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The article substantiates a methodological approach to the assessment and
optimization of land use in territorial communities based on the integration of
geoinformation analysis, environmental indicators, and cartographic modeling. The
study was conducted using the example of the Zhydachiv urban territorial
community, for which the current land-use structure was analyzed and the dominance
of arable land (about 45%) was identified, leading to an increased level of
anthropogenic pressure and reduced ecological stability of the territory.

A comprehensive assessment of the environmental condition was carried out
using coefficients of ecological stability, anthropogenic load, and an integral

indicator, which made it possible to quantitatively and spatially characterize the level
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of landscape transformation. Spatial differentiation of the ecological condition of the
territory was revealed, and zones with different levels of environmental tension were
identified, in particular central urbanized areas as hotspots of increased pressure
and peripheral areas as zones of relative stabilization.

A series of cartographic models was developed to reflect the land-use
structure, the level of anthropogenic impact, and the integral ecological condition,
which allowed for identifying spatial patterns of territorial transformation. A land-
use optimization scenario is proposed, aimed at increasing the area of natural land,
reducing plowing intensity, and forming an ecological framework. The obtained
results can be used to support decision-making in the field of rational land use and to
ensure the sustainable development of territorial communities.

Keywords: land use; territorial community; ecological stability; anthropogenic
load; cartographic modeling; GIS; integrated indicator; land use optimization;

sustainable development

Relevance. Rational use of land resources is one of the key conditions for
ensuring the sustainable development of territorial communities. In the context of
decentralization and the transformation of territorial governance systems, the issue of
effective land-use planning, taking into account environmental constraints and
economic needs, is becoming particularly important.

The current land-use structure of many territorial communities in Ukraine is
characterized by a high level of plowing, fragmentation of natural ecosystems, and a
decline in their ecological stability. This leads to land degradation, loss of
biodiversity, and increased environmental risks. As shown in the study, the
Zhydachiv territorial community is characterized by the dominance of agricultural
land use, with a high degree of plowing and a significant level of anthropogenic
pressure. At the same time, there is a need to implement tools that allow for a
comprehensive assessment of the territorial condition and provide a basis for

substantiating directions for its optimization.



Thus, the development of methodological approaches to the assessment and
optimization of land use based on the integration of geoinformation technologies,
environmental indicators, and spatial analysis is highly relevant.

Analysis of recent publications. The issue of assessing the ecological
condition of territories and optimizing land use is widely covered in the works of
domestic and foreign scholars. A significant contribution to the development of
theoretical foundations of rational land use has been made by S.I. Dorohuntsov, A.M.
Tretiak, and O.l. Drebot, who examined issues of environmentally balanced land use
and the formation of sustainable land management models [1-3].

Methodological approaches to assessing the ecological stability of territories
have been developed in the works of O.V. Kucher and P.H. Shyshchenko, where the
use of a system of coefficients to characterize landscape conditions and determine the
level of their ecological stability is substantiated [4, 5].

Modern studies actively use geographic information systems and remote
sensing data for land-use analysis and environmental monitoring. In particular, the
works of J. Malczewski consider the application of multi-criteria decision analysis
(MCDA) in spatial planning, which allows the integration of heterogeneous factors in
decision-making processes [6, 7]. Issues of cartographic modeling of environmental
conditions and assessment of anthropogenic pressure are addressed in the works of P.
Burrough and M. Goodchild, who substantiated the role of GIS in spatial analysis [8,
9.

Recent studies (2020-2024), indexed in Scopus, indicate the active
development of integrated approaches to land-use assessment using GIS, remote
sensing, and machine learning methods. In particular, the works of Liu et al. [10] and
Zhang et al. [11] examine the use of satellite data to assess land-use changes and
environmental risks. Studies by Rahman et al. [12] and Wang et al. [13] focus on the
application of multi-criteria analysis and geospatial modeling for optimizing spatial
planning. The works of Chen et al. [14] and Liu et al. [15] substantiate the use of
integral indicators for assessing environmental conditions and supporting decision-

making. Liu et al. [16] emphasize that effective land-use planning requires the



integration of human activity models and ecological system responses, thereby
substantiating the need for an integrated socio-ecological analysis to ensure
sustainable territorial development.

At the same time, despite the considerable number of studies, the issues of
integrated land-use assessment at the level of territorial communities-taking into
account the spatial differentiation of ecological stability indicators and anthropogenic
pressure-remain insufficiently developed, which necessitates further research in this
area.

