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Abstract

The development of a Regional Spatial Data Infrastructure (Regional SDI) is much
more challenging than the development of a National SDI initiative within a nation.
This is mainly because of the voluntary nature of cooperation at a multi-national level
and participation in a Regional SDI initiative. As a result, despite considerable interest
and activities, the development of an effective and comprehensive Asia-Pacific
Regional Spatial Data Infrastructure (APSDI) is hampered by a lack of support from
member nations which results in this initiative remaining only an innovative concept.
Based on this situation, the aim of this research is to design an improved conceptual
model for Regional SDI and an implementation strategy. It is proposed that this problem
can be partly addressed by increasing the level of awareness about the nature and value
of SDIs; improving the SDI conceptual model to better meet the needs of nations; and
by identifying key factors that facilitate development by better understanding the

complexity of the interaction between social, economic and political issues.

To achieve this aim, the research strategy is designed in such a way to meet the
objectives and the hypothesis of the research, namely ‘the involvement of member
nations in a Regional SDI can be improved by increasing awareness, identifying user

needs and by developing a new conceptual model of the Regional SDI’.

With this in mind, the concept and nature of SDIs is discussed in detail in order to
facilitate their development and progressive uptake and utilisation by different
jurisdictions. The research then sets the scene, providing the political and historical
context of Asia and the Pacific region and regional activities, and discusses the concept
and nature of Regional SDIs with an emphasis on current Regional SDI initiative in
Asia and the Pacific region. It is argued that although the Permanent Committee on GIS
Infrastructure for Asia and the Pacific (PCGIAP), the coordinating committee of the
APSDI, has moved some way toward the development of the APSDI, there are other
issues which need to be discussed and resolved before moving forward. These issues are
the low rate of participation in PCGIAP activities, the organisational structure of

PCGIAP and the APSDI conceptual model.
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In order to discuss these issues, a review of diffusion theory is provided to establish the
necessary theoretical background in support of the applicability of this theory as a
framework for this research. The research then reports the findings of the case study
including the results of two questionnaires and a pilot project on regional administrative

boundaries. Based on data presented, evidence is identified in support of hypothesis.

The thesis then discusses future directions of SDI development by introducing two
models, namely a product-based and process-based model, as a new perspective. Both
models have value, but contribute to the evolution and utilisation of the SDI concept in
different ways. They provide different frameworks for dealing with intra-jurisdictional
mandates to promote spatial data access and sharing. But in some circumstance it is a

combined approach that can offer most potential for developing effective SDIs.

Finally, three major classes of factors and four recommendations, together with a
framework for a regional communication network, are presented and discussed to
facilitate the development of the APSDI initiative. It is argued that the adoption and
implementation of these recommendations can assist PCGIAP to overcome the problem
of low participation and speed up the progress in the development of the APSDI

initiative.

Although this research focuses on the development of a Regional SDI initiative in Asia
and the Pacific region, the results and lessons learned in this research — especially the
key factors influencing the diffusion of a Regional SDI - can also be used and applied in

other regions, and potentially other jurisdictional levels.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

The continued advances in remote sensing, mapping and geospatial technologies,
including an increasing variety of data acquisition capabilities and low cost and more
powerful computing capacity, coupled with the development of geographic information
system technology, have enabled and increased the demand for geographic information
(SDI Cookbook 2000). As the importance of geographic information in addressing
complex social, environmental and economic issues facing communities around the
globe is growing, the establishment of spatial data infrastructures to support the sharing
and use of this data locally, nationally and internationally is increasingly more

important.

A Spatial Data Infrastructure (SDI) is an initiative intended to create an environment
that will ensure that a wide variety of users, who require coverage of a certain area, will
be able to access and retrieve complete and consistent datasets in an easy and secure
way. Also, it can be viewed as a tool to provide a proper environment in which all
stakeholders, both users and producers, of spatial data can cooperate with each other
and interact with technology in a cost-effective way to better achieve the objectives at

the corresponding political/administrative level.

Many countries throughout the world are developing SDIs to better manage and utilise
their spatial datasets. A number of publications document the various aspects of the
development of national SDIs in recent years (Masser 1998a, Onsrud 1998, Onsrud
2000, PCGIAP 2000). These countries are finding it necessary to cooperate with other
countries to develop multinational SDIs to assist in decision-making that has an

important impact across national boundaries.



A Regional SDI is one example of an international SDI that has potential benefits to
facilitate different regional members, organisations and other regional users for sharing
and using regional spatial data and simplifying their communication channels. The
establishment of a Regional SDI will form a fundamental framework to exchange data
across many countries in a region. This will also provide a clear picture to support and
improve existing or even new bilateral and multilateral relations and structures. Further,
a Regional SDI can provide the institutional framework and the technical basis to ensure
the regional consistency and content of fundamental datasets to meet regional needs in

the context of sustainable development.

With this in mind, through the efforts of the United Nation Regional Cartographic
Conference for the Asia-Pacific region (UNRCC-AP) and following its Thirteenth
Conference in 1994, the national mapping agencies in the region formed the Permanent
Committee on GIS Infrastructure for Asia and the Pacific (PCGIAP) in 1995 to develop
a Regional SDI for Asia and the Pacific region (PCGIAP 1995).

In the same direction, in 1994 with support from the European Union IMPACT
(Information Market Policy ACTions) program, the European Umbrella Organisation
for Geographic Information (EUROGI) was formed. The mission of this organisation is
to promote, stimulate, encourage and support the development and use of geographic
information and technology at the European level and to represent the common interest
of the geographic information community in Europe (EUROGI 1998). As a first effort
this organisation developed a geographic information policy for Europe (GI12000 1996).
This policy formed the first component of the European SDI. Following this effort and
identifying the barriers to development of EU-wide datasets (GI2000 1998), and
identifying challenges facing GI, EUROGI began to stimulate the development of a
European GI infrastructure (EGII) in 1998. As a result of that, EGII initiative began in
1998 (EUROGTI 1999a).

Due to the potential benefits of developing any type of SDI, promised and documented
by these organisations (PCGIAP 1998b, GI2000 1995, EUROGI 1999b) and different
researchers (Coleman and McLaughlin 1998, Chan and Williamson 1999b, Rajabifard,

et al. 1999) along with support from international communities, the Latin American and



African regions are also starting to establish similar organisations to develop similar

initiatives for their regions (Borrero 2000, Bassolet 2000).

Current progress of Regional SDI initiatives show that after many years of effort these
initiatives still do not receive support from all member nations and regional
organisations (Mohamed 1999, Longhorn 2000). In other words, despite considerable
interest and activities, the development of an effective and comprehensive Regional SDI
is hampered by a lack of support from member nations which results in these initiatives
still remaining very much an innovative concept among members of different
communities. This problem also can be observed in many National SDI initiatives

throughout the world (Masser 1998a, Onsrud 1998).

For example, out of 55 member nations of Asia and the Pacific region, only six are
active core participants, about 19 countries are occasional participants and the
remaining countries have never attended any meetings. After seven years of efforts by
the PCGIAP, the Asia-Pacific Regional SDI initiative still does not receive support from

all member nations.

1.2 RESEARCH QUESTION, HYPOTHESIS AND OBJECTIVES

Some reasons for the limited support from certain countries and regional organisations
include the lack of awareness of the values of Regional SDI and the complexity of
different regional issues such as diverse political, cultural and economical positions
(GI2000 1998, Rajabifard et al. 1999). One major obstacle of gaining support to
develop an SDI is defining the SDI (Barr 1998). The PCGIAP has developed a
conceptual model for its Regional SDI (PCGIAP 1998b). This model comprises four
broad components, namely: the institutional framework, technical standards, and access
networks needed to acquire and disseminate fundamental datasets. The PCGIAP model
is similar to the model of the Australian National SDI defined by the Australia New
Zealand Land Information Council (ANZLIC 1996), the peak inter-governmental
council for leadership and effective management of spatial data in the interests of

Australia and New Zealand.

Coleman and McLaughlin (1998) identify five major perspectives of National SDI. The

Australian model was classified as data-driven suggesting that the model gave a one-



sided supply-oriented view of SDI that primarily presents the values of key spatial data
providers as a result. The limitation inherent in the Australian model also applies to the
Asia-Pacific SDI. Strategies developed to build this Regional SDI have tended to ignore
the interests and potential contributions of other stakeholders such as the non-
participating members and agencies such as the Association of South East Asian
Nations (ASEAN). This bias is also observed in recent National SDI research initiatives

throughout the world (Masser 1998a, Onsrud 1998).

Based on this criticism, there is an obvious incompatibility between the conceptual
model of current Regional SDIs with the perceived needs of the respective member

nations.

1.2.1 RESEARCH PROBLEM

The development of an effective and comprehensive Regional SDI is hampered by a
lack of support from member nations that stems from: a lack of awareness of the
benefits of a Regional SDI, the incompatibility of the current conceptual model with the
perceived needs of the member nations, and the lack of understanding of the complexity

of the interacting social, economic and political issues.

1.2.2 HYPOTHESIS

The involvement of member nations in a Regional SDI can be improved by increasing
awareness, identifying user needs and by developing a new conceptual model of the

Regional SDI.

It should be noted that “/nvolvement” here means full participation and reciprocation
and willingness to provide support such as human and financial resources for a Regional
SDI development, and the term “/mprovement” here pertains to increased participation
by member nations (more representatives); increased number of nations having

involved; and an increase in the effectiveness of participations.

1.2.3 OBJECTIVES

Having defined the research problem and hypothesis, there are three main objectives of

the research:

* To identify and describe the nature and components of SDIs.



* To investigate the needs of the member nations in the context of a Regional SDI.

* To identify the key factors that facilitate the development of a Regional SDI.

1.3 OVERVIEW OF RELEVANT RESEARCH

Coleman and McLaughlin (1998) examined the model that had been adopted and
extended by McLaughlin and Nichols (1992) for the purpose of their suggestion about
the components of a SDI. According to their suggestion, a SDI should include sources
of spatial data, datasets and metadata, data network, technology, institutional
arrangements, policies and standards, and end-users. According to their model attention
was paid to both users and suppliers of spatial data. Further, they proposed a working
definition for a Global SDI by summarising a number of definitions of SDI. According
to their definition, a Global SDI encompasses ‘the policies, technologies, standards and
human resources necessary for the effective collection, management, access, delivery
and utilisation of geospatial data in a global community’ (Coleman and McLaughlin

1998).

Also, Coleman and McLaughlin (1998) pointed out that the mandates and objectives of
individuals or interest groups within stakeholder organisations may justify, design,
implement and evaluate infrastructure building efforts from one or more of five
different perspectives, namely: a data-driven perspective, a technology-driven
perspective, an institutional perspective, a market-driven perspective and an application-

driven perspective.

The proposed working definition for Global SDI as suggested by Chan and Williamson
(1999b) is also applicable to SDIs at other political-administrative levels by extending
its scale to include other levels. Onsrud (1998) provided baseline information on the
nature and characteristics of the SDIs currently being developed by conducting a survey
of national and regional spatial data infrastructure activities around the globe. Onsrud's
survey provides an important dataset against which to measure changes in SDI activity

at the national, regional and global level.

