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peer reviewed book.
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We thank the authors of the chapters and the members of the Peer Review Board.
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and research presented in this book to their own best advantage.
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Vaez and Dr Malcolm Park for their editorial assistance in preparation of this
publication.
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CHAPTER 1

Towards Spatial Enablement and Beyond

Abbas Rajabifardl and David Coleman’

1Department of Infrastructure Engineering, The University of Melbourne, Australia
2 Department of Geodesy and Geomatics Engineering, The University of New Brunswick, Canada

abbas.r@unimelb.edu.au; dcoleman@unb.ca

Abstract

With the many challenges facing society today at multiple scales, location has emerged
as a key facilitator in decision-making. Location data is now commonly regarded as the
fourth driver in the decision-making process, complementing the more traditional
triple bottom line approach (social, economic and environmental drivers). The location
provides more intelligent data analysis due to improved analytical and visualisation
capabilities. Additionally, initiatives like Gov 2.0 have provided a driver to increase
responsiveness and service delivery capacity. As well as, recent technological
developments, such as Web 2.0 and ubiquitous location based services, have made it
easier for ordinary citizens and businesses to become spatially enabled, but just as
importantly, these developments have provided them with tools to contribute to the
flow of spatial information through all levels of society.

In this context, the concept of Spatially Enabled Society (SES), is offering new
opportunities for government and wider society in the use and development of spatial
information, but it needs to move beyond the current tendency for the responsibility
to achieve SES to lie solely with governments. SES will be more readily achieved by
increasing involvement from the private sector, and in the same vein, if the spatial
industries start to look toward other industries for best practices in service delivery.

With this in mind, the theme of the GSDI 13 World Conference, Québec 2012 is
“Spatially Enabling Government, Industry and Citizens”. Focusing on the journey we
are on as professionals and researchers rather than just on objectives, it gives us a rich
opportunity to examine how far we have come over the past twenty-plus years in
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terms of the infrastructure put in place, the applications built on top of that
foundation, and our vision and expectations of what needs to be done next.

1. Introduction

As recounted by Coleman and McLaughlin (1998), early visions of a global information
infrastructure (Gll) were very much wrapped up with issues surrounding the
development of telecommunications infrastructure. These visions were driven by the
belief that communications and information infrastructures were "transforming
technologies" that served important social goals and were fundamental to economic
growth. They were guided rhetorically by Marshall McLuhan's concept of a "global
village", reflected trends towards privatization of services and increased competition in
the telecommunications sector, and were already influenced by lessons learned from
programs and reviews undertaken since the 1970’s in (e.g.) France (Simon and Minc,
1978), Canada (Godfrey and Parkhill, 1979), Japan (Tsuruki, 1986), and the Commission
of the European Communities (1987).

While Branscombe (1982), Kahin (1993) and others posed the concept of information
infrastructure in broader terms, the telecommunications sector was largely
responsible through the early 1990s for framing the initial definition and discussion of
global information infrastructure in terms of conduit rather than content. U.S. Vice
President Al Gore promoted the concept of an "information superhighway" and
proposed that an advanced communications and information infrastructure should be
a national priority. At the first World Telecommunication Development Conference in
Buenos Aires, Argentina in March 1994, he presented a similar list of principals as the
foundation for a "Global Information Infrastructure' (Gore, 1994). In May of the same
year, the European Commission published Europe and the Global Information Society.
Commonly referred to as the Bangemann Report (1994), it formed the basis for much
of the subsequent work of the European Commission on strategic planning for the
Information society.

In our own geospatial community, proponents of integrated mapping practices
through the 1960s advocated the registration, overlay, interpretation and analysis of
different map "layers" or themes to the practical solution of important problems in
land use planning and resource inventory [e.g., (Tomlinson, 1967); (McHarg, 1969)].
Through the 1970's, the multipurpose cadastre concept launched major topographic
and cadastral "base-mapping" mega-programs to support land administration at the
local, state and federal levels across North America, Australasia and in emerging
nations (McLaughlin, 1975).

Institutionally, early architectural models to realize these data sharing precepts in
practice evolved from: (1) centralized "land information databanks" [e.g., (Hearle,
1962); (Cook et al., 1967); and (Roberts, 1968)); into (2) the vision of more complex
distributed land information networks [e.g., (Palmer, 1984); (Sedunary, 1984); (Rhind,
1992); (Onsrud and Rushton, 1995)]. Branscomb (1982) introduced the term
"information infrastructure" to refer collectively to the various media, carriers and
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even physical infrastructure used for information delivery. By the early 1990's, spatial
data infrastructure (SDI) programs were being proposed in support of accelerating
geographic information exchange standards efforts, selected national mapping
programs and the establishment of nation-wide spatial information networks in the
United States (Mapping Sciences Committee, 1993), the United Kingdom (Rhind,
1992), Canada (McLaughlin, 1991), the European Community (EUROGI, 1996), and
Australia (Kelley, 1993).

By 1996, people were only beginning to view the World Wide Web as a serious
contender for information retrieval, and its potential for wider services was only
beginning to take shape (Manjoo, 2009). While excitement over the World Wide Web
had begun, the Internet was still a medium used primarily for email, news groups and
file transfer by only 45 million people worldwide. Over 40% of American households
owned computers, but just over 30% of those computers were connected to the Web -
- typically through dial-up modem using their phone line, and for which they paid by
the hour. Those households with Internet access spent fewer than 30 minutes a month
surfing the Web. Netscape had only gone public a year earlier. Content services like
YouTube, Google, Twitter, Facebook, or Wikipedia did not yet exist, Amazon was just
getting started, and there was no instant messaging or online music.

It was against this backdrop that the first Conference on Global Spatial Data
Infrastructure took place in Bonn, Germany in 1991. This conference, and the one
that followed in Chapel Hill, North Carolina in 1997, focused primarily on issues at the
interfaces between technology, policy, operational and economic concerns (Table 1)
and, most of all, in defining what was meant by a global spatial data infrastructure.
Perhaps due to the predominance of representatives from public sector mapping
organizations rather than commercial location-based services firms, the focus was on
user requirements for easy, standards-based discovery, access, downloading and use
of map and image files rather than on real-time positioning and navigation services.
Following these early conferences, participants began focusing attention on issues and
problems faced by managers and practitioners in emerging nations.
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Table 1. Interfaces between GSDI Components

2. Spatially Enabling Government, Industry and Citizens

Compare the above to today's context. By December 2011, there were over 2.2 billion
Internet users on all continents, with over 65% of the users coming from outside North
American and Europe (Internet World Stats, 2012). Over 105 trillion email messages
were sent in 2010, and over 700 billion YouTube videos viewed the same year.
Goldman Sachs predicted global eCommerce sales of products and services to reach
almost $700 billion in 2011. In our own geospatial community, the location-based
services market alone (including GPS-enabled smartphones) was estimated to be
worth $2.8 billion in 2010, with the promise of dramatic growth over the next five
years (Pyramid Research, 2011).

