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Chapter 11: 3D Cadastral Data 
Model: a Foundation for 
Developing a National Land 
Information Infrastructure 
 

Ali Aien 

Overview 
Australia as a federative country operates separate cadastral and land 
administration systems in each state and territories. These systems have 
played a significant role in shaping Australia’s development. Initially they 
provided registration of ownership for land settlement. Then, they assisted 
in the establishment of a successful and complex land market by providing 
security for land transfers. They have recently evolved into comprehensive 
instruments for assisting economic, environmental and social decision 
making (Enemark et al., 2005).  

Australia maintains centralised land administration offices in each 
jurisdiction. There is no approved organisational structure common to all 
states; land administration is a state government responsibility performed 
under a range of government departments such as Environment, Planning, 
Lands or Land Administration (Dalrymple et al., 2003).  

Australia is faced with issues that demand a national focus. These issues 
include natural resource management, land markets, trading in 
commodities such as water and carbon, and the development of national 
policies for housing and infrastructure (Marwick et al., 2012).  

Land Administration theory either assumes or prescribes the need for a 
national system. Transformation of disparate land administration systems 
into an aggregated national land administration infrastructure can deliver 
multiple purposes and benefits (Bennett et al., 2012). 

A move to create national cadastral systems in countries that are 
federations of states and territories raises many issues. One of the 
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differences between the jurisdictions is that different states define parcel 
boundaries differently. In some states cadastral boundaries can move while 
in others they cannot. The result is that the concept of a land parcel in 
different Australian jurisdictions varies. The example of the development of 
the Public Sector Mapping Agencies (PSMA) national data set in Australia 
based primarily on state and territory DCDBs, together with the 
commitment to a national competition policy, has raised the concept of 
national cadastral data sets. Such national cadastral data sets are key 
components of any future national land administration infrastructure (Ting 
& Williamson, 1999).  

A number of initiatives have been established to support national land 
administration system in Australia. For example, the Harmonised Data 
Model (HDM) was developed by Intergovernmental Committee on 
Surveying and Mapping (ICSM) to facilitate the compilation of national data 
sets from data supplied by jurisdictions (ICSM, 2008).  

 

Figure 1. HDM’s Package Diagram (ICSM, 2008) 

Another example is the ePlan data model. In 2003 the ePlan working group 
was formed by ICSM to develop a national digital cadastral data transfer 
standard. The ePlan working group has now developed a model to produce 
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a generic subdivision data format based on LandXML, an internationally 
accepted standard for cadastral plan data, which includes jurisdictionally 
specific elements. The ePlan model accommodates all of the survey 
geometry and administrative and titling data required to process a plan of 
subdivision from its initial preparation by the surveyor through to its 
lodgement with council for certification and subsequent registration by 
Land Victoria and entry in the Digital Cadastral Database (DCDB) (Kalantari 
et al., 2009). 

The ePlan Model is a set of UML Class diagrams that describes the data 
contained within a cadastral survey. This model is the logical model of the 
cadastral survey and was initially used to give an understanding of the 
model from a surveyor’s perspective. It inherits the ISO standards and rules 
of Australia’s Harmonised Data Model (HDM). This model has been 
classified into a number of packages. They are: Document, Surveyor, 
Survey, Parcel, Address, Geometry, Point, and Observation (Figure 2). 

Figure 2. ePlan Model packages (ePlan, 2010) 
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The current ePlan protocol has been exercised rigorously over the last 
several years primarily with the traditional 2D survey world. The ePlan 
model has been designed to support 3D surveys, which include Volumetric 
and Strata (Building) surveys. These types of surveys can be prepared with 
the current protocol but have not been fully exercised. A challenge of the 
3D world is developing business routines for testing and verifying 3D 
objects. It is a fairly simple test for accuracy of 2D parcels, for example, 
does the parcel close, but in the 3D world, tests for planarity and the 
completeness of the solid become more challenging (Cumerford, 2010). 

ePlan is serving very well for 2D cadastre; however, having only 
VolumetricLot and BuildingFormatLot as attributes of ePlan’s Parcel class 
(Figure 2) to support Volumetric and Strata (Building) surveys, is not 
enough to support the requirements of 3D cadastre, which will be 
described in the next section. 

