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ABSTRACT 

The need for more óspaceô resulting from population growth, urbanisation and 

industrialisation has increased the pressure on land-use planning and development. As a 

result, space above and below ground level is increasingly used. Examples include 

underground developments, infrastructure facilities, high-rise buildings, and apartments. 

To extend the use and functionality of the land, complex infrastructures are being built, 

both vertically and horizontally, layered and stacked. These three-dimensional (3D) 

developments affect the interests attached to the underlying land. 

3D cadastres will assist in managing the effects of 3D development and increase the 

functionality of a multipurpose cadastre. 3D cadastres are digital representations of real 

property ownership rights, restrictions, and responsibilities (legal objects) and their 

corresponding physical objects such as buildings, utilities, on, above or under the 

ground surface. They are equipped with 3D data storage, 3D visualisation, and 3D 

spatial analysis functions. They facilitate management of property rights; registration of 

strata plans; and reduction of boundary disputes between owners and Owners 

Corporations. They also enable a wide variety of applications, which in turn create a 

demand for detailed and integrated 3D legal and physical objects. 

To successfully implement the 3D cadastre and efficiently deliver the above-mentioned 

objectives, many elements must support a digital 3D cadastre, such as existing 3D 

property registration laws, appropriate 3D data collection methods, 3D spatial database 

management systems, and functional 3D visualisation platforms. In addition, an 

appropriate 3D cadastral data model can also play a key role to ensure successful 

development of the 3D cadastre. A 3D cadastral data model needs to reflect the 

complexity and interrelations of 3D legal and physical objects. 

Many jurisdictions, organisations and software developers have developed their own 

cadastral data model. Examples of data-modelling developments are the Core cadastral 

data model (Henssen, 1995), FGDC Cadastral Data Content Standard for the National 

Spatial Data Infrastructure (FGDC, 1996), ArcGIS Parcel Data Model (Meyer, 2001), 

DM.01. (Steudler, 2005), ICSM Harmonised Data Model (ICSM, 2009), ePlan (ICSM, 
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2009), Legal Property Object (Kalantari et al., 2008), South Korean 3D Cadastre (Lee & 

Koh, 2007; Park et al., 2010), and ISO 19152- LADM (ISO19152, 2012). 

The variation between these data models is the result of the data modellersô different 

attitudes towards cadastres. They are evidence of the varying expectations of cadastres. 

However, there are basic common threads among them all. First, most of the current 

cadastral data models have been developed based on the definition of a 2D land-parcel, 

neglecting the third dimension. Second, most of the current cadastral data models have 

been developed purely for legal purposes; therefore they only model legal objects, 

neglecting integration of physical counterparts of legal objects in the model. Finally, 

most of the current cadastral data models do not support semantics while modelling the 

geometry of the objects (legal and physical). Semantically enriched cadastral data 

models support efficient analysis, thematic queries, data mining, and interoperability in 

land administration systems. Thus, the current cadastral data models are mostly used for 

fiscal and legal purposes but not for further applications such as property management, 

3D space management, and disaster management that require more complex legal and 

physical data.  

The research problem underpinning this study is therefore: current cadastral data models 

use a 2D land parcel concept and extend it to support 3D requirements; these data 

models do not integrate physical counterparts of the legal objects in the model; and they 

are not semantically enriched. Therefore, these data models cannot adequately manage 

and represent the spatial extent of 3D RRRs. 

To address these problems, this research proposes a 3D Cadastral Data Model 

(3DCDM) which is a semantic data model for representing 3D legal and physical 

information that can be shared over different applications. The data model is developed 

based on the ISO standard and the UML modelling language is used to specify the data 

model. It is extensible and designed as an open data model, so that XML-based markup 

languages such as GML can be used as a format of the data model for the storage and 

exchange of 3D legal and physical models. 

3DCDM model has two hierarchies, legal and physical, which are linked in the model. 

The legal hierarchy is based on Legal Property Object concept and the physical 



3D CADASTRAL DATA MODELLING 

v 

 

hierarchy defines the classes and relations for the most relevant objects such as 

buildings and utility networks with respect to their geometric and semantic properties. 

The 3DCDM model aims to achieve a conceptual framework for 3D cadastres, represent 

key components and their relationships, facilitate subdivision of buildings and strata 

developments, and integrate physical counterparts of legal objects to support a multipurpose 

3D cadastre. The 3DCDM model provides extensive information for 3D cadastre 

applications. Legal and physical objects are represented by their geometry and semantics. 

The ability of navigating within two hierarchies (legal and physical hierarchies) 

independently and between them facilitates selection of appropriate information for 

applications required by specialist users. Use of this model facilitates implementation of 

3D cadastres and increases its usability for different applications.  
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1    INTRODUCTION  

The aim of this research is to develop a 3D cadastral data model for managing stratified 

and overlapping property rights, restrictions and responsibilities. This chapter provides 

an overview of the problem, describes the overarching research structure, and provides 

an outline of the subsequent chapters of the thesis. 

1.1 RESEARCH BACKGROUND  

The need for more óspaceô resulting from population growth, urbanisation and 

industrialisation has increased the pressure on land-use planning and development. As a 

result, space above and below ground level is increasingly used. Examples include 

underground developments, infrastructure facilities, high-rise buildings, and apartments. 

To extend the use and functionality of the land, complex infrastructures are being built, 

both vertically and horizontally, layered and stacked. These three-dimensional (3D) 

developments affect the interests such as ownership rights attached to the underlying 

land. 

Governments and authorities need to manage land by registering and securing land 

interests to utilise and develop them in a sustainable and efficient manner. The 

registration of property rights is one of the key factors around the world that determines 

economic performance and business activity (Kadaster, 2010). Land administration 

systems assist in this context. 

Management of stratified land rights, restrictions and responsibilities (3D RRRs) is one 

of the most important challenges in the current land administration systems, which are 

equipped with cadastres that are only able to maintain 2D spatial information.  

Land administration systems are processes to regulate land management policies to 

manage land by maximising social, economical and environmental benefits for people 

(Enemark, 2005). Cadastre as an engine of land administration systems plays a 

significant role to register property rights, restrictions and responsibilities. 
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Most of the current cadastral systems are two-dimensional (2D) and land parcel based, 

that is, geometric and descriptive information is based on 2D land parcels, even if the 

properties have three dimensions. They cannot effectively represent the reality. Current 

2D cadastral systems are not able to manage and represent land ownership rights, 

restrictions and responsibilities in a 3D context (Kalantari et al., 2008). Current 3D 

registration in most jurisdictions contains 2D paper-based diagrams or drawings as a 

footprint on deed/title plans or in subdivision plans. They are not included in digital 

cadastral database (DCDB). Therefore, users cannot interact with the map. It is not 

possible to measure the length, area, and volume in the system. Query and spatial 

analysis cannot be executed, because the DCDB does not support 3D data. 3D 

visualisation is not possible in most jurisdictions, and users cannot go inside the 3D 

objects and look at the detailed 3D information. 2D cadastres are successfully used for 

fiscal and legal purposes, and also utilised as base layers in other applications such as 

disaster management. 

The advent of 3D developments such as apartments, high-rise buildings, and complex 

infrastructures (both above and below ground), has resulted in land administrators 

attempting to incorporate the third dimension into cadastral systems. The aim is to 

better enable effective management and registration of 3D property rights, restrictions, 

and responsibilities (RRRs). 

3D cadastres would overcome these problems. A 3D cadastre should be capable of 

storing, manipulating, querying, analysis, updating, and supporting the visualisation of 

3D land rights, restrictions and responsibilities. There is not yet such a system in the 

world (Godard, 2004; Stoter & Oosterom, 2006; Navratil, 2009; Oosterom, 2010).  

A 3D regime should be considered in three main aspects (Figure 1): legal (which 

supports the register of 3D properties), institutional (which established relationships 

between involved parties), and technical (which provides platforms to realise the 3D 

cadastre). These should be considered in 3D cadastre developments for each 

jurisdiction.  

Technical aspects of 3D cadastre vary by content and can be categorised into different 

subjects based on their objectives (Figure 1.1): 
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¶ 3D data capturing: researching on what types of 3D cadastral objects need to be 

collected (buildings, pipelines, tunnels, etc.) and what methods of 3D data 

capturing can be used to capture 3D data (land surveying, aerial 

photogrammetry, laser scanning, etc.). Integration of different 3D data capturing 

methods is one solution in this research area, while cross-sections are being used 

to determine vertical aspects of 3D cadastral objects. 

¶ 3D data representation: Visualising 3D cadastral objects, 3D analyses and 2.5D 

earth surface in vector and raster formats. 3D GIS and CAD systems can provide 

this opportunity. 2D paper-based plans are being used to represent 3D data in 

most cadastral systems (Shojaei et al., 2012). 

¶ Cadastral updating: updating cadastral objects in DCDB. Geometry and topology 

of 3D cadastral objects are complex and they need to be maintained in a 3D 

DBMS. Currently 2D DBMSs are being used for 3D cadastre. 

¶ 3D data modelling: developing data models to identify 3D objects and their 

relationships. 3D cadastral data modelling will enable the capture, manipulation, 

analysis and support visualisation of 3D land rights, restrictions and 

responsibilities. Most of the existing cadastral data models are 2D, such as the 

ePlan data model (ICSM, 2009), which is restricted in its cover to a few 3D 

objects such as volumetric lots. 

 

Figure  1.1: Technical aspects of 3D cadastre 
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The 3D cadastre concept emerged in the early 2000s. An initial workshop was held in 

2001 (Delft, The Netherlands); a second followed in 2011 (Delft, The Netherlands) and 

third in 2012 (Shenzhen, China). In the interim, numerous theoretical and practical 

developments emerged (Hillman, 1983; Beğej et al., 2002; Grinstein, 2003; Godard, 

2004; Stoter, 2004; Arens et al., 2005; Paasch, 2005; Chai, 2006; Paulsson, 2007; 

Khuan et al., 2008; Döner et al., 2010; Ericsson & Jansson, 2010; Karki et al., 2010; 

Zhu & Hu, 2010; Acharya, 2011; Breunig & Zlatanova, 2011; Carneiro et al., 2011; 

Döner & Biyik, 2011; Ekbäck, 2011; Erba & Graciani, 2011; Frédéricque et al., 2011; 

Griffith-Charles & Sutherland, 2011; Iván, 2011; Khoo, 2011; Navratil & Unger, 2011; 

Sørensen, 2011; Bydlosz, 2012; Chiang, 2012; Choon & Hussin, 2012; Dimopoulou & 

Elia, 2012; Elizarova et al., 2012; Erba & Piumetto, 2012b, 2012a; Frank et al., 2012; 

Gal & Doytsher, 2012; Guo et al., 2012a; Guo et al., 2012b; Hendriatiningsih et al., 

2012; Jeong et al., 2012; Khoo, 2012; Mangioni et al., 2012; Paasch, 2012; Wang et al., 

2012). However, as yet there is no true 3D cadastre implemented anywhere in the world 

(Oosterom et al., 2011).  

