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SUMMARY 
Governments worldwide are reviewing how they deliver services in the middle of a global financial 
crisis. With budgets under pressure and a shortage of investment funds there is a greater need for 
sharing data, systems and infrastructure. Increasingly, there is also a need for more informed decision-
making at all levels. 

To remain competitive in this environment requires decision-makers at all levels to be informed with 
the best available and most current information. Not surprisingly, there is a growing demand for 
location-based analytics in the decision-making process. This is more commonly being termed as 
Location Intelligence (LI). 

This concept builds on the history and practice of measurement, position and time, the core elements 
and underpinnings of surveying and the understanding and application of information technology.  It 
is the fundamentals of surveying, the elements of information technology, and the synergies between 
these two disciplines that have forged the core elements of spatial information and LI as we know it 
today.  

This paper addresses the issue of accelerating the adoption of spatially enabling LI through a multi-
disciplinary systems-theory framework approach to unify business, information and technology 
architectures for the delivery of location-based information. The Unified Architecture for Location 
Intelligence (UA4LI) was the key deliverable from a doctoral dissertation, sponsored by the Land and 
Property Management Authority, to address adoption issues of this emerging paradigm in New South 

                                                            
1 This paper is based on the keynote presentation of Warwick Watkins, Surveyor General of New South Wales, 
to be presented at the 2nd plenary session on Spatially Enabled Society at the FIG Congress 2010 in Sydney. The 
article gives an introduction to the advanced conceptual approach to SDI as used by the Land and Property 
Management Authority in New South Wales, Australia. This approach will be further elaborated by Warrick 
Watkins at the FIG Congress. Participants who are interested in gaining an indepth, practical training on how to 
spatially enable LI in their jurisdictions should register for technical tour to LPMA. 

2 This article has been jointly authored by Warwick Watkins and Pedro Harris and is based on a doctoral 
research thesis by Pedro Harris. The research study was sponsored by the Land and Property Management 
Authority, NSW, Australia. 
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Wales (Harris, 2010). The genesis of the UA4LI can be traced to the Enemark's Sustainable Urban 
Development (SUD) framework, designed to address informal land use and bring about sustainable 
development. Another feature is that the SUD framework has strong alignment with spatial data 
infrastructures, on the one hand, and on the other draws upon business information which are both 
common features of LI (Enemark, 2005, 2007). 

In the February, 2010 FIG Newsletter, Jude Wallace commented on how land administration theory is 
being further developed as a multi-disciplinary approach to deal with other emerging challenges 
associated with sustainable development and challenges such as equitable land acquisition principles 
(Wallace, 2010). Wallace’s article draws on Enemark's pioneering work first introduced in 2004. 
Enemark devised the new framework for dealing with sustainable urban development, herein referred 
to as the SUD framework (Enemark, 2004). This paper, however, discusses how the SUD framework 
was extended and used to develop the UA4LI framework in support of LI developments.  

The UA4LI framework is not restricted to land-use and land-management related areas and can be 
used in other disciplines such as banking, insurance, emergency management, recreation, and 
transport as well as in government service delivery. 

The universality of this framework is testament to the rigour of the underpinning research work of 
Enemark, Wallace, Rajabifard, Williamson et al. It is further evidence of the deep roots the discipline 
of surveying and the professional application of the knowledge, dedication and relevance of the 
profession has to offer to a world that is beset with so many challenges. 

1. ROLE OF SPATIAL INFORMATION IN DECISION-MAKING 

1.1 Empowering the Decision-Maker 
Governments worldwide are reviewing how they deliver services in the middle of a global financial 
crisis following the earlier collapse of the USA’s subprime mortgage market. The current economic 
crisis has brought with it a renewed sense of survival for organisations (Shiller, 2008). While 
governments are not immune from the financial crisis they are constantly on the lookout for ways to 
improve services and reduce cost. With budgets under pressure, the need for sharing data, systems, 
infrastructure and ideas have become critical (Butler Group, 2009a; Rees, 2009). Public and private 
sector organisations acting in a unilateral manner will not be able to survive and would need to 
operate in partnership arrangements (Shiller, 2008). Sharing information infrastructure and utilising 
common platforms and frameworks are some of the contemporary approaches being considered for 
improved service delivery. 

The New South Wales State Plan outlined one of its key priorities for improving service delivery by 
focusing on “increased customer satisfaction with Government services” and by making current 
information available to citizens over the Web and to the public service (NSW_Government, 2006, p. 
30). This implies that citizens and staff alike should have unfettered and equitable access to 
information at all levels. 