3D cadastres would assist management of 3D RRRs. A 3D cadastre should 
be capable of storing, manipulating, querying, analysis, updating, and 
supporting the visualisation of 3D land rights, restrictions and 
responsibilities (Aien et al., 2012).  

Need for a 3D Cadastral Data Model at the National Level 
The needs for developing a 3D cadastral data models are described below: 

 best practice guidelines and standards for implementation of a 3D 
cadastre 

 establishment of conceptual framework for a 3D cadastre including the 
key components and their relationships that will support the subdivision 
of buildings and strata developments 

 organisation and provision of documents and practical guidelines for land 
surveying professionals 

 promotion of standards and a common language within the land 
administration user communities 

 foundation of a 3D cadastre database 

 facilitation of the exchange of data and the integration of similar datasets, 
and ease data sharing and interoperability 

 understanding data requirements of involved parties 

 extension/enhancement to the ICSM HDM cadastral theme and ePlan 
data model incorporating the 3D components. 
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Requirements of 3D Cadastre 
The research strategy for determining the requirements for the 3D cadastre 
is to assess the needs of user communities. This information is summarised 
below. It is based on: the survey conducted by the members of the 
Intergovernmental Committee on Surveying and Mapping (ICSM) of 
Australia/New Zealand (ICSM, 2007); the discussions in the collaborative 
research workshop on Land and Property Management in 3D, at the 
University of Melbourne, Australia, 2011; and from the observations in the 
2nd International Workshop on 3D Cadastres, Delft, The Netherlands, 2011. 
The results are grouped together to summarise the requirements. 

Current Registration of 3D Properties 

 Most of the jurisdictions currently accommodate 3D properties in 
cadastral registration, using 2D survey plans, diagrams, and textual 
references to the third dimension, but 3D land developments are 
increasingly complex and difficult to interpret. 

Function of 3D Cadastre 

 A 3D cadastre should be able to unambiguously define real property 
interests in land and air space. 

 A 3D cadastre can assist management of multipurpose land, and in time 
will become an essential base layer for all land administration functions 
such as land tenure, land value, land use, and land planning. 

 3D Data Acquisition 

 Surveying systems and control networks allow 3D definition of property 
objects. 

 Coordinated ground survey is identified as the main form of obtaining 
data for 3D cadastres. 

 The other forms of data collection are also generally recognised as 
appropriate data collection methods such as uncoordinated ground 
surveys and measurements, aerial imagery, digitised historical records, 
depending on the accuracy requirements and circumstances. 

 Architectural and engineering plans and as-built drawings are also 
highlighted as additional sources of relevant data for 3D cadastres. 

Rights, Restrictions and Responsibilities 

 All 3D cadastres should record at least the same rights as their 2D 
counterparts. 
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 All interests in land should be the ultimate goal and recorded in 3D 
cadastre. 

 There is strong support for more transparency in records of public law 
restrictions. An extensive list of items now cannot be captured and result 
in an incomplete and misleading datasets. 

 Property use should be recorded in a 3D cadastre. 

Interest holder information 

 All title and ownership information (land registry information) 
should be recorded in a 3D cadastral database. 

Geometry and Topology 

 The 3D cadastral database must contain all information of the survey 
plans. 3D topological structure is an ultimate goal for 3D cadastre. 

Accuracy and Reliability 

 Standards for accuracy and reliability should be created collaboratively in 
response to public and private needs. 

 Data integrity, common standards and a single, consistent source of 
information should be considered in a 3D cadastre. 

 Accuracy and reliability of a 3D cadastre should have a legal mandate. 

 Data providers for a 3D cadastre (e.g. surveyors, conveyancers) are 
responsible for the accurate and reliable information. 

Time 

 The 3D cadastral database should contain all temporal information of land 
transactions, legal and physical changes, and re-survey measurements and 
observations.  

A 3D cadastral Data Model (3DCDM) was developed based on these 
requirements of a 3D cadastre. Additionally, utilisation of the experience 
and advantages of the current cadastral data models were taken into 
account. However, the investigation of requirements should be extended to 
better meet the needs of user communities. The 3DCDM is proposed in 
detail in the following section. 