There are several reasons why 3D cadastres have not been successfully implemented: 

legal, institutional, and technical aspects all play a role. Specific reasons include the 

lack of: 

¶ legal support and mandate to register 3D properties (legal and institutional issues)  

¶ a clear scope for 3D cadastres (institutional issues) 

¶ specified guidelines and standards for surveyors to capture required 3D data, and 

a lack of data formats to integrate and exchange 3D data (legal, institutional and 

technical issues)  

¶ business cases and cost-effective analysis for implementing 3D cadastres 

(conversion or integration of existing systems to 3D, capture of new data), 

(institutional and technical issues) 

¶ available technologies for storing, manipulating, and visualising 3D objects 

(technical issues)  
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¶ most importantly, a comprehensive data model capable of advancing 

implementation.  

Although all legal, institutional and technical aspects of a 3D cadastre provide the 

framework for its successful development and implementation, data modelling is one of 

the most important elements of a successful 3D cadastre. As architectural models of 

houses and high-rise buildings help their users visualise the final product, 3D cadastre 

data model supports 3D cadastre users to understand the structure or behaviour of the 

system and has a template that guides them to construct and implement the 3D cadastre. 

3D cadastre data model supports 3D cadastre users to understand the structure or 

behaviour of the system and has a template that guides them to construct and implement 

the 3D cadastre. 

A 3D cadastral data model can provide:  

¶ exploration of the different parts of 3D cadastres (objects, elements, attributes, 

and constraints) and how they are arranged 

¶ organisation and provision of documents and practical guidelines for land 

surveying professionals 

¶ simplification of the process of implementing 3D cadastres 

¶ promotion of standards and a common language within the land administration 

user communities 

¶  a foundation of a 3D cadastre database 

¶ facilitation of the exchange of data and the integration of similar datasets, and 

ease data sharing and interoperability 

¶ an understanding of the data requirements of the involved parties. 

Overall, a 3D cadastral data model can provide a framework and template to define and 

explore the 3D cadastre and to facilitate its implementation. It also can throw into light 

the numerous demands and unanswered questions of 3D cadastres, including: 
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¶ What are the application areas of 3D cadastres? Should 3D cadastre only be 

implemented in CBDs (Central Business Districts), in entire urban areas 

including all above and underground infrastructures, or even in rural areas, 

including underground pipelines and mines? 

¶ What is the purpose of 3D cadastres? Should 3D cadastre serve fiscal and legal 

purposes, or should it be a multipurpose cadastre? 

¶ What objects should be registered in 3D cadastres? Should only legal spaces 

(RRRs and public law restrictions) be registered, or should physical objects such 

as buildings, units, and pipelines be registered in 3D cadastres? 

¶ What is the level of detail required of a 3D cadastre? Should 3D cadastres be 

multi-scale systems and include as much as detailed information as possible, or 

should they only represent empty volumes? 

There have been different cadastral data models since cadastral mechanisation. Many 

jurisdictions, organisations and software developers have developed their own cadastral 

data models. The variation between the data models is the result of the authorôs different 

attitudes towards cadastres. They are evidence of the varying expectations of land 

administration systems. Examples of current cadastral data models include: 

¶ The core cadastral data model (Henssen, 1995) 

¶ FGDC Cadastral Data Content Standard for the National Spatial Data 

Infrastructure (FGDC, 1996) 

¶ ArcGIS Parcel Data Model (Meyer, 2001) 

¶ The Legal Property Object Model (Kalantari et al., 2008) 

¶ ePlan (ePlan, 2010) 

¶ ISO 19152, Land Administration Domain Model (LADM) (ISO19152, 2012). 

Data models are normally developed according to specific purposes. Data modellers 

decide how to model the data to fit the type of problems they are trying to solve. Since 

land administration requirements differ among the different jurisdictions, various 
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cadastral data models have been developed around the world. However, there are three 

basic common threads among them all.  

First of all, current cadastral data models have been developed based on the definition 

of a 2D land-parcel, and most of the existing data models only cover 2D land-parcels 

(Kalantari et al., 2008). Of course, some have 3D objects as components of the data 

model. 3D cadastres are currently being developed in the context of 2D cadastres, yet it 

is argued that it is the 2D cadastre that should be accommodated within the context of a 

3D cadastre (Aien et al., 2011b).  

Secondly, current cadastral data models mostly include legal information to serve for 

legal or a fiscal purpose, and they do not incorporate physical information (building 

structures such as walls, ceilings, roofs) with legal information (RRRs such as 

ownership and right of use information). 

Land administration includes diverse but related functions such as land tenure, land 

value, land use, and land development. Traditionally land administration functions have 

been founded on land parcels. Although cadastral systems were mainly established to 

serve a legal or a fiscal purpose, the data of the cadastral systems are also used for 

facilities management, base mapping, value assessment, land-use planning, real estate 

management, environmental impact assessment, environmental simulation, mobile 

telecommunication, disaster management city planning, architectural design, and 

tourist. A legal basis, however, does not exist everywhere for all of these other purposes 

(Kaufmann & Steudler, 1998). 

The multipurpose 3D cadastres would provide better and more efficient service to the 

public and private clients. However, 3D cadastres need considerable investment. A 3D 

cadastre cost/benefit analysis would be needed to demonstrate that the detailed 3D 

information can serve as a multipurpose 3D cadastre in different domains. 

Applications of 3D cadastre are different and they require a different detail and scale of 

information. For example, land registrars need parcel scale information, meaning that 

they need to register and visualise subdivided 3D spatial objects and their associated 
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rights. By contrast, city-planning organisations need large scale and more detailed 

information in every unit and storey of a building. 

User expectations are for 3D RRRs to be visualised in a 3D cadastre. However, 

visualising 3D RRRs alone would not adequately assist management of 3D RRRs. The 

actual construction of the buildings should be visualised in different details for different 

land administration functions (Aien et al., 2011c). 

Finally, current cadastral data models have been defined as purely legal models, 

neglecting the full semantic aspects, that is, spatial objects of these data models are not 

assigned to semantic objects that represent their spatial properties. For example, LADM 

defines boundary face and boundary face string concepts for 2D and 3D representations 

of spatial units; however, these classes are not assigned to semantic objects, then, it is 

not possible to define the type of the boundary whether it is a wall, ceiling, or floor 

surface. Thus, these models could almost only be used for covering terminologies and 

basic information-related components of land administration.  

On the semantic level, current cadastral data models represent legal world entities by 

defining objects, for example party (interest holdersô information), administrative units 

or legal documents (rights, restrictions, and responsibilities), and spatial units 

(geometric and surveying information of land 2D and 3D parcels) including attributes, 

relations and aggregation hierarchies between objects. On the spatial level, geometric 

objects are not assigned to semantic objects.  

The advantages of having a full semantic land administration model is the possibility of 

navigating in or between both semantic and geometric levels, and facilitating 

differentiation between land administration and property objects (wall, roof, ceiling). A 

semantically enriched land administration model supports the need for efficient 

analysis, thematic queries, or data mining in land administration systems. 

The final product of a 3D cadastral system is a 3D digital platform. It would contain all 

legal objects and related physical objects. Data models of such a system should consider 

all legal objects including buildings, tunnels, utilities, mines and etc. 
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Considering terrain surface would support the need to specify and clarify the relations 

among property objects. Not only are land parcels situated on a 3D terrain surface, but 

also the ground and underground levels of buildings, and they are influenced by the 

slope and aspect of adjacent terrain surfaces. Accommodating the terrain surface, in 

addition to cadastral and city information, in land administration models would serve 

different applications such as flood simulation, which is useful for insurance and 

disaster management. 

The solution to solve the shortcomings of the current land administration and cadastral 

models for 3D cadastral purposes is to develop a 3D Cadastral Data Model that 

accommodates 3D parcels, incorporates legal and physical information, and is 

semantically enriched. 

1.2 RESEARCH PROBLEM 

Cadastres are regarded as the engine of land administration systems to help manage 

interests in land and its resources. 3D developments of land are common and put 

enormous pressure on current land administration systems that are equipped with the 

cadastres that are only able to maintain 2D spatial information.  

In dense urban populated areas, current land administration systems use 2D cadastral 

data models which: 

a) do not efficiently facilitate representation and analysis of 3D data. 

b) are not semantically enriched 

c) do not incorporate physical objects. 

Therefore they cannot adequately manage and represent the spatial extent of stratified 

land rights, restrictions and responsibilities (RRRs). 

1.3 RESEARCH HYPOTHESIS 

In considering the research problem, the research hypothesis was formulated as follows: 
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¶ A 3D cadastral data model will improve current land administration systems to 

better manage stratified (3D) land rights, restrictions and responsibilities in the 

dense urban populated areas. 

To test the hypothesis, dividing it into more specific research questions lead to the 

definition and testing of measurable variables. 

1.4 RESEARCH QUESTIONS 

In considering the research problem and hypothesis, key research questions were 

formulated as follows: 

¶ What is a 3D cadastral data model? How can it help to explore and understand 

3D cadastres?  

¶ Why cannot current cadastral data models manage and stratify RRRs efficiently? 

Is there a need to develop a new data model to support the concepts of 3D 

cadastre? 

¶ What are the data sources of the 3D cadastre? How many data sources are there 

to provide information for a 3D cadastral data model? 

¶ What should be represented in the 3D cadastre? What are the business 

requirements for developing a 3D cadastral data model? What type of objects, 

attributes should be recorded in a 3D cadastral data model? How many RRRs 

do exist and should be considered in a 3D cadastral data model? How many 

components should a 3D cadastral data model have? How should a 3D 

cadastral data model provide the need of the multi-purposes 3D cadastre? 

¶ What are the requirements to implement the 3D cadastral data model? What type 

of geometrical objects should be considered in the 3D cadastral data model 

being able to represent stratified RRRs? 

¶ How can a data model be designed and developed to accommodate the 

requirements of 3D cadastres and interactions between all legal and physical 

objects? 
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Using these research questions as the basis for exploring 3D cadastral systems, the 

following research aim and objectives were formulated to achieve the research question. 

