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Abstract. This article develops and tests a reproducible digital workflow for
conducting a land inventory of the nature reserve fund, using the example of a single
undeveloped state-owned land parcel within the Carpathian National Nature Park
(CNNP). The scientific challenge lies in reconciling diverse cadastral, legal,
cartographic, forest management, and geodetic sources, which differ in terms of
when they were created, their purpose, and their spatial basis. The proposed
approach involves classifying the sources and establishing their priority, spatial
comparison of cadastral and forest management materials, field GNSS-RTK
verification of key boundary points and regime-defining objects, verification of
topology, areas, land uses, restrictions, and adjacent properties, as well as the

creation of an electronic document and related techmnical documentation. The
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practical result was the formation of a land parcel with an area of 2035.1825
hectares, the preparation of technical documentation, and the entry of information
about it into the State Land Cadastre. For fieldwork, a GNSS-RTK South S-82T with
the System.NET network was used. At Digitals, XML files were generated, and a
significant portion of the resulting text and graphic materials was automated. The
scientific contribution lies in the methodology for multi-source reconciliation and
the data quality control system, rather than in the regulatory sequence of the
inventory itself or the standard functions of the software.

Keywords: land inventory, nature reserve fund, Carpathian National Nature
Park, land management, GNSS, Digitals, geoinformation technologies, XML file,

technical documentation.

Problem statement

Land inventory is a component of land management and one of the mechanisms
for updating information on the location, boundaries, area, legal status, and actual
condition of land. For areas within the nature reserve fund, its significance extends
beyond ordinary cadastral registration, as spatial planning must take into account
special protection regimes, functional zoning, land under permanent use, adjacent
land uses, water bodies, and other regime-defining features [1-4].

The Carpathian National Nature Park is a representative site for research on
digital inventory. According to the park’s official data, its total area is 50,495
hectares, including 38,322 hectares of forest land under permanent use and 12,173
hectares of land belonging to other land users. The territory is functionally zoned
into a nature reserve zone, a regulated recreation zone, a stationary recreation zone,
and an economic zone [10].

For large forest areas, it is insufficient to simply copy the boundary from one
source to another. The State Land Cadastre, title documents, forest management
maps, open geospatial data, and modern GNSS measurements may differ in date,

scale, purpose, and spatial accuracy. Therefore, a key scientific and applied task is



to develop a traceable digital workflow in which every spatial decision has a source,
a prioritization criterion, and a verification procedure.

The current Procedure for Conducting Land Inventories defines the scope of
inventory work, and the technical documentation is reviewed and approved in
accordance with the procedure set forth in Article 186 of the Land Code of Ukraine
[1]. Regulatory requirements form the necessary foundation of the procedure but do
not, in and of themselves, define the methodology for reconciling geospatial sources
from different time periods and of different types. This necessitates the improvement
of methodological approaches to conducting land inventories and the
implementation of digital technologies that ensure greater accuracy, efficiency, and
reliability of the results obtained.

Analysis of recent studies and publications

The 1ssue of land inventory and its role in the land resource management system
1s widely covered in the works of domestic and foreign scholars.

In their studies, E. Butenko, A. Danshova, I. Yurchenko, and M. Prykhodko
view land inventory as one of the key tools for creating a reliable information base
for effective land resource management, populating the State Land Cadastre, and
improving the land management system. The researchers pay particular attention to
identifying unaccounted-for land parcels, refining the boundaries of land-use
categories, increasing the efficiency of land use, and ensuring the accuracy of
cadastral data. In the current context of decentralization, scientific research focuses
on the specifics of conducting land inventories for territorial communities. In
particular, the need for a comprehensive approach is justified, one based on the
integration of cadastral data, geographic information systems, remote sensing data,
and the results of field surveys, which ensures the completeness and reliability of
information on the land resource potential of territorial communities [5, 6].

A separate area of contemporary scientific research is related to the digitization
of land management processes and the implementation of geoinformation
technologies. In his work, A. Koshel demonstrates that the use of GIS technologies,

remote sensing, satellite data, and digital platforms makes it possible to significantly



improve the efficiency and accuracy of land inventories, automate spatial data
processing, and ensure effective monitoring of changes in land use [7].

V.P. Stanislavsky examines the legal aspects of the State Land Cadastre’s
operations, emphasizing the need to align Ukrainian legislation with EU standards.
The author argues for the importance of automated geospatial data exchange and the
creation of a unified information space to guarantee land rights [8].

In his work, G.B. Nesterenko analyzes current trends in the inventory of
municipally owned land, proposing to modernize the process through the
implementation of GIS technologies, 3D cadastres, and the integration of
environmental monitoring [9].

