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Abstract. Objective — to consider the possibilities of implementing a three-dimensional cadastre in
the Republic of Kazakhstan, taking into account international experience, existing technological
solutions, and regulatory aspects. To achieve this goal, the theoretical foundations of the 3D
cadastre, methods of economically developed states, and the current state of the republic’s
cadastral mechanism were reviewed, and recommendations for implementing a three-dimensional
cadastral model across all land categories were presented, with a priority role assigned to
agricultural land. Methods — monographic method in studying world practice of applying the 3D
cadastral approach; analytical — to compare various cadastral management mechanisms, identify
shortcomings and advantages; cartographic — when identifying patterns and interrelationships of
phenomena in the process of monitoring, processing, and modeling geospatial data from various
maps; statistical — to collect and systematize land-cadastral information. Results — during the
research, foreign examples of using a three-dimensional structure of cadastral regulation were
summarized, key factors for transitioning to a geometric cadastre were determined, and prospects
for using a 3D cadastral registration scheme in Kazakhstan were shown; a SWOT analysis was
conducted. Special attention is paid to the phased integration of spatial data, digital technologies,
and the regulatory framework to ensure the effective functioning of the 3D cadastral format. It was
established that the existing information system, the Unified State Cadastre of Real Estate, with
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its resources and developed infrastructure network, will serve as the foundation for the further
transition to a 3D cadastre. Conclusions — the creation of a 3D cadastre must be carried out in
stages, without destroying the existing cadastral administration framework, alongside improving
current legislation and other areas related to the cadastre. Conclusions — as a result of the scientific
inquiry, the author’s interpretation of building a 3D spatial land accounting model in the Republic of
Kazakhstan is presented, and conclusions are substantiated.

AHpaTtna. MakcaTtbl — XxanblKapanblk TXipubeHi, KongaHbiCTaFbl TEXHONOMUANbIK LWeLliMAepAi XKaHe
HOPMAaTUBTIK-KYKbIKTbIK acnekTinepai eckepe otbipbin, KazakctaH PecnybnukacbiHga ywl enwemgi
KaAacTpAbl eHrizy MyMKiHAIKTepiH KapacTbipy. KonbinFaH MakcaTtka xeTy ywiH 3D-kagacTpabiH Teo-
puAnbIK Herizgepi, SKOHOMUKanbIK AaMbIiFaH MeMNeKeTTepAiH agicTepi, pecnybnukaaarbl KagacTp-
NblK MEXaHU3MHiH Ka3ipri xxan-Kyri KapacTblpbisiabl, 6apnblk caHaTTarbl XXepriepAi eckepe oTbipbin,
yw enwempai KagacTprblk Mogenbai XKy3ere acbipy 60oMbiHIIA YCbIHbICTap 6epingi, 6yn perte 6a-
CbIM pen aybln WapyawbiyibiFbl MaKcaTbiHAafbl XXep ankKantapblHa 6epinepi. ©aictepi — 3D-ka-
AacTpnblK Tacinai konpgaHyabliH aneMAaik ToxipubeciH 3epTTeyae MoHorpadumAnbIK agic, KagacTp
XYpPri3yaiH apTypni MexaHuamaepiH canbICTbIPY, KEMLUISIKTEP MeH apThIKWbISbIKTapabl i3gey yuwiH
TangamanbIiK a4ic; apTypni KapTanapablH reOKeHICTIKTIK AepeKTepiH MOHUTOPUHITEY, OHOeY XKoHe
MoAaenbAey npoueciHae KyoObinbicTapabliH 3aHAbUIbIKTapbl MeH e3apa 6annaHbICbIH alKbiHAAy
Ke3iHae KaprtorpaduAnbIK aAic; Kep-KagacTprblK aKknapaTTbl XUHay XoHe XyWnerney makcaTbiHAa
cTaTUCTUKanbIK agic KonaaHbinAabl. Homuxenepi — 3epTrey 6apbicbiHAa KagacTprblK peTTeyail
yw enwemai KypbinbiMbIH NanaanaHy 6oMbliHIWIA WeTenaepaiH Mbicanaapbl XXUHaKTangbl, reoMmeT-
puAnbIK KagacTpra eTyAiH Herisri akTopnapbl aHbiKTanabl xxaHe KasakcTaHga kagacTprblk ecenke
anyabiH YW ernweMAi cxemacblH NnanaanaHy keneweri kepcetingi, SWOT-tangay xacangbl. Y en-
wemai kKagacTpnblik hopMaTTbiH TUIMAI XXYMbIC iCTeyiH KaMTaMachbI3 eTy YLiH KeHiCTiKTIK ManimMeT-
TepAai, uMdpnbIK TEXHONOrMANapabl XXoHe HOPMATUBTIK-KYKbIKTbIK 6a3aHbl Ke3eH-Ke3eHiMeH UHTer-
paumsnayfa epekwe Ha3ap aygapbinagbl. ©3iHiH pecypcTapbiMeH, AaMblFaH MHPaKypbiNbIMAbIK
xeniciMeH KongaHbicTarbl XKbUTKbIMaNTbIH MYNiKTiH OipbIHFa MeMNeKeTTiK KagaacTpbl aKknapaTTbIk
Xymneci keniHHeH 3D-kagacTpra eTyAiH ipretacbl 6onartbiHbl 6enrineHai. KopbITbIHALI YW enwemMAi
KagacTpAbl KypyAbl KagacTprblK aKiMWineHAipyAiH KonaaHbICTarbl KOHLENUUACLIH Oy306al Ke3eH-
Ke3eHiMeH Xypri3y, coHgaun-aK KongaHbiCTaFbl 3aHHaMaHbl XXKaHe KagacTpfa 6amnaHbicTbl 6acka aa
cananappgbl XxeTingipy kaxet. KopbimbiHObI — FbINbIMU i3aeHic HaTUXeciHae KasakcTaH Pecny6nu-
KacblHAa XXep ayMarblH KeHICTIKTIK ecenke anyabiH YWl enwemMai MogersniH KypyAblH aBTOpPIbIK UH-
TepnpeTauuachkl basgHaanbIn, TYXbipbiMAaap AanenaeHai.