Spatial Data Infrastructures are now in place that enables individuals to position
themselves and navigate to a chosen destination by multiple routes, identifying nearby
places and services of interest. Lives are saved as a result of emergency response
services reaching the right destination in a shorter time. These infrastructures also
enable group activities in terms of identifying each other’s location and guiding them
to a common point of interest, share their opinions concerning nearby services,
attractions and points of interest, and updating shared maps. They enable

12
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governments and private companies alike to solicit public opinion and analyze the
movements & activities of both individuals and groups of people.

Services built atop such infrastructures -- like the City of Boston's Citizens Connect
service (City of Boston, 2012), for example -- provide citizens with the means to
provide government officials with detailed locations and up-to-date information on
problems with city streets (Figure 1). Taking this a step further, the infrastructure even
enables new prototype applications like Streetbump to monitor sudden cellphone
movements to predict where potholes may be in certain streets (Brandon, 2011). Such
applications provide tremendous new opportunities, but also pose new technical and
ethical challenges in terms of providing valuable service while still accommodating, in
some cases, legitimate concerns over confidentiality and loss of privacy.

Figure 1. Screenshots from City of Boston's Citizen Connect iPhone Application (City of Boston,
2012)

The future of spatial enablement, and therefore the realization of a spatially enabled
society incorporating government, industry and citizens, lie in it being a holistic
endeavor where spatial (and land data) and non-spatial data are integrated according
to evolving standards and with the SDI providing the enabling platform. Further, future
activities need to take into account emerging trends in spatial information and the new
opportunities they present for the application of spatial technologies and spatial
information. These trends include (but are not limited to): location as the fourth
element of decision making; differentiating between authoritative and volunteered
(including crowd-sourced) information, yet recognising the importance and value of
both types of information towards spatial enablement and the enrichment of societies;
changing directions: simple to complex, autonomous to interdependent, spatial
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ubiquity; growing awareness for openness of data e.g. licensing, and resultant
improvements in data quality; move towards service provision; and recognising the
difference between spatial enablement and spatial dependency.

In light of these trends, the activities in future will essentially need to be fit-for-
purpose, ubiquitous, transparent and seamless to the user. Additionally, there is also a
need to consider the developing challenges that are arising from having differing levels
of maturity in use and management of spatial information, and perhaps a need to
increase the focus on critical areas that are proving to be challenging.

3. Book Outline

This book is a compilation of articles as book chapters each focusing on different
aspects of spatially enabled government, industry and citizens. All the chapters
together give an overview of the current concepts, foundations, activities, connecting,
participating and involving in spatial enabling societies in the world. The chapters
presented in this book have gone through a full peer review process as part of the
GSDI 13 World Conference in 2012. The book covers three specific areas of Spatial
Enabling Government: (1) Concepts and Foundations, (2) Connecting Government,
Industry and Citizens, and (3) Participating Spatial Enabling Government, Industry and
Citizens.

Part 1: Concepts and Foundations

In the first part, the concepts and foundations towards spatial enablement are
explained in more depth from different perspectives. With fundamentals, we mean the
review and status assessment and the factors that influence the spatial enablement of
government such as standards and metadata. This part with four chapters has a more
theoretical focus on the concepts and fundamentals.

In Chapter 2, the concepts and foundations are first explained from the perspective of
SDI review and assessment. In SDI Past, Present and Future: A Review and Status
Assessment by Francis Harvey, Adam lwaniak, Serena Coetzee and Antony Cooper,
highlights that SDI is an evolutionary concept related to the facilitation and
coordination of the exchange and sharing of spatial data and services. Today, SDIs are
responding to the mushrooming of cloud-based and location-based services,
neogeography, crowd sourcing and volunteered geographic information (VGI). What
will the role of SDIs be in future? This chapter offers an initial examination of
differences in SDI developments in three countries on three continents. The analogy of
the human development stages to structure their description of the development of
SDIs in Poland, South Africa and the United States of America (USA) has been used.
First principles of SDIs are evident from this comparison. Their assessment clarified
that SDIs remain important and significant for public administration and also for other
actors, despite industry, technological advances, changing business models, VGI and
neogeography activities. Web-based repositories provide geographic information for
growing consumer-orientated applications, but the geographic information collected
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and maintained by public administrations will remain a driving force for developers
requiring or wanting the reliability of authoritative geographic information.

In Chapter 3, Quest for a Global Standard for Geo-data Licenses by Bastiaan van
Loenen, Katleen Janssen and Frederika Welle Donker, emphasizes the ability to share
geo-data is key to the success of spatial data infrastructures. It argues a major barrier
in sharing geo-data is the use of non-standard licenses, which are difficult to
understand both for human beings and computers. This chapter compares existing
(national and international) licensing frameworks as to the key components they
share. It draws out common elements that can serve as a basis for a global set of
model licenses.

Finally, Chapter 4, Bridging the Gap between Traditional Metadata and the
Requirements of an Academic SDI for Interdisciplinary Research by Claire Ellul, Daniel
Winer, John Mooney and Jo Foord focuses on metadata as a fundamental component
of any SDI, providing information relating to discovery, evaluation and use of datasets
and describing their quality. It discusses that traditionally, spatial data was created by
expert users (e.g. national mapping agencies), who created metadata for the data.
Increasingly, however, data used in spatial analysis comes from multiple sources and
could be captured or used by non-expert users. This chapter examines the applicability
of metadata in the academic context, using a multi-national coastal/environmental
project as a case study. The work to date highlights a number of suggestions for good
practice, issues and research questions relevant to SDI, particularly given the increased
levels of research data sharing and reuse required by UK and EU funders.

Part 2: Connecting Government, Industry and Citizens

With the previous part being more theoretically focused, this part is more practical in
nature. In this part illustrative examples of activities from different regions in the world
are presented that somehow contribute to the connecting of government, industry
and citizens. These examples help to better understand the concepts and clarify the
fundamentals of spatial enablement.

