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Cadastre In this study, it is aimed to analyse the three-dimensional (3D) cadastre literature in
3D Cadastre terms of legal, institutional, and technical aspects. For this purpose, 441 publications
LADM published between 2001 and 2019 were examined. In the literature, which includes

Literature survey

publications from 59 different countries the studies mostly focused on technical issues.

An international consensus on legal, institutional, and technical aspects of a 3D cadastre
solution seems difficult. Since rights, restrictions, and responsibilities with a 3D
component are somehow registered administratively, stakeholders from the legal
domain are reluctant to 3D cadastre. From a technical point of view, the technology
required to use 3D digital data for registration has matured sufficiently in the past twenty
years. However, further research on a real 3D cadastre solution, creating a workflow that
considers both current legal and technical framework beyond pilot studies, is needed.

1. INTRODUCTION

The substantial increase in the world
population in the past two centuries has led to
intensification of land use, especially in urban areas.
This increasing trend in the population has gradually
altered the relationship between the land and the
people, increasing the importance of land ownership
(Ting and Williamson 1999). Accordingly, a system
was required to record the ownership of the
property in a clear and undisputable way. Although
various names (land information system, land
recording, land administration, etc.) are used to
describe this system, it is now called cadastre (FIG
1995; Dale and Mclaughlin 1999; Steudler et al
2004). From a conceptual point of view, one of the
foundations of the cadastre is that there can be no
gaps or overlaps in the parcelation on which the
rights are based, that is, a planar partition of the
surface. The same foundation (a partition of space
with no overlaps or gaps) is also the basis of the
conceptual thinking with respect to 3D cadastre
(Stoter 2004; Doner et al. 2008). In other words, 3D
cadastre is a cadastre that registers and represents
the space where rights (also the restrictions and

responsibilities) applied (Doéner 2010). Reflection of
this conceptual definition can be seen in logo of
International Federation of Surveyors (FIG) Working
Group on 3D Cadastres in Figure 1.

g (adastres

Figure 1. Logo of FIG working group on 3D cadastres

Numerous studies have been conducted to
compare and classify the researches focused on
cadastre and land administration. Cagdas and
Stubkjeer (2009) analysed selected PhD theses
written in English about cadastre in terms of
methodology, concepts, and methods. Paulsson and
Paasch (2015) conducted a literature review for the
LADM (Land Administration Domain Model, 1SO
19152), which was accepted as an ISO standard in
2012. Oosterom (2013) evaluated the activities of
the FIG Working Group on 3D Cadastres. Paulsson
and Paasch (2013) discussed the publications
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written in English between 2001 and 2011 on the
concept of 3D property in terms of their legal
aspects.

The first international discussion about the 3D
cadastre subject took place in 2001 at the workshop
entitled 3D Cadastres, under the seventh
commission of the FIG. At the 24th FIG congress held
in Sydney in April 2010, it was decided to re-
establish a working group called '3D Cadastre' in
order to make further progress on 3D cadastre
research. The main purpose of the working group is
to create a functioning structure for 3D cadastre. For
this structure, two main goals were determined. The
firstis to follow a common concept and terminology.
For this purpose, the use of ISO 19152 LADM has
been adopted. Secondly, common levels for 3D
cadastre applications were determined as legal,
organisational and technical. Thus, it will be possible
to compare different ideas and applications more
easily (Doner et al. 2011; van Oosterom et al. 2014).
In the past twenty years, many scientific meetings,
academic studies, and pilot projects (Cemellini et al.
2020; Larsson et al. 2020; Vandysheva et al. 2011;
Ying et al. 2012; Guo et al. 2011) have been
performed on 3D cadastre. Nevertheless, during that
period, there have been significant changes in the
visualization of 3D data, data collection techniques,
the wusability of BIM (Building Information
Modelling) data (Ying et al. 2017; Thompson et al.
2017; Atazadeh et al. 2017), as well as in policies and
institutional structures. The effects of the changes on
3D cadastre research have not been extensively
studied so far. Therefore, in this study, the 3D
cadastre literature was analysed, and the trends and
challenges in research and applications were
investigated in terms of legal, institutional, and
technical aspects. For this analysis, the approach of
analysing the publications published in English
between 2001 and 2019 under the FIG Working
Group on 3D Cadastres was adopted. In the second
section, the publications used for analysis and the
approach in the classification of these publications
are introduced. Findings of the analysed 3D cadastre
publications are presented in the third section. Then,
challenges and trends in 3D cadastre research are
evaluated in three groups under the fourth section.
Finally, the study ends with conclusions in section 5.