Masser (1998a) compared the development of ten national SDIs according to three main
criteria: the geographical and institutional context within which spatial data

infrastructure development takes place, the driving forces behind such developments



and the features of the coordinating mechanisms that have come into being to support
them. The study highlighted some of the important factors that must be taken into

account whenever any type of SDI development is considered.

There are also some national and international SDI initiatives that have significant
potential to be relevant to this research. At the global level, there is an ongoing initiative
called Global Spatial Data Infrastructure (GSDI). The concept of GSDI started to be
formulated at the first conference of GSDI held in September 1996. This was taken a
step further at the conference in North Carolina in November 1997 where specific
questions were asked as to what GSDI was and what was the way forward (Clarke

2000).

In the GSDI initiative, regional organisations such as EUROGI and PCGIAP are
playing an important role. This initiative is broadly defined as the policies,
organisational remits, data, technologies, standards, delivery mechanisms, and financial
and human resources necessary to ensure that those working at the global and regional
scale are not impeded in meeting their objectives (Clarke 2000). More succinctly it
means ready access to geo-spatial data at the global level (Holland 2001). In this sense a
GSDI is a super-set of Regional and National SDIs. The organisational model, policy
and framework as well as setting different working groups for designing and conducting
research on the components of GSDI were formed in the more directed conference held

in Canberra in November 1998 (GSDI 1998).

The GSDI initiative started to take shape and significant progress was recorded at its
Fourth conference held in Cape Town in March 2000 and the latest conference which
was held in Cartagena, Colombia in May 2001. For example, the Steering Committee of
GSDI has undertaken several projects including development of an Internet tool that
globally searches over 220 collections of metadata to locate geo-spatial data of interest
(Holland 2001); and publication of a guide to SDI development (the SDI Cookbook).
However, as Holland (1999) reported, there are many challenging issues still face the
GSDI before it becomes a reality globally. Some of these challenging issues are raising
the level of awareness, acceptance and support; recognising and complementing related
initiatives; including all stakeholders; engaging the less developed economies of the

world; maintaining enthusiasm and momentum; and delivering beneficial outcomes.



With this in mind, the recent GSDI conference (GSDI 5) formed some resolutions to
overcome some of these challenging issues. For example, the conference resolved that

the GSDI Steering Committee agrees to an expansion of the definition for the GSDI.

At the regional level, currently both European and Asia-Pacific Regional SDI initiatives

are at different stages of development and both their coordinating organisations are

directing different research about these initiatives (PCGIAP 1999a, GI2000 1999).

At the national level, the number of countries that are engaged in the development of
spatial data infrastructures is growing. Masser (1998a) and Onsrud (1998) have
identified some of those countries that have begun work on SDIs at this level. Some of
the SDI initiatives by different countries have little to show other than good intentions
while others have already built up a considerable amount of experience in formulating
and implementing National SDIs. In some countries, such as Australia, Canada and the
United States, there is a growing body of published material describing different parts
of developing and implementing a SDI including future strategic plans. All national
SDIs such as promoted by ANZLIC in Australia and the FGDC in the USA, and even
lower level SDI initiatives at local and state levels such as the Victorian SDI in

Australia can provide relevant experimental knowledge for this research.

As a result of developing SDIs at different political/administrative levels, a model of
SDI hierarchy that includes SDIs developed at different political/administrative levels
was developed (Rajabifard, et al. 1999, 2000b, Rajabifard 2001). Based on this model,
Rajabifard et al. (1999) developed two views, namely the umbrella view and the
building block view which explain and expand the concept and the nature of the
hierarchical relationship among different types of SDIs. According to these views, the
SDI hierarchy creates an environment in which decision-makers working at any level
can draw on data from other levels, depending on the themes, scales, currency and

coverage of the data needed.

The underpinning technology for SDI is Geographic Information Systems (GIS). In
recent years, researchers have applied the theories of innovation diffusion to the study
of GIS planning and implementation (Onsrud and Pinto 1991, Masser 1993, Masser and
Onsrud 1993, Campbell 1996, Masser and Campbell 1996, Chan 1998). In turn Chan
and Williamson (1999b) applied the generic principles derived from the study of



diffusion of GIS in a complex organisation to the development of SDIs. Based on the
participation rate in the Asia-Pacific Regional SDI initiative, Regional SDI still remains
an innovative concept among member nations of this region. The theories of innovation
diffusion however provide a useful framework for the study of Regional SDI

development in these regions.

Generally, Campbell and Masser (1995) see diffusion as the fundamental process that is
responsible for the transfer of innovation from the workshops of their inventors to
becoming a daily part of the lives of a large section of society. Rogers (1983) defined
diffusion as a process by which an innovation is communicated through certain
channels over time among the members of a social system. In particular, he used the
organisation innovation process model to describe the process in which an innovation is
adopted and utilised. This process is generally made up of two main stages, namely,

initiation and implementation and five sub-stages.

Initiation 1is concerned with all activities, including information gathering,
conceptualising and planning, that culminate in the decision to adopt an innovation by
the decision makers in an organisation (Rogers 1995). Implementation refers to the
steps taken after the adoption decision that lead to utilisation of an innovation prior to
its ultimate institutionalisation (Goodman 1993 as quoted by Chan 1998). Due to the
similarities between a region and an organisation in terms of characteristics and
behaviours, the organisational-innovation process model is the more applicable model

for the subject of study on diffusion of a Regional SDI.

Based on Rogers’ organisational innovation process model, Chan (1998) suggested an
integrated framework for GIS diffusion research. According to this framework, any
innovation such as a GIS or an SDI is a dynamic entity that is central to the diffusion
process. This entity assumes multiple identities or configurations as diffusion progresses
over time, as represented by the simplified staged model of the diffusion. The
characteristics of this entity may change as it passes from the initial conceptual
configuration, through one or more intermediate configurations, to an actual physical
configuration of GIS or SDI that serves the needs of the organisation or a region.
Whether diffusion has failed or succeeded, there is a feedback loop to allow the process

to start all over again. Each configuration at this framework can affect and be affected



by and interact with other factors. Based on Chan’s framework, in order for diffusion of
a Regional SDI to be successful in the region, it is important to take into consideration
the conceptual configuration of Regional SDI, the social system of the region as defined
by the boundary, and the other external, organisational and personal factors which have

an impact on diffusion.

But the current approach taken by the PCGIAP (as an example) suggests that the nature

of the social system and may other factors as illustrated in Figure 1.1, are ignored.

Current
conceptual 2 TInitiati
todel of “ futiation »
Regional 3D 1 Agend a-settine Maiching -
—13 !
Da:isiun

Figure 1.1: Current approach for Regional SDI development
Innovation, 2- Communication channel, 3- Time

In this case, the number of nations not participating in the existing Regional SDI
initiative, suggest that many nations are still not aware of the concept of Regional SDI
or do not fully appreciate the value of Regional SDI portrayed in the current model. In
any case, the concept of Regional SDI and the conceptual model suggests that these
nations have not entered the initiation stage of the organisational innovation process

model.

The social component of diffusion has been identified as an important component for
the study of any innovations (Scott 1990, Rogers 1995, Chan 1998). Rogers (1995)
defined a social system as a set of interrelated units that are engaged in joint problem
solving to accomplish a common goal. Further, he allowed that the units might include
individuals, informal groups, organisations, or any sub-systems. Also, he pointed out
that innovation diffusion is affected by different aspects of the social system (Rogers

1995). On a similar line, Coote (1999) believes that social change is a very important



issue for analysing the impact of change on an initiative in an organisation. He further
clarified that all organisations are about people. On a similar view, Scott (1990) argued
for the need to study technology-organisation relationships at different levels of
organisation and in different configurations of organisation. He further argued for the
introduction of political, ideological, cultural and institutional factors into the causal
arena. Chan (1998) pointed out that different stages of GIS diffusion are affected by a
different set of success factors. He pointed to the need to conduct integrated studies

involving the elements of time and social system in diffusion research.

1.4 SUMMARY OF THE RESEARCH DESIGN AND METHODOLOGY

Campbell and Masser (1995) highlighted that the speed and extent of the diffusion of an
innovation is linked to social and political processes rather than the inherent technical
worth of the product. From a similar perspective, the political and social issues rather
than the technical issues were identified as part of inherent difficulties faced by a
Regional SDI initiative (Rajabifard, et al. 1999, GI2000 1996). Further, Campbell
(1996) recognised that among other things, diffusion of an innovation is affected by the
nature of innovation, the structure of an organisation and the interplay of the two. Based
on Campbell's views and considering the nature of this research which is a multi-
disciplinary environment, including engineering, political theory, organisational
behaviour/organisational theory and information management and information systems
this research adopts the organisational innovation process model as a framework for

study on the diffusion of a Regional SDI.

This research adopted a case study to investigate the hypothesis. For this purpose, Asia
and the Pacific region was selected as the case study. In this context, over the period of
the research, a number of activities have been undertaken to meet the objectives listed in
section 1.2.3. These activities can be broadly grouped into literature review; exposure to
SDI development, diffusion activities and research worldwide; data collection and data

analysis; model generation; and pilot project for model validation Figure (Figure 1.2).
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Figure 1.2: Major Steps

To establish the theoretical background for the hypothesis, a literature review was
undertaken (stepl) of current SDI initiatives throughout the world in terms of model,
strategy and the steps toward the implementation of SDIs, as well as reviewing
literature from a number of other disciplines. This review included GIS and diffusion,
innovation diffusion, information technology, political science, regional politics,
sociology, organisation theory and public administration. While the literature review is
important, it is no substitute for discussions with key researchers in spatial data
management and development to understand what the current issues are and how the
issues are being tackled elsewhere. It is also important to gain a better understanding of
the international trends in the management of spatial data at a multi-national level and
receive first hand feedback from leaders and peers around the world about concepts that

the author is developing.

With this in mind, to gain exposure, the author attended a total of 14 conferences and
international meetings around the world and met with a wide range of researchers and
managers to discuss various aspects of SDI development and diffusion theory.
Appendix 1 lists the conferences and meetings attended and the experts interviewed. In
particular, a study trip was organised to allow the author to spend one week each at the
United States Federal Geographic Data Committee (FGDC) and the United States
Geological Survey organisation (USGS), at the National Centre for Geographic
Information and Analysis (NCGIA), Department of Surveying Engineering, University
of Maine, USA, at the Urban Planning and Management Division, International Institute
for Aerospace Survey and Earth Sciences (ITC), The Netherlands, and at the
Multipurpose European Ground Related Information Network (MEGRIN), France. The
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purpose was to widen the author’s perspective on SDI development and diffusion
(Appendix 1.A). During this study trip a total of 25 people were met and interviewed
(see Appendixes 1 and 1.B). Some of the people met, such as Professor lan Masser and
Professor Harlan Onsrud, are world leaders in SDI and GIS diffusion research.
Discussions with these people helped with the understanding of current issues of SDI

development and diffusion and state of the art position of research worldwide.

The results of these discussions provided the required resources and background for
taking the next three steps (steps 2, 3, 4). In step 2, were identified current levels of
understanding about the nature of Regional SDI. In this step, the evaluation of the

current conceptual model of Asia-Pacific Regional SDI (APSDI) was a major part.