1.5 RESEARCH AIM  

In recognising the research problem and research questions, the central aim of the 

research is to: 

Develop and implement a data model to enable the capture, storage, editing, querying, 

analysis and support visualisation of 3D land rights, restrictions and responsibilities in 

cadastres. 

1.6 RESEARCH OBJECTIVES 

To achieve the research questions and aim of the research, the following objectives were 

considered to:  

1. investigate concept, definition and requirements of 3D cadastres 

2. investigate and assess current cadastral data models 

3. identify the user requirements and main data elements of 3D cadastres 

4. design and develop a 3D cadastral data model suitable for land administration 

systems 

5. develop a prototype to test the 3D cadastral data model using a case study. 

1.7 RESEARCH APPROACH 

This thesis follows a mixed research process that integrates the qualitative approach to 

explore the deficiencies of current cadastral data models in terms of accommodating 3D 

information and the case study approach. The case study approach is a suitable method 

to investigate the current practice of 3D property registration and identify how 3D 

cadastral systems should be developed to improve the current process. The use of mixed 

methods can also minimise the weakness of a single approach through the 

complementary utilisation of the strengths of other methods. 
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Furthermore, the opportunity to investigate and present a greater diversity of views is 

important in validating the research findings (McDougall, 2006). Divergent findings are 

valuable in that they lead to the re-examination of the conceptual framework and 

underlying assumptions of each of the two components (Tashakkori & Teddlie, 2010). 

The diversity and divergence of perspectives between the stakeholders of 3D cadastre 

including registrars, surveyors, architects, and owner corporation industries, provides 

this opportunity to improve the quality of the data model. 

The research approach consists of three major phases: 

¶ conceptual phase 

¶ design phase 

¶ implementation phase. 

It concludes in the development of a research framework to address the research 

question. Figure 1.2 describes the utilised research approach. 

The conceptual phase investigates the concept and requirements of 3D cadastres and 

spatial data modelling. In this phase, the research focuses on the underlying concept of 

3D cadastre to investigate the definition, importance, characteristics, aspects, and 

requirements of 3D cadastres. There is an additional focus on spatial data modelling in 

this phase including an investigation of a data modelling development cycle and related 

data modeling standards. Current cadastral data models are also evaluated in this phase. 

The aim is to identify issues, obstacles and complications as well as successful 

experiences and best practices in accommodating the requirements of 3D cadastres. 

Examples include the core cadastral data model, FGDC, ArcGIS Parcel Data Model, 

DM.01, The Legal Property Object Model, ICSM Harmonised Data Model, ePlan, 

LADM. Finally, observing case studies complements this phase by addressing the issues 

of current practice of 3D property registration and identifying important factors that 

should be considered in 3D cadastral data model development process. This research 

investigates one case study from Victoria, Australia: a complex underground car park. 

After the conceptual phase, the design phase starts by proposing and designing a new 

3D Cadastral Data Model (3DCDM). The aim is to design the 3DCDM model to enable 
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the capture, storage, editing, querying, analysis and support visualisation of 3D land 

rights, restrictions and responsibilities in cadastres which incorporates legal and 

physical information, and supports semantic. 

In the implementation phase, the proposed logical data model of the 3DCDM is 

converted to a physical data model. The physical data model of the 3DCDM has been 

developed as an application schema of the Geography Markup Language 3, version 

GML3.2.1. Accordingly, the physical data model of the 3DCDM is an XML based 

schema. XML schemas organise the data as schema instances. The 3DCDM model is 

decomposed into twelve sub-models (modules). The 3DCDM geometry module is a 

GML profile. Therefore, eleven XML schemas, one schema per module, are developed 

as the implementation phase of this research. An advantage of having separate sub-

models (modules) and also XML schemas is to increase the efficiency of 

implementation of the 3DCDM model. Users can choose the appropriate module and 

avoid utilising unnecessary modules.  
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Figure  1.2: Research Approach 

The 3DCDM model proposed in the design phase is developed during the 

implementation phase. A logical data model is developed in the design phase, which is 

compatible with ISO standards and OGC specifications in the domain of spatial industry 

and global land administration statements. The Unified Modelling Language (UML) is 

used to develop the 3DCDM model. The research incorporates the logical model using 

Enterprise Architect modeling capabilities and GML specifications to design a GML-

based application schema to physically implement the 3DCDM model in a computer 

environment. 
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1.8 THESIS STRUCTURE 

The thesis is structured in four main parts. Part one is the introduction and consists of 

the statement of the research problem, research question, research aim and objectives. 

The research problem is described and an overview of the research approach is 

presented. Part 2 contains the background chapters that review theory and practice. Part 

3 consists of the research methodology, case study analysis and the results of the 

comparison and evaluation. Part 4 comprises of the model development, physical 

implementation, discussion and conclusions. Figure 1.3 illustrates the structure of the 

thesis and its relationship to the research objectives. 

In Chapter 1, the background to the research problem is presented. The research 

question and the overall aim of the research are stated and the objectives to achieve this 

aim are presented. An overview of the research approach is provided. 

Chapter 2 investigates 2D cadastres and identifies its problems in terms of 

accommodating 3D data. The needs for 3D cadastres are described in the context of the 

rapid 3D development above and under the ground in urban areas. 3D cadastre 

definition, importance, objectives, and applications are described and 3D cadastre 

aspects are illustrated to understand legal, institutional and technical issues that limit the 

development of 3D cadastres. Data modelling development cycle, related ISO standards 

are reviewed. 

Chapter 3 describes the qualitative assessment results of the current cadastral data 

models to identify issues, obstacles and complications as well as successful experiences 

and best practices in accommodating the requirements of 3D cadastres. This assessment 

assists the research by providing a detailed understanding of the different views towards 

cadastral systems. 

Chapter 4 describes the research design and methods and aims to develop a strategy to 

achieve the objectives defined in the first chapter. A mixed methods approach is 

selected and justified as the basis to explore the deficiencies of current cadastral data 

models in terms of accommodating 3D information to investigate the current practice of 
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3D property registration and identify how 3D cadastral systems should be developed to 

improve the current process. 

Chapter 5 describes and analyses one case study to review the current practice of 3D 

property registration in Melbourne (Victoria), Australia. An underground car park has 

been selected as a case study. The aim of this Chapter is to investigate the deficiencies 

of current practice of 3D property registration and identify the requirements to improve 

the system. 

Chapter 6 uses the outcomes of previous chapters and describes initiatives to consider in 

current cadastral systems. In response to the research problem, three initiatives are 

proposed based on the requirements of 3D cadastres. The proposal, firstly, expands the 

capability of current cadastral data modelsô building blocks to support 3D information; 

secondly, it improves the misrepresentation of legal information using incorporation of 

legal and physical objects; finally, it semantically enriches the data models making it 

possible for efficient analysis and thematic queries. The conceptual model of the 

3DCDM is developed in this chapter based on international standards such as ISO and 

OGC and global land administration statements like Cadastre 2012 and land 

administration standards like LADM. Components, classes and relationships between 

them are described. 

The logical model of the 3DCDM is developed in Chapter 7. The 3DCDM model 

consists of eleven modules (sub-models). All modules are explained in detail in this 

chapter. UML is used by Enterprise Architect software to illustrate all classes, attributes 

and relationships of the 3DCDM model.  

Chapter 8 presents the physical model of the 3DCDM. Eleven XML schemas as GML 

application schemas are developed and explained for this purpose in this chapter. An 

example of the 3DCDM model dataset is presented to describe how various XML 

schemas are implemented. 

Chapter 9, finally, presents the research achievements and conclusions. The significance 

of the research findings to theory and practice are examined and recommendations for 

further research are provided. 
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Figure  1.3: Structure of the thesis and its relationship to the research objectives 

1.9 CHAPTER SUMMARY  

This chapter has laid the foundations for the research and introduced the problem, 

question, aim and objectives of the research. 
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As a problem statement, it discussed how 3D developments of land put enormous 

pressure on current land administration systems that are equipped with the cadastres 

only able to maintain 2D spatial information. Further, that current land administration 

systems use 2D cadastral data models that do not incorporate legal and physical 

information, and they are not semantically enriched. Consequently, they are not 

sufficient enough to manage stratified land interests. 

In considering the research problem, a key research question was formulated as óHow 

can a data model be designed and developed to accommodate the requirements of 3D 

cadastres and interactions between all legal and physical objects?ô 

To respond to the problem statement and research question, five research objectives 

were considered: 1) to investigate concept, definition and requirements of 3D cadastres, 

2) to investigate and assess current cadastral data models, 3) to identify the user 

requirements and main data elements of 3D cadastres, 4) to design and develop a 3D 

cadastral data model suitable for land administration systems, and 5) to develop a 

prototype to test the 3D cadastral data model using a case study. 

Based on these five objectives, the research approach was designed in three phases: 

conceptual, design, and implementation phases, and the thesis structure has been 

outlined in nine chapters. 
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2 CONCEPTS OF 3D CADASTRES AND DATA 

MODELLING  

2.1 INTRODUCTION  

This chapter aims to explain the concept and needs for 3D cadastres and 3D cadastral 

data modelling. Current cadastres (2D cadastres) and their problems regarding 

managing stratified rights, restrictions, and responsibilities are described. Then, 

concept, needs, and aspects of 3D cadastre are explained. This chapter ends with the 

importance of data modelling in the field of 3D cadastre.    

2.2 2D CADASTRES 

From the early stages of human settlement, land was undisputedly the primary source of 

wealth and power. To secure guarantee of land ownership, cadastres have been 

established and managed in different forms (Williamson, 1985).  Their differences often 

depend upon local cultural heritage, physical geography, land use, technology, and etc. 

(Beğej et al., 2002).  

Traditionally, cadastres were designed to assist in land taxation, real estate 

conveyancing, and land redistribution. Cadastres help to provide those involved in land 

transactions with relevant information and help to improve the efficiency of those 

transactions and security of tenure in general (Figure 2.1). They provide governments at 

all levels with complete inventories of land holdings for taxation and regulation. But 

today, the information is also increasingly used by both private and public sectors in 

land development, urban and rural planning, land management, city space management, 

and environmental monitoring (FIG, 1995). 
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Figure  2.1: The Cadastral Concept (FIG, 1995) 

Based on the FIG (International Federation of Surveyors) Statement on the Cadastre 

(FIG, 1995):  

ñA Cadastre is normally a parcel based, and up-to-date land information system 

containing a record of interests in land (e.g. rights, restrictions and responsibilities). It 

usually includes a geometric description of land parcels linked to other records 

describing the nature of the interests, the ownership or control of those interests, and 

often the value of the parcel and its improvements. It may be established for fiscal 

purposes (e.g. valuation and equitable taxation), legal purposes (conveyancing), to assist 

in the management of land and land use (e.g. for planning and other administrative 

purposes), and enables sustainable development and environmental protection.ò  

It is concluded from this description that cadastres keep information about: 

¶ land parcels (e.g. location, boundaries, coordinates, area, value) 

¶ land tenure (e.g. property rights, restrictions, responsibilities, ownership, leases)  

¶ land owners (e.g. interest holder information). 