Citizens want modern and efficient government services (NSW_Government, 2006). They are 
becoming IT savvy and are increasingly demanding new e-government services. This phenomenon is 
being referred to as Gov 2.0. At its core is a need for greater levels of transparency and access to 
government information. To tackle these information management challenges and structural reforms 
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head on, requires greater reliance of shared infrastructure, shared services and access to current 
information. These tenets are also important criterion for land-administration systems. Unsurprisingly, 
it has meant that governments are redefining their service delivery in the market space. 

To remain relevant in this environment requires decision-makers at all levels to be informed with the 
best available and most current information, which is often hard to locate and access (Butler Group, 
2009; Shiller, 2008; Williamson, Rajabifard, & Binns, 2007). According to Lee and Percival (2008), 
between 80 to 90 percent of all information has a spatial dimension and is spatially related to some 
point such as an address, GPS coordinates, location, post code and landmarks. This new reality is the 
fuel behind the current technology explosion for maps and being able to ‘mash up’ in real-time real-
world objects and to augment it with information held elsewhere. This ‘augmented reality’ is 
essentially about being informed with the latest information anywhere and anytime. 

LI works by being able to view business information together with location information to understand 
what impact different situations and scenarios will have on a business. It provides a spatial context to 
business information by geo-referencing it and encapsulating it with a geographical information 
system (Lee & Percivall, 2008).  

To have this capability operating at different management levels and across business divisions 
requires access to fundamental spatial data infrastructure, business information and enabling IT 
platforms. LI involves processes and technologies to improve an organisation’s effectiveness by 
integrating business and location-based information within an environment of a governing framework 
and being delivered using the Web 2.0 technology. 

1.2 Defining the role of Location Intelligence 
LI is seen as an important tool that should be used by management and operational staff at all levels. 
Visualising business and location information graphically in a composite application can achieve far 
much more than descriptive text alone – a picture paints a thousand words (source anon). Applications 
such as Google Maps, Bing Maps and Sensis Whereis are used at home and in businesses to locate 
addresses, get directions on how to get to places, view aerial photography to see what the place looks 
like beforehand and to determine landmarks and other characteristics of the surroundings. Overlay 
business information with location information and it becomes a powerful tool. 

Thus being able to collaborate with people, information, maps and computer systems in real-time has 
many benefits but also has some risks. There have been a growing number of successful LI 
implementations but as the concept is still relatively new and not well understood, the full benefits of 
it will not be realised until the concept becomes mainstream. To have LI operating at a whole-of-
government or at a multi-enterprise scale requires a strategic approach with supporting policies, 
frameworks and access to shared spatial services. Case studies in NSW, Australia have shown how 
adoption rates are accelerated when there are service platforms and enabling frameworks. 

1.3 Location Intelligence was born in Web 2.0 
The use of Internet applications has become pervasive but they are designed primarily for mass 
consumer markets based on a paid advertising model. These relatively new Internet applications are 
identified as second generation geographical information system (GIS) technology where the focus is 
on consumerism. The first generation of GIS was limited to expert users such as GIS analysts. Even 
with the advances of second generation GIS, primarily made available over the Internet, there are 
limitations with these applications in a business setting. Data custodians are wary about publishing 
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data to the Internet because of security concerns, cyber fraud and identity theft issues. Thus a third 
wave is emerging where governments and large businesses are investing in similar technology 
platforms for use within their enterprises.  

These emerging third generation Web 2.0 applications embrace Internet technology but operate in 
secure Virtual Private Networks. Subscribers can publish their data and retain ownership over the 
content without the fear of it being repurposed and on-sold without their consent.  

Figure 1 provides a summary of the three communities of users, namely: citizen, business and expert. 
The diagram depicts the present environment showing all three tranches in operation. GIS Tranche-3 
represents the current paradigm where the business community is the emerging group making 
demands for the GIS software. LI is seen as a GIS Tranche-3 development. In GIS Tranche-1 the 
market space was occupied, almost exclusively, by the scientific community and expert analysts. With 
GIS Tranche-2 came millions of users who became interested in Internet mapping applications 
developed by companies such as Google, Telstra and Microsoft. LI is continuing to evolve and is 
being integrated directly into many applications using Web 2.0 technology in a business setting 
(Sheina, 2009). 

Business communities have been locked in between these two extremes, not needing raw data but 
requiring information that has been optimised for their business needs to support decision-making. 