There are many approaches to studying diffusion (see chapter 5). This research adopts
the ‘process’ approach, in which diffusion is viewed as a set of sequential stages of
events that take place in an organisation or community. The emphasis is how
participation rate can increase by applying diffusion processes. With this in mind, Step
3, enhanced understanding of the various features involved in a social system as well as
identifying key factors among different features of the social system, which influence
the diffusion of a Regional SDI. This step is based on an expanded conceptual model of
the Asia-Pacific Regional SDI which is used by the PCGIAP within a social boundary.
In this environment, the interaction between the first and the fourth components of the
diffusion (Regional SDI as an innovation and social system) was the main part of the

study.

Step 4 permitted a clear understanding of the nature of user needs as well as regional
concerns and interests. This helped with Step 5 of the research, which was an analysis
of user needs to determine actual needs. This analysis was based on the generic user
needs in the region and the information gathered from questionnaire surveys that were

designed and used for this purpose.

The outcomes of Steps 2 to 4 led to Step 6 of the research, which is to improve the
current SDI conceptual model. Using the results of previous steps helped to improve the
level of understanding of the concept and the nature of a Regional SDI. This led to
improving the current conceptual model as well as designing a strategy for undertaking

the next step of the research pilot project. Using the improved conceptual model
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developed in the previous step, a pilot project on regional administrative boundaries was

conducted with the aim of testing the hypothesis of the research.

The relationships between the research activities and research objectives identified are

shown in Table 1.1.

Table 1.1: Relationships between research activities and objectives

Objectives Research Activities

e To identify and describe the nature and | Literature review and evaluation of current

SDI initiati
components of SDIs. initiatives

» To investigate the needs of the member | Design and conduct questionnaire surveys
nations in the context of a Regional and data analysis
SDI.

* To identify the key factors that

facilitate the development of a Regional
SDI

Literature review, questionnaire surveys
and analysis, pilot project

1.5 SOURCE OF DATA

An important source of data for this research was the information gathered by two
questionnaire surveys. These two questionnaires were circulated by the PCGIAP in Asia
and the Pacific region. The first questionnaire was a "Development Needs
questionnaire" which has been designed by the PCGIAP-Taskforce group (the candidate
was a member of this group) and was distributed through the region in March 1999. The
results of this questionnaire were reviewed and analysed at a workshop in Canberra in
September 1999. The second was a technical questionnaire that was designed as a part
of this research through a joint project with AUSLIG, with the aim of surveying the
existing national and regional datasets and users’ expectations about regional
fundamental datasets. This questionnaire was distributed through PCGIAP-WG2 in
June 1999 and analysed at the end of 1999.

The information gathered by both questionnaires was provided by the Secretariat of the
PCGIAP. The reports of the PCGIAP meetings also provided useful data. The spatial
data required for the pilot project was provided by Australian Survey and Land

Information Group (AUSLIG) which held the Chair of the PCGIAP-WG2 at the time.
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Further to that, the experience of the author as the National Mapping/GIS representative
of Iran to PCGIAP (including five years as an Executive Board member) and as a
member of the International Steering Committee on Global Mapping (ISCGM) during
1997-2001 was also useful for this research. Additionally, discussions with key
researchers, leaders and managers around the world and their critical feedback were also
useful. Further, the author was responsible for design and formation of the Iranian

National SDI and National GIS for the years 1994-1998.

1.6 STRUCTURE OF THE THESIS

The thesis is structured in eight chapters as illustrated in Figure 1.3. This figure shows a
flow-diagram of the thesis, designed to illustrate the flow of knowledge stream, as well
as the contributions of each chapter to fulfil the research objectives. Following is also a

description of the way in which the research project develops:

Chapter 1 gives an overview of the research and thesis. It includes an introduction and
broad objectives for the research. It then focuses the problem definition and identifies
the research objectives and hypothesis that are addressed in this research. The research
methodology is also discussed, particularly with reference to the sequence/procedure in

relation to achieving the research objectives.

Chapter 2 aims to discuss the nature and concept of SDI, including the components,
which have helped to build the current understanding about the importance of an
infrastructure to support the interactions of the spatial data community. Several
examples of how SDIs have been described are offered to aid understanding of their
complexity. The need for descriptions to represent the discrepancies between the role
and deliverables of an SDI and thus contribute to a simpler, but dynamic, understanding
of the complexity of the SDI concept, are proposed. This chapter begins with a brief
review of the need for spatial data and introduces major forces driving the development

of such data. It then discusses the nature and concept of SDI.

Based on the concept and nature of spatial data infrastructures, Chapter 3 aims to
demonstrate the fitness and applicability of Hierarchical Spatial Reasoning (HSR) as a
theoretical framework to demonstrate the multi-dimensional nature of SDIs. The chapter

begins by introducing the concept of an SDI hierarchy and follows with a review of the
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concept of spatial hierarchy and its properties. It then argues that by better
understanding and demonstrating the nature of an SDI hierarchy, any SDI development
can gain support from a wider community of both government and non-government
data users and providers. The chapter concludes by examining how current hierarchical

theory can be extended to incorporate different levels of SDI initiatives.

Chapter 4 provides the political and historical context of Asia and the Pacific region and
regional activities in which Regional SDI diffusion occurs. The chapter starts by giving
the basic characteristics of Asia and the Pacific region and a brief description of the past
and current status of geographic information in this region, followed by a review of the
concept of regional cooperation in general and regional cooperation in Asia-Pacific in
particular. The chapter then discusses the need for a Regional SDI followed by a
discussion of this concept. Based on these discussions, the chapter reviews the Asia-
Pacific Regional SDI initiative including the structure and activities of its coordinating

committee and the SDI conceptual model, followed by a discussion on related issues.

Chapter 5 provides an overview of the paradigm of diffusion, and introduces and
discusses the theories of innovation diffusion based mainly on the comprehensive work
of Rogers (1995). Using these theories, the current conceptual model and strategy of the
PCGIAP for the development of the APSDI is discussed. Based on the results of this
research, the chapter suggests an improve conceptual model for the development of the

APSDI initiative.

Chapter 6 discusses the rationale, objectives, methodology and the findings of the case
study, including the results of two questionnaires and a pilot project on regional
administrative boundaries. The chapter provides background information about the case
study including both user needs and technical questionnaires and their relationships with
the pilot project as part of the research methodology. It continues by reviewing sources
of data to support the aim of the pilot project and by defining the strategy for carrying
out the pilot project. The aims and design of both questionnaires are explained with the

key findings and outcomes presented.

Chapter 7 reports the outcomes of the research by presenting major classes of factors
which influence the diffusion of a Regional SDI, and discusses the future directions of

SDI development. The transition between the understanding of SDIs from product-
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based to process-based approaches is investigated, with a review on the positions taken
by current SDI initiatives throughout the world. Based on the possible future directions
for SDIs and the identified classes of factors, the chapter presents a list of
recommendations to overcome the current problem of low participation of Asia and the

Pacific nations in Regional SDI development.

Chapter 8 is the concluding chapter with recommendations for future research.

Introduction
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The Nature and Concept of SDIs
Chapter 2

SDI Hierarchy

Chapter 3
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1.7 CHAPTER SUMMARY

This chapter begins by providing a background of the importance of SDIs and diffusion
research. The research questions are then described and the hypothesis of research is

articulated as follows.

The involvement of member nations in a Regional SDI can be improved by
increasing awareness, identifying user needs and by developing a new

conceptual model of the Regional SDI.
Based on the hypothesis, the objectives of the thesis were then identified:

* To identify and describe the nature and components of SDIs.
* To investigate the needs of the member nations in the context of a Regional SDI.
* To identify the key factors that facilitate the development of a Regional SDI.

The scope of the research is described. This is followed by a brief account of the
research methodology, which comprises literature review, understanding current nature
of SDIs, various features of the social system, generic and actual user needs based on
data analysis, design an improved conceptual model and model validation. The chapter
concludes with a section on the structure of the thesis and provides pointers to various

chapters that follow.
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CHAPTER 2

THE NATURE AND CONCEPT OF SPATIAL DATA
INFRASTRUCTURE

2.1 INTRODUCTION

This chapter aims to discuss the nature and concept of SDI, including the components
which have helped to build the current understanding about the importance of an
infrastructure to support the interactions of the spatial data community. Several
examples of how SDIs have been described are offered to aid understanding of their
complexity. The need for descriptions to represent the discrepancies between the role
and deliverables of an SDI and thus contribute to a simpler, but dynamic, understanding
of the complexity of the SDI concept, are postulated. The chapter begins with a brief
review of the need for spatial data and introduces global forces driving the development

of such data. It then discusses the nature and concept of SDI.

2.2 THE NEED FOR SPATIAL DATA

Spatial data are items of information which can be related to a location on the Earth,
particularly information on natural phenomena, cultural and human resources such as
topography including geographic features, place names, height data, land cover,
hydrography; cadastre (property-boundary information); administrative boundaries;
resources and environment; socio-economic including demographic; etc. (CSDC 2001).
These types of data are critical to promote economic development, improve our
stewardship of natural resources and to protect the environment (Executive Order 1994).
People need spatial data and its derived information to establish the position of
identified features on the surface of the Earth. But why is position important? This
question can be viewed from different points. First, knowledge of the location of an
activity allows it to be linked to other activities or features that occur in the same or

nearby locations. Second, locations allow distances to be calculated, maps to be made,
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directions to be given and decisions to be made about complex, inter-related issues
(Mapping Science Committee 1995). Moreover, the occurrence of a national emergency
resulting from a cyclone, flood, major fire and earthquake is unfortunate. However, it is
apparent that some damage from these sorts of events can be avoided and fewer people

are likely to die if a plan is quickly developed and implemented to address the disaster.

Also, over 80% of governmental data has a locational basis (Budic and Pinto 1999a,
Lemmens 2001). Examples range from local to national, regional and global scales and
address issues such as land-use planning and zoning, new schools or shopping centres,
environmental regulation, emergency relief and economic developments - the potential
list of uses is enormous (Masser 1998a, Mapping Science Committee 1997, GI2000
1995).

The needs for spatial data are continually increasing and changing. In most of the
developed countries it is widely acknowledged that spatial data is part of the national
infrastructure and extensive efforts are being expended on this (Clarke 2000). With this
in mind, in the last two decades nations have made unprecedented investments in
information and the means to assemble, store, process, analyse and disseminate it. Many
organisations, agencies and departments in all levels of government, private and non-
profit sectors and academia throughout the world spend billions of dollars each year

producing and using spatial information (FGDC 1997).

The rapid advancement in spatial data capture technologies has made the capture of
digital spatial data — which is the base for deriving spatial information - a relatively
quick and easy process, such as satellite imagery with digital image processing
techniques as well as using Global Positioning Systems (GPS). There are four principal
forces identified as the drivers for most of the changes that have occurred over the past
three decades. These principals are technological developments, environmental

awareness, political unrest and war and peacetime economy.

