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Abstract. The theoretical aspects and practical approaches to the creation of a soil
information system on the example of the Ukrainian Carpathians, which is based on the use of
vectorised large-scale soil mapping materials and GIS tools, are considered. The study is
devoted to the development of a soil information system for the Ukrainian Carpathians, which
integrates vectorised large-scale soil maps and GIS technologies to ensure efficient collection,
storage and monitoring of soil data. The scientific novelty of the work is the creation of a multi-
level information platform that combines data of different granularity and allows monitoring of
soil transects, profiles, and genetic horizons, as well as determining spatial relationships
between point and polygonal objects. Particular attention was paid to collecting cartographic
materials reflecting the soil cover of the Ukrainian Carpathians and formalising the data for
further integration into the soil information system. The system supports analytical tools that
allow calculating various geometric, physical and chemical parameters of soil objects. The use
of modern GIS tools enables accurate monitoring and forecasting of changes in soil cover under
the influence of natural and anthropogenic factors, making it an important tool for the rational
management of soil resources in the Carpathians. The developed system allows storing and
updating information, which ensures its adaptability to changes in data analysis and processing
methods. This not only increases the efficiency of monitoring, but also ensures the flexibility of
the system for the specific needs of users. The practical significance lies in the possibility of
using this system for soil protection, sustainable land management, and environmental safety.
Expansion of this system to the entire territory of Ukraine will provide additional opportunities
for effective monitoring and forecasting of changes in soil cover on a national scale,
contributing to sustainable development and environmental protection.
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Anomauyia. Po3riisiHyTO TEOPETUYHI acIEeKTH Ta MPAKTUYHI IMiIXOAW CTBOPEHHS I'PYHTOBOI
iHpopManiiHOi cucTeMH Ha HpuKiIani YKpaincekux Kapmar, sika 6a3yeThcst Ha BUKOPUCTaHHI
BEKTOPM30BAaHUX BEIMKOMACIITA0OHHX IpPyHTOBO-Kaprorpadiuamx wmarepiamie Ta [IC-
iHCTpyMeHTIB. Jlocmi/pKeHHsT TpUCBsiueHe po3poOIi IPYHTOBOI iH(pOpMAaIiifHOT cucTeMu s
VYkpaincekux Kapnar, sika iHTerpye BeKTOpU30BaHi BellMKoMaclITadHi rpyHToBi kaptu Ta ['IC-
TEXHOJIOTii Ans 3a0be3nedyeHHs eeKkTHBHOro 300py, 30epiraHHs i MOHITOPUHTY IPYHTOBHX
nannx. HaykoBa HOBHM3Ha po0OOTHM moiArae y CTBOPEHHI OararopiBHeBOi iH(popmariitHol
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wiaTgopmu, sika 00’€IHye AaHl pi3HOI AeTaiizaumii, Ta Ja€ 3MOTYy KOHTPOJIIOBATH IPYHTOBI
po3pizu, mpodimi W TEHETHYHI TOPH30HTH, a TAKOXX BH3HAYATH IIPOCTOPOBI 3B’S3KH MiXK
TOYKOBUMH T4 IOJNIFOHATGHUMH  00'ektramMu. OcoOMuBY yBary mpuIiiecHO 300py
KapTorpagiuHuX MaTepiajiB, II0 BiZoOpakalOTh I'PYHTOBHH MOKpUB YKpaincekux Kapmar, Ta
(dopmarmizalii JTaHUX A7 MONANBIIOI iHTETpalil y IpyHTOBY iH(popMarlliitHy cuctemy. Crucrema
MATPUMYE AaHANITHYHI IHCTPYMEHTH, SKi Jaf0Thb 3MOTy OOYHCIIOBATH pPi3HOMaHITHI
TCOMETPUYHI Ta (PI3UKO-XiMIYHI TMOKA3HUKH IPYHTOBHX OO0 €KTiB. BHKOpHCTaHHS Cy4acHUX
I'C-iHCTpyMeHTIB CHpHUsi€ TOYHOMY MOHITOPHHTY Ta IIPOTHO3YBAHHIO 3MiH TPYHTOBOTO
MMOKPYBY TiJI BIUIMBOM MPHUPOIHHUX 1 AHTPOIOTEHHHWX (HaKTOPiB, IO POOUTH I BaKIMBHM
IHCTPYMEHTOM ISl PamioHaTbHOTO YIPaBIiHHS IpyHTOBUME pecypcamu Kapmar. Po3pobnena
cucTeMa Jlae 3MOry 30epiratu i OHOBIIOBAaTH iH(pOpMaIlio, o 3abe3neuye ii aJanTUBHICTH 10
3MIH Yy MeETOJaX aHamizy Ta o00poOku mganux. lle He mumie migBuilye e(QeKTUBHICTH
MOHITOPUHTY, ajie i 3a0e3neuye rHyYKiCTh CUCTEMH JJIsl CHenu(iuHUX MOoTped KOpUCTYBadviB.
[TpakTHyHa 3HAYYILICTP MOJISITAE Y MOKIJIMBOCTI BUKOPUCTAHHSI 3a3HAYCHOT CHCTEMH ISl IIiIeH
OXOPOHHM TPYHTIB, CTAJIOTO YIPaBIiHHS 3€MEIbHIUMHU pECypcaMu Ta 3a0e3NedeHHs] eKOJIOTi9HOT
Oesriekn. Po3mmpenHHs miel cucteMH Ha TepuTOpilo Beiel YKpaiHM BIAKpHE I0OAATKOBI
MOXIJIUBOCTI JUIsl €()eKTHBHOTO MOHITOPHHTY Ta IPOTHO3YBaHHS 3MiH I'PYHTOBOTO IIOKPUBY B
MacmTabax JAeps>kaBH, CIIPUAIOUN CTAIOMY PO3BUTKY Ta €KOJIOTIYHOMY 3aXHUCTY.

