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1. Introduction

This chapter overviews the background theory and relevant context
necessary to understand the scope of the research. Specifically, Sub
Section 1.1 presents the concept and characteristics of the object’s
spatial development lifecycle, Sub Section 1.2 introduces the topic of
3D Cadastre and the importance of standardisation in it, while Sub
Section 1.3 discusses the role of land administration within the spatial
development lifecycle.

1.1. Spatial development lifecycle of 3D objects

The built environment encompasses associated interdisciplinary
aspects of design, construction, management and operation of the cre-
ated surroundings and artefacts. The key industry sectors directly
concerned with these interdisciplinary aspects include the AEC
(Architecture, Engineering and Construction) industry, as well as the
geography, geoinformation and urban planning industry sectors.
Although interwoven in certain aspects, these disciplines rely on dif-
ferent systems in the synthesis and management of information asso-
ciated with the built environment. This does not only apply to the ob-
jects of the built environment that are already constructed, but also to

those that are in the design process.
In the latter case, a full lifecycle information flow starts with in-

formation specification from the owner, the designers and contractors
and are usually entered into an existing (BIM) database during design
and construction. Such information can then be used to populate the
existing building manager's asset management/facilities management
system database(s) (including links to the BIM model). Most of the
spatial and non-spatial data collected during construction is useful
during operations (floor plans and 3D models – both geometry and
associated attributes/data).

It should also be considered that financial, building/ construction
permit, occupancy, maintenance historic process and other information
are considered as vital aspects of an object’s spatial development life-
cycle and should be maintained and exchanged between its various
phases. At the centre of this lifecycle the registration of a (built en-
vironment) object in a cadastral database can be found and thus, it is
vital to consider workflows to exchange and reuse this information
between the phases. Undoubtedly, the utility of 3D modelling is at
multiple levels but out of the five core phases in the lifecycle - plan,
design, construct, register and operate - the usage varies based on re-
quirements.

Within this framework, the interoperability concept covers areas of
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legal, organizational, semantic and technical nature and provides the
fundament for sustainable data management and value creation. In this
context, data infrastructure(s) of the different involved disciplines must
take account of interoperability issues and set up on commonly agreed
international standards and modelling rules.

1.2. 3D cadastre

As cities grow, both vertically and horizontally, the concept of the
third dimension is introduced (FIG, 2018b). Current Land Administra-
tion Systems (LASs) still mainly rely on 2D-based cadastral systems
facing legal, organisational and technical challenges in recording,
managing and visualising the spatial extent of vertically spaces due to
the increasing complexity of infrastructures (Aien et al., 2013; van
Oosterom, 2013; Kalogianni et al., 2017; Atazadeh et al., 2016; Kitsakis
et al., 2016). Cadastral Systems are recognized as the core of LASs
containing identification of the individual parcels recording interests
above/below/on land and water surface.

Currently, cadastral and land administration organisations around
the world are taking steps to register multi-level property rights and
space rights, in such a way that the registration provides a clearer in-
sight of the legal situation. In recent years, 3D cadastral developments
have matured, with the number of partial implementations of 3D parcel
registration around the world to be significantly increased (some jur-
isdictions provide legal provisions for the registration of 3D parcels;
others show 3D information on cadastral plans such as isometric views,
vertical profiles or textual information; etc.) (Kitsakis et al., 2016;
Dimopoulou et al., 2018; Ying et al., 2015). In this scene, the con-
temporary advances in geographic information science and technology
enable the collection, storage, analysis, visualization and dissemination
of 3D objects and play an important role.

An inventory of the current status of 3D cadastral registrations
worldwide is explicitly described by Dimopoulou et al. (2018), high-
lighting the first 3D cadastral registration in the Netherlands (Stoter
et al., 2017) and the real 3D cadastre and information systems, which
are built in Shenzhen, China to support urban planning and manage-
ment (Guo et al., 2014; Ying et al., 2015). Additionally, at the 3rd
Fig. 3D Cadastres Questionnaire (Shnaidman et al., 2019) a compre-
hensive current (2018) state-of-the-art of 3D Cadastres status world-
wide is presented, as well as near future (2022) plans and expectations
in the field are discussed. Achieving the registration of 3D parcels has
been an important step forward, however, sharing, visualising and
using these 3D parcels is another challenge (van Oosterom, 2019).

Despite the technological benefits and the potential economic value
of applying a holistic 3D approach, 3D solutions and practices are still
not common in applications that could significantly benefit from them.
In the context of object lifecycle management and 3D data reuse this
can be achieved, as data from 3D survey and design (especially from
BIM models, lidar data, etc.) are now becoming more and more avail-
able, while it has been claimed (Oldfield et al., 2017) that BIM (and
especially IFC data models and CityGML data) could be a good source
for retrieving data for 3D cadastral registration, such as detailed geo-
metry and semantics (Ying et al., 2017).

In the context of 3D objects’ lifecycle management, it is supported
(Stoter et al., 2016) that adopting a 3D approach from the initial phases
of the object lifecycle (i.e. design and acquisition) saves large amounts
of time and effort, mistakes are avoided, and it is less expensive.
Therefore, all the involved experts in the different lifecycle phases
would benefit from 3D datasets and procedures, either by representing
a model of the current real-word or a design of proposed scenarios (e.g.
architectural, spatial planning, subdivision plans, etc.). What is more
there is a rapidly expanding need for 3D geodata driven by the huge –
and ever-growing – interest in the construction of 3D models of urban
and built environments, which leads to the fact that 3D datasets are
becoming more and more ubiquitous for making decisions and im-
proving the efficiency of governance in different levels.