Moreover, there are two major forces driving the development of spatial data. The first
is a growing need for governments and businesses to improve their decision-making and
increase their efficiency with the help of proper spatial analysis (Gore 1998). The
importance of this issue is so high that the Australian New Zealand Land Information

Council (ANZLIC), which is the peak coordinating body for the management of land
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and geographic information within these two countries, views land and spatial
information as an infrastructure, with the same rational and characteristics as roads,
communications and other infrastructure (ANZLIC 1998). The second force is the
advent of cheap, powerful information and communications technology, which facilitate

the more effective handling of large quantities of spatial data.

2.2.1 SHARING SPATIAL DATA

People need to share spatial data to avoid duplication of expenses, associated with
generation and maintenance of data and their integration with other data. Also, it is
apparent that spatial data constitutes much of the data required for physical disaster
planning, management and recovery work. Given that natural and man-caused disasters
will continue to occur, a major issue is the ability of various users to share and access
necessary data and information to prepare for the effects and to minimise loss of life.
Moreover, GIS benefits are increased by data sharing among organisations. In paper
map form, data sharing is obstructed if scales differ, if projections differ, if symbologies
are not uniform, if legends do not identify all map items, and so on. In digital form,
most of these same problems exist and must be taken into account. Often the spatial
data produced for one application can be applied in others, thus saving money by
sharing data. For many organisations, building and using a GIS requires enormous
quantities of current and accurate digital data. They can save significant time, money
and effort when they share the burden of data collection and maintenance. This is
important, not only to the organisations looking for the data, but also for the
organisations with the data. The more partners there are, the more the savings and the

greater the efficiency.

Furthermore, sharing data can also improve data quality by increasing the number of
individuals who find and correct errors. Savings realised on the production of common
data can be used for other vital areas, such as application development. In addition,
resources that would be used to collect repetitive data can be diverted into quality

control, data management and collection of other necessary data.

Working together in a geographic area can also provide data coverage in a common
form over a wider area. This aids cross-jurisdictional or cross-organisational analysis,

decision making and some types of operations. For example, adjoining jurisdictions
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may have a common interest in an environmental issue. A transit operator may serve a
region, rather than stopping at country boundaries (FGDC 1997). Moreover, sharing
geographic data of common interest enables countries to defray some of the costs of
producing and maintaining the data. But mechanisms to facilitate the use and exchange

of spatial data are a major justification for developing and expanding any type of SDI.

2.2.2 IMPORTANCE OF SPATIAL DATA/INFORMATION TO THE ECONOMY AND
SOCIETY

The importance of spatial data and information to the economy goes far beyond the
potential development of the industry itself. It has the potential to impact widely on
society, due to its ability to represent a host of important characteristics spatially and
thus provide support in areas as diverse as town planning, oil exploration and
environmental monitoring. Spatial information has long been used in the military field
as an aid to strategy and many existing structures for spatial data and information have
their roots in the military. However, spatial information can help governments to make
informed decisions in a wide range of other areas, from environmental protection to
crime prevention. In the private sector it can aid companies in their investment and
marketing decisions and help individuals to better understand the world in which they
live. Thus this tool can improve the ability of many societal actors to make informed
choices. The impact of this intangible aspect is difficult to measure. The economic
advantages of a company choosing the best location for their factory, or of the
emergency services more effectively controlling a forest fire, cannot always readily be

quantified. However, they can be considerable.

2.3 SPATIAL DATA INFRASTRUCTURE
2.3.1 SDI DEFINITIONS

Spatial Data Infrastructure (SDI) is an initiative intended to create an environment in
which all stakeholders can cooperate with each other and interact with technology, to
better achieve their objectives at different political/administrative levels. SDI initiatives
around the world have evolved in response to the need for cooperation between users
and producers of spatial data to nurture the means and environment for spatial data
sharing and development (McLaughlin and Nichols 1992, Coleman and McLaughlin
1998, Rajabifard et al. 1999, Rajabifard et al. 2000b). The ultimate objectives of these
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initiatives, as summarised by Masser (1998a), are to promote economic development, to

stimulate better government and to foster environmental sustainability.

SDI is fundamentally about facilitation and coordination of the exchange and sharing of
spatial data between stakeholders in the spatial data community. SDI constitutes
dynamic partnerships between inter- and intra-jurisdictional stakeholders. The principal
objective for developing SDI for any political and administrative level, as highlighted
by Rajabifard ez al. (1999), is to achieve better outcomes for the level through improved
economic, social and environmental decision—making. SDIs have become very
important in determining the way in which spatial data are used throughout an
organisation, a state or province, a nation, different regions and the world. In this
regard, as suggested in the SDI Cookbook, without a coherent and consistent SDI in
place, there are inefficiencies and lost opportunities in the use of geographic
information to solve problems (SDI Cookbook 2000). In principle, SDIs allow the
sharing of data, which is extremely useful, as it enables users to save resources, time
and effort when trying to acquire new datasets by avoiding duplication of expenses
associated with generation and maintenance of data and their integration with other
datasets. By reducing duplication and facilitating integration and development of new
and innovative business applications, SDIs can produce significant human and resource

savings and returns.

The design and implementation of an SDI is not only a matter of technology but also
one of designing institutions, the legislative and regulatory frameworks and acquiring
new types of skills. Balancing these elements to develop an SDI enables intra- and inter-
jurisdictional dynamics of spatial data sharing (Feeney & Williamson, 2000; Rajabifard
et al., 2001). Moreover, SDI development requires new relationships and partnerships
among different levels of government and between public and private sector entities to
be established. These partnerships allow and require organisations to assume
responsibilities that may differ to those of the past (Tosta 1997). With this arrangement,
an effective SDI allows all cooperating bodies to access accurate and consistent spatial
databases used to inform local and inter-jurisdictional decisions and to support

implementation of the resulting initiatives.
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An SDI has to ensure the jurisdictional consistency of content to meet user needs.
Within this framework, fundamental datasets can be collected and maintained through
partnerships (Jacoby et al. 2001). These datasets include all data necessary to
understand the jurisdiction, both spatially and aspatially. To maximise the benefits from
investment in data collection and maintenance from both a jurisdictional perspective
and that of the individual members, it is important that SDIs are focused and
coordinated. Ideally, an SDI should provide benefits for all member parties. In
particular the needs of cooperating members must be met with the additional provision
for other non-participating members to join. As the membership grows the data pool

widens to enable the realisation of further benefits and economies of scale.

Current progress of SDI initiatives shows that SDI is understood differently by
stakeholders from different disciplines or from multinational backgrounds. In this
regard, researchers and various national government agencies have attempted to capture

the nature of SDI in definitions produced in various contexts (Table 2.1).

Table 2.1: A sample of SDI definitions (Chan et. a/ 2001)
Source (reference) Definition of SDI

Australia New Zealand Land Information | A national spatial data infrastructure comprises four core

Council ( ANZLIC 1996) components - institutional framework, technical standards,
fundamental datasets, and clearing house networks

Global Spatial Data Infrastructure Global Spatial Data Infrastructure (GSDI) should generally

Conference 1997 ( GSDI 1997) encompass the policies, organizational remits, data, technologies,

standards, delivery mechanisms, and financial and human resources
necessary to ensure that those working at the global and regional
scale are not impeded in meeting their objectives

Thompson (1995) An NSDI is one which makes effective use of computer and
communications technologies for the efficient acquisition,
management, and dissemination of spatial data and information on a
national basis.

Dutch Council for Real Estate The National Geographic Information Infrastructure is a collection
Information (Ravi) (Masser 1998b) of policy, datasets, standards, technology (hardware, software and
electronic communications) and knowledge providing a user with the
geographic information needed to carry out a task

European Commission (European The European Geographic Information Infrastructure (EGII) is the
Commission 1995) European policy framework creating the necessary conditions for
achieving the objectives. It thus encompasses all policies,
regulations, incentives and structures set up by the EU Institutions
and the Member States.

Executive Order of US President National Spatial Data Infrastructure (NSDI) means the technology,
(Executive Order 1994) policies, standards, and human resources necessary to acquire,
process, store, distribute, and improve utilization of geospatial data
Federal Geographic Data Committee National SDI is an umbrella of policies, standards, and procedures
(FGDC 1997) under which organisations and technologies interact to foster more
efficient use, management, and production of geospatial data.
McLaughlin and Nichols (1992) The components of a spatial data infrastructure should include

sources of spatial data, databases and metadata, data networks,
technology (dealing with data collection, management and
representation), institutional arrangements, policies and standards
and end-users
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Hoffmann (1999) A “Spatial (data/information/knowledge/expertise) infrastructure”
should be more than a geographic information infrastructure. It is the
spatial integration component for an information society system,
which is the important interoperability element of a future
information society.

Queensland Spatial Information The Queensland Spatial Information Infrastructure comprises the

Infrastructure Council (Department of datasets, institutional arrangements, technical standards, products

Natural Resources 1999) and services required to meet the needs of government, industry and
the community

Victoria’s Geospatial Information The concept of a spatial data infrastructure is extended to include

Strategic Plan of the State Government of | more than just the data itself — it now encompasses all organisations
Victoria, Australia (Land Victoria 1999) and customers involved in the entire process, from data capture to
data access, including the geodetic framework

Victorian Geospatial Information Stategy | A spatial data infrastructure is conceptualised as a comprehensive
2000-2003 of the State Government of geospatial information resource—the infrastructure, the value and
Victoria, Australia (Land Victoria 1999) capability of which are driven into Victoria’s information systems
and processes—the benefit, through the strategic elements of
custody, metadata, access infrastructure, pricing, spatial accuracy
and awareness

Whilst these existing definitions provide a useful base for the understanding of different
aspects of SDI, or SDI at a snapshot in time, the variety of descriptions have resulted in
a fragmentation of the identities and nature of SDI, derived for the varied purposes of
promotion, funding and support. Lack of a more holistic representation and
understanding of SDI has limited the ability to adapt to its evolution in response to the

technical and user environment.

Existing definitions have been slow to incorporate the concept of an integrated, multi-
leveled SDI. Recent research (as will be explained in chapter 3) indicates that SDI is
multi-leveled in nature, formed from a hierarchy of inter-connected SDIs at corporate,
local, state/provincial, national, regional (multi-national) and global levels (Rajabifard
et al. 1999, 2000b). SDI development at a state level also suggests that an SDI is a
dynamic entity; its identity and functionality change and become more complex over
time (Chan and Williamson 1999b). Failing to acknowledge these characteristics of
SDI, the multi-dimensionality and dynamic mechanistic and functional roles of the SDI,
have rendered many descriptions of SDI inadequate to describe the complexity and the
dynamics of SDI as it develops and thus ultimately constrain SDI achieving

developmental potential in the future.

With this in mind, in order to understand an SDI, as suggested by Coleman and
McLaughlin (1998) a first approximation of its term can be achieved by defining its

components:
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McKee (1996) defined “geographic” data as those data describing phenomena directly

or indirectly associated with a location and time relative to the surface of the Earth.

Webster defines “data” as “factual information (as measurements or statistics) used as a
basis for reasoning, discussion, or calculation”. The word “infrastructure” is defined by

Webster, as “...the underlying foundation or framework of a system or organisation.”