Knrouosi cnoea: tpyHToBi iHpOpMmaniiiHi cuctemm; Ykpainceki Kapmatu; mucranrmiiiae
30HAYBaHHA 3eMJIi; IpyHTOBa 0a3a JaHUX.

Introduction. The development of soil information systems is becoming
increasingly important due to the need for effective land management, especially in
environmentally sensitive and strategically important regions such as the Carpathians.
The soil cover of the Ukrainian Carpathians is highly diverse, due to the complex
topography, climatic conditions and anthropogenic impact. This makes the Carpathians
particularly susceptible to degradation processes, including erosion, loss of fertility and
pollution. At the same time, the availability of up-to-date and detailed information on
soil conditions in this region is critical to ensuring their sustainable use.

The relevance of this work is due to the urgent need to create a systematic soil
information system of the Ukrainian Carpathians that would combine geospatial,
agrochemical and environmental data for further monitoring and management of land
resources. The novelty of the study lies in the integration of multi-level information on
soil resources of the Ukrainian Carpathians using modern GIS technologies and the
creation of a platform that will be useful for scientists, managers and land users alike.

The purpose of the study is to develop a soil information system for the Ukrainian
Carpathians that will allow analysing and monitoring soil dynamics and promote
sustainable land management.

The object of the study is the soil cover of the Ukrainian Carpathians, and the
subject is information technologies, methods and data used for modelling and
monitoring of soil cover in the Carpathian region.

The theoretical basis of the research is the work of domestic and foreign soil
scientists in the field of accumulation and formalisation of regional soil data:
V. G. Gaskevych, I. M. Gogolev, G. V. Dobrovolsky, G. S. Ivaniuk, O. P. Kanash,
M. G. Keith, A. A. Kirilchuk, I. A. Krupenikov, V. V. Medvedev, Z. P. Pankiv,
L. Y. Papish, S. P. Pozniak, O. G. Telehuz and others, as well as in the development
and functioning of information systems, including soil systems: K. D. Glinka,
R. Dudal, V. A. Kovda, K. Omuto, D. Papadakis, I. V. Plisko, T. N. Laktionova,
S. A. Balyuk, M. M. Miroshnychenko, P. Sanchez, V. F. Sytnyk, P. Tempel and others.
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Research methodology. The study used comprehensive methods of collecting,
processing and analysing soil data from the Ukrainian Carpathians. The basis for the
creation of the soil information system was the integration of field research data,
geoinformation technologies and modern mapping methods.