AHHoTauus. Ljesib — paccMoTpeTb BO3MOXHOCTU BHeAPEHUA TpexMepHoro kagactpa B Pecnybnuke
KasaxctaH ¢ yueToM MeXAyHapoOHOro onbiTa, CyLEeCTBYOLWMUX TEXHONOINMYECKUX peLeHnn 1 Hop-
MaTUBHO-NPAaBOBbIX acnekToB. [Ins AOCTUXEHUA NMOCTaBNIEHHOW LeNnu paccMOTPEHbl TeopeTuye-
ckne ocHoBbl 3D-kagacTpa, MeToabl 3KOHOMUYECKU Pa3BUTbIX FOCYAapCTB, TEKyLL,ee COCTOSAHUE Ka-
[AacTpoOBOro MexaHu3ma pecnyo6rnvku, npeacTaBneHbl peKOMeHAauum no peanusaumm TpeXMepHoOn
KagacTpoOBOW MOAENU C yYEeTOM 3eMeflb BCeX KaTeropui, npyM 3ToM NpMopuUTeTHas porib OTBOAUTCH
3eMernbHbIM YroabsM cefibXxo3Ha3HauyeHus. Memodbi — MOHorpadM4yeckuin npy Msy4eHnm MMpoBOM
npakTukn npumeHeHusi 3D-kagacTpoBOro noaxona, aHaNnUTUYECKUNA — ANsi CPaBHEHUA Pa3nUyHbIX
MexXaHM3MOB BeAileHUs1 kagacTpa, MoOMCcKa HeJoCTaTKOB M NPeuMyLLeCcTB; KapTorpacduyeckum — npm
BbIIBIEHUU 3aKOHOMEPHOCTEN U B3aMMOCBA3U SIBIEHMA B NpoLecce MOHUTOPUHra, o6paboTku 1
MOAENMUPOBAaHNA FeoNpPOCTPaHCTBEHHbIX AaHHbIX Pa3fMYHbIX KapT, CTaTUCTUYECKUA — C Uenbio
cbopa u cucrtemaTusauum 3emernbHO-KagacTpoBon nHcopmauuun. Pesysibmamsi — B XxoAe uccnepno-
BaHUM 0600LUEHbI NPMMepPbl 3apy0eXHbIX CTPaH MO UCNONIb30BaHUID TPEXMEPHOM CTPYKTYpPbl Ka-
[acTpOBOro perynMmpoBaHusl, onpeaerneHbl KioyeBble hakTopbl ANs Nepexoaa Ha reoMmeTpuYecKun
KagacTp M NMOoKa3aHbl NepcneKkTMBbl 3a4eMCTBOBaHUA TPEXMEPHOW CXxeMbl KafJacTpPoOBOro yyeta B
KasaxcTtaHe, coctaBneH SWOT-aHanu3. Oco6oe BHUMaHue yaenseTcs No3TanHon MHTerpawuum npo-
CTPaHCTBEHHbIX CBeAEeHUMN, LU POBbLIX TEXHONOIMA U HOPMaTUBHO-NPaBoOBOM 6a3bl Ans obecneye-
HUA 3 peKTUBHOro (pyHKLMOHMPOBAHUA TPEXMEPHOro KagacTpoBoro hoopmara. YCTaHOBIIEHO, YTO
cyliecTBylowWaa uHpopmaunoHHasa cuctema EqnMHbIN rocygapcTBeHHbIN KagacTp HEABUXUMOCTU C
ero pecypcamu, pasBUTOM MH(pPACTPYKTYPHON CETbIO CTaHeT (byHOaMeHTOM Ans AaribHenLero ne-
pexopa k 3D-kagacTpy. Bbieodbi — co3gaHue TpexmMepHoro Kkagactpa Heo6xoaMmMo NpoBoAUTL Mo-
3TanHo, He pa3pyluasi CyLeCcTBYHOLLYIO TPEXMEPHYIO KOHLENUUIO KaAaacTpoBOro agMUHUCTPMpPOBa-
HUA, a TaKXKe COBepLIEHCTBOBaThb AEeNCTBYIOLIEEe 3aKOHOAATeNbLCTBO U Apyrue ccepbl, CBA3aHHbIE
C KapacTpoM. BbieoObl — B pe3ynbTaTe Hay4YHOro NoMcKa U3rnoXxeHa aBTOPCKasA MHTepnpeTauus
NOCTPOEHNA TPEXMEPHOWU MOAENM NPOCTPAHCTBEHHOIO y4YyeTa 3eMenbHoM nnowaau B Pecnybnuke
KasaxcTaH, apryMeHTUpoBaHbl BbIBOAbI.
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Introduction

