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SUMMARY

Registering the rights of a 3D parcel providesaiety of ownership, protection of rights and
unambiguous spatial location. While not all cadagtrasdictions in the world maintain a
digital cadastral database, the concepts of sugbtration hold true regardless of whether it is
a paper-based cadastre or a digital one. Simildré/motivations and purpose for the creation
of a 2D cadastre for individual jurisdictions appli®r 3D cadastres as well. It provides a
security of ownership of 3D parcel, protects tights of the owners, and provides valuable
financial instruments such as mortgage, collateralyation and taxation. The current life
cycle of the development of a land parcel includescgsses beginning from outside the
cadastral registration sphere, such as zoning pladgermits, but has a direct impact on how
a certain development application is processeds,Timuconsidering the changes required to
allow a jurisdiction to register 3D, it is importato note the sphere of influence that could
have an impact on 3D registration. These includemnrs, notaries, surveyors, data managers
and registrars; however for the purpose of thisepajne research is focused on the core 3D
aspects that are institutional, legal and technidais paper explores approaches and solutions
towards the implementation of initial 3D cadastegjistration, as derive by current procedures
of registration of 3D parcels in various countriesridwide. To this purpose, the paper
analyses the categorisations and approaches t@&ialsunits and examines the validation
requirements (constraints) on a cadastral database, at vaels of maturity. In this view,
3D data storage and visualization issues are exanninelation to the level of complexity of
various jurisdictions, as provided by the results of the country inventory combinedawit
worldwide survey in 2010 and updated in 2014 (Vawsterom, et al, 2014). It seems that
significant progress has been achieved in provitegal provisions for the registration of 3D
cadastres in many countries and several have startsldot® 3D information on cadastral
plans such as isometric views, vertical profilestext environment to facilitate such data
capture and registration. Moreover, as jurisdiiprogress towards an implementation of 3D
cadastres, much 3D data collected in other aredid,(B-C CityGML files, IndoorGML,
InfraGML and LandXML) open up the possibility of cte 3D cadastral database
combining the existing datasets. The usability, gatibility and portability of these datasets
is a low cost solution to one of the costliest @sasf the implementation of 3D cadastres,
which is the initial 3D data capture.
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1. INTRODUCTION

1.1 Background

3D geoinformation is becoming increasingly impottaowards decision-making, land

management and land development. Research has sieated the actual added value of 3D
information over 2D in the cases of an overall meffecient integration of urban vs. regional

planning and management, especially when dealing with uBBerground/aboveground

infrastructures. Despite tha fact that there ha lmnsistent research within geoinformation
science (GISc) on the concept of 3D for more than adkoow, several potentially involved

parties are still reluctant to invest in 3D data, B&Zhniques, and applications. As a
consequence, large administration processes mglatirurban/ rural planning often run up

financial losses simply because generic geoinfaonas not part of the process (Stoter, 2011;
Stoter et al, 2012).

A pertinent example of the above is what conceropgrty cadastre. Regardless of country,
an up-to-date property cadastral system is fundeahdor a sustainable development and
environmental protection (Navratil and Frank, 2083pter, 2011; Dale and McLaughlin,
1999). Current worldwide property cadastral registneainly use 2D parcels to register
ownerships rights, limited rights, and public law resions on land. In most cases this is
sufficient to give clear information about the legi@tus of real estate. But in cases of multiple
use of space, with stratified property rights indathe traditional 2D cadastre is not able (or
only in a limited way) to reflect geospatial infoaation about those rights in the third
dimension. As a matter of fact, the growing densityand use in urban context is increasing
situations of vertical demarcation of property units.

In practical terms, issues stated above do reallyefer to the need for simple 3D drawing or
3D visualisation capabilities of a stratified realiThe issue dwells in the linkage between two
models: a conceptual one and a physical one. lerotords, the real difficulty is the
materialisation of the legal object (a 3D conceptual bogylirtking it to its corresponding
physical object (in a 2D or a 3D geometric/topolagjiticture).