The first stage of the study was the collection and systematisation of primary data,
which included information on soil cover, agrochemical characteristics, geological
features and the ecological state of the territory. At the next stage, GIS technologies
(ArcGIS, QGIS) were used to create digital mapping models for individual research
areas, which allowed us to visualise and spatially analyse the collected data within
certain key areas. To analyse the dynamics of land cover changes, remote sensing
methods were used, including satellite imagery and aerial photography (Batjes, et al.,
2007). This made it possible to identify and map degradation processes such as
erosion, podzolisation and soil pollution.

The results were integrated into a soil information system that will allow for spatial
analysis and monitoring of soil conditions (Hrytsunov, 2010). This approach provides a
multi-level analysis of the state of soil resources, which is the basis for making
effective decisions on the sustainable use of land in the Carpathian region.

Results. The empirical basis of the study is based on the results obtained over the
past 20 years at the Department of Soil Science and Soil Geography of the Ivan Franko
National University of Lviv, as well as experimental data collected as part of research
projects implemented in the region. Particular attention was paid to the collection of
cartographic materials reflecting the soil resources of the Ukrainian Carpathians, as
well as the integration of data from the State Land Cadastre of Ukraine.

The creation of a soil information system for the Ukrainian Carpathians involves
the use of modern information technologies to organise and analyse data on soils and
land cover. The main stages of the work included formalisation of data, which enables
them to be processed using geographic information systems (GIS). The process of
formalisation involves the transformation of metric and substantive properties of soil
objects into a digital form that allows data to be stored and analysed interactively
(Jones, 2014).

An analysis of modern soil information systems such as SOTER and CanSIS
allowed to identify best practices for the development of a soil information system for
the Carpathian region (Tempel, 2002). The use of technologies that integrate spatial
and attribute data has created a platform for predicting land cover changes, monitoring
degradation processes and assessing the region's resources (Sytnyk, et al., 2001). The
results demonstrate the system's potential to support sustainable land development and
rational land use.

The methodology for creating a soil information system for the Ukrainian
Carpathians is based on the leading approaches of modern reference soil systems. The
first stage includes information and cartographic processing of spatial data using GIS
methods, which allows formalising the data obtained for further analysis and storage.

At the initial stage, spatial and substantive geodata are used to localise objects,
determine their geographical coordinates and convert them into digital form. This
process includes data vectorisation and creation of topological models of spatial
objects. In the field, data collection is supported by GPS technologies, laser scanning
and aerial photography using drones (Zhu, et al., 2001).
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The second stage focuses on cartographic coding, a process that reflects the
geographical characteristics of objects through a system of symbols. The final stage
involves analytical manipulation of GIS layers to obtain new spatial and temporal
information, which allows to preserve data integrity when creating derived map layers
with different spatial criteria (Omuto, et al., 2013).

Within this system, soil and other thematic data are organised into a database based
on a DBMS, which ensures their creation, maintenance and modification to solve a
range of soil science tasks (Fig. 1).
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Fig. 1. Multi-level structure of the database (Omuto, 2013)

The internal level of a soil database is closely related to the physical representation
of data in computer memory and determines the structure of files in which data is
stored. The need to display the spatial properties of soil objects represented graphically
in the GIS environment, as well as the use of soil mapping and other thematic materials
as primary sources of information, determine the choice of the vector model of data
representation as the main one for the development of soil databases in GIS (Arctur, et
al., 2004; Frank, 1988).