The transition of the Republic of Kazakhstan
(Republic of Kazakhstan) to market relations, the
use of GIS technologies and artificial intelligence
have a significant impact on the management of
the cadastre. The rapid growth of urbanization
contributes to the development of the urban en-
vironment, the modernization of infrastructure,
and the improvement of living standards, but it
also places a high burden on the density of ur-
ban development. The changing structure of the
urban environment and the real estate objects lo-
cated within it create new requirements for the
quantification and management of land resourc-
es. Modern requirements for cities in the rational
management of land resources create the need to
include real estate objects on the surface of the
earth, underground structures, areas of multi-lev-
el objects and engineering communications. The
use of a three-dimensional cadastre in agriculture
plays an important role in assessing soil quality
and fertility, as well as terrain characteristics.

The cadastral system of the Republic of Ka-
zakhstan based on the two-dimensional cadastre
of land plots, now requires more modern ap-
proaches due to the intensification of urbaniza-
tion processes and the increasing number of types
of rights and rights holders in the system of land
relations. In modern international practice, we
can often observe a change in the concept from a
two-dimensional to a three-dimensional cadastre,
which allows for registration not only on a hori-
zontal plane but also in a three-dimensional space
of all necessary characteristics of a real estate ob-
ject. This approach enables precise determination
of ownership rights, addressing issues of liability
and restrictions on real estate rights in the context
of rapid urbanization processes.