Land parcels are the basic spatial entity of the cadastres. Each parcel is given a unique 

code or parcel identifier. Therefore, other information such as buildings, utilities, land 
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use, and demography (such as population statistics) can also be connected to land 

parcels through the unique parcel identifiers in GIS systems.  

Land parcels are represented by cadastral maps, digital cadastral databases (DCDB), or 

survey plans. Due to historical, cultural and social differences, cadastral maps play very 

different roles in different jurisdictions ranging from being used in charting or index 

maps to being the legal determination of parcel boundaries (Williamson & Enemark, 

1996). 

Regardless of the purpose of cadastral maps, 2D representation methods (paper-based or 

CAD files) are common practice in most jurisdictions that represent geometrical 

information (boundary information) of land parcels and property details in cadastral 

maps or survey plans.  

Cadastres that are equipped to show the geometry of parcels (2D) and to represent the 

legal status of these parcels (ownership information) are called 2D cadastres in this 

research project. Land parcel and 2D representation of land parcels are two main 

properties of 2D cadastres.  

2D cadastres work well where the owner of a parcel is entitled to use the land in the 

parcel from the centre of the earth to the heavens (villa arrangements) according to law 

and building and urban planning regulations (Figure 2.2).  

 

Figure  2.2: Owner of parcel and property no. 5 is entitled to use his land from the centre of the 

earth to the heavens. 
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One of the fundamental tools used to manage this arrangement is the limitation of 

building across parcel boundaries: the building stock is generally kept coherent with 

parcel boundaries. Historically, the theory of ownership and property rights was 

established before intensive land uses demanded a strata-titling system. When stratas 

were formalised into titles, it made sense to use them for both detached buildings and 

multi-storey developments. 

In these cases, one parcel can be affected by a depth limitation (Figure 2.3) or a 

restriction can affect the height of any building that might be constructed (Figure 2.4). 

In this situation, the user might require a 3D representation of the ownership rights.  

 

Figure  2.3: Land parcels are adequately represented by the 2D spatial extent of the boundaries of 

the land related to the rights, restrictions, and responsibilities. 

 

Figure  2.4: Multi occupancy residential or commercial buildings involve many strata units and 

common properties on one original parcel. 

Height limitation 

Depth limitation 

3D legal object 

Ownership Right 

Common Property 

Ground Surface 
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2D cadastres cannot effectively represent the complexities of reality. They are not able 

to manage and represent land ownership rights, restrictions and responsibilities in a 3D 

context.  

The lack of an efficient and effective three-dimensional solution, limits the ability of the 

public to visualise and communicate 3D development and the ability of architects, 

engineers and developers to capitalise on the full potential of 3D title models. It also 

limits the ability of governments and developers to visualise multi-level developments 

resulting in increased costs and delays; and the ability of land registries to administer a 

title registration system that can accommodate these increasingly complex multi-level 

developments. For further discussion, problems of 2D cadastres are discussed in the 

next section. 

2.3 PROBLEMS OF 2D CADASTRES  

Obviously, the use of land involves multiple dimensions. However, cadastres focus on 

organising 2D land parcels. There are a number of reasons why cadastres do not 

accommodate 3D data. They are because of the lack of 3D data collection methods and 

equipment (i.e. lack of information in subdivision plans and architectural maps), and the 

limited 3D storage and representation technologies (3D DBMS, 3D topology, and 3D 

visualisation specifications). However, 3D developments under and above ground have 

changed the characteristics of cadastres.  

Developments of apartments, high-rise buildings, tunnels, and utilities involve 

construction of above and below ground structures.  These are of two distinct kinds.  

First, development in a single parent parcel (Figure 2.4): In most systems that formally 

divide multi uses and multi occupancies in buildings into separate units capable of being 

uniquely owned and traded, the development occurs on a single parcel that is eventually 

subdivided to reflect the new configuration.  These single original parcel developments 

are coherent in the cadastral framework, but for larger developments representation in 

3D, rather than 2D, would help clarify the relativities and relationships among the units 

and common property. 
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Cadastral flexibility must encompass developments that produce separate and varied 

strata units for multi use and multi occupancy of residential and/or commercial 

buildings on one original parcel. The legal structure of these buildings is generally 

composed of individual lots, easements, and common property. Lots can include units, 

garages, storerooms and facilities that are owned by the lot owners. Common property 

includes parts of the land and buildings, below ground and airspace that are not within 

the defined private lots. These may include gardens, passages, walls, roofs, pathways, 

driveways, stairs, lifts, foyers and fences. 

Figure 2.5 also illustrates the intersection of interests in one original parcel and the 

method of their legal representation in current 2D cadastres. In this example, residential 

apartment units are owned by individual home owners, and offices and commercial 

units are owned by legal entities established by businesses and organisations. 

               

Figure  2.5: Multi occupancy residential/commercial buildings involve many strata units on one 

parcel and its representation in the current cadastral systems. 

Second, developments that traverse existing parcels (Figure 2.5): Modern urban 

environments frequently require infrastructure that traverses existing parcels. This 

infrastructure might be small scale (such as underground car parks that require entry 

points accessible from roads that do not adjoin the parcel) or large scale (metro systems, 

highway tunnels, sewers, and so on) that affect below ground areas under many existing 

parcels. Legal management of developments with multi-parcel impact can be 

Parcel Boundary 

Building 

Footprint 
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undertaken in many ways. The larger infrastructure developments usually attract 

specific enabling legislation that allows the government to retrieve or acquire the land 

so that developer/owner/operator can hold (leasehold or freehold) titles to the land as an 

underground strata area, that is with dimensions of height defining the upper and lower 

boundaries, and two dimensions of length and breadth showing the horizontal area.  

In some cases, one development might involve using areas that are under or above the 

ground level of neighbouring or adjoining parcels (Figure 2.6).  Legal systems that 

allow this will use a variety of strategies. A typical solution is the re-subdivision of the 

surface parcels to excise the areas above or below from their titles, and to create a new 

title with height and depth limitations defined by the contours and dimensions of the 

excised areas. Figure 2.7 illustrates the corresponding parcel-based representation of the 

legal situation that cannot be clearly represented in 2D configurations. 

 

Figure  2.6: A car park and its related access paths crosses are built under existing buildings and 

public spaces.  

 

Figure  2.7: Parcel-based cadastral map for the underground car park and crossing access, streets 

and adjoining buildings 
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These examples show how a cadastral system that defines only length and breadth of 

each parcel in a multi-dimensional world creates difficulties for interpretation of 

building interests.  

The 2D description of parcel boundaries does not adequately explain the relationships 

among the varied parcels in buildings, especially constructions that involve below 

ground space. Representation of the arrangements by a series of ófloor plansô or óground 

mapsô that rise up the floors in a building cannot adequately describe the arrangements 

of legal titles and the opportunities to use the physical structures. The 2D system serves 

well in simple buildings, and ground level villa unit developments, but management of 

modern cityscapes would benefit from a much more descriptive capacity in the land 

administration and titling systems.  

Consequently, where there is multiple use of space with stratified property rights in 

land, 2D cadastres are unable to adequately reflect the spatial information about those 

rights in the third dimension. There is a need for 3D cadastres to manage and represent 

stratified land rights, restrictions, and responsibilities in 3D. 

2.4 NEEDS FOR 3D CADASTRES 

The worldôs population is being urbanised: the majority of people now live in towns and 

cities (UN-FPA 2008). Australia, for example, is also experiencing this urban migration. 

The ABS projects Australiaôs population to almost double over the next 47 years 

increasing from 22 million to up to potentially 42.5 million by 2056 (UN-FPA, 2008). 

The majority of these people will live in cities. These increasingly urbanised 

populations will predominantly live in multi-level, multi-purpose, highly engineered, 

high-rise developments. Rapidly expanding vertical cities and their populations will 

experience a range of new environmental, social and economic challenges (Hillman, 

1983).   

It is essential the infrastructure is in place to model and manage these new 3D 

environments (UN-FPA, 2008).  This infrastructure should include verified, authorised, 
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repeatable, engineered information about 3D environments, not just the surveyed 

external boundaries of structures and parcel boundaries that appear in two-dimensional 

drawings.  

The problem of creating efficient and accurate spatial representation of peopleôs rights, 

restrictions and responsibilities in buildings and infrastructure above and below ground 

is shared by all cities of the world, irrespective of the level of development (Figure 2.8). 

 

Figure  2.8: Busy high-rise megacity like Hong Kong, China (Williamson et al. 2010) 

The third dimension of height in land information systems facilitates subdivision of 

space into strata legal property objects capable of being owned by different entities and 

used for unrelated purposes while facilitating management of the entirety. This creates 

separate legal property objects above or under the original property parcel or unit. The 

most typical objects located above the surface are apartments or buildings registered as 

separate property (Rajabifard et al., 2012). 

Increasingly, construction below or above the surface, such as tunnels and platforms 

used as foundations for buildings and so on (Figure 2.9), are also treated as 3D objects 

in a land subdivision process (Stoter, 2004). In some jurisdictions, networks such as 

telecommunication lines, water pipes and gas supply grids, and communication systems 

may also be registered, either within the land registry (as has been proposed in The 

Netherlands) or in a separate register (as for high-voltage power lines in Norway). 3D 

cadastres can also include interests related to trees, vegetation, minerals, hydrocarbons, 

as well as water (Bennett et al., 2005; Rajabifard et al., 2006; Kalantari et al., 2008).   



3D CADASTRAL DATA MODELLING 

62 

 

 

Figure  2.9: Construction below or above the surface (Stoter, 2004) 

Factors that highlight the need for 3D cadastres include an increase in property values, 

escalating numbers of overlapping transport routes, proliferation of utility infrastructure 

including cables and pipelines, management of complex natural environments alongside 

built infrastructure, and emergence of useful 3D technologies for design, planning and 

management.  