A spatially enabled society (SES) is an emerging concept to make spatial information
accessible and available for the benefit of society. It is a concept where location, place
and other spatial information are available to government, community and citizens. In
this regard Chapter 5 on Spatially Enablement of NRM Communities through Spatial
Knowledge and Information Network Development by Dev Raj Paudyal, Kevin
McDougall and Armando Apan, investigates the social dimension of SDI and the
theoretical foundation for spatially enablement of catchment communities. A network
perspective of SDI was explored through a case study of the Queensland Knowledge
and Information Network (KIN) project. Spatial information sharing processes among
regional Natural Resource Management (NRM) bodies were analyzed using an object
oriented modelling technique to assess the impact on catchment management
outcomes. The relationships among the knowledge network stakeholders and the
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influence of these relationships to spatial information and knowledge sharing was
analyzed using social network analysis. The findings from this study suggest that a
network perspective of SDI assists in understanding the spatial information
management issues of catchment management and the broader goal of spatially
enablement of society.

The Chapter 6, 3D Land and Property Information System: A Multi-level Infrastructure
for Sustainable Urbanization and a Spatially Enabled Society by Serene Ho and Abbas
Rajabifard considers the specific challenges of urbanization on land and property and
the development of a three-dimensional (3D) land and property information system as
a new tool for managing rights, restrictions and responsibilities as part of a modern
land administration system. By facilitating access, discovery, and sharing of land and
property information, this system will provide a multi-level infrastructure to link
government, industry and citizens to support the functions of a modern land
administration system which provides the foundation for realising a spatially enabled
society and achieving sustainable development.

Authoritative datasets, Volunteered Geographic Information (VGI) and other sources
of spatial information collected by industry and citizens can be used to spatially enable
government and society. Chapter 7 on Legal liability concerns surrounding Volunteered
Geographic Information applicable to Canada by Andriy Rak, David Coleman, and Sue
Nichols focuses on alternative and possibly more economical approach to reliably
creating and updating authoritative datasets involves the integration of VGI. It argues
that such potential integration of VGI with authoritative datasets raises important legal
considerations. Issues of legal liability arising from creation, distribution and
integration of VGI with authoritative datasets have received very limited attention by
scholars and researchers at their work. This chapter will investigate the liability effects
of using VGI under Canadian law. The questions of who is liable and when for VGI
provided to authoritative public and private geographic datasets are among the most
important questions which impact VGI, and are the ones which this chapter aims to
address. Liability issues of using VGI are studied by examining the liability in contract,
as well as tort. It concludes with liability risk management techniques, which, if
incorporated properly, provide opportunities to minimize or eliminate the liability.

Chapter 8 on Model for assessing GIS maturity of an organization by Jaana Makela
illustrates an example of new GIS maturity model, which was developed in cooperation
with the SDI utilization working group of the Finnish National Inspire Network to
reinforce spatially enabled industry and government at different administrative levels.
A GIS maturity model can be used as a tool to evaluate how mature an organization is
in utilising spatial data in its businesses. Three cities, a state institute, and a private
company assessed their GIS maturities with the new model and gave feedback about
the usability of the model. The results of the assessments highlight both the strengths
and the weaknesses of spatial data utilization in organizations and that the
development of competence in all key areas is still needed.
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Chapter 9 on Irish Coastal Heritage Viewer Case Studies by Roger Longhorn, Gearéid O
Riain, Beatrice Kelly, William Hynes and Maria Rochford presents a case study
describing a project to develop a GIS based approach to enable the comprehensive
audit and assessment of the heritage in the coastal areas of eight Irish counties, led by
the Irish national Heritage Council. The overall purpose for the Coastal Heritage Viewer
is to provide clearer understanding of the heritage and its significance, and to provide
a service for spatially enabling government to exercise better management in the
future. The project demonstrates how multiple data sources covering disparate
themes, from different data owners, and crossing local and regional (county)
boundaries, can be integrated to aid conveying information to the public and decision
makers at different levels of government. This chapter follows the development
process for the viewer and presents three case studies highlighting how the viewer
aids decision makers in preparing various types of assessment reports, examining wind
and renewable energy strategy options, and enabling integrated coastal zone
management, among other aspects.

Part 3: Participating Spatial Enabling Government, Industry and Citizens

In this final part, some participations leading to towards spatial enabling government,
industry and citizens are presented. These practices show clearly the key drivers, the
diversity of the scope, jurisdiction levels and sectors involved. This part consists five
chapters demonstrating different area of participation of government, industry and
citizens.

One of the practices towards spatially enabling government refers to risk
management. All events that result from risks have a link to a specific location or a
factor in space. In order to manage the risks however accurate and timely spatial
information about land and property is first needed. Chapter 10 on Spatially Enabled
Risk Management: Models, Cases, Validation by Katie Potts, Abbas Rajabifard, Rohan
Bennett and lan Williamson argues land administration systems have held this
information historically, however, in recent years these systems have been superseded
by other infrastructures that have the capability to capture and store information
spatially. While these new systems offer the advantages of spatially enabled
information, the authoritative information held within land administration systems is
necessary for risk management. Land administration systems need to adapt to remain
relevant in the 21% century, and coordination between these land administration
systems and the new infrastructures is required to increase the ability of stakeholders
to manage this information for risk management purposes. A framework targeted at
this issue has been developed which proposes a spatially enabled approach for
managing risks for governments, industry, citizens and wider society that takes into
account the current information infrastructures (including land administration
systems), the stakeholders, and the relevant risks that affect land and property. This
framework results in the aggregation and dissemination of consistent information
about risk to land and property to all stakeholders.
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Chapter 11 on An Assessment of the Contribution of Volunteered Geographic
Information during Recent Natural Disasters by Kevin McDougall further emphasizes in
user generated or volunteered geographic information, is now becoming the first point
of response in the immediate aftermath of a natural disaster in SES. Crowd source
mapping platforms can be operation in a matter of hours of a natural disaster
occurring and can utilize the information provided by citizens on the ground to collect
timely and relevant information with respect to the disaster. This chapter examines
the growth and development of volunteered geographic information over the recent
years. The use of volunteered information and social networking in three natural
disasters during 2011 are explored. The timeliness of the responses, the types of
information volunteered and the impact of the information during and after the
natural disasters are assessed. The relevance of these initiatives to the ongoing
development of SDIs and their contribution to formal response efforts and
authoritative mapping is discussed.