In Kazakhstan, the process of digital transfor-
mation of state land and real estate management
systems is currently ongoing. Despite the devel-
opment of electronic government services and

cadastral information systems, the existing regis-
tration model is primarily focused on two-dimen-
sional representation of real estate objects. This
can create limitations in the registration of com-
plex multi-level objects and spatial rights.

The integration of 3D cadastre data with Geo-
graphic Information System (GIS), Building
Information Modeling (BIM), and other digital
technologies can contribute to the creation of a
unified spatial information environment. Integra-
tion is relevant for the rapidly developing cities
of Kazakhstan, where the vertical expansion of
urban space is becoming increasingly important.
The transition to a three-dimensional cadastral
system can be considered as one of the promising
ways to increase the efficiency, transparency and
reliability of real estate registration and land man-
agement in the country.

The article analyzes the possibilities of im-
plementing a three-dimensional cadastre in the
Republic of Kazakhstan, taking into account in-
ternational experience, existing technological
solutions, and legal aspects. To this end, the the-
oretical foundations of 3D cadastre, international
implementation practices, the current state of the
cadastre system in Kazakhstan, and approaches to
implementing a three-dimensional cadastral mod-
el are considered.

Literature review

The development of a three-dimensional ca-
dastre has been actively researched in the inter-
national scientific community over the past few
decades.

In the Netherlands, the main priority has been
standardization, which involves the registration
of rights to multi-level real estate objects (above-
ground and underground). These objects are reg-
istered as three-dimensional spatial objects that
are then linked to the land plot. This registration
system is based on the international standard
LADM (Land Administration Domain Model)
(ISO 19152) [1].
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In Sweden, the implementation of a 3D cadas-
tre is based on its legal status in order to delineate
rights under the 3D Property Act. Rights to real
estate located on different floors or in basements,
etc. are registered separately from the owner of
the land plot [2].

In Australia, a 3D cadastre has been imple-
mented as part of the digitalization of cadastral in-
formation. In this regard, paper-based documen-
tation and 2D cadastral data have been converted
into a unified digital format within the ePlan sys-
tem, which supports 3D formats for precise delin-
eation of rights in high-rise buildings [3].

In China, 3D cadastral data has been imple-
mented in megacities for the registration of ob-
jects in skyscrapers, multi-level shopping streets,
and transportation interchanges. 3D cadastre data
has been integrated with urban cadastral GIS sys-
tems [4].

The application of 3D cadastre data for agri-
cultural land is significantly different from that
for urban land. While 3D cadastral data is im-
portant for distinguishing between above-ground
and underground objects in urban areas, it plays
a crucial role in the agricultural sector as a mul-
tidimensional tool for precision farming and land
monitoring for land protection. The 3D cadastre
data for agricultural land includes three main fac-
tors: soil, topography, and engineering networks,
as well as subsurface resources.

BIM technologies with LADM make it possi-
ble to create 3D cadastre objects with spatial legal
registration [5].

The development of a 3D cadastre system is
a complex process that requires parallel devel-
opment of GIS technology and the LADM stan-
dard, digital information databases, and other
elements [6].

It is necessary to take into account compati-
bility, BIM integration processes, standardization
and not forget the aspects of the 3D cadastre as
organizational and technical in management pro-
cesses [7].

Thus, it can be concluded that there are a
number of problems associated with maintaining
a modern cadastre, the main ones being the lack
of a unified 3D cadastre database architecture, in-
sufficient integration with existing systems, and
imperfect information management mechanisms.

One of the solutions is to use BIM technology
with LADM data, which allows you to create 3D
cadastre objects and greatly facilitates the regis-
tration of spatial legal relations [8].

