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Abstract 
Spatial Data Infrastructures (SDI) aim to link people with spatial services and data. In-
creasingly, SDI initiatives are focusing on a particular type of data: large-scale people 
relevant data. Examples include the ownership parcel layer and built environment in-
formation. To improve the management of these essential SDI layers, consideration of 
land parcels and their administration is needed. In particular, the complex array of 
rights, restrictions and responsibilities (RRRs) applying to land needs to be understood. 
Moreover, the contemporary models of RRRs management must also be understood. 
To this end, this article introduces the RRR Toolbox, a holistic framework for under-
standing, creating and managing land interests. The nature and design of RRRs are 
discussed along with their problematic management. This leads to a description of the 
development and components of the RRR Toolbox. The dualism of RRRs, being both 
spatial and land based, makes the RRR Toolbox highly applicable to SDI. Indeed, 
seven of the model’s eight components are found to be relevant in the SDI context.  
 
Keywords: RRRs (Property rights, restrictions and responsibilities), SDI (Spatial Data 
Infrastructure), Land Administration. 
 
1. INTRODUCTION 

 
Early SDI activities and research often suffered from a ‘means’ over ‘ends’ mentality: 
too much focus was placed on technologies, not enough was given to the activities and 
datasets they underpinned. As the technological problems subsided, SDI science 
broadened into a multi-disciplinary field: theories and concepts from numbers of areas 
came together to enable the design, construction and management SDIs. One area 
offering useful insights was Land Administration, the discipline of cadastral manage-
ment and property rights organisation. Land Administration was essentially a subset of 
the larger SDI problem; its long and well-documented history provided many lessons 
for SDI practitioners. Conversely, SDI has also fed back into the discipline of Land Ad-
ministration through its call for data sharing and institutional collaboration. 
 
This article intends to continue the cross-pollination between the disciplines. It intro-
duces the RRR Toolbox and aims to demonstrate it utility to other data sets within 
SDIs. The model focuses on reorganising the management of the hundreds of new 
RRRs placed on land by governments. RRRs are created for a myriad of social, eco-
nomic and environmental reasons and impact greatly on the tenure, value and potential 
use of land. Consequently, information about RRRs is keenly sort after by citizens and 
government. Unfortunately, RRR creation, management and access mechanisms are 
usually poorly implemented. The RRR Toolbox, the focus of this article, emerged from 
applied scientific research and consists of eight principles for improving RRR man-
agement. Subsequently, the tools are also useful to the realm of SDI and it’s broader 
aim of spatial data integration.  
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The article begins by outlining the close relationship between SDI and Land Admini-
stration: this serves to justify the article’s central argument. An overview of RRRs is 
then provided: their nature, design and poor management is discussed. Responses to 
the problem are reviewed leading to the introduction of the RRR toolbox. The applica-
bility of the toolbox to SDI is then discussed by considering the RRR Toolbox compo-
nents and their relevance to SDI science. The usefulness of the toolbox is left open for 
debate, however, the article concludes by calling for more testing of the Toolbox 
through its application in the realm of SDI. 
 
2. THE RELATIONSHIP BETWEEN SDIs, LAND ADMINISTRATION AND RRRs  
 
SDI and Land Administration have shared backgrounds. In many countries SDI initia-
tives initially emerged out of Land Administration operations. Additionally, a large com-
ponent of Land Administration research concentrates on organising and sharing land 
related spatial data: a specific case of SDI’s larger brief. This suggests there is much 
opportunity for further cross-pollination between SDIs and RRR management.  
 
Land Administrators have long acknowledged that SDIs will be crucial to achieving 
their long-term objectives, particularly, the achievement of sustainable development. 
Williamson (2001) included SDIs in his Land Administration toolbox; SDIs were seen 
as an important component in the integrated management of land: 
 
“Spatial data infrastructures (SDI) are a key component of any land administration in-
frastructure (Mooney and Grant, 1997; Groot and McLaughlin, 2000). An understanding 
of the role and potential of SDIs in supporting land administration systems greatly as-
sists any land administration reform process. In particular the generic principles con-
cerned with the development of an “infrastructure”, as distinct from “business systems” 
which rely on the infrastructure, are very useful (Chan and Williamson, 1999). Also an 
understanding of the role and maintenance of the cadastral or land parcel layer in an 
SDI is important (Williamson et al., 1998). At the same time an understanding of key 
SDI principles, such as the hierarchy of SDIs in a jurisdiction and the dynamic nature of 
SDIs, are useful (Rajabifard et al., 2000).”   
 