Figure 1, Comparative Display of the GIS Tranches 

 

 
Table 1 provides a summary of the three tranches, a market indicator, user defined groups, technology 
users and applications uses. All three tranches are in operation today and are at different levels of 
maturity – see market status column in Table 1. 
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Table 1, Comparative Factor Analysis of the GIS Tranches 
Users User types Technology Applications Market Status 

Tranche-1 
expert 

Scientific, GIS 
Experts 

Desktop/Server – 
Spatial Software e.g. 
Mapinfo, ESRI 

BIO Diversity 

Cartography, Surveying, 
Mapping 

Established 
market 

Tranche-2 
citizen 

Citizens and 
general Internet 
users, home users 

Internet, Broadband, 
Browser via Web Portal 
or GIS clearinghouse 

Show my property, 
location inquiries, shows 
nearest school. Mapping 
and visualising. 

Maturing market 

Tranche-3 
business 

Business Users, 
call centre 
operators, call 
dispatches 

Enterprise systems, 
shared services, Web 
2.0. Internet, 
VPN/Broadband, 
Browser and 
clearinghouse 

Fire Brigade Channel, 
Rail Channel, Planning 
Channel. 

Emerging market 

 

The impacts of GIS Tranche-3 applications 

With the third tranche emerging, being fuelled by the need for decision support, there is bound to be 
impacts on existing spatial infrastructures, such as: 

− Greater reliance and requirement for government shared services such as the Spatial Information 
Exchange platform; 

− Demand for greater collaboration services supporting “mash ups” or information layering; 

− Proliferation of web services and service oriented architecture initiatives; 

− Requirement for web service repositories and catalogues to publish web services and metadata to 
support search and discovery efforts; and 

− Provision of government spatial services to mobile users – for infield workers such as Fire 
Fighters, Surveyors, Accredited Valuers, Police and other mobile staff. 

1.4 Why Web 2.0 and Gov 2.0? 
The advent of Web 2.0 and maturity of web services and standards are changing the way 
organisations work. This has brought a raft of new technology and concepts to the market place in a 
very short space. The IT landscape is now awash with new concepts such as cloud computing, social 
networking, crowd-sourcing and spatial “geo-hubs” which are impacting on the way organisations 
work and operate (Huberman, 2008).  

Gov 2.0 is a worldwide movement using Web 2.0 technology in a bid to redefine government using 
social networking as a medium to discover what citizens want from government. Various 
governments have formed task forces to deal with this. In NSW, this movement has been spearheaded 
as NSWsphere (Sharpe, 2009). 

The central tenet of this new wave of technology is on collaboration and hence its use in defining “e-
democracy”. Collaboration involves people interacting, in real-time, with people and businesses 
wherever they are and using any connected device they have access to such as a mobile phone, 
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personal digital assistance (PDA), laptop or television set. Similarly, computers collaborate and share 
services and data using the same underlying technology. This same technology has been used to 
deliver new GIS solutions and increasingly for decision-support applications. 

The pressures of building and maintaining a sustainable business involves a process of continual 
improvement, adapting to new circumstances and ensuring staff have the necessary skills, tools, 
information and systems. Increasingly, LI is being considered as a mandatory and fundamental 
management tool. Current and accurate information is recognised as a key ingredient for decision 
support systems (Williamson, et al., 2007). New market economies are being developed around 
subscription based content and increasingly the demand for the best-available spatial information will 
increase.  

These challenges and technology shifts are most currently observable in the spatial industry with the 
convergence of location-based services (LBS); with integration in mobile computing devices such as 
mobile phones and PDA devices; with GIS applications such as Google Maps and in-vehicle 
navigation systems. When the combined worth of the industry is considered as a whole with LBS 
companies such as TomTom International, Magellan, Garmin and Nokia to name a few, together with 
satellite and global positioning networks, and GIS application software vendors such as Google, 
Microsoft, ESRI, Leica and MapInfo, it is a staggering sum (Vaughan-Nichols, February 2009). It 
serves to highlight the significant developmental changes that are occurring within this industry and 
specifically for the GIS Tranche-2 and 3 environments. 

1.5 Economic Driver for Location Intelligence 
The Australian Cooperative Research Centre for Spatial Information (CRCSI) and the Australian and 
New Zealand Land Information Council (ANZLIC) commissioned ACIL Tasman in 2007 to conduct 
an independent quantifiable analysis of the value of spatial information to the Australian economy in 
the 2006-07 financial year (ACIL-Tasman, 2008). The CRCSI report found that spatial information 
industry revenue in 2006/07 was around $1.37 billion annually and contributed a cumulative gain of 
between $6.43 billion to $12.57 billion dollars in GDP (ACIL-Tasman, 2008).  