Given that (spatial) information comes from many different sources
and is managed by a very large number of different providers, there is
an overwhelming requirement to easily discover and share this in-
formation. Standards have a key role in this respect and are essential to
delivering authoritative geospatial services and products which meet
the requirements of the wider community of users. (UNGGIM, 2018).
Much effort is made in the AEC and GIS domains to address inter-
operability issues via standardised approaches and exchange formats.

The most dominant standardised model in the field of land admin-
istration, is the Land Administration Domain Model, which has been
voted as ISO standard in 2012; ISO19152:2012 (ISO, 2012); and is one
of the first spatial domain standards within ISO TC 211. The growing
recognition and influence of LADM is revealed by the multiple country
profiles that have been developed so far by many countries worldwide.
Within the International Standardisation Organisation (ISO), standards,
which are actually being applied, are continued and subject to periodic
revision, typically in a 6 to 10-year cycle (van Oosterom et al., 2019). In
this context, the LADM revision has started in 2018 aiming to provide
better tools to improve tenure security and better land and property
rights for all, involving many stakeholders. LADM Edition I revision’s
scope and core objectives are described in Section 2.

1.3. Land Administration in the context of full lifecycle of 3D objects

In many global documents (such as the United Nations Agenda for
Sustainable Development Goals (SDGs) (World Bank, 2018), the Vo-
luntary Guidelines on the Responsible Governance of Tenure (VGGTs)
initiated by UN FAO (FAO, 2012), the New Urban Agenda (NUA) from
Habitat III (Habitat, 2016), the 14 global fundamental geospatial data
themes by UN-GGIM (UNGGIM, 2019a), etc.) land is considered as an
issue of utmost importance (Lemmen, 2012) related to many of their
indicators and targets. Improving land administration and management
practices often results to increase in long-term and sustainable invest-
ment opportunities, both in rural and urban areas globally. In this
context, spatial information is broadly recognized as critical tool to
support national development, economic growth, and improve policy-
making. Maximizing the value of fundamental spatial information,
decisions and actions are going to be critical the next decades, while the
need for continuing research on principal policy issues of technical,
administrative, legal and financial aspects of land administration, as
well as the adoption of standardised, accessible and transparent ap-
proaches (Lemmen et al., 2017) will grow significantly.

In this scene, the ongoing process of improving Land Administration
Systems (LASs) is crucial, since land administration is the key asset of
any country, being crucial for its sustainable development as it covers
both legal aspects (Rights, Restrictions, Responsibilities) and spatial
descriptions (parcels forming cadastral maps). It responds to the need
for international research in building effective land administration in-
frastructures with modern information technology that will support the
2030 global policy goals for sustainable development (van Oosterom,
2019).

To this end, land administration should not be treated as an isolated
sector, but as part of a whole chain of spatial development phases,
which should all be well aligned and supported by 3D representation
(Fig. 1). Land administration is on the centre of this lifecycle facing
challenges of sustainability and cumulative space demand. As also
stated by van Oosterom (2013), the naming and order of execution of
the object’s lifecycle phases (namely: spatial planning/zoning, de-
signing, financing, permitting, surveying, constructing, registering, fi-
nancing, using, maintaining objects) may differ from country to
country, however they portray the general process.

Currently, there are independent and specific phases through the
spatial development lifecycle of objects, involving multiple stake-
holders (planners, designers, developers, surveyors, financers, etc.)
from various domains with different backgrounds, tools, custom-made
methodologies and requirements. However, present situation in many
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countries, has proven slow and expensive, with inconsistent datasets
and duplicates for the same objects through different phases of its
lifecycle, which results in mistakes.

Fashioning AEC (Architecture, Engineering and Construction),
geospatial and economic data into an efficient data flow from planning
through design and construction to operation and maintenance phase,
represents a challenge. Collaboration between different sectors reduces
costs of acquisition and design -data is collected once and used multiple
times in all the phases-; it improves data quality; reduces incon-
sistencies and avoids duplication in data collection and management
and minimises data loss, mismatch and overlap between the various
stages.

The potential for the reuse of information within the spatial de-
velopment lifecycle is a significant factor in calculating its (economic)
value; namely because of avoiding inconsistencies and mistakes, while
by adding real-world coordinates, the value and types of data are in-
creased for all stakeholders. Therefore, it is necessary to adopt bottom-
up and top-down governance approaches and policies, regarding data
acquisition and registration, as well as data processing and sharing from
different heterogeneous sources, by working with international stan-
dards.

Given this background, a life-cycle thinking approach, in the context
of an integrated development chain, can improve the efficiency of
current situation. Thus, a holistic approach to share and reuse in-
formation related to design, construction, legal, administrative, en-
vironmental and social issues should be developed and implemented.
Till today, international experience is limited to such a holistic ap-
proach, mainly focusing on the dissemination of information between
organisations in industry and governmental level, while academic re-
search is carried out mostly towards the synergy between the design
and construction sectors (high attention draws the solutions/possibi-
lities for BIM-CAD integration).

In this context, Guo et al. (2014) present a 3D business workflow
covering the lifecycle of a (3D) object, implemented in Shenzhen city of
China, which divides in three main phases: project preliminary, project
design and project construction. To support the lifecycle, the proposed
3D cadastral administrative system includes three modules: 3D data
generation module (manual input, data input and interactive

configuration), 3D query-platform and 3D mapping module (visualisa-
tion through 3D scene including 3D cadastral data, 3D buildings and
city environment auxiliary elements), which are built based on the 3D
land and planning database. What is more, the workflow supports a 3D
certificate function, as an independent module, which provides 3D
certificates in various formats (in pdf, jpeg and tiff) depending on the
relevant laws and regulations.