The challenge is to come up with a definition which is not too restrictive and does not
artificially limit thinking. This is especially critical in an SDI for wider areas such as
national, regional and global, which reflect the convergence of telecommunications,
information services and information technology sectors, but yet is more than just the
physical facilities used to transmit, store, process and display voice, spatial data and

images.

In a broader context, Robert Pepper of the U.S. Federal Communications Commission
as cited by Coleman and McLaughlin (1998) expresses this challenge in the following
manner:
“When we talk about infrastructure, we tend to think about wires-
hardware. Infrastructure is far more than that. It is people, it is laws, it is
the education to be able to use systems. If you think about the highway
system, we tend to think about bridges and interstates, but the
infrastructure also includes the highway laws, drivers’ licenses, gas
stations, the people who cut the grass along the highways, and all of those
support systems. You cannot talk about infrastructure in the telecom-

information sector without also talking about the human support
systems.”’

Beyond these components, Kelley (1993) believes “infrastructure” shares the following

characteristics with data and information:

» It exists to support other economic or social activities, not as an end in itself;
* Itincurs a relatively high initial capital cost; and

» It has a relatively long life. So, it requires long term management and commitment
of funds.

In summary, an SDI is much more than data and goes far beyond surveying and
mapping. It provides an environment within which organisations and/or nations interact
with technologies to foster activities for using, managing and producing geographic

data. Moreover, with the rapid improvement in spatial data collection and
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communications technologies, SDIs have become very important in the way spatial data
are used throughout a company, a governmental agency, a state or province, nation,
throughout regions and even the world. They allow the sharing of data, which is
extremely useful, as it enables spatial data users and

producers to save their efforts when trying to acquire new = B
datasets. Importantly it must be users or business systems
which drive the development of SDIs. In turn the business
systems which rely on the infrastructure in turn become
infrastructure for successive business systems. Along this

line, Chan and Williamson (1999b) suggested that an SDI

does not exist as a single entity but as a hierarchy of '

. . . " Business
modules of infrastructure linked by business processes | processes

ammw Infrastructure

(Figure 2.1). As a result, a complex arrangement of gjgyre 2.1: Infrastructure and

business process modules

partnerships develop as the SDI develops. (Chan and Williamson 1999b)

2.3.2 SDI — THE NATURE, COMPONENTS AND GLOBAL DRIVERS

The design of any SDI requires an understanding of the nature of the concept, the
contributing components and the impact of global drivers. Apart from rapid advances in
information and communication technologies, the need to define the concept of SDI is
justified by drivers such as globalisation, sustainable development, economic reform,
political unrest and war, urbanisation, environmental awareness and human rights
(Williamson 2000). Moreover, it is the needs of the user community that drive SDI
development. These present significant influences on the changing spatial data
relationships within the context of SDI jurisdictions. Reliable information
infrastructures are needed to record environmental, social and economic rights,
restrictions and responsibilities as well as provide spatial data to facilitate appropriate
decision-making and support conflict resolution. These drivers in turn effect the
resulting spatial data industry environment and SDI vision, in particular partnership

concepts.

There has been a trend for countries to expand their efforts in developing SDIs through
partnerships. In the 1990s national SDI development took a broad-base approach to
encourage cooperation among stakeholders to pool data assets. Based on this approach,

an ideal SDI should have all datasets in the corporate SDI fully integrated. Constrained
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by existing technical and institutional arrangements, SDI developing agencies have
focused on promoting adoption of common standards, as well as fast-tracking
integration among certain strategic datasets through partnership arrangements (ANZLIC
1996, Jacoby et al. 2001). Partnerships are formed to create business consortia to
develop specific data products or services for strategic users, by adopting a focussed

approach to SDI development.

Coleman and McLaughlin (1998) identify four different perspectives of SDI, which
provide an insight to the spatial data environment. These perspectives were developed
to represent the varied directions of SDI initiatives, as shaped by the participant
stakeholders, namely, spatial data supplier, technology supplier, spatial data and
technology users and the collection of all three. Coleman and McLaughlin (1998) also
point out that these groups interact widely with one another, suggesting that the SDI

environment be made up of these interacting stakeholder groups.

In a similar line, the author together with his colleagues suggested a system of
classification to organise the many definitions and various aspects of the nature of SDI
in which to better understand the multi-dimensional nature of SDIs. The definition
classification system groups the definitions of SDIs into four perspectives:
identificational, technological, organisational and productional perspectives (Chan et al.
2001). Based on this classification, Chan et al. (2001) argued that the definitions fall
within the first three perspectives with the organisational perspective being the most
popular approach adopted by government, regional and global SDI developing agencies.
However, it is the fourth perspective, the productional perspective of SDI, that is

potentially most useful in facilitating SDI development and diffusion Chan ef al. (2001).

As was summarised in Table 2.1, different views of SDI can also be derived from
different countries’ approach to the understanding and development of SDIs. The
Federal Geographic Data Committee (FGDC 1997), defines the United States’ National
SDI as an umbrella of policies, standards and procedures under which organisations and
technologies interact to foster more efficient use, management and production of
geospatial data. It further explains that SDIs consist of organisations and individuals
that generate or use geospatial data and the technologies that facilitate use and transfer

of geospatial data. The Australian and New Zealand Land Information Council
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(ANZLIC 1998) define a national SDI as comprising four core components: an
institutional framework, technical standards, fundamental datasets and clearinghouse
networks. The institutional framework defines the policy and administrative
arrangements for building, maintaining, accessing and applying the standards and
datasets. The technical standards define the technical characteristics of the fundamental
datasets. The fundamental datasets are produced within the institutional framework and
fully comply with the technical standards. The clearinghouse network is the means by
which the fundamental datasets are made accessible to the community, in accordance
with policy determined within the institutional framework and to agreed technical

standards.

According to the Canadian Geospatial Data Infrastructure (CGDI) vision, the CGDI
initiative aims to facilitate the sharing of geographic databases, provide mechanisms
which transcend the copyright and licensing restrictions, permits data exchange among
agencies, and includes funding mechanisms and defines the databases (Turnbull and
Loukes 1997). This initiative has five inter-related technical components, namely data
access, geospatial framework, standards, partnerships and supportive policy

environment (Labonte ef al. 1998).

After reviewing the varied histories and values underlying the vision of SDIs, including
those cited, Coleman and McLaughlin (1998) defined the Global SDI as encompassing
‘the policies, technologies, standards and human resources necessary for the effective
collection, management, access, delivery and utilisation of geospatial data in a global
community’. The principal objective of developing an SDI is to provide a proper
environment in which all stakeholders, both users and producers, of spatial information
can cooperate with each other in a cost-efficient and cost-effective way to better achieve
their targets. In this context, Coleman and McLaughlin regard the ANZLIC definition of
SDI as data-centric, not taking into consideration the interactions between the suppliers
and users of spatial data which is a key driving force in SDI development. Based on
these selected samples of definitions of an SDI, it is suggested that an SDI comprises
not only the four basic components identified for the Australian SDI, but also an
important additional component, namely, people. This component includes the spatial

data users and suppliers and any value-adding agents in between, who interact to drive
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the development of the SDI. For this reason, the formation of cross-jurisdictional

partnerships have been the foundation of SDI initiatives supported to date.

People are the key to transaction processing and decision-making. All decisions require
data and as data becomes more volatile human issues of data sharing, security, accuracy
and access forge the need for more defined relationships between people and data. The
rights, restrictions and responsibilities influencing the relationship of people to data
become increasingly complex, through compelling and often competing issues of social,
environmental and economic management. Facilitating the role of people and data in
governance that appropriately supports decision-making and sustainable development

objectives is central to the concept of SDI.

Viewing the core components of SDI, different categories can be formed based on the
different nature of their interactions within the SDI framework. Considering the
important and fundamental intraction between people and data as one category, the
second can be considered the access network, policy and standards — the main
technological components. The nature of both categories is very dynamic due to the
change of communities (people) and their needs, which in return require different sets of
data, and due to the rapidity with which technology develops, so the need for mediation

of rights, restrictions and Dynamic

responsibilities between people 1

and data may change (Figure 2.2).

Access Network

This suggests an integrated SDI

. boli
cannot be composed of spatial People olicy Data

Standards

data, value-added services and

end-users alone, but instead Figure 2.2: Nature and relations between SDI components

involves other important issues

regarding interoperability, policies and networks. This in turn reflects the dynamic
nature of the whole SDI concept. This is an issue which is also highlighted by Groot and
McLaughlin (2000). According to Figure 2.2, anyone (data users through producers)
wishing to access datasets must utilise the technological components. The influence of
the level of SDI and the focus for the technical components have an important influence

on the approach taken for aligning components towards the development of SDIs.
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2.3.3 OBJECTIVES IN DEVELOPING AN SDI

The principal objective in developing SDI for any political/administrative level is to
achieve better outcomes for the specific level through improved economic, social and
environmental decision—making. Also, promoting widespread use of the available
fundamental spatial datasets, which is essential if the full potential of GIS technology is
to be realised in supporting decision-making processes. Recognising that the cost,
quality and longevity of spatial data are critical in the application of the technology,
there are a number of other objectives that should be considered when developing an

SDI:

* Produce standardised fundamental spatial datasets;
* Avoid unnecessary duplication of cost in developing and maintaining those data;
* Facilitate access to and application of those data;

* Enable integration of other application specific data by all users (value adding).
2.3.4 CURRENT SDI INITIATIVES

Many organisations and agencies within or between different countries can participate
in development and implementation of an SDI. Although different organisations have
characteristic data use patterns, all organisations need different resolutions of data at

different times, particularly when they are working together.

Local governments typically create and use a great deal of detailed information covering
small areas that fall within their jurisdictional boundaries. They need the framework
datasets of the respective countries as a base for their applications and they frequently
integrate such data when they build GIS. Local governments may use data at smaller

scales over wider areas, when they are working on regional issues.

State governments are characterised by the use of less detailed data covering large
regions and pertaining to a particular layer. State agencies may need higher resolution

data for a specific region in some projects, such as state owned lands and facilities.

At the national level, government agencies are also characterised by use of lower
resolution data, frequently producing and using data that have a low level of detail and
cover broad areas. They also tend to produce and use individual data themes related to

their operations. But national agencies often need and produce higher resolution data,
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particularly in managing national owned lands or facilities, or working on specific
projects. Depending on the organisation’s activities, data use may range from higher
resolution data over small areas, as in facility management, to low resolution data over

wide areas, as in state or national environmental studies.

At the regional and the global levels, nations are interested to cooperate with each other
in different fields, such as business and economic development, global mapping,
environmental management and social purposes, as well as other issues which need
lower resolution data. In these levels, there are many issues, such as atmospheric
pollution, global warming and water catchment management, which do not know
national boundaries and transcend the national interest. These issues require spatial
information at the regional and global level. To make decisions on global issues
requires spatial information appropriate for these purposes. This information must be

shared and integrated across national boundaries.

As a result of developing SDIs at different political and administrative levels as
discussed above, a model of SDI hierarchy that includes SDIs developed at different
political-administrative levels is developed and introduced (Rajabifard, et al. 1999,
2000b, 2001). An SDI hierarchy is made up of inter-connected SDIs at corporate, local,
state/provincial, national, regional (multi-national) and global levels. The next chapter

discusses this SDI hierarchy in detail.