Spatial information by itself has little intrinsic value but the value is increased when it is used (Cutler, 
2008). Hence, the value of spatial information is derived from its contribution to the decision-making 
process (ACIL-Tasman, 2008, 2009; Longhorn & Blakemore, 2008; Masser, 2007). 

The CRCSI report also highlighted that the lack of access to spatial information has constrained direct 
productivity impacts on consumption of GDP by at least $0.5 billion than might otherwise have been 
realised (ACIL-Tasman, 2008). 

Despite the economic losses due to limitations of access to spatial information the study highlighted 
the potential trend where “the contribution of spatial information is likely to increase as spatial 
information becomes a mainstream enterprise resource”(ACIL-Tasman, 2008, p.xii).  

In addition, the CRCSI report identified other areas where knowledge gaps existed and recommended 
further investigation in areas such as: 

− Data infrastructure – priority areas that could include interoperability, standards and systems, 
progressing the concept of a Virtual Australia; 

− Data access – technologies and systems to provide simple and effective access, developing 
consistency between data access portals. 
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Besides, there are a range of other intangible benefits such as its role in security, biosecurity, national 
mapping, environment, climate change and land and property registers (ACIL-Tasman, 2008; Tang & 
Selwood, 2005; Williamson, et al., 2007). Location-based analytics is a mechanism that can be used 
in support of these functions. Tang and Selwood (2005, p.3) support the idea that “Better, faster 
access to information leads to better-informed decisions and actions”. Thus, UA4LI is about 
facilitating access to spatial information as a mainstream resource. 

1.6 Spatial Interoperability 
The Australian Government Information Management Office (AGIMO 2007) argues that the “impetus 
for business process interoperability stems from the increasing need for collaboration within and 
between agencies in the delivery of services” (p.13). The corollary holds true for spatial 
interoperability where there is a need to share spatial information for improved service delivery. 
Drivers of spatial interoperability include responding to increasingly complex social and 
environmental problems requiring access to a range of data. Hence, spatial data interoperability is 
about providing access to core fundamental spatial data layers to better informed and more 
discriminating customers (ACIL-Tasman, 2008). Despite the positive gains in recent years in spatial 
technology, interoperability is still impeded by lack of infrastructure and archaic access restrictions 
(Budhathoki & Nedovic-Budic, 2007). 

The term “Spatial Data Infrastructure” (SDI) is often used to denote the relevant base collection of 
geographic technologies, policies and institutional arrangements that facilitate the availability of, and 
access to spatial information (GSDI, 2004, 2008). In NSW, the concept of an SDI is the geographic 
information technology component of e-government, and therefore there us a strong reliance on 
government actively supplying core framework data (Onsrud, 2007).  

SDIs provide the “basis for spatial data discovery, evaluation, and application for users and providers 
within all levels of government, the commercial sector, the non-profit sector, academia and by citizens 
in general” (GSDI 2004, p. 8). SDIs found in developed nations are comprised of several elements 
such as: metadata, geographic data, framework data (cadastre and topography), standards and services 
(GSDI, 2008). This can be seen illustrated in Figure 2.  

The SDI is comprised of the fundamental-SDI layers as shown in Figure 2 (column 2A) and other 
functional geographic data such as planning, emergency management, maritime and so forth. Figure 2 
provides an illustration of the fundamental-SDI and composite functional-SDIs.  
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Figure 2, Fundamental-SDI Elements 
2A: Fundamental-SDI 2B: Fundamental and Functional SDI 

 
Source: Adapted from Lew Nelson (Nelson, 2003) 

 

 

 
Spatial information is impeded by both “soft” interoperability and “hard” interoperability. Soft 
interoperability deals with non-functional and non-technical limitations imposed by people through 
their unwillingness to share, licensing restrictions and pricing regimes. Hard interoperability, on the 
other hand, deals with infrastructure, technical limitations, data quality issues, data currency and up-
to-date metadata (Budhathoki & Nedovic-Budic, 2007). Omran, Breght et al (2007) are of the view 
that personal factors may affect individual decisions to share spatial data and cites psychological 
responses such as attitudes, experience, empathy, fatalism, motivation, trust and ability to cope with 
uncertainties as some of the barriers to overcome. Omran, Breght et al (2007) commented that 
organisational resistance to share spatial data is a real obstacle to exploiting spatial data 
infrastructures. In the past it was the technology or lack of technical capacity that impeded access to 
spatial data infrastructures but now the problem seems to have shifted from hard interoperability 
concerns to soft interoperability issues (ACIL-Tasman, 2008; Omran, Bregt, & Compvoets, 2007). 