Adapting the above-described approaches to
the existing conditions is one of the alternative
options for improving the cadastral system in Ka-
zakhstan, which makes this research relevant.

Materials and methods

The study was based on scientific publications
by foreign and domestic researchers, an analysis
of regulatory documentation and materials devot-
ed to the formation, implementation and devel-
opment of 3D cadastre, as well as related digital
technologies. The methodological process of the
study includes four stages: the first — the defi-
nition of the theoretical and technological base;
the second — a comparative method of foreign
experience in working with a three-dimensional
cadastre; the third — the study of the current ca-
dastre system and its assessment; the final — the
identification of existing obstacles and problems
in the cadastral system of Kazakhstan and the
development of proposals on the subject under
study. At the first stage, an analysis of scientific
papers related to the three-dimensional cadastre,
its implementation and development was carried
out. The resources were selected in accordance
with the subject of the study. To study the foreign
experience of using this cadastre, a comparative
method was applied.

Examples of successful implementation of
a 3D cadastre include the Netherlands, Austra-
lia, China, etc. The results of the experience
study served to recommend the introduction of
a three-dimensional cadastre for the Republic of
Kazakhstan. At the fourth stage, an assessment of
the existing cadastre capacity and regulatory au-
thorities was carried out. At this stage, the study
relied on the method of structural analysis and
the method of data systematization. The existing
problems hindering the implementation and de-
velopment of a three-dimensional cadastre were
identified.

Results

The Netherlands, Sweden, China, and Austra-
lia were among the first countries to implement
3D cadastral systems (figure 1).
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(. One of the first countries
to implement multi-level
object registration in 3D
format based on the
International LADM
Standard (I1SO 19152)

The

7

¢ 3D is implemented in
megacities to account for
complex multi-level
shopping streets, traffic
interchanges, and
skyscrapers.

J

\\ Netherlands

e |t is based on the Law or?
"3D  Property", which
allows the division of
ownership  rights  on
different floors of the
same building or
basement, regardless of
the owner on the surface.

[

J

® Paper and 2D floor plans
(strata titles) are being
replaced with a single
digital data exchange
format (ePlan)

Note: compiled by the authors based on sources [1,2], [3,4]
Figure 1 — Foreign models of 3D cadastre implementation

As can be seen from figure 1, the principles of
conducting a 3D cadastre in the countries under
consideration are generally the same. However,
the approaches used in these countries are
applicable to the cadastre of urban land.

As for the three-dimensional cadastral map of
agricultural land, it should be noted that it differs
from the cadastral map of urban land. In urban
areas, underground facilities include parking
lots, bridges, and others, while in the agricultural
sector, it takes into account three main factors
[9]: soil quality, topography, subsoil, and
engineering networks located beneath the fertile
layer (figure 2).

It should be taken into account that agricultural
lands require special ways and approaches in
designing a three-dimensional cadastre, since their
features depend on the properties of soils, relief
and boundaries of land plots. The information
component can be used in the rational use of land,
the identification of lands with high agricultural
potential, as well as state control and protection
of soil cover. These technologies, combined with
GIS, create conditions for more efficient use of
land resources and provide complete information
about agricultural land.

soils (fertility)

the terrain

subsoil, engineering
networks, etc.

Note: compiled by the authors based on source [9]
Figure 2 — Factors taken into account in the 3D
cadastre of agricultural land

A two-dimensional cadastral map does not
fully illustrate the structure of complex multi-
layered real estate objects, which include
underground structures such as underground
parking lots, engineering networks, and above-
ground structures such as different levels of real
estate [10].

The main differences between 2D and 3D
cadastre systems in accounting for agricultural
lands and settlements are presented in table 1.
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Table 1 — Comparative Analysis of 2D and 3D Cadastral Systems

Criteria

2D cadastre

3D cadastre

The data model

Two-dimensional (X,Y)

Three-dimensional (X,Y,Z)

An object

Land plot

Land plot, buildings, structures
(above-ground, underground)

The borders

Displayed on the plane
(on the surface of the earth)

Displayed by volume (length,
width, height\depth)

Image

Cadastral map

3D spatial model

Underground structures

Are not displayed

Presented as an independent
object

Multilevel objects

Unable to display

Presented as a model (parking
facilities, bridges, etc.)