Also, in current land information system data models, the third dimension is usually 

inadequately modelled as a 3D tag linked to the parcel record (Stoter & Oosterom, 

2003). The increasing complexity of modern cities demands that modern land 

administration systems include heights and capacity to visualise inter-relationships 

between structures and uses for sustainable management (Wallace & Williamson, 

2004).  

The land administration sectors in Australia recognise the importance of having land 

information in 3D, especially in cadastres. Since February 2012, the Centre for Spatial 

Data Infrastructures and Land Administration (CSDILA) at the University of 

Melbourne have started to investigate about the different aspects of the 3D cadastre. The 

involvement of Australian Research Council (ARC) and industry partners in the 

research project illustrates the importance of land and property information in 3D which 

will assist the implementation of the 3D cadastre by focusing on the development of 
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partnerships as a means of solving issues in relation to the increasing number of 

interests in land. This will build the research capacity in Australia to further investigate 

different technical, policy and institutional aspects of 3D cadastres.   

The project partners include Department of Sustainability and Environment (DSE), 

Land Victoria, Intergovernmental Committee on Surveying and Mapping Australia 

(ICSM), Land and Property Information NSW (LPI), VEKTA, Alexander Symonds, 

PSMA, Australia, Strata Communities Victoria (OCV), Fender Katsalidis Architects 

(FKA). 

Australiaôs Intergovernmental Committee on Surveying and Mapping (ICSM), which 

includes all land administration authorities in Australia, in its óStrategic Pathways and 

Milestones 2008-2010ô (ICSM, 2008b), identified the 3D cadastre as an emerging trend 

and supported research into 3D cadastre development.  

Accordingly two land administration authorities (Land Victoria and LPI) and a national 

coordination body (ICSM) have committed significant resources to this project. In 

addition, three key private organisations active in land subdivision and construction in 

multi-level developments have given their support in this project with a significant 

resource commitment (Rajabifard et al., 2012).   

Overall, the basic needs for the 3D cadastre are to: 

¶ explicitly register 3D space to which 3D rights apply 

¶ have good accessibility to the legal status of 3D properties, including 3D spatial 

information as well as public law restrictions 

¶ identify significant land and buildings subject to flooding (especially those in 

CBD high value and high impact areas) 

¶ identify parcels that cross other parcels 

¶ support ñhigh value infrastructureò that should be 3D and ñheight enabledò: 

CityLink, Melbourne, Australia (http://www.citylink.com.au/) 

http://www.citylink.com.au/
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¶ support new style high-rise and low-rise buildings and developments: Queen 

Victoria Building, Melbourne, Australia (http://www.qvb.com.au/) 

¶ support infrastructure beyond land parcels: infrastructure assets and their position 

require heights. For example, above ground transmission and electrical wires 

should be mapped in the cadastral maps. 

After identifying the basic needs for 3D cadastres, the concept of 3D cadastre including 

the definition and benefits of 3D cadastre is described in the next section. 

2.5 3D CADASTRES 

3D cadastres manage and represent real property ownership rights, restrictions, and 

responsibilities in 3D. They are used when there are stratified rights on, above or under 

a particular extend of land. In this research, 3D cadastres are referred to as digital 3D 

cadastres. 

3D cadastres digitally represent real property ownership rights, restrictions, and 

responsibilities (legal models) and their physical counterparts such as buildings, 

utilities, on, above or under the ground surface. They are equipped with 3D data storage, 

3D visualisation, and 3D spatial analysis functions.  

They facilitate management of property rights; registration of strata plans; and reduction 

of boundary disputes between owners and Owner Corporations. They also enable a wide 

variety of applications, which in turn create a demand for detailed and integrated 3D 

legal and physical objects. 

3D cadastres provide important information for different applications such as city space 

management and land and property management in 3D (Rajabifard et al., 2012). First, 

they represent the spatial extent of ownership boundaries in 3D where layered 

ownerships exist. Second, they facilitate registration of strata developments. Third, they 

support land development processes including the issuing of permit plans in dense 

urban areas especially for huge developments such as bridges and tunnels that cross 

above or under other developments. Fourth, they provide reliable information for 

http://www.qvb.com.au/
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governors and decision makers. Last but not least, they are utilised as a basic layer to 

integrate with other information layers such as 3D city models (CityGML), Building 

Information Model (BIM), transportation, utility networks, land use, and employment to 

services for different applications. 

Definition of 3D cadastre in this research is explained in the next section to further 

clarify the concept of 3D cadastres. 

2.6 DEFINITION OF 3D CADASTRE  

Since 3D cadastre is a vast subject, there are different ideas about 3D cadastre. Hence, 

some existing 3D cadastre definitions will be mentioned from various researchersô 

points of view before finally defining the 3D cadastre in this research. 

¶ A 3D cadastre is a cadastre which registers and gives insight into rights and 

restrictions not only on parcels but also on 3D property units (Stoter, 2004). 

¶ 3D Cadastre provides information beyond the typical planar data and can be use 

to ensure registered rights below & above the land surface. Land use of 

underground and above-ground parcels, can be thus described, analysed and 

optimally developed and exploited (Papaefthymiou et al., 2004). 

¶ The 3D cadastre system will manage the 3D spatial data in strata in the same way 

the 2D-GIS system manages the 2D spatial data currently. This task can be 

separated into two parts; the first being 3D cadastral data spatial analysis of 3D 

parcels and 3D objects, and the second is 3D digital visualisation. 3D 

registration deals with maintaining spatial and non-spatial information on 3D 

objects, which are core topics of 3D GIS (Jarroush & Even-Tzur, 2004). 

¶ A modern cadastral system should always reflect the existing status of all property 

rights, including private and public properties. This provides better means for a 

rationalized management of the built environment, including regulations of 

legality of use or economic applications (Dimopoulou et al., 2006).  
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The variation between these definitions is the result of different attitudes towards 

cadastres. However, most of the definitions purely reflect the legal portion (registration) 

of 3D cadastres and neglect integration of physical counterpart. Therefore, 3D cadastre 

is defined in this research as:  

¶ 3D cadastre is a tool in a land administration system to digitally manage and 

represent stratified rights, restrictions, and responsibilities (legal models) and 

their corresponding physical models such as buildings, utilities, on, above or 

under the ground surface in 3D. A 3D Cadastre has the capability to capture, 

store, edit, query, analyse and visualise multi-complex properties and 

frameworks within a documented set of standards. 

2.7 BENEFITS OF 3D CADASTRE 

The ability to maintain 3D information relating to property interests and make it 

available through the land administration systems will provide important benefits at 

government levels. Its greater benefits lie at the public level where it will assist 

management of the economy of 3D land development, security of tenure and 

community engagement (Rajabifard et al., 2012).   

Building data show a trend of strong growth in approvals for residential dwellings in 

inner city areas of many Australian cities (ABS, 2009). Implementation of a 3D land 

and property information system potentially provides significant long-term benefits and 

savings for the community in the land development processes as more than 50 percent 

of land development proposals involve height allocations.   

A clear understanding of 3D developments through computer visualisation will help 

reduce misunderstandings and disputes between developers, owners and managers, and 

the public. At the same time this will improve the ability of authorities, such as local 

government and utility companies, to effectively plan large multi-unit developments 

such as shopping centres, bridges and tunnels.   
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Access to comprehensive and integrated land and property information in 3D will 

modernise processes of land and property development in Australian cities and prevent 

confusion, administrative friction and disputes during decision making.    

An aggregated database of different disciplinary datasets, such as land valuation, land 

use, utility management, property tenure, lease and occupancy in a 3D environment will 

provide municipalities and utility companies with the seamless information and tools to 

facilitate comprehensive and efficient engagement with the community. 

Currently, in Australia, principles for recording overlapping interests in land are 

fragmented and not available in a cohesive and integrated way. Historically 2D systems 

managed interests in land and property effectively. These flat systems cannot manage 

the increasing number of 3D property rights, restrictions and responsibilities in 

Australia.   

The fast growing populations and pressure to integrate facilities on, above and under the 

surface of cities and natural environments demand the introduction of a holistic 

approach to managing the third dimension in Australia. The availability of 3D spatial 

land information systems will enable governments to effectively respond to the fast 

growth of Australiaôs cities. 

Benefits of 3D cadastres and their potential needs persuade scientists and land 

administration authorities to develop and implement the 3D cadastre. Different aspects 

should be considered to successfully develop a 3D cadastre. These aspects are explained 

in the next chapter. 

2.8 ASPECTS OF 3D CADASTRE 

Establishment of 3D properties and multiple ownership in a single building are not 

allowed in all jurisdictions (Stoter & Oosterom, 2006). For example, establishment of 

3D construction properties was not allowed in Norway or a division of ownership was 

not possible in the third dimension in Sweden (Stoter & Oosterom, 2006). In Victoria, 

Australia, current legislation allows owners and developers to register 3D properties by 
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the introduction of subsequent and complementary Acts such as the Transfer of Land 

Act (Stratum Act) 1960, Strata Title Act 1967, Cluster Titles Act 1974, and Subdivision 

Act 1988 (Libbis & Leshinsky, 2008). It is obvious that the legal aspects are the 

fundamental part of the 3D cadastral systems, which secure 3D properties and support 

the demands for multiple ownerships of land and buildings.  

Legal aspects are not the only concern in the 3D cadastre. Institutional aspects play a 

significant role by regulating property rights, providing guidelines and standards for 3D 

data acquisition, and defining tasks and responsibilities of the private and public sectors 

(Molen, 2003; Ho & Rajabifard, 2012). Institutional aspects can provide a road map to 

facilitate the accommodation of a 3D cadastre. 

Figure 2.10 suggests that a 3D cadastre should be considered in three main aspects: 

legal (which supports the register of 3D properties), institutional (which established 

relationships between involved parties), and technical (which provides platforms to 

realise the 3D cadastre). These aspects should be considered in 3D cadastre 

developments for each jurisdiction (Aien et al., 2011b).  

 

Figure  2.10: Relationship between different aspects of 3D cadastre 

2.8.1 LEGAL ASPECTS OF 3D CADASTRES 

3D property owners such as the owner of an apartment unit are entitled to use a specific 

3D space. These 3D spaces are usually located on top of each other within one land 

parcel or sometimes extending over a number of land parcels. In most jurisdictions, 

owners of 3D properties share implicit rights in the common areas that are mostly 
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managed by service companies and Owners Corporation. 3D property legislations, if 

they exist, do not support a full 3D property representation in some jurisdictions. For 

example, establishment of 3D construction properties were not allowed in Norway or a 

division of ownership was not possible in the third dimension in Sweden (Stoter & 

Oosterom, 2006). To overcome this problem, legal systems in some countries, have to 

develop to support registration and representation of 3D properties. 