Very rarely do all geospatial datasets reside in one organisation and hence cooperation and data 
sharing amongst organisations have become essential (McDougall, Rajabifard, & Williamson, 2007). 
Traditional data sharing arrangements have involved the physical transfer of data files and in order to 
reduce data duplication, spatial data sharing (SDS) over the Web is considered essential (Omran, et 
al., 2007). Thus, with advances in communication technology, data sharing is now possible via a 
remote connection over the Internet, and this obviates the need for conventional file transfers. 
Location-based analytic requirements are determined when a single item of data may be used in many 
different ways, a theme commonly shared with the SUD theory.  

2) ENEMARK SUD FRAMEWORK 

2.1 Overview of SUD Framework 
The SUD Framework was designed as a universal framework to address land-management and land-
use issues. The SUD Framework recognises that each country will have its own land management 
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issues, administration idiosyncrasies, differing legal frameworks and land registry systems and yet 
still provides the flexibility for a generic model (Williamson, Enemark, Wallace, & Rajabifard, 2010). 
Each country has its own land administration systems for implementation of its land-related policies 
and land-management strategies thus providing a country’s infrastructure for economic development 
(Williamson, Enemark, Wallace, & Rajabifard, 2008). The model works within a jurisdiction or 
country context, or Spatial Data Infrastructure (SDI) “zone”, which sets the political and legal 
framework (Cho, 2005). Enemark (2007) found that the SUD Framework operates best within a 
jurisdiction, a country context or “SDI zone” which sets the political and legal framework. This is 
illustrated in the country context frame and includes such things as business requirements and 
problem identification and sets out what needs to be accomplished. Having identified the country 
context the model then operates by bringing together the process information made up of the policy 
framework, land-functions and land-infrastructure. The various data sources provide information to 
tackle economic, social and environmental issues around land management and land use. Figure 3 
provides an outline of the components of the SUD Framework (Enemark, 2007). 

Figure 3, Enemark Sustainable Urban Development Framework 

 

Source: Enemark (2007) 

 

Enemark’s framework provides the requisite information architecture of spatial determinants to assist 
governments, environment architects, town planners and the like to make informed choices. The 
framework is best summarised as follows:  

The framework for political decision-making should therefore be organised to facilitate an integrated 
approach to land-use management that combines the three areas of land policies, land information 
management, and land-use management. (Enemark 2007, p. 1). 
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The SUD Framework is an amalgam of land and property rights, restrictions and obligations drawn 
together seamlessly with data from functional line-of-business systems, spatial infrastructure systems 
and facilitated within a governance framework (Enemark, 2007, 2008; Williamson, et al., 2007). 

2.2 SUD Framework Adapted for LI 
In Figure 4 the model for LI is inverted to direct the flow from top to bottom rather than the inverse 
which is the case with the SUD Framework. The rationale for this change is twofold. Firstly, writing 
in English generally flows from top to bottom, left to right. By placing the Business (Context) at the 
top, this provides readers with the sense of the desired flow – LI starts with business need, then it is 
processed by ingesting the framework, functions and infrastructure requirement and the output is the 
delivery solution for the LI channel. Secondly, the Unified Architecture is designed as a process 
model embracing three distinct phases of input-process-output (IPO). In business modelling, the 
process flow diagrams start at the top and work their way to the bottom. Thus the reason for inverting 
the business context diagram as shown in Figure 4. 

Figure 4, Unified Architecture for Location Intelligence adapted model 

 

Source: Adapted from Enemark 2007 

 

The adapted model places far more importance on the Business Context, the starting point, rather than 
the Delivery Platform, the solution. The other changes are the directional flow arrows of the process 
boxes. The SUD Framework shows the process flows converging on Functions while in contrast the 
arrows are bi-directional with the UA4LI Framework. The cross domain involvement can be seen 
illustrated in the following examples. Example: security requirements (being an element of the 
Framework domain) can extend across all domains. A Framework domain element for security such 
as an Information Security Management System (ISMS) provides overarching statements of 
applicability for the other domains.  
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Conversely, an Infrastructure domain web service requires security instructions for a service bind and 
therefore needs to relate to the Framework domain. A Function domain exposing a line-of-business 
service may require packet encryption which is dictated by the Framework domain. These examples 
show how a domain can interact with another domain. However, the SUD Framework does not make 
this distinction with its direction flows. The models are at different scales – one at a high/conceptual 
level as compared with a business/logical level. At a conceptual level the directional flows of the SUD 
Framework are linear leading to the desired outcome at a national or country context. The LI 
Framework is more focused on a Business context and the interactions are at a more granular level 
and hence the process flows are bi-directional dealing more with the solution delivery input and 
outputs. 