Ownership rights

Linked to a land plot

Tied to each volume object

Engineering networks

Displayed only to a limited extent

Spatial mapping with coordinates

Accuracy

Limited by a plane

Provides high spatial accuracy

Scope of application

Cadastral registration, land rights
registration, and land accounting

Real estate management, BIM

Note: compiled by the authors based on source [10]

As can be seen from table 1, 3D cadastre has
a number of advantages, the main ones being the
high degree of detail of the object display in real-
ity, which enables more informed and reliable de-
cision-making based on the visual data obtained.
The disadvantages include the imperfection of
legal acts developed under the two-dimensional
cadastre, the technical side, as well as the cost of
surveying and processing the resulting images
[11,12].

The process of creating a 3D cadastre re-
quires geodetic surveying, photogrammetry, and
the use of BIM technologies and GIS. Today,
there are successful examples in international
practice. These include the city of Shenzhen in
China, where the use of 3D cadastre is actively
implemented in a densely populated city. Anoth-
er exemplary use of 3D cadastre in Europe is in
the Netherlands, where the city of Delft has im-
plemented detailed visualization of its railway
station and the legal aspects of multi-level struc-
tures. Malaysia has launched a pilot project to
combine the LADM standard with 3D cadastral
data for residential planning and other purposes.

The cadastre in Kazakhstan is maintained by
the NJSC “State Corporation “Government for
Citizens” and its branches. The creation of this
organization became an important stage in the
implementation of reforms related to digitaliza-
tion and the creation of the digital infrastructure
of the cadastre system — the Unified State Real
Estate Cadastre (USREC) [13]. The USREC was
put into operation on July 1, 2023, combining
data from the land and legal cadastre, making the
process of obtaining public services in the field

of real estate and land relations simpler and more
convenient. In the near future, all cadastral ser-
vices will be carried out online through the Uni-
fied State Cadastre of Real Estate [14]. However,
it should be noted that the country is currently us-
ing 2D cadastre data, but is gradually transition-
ing to 3D cadastre data, particularly in the field of
urban planning.

3D cadastre is a cadastre in which real estate
objects are modeled as volumes in three-dimen-
sional space. BIM models provide detailed in-
formation about the geometry of buildings and
structures, GIS is used to store and analyze spatial
data, and LADM serves as a basis for describing
ownership rights, restrictions, and obligations.
The combined use of these technologies allows
for the creation of three-dimensional models of
real estate objects, the precise definition of spa-
tial boundaries, and the registration of volumetric
rights within the framework of a modern cadas-
tral system.

A two-dimensional cadastre system does not
fully illustrate the structure of complex multi-lay-
ered real estate objects, which include under-
ground structures such as underground parking
lots, engineering networks, and above-ground
structures such as different levels of real estate.

The three-dimensional model of the Khan
Shatyr building demonstrates a 3D cadastre inte-
grated with digital technologies, including BIM
and GIS. Information about the geometric charac-
teristics of a real estate object or other structure,
its features and properties can be obtained through
the information modeling of the building, i.e.
BIM technologies. GIS provides data on spatial
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characteristics, analysis, storage, processing, etc.
Here, not only X and Y coordinates are taken
into account, but also the Z coordinate, i.e. the

description of volumetric spatial characteristics
(figure 3).

Note: compiled by the authors based on Internet source [15]
Figure 3 — Visualization of the three-dimensional model of the Khan-Shatyr shopping center

Figure 3 illustrates the advantage of three-
dimensional image, which makes it possible to
recreate the spatial geometry of any object. Digital
modeling technologies can divide an object into
levels and components, which allows you to
clearly define the boundaries and features of a
real estate object. For agricultural land, a three-
dimensional representation will make it possible
to determine the steepness of slopes, soil erosion,
moisture availability, and other indicators.