The following sections discuss in more detail and provide more information on each of

the level above a State level, as they are more relevant to this research.

a) National Level

With increasing frequency, countries throughout the world are developing SDI to better
manage and utilise their spatial datasets. A number of publications document the
various aspects of the development of national SDIs in recent years (Masser 1998a,
Onsrud 1998). These countries are finding it also necessary to cooperate with other
countries to develop regional and global (multinational) SDIs to assist in decision-
making that has an important impact across national boundaries. With this background,
a global survey on the status of SDI activities around the world, has been conducted by
Onsrud (1998) and is updated every year on behalf of the Global Spatial Data
Infrastructure (GSDI) Steering Committee (Onsrud 2000, Clarke 2000). This survey
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provides baseline information on the nature and characteristics of the national and

regional SDI's that are currently being developed.

Masser (1998a) and Onsrud (1998) have identified some of the countries that have
begun work on SDIs at this level. Some of these countries are Australia, Canada, China,
Colombia, Denmark, Finland, France, Germany, Hungary, Italy, Indonesia, Japan,
Malaysia, Netherlands, Portugal, Spain, Switzerland, UK and USA, but there are
claimed to be National SDI under development in about 40 countries (Rhind 2001). The
number of current National SDI initiatives is more than this figure by considering that
the National SDI initiatives in the Asia and Pacific region are not fully included in the
above mentioned list but were reported by the PCGIAP-Taskforce Group at the 6™
PCGIAP meeting held in Malaysia 2000 (PCGIAP 2000). Additionally there are a
number of National SDI initiatives under way amongst the Latin American countries
(Borrero 2000). The existence of these National SDI initiatives were also confirmed by
Onsrud (2000) during his keynote presentation at the 4™ GSDI Conference in Cape
Town, 2000.

Some National SDI initiatives have little to show other than good intentions, while
others have already built up a considerable amount of experience in formulating and
implementing national SDIs. In some countries, such as Australia, Canada and the
United States, there is a growing body of published materials describing different
aspects of developing and implementing SDI, including future strategic plans.
Moreover, SDI activities in these countries have focussed on encouraging

communication and partnerships among the diverse collectors and users of spatial data.

Recognising that the objective of this research is the diffusion of a Regional SDI which
is an initiative at a multi-national level, this chapter summarises those jurisdictional
levels which are more related to the objective of the thesis. However, it should be noted
that there are other jurisdictional levels within a nation (such as state and local level)
which might also be active in developing SDI initiatives for their respective
jurisdictional levels. These occur more when the political structure of a nation is a
federated system like Australia and the USA. In these countries the development of a

National SDI is mainly a matter of integration of State and Local SDIs. To this end, the
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following sections will review the SDI development in these two countries in which to

better realise the concept of a National SDI.
i) Australia

Australia has a relatively advanced geographical information system infrastructure with
well-developed policies, data and technology (Nairn and Holland 2001). Over recent
years this infrastructure has been defined as the Australian Spatial Data Infrastructure
(ASDI) which conforms to a large degree to other National Geo-spatial Data
Infrastructures (NGDI). The Australia New Zealand Land Information Council
(ANZLIC) released its discussion paper on the ASDI in 1996. Since then, there has
been considerable discussion of the nature of the ASDI and how it should be
implemented. There has also been a substantial amount of work done to implement

various components of the ASDI.

Australia’s federal system of government places a large responsibility for land
management issues on state levels of government. Local government, the third tier of
government in Australia, also has some responsibility in this area, especially in relation
to planning of land use and provision of local services. The federal government is a
large producer and user of geographic information for national applications. It plays a
leading role in the coordination of the national activities of the various governments
through established coordinating bodies such as ANZLIC. There are also a number of
national projects undertaken by the federal government that rely on being able to access,
integrate and analyse data from numerous custodians at the federal, state and local

government levels.

The underlying philosophy to this approach is that fundamental geographic information
is a national resource that must be managed in the national interest. The division of
responsibilities between the three levels of government in Australia - federal, state and
local - makes it important to coordinate geographic information activities to avoid
duplication and to facilitate sharing of data across the jurisdictions. The peak
coordinating council for geographic information in Australia is ANZLIC, which has
representatives from all levels of government. Industry is also represented through a

standing committee on industry development.
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The level of autonomy of state and territory governments in Australia can sometimes
cause difficulties at arriving at consistent national approaches to issues, however this
autonomy has resulted in effective land management infrastructures in each jurisdiction.
It is in effect a distributed, as opposed to a centralised, model. Also the relatively small
number of state level governments (six states and two territory governments) makes co-

ordination achievable in Australia.

The model for the ASDI is in essence a combination of the jurisdictional level spatial
data infrastructures whereby the ASDI provides the “glue” to enable these jurisdictional
geo-spatial data infrastructures to inter-operate. In this regard it should be noted that
there are many ongoing State and Local SDI initiatives in Australia that can be
addressed. For example at the State level one can reference the Victorian SDI (Jacoby et
al. 2001) and Tasmanian SDI (Twin 2001) or to Local SDI efforts such as in Geelong
(Whitworth 2001). However, the national challenge is to ensure standards are developed
and applied at both the technical and policy levels so that national datasets can be
derived from jurisdictional data. There will, however, always remain reasons for federal
agencies to produce nationally consistent datasets where it is not feasible to simply “sew

together” data available from states and territories.

The federal government coordinates its geographic information activities through the
Commonwealth Spatial Data Committee (CSDC). This committee consists of the major
federal government spatial data users and producers and the chairman of CSDC
represents the federal government on ANZLIC. The CSDC has developed a list of
framework datasets that are considered important for national applications. Framework
datasets are those fundamental datasets that provide essential base information for
multiple national requirements. They are the priority subset of fundamental datasets and
provide the foundation on which organisations can create other datasets by overlaying

their own thematic detail.

The CSDC has also embraced a process of “compliance auditing” of fundamental
geographic information. This process is aimed at ensuring that fundamental geographic
information meets a number of agreed compliance criteria that have been agreed by
federal government. These criteria are given below. The data are nationally consistent

and nationally significant. A small geographic coverage could still be nationally
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significant. Moreover, a sponsor has been identified for the data which complies with
ANZLIC guidelines. Data custodians have been identified. For each ASDI data layer,
there may be many data custodians. Custodians comply with ANZLIC custodianship
guidelines. Regarding the access arrangement, data are available “off the shelf” -
accessible and readily available. Conditions of use are documented and

pricing/licensing arrangements are available.

A study undertaken by Price Waterhouse in 1995 of the economic benefits arising from
investment in spatial data infrastructure revealed that for every dollar invested in
producing spatial data, $4 of benefit was generated in the economy. In 1989 — 1994
these benefits were in the order of $4.5 billion distributed across the broad spectrum of
economic activities. An ANZLIC discussion paper on industry development in Australia
has recently been released. This paper defines the spatial information industry as that
section of the economy engaged directly or indirectly in supplying spatial attribute
information of all types. Currently, the public sector dominates the supply and demand
aspects of this marketplace and accounts for a majority of expenditure in products,
services and data. The commercial industry consists of the participants in the various

product supply chains that are formed in servicing this spatial information marketplace.

The paper also suggests that the spatial information industry appears to be emerging
from a developmental phase and moving towards exploitation. Additionally some
significant spatial databases are being developed in the private sector particularly in the

remote sensing area. Some key indicators of the shift in industry dynamics are:

* Supply side participants beginning to reach the end of long standing data acquisition
programs;

e Maturation and commercialisation of spatial information technology, in both
hardware and software areas;

* Convergence of spatial and main stream information management technologies;
and, perhaps more importantly

* Realisation of business benefits in traditional spatial information areas (land titles,
natural resources, etc) has led to consideration and growing acceptance of low
margin, high volume spatial information licensing, in direct contrast to the

conventional very high margin/very low volume model.
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The Federal Department of Industry Science and Resources has recognised the Spatial
Information Industry as an industry with growth potential that is important in an
information based economy. An Action Agenda has been established which will
provide a mechanism for the Government and industry to work together to overcome
barriers to growth and to ensure a whole-of government approach to the development of
the industry. It will enable the industry to build on its existing strengths, generate new
domestic and export marketing opportunities, enhance the development of Australia as a
regional centre of excellence and encourage the creation of new technologies and
products. The Action Agenda will also promote the capabilities of the industry,
facilitate access to infrastructure, streamline technology diffusion between public
institutions and the private sector, and encourage clustering to ensure effective

competition for global market opportunities.

The increasing recognition of the importance of GIS data by government and industry is
driving the development of a national GIS infrastructure known in Australia as the
ASDI. The focus has changed recent times from discussion on the theory and

organisation of the ASDI to implementation of its components.

Due to the division of responsibility between the various levels of government in
Australia co-ordination activities are important. The NGDI is in effect a combination of

the infrastructures of the various jurisdictions involved.

The development of more consistent policies for access and pricing of geographic
information remains a challenge for government but is seen as one of the most
important issues to be resolved. The development of a more competitive and capable
GIS industry depends, to a significant degree, on improved access to GIS data held by

government agencies.

Progress has been made in the implementation of a national spatial data directory and
the implementation of a number of national on line atlases. Additional work is being
undertaken in trialing technology and standards to enable better sharing of data.
Increased interoperability across federal and state government agencies is viewed as an

important future development.
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Standards are being developed through national committees that will provide a higher
degree of national consistency with geographic information, based on the outcomes of

ISO TC/211.

The identification and auditing of framework datasets will continue to deliver more
reliable data. The development of datasets comprised from data sourced from all
jurisdictions in Australia is also providing better GIS data. This data availability is
stimulating the GIS industry. Finally, the government has recognised the potential of the
GIS industry and is actively encouraging its development through the identification and

removal of obstacles to growth.

Australia has started a transition from product to more process-oriented SDI
development to address some of the development challenges which occur, particularly
at a National level, under the influence of a federated political system. Australia, whilst
predominantly displaying product-based approaches to SDI development (also noted by
McLaughlin and Coleman 1998) has recently recognised the value in taking a
facilitation role for SDI development rather than that of implementation of a specific
data product by itself. Based on the initial aims for Australian SDI development
(ANZLIC 1996) the difficulties of coordinating many individual efforts toward SDI
development, including the various stages achieved by Australian states, and awareness
of the value and vision of SDI development have made the objective of alignment

difficult to achieve.

More recent efforts toward ANZLIC pursuing a role of coordination have resulted in
ANZLIC delegating the task of integrating and sharing different jurisdictional datasets
to the Public Sector Mapping Agency (PSMA) in cooperation with the private sector.
This is emphasised by the reported vision of the PSMA as “ the coordination, assembly
and delivery of...national datasets from fundamental databases held by member

agencies” (PSMA 2000).