Materials and Methods. The study utilized data from the State Land Cadastre,
remote sensing data, topographic and thematic maps, as well as open geospatial
databases. The methodological framework is based on the application of
geoinformation analysis and cartographic modeling.

To assess the ecological condition of the territory, coefficients of ecological
stability and anthropogenic pressure were calculated, followed by the determination
of an integral indicator. Spatial analysis was carried out using GIS technologies,
which made it possible to perform territorial zoning and identify patterns of
transformation.

Results and Discussion. The developed cartographic models of land-use
structure, ecological stability, and anthropogenic pressure made it possible to carry
out a comprehensive assessment of the current state of the territory of the Zhydachiv

urban territorial community.
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Fig. 1. Cartographic model of the structure of the Zhydachiv territorial
community

The analysis of the land-use structure map indicates a clearly expressed
agricultural orientation of the territory, as arable land is the dominant type of land
use, accounting for about 45%. Spatially, arable lands are mainly concentrated in the
central and eastern parts of the community, particularly within the Vilkhovets and
Zarichne starosta districts, forming zones of increased anthropogenic pressure (Fig.
1). Table 1 summarizes the quantitative characteristics of land use.

Forest lands, which perform a key stabilizing function, occupy about 12% of
the territory and are unevenly distributed. Their main areas are concentrated in the
Berezhnytsia and Mlynyshche starosta districts, where they form a kind of ecological
framework of the territory and ensure the maintenance of natural balance.

Meadow lands, represented by hayfields and pastures, occupy about 28% of the
area (Fig. 2).

The ecological stability coefficient is calculated using the following formula
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where S; - area of a specific land-use type, k; - ecological significance coefficient of

the land-use type, Stot- total area of the territory.

1. Quantitative indicators of land-use structure (Zhydachiv Territorial

Community)
Land-use type Area, ha
Built-up area 1030.22
Arable land 7552.06
Perennial plantations 143.32
Hayfields 2524.27
Pastures 2204.20
Non-agricultural land 648.16
Water bodies 686.73
Forests 2017.03
Total 16805.99
= 200t 2wost -_—
i A .
5 Jroedil
Ecctogica Sty by Owrcs
[
q CRTERIER >

24°00°€ 24°05'E 28M0'E 24"15°F




Fig. 2. Cartographic model of ecological stability of land use in the
Zhydachiv territorial community

They play an important buffering role by separating intensively developed
areas from natural ecosystems. However, their spatial distribution is fragmented,
which reduces the overall effectiveness of ecological stabilization.

The spatial analysis of the ecological stability coefficient (Kes) showed that its
values range from 0.30 to 0.53, corresponding to a low to moderate level of
ecological stability. The most unfavorable conditions are observed in the city of
Zhydachiv, where the indicator is approximately 0.30, due to the high share of built-
up areas and significant anthropogenic transformation of landscapes. A similar
situation is observed in the Zarichne starosta district (Kes ~ 0.35), where intensive
agricultural land use predominates.

The highest values of the ecological stability coefficient were recorded in the
Berezhnytsia (Kes ~ 0.53) and Mlynyshche (Kes ~ 0.49-0.52) starosta districts. This
is explained by a significant share of forest lands and natural forage areas, which
perform the function of stabilizing the ecological condition of the territory. The
Vilkhovets district is characterized by a moderate level of stability (Kes = 0.41) and
combines both stabilizing and destabilizing land-use elements.

The overall value of the ecological stability coefficient for the entire
community is about 0.40, indicating a low level of ecological balance of the territory.

A cartographic model of anthropogenic pressure was developed (Fig. 3).
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Fig. 3. Cartographic model of anthropogenic pressure in the Zhydachiv
territorial community

This model reflects the spatial differentiation of the level of territorial
transformation within the Zhydachiv urban territorial community and enables
visualization of the intensity of economic impact within the starosta districts. Unlike
tabular calculations, the map provides a holistic representation of the territorial
structure of pressure and reveals spatial patterns of its formation.

The analysis of the cartographic representation indicates a clearly expressed
center—periphery gradient of anthropogenic pressure. The maximum values of the
indicator are associated with the central part of the community—the city of
Zhydachiv, which serves as the core of economic activity. Here, a zone of very high
anthropogenic pressure has formed, associated with the concentration of built-up
areas, transport infrastructure, and industrial facilities. Spatially, this zone is compact
and clearly separated from the surrounding territories.