In more recent times, Bennett (2007) and Ting (2002) point out that the basic compo-
nents of an SDI as defined by Rajabifard et al. (2002a) will be an important component 
of any framework aimed at improving the management of RRRs (Bennett, 2007). A 
physical access network, overarching policy statement mandated by an empowered 
leadership agency and operational standards will be essential elements. Already a 
number of jurisdictions are using the SDIs initiated in the early 2000s to assist in the 
management of land information. Western Australia’s SLIP model and accompanying 
Register of Interests provides a good example (Searle and Britton, 2005). 
 
Therefore, the relationship between SDI and Land Administration is well established: 
there has been an ongoing role for SDI in the management of land and land interests. 
However, the statement should also be considered in reverse: Can the new lessons 
from Land Administration, particularly the management of RRRs, be applied to SDI ini-
tiatives? Before exploring potential this relationship further the nature, design and 
management of RRRs needs to be explained. 
 
3. THE NATURE, DESIGN AND MANAGEMENT OF RRRs  

 
In the latter stages of the 20th century, sustainable development principles began guid-
ing government decision-making processes. The principles demanded that growth oc-
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curring in the present must not compromise the ability of future generations to meet 
their own needs (UN, 1987). To achieve sustainable development, governments in-
creasingly turned to legislating new RRRs over land. These laws gave powers to gov-
ernments, individuals and other mandated bodies, and were aimed at controlling the 
community’s behaviour in relation to land.  
 
The new RRRs increased in number and complexity for several decades to a point 
where most land related activities were subjected to some form of legislative control. 
Examples included the alienation of land for use as national parks, the creation of wa-
ter and timber rights on private land, and the reallocation of land rights to indigenous 
peoples. In addition to these highly visible interests many other lower profile interests 
were created, including entry powers for agents of the state and the allocation of pri-
vate parking spaces.  
 
The volume of legislation involved was enormous: a 2002 study found that, in the Aus-
tralian state of Queensland, almost two hundred individual statutes created some type 
of control over land (Lyons et al., 2002), and the number of interests was continuing to 
increase. An investigation into Australia’s regulatory environment by the federal gov-
ernment’s Regulation Taskforce found that the Australian Parliament had passed more 
legislation since 1990 than in the previous ninety years of federation (Regulation Task-
force, 2006). Similar statistics could be found in other jurisdictions and countries. Addi-
tionally, the RRRs were often created in isolation to one another and administered us-
ing a complex range of government bodies and information systems. 
 
The field most likely to bring together the disparate array of legislation and accompany-
ing information was Land Administration. Traditionally, Land Administration had fo-
cused on managing one type of RRR: privately held ownership rights. These interests 
are central to modern economies: they are responsible for generating much of the 
wealth in developed countries (De Soto, 2000). Unlike many of the newer RRRs, these 
traditional interests were well understood and respected by citizens. They were backed 
by theoretical, legislative and institutional frameworks that evolved over hundreds of 
years. However, the majority of the new RRRs were not created within these traditional 
Land Administration frameworks.   
 
During the 1990s Land Administrators broadened their traditional focus: rather than 
dealing solely with ownership rights, there was more attention given to understanding 
and managing emerging RRRs on land (Ting, 2002). The early literature (Williamson et 
al., 2005; Enemark and Williamson, 2004; Van der Molen, 2003; Lyons et al., 2002 and 
2004; Ting, 2002; Ting et al., 1999; Ting and Williamson, 1998; FIG, 1998) revealed a 
number of problems. Many were poorly designed, many were poorly administered and 
some interests did not exist where they ought to. For example, in the Australian state of 
Victoria, there were minimal controls preventing people from building on contaminated 
land.  
 
The problems with RRRs impeded the achievement of Land Administration’s greater 
goal: sustainable development. Indeed, they made it virtually impossible: sustainability 
could not be achieved without integrated management of RRRs (UN-FIG, 1999). The 
traditional Land Administration systems needed reform and integration using a holistic 
design framework, one that encompassed most RRRs from outright ownership down to 
simple access rights. While components of this framework already existed, there was 
not yet a complete coherent understanding. Contributions to knowledge in the realm 
were urgently required.  
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4. INITIAL RESPONSES TO THE RRRs CHALLENGE  
 
Responses to the RRRs problem could be found as far back as the 1970s when re-
searchers began to recognise the potential of Land Administration systems to assist in 
the management of new types of laws and information. Authors such as Peter Dale, 
John Mclaughlin and Ian Williamson were the first to recognise the potential (McLaugh-
lin, 1975; Dale and McLaughlin, 1988; Williamson, 1985 and 1993). They saw that ca-
dastres could be used for more than just fiscal and juridical management: they could 
assist in the management of natural resource information.  
 