The vector model proves to be effective both at the stages of data collection and
storage, and in performing various spatial analytical tasks in GIS. In addition, the use
of remote sensing data often requires the use of raster models, which, when combined
with vector data, form a vector-raster representation (Boone, et al., 2008). This allows
for the joint use of vector layers and raster data, which is particularly useful for
automated creation and updating of soil maps and the creation of derived thematic
maps, such as erosion maps (Kurilov, et al., 2014).

Practice shows that in soil information systems, the most commonly used
approaches to organising geospatial data are layer-based and object-mapping. The
layer-based principle allows to efficiently operate with groups of objects grouped in
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one layer by common features (object semantics, attributes, quantitative and qualitative
characteristics) (McBratney, et al., 2003). This approach combines semantically
heterogeneous data available in thematic mapping sources into a single GIS model.

The object-mapping approach ensures the organisation of positional data by
grouping them in different thematic layers, while the semantic and attribute
characteristics of objects are stored separately in the attribute database, which serves as
the attribute component of the system. The unification of conceptual representations of
semantically heterogeneous data in the database structure is based on the content of
maps and their legends, which provides a comprehensive display of the hierarchy and
diversity of objects (Sester, et al., 2003).

The layered nature of the object-mapping model gives the database structure
flexibility, allowing you to add new map layers and establish relationships between
objects in attribute tables. It also allows you to change the classification of objects by
making adjustments only to the relationships in the attribute tables, without changing
the basic structure of the classifier.

To ensure efficient storage and processing of information, soil data in the
information system is organised according to the hierarchy principle, where each level
of the model performs a specific function in reflecting real geographical and soil
processes. In particular, the data structure provides for the possibility of integrating
different types of information: spatial, attribute, semantic, which together allows for
more accurate forecasts and analyses.

In addition, at each level of the model, an important aspect is the ability to interact
with other information systems or agronomic or environmental databases, which
allows for the combination of different data sources for a comprehensive analysis of
the state of the soil cover. For example, analysing changes in soil properties over time
can be important for determining the effectiveness of agricultural practices or for
monitoring environmental changes.

In addition, the logical model of the soil information system allows for easy
integration with other types of spatial data, such as climate data, which can be useful
for studying the impact of climate change on soil characteristics. With the help of such
integration approaches, it is possible to predict changes in soil structure, identify risks
of erosion or pollution, and take the necessary measures in a timely manner.

The layers on which the system is built also allow for effective data management at
various stages of its use - from collection and analysis to storage and archiving. The
database interface supports the necessary functions for displaying various options and
scenarios, which allows working with large amounts of data while maintaining ease of
access and processing (Van Engelen, et al., 2005).

In general, the principles of soil information systems facilitate the creation of high-
precision models for research and monitoring of the soil cover, as well as the efficient
use of data in agronomy, ecology, agriculture and other industries that depend on the
condition of soils and soil cover.

According to this conceptual scheme, the highest hierarchical level of the soil
information system is a separate soil unit, the definition of which depends on the scale
of the survey and the detail of soil research. This can be an elementary soil area, but
there can also be separate taxonomic units of a higher rank, which depends on the scale
of soil mapping. In our case, as the base layer of the soil information system, we used a
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1:200,000-scale vector soil map digitised from large-scale soil surveys conducted by
the Ukrzemproekt Institute in 1966-1967 (Fig. 2).
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Soil Legend (WRB)
1 Albic Arenosols (Ochric) Gleyic Chernozems (Pachic) 20 Fluvic Gleyic Phacozems Albic
s 5 2 Gleyic Chernic Phaeozems (Pachic). 5 : 3
5 ; .
2 Albic Retisols (Arenic) Gleyic Fluvisols (Humic) 30 Dystric Gleyic Fluvisols
. . . . Mollic Gleysols (Humic). & . . .
3 Albic Gleyic Retisols (Arenic) Gleyic Fluvisols (Humic) i Neocambic Gleyic Retisols
. i Histic Gleysols. : 3
4 Stagnic Retisols 14 Gleyic Histic Fluvisols 25 Dystric Cambisols
5 Plaggic Retisols (Arenic) 15 Gleysols 20 Dystric Cambisols
7 Haplic Luvisols 16 Histic Gleysols 27 Cambic Umbrisols
Luvic Greyzemic Phacozems 17 Histosols 28 Cambic Umbrisols Albic
Greyzemic Phacozems 18 Arenosols (Ochric) 29 Cambic Gleyic Umbrisols
10 Haplic Chernozems 19 Fluvisols 30 Dystric Gleyic Fluvisols

