The study also shows that further modernisation of geo-ecological monitoring
systems is relevant through the introduction of automated classifiers, integrated web
GIS platforms, the use of UAVs to increase the detail of spatial data, and the
development of predictive models based on artificial intelligence. The development of
such tools will contribute to the formation of a comprehensive adaptive environmental
management system capable of ensuring the ecological safety and sustainability of
territorial communities in the face of modern challenges.

Thus, geoinformation technologies not only enhance the analytical capabilities of
geo-ecological monitoring, but also create a reliable basis for sustainable nature
management, environmentally sound planning, and improved quality of land

management at the local level.
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Anzopumm  BUKOPUCMAHHA 2€0IHOPMAUIUHUX MEXHONI02IH 3 Memolo
2€0€K0J102I4H020 MOHIMOPUHZY MEPUMOPIATbHUX 2POMAO

Anomauia. Y cmammi poszensoacmvcia poib ma MONCIUBOCMI CYUACHUX
2eO0iHOpMayitiHUX ~ MeXHONo2i y  npoyeci  2e0eKON02iYH020  MOHIMOPUH2Y

mepumopiaﬂbﬂux ZPOMCZO. 3p06’maHH}Z AHMpOnOceHHo0c0 HABAHMANCEHHA, 3MIHU
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KAiMamy ma aKkmueHe OCBOEHHS 3eMeNbHUX pPecypcié 3YMO6I0omy HeoOXiOHICmb
VYNPOBAONCEHHSL THHOBAYIUHUX THCIMPYMEHMIB OJIsl CBOEUACHO20 BUABNEHHS, AHAI3Y Ma
npocHO3Y6aHHs cmaHy 006kiuia. [eoingopmayitini cucmemu  3abe3neuyomo
inmezpayilo pisHOMUNHUX NPOCMOPOBUX OAHUX, IX MOOENIO8AHHL MA ONEPaAmueHy
gi3yanizayiro, Wo 0ae 3mMo2y Opeanam Micye8o20 camo8psa0y8aHHs NPUUMAMU HAYKOBO
00IPYHMOBAHI YNPABNIHCOLKI PIULEHHST WO000 BUKOPUCTAHHSA NPUPOOHUX pecypcis,
NJIAHYBAHHS MePUMOpPIU Ma eKoJl02IUHOI be3neKu Ha Micyesomy pi6Hi.

YV mesrcax oocniodicenns npoananizo8ano OCHOBHI (DYHKYIOHAIbHI MONCIUBOCHII
eeoinghopmayitinux cucmem, 30KpemMa HNPOCMOPOSUU AHATNI3, 2e0CMAMUCTUKY,
MOOeno8ants pusuxie i cyenapue npocnosysauns. Ocobaugy yeazcy npuoiieHo
BUKOPUCMAHHIO OUCMAHYIUHO20 30HOYBAHHA 3eMli Oni OYIHIOBAHHA OUHAMIKU
NPUPOOHUX Npoyecis, Maxkux sK oezcpadayis IPYHMIE, 3MIHA DOCIUHHO2O HNOKDUBY,
B00HULL Oananc 1 eussieHHs 3a0pyoHensb. Hasedeno npuxnaou 3acmocysamnms
KOMNJIEKCHUX 2€0THHOPMAYIIHUX PiLeHDb Y 2pOMa0ax 01l MOHIMOPUH2Y CINAH) 3eMellb,
AHani3y eKo02IYHOI CMIUKOCMI Mma KOHMPOJIO 3a OOMPUMAHHAM NPUPOOOOXOPOHHUX
HOpM.

Pesynomamu oocniosxcenns 00800smvb, Wo 6NPOBAOINCEHHS 2e0IHGOPMAYIHUX
MEXHONO02IU Y CUCmemMy 2e0eKON02IUH020 MOHIMOPUHSY € KIIOY0B8OK YMOBOIO
niosUWeHHs T  eheKMUBHOCI  YNPABAIHHA — NPUPOOHUMU  pPecypcamu HA  Pi6Hi
mepumopianbHux 2pomad. Buxopucmanus iHmezpo8aHux 2eonpocmoposux OaHux
00360JI51€ NIOBUWUMU MOYHICMb OYIHIOBAHHS €KOJO02IUHUX 3a2po3 ma ¢hopmysamu
00IpYHMOBAHI cmpamezii cmanoeo po3eumky. Takum YUHOM, 2eOoiHghopmayiliHi
cucmemu 8UCMYNAalomMv OCHOBOIO 0/l CMEOPEHHS CYUACHUX MOHIMOPUH2OBUX CUCTIEM,
Wo 8iON0BI0amMs BUMO2AM AOANMUBHO20 YNPABIIHHA Y chepi O0BKILIA.

Knwuogi cnosa: ceoingopmayitini cucmemu, 2e0eKoN02TYHUL MOHIMOPUHE,
06’conana mepumopianvHa 2pomadda, YNPAGNiHHA — 3eMEIbHUMU  pecypcamu,

3emaeycmpiu, payioHalbHe UKOPUCTAHHS 3eMelb.