2. ISO 1952:2012 Land Administration Domain Model (LADM)
revision

The design of LADM took place in an incremental approach, in-
volving international experts, which lasted from 2002 to 2012, when it
was accepted as ISO standard and Edition I was published (Fig. 2).

A New Working Item Proposal (NWIP) has been submitted to ISO
TC211 in May 2018 by FIG, in order to initiate the LADM revision
process. The NWIP provides an overview of needs and requirements of
the identified LADM improvements at the conceptual model, the ex-
tensions at the scope of the conceptual model, possible encodings/
technical models, as well as process models (FIG, 2018a).

The ongoing revision is a joint activity, supported by many orga-
nisations and institutions (ISO, OGC, World Bank, UN-GGIM, GLTN,
FIG, IHO, RICS, Kadaster, TUDelft, etc.). Each one will be involved and
contribute to different aspects of this process. The ambition is to go
beyond a simple conceptual model by providing steps towards im-
plementations (e.g. more specific profiles, technical model in various
encodings, etc.), intending to achieve backwards compatibility, thus the
first edition of LADM to be upwards compatible with future editions,
which may have an extended scope.

Sub Section 2.1 introduces the proposals to extend the scope of
LADM Edition I, which are currently under development. The im-
provements of the conceptual model are briefly described in Sub Sec-
tion 2.2, while the Sub Section 2.3 presents the workflows and process
models that will be introduced in Edition II of the standard.

2.1. Extension of the scope

Among others, it is proposed to extend the scope of LADM with a

Fig. 1. 3D Cadastre within the spatial development chain (Kalogianni et al., 2018a, annotated).
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valuation perspective, introducing a Valuation Information Model
(Kara et al., 2018) based on Çağdaş et al. (2016) and Çağdaş et al.
(2017). The Valuation Information Model, which is introduced, will
serve for the specification of inventories or databases used in valuation
for recurrently levied immovable property taxes. The LADM Valuation
Information Model is supposed to facilitate all stages of immovable
property valuation, namely the identification of properties, assessment
of properties through single or mass appraisal procedures, generation
and representation of sales statistics, and dealing with appeals (Kara
et al., 2018).

Another goal of the revision is to include spatial planning/zoning
with legal implications and therefore, a Spatial Planning Information
Model is proposed. Spatial planning is considered to be closely related
to cadastre, as it may involve consultation and mediation processes in
developing new land use plans (FIG, 1995). The proposed Spatial
Planning Information Model aims to provide an effective way to relate
land tenure and spatial information, covering multiple levels of spatial
themes (e.g. land cover, land use, utilities, regulational zones and re-
porting units, natural risk zones, etc.) (van Oosterom et al., 2019).

Concerning the survey techniques that are part of LADM Edition I,
by reference to the ISO19156 - Observations and Measurement
Standard (ISO, 2011), it is investigated to develop a refined survey
model.

Moreover, an integration model of LADM with IndoorGML to assign
Rights, Restrictions and Responsibilities (RRRs) to indoor space and
indicate the accessible spaces for each type of user (party) is being
proposed for the LADM Edition II. By representing the party types of the
indoor spaces, LADM could establish a relationship between the indoor
space and the party. As a result, the navigation process will be more
convenient and straightforward, as the navigation route will avoid non-
accessible spaces based on the rights of the party (Alattas et al., 2017;
van Oosterom et al., 2019).

Furthermore, acknowledging the importance of marine environ-
ment and the demand to register Marine Limits and Boundaries (MLBs),
as well as the Rights, Restrictions and Responsibilities that apply to
them, a normative reference to the standard S121 (Marine Limits and
Boundaries) developed by the International Hydrographic Organisation
(IHO) will be included in the Edition II of LADM.

Last but not least, LADM Edition II is considered to be among the
internationally agreed standards that will play key role alongside
agreed global concepts and evidence-based approaches. The Global
Land Indicators Initiative (GLII), see GLTN/UN Habitat/Kadaster
(2015); Habitat/GLTN (2017) and UN ECOSOC and African Union
(2016) seek to derive a list of globally comparable harmonized land
indicators, using existing monitoring mechanisms and data collection
methods as a foundation, and it is expected that with the development
of land administration indicators for the SDGs as part of LADM Edition
II, this problem will be addressed.

2.2. Improvements at the conceptual model

LADM provides an international framework, conceptually effective
to support 3D Cadastre and is worldwide gaining ground, as many 3D
Cadastral prototypes and pilots are developed based on that. However,
at its current version the 3D support is limited and there is need to
complement and refine its 3D functionality and thus design detailed 3D
spatial profiles for the different types of spatial units. Moreover, more
functionality is required for 4D representations, including geometry or
topology and time profiles.

From the multiple country profiles that have been developed till
today, it has been noticed that code lists are being repeated (when a
country-specific code list is introduced in a country profile, the country
code is replaced with ‘LA’ prefix), LADM code list are being extending
with new values to serve the needs of the country profile, while the
localization issue extends from language names to the various organi-
sations and institutions dealing with interests in land.