In an international context, the Land Administration Domain Model (LADM)
standards are important, as they provide a conceptual representation of the
relationships between parties, rights, restrictions, and spatial units. Also relevant are
the INSPIRE Protected Sites standards, under which protected areas are treated as
distinct spatial objects linked to other thematic data. In this case, a land parcel and
the boundary of a protected area should not be automatically equated [15—17].

Despite a significant body of scientific literature, there remains a need for
further research aimed at improving land inventory methodologies and enhancing
the effective use of modern digital technologies in land management activities. This
paper addresses the issue of how to integrate heterogeneous sources and ensure the
consistency of their geometric and attribute data prior to cadastral registration.

The purpose of the study

The purpose of this study is to develop and test a reproducible digital workflow
for surveying a large forested area within the nature reserve fund, using the
Carpathian National Nature Park as a case study, which combines multi-source
spatial alignment, GNSS-RTK verification, and data quality control prior to the
creation of an electronic document.

The relevance of this study stems from the need to ensure effective
management of land resources within the nature reserve fund, improve cadastral

registration, and establish legally defined boundaries for nature conservation areas.



Conducting a land inventory helps obtain reliable information about the land’s legal
status, spatial characteristics, and actual use, which is a necessary prerequisite for
rational land use, the protection of natural complexes, and the prevention of land
disputes.

Materials and methods of the study

The empirical basis consists of technical land management documentation
regarding the inventory of state-owned lands within the nature reserve fund of the
KNPP. The work was carried out pursuant to Order No. 281 of the Ivano-Frankivsk
Regional Military Administration dated July 19, 2023; Order No. 2-1Z of the Main
Directorate of the State Geocadastre in Ivano-Frankivsk Region dated July 21, 2023;
the contract; and the technical specifications.

The legal basis was the state act granting the right of permanent use of land,
Series I-IF No. 002770, dated December 29, 2001, issued pursuant to the decision
of the Yaremcha City Council of People’s Deputies dated December 27, 2001, and
registered in the Register of State Acts under No. 000019. The total area specified
in the act was 4133.3200 hectares. Within block No. 6 of this act, a land parcel with
an area of 2035.1825 hectares was formed; the remaining area of 2098.1375
hectares, based on the source materials, is defined by other technical documentation.

Data from the State Land Cadastre, title documents, and information from the
State Register of Real Rights were utilized, along with the client’s graphic materials,
the Voronenkiv Forest District’s Forest Planting Plan, the 2001 forest management
maps, the results of topographic and geodetic surveys, and open geospatial data.

The study employed methods of spatial analysis, GNSS surveying, office-based
processing of geodetic data, digital mapping, and the creation of electronic land
management documentation.

The digital workflow was implemented in Digitals and included classifying
sources by legal status, date, scale, and spatial quality; aligning data to a harmonized
coordinate system; alignment of cadastral and forest management boundaries; field

GNSS verification of key points and features; verification of geometry, topology,



area, land use, restrictions, and adjacent properties; and the creation of an electronic
document and technical documentation.

As a result, the following priority scheme for data sources was proposed: 1)
title documents and current cadastral records serve as the foundation; 2) forest
management materials are used as spatial context; 3) open data serves as a
supplementary source; 4) GNSS-RTK serves as a means of field verification for
ambiguous elements.

Research results and discussion

The subject of this study is an undeveloped state-owned land plot located within
the Carpathian National Nature Park (CNNP), which is part of Ukraine’s nature
reserve fund and is situated in the western part of the country, within Ivano-
Frankivsk Oblast [10].

The study area includes forested land not covered by forest vegetation, natural
watercourses, land under roads, hayfields, and pastures. During fieldwork, power
lines, water sources, and water bodies were surveyed.

The approximate boundaries of the land parcel to be registered in the State Land

Cadastre were provided in the form of graphic material (Fig. 1).
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lngations where work is being conducted as part of the state inventory of land
parcels with a total area of 4133.32 hectares, located outside the settlements of
the Nadvirna District

7_] The boundary of the land parcels

Fig. 1. Graphic representation of the site where the inventory of state-owned

lands is being conducted

The provided graphic materials were used for spatial georeferencing using
modern technology such as Digitals. The spatial georeferencing was performed
based on topographic and geodetic surveys.

Using the Unified State Open Data Web Portal, information was obtained on
the locations of nature reserve sites, cultural heritage sites, water bodies, and other
environmental features [11].

The topographic and geodetic surveys conducted during the land inventory of
the Carpathian National Nature Park were aimed at precisely determining the
location of land management objects. They are a key component of subsequent land

management measures and an integral part of this process [12].



Since the project area covers significant expanses of forested terrain, land
parcel boundaries were created based on the source data and exported to KML
format to improve navigation in the field.

A South S-82T GNSS-RTK receiver was used to perform topographic and
geodetic measurements during the land inventory of the Carpathian National Nature
Park.

