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SUMMARY

How does the cadastre deal with an urban envirobriert is increasingly populated and
structurally complex? The development and implerugont of 3D digital cadastres is now
positioned as a necessary — and urgent — respinseio longer just about land; it can be
expected that in the future, the majority of loteated will be associated with vertical
developments. It is essential that the recordinanaging and communication of information
about the legal extent of property rights, restiitd and responsibilities (RRRs) for vertical
developments and stratified RRRs are accurate aahbiguous.

The realisation of 3D cadastres, and indeed, tliseeaadastres that will be sustainable into
the future, requires the consideration of how teeds of current users should be balanced
against the potential needs of future users. Indd@-rich environment of today’s smart
cities, 3D digital cadastral information offers tHand administration industry new
engagement opportunities.

Based on a range of professional experiencesp#psr offers a perspective on 3D cadastre
developments and a consideration of where thedunight lie; in particular, an emphasis on
the role of cadastres in the genesis of new coiomecbetween wider society, across state
boundaries, and in supporting the delivery of othetional visions, digital economy,
foundation datasets and smart cities. The readisaif 3D cadastres, and indeed, to realise
cadastres that will be sustainable into the futtequires the consideration of how the needs
of current users should be balanced against thenpat needs of future users. We need to
accommodate the needs and opportunities of fufitiess @and consider what must be done to
ensure institutional sustainability.
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1. INTRODUCTION

Our world is an increasingly urban one and theremvnent that we inhabit is becoming more
dense and complex as we contend with the presetitgbanisation and respond to the needs
of a growing urban population.

Today, the urban population makes up more than dfatifie world’s population — in 1960,
this proportion was only around 30 percent — andhfas soon as 2017, the majority of the
world’s population will be concentrated in urbareas (World Health Organisation, 2014).
Urbanisation has been suggested as the “singléegtezhange in this century”, particularly in
developing countries where the urban built-up aseprojected to triple between 2000 and
2030 (Suzuki et al, 2010). Sustainable urbanisati@multi-faceted challenge and one of the
more prominent responses, whether rightly or wrgnig the use of high-rise, high-density
buildings as the dominant urban form.

The social, environmental and economic aspectheset buildings are supported by land
administration systems, given their fundamentale rash managing and administering
information about tenure, value, use and developroétand (FIG, 2005). However, these
systems, and their core cadastral systems, arécated on longstanding 2D-based practices
of recording and representing land and propertgrination that are proving to be limited in
their ability to facilitate unambiguous and accaratcording and representation of complex
ownership rights, restrictions and responsibiliti@RRs) defined in 3D, such as those
inherent in high-rise buildings. The developmerd anplementation of 3D digital cadastral
systems is now positioned as a necessary and uggpunse.

Based on a range of professional experiencesp#psr offers a perspective on 3D cadastre
developments and a consideration of where thedunight lie, in particular, an emphasis on
the role of cadastres in the genesis of new coimmecbetween wider society, across state
boundaries, and in supporting the delivery of othetional visions, digital economy,
foundation datasets and smatrt cities.

2. COMPLEX CITIES AND THE NEED FOR INTEGRATED INFORMATION
SYSTEMS

High-rise buildings, which have traditionally beased for commercial purposes, are now
becoming a key urban response for housing in betleldped and less developed countries,
and is one that is endorsed both pedagogicallypitically (e.g. Turkington et al, 2004;

McConnell and Wiley, 2010; Yeh and Yuen, 2011; Roménd Phibbs, 2012; Jackson, 2012).
Globalisation has been a key motivator for thisemhneo-liberal development models have
contributed to a reliance on the commoditisatioreal estate as a key pillar of new major
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economies, such as those seen in India and Chiga Deng et al, 2004; Ong, 2005;
Mohammadzadeh, 2011). This drives a need for roinfetmation about land and property
rights, restrictions and responsibilities (RRRS).

Residential developments also arguably drive amrapanying need for investment in

infrastructure and services such as laying utdiseich as fibre optic networks, underground
cities, large shopping complexes, subterranean sgdtems. As spatial entities, these
developments impact on the urban form, with corglimpacts on urban flow (e.g. energy,

travel, etc) and function (e.g. land use) (Salad &ourdic, 2012). We therefore need
information about all aspects of the built formfagilitate better decision-making to support
the functioning of our cities.