To address those challenges, Paasch et al. (2015) and Stubkjær et al.
(2018) propose code lists as a mean of internationalisation by which the
classes of the LADM may be related to the jurisdiction concerned. The
issue of code lists has been addressed by the OGC as well, namely in
terms of the document 17-050r1 Code List Manifesto (Scarponcini,
2017). Meta data and tenure atlases are relevant in this context. Tenure
atlases provide overview on tenure systems and the level of recognition.
This may include areas without land markets and nature preservation
etc. Therefore, formal semantics and/or ontology of code lists will be
included in the Edition II of the standard.

What is more, one of the objectives of the LADM Edition II is to go
beyond just a conceptual model and hence, exploring various encodings
concern the further detailed technical specification of LADM based on
existing standards. Mainly the use of international standards will be
explored though this revision and specifically, BIM/IFC, CityGML,
LandXML, InfraGML, IndoorGML, RDF/linked data, GeoJSON and
INTERLIS. It is underlined that BIM is very important in order to es-
tablish a link between building information and land administration
domain in relation to spatial planning and lifecycles of constructions/
buildings.

2.3. Process models and workflows

At the conceptual model of LADM Edition II process models for
survey procedures, map updating and transactions (including block-
chain) will be included. Generic process-related modules in data ac-
quisition, data handling and also maintenance and publication are
needed.

LADM in its current edition has roles already included, as well as a
series of dates as interaction to processes; however, the standard does
not include land administration processes for initial data acquisition,
data maintenance and data publication (Lemmen et al., 2018).

Fig. 2. LADM incremental design.
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In this context, cadastral map updating includes adjustments and
transformations of field observations (collected at different moments in
time and with different survey instruments or use of imagery from
different sources) to the spatial database. Management of values/mea-
sures is needed – there may be more than one value to be maintained
for the same spatial unit – the legal area and the accurate area as cal-
culated in the cadastral GIS. Implementation of tolerances to manage
the differences should be flexible and purpose related. Results of sub-
divisions of spatial units may need to be shared with other systems. This
includes results of readjustments and land consolidation (van Oosterom
et al., 2019).

Processes that will be included in Edition II of the standards, will be
organized per package (the 3 core packages as they have been described
in LADM Edition I: Party, Administrative and Spatial Unit), also cov-
ering the newly introduced in Edition II packages for Valuation and
Spatial Planning and will cover both data input and output (van
Oosterom, 2019). Each process encompasses principle components and
forms the legal or spatial correlation between them and therefore, each
element can be cross-connected to a corresponding LADM Class.

Processes can also be organized on the basis of use of electronic
signatures in case of applications and information requests with public
and private keys and encryption/decryption. Provision of information
to data collectors for initial data collection or maintenance is a specific
but very important process (task management, logistics).

Similarly, blockchain technology in transaction processes could be
very well applicable for transactions in land administration. Another
type of UML diagram may be needed to represent processes – thereby
creating a connection between the classes of workflow management
module and LADM classes.

3. Spatial profiles in the context of ISO 19152:2012 LADM Edition
I

Spatial profiles can efficiently support a holistic lifecycle thinking
and enhance the interoperability between the different phases and
disciplines. The spatial profiles that have been developed in the context
of LADM Edition I are described in this Section. Specifically, Sub
Section 3.1 presents the five 2D spatial profiles, according to the re-
presentations that are supported by the current Edition of the standard
and Sub Section 3.2 briefly introduces the 3D topological profile and
the related research in the field of 3D topology models.

3.1. 2D spatial profiles

At the first edition of LADM (ISO19152:2012), the Spatial Unit
Package and the Spatial Representation and Survey sub-packages allow
a number of possible representations of spatial units in 2D, 3D or mixed
(integrated 2D and 3D). For 2D spatial units five spatial representations
are supported in the current Edition of LADM, which form the corre-
sponding spatial profiles described with a small UML diagram (Annex E
ISO 19152, 2012).

The spatial profiles for 2D spatial units allow for a representation
only with descriptive text, where no geometry is used (‘text based’
spatial units), as illustrated in Fig. 3.

A spatial unit can also be described by the coordinates of a single
point, as presented in the spatial profile illustrated in Fig. 4.

What is more, the representation of a spatial unit with lines and
incomplete boundaries, can be modelled through the profile presented
in Fig. 5.

The most common representation by a 2D polygon is illustrated in
Fig. 6.

Last but not least, a profile for representation when spatial units
share boundary representations is included in LADM Edition I (Fig. 7).

The liminal spatial units (mixed 2D/3D) are introduced in Annex B
of ISO 19152 (ISO 19152, 2012), however there are no spatial profiles
for their representation.

3.2. 3D spatial profiles

At the current edition of LADM one spatial profile for 3D spatial
units is provided (Annex E ISO 19152, 2012); the “3D Topological
based” (Fig. 8). Regarding the 3D topology model, volumes should not
overlap but may be open on the bottom or the top corresponding to
non-bounded 3D Spatial Units (in this case, the size of the volume
cannot be calculated) (Zulkifli et al., 2015). In terms of a 3D topology
representation, a 3D boundary face has positive/negative information
included in the association with a 3D spatial unit to indicate the or-
ientation of the face, however the geometric 3D volumetric primitive
(GM_Solid) is not indicated as this is the topological representation
(Ying et al., 2015).

Zulkifli et al. (2015) review different 3D topological models to
choose the most suitable one for certain applications within LADM
concept. The authors conclude, that there is no single 3D topology
model best suitable for all types of applications, as it depends on the
type of each application and therefore, the requirements of the 3D to-
pology model should be defined accordingly. Based on their research, a
“topological structure to organize tetrahedrons”, Tetrahedral Network
(TEN) introduced by Penninga and Oosterom (2008), is one of the most
suitable 3D topology models.