The next chapter (chapter 12) on Are ‘Smart Cities’ Smart Enough? by Stéphane Roche,
Nashid Nabian, Kristian Kloeckl, and Carlo Ratti argues that in our contemporary
societal context, reconfigured by wide spread impact of geolocalization and
wikification on urban population’s everyday work and life, two related concepts,
“spatially enabled society” and “smart city”, have emerged from two different but
quite related fields: Global Spatial Data Infrastructure community drives the former
while practitioners and researchers in urban planning, urban studies and urban design
are more concerned with the latter. The authors believe that technologically
enhanced, ICT-driven solutions that spatially enable the members of urban population,
contribute to smart operation of the cities, and for that matter they suggest that a
dialogue between the communities that foster these two notions needs to be
established. The authors try to provide an ontology of categorically different, but still
related, spatial enablement scenarios along with speculations on how each category
can enhance the Smart City agenda by empowering the urban population, using recent
projects by MIT SENSEable City Lab to illustrate their points.

The next participation towards spatial enablement refers to the domain of health care
sector. Geographic Information Systems are one of the most widely used information
technologies to assist governments in the management of spatial related problems
such as those of healthcare practitioners in developing countries. As a follow-up of the
challenges faced while customising OpenHealthMapper in Malawi and Guinea Bissau,
Chapter 13 on Factors affecting Geographic Information Systems implementation and
use in Healthcare Sector: the Case of OpenHealthMapper in Developing Countries by
Zeferino Saugene, Mdrcia Juvane and Inalda Ernesto uses the case of Mozambique to
highlight significant differences between the ways geospatial stakeholders approach
the issue of geodata. Empirical data illustrates that boundary complexity and weak
coordination are behind the problems encountered in the geodata. With an emphasis
on geodata needed to perform healthcare analysis, it analyzes the role of boundary
objects and how their quality is influenced by the tensions between the communities
managing them. This chapter suggests a management mechanism focused on the
notion of transfer, translation and transformation, which is used to conceptualize the
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role of boundary objects as elements that helps to reduce the boundary complexity
and strengthen community members’ coordination.

Finally, the last practice is multi-view assessment of SDI status in the Republic of
Kosovo performed in 2007 and in 2010. The main objective of Chapter 14 on Multi-
view SDI assessment of Kosovo (2007-2010) - Developing a solid base to support SDI
strategy development by Nushi, Van Loenen, Besemer and Crompvoets was to assess
the SDI of Kosovo and to define the driving forces needed to support SDI strategy
development. The chapter assesses the status of SDI implementation of Kosovo using
SDI readiness Index (Delgado et al., 2005), INSPIRE State of Play (Vandenbroucke et al.,
2008), and Maturity Matrix (Kok and Van Loenen, 2005) as assessment approaches.
Each approach treats the assessment of SDIs from a different view and context and so
with a different purpose in mind. An SDI readiness survey questionnaire was submitted
to the SDI stakeholders in Kosovo in 2007 and 2010. The INSPIRE State of Play was
assessed for the 5 countries of Estonia, Lithuania, Latvia, Slovenia and Luxembourg and
an attempt to define the State of Play for SDI of Kosovo was also part of the
assessment. This chapter has led to six driving forces selected to support the
development strategy of SDI at the national level in Kosovo.
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Abstract

A spatial data infrastructure (SDI) is an evolutionary concept related to the facilitation
and coordination of the exchange and sharing of spatial data and services. Since its
initial use, the SDI concept has shifted its focus from data sharing and coordination to
supporting policy, from a top-down approach to a bottom-up approach, and from
centralized to distributed and service-orientated approaches. Today, SDIs are
responding to the mushrooming of cloud-based and location-based services,
neogeography, crowd sourcing and volunteered geographic information (VGI). What
will the role of SDIs be in future? A reference point is the UN Economic and Social
Council (ECOSOC) Programme on Global Geospatial Information Management (GGIM)
to address key global challenges. The success of such programmes relies on
understanding the development of an SDI. This paper offers an initial examination of
differences in SDI developments in three countries on three continents. We use the
analogy of the human development stages to structure our description of the
development of SDIs in Poland, South Africa and the United States of America (USA).
First principles of SDIs are evident from this comparison. Our assessment is that SDIs
remain important and significant for public administration and also for other actors,
despite industry, technological advances, changing business models, VGI and
neogeography activities. Web-based repositories provide geographic information for
growing consumer-orientated applications, but the geographic information collected
and maintained by public administrations will remain a driving force for developers
requiring or wanting the reliability of authoritative geographic information.

KEYWORDS: spatial data infrastructure, standards, development, GIS, Poland, South
Africa, USA
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1. First, there was GIS, then there was SDI and what comes next?

In 2010, the United Nations (UN) Economic and Social Council (ECOSOC) established a
Programme on Global Geospatial Information Management (GGIM) to play a leading
role in setting the agenda for the development of global geographic information and to
promote the use of geographic information to address key global challenges, such as
climate change, food and energy crises, peace operations and humanitarian assistance.
GGIM plans to provide a forum for coordination and dialogue among member states
and international organizations. Most countries are using geographic information as an
important element in the formation of national policies, but effective coordination
among countries in the use of geographic information is the exception rather than the
rule (UN ECOSOC, 2010).

A spatial data infrastructure (SDI) is an evolving concept about facilitating and
coordinating the exchange and sharing of spatial data and services between
stakeholders from different levels in the spatial data community (Hjelmager et al,,
2008). GGIM and other SDI initiatives confirm that since the early- and mid-1990s the
SDI concept has shifted emphasis, for example, from a focus on data sharing and
coordination to one on supporting policy, from a top-down approach to a bottom-up
approach, from centralized to distributed and service-orientated approaches
(Williamson et al., 2006; Van Loenen et al., 2009). SDIs are responding to the
mushrooming of cloud-based and location-based services, neogeography, crowd
sourcing, volunteered geographic information (VGI) and standards for collecting and
sharing geographic information (Goodchild, 2007; Rajabifard, 2006). Technological
advances have left the theory far behind (Ormeling, 2011). The time is ripe to consider
the underlying concepts of SDI and how these have evolved. It is important to
understand that SDIs are different, therefore posing a challenge to global collaboration
in GGIM.

Regional efforts, such as those of the European Union to create the Infrastructure for
Spatial Information in Europe (INSPIRE) and those of the Permanent Committee on
Spatial Data Infrastructure of the Americas and the Permanent Committee on GIS
Infrastructure for Asia and the Pacific to create regional SDIs, are an indication of the
value of such cooperation. Increased international cooperation in this field could help
to develop the full potential of geographic information and the underlying
technologies, and make them more useful and accessible to a wide range of users and
policymakers (UN ECOSOC, 2010).