Before work began, topographic and geodetic surveys were conducted to
determine the spatial characteristics of the land parcels. A reconnaissance of the
territory was carried out, and the boundaries of the zone within which the
topographic and geodetic work would be performed were defined.

The coordinate system was based on the network of permanently operating
System Solution GNSS reference stations. The positions of the base stations were
determined in the SK63(3) coordinate system, and the conversion to the local
coordinate system (MSK-26), which is linked to USK-2000, was performed using
the coordinate conversion module of the Digitals software [13, 14].

The coordinates of the land parcel points were determined using an S82-T RTK
GNSS receiver. Observations were performed in real-time (RTK) mode using
reference GNSS stations from the System.NET network.

Access to the network server was provided via a mobile Internet connection
using the GSM/GPRS standard. Data was transmitted in the RTCM v3.x format, and
corrections were generated using the Master Auxiliary Corrections (MAX) network
RTK technology.

RTK corrections were calculated using the Leica GNSS Spider v4.3 software
suite installed on the network server. Field measurements were processed using
Digitals software. Based on the results of the work, a diagram of GNSS observations

was compiled (Fig. 2).
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Fig. 2. Diagram of GNSS observations of the study site

As a result of topographic and geodetic surveys, the precise boundaries of the
land plot were established and its area was determined to be 2035.1825 hectares.
Land use categories and key features were identified, which made it possible to

create a digital terrain model and produce a topographic map (Fig. 3).
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Fig. 2. Materials from topographic and geodetic surveys

During topographic, geodetic, and land-surveying work, regulatory factors

were identified that affect the use of the land parcel. Based on these factors,

restrictions and encumbrances have been established (Table 1).

Table 1. Restrictions (encumbrances) on the use of the KNP land parcel

National Nature Parks

Nature Reserve Fund of Ukraine”

Code and Description of Key Legislative Acts Area of the
_ restricted zone,
Restrictions
hectares
10.01 National Nature Parks | Resolution No. 376 of June 3, 1980, of 2035,1825
Kyiv on the Establishment of the
Carpathian National Nature Park
10.08 Protected Zones Law of Ukraine of June 16, 1992, “On the | 496,0637
of National Nature Parks Nature Reserve Fund of Ukraine”
10.09 Regulated Recreation Law of Ukraine of June 16, 1992, “On the | 1512,6780
Zones of National Nature Nature Reserve Fund of Ukraine”
Parks
10.11 Management Zones of | Law of Ukraine of June 16, 1992, “On the | 26,4408




05.02 Riparian Land Code of Ukraine, Water Code of 187,5313

Protection Zone along Ukraine,
Rivers, Around Water Resolution of the Cabinet of Ministers of
Bodies, and on Islands Ukraine No. 347 of April 14, 1997, “On

Approval of the Procedure for Compiling
River Profiles and
the Procedure for Establishing and Using

Riparian Zones of Waterways”

The current Procedure for Maintaining the State Land Cadastre, approved by
Resolution No. 1051 of the Cabinet of Ministers of Ukraine, sets forth the
requirements for the information submitted for state registration of a land parcel.
The Law of Ukraine “On the State Land Cadastre” provides for the submission of
land management documentation in electronic form and as an electronic document.

Registration of a land plot in the State Land Cadastre was carried out on the
basis of an electronic exchange file in XML format and technical land management
documentation signed with an electronic digital signature (EDS) or qualified
electronic signature (QES).

The exchange file must contain a set of attribute layers that ensure the technical
characteristics of the data meet the requirements for successful registration of a land
plot in the State Land Cadastre.

The XML file for a land parcel in the nature reserve fund with a total area of
2035.1825 hectares includes the following attribute layers:

-  XML: Exchange File Details

- XML: Land Parcel

-  XML: Cadastral Zone

- XML: Cadastral Block

- XML: Land Use

-  XML: Restrictions

-  XML: Related Entities



Based on an XML exchange file and using additional scripting functions of the
Digitals software, most of the text and graphic materials for the technical
documentation (TD) on land management related to the land inventory of the KNPP
were created, namely the GNSS observation plan, topographic and geodetic survey
materials, the cadastral plan of the land parcel, and the list of restrictions on land
use. The methodological advantage lies in reducing the need for manual re-entry and
the risk of discrepancies between interrelated materials.

Based on the technical land management documentation and the XML
exchange file, a land parcel with an area of 2035.1825 hectares, designated for the
conservation and use of national nature parks, was assigned a cadastral number, as
confirmed by an extract from the State Land Cadastre.

The main challenge in conducting a land inventory of the Protected Natural
Areas (PNA) lies in the interaction of several spatial units: the legally defined
territory of a nature conservation area, the land parcel as a cadastral object, the forest
management structure, and functional zoning. These objects may have different
boundaries and should not automatically be merged into a single polygon. This
approach can be adapted to other large nature conservation areas and requires further
research.