For example, the property legislation was developed in Victoria (Australia) over a long 

period of time to meet the demands for multiple ownerships of land and buildings 

because financial institutions would not accept such a 3D property as security for 

funding. Until the Subdivision Act 1988, different Acts and regulations were introduced 

to legislate for owning and securing 3D properties (Figure 2.10), but all these have 

evolved to meet the needs of developers, owners, mortgagees and planners of 3D 

properties (Libbis, 2006; Paulsson, 2007).  

In Victoria, the basic subdivision of land used to be carried out under the provisions of 

the now repealed Local Government Act 1958, and then were registered at the Land 

Registry under provisions of the Transfer of Land Act 1958 (Figure 2.11). This type of 

subdivision was inflexible in that it only allowed for the subdivision of land along 

defined horizontal boundaries on the ground.  

The Transfer of Land (Stratum Estate) Act 1960 provided a legislative framework for 

separate ownership of flats or other units. It enables titles to be issued for each owner 

and a title for common areas, which are owned by a service company.  

In the Strata Title Act 1967, separate titles were available for each unit. The owners 

corporation came into existence instead of the service company and is registered in the 

Land Registry with its details, rules, rights and responsibilities. Each owner is 

automatically a member of the owners corporation. Thus, dealing with the strata title 

was considerably less complex than stratum title.  

The Cluster Titles Act attempted to resolve the problem of staging and the progressive 

creation of common property, as well as to provide for pre-selling and to overcome 
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constraints that applied to site requirements and the sharing of facilities. The Act 

promised future subdivisions that preserved special site features, such as trees or 

streams, and the provision of special interest developments, such as tennis courts or 

stables and horse tracks, but these expectations were not fulfilled.  

 

Figure  2.11: 3D property legislation (Subdivision Acts) in Victoria for Freehold lands 

 

Figure  2.12: Subdivision Act in Victoria for Crown lands 

The subdivision system before the Subdivision Act 1988 was regarded as complex, 

costly and time consuming. The objectives of the Subdivision Act were to introduce a 

uniform process for subdivision approvals that are part of the planning system, a 

Property Law Act 

1958 

Crown Surveys Part VII 

Land Acts 
1958 

 

Crown Lands N/A 

 

Local Government Act 

Transfer of Land Act 

1958 

Transfer of Land    (Stratum 

Estate) Act  

1960 

Strata Title Act 
1967 

Cluster Title Act 
1974 

Subdivision Act 
1988 

¶ Subdivision of land 
(horizontally) 

¶ Issue title per each lot 

¶ Subdivision of land 
(horizontally & vertically) 

¶ Issue title per each lot 
¶  

¶ Subdivision of land 
(horizontally & vertically) 

¶ Issue title per each lot 

¶ Body corporate 
¶  

 

¶ Subdivision of land 
(horizontally & vertically) 

¶ Issue title per each lot 

¶ Pre-selling & staging 

¶  

 

¶ Subdivision of land 
(horizontally & vertically) 

¶ Issue title per each lot 

¶ Comprehensive 
¶  

 

¶ No vertical subdivision 

¶ Time consuming 

¶ Costly 

¶ Complex 

¶ Pre-selling 

¶ Staging 

¶ Complex & costly 

¶ Very detailed 

N/A 



CHAPTER2- CONCEPT OF 3D CADASTRES AND DATA MODELLING 

71 

 

uniform style of title for property in Victoria; a system that is sufficiently flexible to 

allow for changes to be implemented from time to time; a system which has the 

municipal council as the central body responsible for the co-ordination of planning; 

building, traffic and drainage control, and a simplified Act, which can more readily be 

understood by interested users and laymen, such as developers and members of the 

bodies corporate. The Land Act 1958 and the Property Law Act 1958 (Figure 2.12) 

were developed to subdivide Crown lands (Libbis, 2006; Paulsson, 2007).  

Victoriaôs current legislation allows owners and developers to register 3D properties; 

however, depicting 3D rights, restrictions and responsibilities is paper based, complex, 

and difficult to be understood by the public. 

2.8.2 INSTITUTIONAL ASPECTS OF 3D CADASTRES  

Legal aspects lay the ground work for land administration, but cadastres are only 

meaningful if they operate within an institutional context, providing regulations for 

defining property rights, defining mechanisms for acquisition, etc., and defining tasks 

and responsibilities of the public administration empowered to register. This is equally 

true for 3D cadastres. Without defining the third dimension in property rights regimes, 

3D cadastres are meaningless (Molen, 2003). 

As shown in Figure 2.13, there should be a close and consistent relationship between 

public and private sectors to share knowledge and to reach a common viewpoint on the 

concepts and principles for the development of 3D cadastres. 

Institutional aspects can be divided into different categories. Firstly, administrative 

institutions that execute and protect the regulations set by the legislations. These might 

include surveyor-general, registration body for cadastral surveyors, land registry, local 

government, association of developers, and association of Owners Corporation. 

The second category are conceptual institutions that provide a unified of 3D concepts 

such as, apartments, 3D ownership, 3D property, multi-storey buildings, high-rise 

buildings, complex buildings and so on. 
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Institutions in the area of 3D cadastres can be seen as institutions in support of 

organisational reform. It is essential to analyse what reforms are required from an 

organisational perspective to support implementation of 3D cadastre (Ho & Rajabifard, 

2012). 

 

Figure  2.13: Relationship between organisations 

In addition, legal and technical aspects can drive institutional aspects. For example, the 

Department of Sustainability and Environment (DSE) and the Department of Planning 

and Community Development (DPCD) in Victoria are two separate departments with 

different responsibilities. DSE facilitates the land registration process and acknowledges 

subdivision plans and issues titles. DPCD assesses and issues planning approval for 

applicants. However, the SPEAR project created a platform for the two departments to 

work with one system. SPEAR (Streamlined Planning through Electronic Applications 

and Referrals) project allows subdivision and planning approval applications to be 

compiled, lodged, managed, referred, approved and tracked online anytime 

(http://www.spear.land.vic.gov.au/spear/). Therefore, it can be seen that technology and 

technical aspects drive institutional aspects as well. 

2.8.3 TECHNICAL ASPECTS OF 3D CADASTRES 

Technology in 3D cadastre is the use and knowledge of tools, models and methods to 

develop 3D cadastre. Progress in technology increases the efficiency of cadastres. 

http://www.spear.land.vic.gov.au/spear/
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Functionality of cadastres develops in accordance to progress in computers and data 

capturing methods (Table 2.1).  

Table  2.1: 3D cadastre development 

Time Available Technology Aims of Cadastre 
Possibility of 3D 

Representation 

Before 1980s Paper 
Registration, Fiscal, 2D 

Visualisation 
N/A 

1980s CAD 
Registration, Fiscal, 2D 

Visualisation 
N/A 

1990s CAD, GIS 

Registration, Fiscal, 2D 

Visualisation, 

2D Vector-based Analysis  

N/A 

2000s 
CAD, GIS,  

 3D Raster-based Tools 

Registration, Fiscal, 3D Raster-based 

Visualisation, 2D Vector-based 

Analysis 

Yes 

2010 

Augmented reality 

 

Virtual reality 

Registration, Fiscal, 

3D Vector-based Visualisation, 

2D Vector-based Analysis  

Yes 

Future 
3D (CAD, GIS), 3D DBMS 

3D Vector-based 

3D Registration, Fiscal, 3D 

Visualisation, 

3D Vector-based Analysis 

Yes 

While cadastres were paper based, they were used for a limited applications such as 

land inventory and taxation purposes (Ting & Williamson, 1999). Nowadays, GIS and 

other spatial analytical systems put more applications on cadastres and it is possible to 

analyse and query cadastral data. Although all efforts on cadastral system were 

previously 2D, new initiatives such as Google Earth, Trimble SketchUp, Autodeskôs 

AutoCAD Map 3D, Bentelyôs City GIS, Esriôs ArcGIS, CityGML, and Building 

Information Models (BIM) are promoting researchers to consider the practical 

possibilities of 3D cadastre. Inevitably, 3D cadastre will be achieved by developing 3D 
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CAD, 3D GIS, and 3D DBMS, which will provide possibility of drawing, updating, 

analysing and visualising 3D cadastral objects and 3D spatial ownership of land rights, 

restrictions and responsibilities that is completely independent of 2D land parcels with a 

geometrical and topological structure in both raster and vector based format. 

In addition, it should be noted that, current 2D cadastral data such as boundaries of land 

parcels is essential and is expensive to acquire in both time and money. Therefore, it is 

important to utilise current cadastral data in 3D cadastre developments. 

Technical aspects of 3D cadastre vary by content and can be categorised into different 

subjects based on their objectives (Figure 2.14): 

¶ 3D data capturing: researching on what types of 3D cadastral objects need to be 

collected (buildings, pipelines, tunnels, etc.) and what methods of 3D data 

capturing can be used to capture 3D data (land surveying, aerial 

photogrammetry, laser scanning, etc.). Integration of different 3D data capturing 

methods is one solution in this research area, while cross-sections are being used 

to determine vertical aspects of 3D cadastral objects. 

¶ 3D data representation: visualising 3D cadastral objects, 3D analyses and 2.5D 

earth surface in vector and raster formats. 3D GIS and CAD systems can provide 

this opportunity. 2D paper-based plans are being used to represent 3D data in 

most cadastral systems. 

¶ Cadastral updating: updating cadastral objects in DCDB. Geometry and topology 

of 3D cadastral objects are complex and they need to be maintained in a 3D 

DBMS. Currently 2D DBMSs are being used for 3D cadastre.  

¶ 3D data modelling: developing data models to identify 3D objects and their 

relationships. 3D cadastral data modelling will enable the capture, manipulation, 

analysis and visualisation of 3D land rights, restrictions and responsibilities. 

Most of the existing cadastral data models are 2D, such as the ePlan data model 
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(ICSM, 2009) which is restricted in its cover to a few 3D objects such as 

volumetric lots. 