Alignment of Frameworks Domains 

The Unified Architecture components are comprised of five domains, as contrasted in Table 2. The 
UA4LI Framework correlates and aligns to the SUD Framework domains, where the: 

− Business domain deals with requirements for decision-support, innovation, economic drivers, 
corporate drivers and value propositions for sharing data; 

− Framework domain caters for non-functional requirements, governance arrangements, service 
level agreements, access policies, standards and typically “soft” issues; 

− Function domain is about business information held mainly in line-of-business systems, methods 
of access, enterprise web services and online transaction processing (OLTP) methods; 

−  Infrastructure domain is about spatial data infrastructure, access methods to this data, spatial 
information, and metadata and data standards. Included are access methods such as Open 
Geospatial Consortium (OGC) web services and online analytical processing (OLAP); and 

− Delivery domain is about the platforms that underpin the delivery of the solution, the systems 
components, the technical environments, enterprise platforms, service platforms, integrated 
framework, enterprise service and message bus and portal delivery systems, typically “hard” 
issues. 
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Table 2, Enemark Framework -LI Adaptability 
SUD Framework 
(Figure 3) 

UA4LI Framework 
(Figure 4) 

Relevance to Location Intelligence Visual 
Cues 

Country Context – 
Institutional Arrangements

Business Domain 
Business Objectives 

Business and economic context, 
business requirements 

 

Land Policy Framework Framework Domain Governance and access arrangements, 
SLA, standards, policies 

 

Land Administration 
Functions 

Function Domain Business Information, Line of 
business systems – OLTP, Enterprise 
WEB Services  

Land Information 
Infrastructures 

Infrastructure Domain Fundamental-SDI, 
Custodian/Agency-SDI, OLAP, OGC 
WEB Services  

Sustainable Development Delivery Domain Enabling platform, delivery channel 
for decision-support 

 

 

Table 2 shows how each of the LI domain components map and relate to the SUD Framework with 
matching visual cues for each domain.  

2.3 Domain Mapping 
The SUD Framework and UA4LI framework as illustrated in Figures 3 and 4, respectively, lists five 
domain themes, namely, business domain, framework domain, function domain, infrastructure domain 
and delivery domain. Each domain theme has a specific purpose as described: 

1. Delivery domain 

The delivery domain is concerned with the product outcome. It deals with the technical platforms 
and solution architecture that are needed to deliver the information to the decision-makers.  

Invariably many of the data sources required to support the SUD process come from several data 
custodians and could be in varying forms. Some custodians offer web services and others may 
only provide the data on tape or on portable mass-storage devices to fulfil the requirements. The 
raw data may have to be post-processed into a format so that it can be used in the SUD solution.  

2. Framework domain 

The framework domain caters for non-functional requirements, governance arrangements, 
legislation, service level agreements, security, policies, standards and typically “soft” 
interoperability issues. It includes issues such as privacy considerations, data access and 
permission rights, governance, licensing, restrictions, pricing and imposed digital rights. It 
establishes the authorising environment to bring about SUD outcomes. 
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3. Functions domain 

The functions domain focuses on the transactional data held in land-registers and other line-of-
business systems such as valuations and titling information. These are typically business systems 
or land-administration systems (Williamson, et al., 2008). Methods of access to this data vary and 
are far more sensitive than spatial data. Contemporary methods involve secure web services for 
online transaction processing systems (OLTP). Functional data can be obtained with web services 
on a transaction by transaction basis. Business objects described as web services can provide 
answers to queries without supplying the full dataset.  

 4. Infrastructure domain 

The infrastructure domain is concerned primarily with spatial data infrastructure such as cadastral 
data, topographic data, aerial or satellite photography and other spatial data sets. The SUD 
framework draws heavily on fundamental spatial data infrastructure held by mapping and land-
administration organisations. It also includes other functional spatial data from natural resource 
and local government authorities. The authoritative data from these organisations provide many of 
the base “fundamental SDI” layers (Akinyemi, 2007). 