In this paper we offer our initial examination from an empirical study into differences
in SDI developments in three countries on three continents. Our larger research aim is
to develop a scientifically grounded perspective on how GIS became SDI and continues
to change with a clear theoretical framework - this is our first paper and is more
explorative in nature. We use the analogy of the human development stages to
describe the development of SDIs in Poland, South Africa and the United States of
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America (USA). Drawing on the comparison, we present first principles of SDIs and
formulate a status assessment of SDIs with a perspective on the future.

2. The Development of SDIs in Poland, South Africa and the United
States of America

Most humans anywhere on the planet understand the development phases of human
life: conception, birth, infancy, childhood, puberty, adulthood, old age and death. To
answer what comes next, we describe SDI developments in three different countries
using these development stages:

1 conception: the need for an SDI is recognized and planning starts;

birth: the decision to build an SDI;

infancy: very early stages of the SDI when conceptual models are being
developed;

childhood: early stage of the SDI with first implementations;

puberty: when the SDI can deliver on some of its objectives;

adulthood: maturely functioning reliable SDI;

old age: the SDI is showing signs of deterioration with clear needs for
improvement or change; and

8 death: the SDI ceases to exist.

w N
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These stages reflect the very different environmental, social, cultural, and economic
differences of the three SDIs.

Religions offer us metaphysical ways to find loved-ones, society and ourselves in
relationship to these phases. They continue, in spite of fundamental differences, to be
for many people reliable ways to frame our understanding of life. However, scientific
experts often take up very different approaches and pursue research and hold rigorous
debates about how humans develop. An analogy is how people represent SDI
development and the scientific study of SDI. More popular descriptions of SDI turn to a
metaphor of information technology development that harks back to popular
understandings of human development. Their deeply routed metaphysical concepts of
development frame their thinking. Georgiadou (2010) uses the term “myths” to signify
the metaphysical roots of what becomes a popular way of sketching a bigger picture
and how SDI developments fit in.

While a metaphysics of SDI is popularly used in presenting policy and to motivate
politicians, social and information scientists have developed and drawn on rigorous
theoretical and empirical work to study SDI (Onsrud and Rushton, 1995). Seminal work
in the early 1990s drew on sociological work on information technology diffusion to
develop important insights (Campbell, 1995; Campbell and Masser, 1995; Masser and
Campbell, 1995; Masser, 1999). Later work (Rajabifard, 2002; van Loenen and Kok,
2004; Georgiadou et al., 2005; Kok and van Loenen, 2005; Crompvoets, 2006;
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Rajabifard, 2007; van Loenen et al., 2009) has refined the insights from this work,
offered critiques, and taken up a number of other theoretical approaches, constantly
returning to empirical research to ground these contributions.

Both approaches coexist in different ways, depending on the interpretations of what is
important for policy development and scientific research. Sometimes different
objectives align, often gaps characterize one portion of the SDI-related activities and
overlap another portion, and also depend on national and international developments.
We recognize multiple paths of SDI development as a key feature that points to
commonalities and differences in the evolution of SDI.

2.1 Poland

The conception of the Polish SDI happened as a result of a system implementation to
collect, search and publish spatial data in Poland long before the rise of the Web.
Under the communist system, all spatial data were acquired by state-owned
companies and became property of the state. They had been collected in Geodetic and
Cartographic Documentation Centres (ODGiK) which had full knowledge about such
maps, like: registration maps, base maps, topographic maps, and aerial photographs.
The ODGIK centres not only continue to sell this data but also supervise and control
surveying and mapping activities at the regional level. After the collapse of the
communist system in 1989 there was a reform of public administration (Regulski,
2003). Post-1989, government activities in the field of geodesy and mapping have
been implemented by county administrations versus communal administrations. Now
there are 379 local centres of documentation at the county level and 16 regional
centres.

The first actions involving the construction of an SDI began in the late 1990s. Under
the initiative of the Surveyor General an interdepartmental team was formed (Hopfer
and Wilkowski, 2003), who began work on the construction of the NSDI — the birth of
the Polish SDI. Its activities, however, had no legal basis, which meant that its actions
did not produce any policy results.

A significant acceleration of Polish NSDI construction activities followed the accession
of Poland to the European Union (EU) in 2004. By that time, the European Commission
had been working on the INSPIRE directive for three years, which has turned out to be
the prime factor motivating NSDI activities in Poland. During this period the concept of
building a clearinghouse emerged and funds were acquired from the EU to build a
national point of access to spatial information - the geoportal.gov.pl project (Iwaniak,
2005). The Polish SDI was in its infancy.

The first piece of legislation establishing the SDI is the Act of 2009 passed by the
parliament two years after the adoption of the INSPIRE directive by the European
Council and European Parliament (European Commission, 2011). According to the Act,
15 of the 34 topics specified by the Directive are to be implemented by the Head
Office of Geodesy and Cartography. The next five topics are implemented by the
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Ministry of the Environment, and the remaining fourteen topics by ten other central
offices. Around ten executive acts are still needed to complete the creation of NSDI
policy. The Polish government is now building the NSDI based on a top-down strategy.
Considerable financial resources for this are mostly spent on the construction and
development of a geoportal (geoportal.gov.pl), and the development of modern
topographic maps and aerial images (K.U.Leuven Research, 2010).

Local governments use EU funds for the construction of the nodes following a bottom-
up strategy, the puberty phase. Undoubtedly, the difficulty in this is the lack of legal
regulations, which, in turn, not only causes delays, but also necessitates duplication,
and reduces the interoperability of the created infrastructure.

One of the biggest benefits of the NSDI is the improvement in the functioning of the
public administration by facilitating administrative access to spatial data. The
departure from the existing business model based on the sales of maps and data and
the lack of a complete policy framework are the reasons why these benefits will be
difficult to achieve in the short term.

2.2 South Africa

Coordination from the 1990s onwards between stakeholder departments on the
contracting of aerial photography to avoid duplication and to promote data sharing
laid the groundwork for an SDI in South Africa. A report commissioned by the then
Chief Surveyor General evaluated the feasibility of a centralized database for South
Africa’s national GIS. This was the conception of a South African SDI.