During the mid 1990s the discipline of ‘Land Administration’ formally emerged through 
a series of statements: The FIG statement on the cadastre (FIG, 1995), The Bogor 
declaration (FIG, 1996), Cadastre 2014 (Kaufmann and Steudler, 1998) and The Bat-
hurst Declaration (UN-FIG, 1999). These documents suggested that the role of the ca-
dastral system was to disclose the complete legal situation of land, including all “public 
rights and restrictions” and introduced the concept of the legal land object. These were 
significant statements and visions. They, along with numerous government initiatives, 
highlighted the RRRs problem, gave it international prominence and provided a high 
level vision.  
 
Another emerging body of literature dealt with more practical implementations. The lit-
erature could be divided into three categories: government restructures, technological 
solutions and legislative strategies. In relation to government restructures, the most 
organised recommendations came from the work of land administrators Dale and 
Baldwin (1999) and Dale (2000) who suggested the use of markets to improve the 
management of land interests. Lyons et al. (2002; 2004), built upon this work and iden-
tified that a land market can be unbundled into separate resource sub-markets. To 
build these markets a complete overhaul of all existing land administration functions 
would be required. The costing of the drastic changes was never undertaken. Other 
commentators in Australia suggested scaling up the pre-existing Torrens systems for 
the management of new RRRs (Young and McColl, 2002; ACIL Tasman, 2004). The 
Torrens system proposal would enable holistic management; however, it risked clutter-
ing up the land ownership management system. Discussions about the merits of gov-
ernment reorganisation continue, however, by 2008 none of the top-down solutions be-
ing offered were financially sound enough to be implemented.  
 
Meanwhile, smaller scale technology driven approaches took precedence in most 
countries. Technology removed the need to restructure government by enabling the 
creation of virtual links between departments and their information. Cadastre 2014 
promoted the use of technology in its vision for future cadastres. In 2006 members of 
Commission 7 of the FIG completed a core land administration domain model that 
could be used to manage RRRs collectively (Van Oosterom et al., 2006). The model 
provides a standard for all agencies managing and storing information about land in-
terests. The model challenges existing cadastres, which are based around the owner-
ship parcel. It was released in 2006 but has not yet been implemented in any jurisdic-
tion.  
 
Australian governments were also utilising technological options, with the majority of 
work being undertaken at a state level. At the Expert Group Meeting on Sustainability 
and Land Administration held at the University of Melbourne in 2005, all the States rep-
resented were undertaking projects to improve land information management (William-
son et al., 2005). There was a particular focus upon the utilisation of newly available 
spatial technologies and concepts, including spatial data infrastructures (SDI), spatial 
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databases and web mapping services. These tools allow for complex legislative and 
administrative systems to be integrated without reorganising government institutions. 
They also assist in the distribution of land information to citizens. Western Australia’s 
Shared Land Information Platform (SLIP) and accompanying Register of Interests 
(ROI), a whole-of-government web mapping service infrastructure, provide very good 
examples of the tools in action (Searle and Britton, 2005).  
 
With regard to legislative strategies, Western European countries tended to lead. They 
were introducing new laws and codes to improve information management. The Neth-
erlands passed a law on the Registration of Public Encumbrances 2005 that obliged all 
municipalities to establish and maintain a publicly available register of the land inter-
ests that they imposed upon real estate (Van der Molen, 2005; Zevenbergen and De 
Jong, 2002). Additionally, the European Union introduced requirements for the publica-
tion of land information documents like - ‘EuroStat, 2000 Statistical Requirements 
Compendium’- a 10-year agricultural survey (Statistical Office of the European Com-
munities, 2007). The administrative practicalities of these new laws are still being re-
solved; however, legislative burdens on government appeared to be an important com-
ponent of any solution.  
 
The above approaches illustrate the different tools that could be applied to address the 
RRRs problem, however, focusing on technology, legislation or institutions alone would 
only result only in short term success: no single tool had provided a sustained long-
term solution. A more holistic approach was required. 
 