Fig. 2. Soil map of the Ukrainian Carpathians at a scale of 1:200,000 (based on
large-scale soil surveys conducted by the Ukrzemproekt Institute in 1966-1967)

The number of vectorised soil contours is 776, and according to the map legend, 37
soil classification units are distinguished. In addition, an attribute database was created
that contains the name of the soil according to the Ukrainian classification, the name of
the soil according to the WRB 2014 classification (WRB, 2014), the area of the soil
contour (in hectares), selected soil characteristics of the upper soil horizon, in
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particular: the upper horizon index, two indicators of physical and chemical properties
(Fig. 3).
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Fig. 3. Fragment of attribute data of soil contours of the map with a scale accuracy
of 1:200,000

The limited number of specified soil properties for soil contours vectorised at a
scale accuracy of 1:200,000 is due to the fact that the developed information system
provides a detailed description of all soil properties at lower hierarchical levels, and
therefore it is possible to extrapolate additional data to a higher hierarchical level.

At the highest level of the developed regional information system, a set of thematic
vector and raster data has also been created, which is used for various applied tasks,
namely: vector layers of natural and agricultural zoning, soil and geographical zoning,
hydrological and transport network, and a raster layer of land cover. These thematic
layers are necessary for preliminary determination of the location of soil objects in the
geographical and thematic space.

The next level involves the use of large-scale soil mapping materials, which are
mostly stored on paper and require vectorisation with subsequent entry into the soil
information system.

The advantages of using vector soil mapping materials with a scale accuracy of
1:10,000 are as follows:

* the possibility of updating soil mapping materials, primarily by supplementing
them with new information (e.g., clarifying existing soil boundaries, soil
composition, etc.);

* the possibility of systematising information in the created soil information
system, namely, effective ordering and editing of quantitative and qualitative
information;
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» performing spatial data analysis using GIS tools, modelling, including the
creation of three-dimensional soil map models for a more visual perception of
information;

» the need to use existing soil maps to produce map versions of the soil cover as
a basic component for repeated soil mapping surveys;

 the ability to quickly display tabular information in graphical form (creation of
various thematic soil maps, graphs, etc.);

+ the possibility of a fairly simple process of transitioning the scaling of
electronic maps, which was a complex process with paper samples;

» the ability to change the mapping projections of the surface display depending
on the needs (for example, to create soil maps of different territories, countries,
etc.);

* wide access of users to the necessary information through computer network
sources.

A set of soil maps at a scale of 1:10,000 within the Ukrainian Carpathians, which
are available in the database of the information system, was vectorised. As input data,
we used cartographic materials from large-scale soil surveys conducted by the
Ukrzemproekt Institute, regional branches of the Land Management Institute, and
Research Laboratory No. 50 of the Ivan Franko National University of Lviv (Fig. 4).

In total, more than 11,000 soil contours were vectorised, covering all background
soils in the region, with a total area of vectorised soil data of almost 44,000 hectares. In
addition, an attribute database was created that contains the name of the soil according
to the Ukrainian classification, the name of the soil according to the WRB
classification (WRB, 2014), the area of the soil contour (in hectares), particle size
distribution, soil-forming and underlying rocks, the number of the agro group and the
bonus score.

The limited number of soil indicators for soil contours vectorised at a scale
accuracy of 1:10,000 is due to the fact that the developed information system provides
a detailed description of all soil properties at the profile level, and therefore it is
possible to extrapolate additional data to higher hierarchical levels (Pankiv, et al.,
2020).