3D Cadastral Data Model (3DCDM) 
A 3D Cadastral Data Model (3DCDM) was proposed at the 2nd International 
Workshop on 3D Cadastres (Aien et al., 2011). Since that time, the data 
model has been modified and improved to meet the gathered 
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requirements of the 3D cadastre. Temporal aspects of an interest holder, 
property object, and survey information are added to the data model to 
support updates in the database. The data model will normally adapt the 
entity types, attributes, relationships, integrity rules, and the definitions of 
those objects used in 3D cadastres. It reflects the experiences and 
advantages of the existing cadastral data models. ePlan Model can be 
extended and developed based on the findings of the 3DCDM to support 
requirement of 3D cadastres. 

Requirements of the 3D cadastre can be summarised into the following. 
This information gathered based on the survey conducted by the members 
of the ICSM, discussions in the collaborative research workshop on Land 
and Property Management in 3D, at the University of Melbourne, Australia, 
and from the observations in the 2nd International Workshop on 3D 
Cadastres, Delft, The Netherlands: 

 Title and ownership information (3DCDM_InterestHolder) 

 Legal and physical information of 3D objects (3DCDM_PropertyObject) 

 Geometrical and topological information (3DCDM_Geometry) 

 Survey administrative information (3DCDM_Survey) 

 Survey point information (3DCDM_SurveyPoints) 

 Survey measurements and observations information 
(3DCDM_SurveyObservation) 

 Other forms of data collection, engineering and architecture maps 
(3DCDM_ExternalSources). 

According to the requirements, 3DCDM consists of seven packages. They 
are: 3DCDM_InterestHolder, 3DCDM_Propertyobject (PO), 
3DCDM_Geometry, 3DCDM_Survey, 3DCDM_SurveyPoints, 
3DCDM_SurveyObsevation, and 3DCDM_ExternalSources. UML class 
diagram is used to develop the data model (Figure 3). 

 

Figure 3. Core classes of 3DCDM 
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Contribution and Future Directions 
This research defines a 3D cadastre as a tool in a land administration 
system that enables better management and registration of multiple 
stratified land rights, restrictions and responsibilities in 3D space. 
Furthermore, it is indicated that legal aspects (legislation to support 3D 
property registration), institutional aspects (relationships between involved 
parties), and technical aspects (technical support to realise 3D cadastre) of 
3D cadastre should be considered in the implementation of 3D cadastres. 
Specifying the domain of 3D cadastre concludes that 3D cadastres do not 
need the amount of detailed information that is required in 3D city models. 
All these discussions and proposed 3D Cadastral Data Model (3DCDM) 
helped to provide a framework to identify the structure of the 3D cadastre 
and clarify its scope. 

The Core Cadastral Data Model, New Core Cadastral Data Mode (based on 
Legal property Object), ePlan, and LADM were assessed to enrich the 
3DCDM. The 3DCDM utilises the advantages and experiences of these data 
models. The concept of the Legal Property Object is the base of the 
3DCDM. Geometrical and textual information of survey plans are 
represented in the 3DCDM such as ePlan and LADM; however, it attempts 
to model physical objects of architectural and engineering plans in a three-
dimensional space. The 3DCDM supports temporal aspects of the spatial 
and descriptive information. 

The 3DCDM has seven packages to meet the specified requirements. The 
3DCDM identifies the major objects, attributes, and constraints of the 3D 
cadastre and how they are arranged. Time is considered to maintain the 
temporal changes of cadastral objects in the 3DCDM. It also provides 
documents and guidelines for land surveyors to recognise what type of 
data they should acquire. The 3DCDM is a good starting point to develop 
the 3D cadastral database.  

Further research is required to validate the model and examine approaches 
to implementation. Also, there is a requirement to consider the role of BIM 
and IFC in 3D cadastral data modelling. This would enable utilisation of the 
concept and terminologies of the existing related standards such as LADM, 
to categorise the level of requirements (general and specific requirements), 
and to investigate how legal and institutional aspects affect both legal and 
physical objects. 
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