Around the central part, a belt of increased pressure is formed, covering mainly
the Vilkhovets and partially the Mlynyshche starosta districts. These areas are
characterized by a combination of intensive agricultural land use and a developed

settlement network, which leads to the formation of zones with moderately high



anthropogenic impact. Spatially, these territories act as a transition zone between the
urbanized core and more natural peripheral areas.

The peripheral parts of the community are characterized by lower levels of
anthropogenic pressure. In particular, the Berezhnytsia starosta district shows a
relatively lower level of pressure, which is associated with a higher share of forest
and natural lands. A similar tendency is observed in the Zarichne district, where,
despite a significant share of arable land, the overall level of pressure is moderate due
to lower concentrations of built-up areas and infrastructure.

An important feature of the cartographic model is that it allows not only the
identification of general pressure levels but also the morphology of its spatial
distribution. In particular, anthropogenic impact spreads along transport corridors and
zones of economic activity, forming linear structures. At the same time, natural
landscape elements such as forests and water bodies act as local areas of reduced
anthropogenic pressure.

The resulting cartographic model also demonstrates the fragmentation of the
territory by levels of anthropogenic impact, which is a characteristic feature of
intensively used agricultural landscapes. The absence of large continuous natural
areas results in low-pressure zones being local in nature and not forming an
integrated ecological network.

Thus, the cartographic interpretation of anthropogenic pressure makes it
possible to identify spatial patterns of territorial transformation in the Zhydachiv
territorial community, distinguish cores of maximum impact and peripheral
stabilizing zones, and justify the need for a balanced spatial land-use structure.
Unlike numerical assessments, the map provides an integrated analytical perspective,
which is essential for decision-making in spatial planning and environmental safety.

The constructed cartographic model of the integral ecological condition (Fig.
3), based on the relationship between ecological stability coefficients and
anthropogenic pressure, reveals the spatial structure of ecological quality within the
Zhydachiv urban territorial community. Unlike numerical assessments, the presented

model reflects not only the level of indicators but also the nature of their spatial



combination, allowing the ecological condition to be interpreted as a result of
interactions between natural and anthropogenic factors.

The cartographic representation demonstrates the formation of a concentric-
gradient structure of the integral ecological condition, in which the central part of the
community represents the zone of the highest ecological tension. The city of
Zhydachiv clearly stands out as an area of critical condition, due to the high intensity
of anthropogenic impact and insufficient share of natural stabilizing elements.
Spatially, this zone is compact and acts as a core of negative influence, from which
ecological pressure gradually decreases toward the periphery.

Around the central part, a belt of territories with a medium level of ecological
condition is formed, covering the Vilkhovets and Zarichne starosta districts. These
areas are characterized by a combination of significant anthropogenic pressure and
the presence of individual stabilizing elements, which prevents the formation of a
high level of ecological quality (Fig. 4). Spatially, these territories serve as a buffer

zone between the critical core and the more stable peripheral areas.
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ABOUT THE INTEGRAL COEFFICIENT (K;,¢)

The integral coefficient reflects the ratio between the ecological stability (K..)
and the anthropogenic load (K,,). The higher the value of K, the more
ecologically stable and balanced the territory.

Formula:

K, - ecological stability coefficient

Kec
Kine = K_:n

Kan - anthropogenic load coefficient

DATA SOURCES

 State Land Cadastre of Ukraine (2016)
« OpenStreetMap (2016)

+ Remote Sensing Data (Sentinel-2, 2024)
* Author's calculations

Coordinate system: UTM Zone 35N (WGS 84)
Scale: 1:120,000
Date: June 2024

Zhydachiv Territorial Community | 18,338 0.65  0.98 | 0.66 = Moderate

INTERPRETATION

@ < 0.30 - Critical state. High anthropogenic pressure and very low ecological stability.
@ 0.30 - 0.45 - Unfavorable state. Low balance between development and nature.
© 0.45 - 0.60 - Satisfactory state. Moderate balance of natural and anthropogenic factors.

© 0.60 - 0.75 - Good state. Stable ec: |

@ >0.75 - Very good state. Optimal ecological balance.