In addition, the growing adoption of urban consafidn strategies around the world produces
a range of other challenges associated with theease in size and complexity of high-rise
apartment buildings. These include facilitatingiaciusive, vibrant and liveable community
environmental concerns, and complexity in econorpaljtical and regulatory forces (e.g.
(Randolph, 2006).

There is already evidence that an integrated adidbawative approach to planning and
management of our urban environment can resuleduced environmental impact through
conservation of resources and lower emissions asi¢those being witnessed in places such as
Stockholm (Gaffney et al, 2007), Singapore (Toraja2006) and Curitiba (IPPUC, 2009).
The value proposition inherent in facilitating anthintaining well-functioning cities is
evident in the role that cities play as economigirees engines (eg. Ciccone and Hall, 1996;
Harris and loannides, 2000; Ali and Moon, 2007)Aunstralia, the major cities, comprising
less than 0.2 percent of total land area, congilatnost 80 percent of the country’s GDP
(Kelly and Donegan, 2014).

Bringing together all the various and disparate reesl of information about our built
environment has become a sustainability imperatawe 3D cadastres can provide the
accurate, authoritative and unambiguous founddtionnderstanding the urban form.

3. DEVELOPMENTSIN 3D CADASTRES

Significant progress has been made in advancingctimeept of 3D cadastres and related
technologies to facilitate its realisation. Theswamces have been gaining momentum: over
the last few years, we have seen the endorseméhé afand Administration Domain Model
(a data model that makes allowances for recordDgRRRS) as an ISO standard, and the
number of jurisdictions that are now developingtptype systems and undertaking pilot trials
to test conceptual boundaries and appropriaterass lecome more significant. Some of the
countries that come to mind include Russia, Chima,Netherlands, Indonesia, Australia and
Malaysia.

Research on 3D cadastral systems is currently bamdgrtaken in almost 30 different
countries, culminating in four international workgis, most of which has only taken place
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over the last four years. This is a significantiaeément, reflecting the level of stewardship
of the International Federation of Surveyors’ (FIG)mmissions Three and Seven, but also a
telling indicator that a solution is being urgergbyught.

However, the question to consider here is: is tbheeat pursuit of 3D cadastreso
specialised? In trying to realise 3D digital cadassystems, are we ignoring the broader
development landscape, of which our professiondersstituent? There are a number of FIG
declarations that have long emphasised the rotaddstral systems must play in supporting
sustainable development (e.g. Bathurst Declarati®@®9, Marrakech Declaration, 2002),
which suggests that value to the community is ldesived from not only having accurate
fundamental information about tenure, but from albdity to integrate this with the broader
information environment.

With the maturation and accessibility of 3D tecluysés, there is little doubt that we are now
moving to embrace a 3D digital environment for laadiministration business practices,
including an object-oriented approach to managimfgrination about land and property

RRRs. What we are attempting to do is occurringhgdade broader trends in the land
development industry that is focused on producind asing 3D-enabled information for

facilitating the development and management ofutien built environment — particularly

successful is the diffusion of Building Informatiddodels (BIM) throughout the international

land development sector, and increasingly theifssimanagement sector as well. However,
should we continue in parallel, and are we headékd right direction?

3.1 The specialised natur e of cadastres

The fundamental role of cadastral information irdenpinning property markets in western
countries has necessitated legislative mechanisngevern the generation and recording of
such information. The recording and representatibcadastral information is a specialist
practice — traditionally defined and determinedhry profession of surveying.

There is evidence that much of the research cuyrdr@ing undertaken remains closely
related to evolving current practices. For examipleAustralia, efforts are focused on
implementing ePlan, the current data model endobseldnd registries, for 3D purposes. It
makes sense, to build on what we already know;eds @nsuring that the integrity of current
cadastral systems is preserved as we move towalggligital systems is a high priority.

As those who work closely with cadastral informatiove are highly cognizant of the

fundamental role that cadastral systems have. Heryéivis is not necessarily recognised by
the broader community. This is apparent in manyd lgovernance structures around the
world, where cadastral systems are subsumed un@exddr planning and development
frameworks. Again, using Australia as an exampéelastral information is considered to be
part of development assessment processes (see Higurith subdivision given prominence

for its role in facilitating supply of land to tle®mmunity (Productivity Commission, 2011).
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Figure 1. Simplified land supply process in Australia (grey shading indicates primary impact and
influence of planning systems) (Productivity Commission, 2011: xxix)

3.2 Thechallengefor cadastres

Both practice and literature demonstrates thatath bides, the land administration industry
has yet to effectively engage with other industeegaged with the built environment, such as
architecture, engineering and construction, inrsgthe agenda for leveraging the broader 3D
evolution. For example, national strategies devedofo support the use of 3D information
have been unlikely to accommodate cadastral infoomain the development of new
processes to support adoption and implementatioBDpfbuilding information (e.g. BIM
Industry Working Group, 2011) — as an industry,ase not visible.