The implementation and further development
of 3D cadastral systems also require the adoption

of international LADM standards, which are
widely used in countries with a well-developed 3D
cadastre infrastructure. Each of these technologies
has a specific function: BIM technologies provide
geometric data, GIS technologies provide spatial
information, and LADM serves as a basis for
legal and property relations.

In this regard, a SWOT analysis of the
implementation of 3D cadastre was conducted to
identify the strengths, weaknesses, opportunities,
and threats associated with this process (table 2).

Table 2 - SWOT analysis of the implementation of 3D cadastre in the Republic of Kazakhstan

Strengths

Weaknesses

space.
multi-level objects as an independent object.

soil erosion, and moisture availability.
Integration with GIS and BIM technologies.

Efficient management of land resources and
engineering infrastructure.

High accuracy of object display in three-dimensional
Possibility of displaying underground structures and

The possibility to determine the steepness of slopes,

Lack of comprehensive legal documents for the
registration of three-dimensional objects.
High cost of maintaining a 3D cadastre.

Lack of personnel in the field of 3D cadastre,
BIM, and GIS technologies.

Limited availability of high-precision spatial
data.

High costs of upgrading information systems.

Long transition from 2D to 3D cadastre.
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Possibility of using artificial intelligence and BIM
technologies for automation of land cadastre works.
Improvement of conducting urban planning cadastre
and management of engineering networks.

Aligning the EGN with international standards (ISO
19152 LADM, OGC, CityGML).

Opportunities Threats

Formation of a unified spatial digital platform of the Risk of spatial and cadastre data leakage.
republic.

Increase in investment attractiveness of real estate Insufficient funding for cadastre digitalization.
objects.

Data discrepancies between various
government information systems.

Rapid obsolescence of software and hardware.
Potential errors when transferring existing 2D
data to a 3D model.

Note: compiled by the authors based on source [16]

As can be seen from table 2, there are certain
difficulties in implementing a three-dimensional
cadastre in Kazakhstan. The main factor is the
institutional and legal nature. The cadastre sys-
tem of the Republic of Kazakhstan was initially
focused on a 2D cadastre, which today does not
allow us to give the real estate object a complete
spatial picture. It follows from this that it is neces-
sary to specify and develop appropriate regulato-
ry legal acts for the implementation and improve-
ment of the three-dimensional cadastre.

The next obstacle is the technological side.
The creation of a 3D cadastre for the entire terri-
tory of the republic requires the creation of a uni-
fied integrated system with modern GIS and BIM
technologies.

The three-dimensional cadastre in the Europe-
an Union has its own characteristics: BIM tech-
nology is used, which is the technology of build-
ing information modeling, together with a 3D
cadastre, providing complete information about a
real estate object.

The Netherlands was one of the first countries
to actively use these technologies. Dutch scien-
tists have made significant contributions to the
development and implementation of the main
concepts of 3D cadastre, as well as to the pro-
cesses of registering spatial rights. The reason
for the transition to a three-dimensional cadastre
is the complexity of urban infrastructure and the
growth of real estate objects located at different
spatial levels.

The use of a three-dimensional city model
provides support for urban planning processes,
investment project evaluation, urban infrastruc-
ture management, and territorial development
monitoring. The integration of geodata and digital
models allows for spatial analysis, modeling of
urban development scenarios, and improving the
validity of management decisions.

The Polish cadastral system has developed in
its own way due to the circumstances it faced af-
ter the transition to a market-based system. A dis-

tinctive feature of Poland’s cadastral system com-
pared to Kazakhstan’s is the absence of collective
farming. The database of landowners established
after World War II facilitated a smooth transition
during the period of economic transformation.
The cadastre system in Poland is predominantly
two-dimensional, and the transition to 3D cadas-
tre requires some time and resources [17], [18].