Fig. 4. Cartographic model of the integral ecological condition of the territory of

the Zhydachiv urban territorial community (based on the integral coefficient)

The peripheral areas of the community are characterized by a more favorable
ecological condition. In particular, the Berezhnytsia starosta district forms a zone of
relatively high ecological quality, due to a significant share of forest lands and lower
intensity of economic development. The MIynyshche district occupies an
intermediate position, showing an improved ecological condition compared to the
central part, but still maintaining a certain level of anthropogenic impact.

A specific feature of the cartographic model is the representation of the spatial
interaction between processes of landscape stabilization and destabilization. Natural
areas form local centers of increased ecological quality, while urbanized and
intensively used areas create zones of its decline. Such a mosaic structure indicates an
insufficiently developed coherent ecological framework of the territory.

An important result is the finding that the integral ecological condition of the
territory is determined not only by the share of individual land-use types but also by
their spatial combination and configuration. This explains differences in
environmental quality even under similar values of individual indicators.

Thus, the cartographic model of the integral coefficient allows the territory of
the Zhydachiv territorial community to be interpreted as a system of interconnected
zones with different ecological conditions, where central urban areas act as zones of
high ecological tension, and peripheral natural areas serve as zones of stabilization.
The obtained results can be used as a spatial-analytical basis for developing measures
to optimize land use and improve ecological stability of the territory.

The cartographic model of the integral coefficient demonstrates a clear spatial
differentiation of the ecological condition within the Zhydachiv territorial
community, with a zone of critical condition identified within the city of Zhydachiv
and relatively favorable conditions in the peripheral areas. It has been established that
the combination of high anthropogenic pressure and low ecological stability forms

centers of ecological tension, while natural territories perform a stabilizing function.



This confirms the need for a spatially differentiated approach to land-use
optimization (Fig. 5).

The analysis of the anthropogenic pressure map (Kan) confirms the existence
of an inverse relationship between the intensity of economic development and
ecological stability. The highest value of the indicator is characteristic of the city of
Zhydachiv (Kan = 1.54), which is due to a high level of urbanization, infrastructure
concentration, and intensive land use. Elevated levels of anthropogenic pressure are
also observed in the Vilkhovets (=1.25) and Mlynyshche (=1.21) districts, where
agricultural land use dominates. In the Zarichne district, the indicator is about 1.09,
corresponding to a medium level of pressure. The lowest anthropogenic pressure is
characteristic of the Berezhnytsia district (=1.03), which is explained by a higher

share of natural ecosystems.
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Fig. 5. Land-use optimization scenario
The average value of the anthropogenic pressure coefficient for the community

territory is about 1.19, which corresponds to a moderately high level of landscape



transformation. The combination of ecological stability and anthropogenic pressure
indicators made it possible to perform an integral assessment of the ecological
condition of the territory and identify functional zones.

Relatively optimal areas include the Berezhnytsia district and partly the
MIynyshche district, where higher values of the ecological stability coefficient (Kes)
and lower values of the anthropogenic pressure coefficient (Kan) are combined.
Transitional zones are represented by the Vilkhovets and Zarichne districts, which
require optimization of land-use structure. The most critical area is the city of
Zhydachiv, where low ecological stability is combined with high anthropogenic
pressure.

In order to improve the ecological condition of the territory, a land-use
optimization scenario was developed, which provides for an increase in forest areas
by 1,200 ha, an expansion of hayfields and pastures by 1,000 ha, a reduction of arable
land by 1,800 ha, and the reclamation of disturbed lands. The implementation of
these measures ensures an increase in the ecological stability coefficient from 0.40 to
0.55, corresponding to a 37.5% improvement, and a reduction in anthropogenic
pressure from 1.19 to 1.02 (by 14.3%).

Spatial analysis of the projected state of the territory indicates a significant
improvement in its ecological structure. After optimization, all starosta districts
transition to the category of medium and high ecological stability, a coherent
ecological framework is formed, fragmentation of natural landscapes is reduced, and
ecological connectivity of the territory is improved. This creates prerequisites for
increasing biodiversity and enhancing the resilience of the territory to anthropogenic
and natural impacts.

Conclusions and prospects for further research. The conducted cartographic
analysis confirms that the current land-use structure of the Zhydachiv territorial
community is ecologically unbalanced. At the same time, the results of scenario
modeling demonstrate the possibility of transitioning the territory toward a
sustainable development model, provided that scientifically grounded land-use

optimization measures are implemented.