1.2 The need for 3D parcel registration

Most modern cadastres register ownership and totatietails in the land register and
therefore 3D registration is intrinsic to many loéin. The concept of 2D parcels considered as
a 3D column of rights has been around for a longethow. There are however specific
extrinsic capabilities of a cadastral system tresichto be fully or partially fulfilled so that it
can be considered a 3D cadastral system.
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The primary capacity for a 3D cadastral systenoibe able to register space as a separate
entity within the cadastral system. It is not arplicit 3D column of rights but rather an
explicit registration of 3D spatial object. The 3patial object itself can be a physical 3D
structure, an envelope of the physical 3D structuraca ef rights above or below the surface
that in turn may or may not be contiguous to amyllar other 3D spatial parcels. In all cases,
the main aims to be achieved in implementing a aBastral model comprise the adoption
(Khoo, 2012):

to an official and authoritative source of 3D cadastuavey information,

to open source format for data exchange and disséonnand

to international standards in data modelling.

The design of a smart data model that supports&@Defs (the spatial unit against which one
or more homogeneous and unique rights, onus oriatests are associated to the whole
entity, as included in a Land Administration systsSS@®/TC21 19152, 2012), the automation
of cadastral survey data processing and officialr@agag, as well as the integration of the
temporal dimension either as separate attributegieotruly integrated 4D spatio-temporal
geometry/ topology, may be also prerequisites inglosess.

As these cadastral systems progress towards a itpatuwdel of 3D implementation, the

complexity of allowed geometric features and thpacity of the system to accommodate
these complexities grow too. It thus becomes tepawrsibility of the cadastral jurisdiction to

provide the institutional and legislative framewadkfacilitate the registration of 3D parcels
and to provide the tools for land professionalsetword and display 3D cadastral data within
the provided framework.

In a 2D cadastre, the basic registration involves@n, parcel and rights. Similarly, in a 3D

cadastre, the simplest implementation should be tbtegister these, however, complexities
arise when the 3D parcels are geometrically complextan@D rights are not clearly defined

by legislation. In Shenzhen, pure 3D space (parking commercial shop) are planned,
granted and registered along with their easemepiass to the ground. In Queensland, any
shape of the parcel geometry has been allowed parpgaans as long as it can be defined
mathematically, while the registration of thesecpds are treated as equivalent to 2D and
ownership records are thus stored within the same titlisigsy

Registering the rights of a 3D parcel providesaiaty of ownership, protection of rights and
unambiguous spatial location. While not all cadagtrasdictions in the world maintain a
digital cadastral database, the concepts of sugbtration hold true regardless of whether it is
a paper-based cadastre or a digital one. Simildré/motivations and purpose for the creation
of a 2D cadastre for individual jurisdictions hold true for 3D cadasdrevell. It provides a
security of ownership of 3D parcel, protects tights of the owners, and provides valuable
financial instruments such as mortgage, collateral, valuationaatatidn. Owners of such 3D
property have rights that are important enough fer jtirisdictions to consider a further
investment towards the modification of their caddssystems to accommodate the current
market push towards 3D cadastre.

The current life cycle of the development of a pamf land includes processes beginning
from outside the cadastral registration sphere @aglzoning plans and permits, but has a
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direct impact on how a certain development appbeais processed. Thus, in considering the
changes required to allow a jurisdiction to regi€By, it is important to note the sphere of
influence that could have an impact on 3D regisiratiThese include planners, surveyors,
data management and the registrars, however fgruhmose of this paper; the discussions are
focused on the core 3D aspects that are institaltidagal and technical issues. Thus, the
guestions that need answering are among others:

What makes a 3D cadastre? What do we register? Why do seerégi

What are the current procedures and what can be motbfiedopt 3D?

Whose responsibility is it? Who can assist withréngistration?

What are the technical challenges in data acquomsitialidation, submission, processing,

discovery, dissemination and utilisation?

What are the benefits? What are the current trends?

Finally, albeit 3D cadastre has been attractingaeshers throughout the world for nearly a
decade now to better register and spatially reptessal world overlapping situations, 3D
cadastral technology is only now emerging. Some ptladies have been accomplished so far
and several authors have demonstrated that 3Dsespegions of airspace and subterranean
parcels are indeed currently required for 2D+half representasiansinable to handle 3D
measurements or 3D spatial queries (including, Ekdvy et al, 2014; Karabin, 2014; Abdul-
Rahman et al, 2012; Khoo, 2012; Soon, 2012; Stdtat, 2012; Wang et al, 2012; Ying et al,
2012; Zhao et al, 2012; Abdul-Rahman et al, 20Hly @osterom et al, 2011; Hassan et al,
2010; Chong, 2006; Stoter and van Oosterom, 2006; Valstad, 3@fi6r, 2004; Stoter et al,
2004).