 

5. Business domain 

The business domain addresses the business imperatives and context for the SUD framework. It 
deals with innovation, economic drivers, environmental impacts, political and policy outcomes. 
The key drivers of the business domain are to inform political decision-making and to provide an 
integrated approach to land-management, land-information and land-use (Enemark, 2007; 
Williamson, et al., 2008). 

3) UNIFIED ARCHITECTURE FOR LOCATION INTELLIGENCE 
The UA4LI Framework is comprised of a “Four Step” process to assist with implementing location 
intelligence solutions. At the conclusion of Step 4 an organisation wishing to implement an LI 
solution would be able to evaluate the requirements and make an informed decision about proceeding. 
The Framework leads to the delivery of solution architecture blueprints for an LI implementation. 
Starting with Step 1, each “step” builds on the other, identifies stakeholder involvement, provides an 
overview and description of what is expected, a context diagram and a deliverable output. 

Drawing on the collective outputs from each step the goal is to describe the LI solution architecture 
and delivery environment.  
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Figure 5, UA4LI Framework presented as a step through matrix 

 

 

Figure 5 is presented as a pyramid or iceberg where there is more detailed information at the base than 
at the top. Each step has a deliverable; this can be seen on the vertical plain: channel description, 
process model, systems model and components model. Each step is comprised of five domains 
represented in the SUD Framework in colour on the horizontal axis and includes: business, 
infrastructure, functions, framework and delivery. Step 1 is at a high level and Step 4 contains more 
detail. 

Step 1 is to provide a high level description of the business objectives and sets the overall 
context. The deliverable output is a Channel Description document. The Channel Description 
deliverable contains summary details, at a high level, of stakeholder information and 
descriptive narratives of each of the five domains. 

Step 2 is focused on the business processes and information perspectives needed to inform 
decision makers. The deliverable output is a Process Model that includes an inventory of 
business use cases, information requirements, business objects and target systems where 
source data resides. 

Step 3 is focused on the systems processes and data perspectives needed to describe the 
solutions architecture and service platforms. The deliverable output is a Systems Model that 
bridges and links systems requirements to the business deliverables gathered in earlier steps. 
The deliverable includes a systems use case inventory and descriptions of web and enterprise 
services. 

Step 4 provides a unified detailed description of the business and systems requirements. The 
deliverable output is a decomposed Components Model of the LI solution. Components are 
described for the presentation, services and data integration layers. 

3.1  UA4LI Domain Alignment 
When aligning the UA4LI Framework to the SUD Framework traces of all domains can be found. 
This is seen illustrated in Table 3. The ‘UA4LI Elements’ column describes the domain names; 
‘Business Context’ gives a description about the domain; ‘Shared Service’ describes the spatial shared 
service; and Agency/Business describes the Agency and/or other party data. 
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Table 3, Systems Elements Matched Against UA4LI Framework 
 

UA4LI Elements Domain 
Involvement 

Shared Service 
Provider 

LI Agency 

Business Need 

 

Description of the 
business challenge. Use 
cases for business 
needs. 

Describes business need 
for access to spatial 
shared services. 

Description of the 
business need, sets the 
business context, 
mission, objectives, and 
metrics. 

 

Infrastructure 

 

Location based 
information, spatial data 
infrastructure, metadata 
(vector, raster, text). 

Fundamental-SDI 

• Cadastre  

• Topography  

• Land Mapping  

• State/Suburb 
Boundaries  

• High Resolution 
Imagery  

• Census data  

Functional-SDI 

• Custodian SDI 
(external)  

• Agency SDI  

(Systems components) OGC Web Services 
(WMS), (WFS) 

OGC Web Services 
(WMS), (WFS) 

 

Functions 

 

Business Information 
from line-of-business 
systems, mainly 
transactional systems 
(normally Aspatial). 

Structured query, 
business object, web 
services, web service 
metadata. 

Structured query, 
business object, web 
services, web service 
metadata. 

(Systems components) OGC WEB Services 
(SOAP/XML), WSDL 

Enterprise Web 
Services, SOAP/XML, 
WSDL 
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Framework 

 

Access policies, 
security arrangements, 
SLAs, non functional 
requirements. 
Standards. CS2I. 

Hosting, provisioning, 
access accounts 
arrangements. 

Web Service Pub/Sub 
and bind conditions – 
Web Services. WC3 
standards. 

Hosting, provisioning, 
access accounts 
arrangements. 

Web Service Pub/Sub 
and bind conditions – 
Web Services. ANZLIC 
metadata standard, 
OGC. 

(Systems components) Security, encryption 
and access – SSL, 
HTTPS, FTPS. 