According to the requirements of the LADM, considering topological
information alone is not sufficient to describe a 3D object. Geometrical
information must also be associated with each topological primitive. In
this context, Ying et al. (2015) proposed a model to describe and store
the geometric and topological relationships of 3D cadastral units, as
well as the entities. The authors extend the geometric-topological
model in LADM, which is based on ISO 19107, and redesign the model
to support non-manifold 3D objects to represent realistic 3D cadastral
objects.

4. Proposed spatial profiles in the context of ISO 19152:2022
LADM edition II

The work described in this Section is focused on the development of
spatial profiles in the context of LADM revision, based on the revised
taxonomy, as initially presented by Thompson et al. (2015), as well as
in previous work of the authors (Kalogianni et al., 2018b).

Sub Section 4.1 introduces generic use cases that have motivated the
categorisation of spatial units into discrete groups with similar char-
acteristics. Use cases from China, Greece and Australia have been
gathered and analysed. As a next step, the revised classification of 3D
spatial units, as initially provided by Thompson et al. (2015) is briefly
introduced in Sub Section 4.2, while Sub Sections 4.7, introduce the
proposed 3D spatial profiles to be included in the revised Edition of
LADM. Lastly, Sub Section 4.8 presents a reflexion on the spatial pro-
files modelling approach and the aspects that have been considered to
reach those preliminary results.

4.1. Inventory of use cases

Use cases of 3D spatial units that commonly appear at the different
jurisdictions around the world are the starting point for the categor-
isation of the use cases that show similar characteristics into groups,
and then, the modelling of their corresponding spatial profiles. In this
research, use cases from Australia, China and Greece are presented.

The six states of Australia operate under subtly different regulations;
hereafter the use cases that are being analysed in the context of this
research reflect the reality in Queensland (DNRM, 2016). Historically,
cadastral spatial units were seen as 2D land parcels, but with the in-
terpretation that the property extended from the centre of the earth to
an infinite distance above the surface. In practice, this was always
treated as meaning the distance above/below ground that the property
owner had effective control over. The concept of “to the depth/height
of” properties was introduced in the early 20th Century to permit cases

E. Kalogianni, et al. Land Use Policy 98 (2020) 104177

5



such as mines that were constructed below surface properties.
The next major change in Australia, during the late 1980′s was the

introduction of “strata titles” which referred to units within buildings
with the properties defined by the building structure, and then in the
early 21st Century, “volumetric” spatial units – where the definition of

the property does not depend on a structure, but is defined by metes
and bounds (like a 2D parcel). The legal situation of 3D spatial units has
been kept simple by them being given the same status in law as 2D
spatial units. A valid interpretation of this is that, a volumetric spatial
unit today can be subdivided into individual units – each of which is

Fig. 3. Current 2D text based spatial profile, Annex E - LADM ISO 19152 (ISO 19152, 2012).

Fig. 4. Current 2D point based spatial profile, Annex E - LADM ISO 19152 (ISO 19152, 2012).
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subject to a strata title (3D spatial units within 3D spatial units, a
concept that is currently supported also by the Edition I LADM). This
raises a particular type of “common property” being the remainder of a
volume of space after the individual units have been excised. Having
said that, two representative 3D use cases from Australia are presented:
a busway and a complex building structure.

Therefore, Fig. 9 illustrates a common use case of a busway (the
larger parcel) with a section of tunnel below it. They both have been
pushed up to above the surface to make them visible in Google Earth,
which does not allow for visualising underground objects and spaces
(while the busway is actually at the earth’s surface). Both the tunnel
and the busway are volumetric spatial units, and the top one (busway)
is a stepped slice, while the lower tunnel spatial unit is a simple slice
with non-horizontal top and bottom.

Fig. 10 shows Meriton (or Soleil) Building, the tallest building in

Brisbane, which is actually divided into 4 volumetric lots. The lots are
subdivided into building unit lots (specifically, in the figure lot 3 is
presented, which is subdivided into floors, each with 7 building format
lots and common property. The volumetric lots are general (having
various ramps and complex structured), but the individual building unit
lots are all simple slices, defined by the walls of the building.

Fig. 11 illustrates a complex case with a five-storey building and a
tunnel below it, where also the corner is truncated to improve traffic
flow. Concerning the geometry of the spatial units, there is a simple
slice volumetric spatial unit below ground, and a building with building
format units (simple slices) at and above ground level (Thompson et al.,
2016). At the Fig. 11, with green are the floors and ceiling, which are
shared from units to the ones above/below them.

Over the last decade, China, and specifically the city of Shenzhen,
has shown advanced 3D cadastral applications, as also mentioned in

Fig. 5. Current 2D unstructured line based spatial profile, Annex E - LADM ISO 19152 (ISO 19152, 2012).

Fig. 6. Current 2D polygon based spatial profile, Annex E - LADM ISO 19152 (ISO 19152, 2012).
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Sub Section 1.3. Hence, three use cases are presented here, referring to
common 3D space blocks, underground properties and a complex col-
lection of volumetric spatial units.

Fig. 12 illustrates a granted underground 3D volumetric property
used as commerce with refined boundaries along with metro entrances,
metro surface and metro air outlet in Shenzhen, China. Metro entrances
and air outlets are illustrated as concaves and holes, as a result of
Boolean operations in order to generate irregular solids and handle
multi-components of integrated 3D parcels.

Fig. 13 represents indicative cases of 3D space blocks in 3D space
planning.