The use of vectorised large-scale soil mapping materials is important for ensuring
control over the data entered at the next hierarchical level, in particular for describing
soil transects, soil profiles and soil genetic horizons. Thanks to the use of modern GIS
tools, it is possible not only to automate the extraction of semantic information from
available polygonal data, but also to calculate the relative spatial location of point (e.g.,
profiles) and polygonal objects (soil contours, natural zones, etc.), which allows, for
example, to perform parameter averaging within a geometric polygon (Schelling,
1975). This greatly improves the efficiency of soil characteristics analysis and allows
for more accurate forecasts.

At the next level of the developed information system — the level of soil transects —
a unified database of soil resources in the region is formed through the inventory and
formalisation of soil information with the selection of representative transects and
consideration of factors of soil cover differentiation. This stage is still under
development and requires further testing and filling with data to cover the entire
region. The developed system allows storing and processing a large amount of soil
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E Neof | The score | COrrection of the classification of
Soil ID | Area | The name of soil (Z?r::?s";zg:‘c The degree of erosion Soil creative rocks agro- | point of soils of Ukraine

group | bonity WRB FAO
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Figure 4. A fragment of a vectorised soil map with legend in scale accuracy of
1:10,000 within the Strilky territorial community (territory of Busovsko-Verkhniy
Luzhok-Strilky villages) in Lviv Oblast

The flexibility and openness of the developed soil information system of the
Ukrainian Carpathians allow for a full description of soil transects as they existed on
paper, while maintaining logical connections between soil indicators and objects. An
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important advantage is the openness of the software, the ability to personalise the
interface, save data processing algorithms and obtain new information in case of
changes in the set of indexed indicators. This makes it possible to solve the important
task of accounting for soil information and combining data on various topics, using
digital soil maps and materials from large-scale soil surveys of the region as a basis,
which significantly improves the quality of monitoring and management of soil
resources.

Conclusions. The development and implementation of a soil information system
for the Ukrainian Carpathians will allow for effective monitoring of soil conditions,
collection and processing of large volumes of soil data, integrating various types of
information — from cartographic materials to characteristics of soil profiles and
horizons. The use of vectorised large-scale soil mapping materials and GIS tools to
analyse spatial relationships between point and polygonal objects significantly
improves the accuracy and efficiency of soil cover monitoring. The system allows you
to store all semantic and logical relationships between soil indicators and objects in a
digital format, which guarantees the integrity and reliability of the data and provides
flexibility in adapting to changes. It is open and personalised, which allows it to be
adapted to the specific needs of users and ensures that information is constantly
updated and supplemented.

The scientific and practical significance of research in the field of soil information
systems lies in the creation of integrated models that allow storing, processing and
analysing various geospatial data related to soil properties, their changes and
interaction with other natural processes. These systems allow for the integration of
various types of data, including geometric, topological, semantic and attribute
characteristics of soil objects, which ensures accurate and efficient forecasting of
changes in the soil cover under the influence of both anthropogenic and natural factors.
From a practical point of view, such research is of great importance for optimising
agricultural technologies, managing land resources, monitoring soil conditions and
combating soil erosion, degradation and pollution, as well as developing effective
strategies for environmental protection and sustainable development. In addition, the
integration of soil data with other information systems, such as climate and
environmental databases, allows for a more detailed and scientifically based approach
to planning and monitoring changes in natural ecosystems, which is an important tool
for decision-making in the field of natural resources and environmental protection.

Prospects for further research include filling the database of the soil information
system with thematic multi-level and multi-scale data, in particular for the Ukrainian
Carpathians, as well as expanding this database to cover the entire territory of Ukraine.
This will allow for a more detailed and accurate analysis of soil resources at the
national level, taking into account regional peculiarities, and will help improve land
management, forecast changes in soil cover, and develop effective environmental
protection strategies throughout the country.
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