Further research should focus on improving methods of integrated land-use
assessment using high-resolution remote sensing data and UAV (drone) imagery,
expanding the system of environmental indicators, and incorporating climatic factors.
The application of multi-criteria analysis and machine learning methods is a
promising direction for improving the accuracy of spatial modeling and forecasting
changes in environmental conditions.

An important area of research is the development of land-use optimization
scenarios that take into account land degradation risks, urbanization pressure, and
spatial planning needs, as well as the implementation of research results into

decision-support systems at the level of territorial communities.
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A.B. ITupir

AHAJII3 KAPTOI'PA®IYHUX MOJIEJIEA EKOJIOT'TYHOI
CTABIJIBHOCTI TA AHTPOIIOTI'EHHOI'O HABAHTAKEHHSA
KUJAYIBCBKOI MTI

YV cmammi obrpynmogano memoouuHuil nioxio 00 OYiHKU ma ONMuMizayii
3eMAEKOPUCMYBAHHA — MEPUMOPIaNbHUX ~ 2pomad  HA  OCHO8I  inmezpayii
2e0iHopMayitinoc0 aHaNi3y, eKONO2IYHUX [HOUKAmopie ma Kapmozpapiuno2o
Mooentosanus. Jlocniodxcenuss BUKOHAHO HA Npukiadi Xuodauiecbkoi Micbkoi
mepumopianbHoi  2pomaou, O AKOI  NPOAHANI308AHO  CYHYACHY  CHPYKMYDY
3eMAEKOPUCMYBAHHS A 6CMAHOBIEHO O00MiHysanHs pinni (oauzvko 45 %), wo
3YMOBNIOE  NIOBUWEHUU PIBEHb AHMPONO2EHHO20 HABAHMANCEHHS MA 3HUICEHHS]
eKon02iyHoi cmitikocmi mepumopii. Ilposedeno KOMNIEKCHY OYIHKY eKON02IYHO2O0

cmany i3 3ACMOCY8AHHAM — Koeqhiyiewmie  eKoJo2iuHoi  cmabilbHOCHI,



AHMPONO2EHHO20 HABAHMANCEHHA MA [HMEe2PAIbHO20 NOKA3HUKA, WO 00360JIUN0
KIIbKICHO ~ ma  Npocmoposo  oxapakmepuszyeamu  pigeHb — mpauchopmayii
aanowagmis. Buseneno npocmoposy Ougepenyiayito  eKoN02IUHOZO  CMAHY
mepumopii ma GUOiLNeHO 30HU PI3H020 PIBHS eKOJIO2IYHOI HANPYIHCEeHOCMI, 30Kpemda
YeHmpanvHi YypOariz068aHi mepumopii sk ocepeoxu ni08UWEHO20 HABAHMANCEHHS Ma
nepughepivini  OiAHKU AK 30HU BIOHOCHOI cmabinizayii. Ilobydosano cepiio
Kapmoepagiunux mooeneu, AKi 8i000paxcaioms CmMpYKmypy 3eMIAeKOPUC)8aHHs,
pi6eHb aHMPONO2EHHO20 6NIUBY MA [HMESPATbHULU EeKOJNO2IYHUL CMaH, wo 0dalo
3M02y 6CMAHOBUMU NPOCMOPOGI 3AKOHOMIPHOCMI mpancgopmayii  mepumopii.
3anpononosano cyeumapiu onmumizayii 3eMAEKOPUCMYBAHHS, CHPAMOBAHUU HA
30inbUIeHHsT NI0W, NPUPOOHUX Y2i0b, 3MEHUIEHH PO30PAHOCMI ma QOpMySaHHs
ekosociuHo2o Kapkacy. Ompumani pe3yibmamu Mo*Cyms OVmMu GUKOPUCMAHI O/
NIOMPUMKYU —~ NPUUHAMMS  YAPAGIIHCbKUX — piuleHb V  cghepl  payioHalbHO2O0
BUKOPUCMAHHA  3eMENbHUX pecypcie ma 3abe3nedeHHsi CMmanoco  pO3GUMKY
mepumopiaibHux 2pomao.

Kniouosi cnoea: 3emnexopucmyeanHs, mepumopianbHa cpomaod; eKoI02IuHa
cmaobinbHicmb, AHMPONO2EHHE HABAHMACEHHA, Kapmocpagiune MOOeN08aHHsL,

I'IC; inmezpanvhuil NOKA3HUK, ONMUMI3AYIS Mepumopii; cmaiuti po3eumox.