There is no universal model for implementing
and improving 3D cadastre, and its development
in our country requires not only copying foreign
experience, but also adapting it to the existing
realities of Kazakhstan: amending, supplement-
ing, and introducing new terminology in the Land
Code of the Republic of Kazakhstan. In particu-
lar, we believe that it is necessary to supplement
Article 152 with a definition of the state land ca-
dastre, as well as to separate the three-dimension-
al cadastre into a separate definition [19].

Discussion

The implementation of a 3D cadastre is a com-
plex process that requires not only technological
or regulatory changes, but also a complete re-
thinking, change in the structure of the formation
of cadastre data of the Republic of Kazakhstan.
Analysis of foreign experience has shown that
the existing two-dimensional cadastre system
creates serious limitations for the transition to a
three-dimensional cadastre. It should be noted
that there is no need for a complete transition to
3D cadastre with the replacement of the existing
cadastre. The process should be carried out in an
evolutionary way, that is, a gradual transition to
a three-dimensional system. A revolutionary tran-
sition can exacerbate the process and may create
a number of difficulties in the future. A gradual
transition requires the technical capacity that the
USREC possesses, which has its own developed
infrastructure and a network of branches. A 3D
digital model of a building is not sufficient for the
transition to a three-dimensional cadastre; com-
plete information and data systemization are also
required.
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We believe that at the transition stage, it is
necessary to launch a pilot project of 3D cadas-
tre in areas with a predominance of multi-level
objects (in cities) and in large agricultural enter-
prises (on agricultural lands). The pilot project
will help identify shortcomings and deficiencies,
simplify the adaptation process at the initial stage,
and allow for the collection of sufficient informa-
tion before the full implementation of the system
throughout the country. Thus, the implementation
and development of a three-dimensional cadastre
requires the gradual improvement of the existing
system, legislative regulation mechanisms, the
unification of land cadastre information storage
units, the development of digital data infrastruc-
ture, and the adaptation of foreign experience to
the current cadastre system.

Conclusions

1. The modern cadastral system of the Repub-
lic of Kazakhstan is based on a two-dimensional
cadastre. However, the digitalization of the cadas-
tre, the introduction of artificial intelligence, and
the use of GIS technologies require more modern
approaches, i.e., the transition to a 3D cadastre,
which has the advantage of providing a high level
of detail in the representation of an object in re-
ality and enabling the adoption of more accurate
and reliable decisions based on the visual data
obtained. This is of particular importance when
accounting for agricultural land, as the agricultur-
al sector has an agri-economic impact on the food
security of the republic.

2. An analysis of foreign experience in con-
ducting a real estate cadastre has shown that there
is a tendency to transition from a two-dimension-
al to a three-dimensional cadastre, which will al-
low for the registration of real estate objects not
only in a horizontal plane, but also in a three-di-
mensional space.

3. 3D cadastre data in populated areas differ
significantly from that in agricultural areas, as un-
derground facilities such as parking lots, bridges,
etc. are common in cities, while in the agricultur-
al sector, it includes factors such as soil fertility,
terrain slope, and underground facilities (such as
subsoil and engineering networks).

4. The 3D cadastral system is based on the in-
tegration of GIS, BIM, and LADM, which allow
for the creation of 3D models of real estate ob-
jects and provide for the precise definition of spa-
tial boundaries and the registration of 3D objects
within the modern cadastre system. BIM models
provide detailed information about the geometry
of buildings and structures, GIS is used for the
storage and analysis of spatial data, and LADM

serves as the basis for creating a database of prop-
erty rights, boundaries, and owners.

5. The transition to a three-dimensional ca-
dastre will require the improvement of legislative
and regulatory documents in order to provide le-
gal support for cadastre activities.

6. In order to identify the advantages, disad-
vantages, and possible risks of the transition to
a three-dimensional cadastre, a SWOT analysis
was conducted, which showed that there are more
opportunities and strengths than weaknesses and
risks. Thus, it can be concluded that the transition
from a two-dimensional cadastre to a three-di-
mensional one is necessary, since Kazakhstan is
striving for complete digitalization of the cadas-
tre, which will have a positive impact on the land
management system, including agricultural land.
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