This is likely due to the small presence of theveying industry in the land development
sector, estimated to comprise less than two pewdetite total number of employed persons
in the buildings network (Allen Consulting Grou)1D). However, we have also in recent
years, adopted an increasingly technical approacheforming cadastral systems, where
although some attention has been paid tdatislative frameworks that we are regulated by,
little effort has been made to better understandketlying institutional frameworks, and we

have left unattended the broader social and culinstitutions that cadastral systems are
positioned within which it needs to remain respeeso (Ho et al, 2015).

There is now recognition that the land administraindustry is perhaps not as engaged as it
should be with the demands and expectations otdnemunity, and that national mapping
agencies and cadastral organisations in particsidgfer from a “lack of institutional fit for
the real world”, (McGlade, cited in Haarsma, 2013).
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McGlade further notes that “This lack of institutad fit can be rather dangerous because it
creates the nightmare scenario of a fragmentafiemaloaes... to the point where the institutes
end up delivering completely inferior solutionsusers, and not least to citizens” (Haarsma,
2013: 17). Traditional perceptions that place theggencies in the centre of the spatial sphere
of influence have evolved, but not for the agendlemmselves. The danger for us as an
industry is that we may be running the risk of grepconflicting spheres of influence rather
than complementary ones. This would be detrimental.

There is a need to be proactive, and research onaBRastres can be an important way to
develop new connections. The challenge facing émel ladministration industry is one of

engagement, and overcoming traditional ‘silos’ thegvent full participation in the broader

3D evolution. As a direction for progression, wewsld be exploring ways for our research to
dovetail with these trends, rather than continuexist only alongside it.

4. 3D CADASTRES AS PART OF A COLLABORATIVE APPROACH: DRIVERS
AND OPPORTUNITIES

Although the 3D evolution may appear to be aboutt@Ehnological innovation, they are in
fact focused on evolving current operational payadi towards improved collaboration and
data interoperability through a technological opyoity (Eastman et al, 2011). These themes
should not be unfamiliar to the surveying, mapmng spatial sciences industry.

Looking back, an earlier FIG initiative, ‘Cadasg@l4’ (Kaufmann and Steudler, 1998), had
already laid the foundation for much of the direntithat 3D cadastres is now heading
towards. ‘Cadastre 2014’ provided a simple yet ativte framework for supporting the

evolution of cadastral systems by establishingtao@niversal principles that all countries
could work towards, including the emphasis on infation integration and shifts in

collaboration dynamics across stakeholders that racegnised as the key benefits of
leveraging 3D technologies.

Given the nature of the information held in landis&ries, there has always been recognition
of the potential that cadastral systems have ipauding a broader range of environmental
applications. This is evocative of previous dissesrin the late 1970s around ‘multipurpose
cadastres’ (e.g. McLaughlin, 1975), which argualdya notion that is still highly relevant
today. More importantly in doing so, the connectmn3D cadastral information with the
multiple information streams pertaining to the urbhuilt environment preserves the
relevancy and role of cadastral information as &mental to all societies.

There are initiatives that suggest we are movinghis direction. In Europe, the cadastral
parcel now has a more visible role in facilitatingultiple aspects of land information
management through an INSPIRE directive (INSPIR&)72. However, there are clear
opportunities for exploring how best to position 8Adastres as part of a much needed
collaborative approach.
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4.1 Building Information Modelling/M odels and Precinct Information M odels

One of the ways we to facilitate greater collaboraairound the function of 3D cadastres is to
explore opportunities for leveraging 3D technolsgileat are becoming mainstream, such as
the use of Building Information Models (BIM), whiclre based on the open source Industry
Foundation Class format.

BIM refers to two concepts simultaneously. There aumerous definitions but it is
essentially recognised as a an information modelajproduct, where information about all
the elements of a building are visualised as a 3@deh which is underpinned by a
collaborativeprocess for producing building information to serve as rfied repository of
information about all components of the buildingtths accessible to stakeholders (e.g.
NBIMS-US, 2014; Eastman et al, 2011; Smith et @l,2).