PSMA originated with formation of a government consortium in 1993 to create an
integrated national digital base-map for the National Census. Following success of their
base map in the 1996 Census, they made it available for commercial users. Currently
thousands of users in business, government, academia and recreational activities rely on

their database for their solutions, as reported by PSMA (2000). As a governmental-
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owned company, they function as a clearinghouse within the ANZLIC model for
Australian SDI. They investigate the feasibility, facilitate the creation of and coordinate
access to national spatial datasets for government and community users. In summary,
PSMA plays an important role as champion and coordinating body for the development

of initiatives progressing objectives of SDI developments in Australia.
ii) USA

In the United States of America, discussion about the National SDI initiative started in
the late 1980 primarily in the academic community (Tosta 1999) and progressed
especially rapidly after the Executive Order from the President’s Office was issued in
1994 (Executive Order 1994). The Federal Geographic Data Committee (FGDC) was
formed in 1990 by the Office of Management and Budget to help coordinate federal
geospatial data activities (OMB 1990 as cited by Tosta 1999).

By late 1992, the FGDC had evolved into a series of subcommittees and working
groups to accomplish the development and coordination of standards, best practices and
related programs (Reichardt and Moeller 2000). In early 1993, a major study released
by the National Research Council solidified the concept of the National Spatial Data
Infrastructure. That document, combined with the strong interest in federal government
reform by the Vice President’s National Partnership for Reinventing Government,
resulted in the endorsement of formal action to establish a national spatial data
infrastructure. This endorsement ultimately led to the issuance of a Presidential

Executive Order 12906 in April 1994. The Executive Order called for:

a. The establishment of a National Spatial Data Infrastructure as a key component
of the National Information Infrastructure;

b. The development and use of a National Geospatial Data Clearinghouse.

c. Use of a national distributed framework of data for registering and referencing
other themes of geospatial data.

d. FGDC-endorsed standards for data content, classification and management for

use by Federal and available to all other geospatial data producers and users.

This Executive Order established the basis for more aggressive federal efforts to

advance the NSDI toward full implementation in partnership with state, local and tribal
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governments, academia and the private sector where allowed by law (Reichardt and

Moeller 2000).

The FGDC described the US National SDI as an umbrella of policies, standards and
procedures under which organisations and technologies interact to foster more efficient
use, management; and production of geospatial data (FGDC 1997). The main initiatives
promoted by the FGDC included data and metadata standardisation, geospatial data
clearinghouses and framework data initiatives. For Federal agencies the initiatives
carried mandated components and participation. For all other communities —
government agencies at state and local level, private sector organisations and academic
institutions — the involvement was based on voluntary partnerships and contributions
(Budic et al. 2001). Funding has been provided on continuous basis for test-beds and
demonstration projects at all levels and for all potential groups of geospatial data users
and producers. Since 1994, over 270 grants have been awarded to communities across
the country to help establish metadata, clearinghouses and other National SDI practices
(Reichardt and Moeller 2000). This grant program has been a catalyst in creating

community incentives to implement NSDI standards and practices.

With this in mind, current progress on National SDI development in the USA shows
that, following almost a decade of genuine effort and leadership, the development of the
US National SDI is still challenged by implementation difficulties (Tosta 1999,
Reichardt and Moeller 2000, Budic et al. 2001, Rajabifard et al. 2001). With quite a
limited mandate and limited means to persuade different states, counties and local
governments to fully align themselves with the intentions of the FGDC initiatives and
with varying technological capacity and technological developments among the 50

states, achieving the National SDI vision is still a way ahead.

The difficulties faced in the US National SDI initiative can be analysed from different
angles. Firstly, the USA is a nation of federated states where each state has its own
political and administrative power. One of the challenges in the US is that it is the
county and local governments, as well as some utilities, that have been chiefly
responsible for the creation and maintenance of land information in the US, and there
are thousands of such units across the country. Secondly, the effects of the advancement

of technologies on the evolution of the SDI concept has placed increased need for
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awareness of the role of technology in SDI development. Thirdly, the organisational
position of the FGDC, as the coordinating committee, is problematic. The FGDC is
currently under the jurisdiction of the United States Geological Survey organisation
(USGS) which is itself a provider of very specific datasets for the USA. This USGS
organisational structure contradicts the need for independent coordination of the varied

data-providing agencies required within the scope of a National SDI for the USA.

As a result of some of the difficulties discussed, in 1999 the FGDC started to promote a
new GeoData Organisational initiative aimed at creating a self-governing entity to
distribute authority and responsibility among a growing network of organisations with
an interest in the creation, distribution and use of geospatial data. Based on staff support
from FGDC and the experiences of Dee Hock, who helped create VISA USA and Visa

International, a new organisation called GeoData Alliance was established (Divis 2000).

The GeoData Alliance (GDA) is a new, innovative, nonprofit organisation open to all
individuals and institutions committed to using geographic information to improve the
health of communities, economies and the Earth (GDA 2001). The purpose of this
organisation is to foster trusted and inclusive processes to enable the creation, effective
and equitable flow and beneficial use of geographic information. Together with the
purpose, the eighteen principles constitute the fundamental body of belief that will bind
the GDA and its members together. The design of the GDA is chaordic. Chaordic
organisations are a relatively new idea as reported by Divis (2000). A successful
example of these organisations is able to combine chaos and order such that the group is
largely self-creating and self-directing with no need for a huge bureaucracy to keep

members in line.

This new strategy in the USA appears to show that the FGDC is moving from a
product-based to a more process-based approach to SDI development in order to

neutralise difficulties arising from existing approaches.

b) Regional Level

At the regional level, there are three ongoing SDI initiatives in the Asia-Pacific, Europe
and the Latin American regions. These three Regional SDI initiatives are the Asia-
Pacific SDI (APSDI), the European Geographic Information Infrastructure (EGII) and

Spatial Data Infrastructure in Americas which are coordinated by the Permanent
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Committee on GIS Infrastructure for Asia and the Pacific (PCGIAP), the European
Umbrella Organisation for Geographic Information (EUROGI), and the Permanent
Committee on Spatial Data Infrastructure for the Americas (PC IDEA) respectively.

The potential benefits of developing any type of SDI, promised and documented by
these organisations (PCGIAP 1998b, GI2000 1995, EUROGI 1999) and different
researchers (Coleman and McLaughlin 1998, Chan and Williamson 1999b, Rajabifard,
et al. 1999) along with support from international communities is facilitating the
African region to establish similar organisations to develop the same initiatives for its
region (Bassolet 2000). Each of these Regional SDI initiatives is now fully operational
with a stated vision, agenda and working groups. A summary of each current Regional
SDI initiative is presented below except for the initiative in Asia and the Pacific region

which will be discussed in more detail in chapter 4 as part of the case study.
i) European SDI

As was mentioned in chapter 1, with support from the European Union IMPACT
program, the EUROGI, which is an independently funded European organisation, it was
founded in 1994 as a result of a study undertaken by the European Commission to
develop a European approach towards the use of geographic technologies. The mission
of this organisation is to maximise the use of GI for the benefit of citizens, good
governance and commerce. EUROGI promotes, stimulates, encourages and supports the
development and use of geographic information and technology and acts as the voice

for the European GI community (EUROGI 2000b).

But parallel to that, the EC initiated a consultative process at the end of 1994 to confront
spatial data issues at a pan-European level. The EC's goal was to set up a framework
within which a regional European Geographic Information Infrastructure (EGII) could
be defined and established across all EU member states. Wide consultation was held
throughout 1995 and 1996 and a draft Communication document, "GI2000: Towards a

European Policy Framework for GI", was produced and further debated during 1997.

GI2000, as reported by Longhorn (2000), was partially a European response to the April
1994, US Presidential Executive Order creating the US National Spatial Data
Infrastructure (NSDI) initiative. By September, 1994, French, Spanish, German and
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(later) Dutch ministers sent letters urging stronger action in the area of geographic
information, plus support for EUROGI, to improve the GI market place in Europe. In
response, the Information Market Directorate, of what is now the Information Society
Directorate General (DG), in Luxembourg, prepared a draft discussion document and
convened a large consultative meeting in April 1995. The EC then formed a group of
experts to help draft the intended communication, populated by key figures from a
cross-section of the European GI community, although heavily weighted towards
representatives of national mapping agencies. There were no direct representatives on
this group from the remote sensing community, nor major GI user groups such as

transport, agriculture, environment, health, etc.

The main recommendations for action were the identification, collection and wide
dissemination of pan-European base data (topographic); strengthening the emerging
national and pan-European metadata services and directories; removing such barriers to
wider access to GI, as were identified during the consultation process, encouraging
market growth for spatial data and the application of standards and interoperability

specifications.

These issues were explored in a series of further expert and consultative meetings and
numerous conferences, with many stakeholders from across the GI community
participating. The main recommendation of the EC was to create a High Level Working
Party (HLWP), (GI2000 1996). Apparently, based on the decisions made later, this
objective was not considered sufficiently significant by the EC hierarchy to allocate the
substantial internal resources required of the Commission to continue with adoption of a
formal Communication. Hence, the document was sidetracked from about March 1999

until further work was suspended in October 1999 (Longhorn 2000).

GI2000 presented the status regarding European GI as one sector of a much wider
information market, citing European strengths, weaknesses, barriers to greater uptake
and use of GI and the potential for increased market growth if such barriers could be
removed. As preparation of GI2000 progressed, it became obvious that agreement was
not yet widespread within the EC hierarchy itself, that there were key issues needing
action, which should then be communicated to the other EU Institutions. The GI2000

HLWP, comprising members from a broad spectrum of the GI community, under the
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chairmanship of a senior EC official, would have assessed the issues, recommended
ways forward and examined the means to implement the recommendations, including

any financial budgets needed.

By the end of 1999, no further action was being taken on GI2000 as a draft
Communication until further investigation was completed within the EC internally
(Longhorn 2000). After five years of preparatory work, it seemed that the senior EC
hierarchy was still not convinced that GI was sufficiently important to warrant separate
action at an EU regional level, especially if this might require the expenditure of
significant resources in both human and monetary terms. In order to overcome this
situation, EUROGI feel that positive actions are needed to fill the current void that exist
in GI strategy at the European level. With this in mind EUROGTI set out a framework for
such a strategy and developed a consultation document called “Towards a strategy for
geographic information in Europe” and outlined a number of actions that can be taken to
bring it into being. This European-GI strategy encompasses GI policy, GI
infrastructures, awareness raising, promoting greater usage and capacity building as
well as the more limited set of activities such as metadata, clearinghouse, a core

(reference) data strategy, and the promotion of standards (EUROGI 2000a).

Parallel to the above mentioned efforts in Europe, the Multipurpose European Ground
Related Information Network (MEGRIN), in conjunction with Comité Européen
Responsables de la Cartographie Officielle (CERCO), is working specifically on the
creation of the European spatial databases and seems to have influenced the approaches
to SDI development pursued by other European countries. The current organisational
changes between agencies working on the creation of the European datasets, including
MEGRIN and the CERCO (forming one entity called EuroGeographics), have been to
make it increasingly easier for member nations to create and share European datasets.
The main aim of these two organisations to form one entity was to improve efficiency
and to enjoy the potential synergy of bringing the two organisations together under a
single management, the decision to combine was taken by the joint General Assemblies
in the autumn of 2000 (Leonard and Luzet 2001). EuroGeographics is an independent
initiative on the part of the European national mapping agencies which came into being

from the beginning of 2001. EuroGeographics is managed by a Board of seven that
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comprises four Members elected by their peers during the annual General Assembly and

three others appointed by principal contributors — Germany, France and Great Britain.