The first attempt to build the South African Spatial Data Infrastructure (SASDI) began
in 1997 with the establishment of the Directorate: National Spatial Information
Framework (NSIF), initially as a Sub-Directorate in the then Department of Land Affairs
(now the Department of Rural Development and Land Reform). This was the birth of
SASDI. The purpose of NSIF was to establish the technical and policy framework for
enabling unimpeded access to, and utilization of, geographic data for effective and
efficient governance, planning and decision making, through all spheres of
government. As such, South Africa was then a pioneer in the development of SDIs and
as with similar initiatives elsewhere, the focus was on standard development, framing
policy and institutional arrangements, and developing a clearinghouse for geographic
data (Cooper and Gavin, 2005). By 2002, there were about 3000 metadata records
available. SASDI was in its infancy.

NSIF initiated the Spatial Data Infrastructure Act (SDI Act) (South Africa, 2003), which
places requirements on data custodians. Unfortunately, by then NSIF was in decline,
losing most of its staff over an 18-month period for various reasons. Other than the
passing of the SDI Act into law in early 2004 and the preparations of draft regulations
to support the Act, SDI activities effectively ceased in NSIF and their metadata
catalogue was no longer operational (Smit et al., 2009). Essentially, SASDI went into

27



SDI Past, Present and Future: A Review and Status Assessment

hibernation, but even though officially little happened between 2003 and 2010, some
SDI-like activities could be observed.

The Agricultural Geo-referenced Information System (AGIS) was developed by the
National Department of Agriculture (DoA), all nine provincial departments dealing with
Agriculture (PDA's) and the Agricultural Research Council (ARC). DoA takes
responsibility for the hosting while ARC manages the content (AGIS, 2011).

The South African National Space Agency’s (SANSA) Earth Observation unit at
Hartebeeshoek has been receiving, processing and archiving satellite imagery for
decades and the images and products are available through an online catalogue. In
April 2007, the unit established the first multi-government license for SPOT 5 data
anywhere in the world, making ortho-rectified and mosaicked images available to all in
government, universities and schools in South Africa (CSIR, 2008). SANSA resembles a
top-down approach reminiscent of early SDIs in the 1990s. In contrast, local
governments in the Western Cape have adopted a user-driven bottom-up approach to
data sharing (Smit et al., 2009).

The South African address standard (South African National Standard 1883, 2009) was
published in 2009 after wide participation from the private and public sectors (Coetzee
and Cooper, 2007). The standard is now being implemented by various organizations,
including the South African Post Office and some of the metropolitan municipalities.
Private sector companies have various types of agreements with relevant authorities
on bi-directional data sharing for compiling national datasets for streets, cadastre and
addresses (Sebake and Coetzee, 2011). This and the private sector’s involvement in the
development of the standard illustrate the trend of private sector involvement in SDlIs.

The SDI Act established the Committee for Spatial Information (CSI) to implement the
Act, but members were appointed only in 2010 (Nkwinti, 2010) and the CSI met for the
first time in June 2010. Hence, the CSI is still clarifying its roles. In general, CSI
members lack expertise on SDIs, as there is a general lack of knowledge of SDIs in
South Africa. In March 2011, the CSI adopted its reference document and established
its sub-committees. NSIF is tasked with secretarial and administrative support. The
metadata catalogue is being revived as the Spatial Metadata Discovery (SMD) (George,
2010), built with standards-compliant open source tools, such as Geonetwork
(Geonetwork, 2011).

The South African SDI has arisen from hibernation and is ready to move from infancy
into childhood. This provides the opportunity to leapfrog ahead of other countries by
leveraging advances in science and technology without the burden of investment in
old technology. Like an animal rising from hibernation, the SDI is disoriented and
needs to find its feet, but has accumulated stored-up energy, reflected, amongst
others, in the large number of voluntary CSI sub-committee members and the recent
SDI workshop in Cape Town (CGIS, 2011).
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2.3 United States

Developments in the United States (US) can readily fit into a developmental scheme,
however, the decentralized nature of US governance means that thousands of
governmental bodies are developing SDI capacities in a corresponding diversity. In that
sense, any description of SDI developments in the US is partial. Nonetheless, we
believe the following presentation touches on key elements that reflect states of the
development. Before the abbreviation SDI was widely used in the US, during the
conception phase, there were several distinct approaches to data sharing and
coordinating technical and political issues (Harvey and Tulloch, 2006; Tulloch and
Harvey, 2008) that informed national discussions. In the US, these approaches had and
continue to have variable impact. Desires to reduce the negative consequences of
disparate development of government capacity and to improve efficiency and efficacy
of data sharing and coordination were key factors behind national-level support for
development of the National Spatial Data Infrastructure (National Research Council,
1993; 1994), described in the Federal Geographic Data Committee’s Framework
Introduction and Guide from 1997. These and other documents we associate with the
birth and infancy.

The concept of the framework reflects the devolved nature of US government
organization (Judd, 1979; Somers, 1990; Krane, 2001; Putnam, 2000; Sperry, 2000)
with invariable limits on the enforcement of federal government policy. The
framework and highly relevant federal guidelines on coordinating geographic
information activities (Circular A-16 and related documents) remain relevant, even if
they are only ‘mandatory’ for federal, civilian agencies (Tosta, 1999). The Framework
proposes the creation of vertical integration through the provision of seven core data
sets around the county; core data can be extended with thematic data in regional or
municipal, in the case of larger cities, for additional themes. This produces architecture
with a flexible arrangement of centralized and decentralized approaches.
Unfortunately, the architecture required local and regional activities and the different
regional stakeholders for a multitude of reasons were not always easy to bring on
board. We can think of this as childhood and puberty.

The Framework Survey conducted in 1998 (Federal Geographic Data Committee,
1998), revealed a multitude of issues. Studies revealed that local governments found
that the NSDI was a wonderful idea, but not as relevant to local government legal and
political mandates and funding to support activities, especially the creation and
maintenance of metadata, was lacking (Harvey, 2001; Harvey and Tulloch, 2003; Butler
et al., 2005; Harvey and Tulloch, 2006). In the adulthood phase, clearinghouses,
gateways, and portals to local, regional, and state have become far more common, but
accessing a number of data sets, especially parcels, generally require contracts and in
most cases a licensing fee or access charge. Legal frameworks to control access under
individual state open records laws have remained important hindrances in facilitating
open data sharing (Masser, 1999; Sietzen Jr., 2003). Perhaps now in old age, but far
from death, US SDI activities continue. National interest remains in improving federal
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government coordination, including the possibility of creating and maintaining a
national geographic information system or infrastructure (GIS) (Folger, 2011).