Security, encryption 
and access – SSL, 
HTTPS, FTPS. 

 

Delivery 
LI Channel 

 

Online delivery 
platform. SIX-Image 
Integration Framework 
(IIF). SIX shared spatial 
service, Fundamental-
SDI. 

SIX, SDI, SIX-IIF, 
SAN, Datamarts, 
Metadata Node, Spatial 
Viewers, Web Service 
Repository, SIX Portal, 
ESB, Federated 
Security. 

Web Service, OGC 
Enterprise Web 
Services. 

ETL & Metadata 
node/web access folder. 
Browser Web 2.0. 
Broadband 
Communications. 

(Systems components) Solution architecture 
for LI channel. 

Solution architecture 
for LI channel. 

Presentation SIX Lite or Plug-in SIX IF (SDK) 

Services Standard SIX out the 
box services. 

Special services to 
operate with Agency 
business or spatial data. 

(Systems components) 

Data Integration SIX-fundamental. 
Hosting option – 
hosted, async, sync 

Agency-SDI, Business-
SDI, Business Function 
data. Hosting option – 
hosted, async, sync 

 

The UA4LI Framework is designed to take in the business and information requirements which are 
used to develop the systems requirements. Next, the solution architecture is produced for delivering 
the information via the online LI channel. The UA4LI systems components provide the basis for the 
solution architecture of the service platform. The Systems Model deliverable describes responsibilities 
of the Agency/Business and distinguishes between the roles of shared service provider.  
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4) CONCLUSION 
As identified above, the Enemark SUD Framework provides a framework for addressing land-
management and land-use issues. It describes universal problems faced by many nations in terms of 
managing land resources and creating sustainable environments. The SUD Framework is aimed at 
equipping governments and societies with information to better manage their land resources. The 
outcome is certainly geared toward better decision making and for making informed choices about the 
environment. As a corollary, the Location Intelligence paradigm aims at aiding decision making and 
to arm managers and operational staff with better information. The changes between the two 
frameworks can be observed in Figure 7. The major change differences are shifts from the macro level 
to a micro level; from country to business and from outcome to output. The Country Context is 
changed to become the Business Context and the Sustainable Development outcome is changed to be 
the LI Delivery Channel. 

Location Intelligence, as previously defined, is the art of leveraging unified location information for 
business intelligence. The purpose behind Location Intelligence (LI) is to be able to view business 
information together with location information and understand what impact different situations and 
scenarios will have on an organisation. A LI Channel can be developed to support the objectives of 
the SUD framework.  

Location Intelligence (LI) extends traditional Business Intelligence (BI) through the use of GIS 
technology by integrating business information with location data and encapsulates the use of 
geographical information in decision-making at all levels. It involves processes and technologies to 
improve an organisation’s effectiveness by arranging available business and location information and 
relating it to fundamental Spatial Data Infrastructure. 

Figure 6, Unified Architecture Location Intelligence Components 
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The commonalities between the systems components of LI and SUD Framework are similar in many 
ways. Firstly, the Fundamental-SDI components are the same. Secondly, the Enterprise Web services 
are the same, with both providing access to business function data. Thirdly, the framework elements 
are similar in terms of governance, access arrangements, security and non-functional requirements. 
These similarities provided a strong basis for adapting the Enemark SUD Framework into a generic 
unified framework for Location Intelligence. 
 

This work highlights the interdependences between the fundamental principles of surveying, namely 
measurement and position, and the empowerment that technology has given to the interpretation and 
application of the SDI elements that are inextricably linked to position.  It also demonstrates the need 
for these to be seen through the eyes of business decision-making and problem-solving to achieve the 
social wellbeing of all citizens, and the attainment of sustainable communities, environmental 
conservation and economic development.  
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 BIOGRAPHICAL NOTES 
 
NSW Land and Property Management Authority 

The Land and Property Management Authority (LPMA) consists of Land and Property Information 
(LPI) - titling, valuation, surveying, and other spatial information; Crown Lands administration and 
management - land leases and licences, reserves and State Parks and land uses from cemeteries to 
iconic development/business sites to tourist and recreation areas; Native Title and Aboriginal Land 
Claims; Soil Conservation Service - including soil conservation earthworks and consultancy services, 
Land Boards and the Emergency Information Coordination Unit - spatial data needs for counter 
terrorism and emergency services planning, research and consequence management, the Office of 
Rural Affairs and the Office of Biofuels, the State Property Authority, Hunter Development 
Corporation, Festival Development Corporation and the Lake Illawarra Authority. 
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