2. MATERIALS and METHODS

Quantitative analysis of certain characteristics
of scientific documents is defined as bibliometric
analysis (Schloegl and Gorraiz 2006). This analysis
aims to determine the priority areas and
development direction by examining the
publications in a specific journal or publications
related to a specific subject (Motoyama and Eisler
2011; Alcantara and Martens 2019). While the
analysis is performed, answers are sought to
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questions such as what types the publications are,
what the most frequently used keywords are, how
the number of publications is distributed by years,
the number of authors of the publications, and at
which institutions the authors work (Biljecki 2016;
De Bakker et al. 2005; Garnett et al. 2013).

The methodological basis of this study is the
analysis of 3D cadastre publications. For this
purpose, 3D cadastre publications will first be
classified into categories; then the trends in each
class will be determined. Since it is not possible to
capture all 3D cadastre literature that exists,
selection of most relevant publications is an
important part of the methodology. Therefore, the
publications to be examined in the study were
determined to be those published in the FIG Working
Group on 3D Cadastres web page! between 2001 and
2019. The reason why year 2001 was chosen as the
beginning is that it was the first time that 3D cadastre
was discussed at an international meeting. The
publications on the FIG website are intended for
international audiences and therefore are published
in English. That prevents the classification of studies
related to specific countries and written in languages
other than English. Publications in languages other
than English are excluded from the scope of this
article.

In this study, three classes were identified in the
classification of publications in 3D cadastre
literature. These are legal, institutional and technical
classes. This classification approach for 3D cadastre
was actually adopted in the first 3D Cadastre
Workshop in 2001. In the second 3D Cadastre
Workshop held in 2011, four classes were proposed
to classify and compare 3D cadastre studies. Those
are registration of 3D parcels, 3D data management,
3D visualization, and sharing of 3D parcels. When the
two approaches are considered together for
classification, itis understood that the registration of
3D parcels in the second approach coincides with the
legal class in the first approach, that the 3D
visualization class in the second approach
corresponds to the technical class in the first
approach, and that the sharing of 3D parcels in the
firstapproach can be described with the institutional
class in the first approach. Therefore, in this article,
3D cadastre literature has been classified and
analysed in the three classes of legal, institutional,
and technical due to the simpler structure.

When 3D cadastre publications are analysed, it
is seen that some publications can fit into two of the
classes identified in this study (legal and
institutional, legal and technical, or institutional and
technical) or into all three classes at the same time.
In such cases, the approach of usage of primary and
secondary classes as applied in Paulsson and Paasch
(2015) was adopted to determine the class of the
publication. The primary and secondary classes
describe the dominant class and the less dominant
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class or classes, respectively. The number of
publications in the secondary class is expressed in
parentheses.

3. FINDINGS

The distribution of the analysed 3D cadastre
publications according to the classes are presented
in this section together with statistical findings.

3.1. Distribution of Publications According to
Classes

The distribution of the examined 441
publications on 3D cadastre, according to the three
identified classes, is shown in Table 1. Because 7 of
the 441 publications were prefaces for books,
journals, or workshops, they were excluded from the
evaluation. As a result, the total number of
publications reviewed was 434. Of the 434
publications, 154 were classified as legal, 54 were
classified as institutional, and 226 were classified as
technical. The year in which the most publications
were made was 2018, with 65 publications. As of
December 2019, publications of 2019 have not yet
been added to the FIG Working Group on 3D
Cadastres Literature page. Therefore, proceedings of
FIG Working Week 2019 and 8th LADM Workshop
2019 were examined for 2019.

3.2. Statistical Findings

The graph in Figure 2 shows the distribution of
the publications examined by years. Because 2011,
2012, 2014, 2016, and 2018 were the years in which
3D cadastre workshops were held, the number of
publications in those years was higher than in the
other years. Also, the book Best Practices 3D
Cadastres was published by the FIG in 2018, and, in
the same year, the special edition of the ISPRS
International Journal of Geo-Information on 3D
cadastre was published. In the period of 2001-2019,
the average annual number of publications for the
first ten years was 10.4, while the average annual
number of publications for the last nine years was
36.7. Overall, the average annual number of
publications was 22.8.