Fig. 14 illustrates a complex property collection across the surface,
which includes five 3D volumetric property units, namely: a metro
station, a metro tunnel and underground/above ground commercial
properties. The collection of the volumetric spatial units is also pre-
sented in a 2D cadastral map, to underline the benefits of 3D registra-
tion and visualisation of cadastral objects.

Lastly, use cases from Greece, collecting characteristics of different

Fig. 7. Current 2D topology based spatial profile, Annex E - LADM ISO 19152 (ISO 19152, 2012).

Fig. 8. Current 3D topology based spatial profile, Annex E - LADM ISO 19152 (ISO 19152, 2012).
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spatial units are also analysed. Specifically, a subway station, a metro
tunnel and a Special Real Property Object (SRPO) are presented in the
figure below. SRPO is a very common 3D case found in Greek islands
where land parcels and buildings are partially or totally overlapping to
each other. In Fig. 15, a longitudinal section of a subway station in
Thessaloniki’s metro line 1 which is under construction is presented
(Kitsakis et el., 2017).

Similarly, Fig. 16 illustrates a metro tunnel for line 4 extension in
Athens, which is under construction.

Last but not least, SRPOs are properties built above or below other
properties, usually found on the Greek islands. Customary law applies
to mostly in the Aegean islands creating complex RRRs, mixed-up in
multiple layers below or above the surface (Kalogianni, 2015). Fig. 17
presents an “Anogi”, a common case with overlapping, high-level
constructions built, which are bridging paths.

In this context, it can be summarised that some generic 3D use cases

- identified in various jurisdictions worldwide, independently whether
title-based or deed-based systems apply - can be grouped according to
some characteristics. Such use cases are: “simple” 3D parcels, under-
ground networks and network utilities (such as tunnels and pipelines),
spatial planning zones, archaeological spaces and zones, air and marine
parcels, as well as collections of complex spatial units that apply under
different legislations (e.g. SRPOs). The aim of the proposed spatial
profiles is to provide a modelling approach for the different types of use
cases, as they have been presented in Section 4.1.

4.2. Initial categorisation of spatial units

The Land Administration Domain Model (LADM, ISO 19152:2012)
categorises the encoding of spatial units as having “Text-Based”,
“Sketch-Based”, “Point-Based”, “Line-Based”, “Polygon-Based”,
“Topology-Based” level encoding. There is also a division of spatial

Fig. 9. Busway with a section of tunnel below it in Brisbane, Queensland, Australia.

Fig. 10. Soleil building in Brisbane in 3D representation and its 2D cross-section.
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units in terms of the legal definition – into “building format” spatial
units where the boundary of the unit is defined by the walls of a
building, and the “pure volume” where the boundaries are fiat and
defined by metes and bounds (Thompson et al., 2015, 2019).

In this context, Thompson et al. (2015) suggested a categorisation of
spatial unit types for the purpose of counting and estimating the level of
complexity of spatial units. These were named as: “2D Spatial Units”,
“Above / Below a Depth or Height” (semi-open spatial units), “Poly-
gonal Slice”, “Single-Valued Stepped Slice”, “Multi-Valued stepped

Slice”, and “General 3D Parcels”. These categories have been used in
discussing approaches to representing and storing spatial unit in-
formation, but in the current discussion, a variation of the categories is
used – more in keeping with the current subject.

Fig. 18 illustrates use cases of the different types of spatial units’
categories, as described above.

4.3. Spatial profile for building/construction format spatial units

In the case of a building/construction format spatial unit, where its
boundaries are legally defined by the extents of an existing or planned
structure that contains/will contain the unit, there are two ways to
describe and spatially represent the spatial unit: by referring to a
building format or by defining its actual shape by geometrical types
(Fig. 19). The actual geometric form of building/construction format
spatial units is variable, mainly being polygonal slices, but all cate-
gories are possible.

Fig. 11. Side view of a complex case study in Queensland, Australia (Thompson et al., 2016).

Fig. 12. Underground 3D volumetric property in Shenzhen, China.

Fig. 13. 3D space blocks in Shenzhen, China.
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Thus, in the proposed profile, both options are included by in-
troducing new attributes. When the building/construction format spa-
tial unit is defined by geometry types two attributes are added, similar
to the profile for “simple” 3D spatial units: upper_elevation and low-
er_elevation defining the horizontal bounded surfaces. Similarly, the
constraint upper_elevation > lower_elevation is imposed to prevent the
two surfaces to intersect and also to be stored appropriately. At the class
GeneralBoundary_SpatialUnit, which is a specialisation of
LA_SpatialUnit, the value of dimension attribute is fixed to “3D”.

Moreover, to represent the reference to a building format, an asso-
ciation with an external class representing the building format is added.
This external class needs further, refined modelling and as a future step
it should be modelled considering approaches of integrating LADM with
models encoding the fine detail of the units, as the recent research re-
garding integration of LADM with IFC classes, (Atazadeh et al., 2017;
Oldfield et al., 2017); encoding information through surveying plans
(described with LandXML (Karki et al., 2011); building module of Ci-
tyGML through CityGML-LADM ADE (Góźdź et al., 2014) which should
be defined depending on the Level of Detail (LoD) of the building, etc. In
this scene, further modelling of existing ExtPhysicalBuildingUnit class
should be investigated, in order to be used as an external class at the
proposed spatial profile for the association with a building format
spatial unit.