 

Figure  2.14: Technical problem areas in 3D cadastre 

2.9 3D CADASTRE TREE DIAGRAM  

Legal, institutional, and technical aspects of 3D cadastre are essential for successful 

implementation of a 3D cadastre. Figure 2.15 (3D cadastre tree diagram) describes how 

these three aspects supply a 3D cadastre to serve for different applications. This diagram 

illustrates the requirements of 3D cadastres to support different applications such as 

urban planning, registration of 3D RRRs, 3D visualisation, dispute reduction, securing 

and financing 3D properties, increase property value, and infrastructure management are 

all examples of 3D cadastre applications. Legal aspects (Legal and Land Policies) play a 

fundamental role and facilitate the establishment of the 3D cadastre. A 3D cadastre also 

needs technical support such as 3D data capturing, manipulating and visualisation 

technologies to increase the efficiency of 3D cadastres. 
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Figure  2.15: 3D cadastre tree diagram 

The aspects of 3D cadastre represent the basic requirements for any jurisdiction 

developing a 3D cadastre. These are somewhat generic because confused and 

conflicting expectations for 3D cadastre ensure ambiguity. As such, determining the 

scope of 3D cadastres is another step that should be considered before developing a 3D 

cadastral data model.  

2.10 SCOPE OF 3D CADASTRE 

The 3D cadastre concept emerged in the early 2000s. An initial workshop was held in 

2001; a second followed in 2011and third in 2012. In the interim, numerous theoretical 

and practical developments emerged. However, as yet there is no true 3D cadastre 

implemented anywhere in the world (Oosterom et al., 2011).  
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There are several reasons why 3D cadastres have not been successfully implemented: 

legal, institutional, and technical aspects all play a role. Specific reasons include the 

lack of: 

¶ legal support and mandate to register 3D properties  

¶ specified guidelines and standards for surveyors to capture required 3D data, and 

a lack of data formats to integrate and exchange 3D data  

¶ business cases and cost-effective analysis for implementing 3D cadastres 

(conversion or integration of existing systems to 3D, capture of new data) 

¶ available technologies for storing, manipulating, and visualising 3D objects. 

However, a lack of a clear scope for 3D cadastres is one of the main obstacles to 

advancing implementation. 3D cadastres appear to have numerous demands and 

unanswered questions: 

¶ What are the application areas of 3D cadastres? Should 3D cadastres only be 

implemented in the most dense urban areas (e.g. city centres), in entire urban 

areas including all above and underground infrastructures, or even in rural areas, 

including underground pipelines and mines? 

¶ What is the purpose of 3D cadastres? Should 3D cadastre serve fiscal and legal 

purposes, or it should be a multipurpose cadastre? 

¶ What objects should be registered in 3D cadastres? Should only legal spaces 

(RRRs and public law restrictions) be registered, or should physical objects such 

as buildings, units, and pipelines be registered in 3D cadastre? 

¶ What is the level of detail required of a 3D cadastre? Should 3D cadastres be 

multi-scale systems and include as much as detailed information as possible, or 

should they only represent empty volumes? 
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There are other scoping options beyond these, and they should be identified prior to 

implementation of 3D cadastres. Without a clear scope for 3D cadastres, developers 

must contend with confused and conflicting expectations. This makes the 

implementation of the 3D cadastre difficult. 

The scope of 3D cadastres ideally should be defined in legal and institutional systems. 

Pending these formalities, developing a data model for 3D cadastres is a useful method 

to clarify the scope of a 3D cadastre. A 3D cadastral data model provides:  

¶ exploration of the different parts of 3D cadastres (objects, elements, attributes, 

and constraints) and how they are arranged 

¶ organisation and provision of documents and practical guidelines for land 

surveying professionals 

¶ simplification of the process of implementing 3D cadastres 

¶ 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. 

Overall, a 3D cadastral data model can provide a framework and template to define and 

explore the 3D cadastre by identifying 3D cadastre elements (classes and attributes) and 

their arrangements (associations, cardinality, and constrains) and can therefore facilitate 

its implementation.  

Since the aim of this research is to develop a 3D cadastral data model, the concept and 

development of data modelling process are described in the next section. 
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2.11 DATA MODELLING  

Data models are normally developed according to specific purposes. Data modellers 

decide how to model the data to fit the type of problems they are trying to solve. Since 

land administration requirements differ among the different jurisdictions, various 

cadastral data models have been developed around the world (Aien et al., 2011a). 

Data modelling development is often an iterative and cyclical process used to create a 

perfect model of the real world. The data modelling development cycle approach is used 

in this research to develop a new 3D cadastral data model (3DCDM). 

The data modelling development cycle (Figure 2.16) usually starts from mapping the 

concepts and their relationships of the real world to a conceptual model. This model 

includes all major entities and relationships and does not contain much detailed levels of 

information about attributes. The conceptual data model is created by gathering 

requirements from various sources such as business documents, discussion with 

technical teams, business analysts, management experts and end users. The conceptual 

data model is then translated into a logical data model, which documents structures of 

the data that can be implemented in a database. The last step in data modelling involves 

transferring the logical data model to a physical data model that organises the data into 

tables (Elmasri & Navathe, 2011).  

 

 

Figure  2.16: Data modelling development cycle 
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According to the modelling cycle (Teorey et al., 2011), a 3D cadastral data modelling 

cycle and database development consist of five steps: 

¶ Step 1: gathering requirements of 3D cadastre (Business Analysis) 

¶ Step 2: developing a conceptual data model of 3D cadastre 

¶ Step 3: developing a logical data model of 3D cadastre 

¶ Step 4: developing a physical data model of 3D cadastre 

¶ Step 5: designing a 3D cadastral database. 

The research strategy in this dissertation will focus on the first four steps, which 

concentrates on the conceptual, logical, and physical models of the data modelling 

development process. This enables the scope of 3D cadastres to be clarified by 

modelling the requirements of stakeholders who are interested in 3D cadastres and 

defining the concepts of the 3D cadastre through interviews and publication reviews. 

The logical data model (the 3DCDM model) is then presented based on the 

requirements. 

2.12 CHAPTER SUMMARY  

Current cadastral systems are two dimensional (2D cadastre), that is, geometric and 

descriptive information is based on 2D land parcels, even if stratified rights, restrictions, 

and responsibilities (RRRs) are situated above or under the land parcels. They are 

successfully used for fiscal and legal purposes, and also utilised as a base layer in other 

applications such as planning, city space management, and disaster management. 

The advent of 3D developments such as apartments, high-rise buildings, and complex 

infrastructures (both above and below ground), has resulted in land administrators 

attempting to incorporate the third dimension into cadastral systems. The aim is to 

better enable effective management and registration of 3D land rights, restrictions, and 

responsibilities (RRRs). 
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3D cadastres will assist in managing the effects of 3D developments on a particular 

extent of land. They should be capable of storing, manipulating, querying, analysis, 

updating, and visualising 3D land rights, restrictions and responsibilities.  

For development purposes, 3D cadastres should be considered in three main aspects for 

each jurisdiction.  They are legal, institutional, and technical. Legal systems would 

support registration and representation of 3D properties to meet the demands for 

multiple ownerships of land and buildings. Institutional aspects would provide 

regulations for defining 3D property rights, mechanisms for acquisition 3D data, and the 

tasks and responsibilities of the public and private sectors. Technical aspects such as 3D 

data capture, visualisation, updating and modelling would facilitate the development 

and implementation of 3D cadastre. 

3D cadastral data modelling is an essential step for developing a successful 3D cadastre. 

It is a useful method to clarify the scope of a 3D cadastre. A 3D cadastral data model 

can provide a framework and template to define and explore the 3D cadastre and to 

facilitate its implementation. It assists in identifying what objects should be considered 

in a 3D cadastre. 

This chapter discussed why 2D cadastres are not capable of managing stratified land 

rights, restrictions, and responsibilities. The needs for a 3D cadastre were identified. 

The aspects of a 3D cadastre (legal, institutional, and technical) were described in detail 

to consider for implementation purpose. It was summarised why 3D cadastres have not 

been successfully implemented yet. Lack of a clear scope for 3D cadastres was 

identified as one of the main obstacles to advance implementation. Also, the importance 

of the 3D cadastral data modelling was described as one of the useful methods to clarify 

the scope of a 3D cadastre by identifying 3D cadastre elements (classes and attributes) 

and their arrangements (associations, cardinality, and constrains). Finally, data 

modelling development cycle and the strategy of this research to accommodate this 

method of data modelling were explained.  

Since land administration requirements differ among the different jurisdictions, various 

cadastral data models have been developed around the world. The following chapter 
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describes the qualitative assessment results of the current cadastral data models to 

identify issues, obstacles and complications as well as successful experiences and best 

practices in accommodating the requirements of 3D cadastres. This assessment assists 

the research by providing a detailed understanding of the different views towards 

cadastral systems. 
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3 REVIEW AND ASSESSMENT OF CURRENT 

CADASTRAL DATA MODELS  

3.1 INTRODUCTION  

The aim of this thesis is to develop a 3D cadastral data model to manage stratified land 

rights, restrictions, and responsibilities and their physical counterparts. In order to 

develop a new data model, it is required to explore the theories and concepts of existing 

cadastral data models and investigate how they manage 3D data. Six major cadastral 

data models have been reviewed for this purpose. These data models are the most 

popular cadastral and land administration data models that were found in the literature 

and background research. They are: 

¶ The core cadastral data model (Henssen, 1995) 

¶ FGDC Cadastral Data Content Standard for the National Spatial Data 

Infrastructure (FGDC, 1996) 

¶ ArcGIS Parcel Data Model (Meyer, 2001) 

¶ The Legal Property Object Model (Kalantari et al., 2008) 

¶ ePlan (ePlan, 2010) 

¶ ISO 19152, Land Administration Domain Model (LADM) (ISO19152, 2012). 

These data models were assessed and compared based on selected criteria. The aim was 

to analyse how they manage stratified RRRs and meet 3D cadastreôs requirements and 

what data modelling techniques they use to support 3D data. 

3.2 ASSESSMENT CRITERIA OF CADASTRAL DATA MODELS  

The criteria were selected in a way to be able to assess the data models from different 

aspects and provide information on how they manage stratified RRRs. Ten criteria were 

developed in order to assess these data models. They helped to explore each data model 

in detail.  Table 3.1 summaries the criteria used for comparing the above-mentioned 

cadastral data models. 
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Table  3.1: Criteria for comparing current cadastral data models 

Criteria  Description 

a) Core objects 
What are the core objects of the data model? 

(person, right, spatial unit, parcel) 

b) Basic spatial unit 
What are the basic spatial units of the data model?  

(2D parcel, 3D parcel) 

c) Other forms of spatial 

units 

Does the data model have other forms of spatial 

units?  

(text-based, point-based) 

d) Reference documents 

What are the data sources?  