The graph in Figure 3 shows the distribution of
the examined publications by publication types. Of
the 434 publications, 352 consist of proceedings, and
63 of them are articles. In addition, there are four
PhD dissertations and one master's thesis in the
literature (given in the FIG 3D Cadastres Working
Group Literature page in English). The first PhD
dissertation was completed in 2004. In that study,
the cadastral framework in the Netherlands was
examined, and alternatives for the implementation
of 3D cadastre were presented (Stoter 2004). The
second PhD study was completed in 2007 in Sweden.
That study focused on legal issues and explained the
facilities and restrictions for establishing a 3D
property system (Paulsson 2007). The third PhD
dissertation was completed in 2014 in Australia. In
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that study, user needs had been determined and a
web-based prototype developed and tested for 3D
representation of cadastral data (Davood 2014). In
the fourth PhD dissertation, completed in Canada in
2015, a technical study was carried out for 3D
modelling of individual units (Wang 2015). The main
journals in which articles are published are
Computers, Environment and Urban Systems (20
articles), ISPRS Int. J. Geo-Inf. (20 articles), Land Use
Policy (5 articles) and Geodetski Vestnik (4 articles).
Furthermore, 183 papers are presented in 3D
Cadastre Workshops, 83 papers are presented in FIG
Working Weeks, 43 papers are presented in FIG
Congresses and 6 papers are presented in LADM
Workshops.

Table 1. Distribution of 3D cadastre publications ()
= secondary class

Year Legal Institutional Technical Total/Year
2001 15 (1) 5(3) 9(0) 29 (4)
2002 3(0) 1(1) 4(0) 8(1)
2003 7 (0) 2(3) 7(1) 16 (4)
2004 2(3) 1(0) 6 (0) 9(3)
2005 1(1) 1(0) 8(0) 10 (1)
2006 4(1) 0(1) 5(0) 9(2)
2007 1(0) 0(0) 1(0) 2(0)
2008 3(0) 0(1) 1(0) 4(1)
2009 2(0) 1(0) 3(0) 6 (0)
2010 3(D 2(2) 6 (0) 11 (3)
2011 16 (0) 6(7) 25 (0) 47 (7)
2012 20 (1) 2(7) 21 (1) 43 (9)
2013 4(0) 7 (0) 7 (1) 18 (1)
2014 10 (3) 5(6) 27 (0) 42 (9)
2015 12 (1) 3(2) 11 (1) 26 (4)
2016 13 (0) 5(03) 22 (1) 40 (4)
2017 12 (3) 4(5) 20 (0) 36 (8)
2018 23 (4) 8(7) 34 (4) 65 (15)
2019 3(D 1(0) 9 (4) 13 (5)
Total 154 (20) 54 (48) 226 (13) 434 (81)

The graph in Figure 4 shows the distribution of
the 434 publications examined by the number of
authors. A total of 104 publications have been
published by one author, 106 publications have two
authors, and 86 publications have three authors. A
total of 13 publications have more than eight
authors.

The graph in Figure 5 was prepared to
determine the countries in which the most studies on
3D cadastre have been performed. The country of the
authors’ residence or institution was taken into
consideration. Accordingly, 120 of the 434
publications published in 2001-2019 have at least
one Dutch author. That is followed by Australia, with
58 publications. Among the publications of authors
from 59 different countries, the number of
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publications by Dutch authors is especially striking.
In addition, it is noteworthy that the names of the
persons who are actively involved in the
organization of conferences or workshops and who
are responsible for the updating of web pages appear
as authors in many of the publications.
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4. DISCUSSION and FUTURE STUDIES

For a 3D cadastre to be realised in real terms,
three stages of development should be considered
together. They can be designated as legal,
institutional and technical stages (Lemmen and van
Oosterom 2003). If legal definition of 3D properties
is not available, it would be meaningless to survey
and register 3D objects and rights (Kitsakis and
Dimopoulou 2014). Therefore, the first stage begins
with the definition of laws that will legally allow the
registration of 3D property units.

Necessary arrangements and workflow for
registration of legally defined 3D property units are
considered in the institutional stage (Molen 2003).
Whatinformation is needed for registration and how
it will be structured, registered, stored, and
presented are addressed at the institutional stage.
Finally, in the technical stage, 3D spatial information
of the property units is integrated with the existing
cadastre (Guo et al. 2013).