4.4. Spatial profile for general spatial unit

This profile aims to cover almost all 3D geometric objects, however
complex. Those are still defined in terms of a footprint polygon, and an
upper_elevation and lower_elevation, but in this case the elevations do
not define the corresponding upper and lower bounded surfaces; they
just provide a limitation on the extent for searching and potentially low
LoD presentation. In addition, there will be a collection of
LA_BoundaryFace objects (further referred as faces) to define the exact
extents of the spatial unit. For the general spatial unit, two simplified
spatial profiles are proposed, one in a topological model (Fig. 20) and
the other in a polygonal encoding (Fig. 21). It is noted, that those

profiles are kept as simple as possible and will be further explored in
relation to real-world use cases. A case of general spatial unit is pre-
sented in Fig. 22.

In Fig. 22, face string FS1 (which is an instance of the LADM class
LA_BoundaryFaceString) defines the boundary separating A and B from
C, D and E. In a topological encoding, it would be stored only once, with
a plus link to A and B, and a minus link to C, D and E. Likewise face F1,
which again stands for an instance of the LADM class LA_BoundaryFace
(which has a hole in it), has a plus link to C, and a minus link to D (as
does face F2).

4.5. Spatial profile for single-valued stepped spatial units

Single-valued stepped spatial units (Fig. 23) are a special case of a
general 3D spatial unit (as presented in Section 4.4), in terms of the
database storage. Modelling of this type of spatial unit is simplified – as
it is relatively simple to allow the data preparation officer to omit all
vertical faces – only needing to encode the footprint polygon and the
horizontal faces. The data capture program can then, easily generate
the vertical faces.

Note that the division into upper surface faces and lower surface
faces does not need to be imposed on the storage schema, being a
simple matter of the orientation of the faces (clockwise from above for
the lower faces, anticlockwise from above for the upper faces).In ad-
dition, this class of spatial unit is very easy to visualise in a 2D viewing
package.

4.6. Spatial profile for multi-valued stepped spatial units

Similarly to the single-valued stepped spatial units, this is a special
case of a general 3D spatial unit (see Section 4.4). Those spatial units
are defined by a set of boundary faces, all of which are all either hor-
izontal or vertical, without a restriction of the volume to being single
valued in z. This allows volumes with “caves” or “tunnels” in the wall.
For encoding purposes, it may be useful to consider the face objects to
be divided into upper and lower surface definitions.

Fig. 14. Collection of volumetric property units in Shenzhen, China.
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In Fig. 18, schema D, illustrates an example of a multi-valued
stepped spatial unit.

4.7. Spatial profile for balance spatial units

There are two strategies to model this type of spatial units: a) they
can be explicitly stored as being the balance of a spatial unit when the
sub units are excised – thus requiring the accessing software to de-
termine the shape and detailed definition of the object; and b) the
balance spatial unit can be stored in the same form as any general
spatial unit (thus, modelled implicitly and avoid redundancy). It is re-
latively easy to use a spatial subtraction operation to generate a balance
object – taking the enclosing object and subtracting all the enclosed
objects.

Given this background, it was decided to choose the first approach
and model the balance spatial units as the “remainder” between a
‘normal’ 2D and 3D parcel, as depicted in Fig. 24. It is evident that the
remainder parcel is not an independent one, and thus its spatial profile
depends on the spatial profile of the core/basic 3D parcel. A link be-
tween the (‘normal’) 2D parcel and the 3D parcel is created, which is

considered to be a ‘safer’ way to connect the two parcels, in a sense that
it shows an explicit warning that the party does not own the whole 3D
column, but a part of it, while there is no dependency on an implicit
relationship.

At a conceptual level this association can be derived, and it is
modelled in this way, while at the implementation level it can be
decided whether it would be explicitly or implicitly modelled. The
spatial profile of this type of spatial units is quite simple, however de-
pending on the way the 2D parcel is implemented (using one of the
spatial profiles presented in Sub Section 3.1), new constraints may be
imposed. For instance, the association can become explicit when the 2D
parcel is described by simple text (2D text based spatial profile) or
points (2D point based spatial profile).

4.8. Reflexion on the modelling approach of 3D spatial profiles

The concept of modelling spatial profiles for the 3D spatial units is
summarised in this Section. Based on characteristics of the categorisa-
tion of the spatial units, the following principles have been im-
plemented to the categories of the taxonomy, adapted each time to their
requirements:

• “Footprint polygon”

As a foundation it is proposed to have a “footprint polygon” or a set
of (vertical) face string for each spatial unit, as introduced by
Thompson et al. (2017). In that way, a 3D spatial unit is represented by
a footprint, which is then restricted by faces above and below the actual
parcel.

The concept of having a “footprint polygon”:

■ provides a simple 2D limitation on the extent of the unit;
■ makes a simpler connection between 2D and 3D spatial units;
■ in a non-topological storage structure, it can be stored as a polygon,

thus allowing 2D indexing at the database;
■ in a topological structure, the face string network can be stored as a

2D planar graph;
■ in any case, a set of vertical boundaries for all spatial units opens the

database to query and update (even) using 2D software.

I. Bounded surfaces

A spatial unit may not be fully bounded. Talking about 3D spatial
units, they will normally have vertical faces and a top and/or bottom

Fig. 15. Longitudinal section of subway station, in Thessaloniki, Greece.

Fig. 16. Metro tunnel, in Athens, Greece.

Fig. 17. Special Real Property Object (SRPO) in Aegean islands, Greece.
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face(s). Thus, a set of faces that indicates the surfaces above and below
the spatial unit (upper and lower surface) to be included in all the
spatial profiles, indirectly indicating the maximum and minimum Z
value. Associated constraints will be imposed, and multiplicity will be
appropriately defined.