Conclusions and prospects

Thus, this study developed and tested a digital workflow for inventorying land
in the Protected Natural Areas Fund (PNAF), which combines the classification of
source data, hierarchical spatial alignment, GNSS-RTK verification, and the
validation of geometric and attribute data prior to the creation of an electronic
document.

A single state-owned land parcel with an area of 2035.1825 hectares was
formed for permanent use by the KNPP. The basis for the work was an order from
the Ivano-Frankivsk Regional State Administration, an order from the Main
Directorate of the State Geocadastre in Ivano-Frankivsk Oblast, a contract, and

technical specifications.



GNSS-RTK surveying was performed using a South S-82T with System.NET.
Within the plot, five types of restrictions were spatially accounted for: 10.01, 10.08,
10.09, 10.11, and 05.02. Their representation in a digital environment allows for the
analysis of the relative positions of boundaries, functional zones, and regime-
defining objects.

In Digitals, an XML exchange file and a significant portion of the derived text
and graphic materials were generated. An advantage of this process is the
coordinated use of a single set of geometric and attribute data, which reduces the
risk of duplicate data entry.

The scientific contribution lies in the reproducible logic for harmonizing
cadastral, legal, forest management, and geodetic sources. Applying this approach

to other areas within the nature reserve system requires case-by-case consideration.
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H.A. KoJsecHik, B.O. Ilerpenko

MA®POBUM POBOYHI TTPOIIEC THBEHTAPHM3AIII 3EMEJIb
MHNPUPOJHO-3AITIOBITHOI'O OOHY HA MHMPUKJIAAI
KAPITATCBKOI'O HAOIOHAJIBHOT'O ITPUPOJHOTI'O ITAPKY

Anomauia. Y cmammi po3pobreno ma anpob6osano 8i0MEOPHOSAHUL
yugposuil pobouutl npoyec iHeeHMapu3ayii 3emesib NPUPOOHO-3an08i0H020 HOHOY
Ha Npuxiadi 0OHici HechopMOBaAHOI 3eMenbHOI OLISAHKU OepPHCABHOI GIACHOCMI 8
medxcax Kapnamcvkoeo nayionanvrnoco npupoonoco napxy (KHIIII). Haykosa
npobnrema Noaa2ac 8 Y3200MHCeHHI  pDI3HOPIOHUX  KaO0acmposux, Npagosux,
KapmozpagivHux, 1ico8nopsoHUX i 2e00e3utHUX 0dicepe, SKI 8I0PIZHAIOMbCS YACOM
CMBOPEHHsl, NPUZHAYEHHAM Ma NPOCMOPO8OI0 OCHOB8010. 3anponoHo8anull nioxio
nepeobauae Kuacugikayilo Odcepenr i 6CMAHOBIEHHS iX NpiopumemuHocmi,
nPOCMOopose 3iCMAagNeHHs: Ka0acmposux ma JiCO8NOPAOHUX Mamepianis, noIbogy
GNSS-RTK-6epughixayito Kouo8ux mouox mMexc i pesrcumoymeoprordux 0o ekmis,
KOHMPOAb MONON02I, Niow, Veiob, 00MedceHb 1 CYMINCHUKIB, a MAKO}C
Gdopmy6anHs eneKkmpoHHO20 OOKYMeHmAa ma No8 sA3aHUX Mamepianié mexHiuHol

Oooxymenmayii. Ilpakmuunum pezyromamom cmano @GOPMYBaAHH 3eMeNbHOL
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oinauku niaowero 2035,1825 ea, niocomoenenms mexuiunoi OoKymenmayii ma
BHeceHHs1 esidomocmell npo Hei 00 Jlepoicasnoeo 3zemenvHoeo kaoacmpy. [lns
noavosux pooim zacmocosano GNSS-RTK South S-82T i3 mepeancero System.NET.
Digitals cgopmosano XML ma asmomamuzo8aHo 3HAYHY YACMUHY HNOXIOHUX
mexkcmosux i epagiunux mamepianie. Hayxosuil enecox nonsieae y memoouyi
0a2amoodHcepenbHo20 Y3200H4CEHHA Ma CUCmeMi KOHMPOIIO SAKOCMI OaHuX, a He )
camiil HOpMamueHill NOCIi008HOCMI IH8eHmapusayii abo cMaHOaApPMHUX QYHKYIsAX
NPOCPAMHO20 3a0e3NneYeHH L.

Kniowuosi cnoesa: insenmapuszayis 3emens, npupoOHO-3ano8ioHUll HoHO,
Kapnamcokuii nayionanonuii npupoonuti napk, semneycmpiu, GNSS, Digitals,

eeoinpopmayitini mexnonoeii, XML-gpaiin, mexuiuna doxymenmayis.