When the 3D cadastre literature was analysed,
it was observed that some legal and institutional
arrangements, as well as technical studies, have been
performed to enable the establishment of 3D
property units in several countries. In this section of
the study, 3D cadastre studies were evaluated with
regard to legal, institutional and technical aspects.

4.1. Legal Aspects

As in 2D cadastre, the legal basis is the
foundation of 3D cadastre. The legal aspect supports



International Journal of Engineering and Geosciences- 2021; 6(2); 90-97

the registration of 3D property in 3D cadastre. [t was
observed that the number of publications evaluated
in the legal class after 2010 more than doubled when
compared to the period before 2010. Despite that
increase, publications in the legal class consisted of
only one third of the total publications, and the
number of publications dealing with purely legal
aspects of 3D cadastre was quite small. In the
publications considered to be of legal class, the
existing legal framework in the country is explained
mostly in terms of defining boundaries of property
rights on land, establishing individual units and
limited real rights. After the introductory
explanations, the researchers present technical
solutions for a 3D cadastre in their publications.
However, they do not mention about availability of
the legal regulations required for the
implementation of these solutions.

On the other hand, legal regulations in some
countries are noteworthy in the publications
reviewed. For instance, legal arrangements have
been made to improve the registration of individual
units in Scandinavian countries (Larsson et al. 2018;
Shnaidman et al. 2019) and, in the Netherlands, legal
arrangements have been made to include 3D digital
information on utilities and complex buildings in the
title deed (Stoter et al. 2017). In addition, it is legally
possible to establish vertically bounded property
units in some states of Australia (Shojaei et al. 2017)
and Canada (Pouliot et al. 2016). Those 3D property
units are called volumetric parcels in Australia, while
they are called air-space parcels in Canada. In
Turkey, an amendment to the Expropriation Act has
been ratified so that the property of space required
for utilities over or under the parcel in question can
be separated from the parcel property without
expropriating it when required conditions are
satisfied (0OG, 2014).

4.2. Institutional Aspects

Cadastral systems only make sense if they exist
within an institutional framework. The institutional
aspect of the 3D cadastre therefore includes the
duties and responsibilities of the public registration
and mapping institutions for 3D registration (van
Oosterom 2013). At this stage of the study, it is
preferred to use the word institutional together with
the word organisational. This is because, in some
publications, the word organisational, which is more
comprehensive, was used instead of institutional.

The institutional/organisational aspect of the
3D cadastre includes the authority and
responsibilities in  production, management,
updating, and distribution of the 3D data as well as
the workflow required to realize the 3D cadastre.
The number of publications in the institutional/
organisational class is approximately 1/8 of the total
publications, and it is the class with the least number
of publications of all classes.

The fact that the number of publications in the
institutional/organisational class is less than that of
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the publications in the technical class can be
explained by a few reasons. Firstly, the cost of
establishing a 3D cadastre is more prominent than
its benefits. In terms of the institutional aspect, it is
difficult to identify the economic benefits of better
registration and representation of legal situation. As
a result, it is hard to study the efficiency (cost, time,
and compliance ratios) and the measurement of
impact (cost-benefit analysis) in the
institutional /organisational aspect.

Secondly, in many publications proposing
solutions to the technical issues of 3D cadastre,
researchers assume that the legal and institutional
framework required for implementing the proposed
solution is already present. However, cadastral
institutions have structures with absolute
procedures based on robust legal foundations. The
legal task of the cadastre and land registry is to
register the boundaries of real estate and to provide
information on the legal status on the real estate.
When performing that task, institutions prefer
themselves keep away from 3D cadastre due to
uncertainties such as defining 3D property
boundaries even though 3D modelling and
representation possibilities improved. In many
countries especially where registration is under
state guarantee, there is a view that complexities
caused by changes on legal and institutional
framework for 3D cadastre would exceed the benefit
of 3D cadastre. As a result, for employees of
institutions responsible for the legal affairs of the
land registration, such as lawyers and notaries,
remaining at a familiar area is more appealing.