The activities of the EuroGeographics are financed by each member paying a share of
the total budgeted cost of the annual program of work. The current number of members
of this organisation is close to 40 national mapping agencies from 40 countries as
reported by Leonard and Luzet (2001), and its mission is to contribute towards the
creation of an EGII. They recognised that the achievement of their mission will involve
a number of issues — organisational, attitudinal, technological and political. By working
with EUROGI and by direct liaison with politicians and officials of the EC, they are
attempting to persuade them of the need both for centralised policies and for financial

support for the creation of EGII.
ii) Regional SDI in Americas (PC IDEA)

In 1997, during the 6" UN Cartographic Conference for the Americas (UNRCC-A), the
delegates noting and recognising the rapid global emergence of national and regional
spatial data infrastructures and their contribution to maximise the benefits of geographic
information for sustainable development, recommended the establishment of a
Permanent Committee on SDI/GIS Infrastructure in the Americas “within one year” and
reporting for consideration to the following UNRCC-A meetings (Resolution 3, 6"
UNRCC for Americas 1997).

In February 1998, taking advantage of the UN Working Group meeting held in
Aguascalientes, Mexico the delegates representing member states from the Americas
established the Committee, in an ad-hoc manner, with Colombia elected as pro-tempore
chair until full formalisation of the committee was achieved within the following year
(Borrero 2001). With this in mind, promoters of the committee started then by
convincing Latin-American state members about the need for harmonic spatial data
infrastructure at all levels and its contribution to economic, social and environmental
sustainable development. These people believed that many factors contributed to the
change required including awareness about the direct relation between information,
economic growth and development; impact of regional and global initiatives like GSDI
and Global Map project; and increased appetite for spatial data to support project

formulation and decision-making.
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Facing this new situation in the Americas, 21 nations decided to formally establish their
own regional permanent committee on SDI/GIS, called PC IDEA in 2000. This was the
main result of an international seminar on SDI, organised in Bogota, Colombia as
reported by Borrero (2001). In that seminar, the provisional statutes were adopted and
three working groups for legal and economic affairs, communications and awareness
and technical aspects were initially organised. The technical working group operates
through five subgroups namely information policy, fundamental data, clearinghouses,

standards and cadastre.

The PC IDEA was built on the experience observed in other regions, in particular, that
of Asia-Pacific as reported by Borrero (2001). He summarised the vision of the PC
IDEA, as “the end of spatial information isolation in the Americas”. Based on this

vision, the Americas now trying hard as stated by Borrero (2001) to:

* Increase production of spatial data, impacting R &D and sustainable development;

* Migrate from local data to national SDI, leading to regional spatial datasets;

* Locate geoinformation as one strategic sector for development, by convincing
decision-makers of the need to maximise benefits derived from geographic
information,;

* Increase knowledge capabilities for all in the American hemisphere community, by
incrementing access to data and information; and

* Contribute to the development of GSDI and Global Mapping capabilities.

iii) African SDI Activities

As was mentioned earlier, due to the potential benefits of developing any type of SDIs,
promised and documented by different organisations and researchers and with support
from international communities, the African region is also starting to establish similar

organisations to develop the same initiative for its respective regions (Bassolet 2000).

In November 1999, the Interim Task Team for SDI in Africa initiated a survey on SDI
programs or projects with an SDI-building component in Africa, in order to inform of
possible options for creating structures to foster and harmonise SDI initiatives across
the continent (NSIF 2000). The questionnaire was disseminated through UN/ECA as
well as informal networks. Based on the results of this questionnaire, current spatial

data activities in African countries including spatial data projects and programs tend to
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involve a conscious development of different components of the African SDI initiative
while not necessarily labelled as such. Further, they identified different spatial data
users and producers as well as leading coordination agencies in geographic information

related activities for a particular region or sector.

However, the spatial data management community, especially the surveying and
mapping community in Africa believe that while there are several initiatives in Africa
that can be regarded as rudiments of a holistic SDI, many of these initiatives have not
really been conceptualised as SDIs as described above (Ezigbalike et al. 2000). They
believe different African countries have focussed on different fragments of SDI.
Therefore the level of development or introduction of these components varies from

country to country.

In this line, as reported by Ezigbalike et al. (2000), most African governments recognise
the need to manage their land as a resource or to optimise land use. They also recognise
the importance of having relevant spatial data in order to achieve this objective.
However, government departments are the major sources of spatial data. The spatial
data management community addressed two main reasons for this. First, the
undeveloped nature of the geo-information industry in particular and the information
economy in general. Second, laws and administrative regulations that give exclusive
mandates to government departments, even when they lack the capacity to satisfy the
needs of the expanding user community. They believe government departments are not
usually very responsive to the needs of the private users. The onus is on the user to
adapt to the available data, rather than on the data producers to develop new products in

response to the needs of the users.

Even within the government departments they believe data management is still a
fragmented process with little cooperation between different agencies, and the flow of
information between government ministries and departments is poor (Ezigbalike et al.
2000). This is mainly because many countries are still living in the ‘mapping era’ with
emphasis on map management. However there seems to be tentative steps towards
establishing appropriate spatial data management organisations in African countries and

developing relevant indicators.
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In regards to policies and standards, the reality in African countries is that these issues
have not yet been addressed formally, or where they have been addressed, they are not
usually adhered to, as reported by the spatial data management community. The value
of information has not yet been realised and it will not be if policies and standards are
not in place. With this background, members of the spatial data management
community, especially the surveying and mapping community in Africa, recommended
some immediate actions to overcome the shortcomings in their preparedness. They
believe the shortcomings in their preparation can be regrouped into external factors
outside their control and internal inadequacies, completely within their control. One of
their recommendations for preparation for SDI is to emphasise more on the internal
component. They believe this will ensure that when the external components are in

place, they can start implementing the SDI proper.

¢) Global Level

At the global level, as was mentioned in chapter 1, there is an ongoing initiative known
as the GSDI. The concept of GSDI started to be formulated at the first conference of
GSDI held in September 1996. This was taken a step further at the conference in North
Carolina in November 1997 where specific questions were asked as to what GSDI was

and what was the way forward (Clarke 2000).

Within the GSDI initiative, regional organisations such as EUROGI and the PCGIAP
are playing an important role. This initiative is broadly defined as the policies,
organisational remits, data, technologies, standards, delivery mechanisms, and financial
and human resources necessary to ensure that those working at the global and regional
scale are not impeded in meeting their objectives (Clarke 2000). More succinctly it
means ready access to geo-spatial data at the global level (Holland 2001). In this sense a
GSDI is a super-set of regional and National SDIs. The organisational model, policy
and framework as well as setting different working groups for designing and conducting
research on the components of GSDI were formed in the more directed conference held

in Canberra in November 1998 (GSDI 1998).

The GSDI is being advanced through the leadership of many nations and organisations
represented by a GSDI Steering Committee. This multi-national Steering Committee

includes representatives from all continents and all sectors - government, academia and
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the private sector. The GSDI Steering Committee has identified a set of core goals and
associated programs, to help advance awareness, acceptance and implementation of
globally compatible spatial data infrastructures at the local, national and regional levels.

These goals are:

* Articulate the operational environment needed to achieve Global SDI compatibility,
* Help to build compatible SDI capacity around the world,

e Educate decision-makers on the benefits of GSDI inside and outside their borders,

* Assure that different SDI related policies can be facilitated by the GSDI,

* Advance the GSDI mission until a global SDI is achieved.

The GSDI initiative started to take shape and significant progress was recorded at its 4™
conference held in Cape Town in March 2000 and the latest conference which was held
in Cartagena, Colombia in May 2001. For example, the Steering Committee of GSDI
has undertaken several projects including development of an Internet tool that globally
searches over 220 collections of metadata to locate geo-spatial data of interest (Holland
2001); and publication of a guide to SDI development (the SDI Cookbook). However,
as Holland (1999) reported, there are many challenging issues still facing the GSDI
before it becomes a reality globally. Some of these challenging issues are raising the
level of awareness, acceptance and support; recognising and complementing related
initiatives; including all stakeholders; engaging the less developed economies of the

world; maintaining enthusiasm and momentum; and delivering beneficial outcomes.

With this in mind, the recent GSDI conference (GSDI 5), resulted in some resolutions to
overcome some of those challenging issues. For example, the conference resolved that
the GSDI Steering Committee agrees to an expansion of the definition for the GSDI as
follows:

“The Global Spatial Data Infrastructure is coordinated actions of nations
and organisations that promotes awareness and implementation of
complimentary policies, common standards and effective mechanisms for
the development and availability of interoperable digital geographic data
and technologies to support decision making at all scales for multiple

purposes.”
(Resolution 1 of the GSDI 5)

Or, in regard to GSDI organisation, the conference resolves that it intends to form a
public private not-for-profit organisation to guide the leadership activities for GSDI. In

this regard, the Steering Committee was tasked to establish a Task Group to make
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recommendations to the Steering Committee and then to implement decisions of the
Steering Committee (Resolution 2 of the GSDI 5). However, as stated by Clarke (2000)
the ultimate success of GSDI rests on the successful establishment of National and

Regional SDIs.

2.4 CHAPTER SUMMARY

This chapter begins with a brief review of the need for spatial data and data sharing and
introduces major forces driving the development of such data. It then introduced and
discussed the nature and concept of SDIs, including the components, by reviewing a
number of the more current definitions of SDI. These reviews have helped to build the
current understanding about the importance of an infrastructure to support the

interactions of the spatial data community.

According to these reviews, SDI is understood and described differently by stakeholders
from different disciplines and different political and administrative levels. It is argued
that while they provide a useful base for the understanding of SDI, individually on their
own they are inadequate for SDI development in the future. Further, it is argued that
current SDI definitions are individually insufficient to describe the dynamic and multi-
dimensional nature of SDI. Despite the international interest and activities toward SDI
development, SDI remains very much an innovation even among practitioners. There
are still doubts regarding the nature and identities of SDI, particularly in connection
with how they evolve over time to meet user needs. With this in mind, this chapter
discussed the concept of SDIs in such a way as to better clarify their nature to facilitate
their development and progressive uptake and utilisation among members of a

community (diffusion).

Based on this discussion, it is proposed that an SDI comprises not only the four basic
components of institutional framework, technical standards, fundamental datasets and
access networks, but also an important additional component, namely, people (human
resources). The SDI includes the spatial data users and suppliers and any value-adding

agents in between, which interact to drive the development of the SDI.

The chapter then discussed the needs of spatial data for different level of jurisdictions,

followed with an overview of current SDI initiatives worldwide. According to this
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overview, many countries are developing SDI at different levels ranging from local to
state/provincial, national and regional levels, to a global level, to better manage and

utilise spatial data assets.

This Chapter concludes that SDIs are a much-needed tool to better facilitate data
sharing as well as jurisdictional cooperation and partnerships. However, an
understanding of key SDI principles, such as the hierarchy of SDIs in a jurisdiction and

the dynamic nature of SDIs, are also important but not fully understood.
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