2. CURRENT STATUS OF 3D REGISTRATION

2.1 Inventory of the current procedures and workflowsof registration of 3D parcels in
various countries

In this section, a short report of the current pohees and workflows of registration of 3D

parcels in various countries is provided:

2.1.1 Portugal's case
As far as Portugal is concerned, a prototype of a centralisgthdted cadastral management
system, implementing a 2D approach, has been cattethe so-called SINErGIC (PCM
2006). This in turn will be the basis of SNIC, thational cadastral information system. Its
technical implementation is however far from being cotetl due to a major issue: geospatial
data capture in the field has revealed to be anesadhsk for it is laborious and expensive.
The first official step towards the establishmehtaonational registry of land parcels in
Portugal was taken back in 1801. Clearly statingy hathorities were aware in those days of
the great value of a measured coordinate-basedsttadaosmographers (One who studies,
describes, depicts, and measures the Earth arwovigible universe, including geography
and astronomy) were the practitioners of those days apddigteoyal decree to be in charge
of the organisation of both "a cadastre and a gémegistry book of real estates within the
kingdom#. For several reasons, such registry wasrnaunched though until 1836, when the
national real estate registry (the "Registo Predigke Figure 1) actually started being
implemented (Silva et al, 2005). However, it was aotil 1926 that coordinated cadastre
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surveys were actually carried out. Given Portugtisitory tissue, with a few millions of
small real estates scattered across a rather lareigypography, fieldwork has revealed to be a
rather complex and demanding operation and hascoeéred the whole country yet.
Coordinated cadastre surveys are currently beimgnaglished district-by-district covering
both kinds of real estates, rural and urban (FigurByljhe end of 2014 more than 50% of the
mainland!s territory had been surveyed, though ¢imly corresponds to roughly 1/3 of the
total number of properties in the country.
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Figure 1. Overview of the current property information system in Portugal

2.1.2 Trinidad and Tobago!s case

The cadastre in Trinidad and Tobago is currentlprmalete and out of date. Digital data
exists as shown in Figure 2 but thousands of diane been scanned but not yet added to the
cadastre. Cadastral survey plans continue to bmigield in hardcopy and this further restricts
the speed of updating of the cadastre. The cadastreligital index of uncoordinated surveys
that provides information on the location of theldi survey plans. However, because of the
cadastre!s lack of currency, searches for information can becometingstor, at worst,
futile. There is no unique parcel identifier that @asist with this search and addresses are
non-standardised although a new initiative is aptiemy to rectify this latter issue with a
proposed zip coding. Parcels are defined and mektfielative to the surrounding parcels and
their boundaries, which are marked at the turnddwyndary irons. Coordinates, therefore,
have no legal standing.

There are no immediate plans to upgrade the exiglingadastre to a 3D cadastre as there is
much rationalisation of the existing data to parfofirst. In the meantime, strata

(condominium) rights are indicated in vertical sat$ in insets on the 2D cadastral plans (see
Figure 3), and subsurface reserves and miningsighe shown on 2D plans related to the
surface parcels. No elevations are recorded oretplms to a standard datum but heights
relative to the ground can be included in the gattsections. The graphical cadastre is also
not linked to the deed and title information on iests that is located at the legal registry of
the Registrar Generalls Office. Rights, restrictions aesponsibilities are therefore not
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graphically displayed in the cadastre. Urban andored) development plans are held at a
separate state institution are approximate in defin of extent, and are not linked to the
cadastre. The majority of registered interestsdeeds based with a small minority being
supported by title registration. While all title dogents refer to or contain a graphical
description of the parcel in a survey plan, mangddethat date back several decades do not
contain a survey plan but a verbal description of thecgld referring to adjoiners who no
longer exist. A new project is in progress to upgréhe Cadastral Management Information
System (CMIS) which includes the procedure for neng new cadastral plans, checking and
approving them, and entering them on the datal¥es@art of this project new software will
be installed that is anticipated to speed up théntexaance of the cadastre, however the
limited human resource is still an issue that @atrict this progress.

Figlure 2. Trinidad and Tobago!s digital 2D cadastre

Figure 3. Vertical sections on survey plans depi@D rights
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