BIM as both product and process innovation hasveedd significant improvements in
productivity across the land development induspnymarily in planning, coordinating and
analysing building design across multiple stakedsdd The value in integrating building
design information generated by multiple stakehalde the development process lies in
reducing the costs of design changes and impropirggect documentation. In modern
developments where there can be up to 18 diffestakieholders (Rahman, 2010), these costs
have been estimated to be account for up to 3Gpenf the total costs per project (Brown,
2008).

The use of these models have been growing expatignrtias much as 400 percent over the
last five years in North America alone (McGraw-HH#D12). International trends are observed
to be on a similar trajectory (Davis Langdon, 201BJM is no longer a disruptive
phenomenon but represents a technological and @matogmal evolution that the land
administration industry can ill afford to ignore.

Given the increasing turn towards mandatory udel®f by national governments such as the
United States, the United Kingdom, and Singapox@loging the application of BIM for
cadastral purposes makes sense: it facilitatesdgebbetween our industry and the broader
construction and management industries and it plasein a equitable position to contribute
to collaborative discussions regarding the suskdndevelopment and management of the
urban built environment.

Preliminary investigations at our research centraahstrates the potential of using BIM for
managing and representing 3D cadastral informatmparticular, this would give the user
full control over building components and functiq®$ojaei, 2014). Figure 2 shows how the
IFC data model was used to construct cadastrdlemnéround ownership and easements. As
an example, one legal property object is highlightegreen and associated legal information
is represented in a window on screen.
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Figure 2. Managing legal/cadastral infor mation in prototype cadastral BIM prototype model (Atazadeh et
al, 2014)

Figure 3. Visualising cadastral BIM prototype model online (Shojaei et al, 2014)

It was also possible to provide the community aatbvant stakeholders with a way to

visualise the cadastral BIM prototype model onlindere users could see the relationship
between cadastral information and the physical lemvironment. Figure 3 shows the online
environment where the visualisation applicationvited users with a range of controls for

identifying, querying and visualising different tmand functions of the building.

Associated with BIM is the concept of Precinct mmfation Modelling/Models (PIM), which
extends the capabilities of BIM to the precincteleyPlume, 2013). This opens up new
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opportunities to evidence-based planning and pce@ssessment. Currently, work on this
area within Australia is occurring through a numbgkresearch groups and builds on research
that uses IFC to store and represent cadastrablaoyimformation.

4.2 Enabling technical frameworks

To bring multiple sources of 3D land and propentyprmation together inevitably requires an
enabling technical architecture. This is a sigafficundertaking that must be able to bring
respond to the multiple needs and requirementsa&éholders.

In Australia, Virtual Australia and New Zealand (MEX) is being proposed with the key
purpose of providing a federated framework of detaks that will hold multiple sources and
formats of digital data and information about theltbenvironment. This information while

accessible, will remain under the control of theppretary organisations. Ultimately, such a
framework must still be based on common standardb ia the case of VANZ, the ten

foundation datasets recommended by ANZLIC — Theti&lpmformation Council, has been

proposed as the requisite basis.

4.3 Enabling institutional frameworks

There are now instances of shifts at the policelliekat recognise the value of 3D data and
3D technologies and 3D city models. There are spraetical realisations of policies, e.g. the
3D pilot in The Netherlands led by four nationajamisations, and the development of a 3D
virtual city model in Singapore, led by the Singapband Authority. For other countries like
Australia and New Zealand, policies like the ‘Cdadas2034’ strategy demonstrate clear
recognition of the value of 3D land and propertioimation although these are still in the
early stages of being implemented. Increasinglyeguments are also recognising that 3D
land and property information can play a key rolelay supporting e-government objectives
(e.g. Tan and Hussin, 2012).

However, it is not only the role of government, bigo the role of professional associations if
there is to be a truly integrated approach to us3ip land and property information.
Associations like buildingSmart are becoming praoenin for their role in supporting
professional training and development in the afdglll. Academia must also feature as it is
through the development of appropriate and forwaotting curricula that we can ensure that
the information needs of our cities continue torie.