5. DEVELOPING THE RRR TOOLBOX 
 
In response to the need for more holistic approaches to manage RRRs, Bennett (2007) 
proposed the RRR Toolbox. The toolbox is based upon previous Land Administration 
research that promotes holistic approaches to managing land (MacLauchlan and 
McLaughlin, 1998, Williamson, 2001; Williamson, 2004). Williamson’s models sug-
gested all Land Administration systems must incorporate eight broad principles to be 
sustained. However, to achieve each principle a range of tools are available, the selec-
tion of which is based on a country’s circumstances. Bennett (2007) suggested that 
Williamson’s toolbox needed to be further extended to include appropriate tools for the 
creation and administration of ‘all’ RRRs.  
 
Research was undertaken to determine what new principles and tools Williamson’s 
model required. Particular focus was given to the need to meet sustainable develop-
ment objectives. The framework would focus on a range of technical and non-technical 
aspects including: policy, legal, tenure, institutional, cadastral, registration, technical 
and human resource aspects. Each broad element was seen as essential to every 
Land Administration system. The framework would primarily be designed for use in de-
veloped countries; however, parts would be applicable to all country typologies.  
 
The research was conducted as follows. A number of specific questions were gener-
ated in order to discover how Williamson’s (2001) toolbox might be extended. These 
questions guided the research activities. The activities were built upon around a mixed 
methodology framework (Frechtling and Westat, 1997; Tashakkori and Teddlie, 1998 
and 2003; Creswell, 2003; Johnson and Onwuegbuzie, 2003) involving both qualitative 
and quantitative case studies. Additionally, because the research problem focused on 
the requirements of government and citizens two perspectives were required: top-down 
(or government – Australia, State of Victoria, Moreland City Council) and bottom-up (or 
parcel level – 4 properties: urban, rural, agricultural, suburban). Each perspective in-
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cluded a qualitative and quantitative study. Quantitative studies were used to answer 
the ‘how many’ research questions and the qualitative studies were used to answer the 
‘how should’ research questions. Thus, the research design could be considered a two-
by-two matrix; incorporating case studies from government and citizens’ perspectives, 
each with a quantitative and qualitative component. See Bennett (2007) and Bennett et 
al. (2008) for further details. 
 
All four studies undertaken were considered equal in weight. Additionally, the two dif-
ferent perspectives acted as a check (or test) of the results obtained and hence the fi-
nal framework was considered robust and justified. Together, the results from these 
equally weighted case studies were used to generate components of the updated Land 
Administration toolbox, or as it is referred to hence forth, The RRR Toolbox.  
 
6. AN INTRODUCTION TO THE RRR TOOLBOX  
 
The RRR Toolbox is a framework for managing RRRs that is understandable and ap-
plicable to individuals, institutions and the wider society (Figure 1). If a jurisdiction 
wishes to manage coherently all it’s RRRs, then each of the eight components needs 
to be addressed and acted upon. A major strength is its cross-disciplinary nature: 
rather than dividing RRR management into disparate components, the toolbox provides 
a simplistic overarching framework that encourages practitioners from a range of disci-
plines to understand their role in the larger administrative process. This holistic view 
has been lacking in previous models. 
 
From an overarching perspective, the toolbox is organised into the categories similar to 
those in Williamson’s (2001) Land Administration toolbox (Figure 1). However, a num-
ber of alterations are made: Legal principles and HR (Human Resource) capacity build-
ing principles are included. These tools did not appear in the original toolbox, however, 
they were added in later versions and therefore appear here also. Cadastral principles 
now include registration principles. Numerous registration options are available for 
dealing with land interests that do not equate to full ownership; these are included in 
this component. SDI and technology principles are merged, reflecting the convergence 
of spatial technologies and ICT that occurred after the original toolbox was developed. 
A new component, emerging principles, is also included. This component groups the 
emerging concepts and theories discovered throughout the research and that are 
highly applicable to land interest management.  
 
While the 8 principles are included here, the individual tools enabling achievement of 
each of the principles are not. These are examined in depth in Bennett (2007) and 
Bennett et al. (2008). What is of interest is how the broad RRR Toolbox principles 
might assist the implementation and management of SDI initiatives.  
 