I. Absolute or relative height

An attribute defining the absolute height of the spatial unit is pro-
posed to be included as an optional attribute in the spatial profiles.
Moreover, a reference to a relative height will be included to describe
3D parcels.

I. Surface relation attribute

The indicator LA_SurfaceRelationType is used to define that the
“upper elevation is relative to ground” or the “lower elevation is re-
lative to ground”, as a spatial unit could be defined as “…from 20 m
below to 20 m above local ground surface”. This could probably apply
to the z values on faces that define a more complex geometry. In the
case that the spatial unit has z value(s) relative to ground, it would be
rather hard to make the boundary between 2 adjacent 3D spatial units
work out the topology on.

I. Reference to a topographic object

A reference to the topographic object is proposed to be included in
the spatial profile to specify one or more 3D boundary surfaces, through
an association with the external registration.

I. Reference to another surface

Depending on the categorisation they fit into, several spatial units

are defined (partially or completely) referring to another surface. To
realise this relationship, an association to this surface - whether it is the
earth surface, another spatial unit, etc. - is proposed to be created.

5. Conclusions and future work

Land is at the basis of society. As cities grow in size and population,
harmony among their spatial, social and environmental aspects be-
comes of paramount importance. Particularly for urbanised areas, ad-
ministration of land is challenged by unprecedented demand for space
use above and below earth’s surface, resulting in an increasing spatially
complex built environment (including constructions on, above and
below earth’s surface; utilities, etc.), where relationships in vertical
space can no longer be ambiguously represented in 2D. For that reason,
cadastral and land administration organisations around the world are
taking steps forward to register multi-level property rights in a way that
provides clearer insight of the legal situation. “3D Cadastre”, being used
both as buzzword and technical term to indicate the urgent need for
change in the development and management of Rights, Restrictions and
Responsibilities and their spatial extent in 3D, is discussed in this paper,
while the progress that has been made in advancing this concept with
the adoption of LADM as ISO standard is also underlined. What is more,
in the context of the LADM revision, which is explicitly described in
Section 2, attention is given to the 3D support of LADM in terms of
modelling, storing, visualising and maintaining the spatial units, as well
as at the future integration with technical standards and application
schemas.

Special attention was given to the need to combine independent
systems, methodologies and procedures associated with different dis-
ciplines, aspects and scales of the built environment, by introducing the
concept of the spatial development lifecycle and the key role of land
administration in it. In this context, spatial profiles can efficiently
support a holistic lifecycle thinking and enhance the interoperability

Fig. 18. Subcategories of spatial unit geometries: A. Building Format spatial units; B. Simple Slice;C. Single-valued stepped spatial unit; D. Multi-valued stepped slice;
E. General 3D spatial unit.
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Fig. 19. Proposed spatial profile for building/construction format spatial units (Kalogianni et al., 2018b).

Fig. 20. Spatial profile of a general spatial unit in a topological model (simplified).
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between the different phases and disciplines. The spatial profiles that
have been developed in the context of LADM Edition I are described in
this paper, while Section 4 is dedicated to present proposed spatial
profiles for the Edition II of LADM, based on an inventory of general use
cases that can be found in various jurisdictions, as well as the revised
taxonomy of spatial units that has initially been presented by Thompson
et al. (2015).

The proposed spatial profiles in the context of LADM revision and
the modelling approach that has been followed, will initiate a discus-
sion on the modelling, usage and encoding of spatial profiles con-
sidering the need to adopt a holistic approach. Collaboration with or-
ganisations that are involved in LADM revision process and will benefit
from the development of spatial profiles and encodings is the next step
(e.g. IHO, OGC, etc.). What is more, as a further step of this research, the

proposed spatial profiles can be examined in contrast and enriched with
the spatial profiles that have been developed in China, as part of their
national implementation strategy.

Furthermore, future actions include among others, the investigation
of different encoding models concerning the further detailed technical
specification of LADM based on standards, such as: BIM/IFC, GML,
CityGML, LandXML, InfraGML, IndoorGML, RDF/linked data,
GeoJSON, INTERLIS. For each profile, the model(s) that can better
support its implementation should be investigated. It is underlined that
it is very important to establish a link between BIM and land admin-
istration in relation to spatial planning and lifecycles of constructions/
buildings, considering that in the future, cadastral data may originate
from design phase/ process (e.g. BIM/IFC data).

Moreover, as a future step, more methods of volumetric

Fig. 21. Spatial profile of a general spatial unit in a polygonal encoding (simplified).

Fig. 22. Faces and Face Strings – Showing two simple spatial units A and B, a general spatial unit D (which includes the air-shaft to above the surface, and two
balance spatial units C and E which are open above and below respectively.
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representation that are used to create 3D objects, apart from current
assumption of vector/boundary representation-based spatial units
should be investigated. Specifically, data derived by architectural or
other drawings leading to Constructive Solid Geometry or sweep re-
presentations should be observed, improving the link to CAD/BIM
models. Additionally, it should be considered whether boundaries re-
presented through voxels or point clouds, photos or pictometry can be
supported. Similarly, for the curved boundaries there are many cate-
gories possible that should be identified, such as patches from cylinder,
sphere, ellipsoid, NURBS, etc. Besides, the “LA_BoundaryFace” class
does not provide attributes to semantically distinguish various types of
boundaries and it can be further explored based on the above-men-
tioned in the revision of the standard.

Last but not least, deep integration of space and time resulting in 4D
geometry/topology should be include in further investigation and as a
next step corresponding spatial profiles should be designed.
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