3. Concepts of SDI: First Principles

Following on the discussion of the three comparative SDI developments at the national
level, we now turn to underlying principles held in common. In Tomlinson’s conception
(1998) for the first GIS, the Canadian Geographic Information System (CGIS), sharing
and coordination are central to the rationale for CGIS. These two concepts remain the
first principles for SDI developments. These principles reflect needs that existed before
computerization was widespread, but only the wide-scale use of information
technology for geographic information make it possible to fulfil these needs in such
systematic and fundamental ways. These principles are confirmed by the work of
others (Kok and Van Loenen, 2005; Rabjabifard et al., 2002).

3.1 The Need to Support Decisions

A key common need behind the development of SDI is decision-support. It has long
been recognized by policy makers that high-quality information and analyzes are
prerequisites for good policy-making (Densham, 1991). If most government activities
and decisions are spatial in nature, then the ability to locate activities and develop
models of spatial consequences is key to reliable governance.

3.2 The Need to Share

The proliferation of GIS along with the ability to infinitely reproduce copies of data has
opened possibilities for sharing geographic information that outstrip previous
cartographer’s capabilities many-fold. The need to share arises in this capacity. While
information technology facilitates sharing, it is generally tempered by a desire to cover
costs, create revenue, or grow programs. Spatial data re-use is a central incentive for
public administration SDI investments.

3.3 The Need to Coordinate

While sharing is possible, for sustained sharing to become more meaningful, some
measure of coordination is required. Fundamentally, coordination can also improve
the effectiveness of SDI by improving the cost-effectiveness of data collection,
maintenance, and updating by taking multiple needs and uses into account.

3.4 The Need for Policy

Of course, the facilitation of Gl collection, maintenance, and updating soon required a
framework beyond informal coordination. The need for policy arose out of success
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with data sharing and coordination with the intent to assure that benefits are not
outweighed by costs to keep sharing and coordination going.

3.5 The Need to Keep up with Technological Developments

With increased capacities, new potentials followed, and improvements, successes, and
failures led to a need to keep up with new technologies and maintain existing
technologies. The increased use of remote sensing land cover data is an excellent case
in point. The rapid growth in LiDAR applications offers yet another example of how
technological developments rapidly alter the potential of governments to improve
services and improve the efficacy of their SDIs.

3.6 The Need for Standards and Specifications

Moving away from centralized bureaucratic approaches, standards and specifications
arose from the need to coordinate multiple agencies arrayed in evolving fashions and
improve the uptake of new technologies into functional information infrastructures.
The primary sources for standards for geographic data and services are the relevant
technical committee of the International Organization for Standardization, ISO/TC 211,
Geographic information/Geomatics and the Open Geospatial Consortium (OGC).

4. Status and Futures

4.1 Status

Despite these principles being common, contextual differences, including
institutionally anchored formal and informal arrangements, for example, the role of
local councils in fiscal decision-making, lead to different approaches to SDI
development. Established approaches to government decision support in Poland
require an emphasis on fulfilling legal requirements. The South African SDI Act states
that spatial information is important for effective governance, planning and decision
making. The US SDI follows myriad legal requirements and policy guidelines. In Poland,
data sharing increasingly follows the transposition of the INSPIRE Directive; in South
Africa, the objectives of the SDI Act emphasize the facilitation of sharing and avoidance
of duplication; principles common to relevant laws and policy in the US as well.
Coordination in Poland follows existing governmental relations and procedures. In
South Africa coordination should occur through the Committee for Spatial Information,
established by the SDI Act. In the US, coordination occurs through a variety of formal
and informal processes. In Poland, policy follows EU regulations and national laws.
The South African SDI Act explicitly states this need and policy development is
currently in progress. The devolved nature of the US leads to a plethora of policies
impacting SDI development. Related, de jure standards are common in Poland
(lwaniak, 2005) whereas the South African SDI Act provides for the determination of
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standards and prescriptions to facilitate sharing spatial information. In the US, de facto
standards have been crucial to SDI developments with varying significance (Harvey,
2011).

In Poland discussions of new legislation reflect potential development of new business
models to support financing SDI construction and increased use of the Geography
Markup Language (GML). These activities can be connected to ongoing educational
activities associated with INSPIRE. In South Africa SDI-related activities, such as AGIS
and SANSA, are the building blocks for SASDI, despite the top-down coordinated
approach of CSI still being in its infancy. In the US, work in the national geospatial
program has produced specifications for a number of mapping activities, including the
US Digital Topographic Product Standard that specifies the creation of GeoPDFs to
replace traditional print creation of topographic maps.

In the evolving landscape of governmental and non-governmental data sharing and
coordination activities, current trends point to the development of capabilities
between extending flexibilities and calcification of existing status quo arrangements.
There is a persistent perception that every organization or country needs a perfectly
functioning SDI. In reality, an SDI has to fit competing requirements and limited
budgets. In practice, it is acceptable to have an SDI where most sharing and
coordination activities are operational, but not always running smoothly and with
disputes and disagreements sometimes dominating. Current SDI models, such as those
proposed by Rajabifard et al. (2002) and Kok and Van Loenen (2005), need
enhancement to reflect recent developments such as volunteered geographic
information, crowd sourcing, cloud platforms, mobile GIS and the geospatial semantic
web.

4.2 Futures

The next stage in the development of SDIs around the world cannot be predicted, but
nascent developments point to new types of hybridism with non-governmental data
providers, re-users, and semi-public partnerships in complex networks blurring the
distinction between users and producers (Budathoki et al., 2008). The potentials of
crowd sourcing remain unclear. The vitality and relevance of non-authoritative data
sources, also known as volunteered geographic information (Goodchild, 2007), and
services hold huge potential in new consumer-orientated markets. How they will fare
in sectors requiring both de facto and de jure authoritative data remains unclear.
Elwood et al. (2012) suggest that the abundance of data, geographical context and
peer review by users and other contributors makes it difficult to produce fake VGl,
either accidentally or deliberately. Of course, these authors live in a developed country
rich in data and peer reviewers (Cooper et al., 2012). In countries where geographic
data is not as abundant, this assumption does not hold. Indeed, deeply rooted
government activities and arrangements continue to hold vast influence on how
future SDI development take place. Societal needs and priorities, laws and regulation,
funding, and intra-governmental relations have a lasting impact on SDI developments.
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5. Conclusions: No Future without the Past

While it often appeals to people to look to the next stage of the future as the birth of
something new, given the history, traditions, and investments in government
geographic information, the past will continue to affect the development of SDIs.