7. APPLYING THE RRR TOOLBOX TO SDI 
 
As discussed earlier, RRRs are a subset of spatial information layers that ultimately 
need to be integrated into SDIs. It therefore follows that most of the principles that 
guide RRRs management could also be applicable to SDIs. Preliminary analysis, 
based on the five core components of SDIs (Rajabifard et al., 2002b) and the future 
challenges facing SDIs (Williamson et al., 2006), suggests that seven of the eight RRR 
Toolbox principles hold relevance to SDI (Figure 2). Moreover, more recent SDI litera-
ture (Masser et al., 2007; Craglia et al., 2008) points to human resource/capacity build-
ing, technological issues and governance/institutional issues being the future chal-
lenges facing SDIs. Based on these examinations, three of the eight principles: Legal 
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Principles, Institutional Principles and Spatial and Technology Principles; are consid-
ered to be very relevant to SDI. The model appears to have utility in the field of SDI, 
however, further analysis is required to test this hypothesis. 
 
 Figure 1: The RRR Toolbox – a framework for holistically managing the majority of land 

interests (Bennett, 2007). 

 
  
 

Figure 2: Predicted relevance of RRR Toolbox to SDI. 
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As an example the ‘Spatial and Technology Principles’ (Figure 3) is now considered. 
Each of the seven concepts listed appears to have much utility in the realm of SDI: 
data acquisition, information attributes, data sourcing, information access, infrastruc-
ture, interfaces and standards are all integral elements of SDI. SDI researchers and 
practitioners should examine the requirements of Land Administration in terms of these 
principles, if only to improve their knowledge and understanding of the RRR based 
datasets within SDI. Moreover, the principles revealed in The RRR Toolbox appear to 
be generic enough to apply to many SDI initiatives.  
 

Figure 3: Spatial and ICT principles from the RRRs Toolbox. 

Principles, tools and explanations 

Acquisition: lack of datasets and lack of integration  
All land interests have a spatial extent. The studies showed that a large majority of interests 
had no formal mapping or spatial identification. Those that had been mapped were often not 
integrated with other key datasets e.g. cadastre, roads. Those interests that require spatial 
enablement need identification. Better programs for integrating spatial datasets using SDI 
concepts are required.  

Information: spatial extents, duration and people impacted must be recorded 
Location, time and place attributes should be defined and recorded in uniform fashion by 
government agencies. This will enable better ordering, integration and searching of core land 
interest information. In Australia’s case this would be through PSMA. 

Source: identify best available information 
In some cases multiple agencies and organizations hold information relating to an interest. 
The most authoritative source of information relating to a source needs to be identified and 
indicated in some way.  

Access: land interest information and transactions should be online and affordable  
Limited land transactions are available to citizens online. Many transactions are still paper 
based: only printable forms are provided online. Governments should strive to include the 
processes of creation, alteration and removal online. Generic standards should apply to in-
formation types. The most important information should be provided for cost of provision us-
ing web services and guaranteed. Any damage suffered because of incorrect information 
should be recoverable.  Less generically important information should be provided for cost of 
collection and provision. 

Infrastructure: SDI overcomes the need to reorganize government 
SDI removes the need to reengineer governments. Standard infrastructure platforms enable 
the integration of government information.  

Interface: web services need to be designed around land activities not datasets  
Existing government web sites tend to allow citizens to view different land datasets, however, 
sites should be designed around core activities and transactions. 

Standards: uniform spatial identifiers, units and access need to be developed 
In the past different agencies used different spatial identifiers. For example, addressing is still 
unreasonably complex in Victoria. In urban areas when numbers increase, odd numbers are 
on your left and even numbers are on your right. When even numbers are on your left, num-
bers are decreasing. In case of rural addressing, the number multiplied by 10 indicates the 
distance in metres from the start of the road. Integration and efficiency demands that uniform 
units and identifiers be adopted. 

 
8. CONCLUSION 
 
SDI is fundamentally a concept about coordinating the sharing of spatial data, services 
and other resources between stakeholders from different political/administrative levels. 
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The commonalities between SDIs and the objectives Land Administration systems pro-
vide strong grounds for the derivation of shared evaluation and performance indicators. 
This article has sought to show how one such model, The RRR Toolbox, could be ap-
plied in the SDI context. 
 
In essence, RRRs are a challenge for both SDIs and Land Administration: they exhibit 
a form of dualism being both spatial and land related entities. The lessons learnt from 
research into RRRs offer utility to SDI practitioners. It can improve the management of 
both RRRs and SDI through the use of the broad range of principles and tools. Prelimi-
nary studies show that these principles are highly relevant to SDI initiatives; however, 
further investigation is needed to test the Toolbox’s full utility within the SDI discipline.  
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