4.4 Thedigital economy and smart city philosophy

Momentum in the digital economy is stimulating greduction of digital information about
the natural, built, social and legal aspects ofaitnaronment. The amount of data collected up
till 2003 is now equivalent to the volume of dataguced every two days (Wakefield, 2013).
Multi-dimensional data and information are beconmimgyeasingly available, such as 3D land
and property ownership information and land usesgsrdata, which have the potential to
underpin better planning for healthy, liveable gmdductive cities. Governments around the
world are recognising the need to harness this tive#l information to facilitate design,
development and management for sustainable developfNSTC, 2008).
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This has led to the emergence of smart cities, ehoslerlying philosophy is to utilise ICT to
develop intellectual capital and participatory pices in the governance of a city’s resources
(Hollands, 2008; Caragliu et al, 2011). Supportimg development of smart future cities will
be a key strategy for urban sustainability, andaibidity to plan for this will be incumbent on
governments’ ability to leverage the masses of daa information now available about
many aspects of the built environment.

In particular, as the land administration industas come to realise, there is a pressing need
to better understand the multi-spatial propertie®ur cities — yet most analyses of cities
continue to be undertaken using aggregate boursdame in 2D space. Planning and
decision-making for these multi-spatial challengeguires sophisticated tools incorporating
comprehensive information in multiple dimensions.

5. DISCUSSION

The increasing technological orientation of cadesghould not detract from the fundamental
role that cadastres have in society and the imjiica this has in supporting the genesis of
new connections between wider society and acraaditiobnal jurisdictional boundaries.
Solidifying this role will no doubt ensure that eatires contribute to facilitating the delivery
of other national visions, digital economies, fumgmtal datasets and realising smart,
sustainable and resilient cities of the future.

It is imperative that cadastral systems can beetinkith broader environmental information
to support urban management. The ability to dessuf growing importance especially in our
current digital milieu, where an unprecedented n@wf data being produced in cities. In this
environment, digital interoperability, particularlyspatial digital interoperability, is
fundamental and is being recognised as a key cfyleand policy imperative by
governments around the world (an example beingUh#ed Kingdom’s current public
consultation on spatial digital standards).

The realisation of 3D cadastres, and indeed, tiiseesaadastres that will be sustainable into
the future, requires the consideration of how teeds of current users should be balanced
against the potential needs of future users. Wed nee accommodate the needs and
opportunities of future cities and consider whatstmie done to ensure institutional
sustainability. If the land administration indusisyable to engage more broadly and create an
impact on strategic directions, 3D cadastres hawgotential to deliver much more.

For this to occur, there is a need for the land iathtnation industry to adopt a proactive
approach to exploring solutions that extends beymmdtraditional practicing paradigm to
uncover the new connections that can be formed.
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Figure 4. 3D cadastres as a way to build new connections

In the data-rich environment of today’s smart 6iti8D digital cadastral information offers

the land administration industry new engagemenbdppities. Figure 4 proposes a potential
situation where the presence of enabling techracal institutional frameworks can foster

new connections (red dotted lines) between exidtiagmented practices or data to support
the development of smart cities that better engagecommunities in a collaborate and

community focused approach to ensuring sustairtgabili

There are many opportunities that presenting asnpiat areas of research. Some of these lie
at the nexus of traditional silos such as thosewéen land development and land
management; integrating statutory data (e.g. ptppatues) and socially-derived information
(e.g. social media volunteered geographic inforamtibringing together data from multiple
environmentally-oriented industries. Additionallthere are those opportunities driven by
future needs, demands and expectations such astetismanagement and public safety,
planning and decision-making to secure liveabibtyd productivity of cities, and urban
resilience. The commonality across these varioamés is that they are require a spatially
accurate map base and 3D cadastres as foundations.

6. CONCLUSION AND FUTURE DIRECTIONS

The cadastre now needs to deal with an urban emieat that is increasingly populated and
structurally complex. The development and impleratom of 3D digital cadastres is now
positioned as a necessary and urgent. Howevenetiesation of 3D cadastres that will be
sustainable into the future requires the consideraif how the needs of current users should
be balanced against the potential needs of futssesu
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The paper highlighted a range of drivers and opmaties that can be leveraged to better
connect 3D cadastres with the broader informatiovirenment. In terms of the future, the
paper emphasised the role of cadastres in the igeaE:iew connections between wider
society, across state boundaries, and in suppottiagdelivery of other national visions,
digital economy, foundation datasets and smane<itit illustrated a range of opportunities
that can be explored for future research as thesallapredicated on having 3D cadastres as a
fundamental dataset. It is incumbent upon us tliseeghe opportunities that can be offered to
the broader community by extending beyond our ti@ual boundaries to play a role in
delivering a more sustainable urban future.
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