(survey plans, architectural plans, titles, deeds, 

mortgage) 

e) Applications 
For what applications can the data model be used?  

(registration, taxation, valuation, planning, etc.) 

f) Inclusion of other types 

of interests 

Whether or not other types of interests are 

considered in the data model?  

(utility network right, biota right, mineral right) 

g) Temporal aspects 

Whether or not temporal aspects of interests are 

considered?  

(time the right is created or terminated) 

h) Management and 

representation of 

stratified RRRs  

How does the data model render stratified RRRs? 

(projection on the ground level, 3D primitives) 

i) Semantic-level 

At what level does the data model support 

semantics? 

(class-level, attribute-level, geometry level) 



CHAPTER3- REVIEW AND ASSESSMENT OF CURRENT CADASTRAL DATA MODELS 

87 

 

j) Physical objects 

How does the data model support the physical 

counterparts of legal objects? 

(internally [in the model], externally [external 

databases]) 

This assessment enables an understanding to be gained of important cadastral data 

models, their advantages and disadvantages for developing a new data model. Each data 

model is reviewed in the following sections. 

3.3 THE CORE CADASTRAL DATA MODEL  

This plain data model emphasises an unambiguous registration of the concerned subject 

(man) and object (parcel) in land registration (Figure 3.1). Each parcel as a main 

geometrical component of cadastre must have an identifier (parcel number) to link to its 

legal information in the land registry. Descriptive information of the cadastre should 

contain physical attributes of the parcel such as identifier, local location, area, value, 

proprietor and/or taxpayer (Henssen, 1995).  

 

Figure  3.1: Core Cadastral Data Model (Henssen, 1995) 
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a) What are the core objects of the data model? 

Core objects of the data model are: Man, Right, and Parcel. 

¶ Man: based on the legal principle of specialty, in the land registry and the 

documents submitted for registration, the concerned subject (man) must be 

unambiguously identified in a special short manner (Henssen, 2010). 

Besides the usual indication of the subject (man) by name, the use of personal 

identification number of a man could obviously be convenient also in the land 

register and relevant documents. However, there are sometimes privacy 

constraints because the use of the personal information in automated systems 

brings the possibility of combining sensitive personal data (Henssen, 2010).  

¶ Right (stewardship): based on the legal booking or register principle, a change in 

real rights on an immovable property, especially by transfer, is not legally 

effectuated until the change or the expected right is booked or registered in the 

land registry (Henssen, 2010). 

¶ Parcel: The concerned object (land parcel) must be unambiguously identified in 

the land registry and submitted documents (Henssen, 2010). 

b) What are the basic spatial units of the data model? 

Parcel is the only basic spatial unit of the data model. 

c) Does the data model have other forms of spatial units? 

Henssen (1995) describes the parcel as the heart of a cadastre. A parcel is defined as a 

continuous area of land within which unique and homogeneous interests are recognised. 

No other forms of spatial units are considered in the data model. 

d) What are the data sources (reference [legal] documents)? 

Various transaction evidences are used as reference documents (Table 3.2). As 

described before, they can be used if they are registered in the land registry. Mortgages 

are also used as reference document. 
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Table  3.2: Type of reference documents (Larsson, 1991) 

Means of 

transaction 
Evidence 

Oral agreement Witness 

Private conveyance 
Deed 

No registration 

Deeds registration 
Registration 

No guarantee 

Title registration 
Registration 

Proof of title 

e) For what applications can the data model be used? 

The data model can be used for: 

¶ valuation and taxation of land 

¶ registration of land and security of land tenures 

¶ development of land acquisition and delivery (land market) 

¶ spatial or physical planning (including sustainable management and control of land 

use, natural resources and the environment) 

f)  Does the data model have other types of interests (rights)? 

Ownership, freehold (long-term) leasehold, building rights, usufruct, encumbrances, 

easements, and mortgage information are considered in the data model. 

Other types of interests such as utility network rights, biota rights are not considered in 

the data model. 
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g) Does the data model consider temporal aspects of interests? 

Transaction date is maintained in the reference documents. However, it is not clear how 

the data model will manage the temporal information. 

h) How does the data model render stratified RRRs? 

Land parcel is the only basic spatial unit of the data model. The core cadastral data 

model does not support 3D data. 

Stratified RRRs are projected on the ground land parcel and they are not rendered with 

3D primitives. 

i)  At  what level does the data model support semantics? 

Semantics are used to define objects and attributes of the data model. However, the data 

model does not define the geometrical description of its spatial unit (parcel). It is not 

clear, for example, whether the parcel will be created by textual notations, line 

segments, or a closed polygon. 

j )  How does the data model support the physical counterparts of legal objects? 

Land in relation to land registration and cadastre includes not only abstract or thematic 

attributes (legal status, value, tax data) but also physical, spatial or topographic ones 

(location, dimensions, area, use) (Henssen, 1995). 

¶ Land parcel is the representation of both legal and physical objects. 

Overall, the core cadastral data model is a conceptual data model to explain the basic 

element of cadastre. Although 3D data has not been considered in this model, it is being 

used as a base model for developing a new 3D cadastral data model. 

3.4 FGDC STANDARD REFERENCE MODEL  

The FGDC Standard Reference Model defines data content standards as standards that 

provide semantic definitions of a set of objects in the United States (Figure 3.2). Data 

content standards may be organised and presented in a data model such as an entity-
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relationship model. The Cadastral Data Content Standard provides semantic definitions 

of objects related to land surveying, land records, and landownership information 

(FGDC, 2008). 

The aim is to provide a standard for the definition and structure for cadastral data, which 

will facilitate data sharing at all levels of government and the private sector and will 

protect and enhance the investments in cadastral data at all levels of government and the 

private sector. 

 

Figure  3.2: Entity and Relationship Definition Standard Entity Relationship Diagram Overview 

(FGDC, 2008) 

a) What are the core objects of the data model? 

Core objects of the data model are: Agent, Right and Interest, and Parcel.  
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¶ Agent: An agent is an individual, organisation, or public agency that holds rights, 

interests, or restrictions in land, holds or files land records, or has established a 

land description, a coordinate value or a monument. 

Examples of agents are: federal, tribal, state, regional, county, local, private, 

regulated, not-for-profit, international. 

¶ Right and Interest: This entity describes the specific rights and interests that are 

related to a parcel. Rights and interests are benefits or enjoyments in real 

property that can be conveyed, passed, or otherwise allocated to another for 

economic remuneration. Rights and interests can be below ground, such as 

mineral rights, fee simple ownership on the surface, an easement for hunting or 

grazing or an above ground right such as transferable development right. A 

Right and Interest is separable and can be conveyed, either permanently or 

temporarily such as in a lease and is in the chain of title. The right and interest is 

distinguishable from a restriction, which is a limitation placed by a governing 

body and is not in the chain of title. 

¶ Parcel: A parcel is a single cadastral unit, which is the spatial extent of the past, 

present, and future rights and interests in real property. 

Parcel types can be Taxable, Right of Way, General Common Element, Water, 

and Ownership. 

b) What are the basic spatial units of the data model? 

Parcel is the only basic spatial unit of the data model. 

c) Does the data model have other forms of spatial units? 

No other forms of spatial units are considered in the data model. 

d) What are the data sources (reference [legal] documents)? 

The source is the feature level information about the originating information for the 

record. This should be the authoritative source for the data. For federal land records 

information on legislative or executive authorisations may be added to source 

information. Example of source types are (FGDC, 2008): abstract of title, aerial 

photographs, agreements, assessments, bylaws, certificates, certificate survey, contracts, 

covenants and restrictions, deeds, easements, executive orders, lease, mortgages, 

satellite images, survey notes. 
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e) For what applications can the data model be used? 

The data model can be used for: 

¶ model cadastral information in the public record 

¶ automating the legal elements of cadastral data found in public records 

¶ integration of publicly available land records information 

¶ standardisation of the definition of entities and objects related to cadastral 

information including survey measurements, transactions related to interests in 

land, general property descriptions, and boundary and corner evidence data. 

f)  Does the data model have other types of interests (rights)? 

The types of interests are: 

¶ separated rights: mineral and oil rights 

¶ tribal interests 

¶ grazing rights, fishing rights, development rights, and floodplains. 

g) Does the data model consider temporal aspects of interests? 

The Transaction Document keeps the record of the transfer of rights in land using these 

attributes: Effective Date, Expiration Date, Recorded Date, and Recorded Time. 

h) How does data model render stratified RRRs? 

Land parcel is the only basic spatial unit of the data model. The data model does not 

support 3D data. 

Stratified RRRs are projected on the ground parcel and they are not rendered with 3D 

primitives. 

i)  At what level does the data model support semantics? 

The Cadastral Data Content Standard is shown as an entity relationship diagram (Figure 

3.2). The diagram describes the semantics of cadastral information. Entity relationship 
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diagrams are a shorthand method for showing the associations or relationships among 

various objects and hence the definitional relationships of the objects or features.  

Semantics are used to define geometry of the spatial unit (parcel) using record 

Boundary Corner point, Straight Line, Coordinate Value, Curve, and Angle objects. 

j )  How does the data model support the physical counterparts of legal objects? 

Land parcel is the representation of both legal and physical objects. 

Overall, FGDCô Cadastral Data Content Standard diagrams describe the definitions and 

semantics of cadastral information. 3D data has not been considered in this model. 

3.5 ArcGIS PARCEL DATA MODEL  

The purpose of the ArcGIS Parcel Data Model is to describe parcel information to 

support local government and private sector decision making (Figure 3.3). Parcel 

managers and GIS professionals can use the model as a starting point for defining parcel 

information in the GIS environment and plan for migration strategies from current data 

designs to the new object environment. Decision makers will be able to apply the 

outcome of the model to integrate land ownership information with other data. Land and 

GIS professionals will be able to apply the definitions and structure of the model to find 

consistent and representative parcel information for data distribution. 
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Figure  3.3: Part of the ArcGIS Parcel Data Model 

a) What are the core objects of the data model? 

Core objects of the data model are: Ownership, Encumbrances, and Separated Rights. 

¶ Ownership Parcel: a parcel is a unit of real property with rights and interests. 

¶ Encumbrances: limitations on the rights and use of the land. 

¶ Separated Rights: rights and interests in land ownership that can be disconnected 

from the primary or fee simple surface ownership. 

b) What are the basic spatial units of the data model? 

Parcel is the only basic spatial unit of the data model. 

c) Does the data model have other forms of spatial units? 

No other forms of spatial units are considered in the data model. 






































































































































































































































































































































































































































































































































































































































