4.3. Technical Aspects

As expected, in the 3D cadastre publications
analysed, the largest number of publications falls
into the technical class. About half of all publications
are in the technical class. In the past two decades,
technologies for collecting, storing, presenting, and
visualizing 3D data have developed sufficiently.
Furthermore, the relationship between the 3D
models of the physical world and legal entities has
become more visible, thanks to new 3D data
collection techniques and BIM models.

The main research topics of the technical class
publications are spatial data infrastructures, data
modelling, database management, geographic
information systems, visualization and geometric
representation, cadastral surveying, topology, data
exchange formats, and LADM.

In the decade after 2001, which was accepted as
the starting point for 3D cadastre research, technical
studies were mainly about modelling 3D cadastral
data in Database Management System (DBMS),
accessing and querying 3D cadastral data by using
Computer Aided Design (CAD) and Geographic
Information Systems (GIS) tools (Ddner and Biyik
2011; Baz and Geymen, 2006), and preparing the
selected data for the cases of 3D situations.
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After the adoption of LADM as an ISO standard
(ISO 19152) in 2012, it was observed that, in many
countries, the conceptual scheme of LADM was used
for 3D cadastre designs and country profiles were
prepared (Lee et al. 2015; Janecka and Soucek 2017;
Felus et al. 2014; Radulovi¢ et al. 2017). In the last
five-year-period, on the other hand, studies for
modelling 3D information of individual units by
using GML-based (CityGML, IndoorGML) and IFC-
based (BIM) spatial data models are more dominant.
In addition, it was observed that some 3D cadastre
research and applications are supported in projects
under the subheadings of Smart Cities and Digital
Twins within the scope of European Union Horizon
2020 grant program. These studies aim to create an
infrastructure for sustainable city design,
management, and planning by integrating digital 3D
property information with data such as noise,
energy, air pollution, mobility, and temperature
(Stoter et al. 2019).

From legal point of view, although there are
laws pertaining to the use of the vertical dimension
of property in each country, there is no
internationally recognized definition of a 3D
property. In some publications, 3D property refers to
a volumetrically restricted property, while in others,
the word space is used to refer to a larger unit that
includes several real estate or utilities. When the
legal-class publications were examined, it was
understood that there are problems in translating
legal terms into English. Sometimes different
authors from the same country would use different
expressions to translate the same terms into English.
Therefore, a common terminology should be used to
provide further progress in legal aspect.

From organisational point of view, the benefits
of 3D cadastre to the organisation and users,
whether those benefits are outweighed by the costs
in the short or long term, should be investigated
when implementation of 3D cadastre is considered.
Comparative studies with a greater number of
participants from different countries are needed to
recognize different legal and institutional
framework and to learn their strengths in the
implementation of 3D cadastre.

From technical point of view, developments in
3D geo-information sciences can now be regarded as
evidence that the demand for the use of 3D
information has increased to the extent that it cannot
be confined to legal purposes alone. Therefore, 3D
cadastre will need to be evaluated from a wider
perspective in the future. Further technical issues to
be addressed in the future can be listed as revision of
LADM, integration of 3D physical and legal objects,
four-dimensional 4D cadastre, and more advanced
visualization (augmented reality and virtual reality).

5. CONCLUSION

The inadequacy of the existing cadastral
systems in registering and representing of some
situations that emerge in the modern world has led
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to anincrease in interest and research in 3D cadastre
along with the effect of developing technology in the
last twenty years. In this article, 441 publications
from 59 different countries published between 2001
and 2019 were classified and analysed to point out
legal, institutional, and technical trends and
challenges in 3D cadastre research. According to the
results of the analysis, it is seen that there have been
significant changes in the twenty-year period since
the start of 3D cadastre research and that these
changes have partly changed the scope of the 3D
cadastre. Nowadays, the 3D cadastre should be
considered from a wider perspective by accepting
that 3D property information is only one of the
information type needs to create the infrastructure
for management of cities. The interest of legal and
institutional stakeholders to 3D cadastre tends to
decrease due to uncertainties in defining property
boundaries in 3D and lack of legal regulation.
Therefore, further research on a real 3D cadastre
solution, creating a workflow that considers both
current legal and technical framework beyond pilot
studies, is needed. Potential future research areas for
researchers to consider in a 3D cadastre research are
the revision of LADM, the use of digital data models
in cadastre, institutional arrangements for
dissemination of 3D cadastral data via spatial data
infrastructures and integration of legal and physical
3D objects in cadastre.
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