The diversity and complexity of SDI developments point to the need to develop an SDI
Maturity Index (SDIMI), which objectively assesses the development stage of different
aspects of an SDI. We plan to map human development stages against different
aspects of an SDI, such as those mentioned by Rajabifard (2002), Kok and Van Loenen
(2005) and Grus et al. (2007). This could draw on other models, such as the SDI model
of the Commission on Geoinformation Infrastructures and Standards of the
International Cartographic Association (Hjelmager et al, 2008) and the Capability
Maturity Model (CMM), which objectively assesses software development processes
(Curtis, 1992). The index should reflect the development stage of the six needs
described in section 3 above and the principles of data sharing and coordination
(Tulloch and Harvey, 2008). The index should facilitate policy creation and guide
incremental SDI development.

Current technologies, especially the growing use of mobile computing, point to a
future with far more distribution and integration. Due to the Internet, wireless
networking and mobile devices, it is possible to stay connected to the global network
always and wherever you are - resulting in more distribution. As a result, there are
ever increasing volumes of diverse data that need to be integrated. Standards provide
one part of the solution, but there are definitive benefits in the creation of data-
centric approaches (automatically discovering and interpreting spatial data). We don’t
know what comes next, perhaps, but it’s clear that somehow SDIs will continue to play
a part.
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Abstract

The ability to share geo-data is key to the success of spatial data infrastructures. A
major barrier in sharing geo-data is the use of non-standard Licenses which are
difficult to understand both for human beings and computers. This article compares
existing (national and international) licensing frameworks as to the key components
they share. It draws out common elements that can serve as a basis for a global set of
model Licenses.

KEYWORDS: Licensing, geo-data, standard, development

1. Introduction

In the SDI (spatial data infrastructure) community, technical interoperability and
standardization are considered a condition sine qua non for facilitating data sharing
and re-use. For example, INSPIRE requires technical interoperability of geographic data
allowing different data sets across Europe to be smoothly combined in new data sets
and/or services (see European Parliament and Council, 2007). However, not only
technical standards are necessary to achieve this, but also agreements establishing
interoperability on an organizational or legal level. Such interoperability involves
ensuring the compatibility of licensing conditions for the use of spatial data, so that

" This chapter is based on and contains parts of Van Loenen, B., K. Janssen and F. Welle Donker,
Towards true interoperable geographic data: developing a global standard for geo-data licenses,
in: K. Janssen and J. Crompvoets, Geographic data and the law. Defining new challenges, Leuven:
Leuven University Press, forthcoming.
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data from different sources can be seamlessly combined. Non-transparent and
inconsistent Licenses have often been identified as a major barrier to the sharing of
data across the geospatial community and a clear need for harmonized geo-Licenses is
increasingly being recognized (MICUS, 2008; Groot et al., 2007; van Loenen et al,
2007; National Research Council, 2004; Spatial Technologies Industry Association,
2001; RAVI Bedrijvenplatform, 2000; Meixner et al., 1997). Currently, it is very difficult
to readily assess and directly access geographic data and geographic information
services, within one jurisdiction and particularly for cross-border and international use.
Attention for legal interoperability and a standard for geo-information are starting to
emerge, also influenced by the growing interest of the policy makers and public bodies
in open data. For instance, in its proposal for amending the European Directive on the
re-use of public sector information (PSI directive) (European Commission, 2011), the
European Commission emphasizes the importance of licensing conditions and states
its intention to create recommendations on licensing terms for the public sector
bodies in the EU Member States. With regard to spatial data, there are already some
promising initiatives the European Commission can draw inspiration from in the United
States (National Research Council, 2004), Europe (INSPIRE DT Data and Service Sharing,
2010a), Italy (Garretti et al., 2009), the Netherlands (Welle Donker, et al., 2010),
Australia (Fitzgerald, 2010) and at a global level (Onsrud et al,, 2010). While these
initiatives address data sharing on a local level, calls are growing for licensing models
that have a broader reach than just on a national or sector level, possibly based on
existing models such as creative commons (see e.g. Group on Earth Observations,
2010; European Commission, 2011).

During its meeting at the GSDI 12 conference in Singapore in October 2010, the Legal
and Socio-Economic Working Group of the Global Spatial Data Infrastructure
Association decided to examine the possibility for a global licensing model for sharing
geographic data. The Working Group felt that the differences between the national
licensing traditions and practices might actually be smaller than generally assumed,
making efforts to harmonize these traditions and practices worthwhile. A work plan
was drawn up, consisting of different phases.

First, the Group collected existing material on (national and international) licensing
frameworks, compared the key components thereof and categorized them in a
number of ‘common denominator’ groups. In the second phase, a framework will be
developed, based on these categories, of several types of Licenses that could be used
on a global level, and that will increase transparency of the conditions for obtaining
and using geographic data. Such transparency is an important first step towards
reaching legal interoperability. The licensing framework should avoid creating new
licensing conditions if this is not necessary, but also accommodate possible differences
between organizations, cultures, and financing models. This paper presents the first
stage of the work, by showcasing some existing licensing models that can be
considered good practices, and by discussing the comparison that was made between
the licensing models that were examined.
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2. Existing Licensing Models and Frameworks

In this paragraph, we discuss some existing initiatives with regard to reaching
transparency in licensing conditions and legal interoperability. While there are several
models in the geo-domain that can serve as an example, first some attention should be
paid to Creative Commons, which is the first licensing framework that attempted to
standardize licensing. While this framework was not developed for geographic data, it
has had a great influence on any licensing models for geographic data and is often
used as a basis for harmonising initiatives. Therefore, its main characteristics will be
discussed below.

2.1 The Creative Commons Framework

It can be argued that the standardization of Licenses at a global scale started with the
foundation of the Creative Commons organization in 2001 (Dulong de Rosnay, 2010).
Many initiatives in the geo-sector build on the licensing framework that is created by
Creative Commons. In this section, we describe the Creative Commons framework, and
discuss some of its advantages and drawbacks with regard to the harmonization of
geo-Licenses.

Creative Commons (CC) was founded as a non-profit organization to offer flexible
copyright Licenses for creative works such as text articles, music and graphics (see
http://creativecommons.org). It advocates a system whereby rightholders can make
works available through the Internet without forfeiting their intellectual property
rights (IPR). To facilitate this, CC has developed a system of so-called Creative
Commons Licenses, that try to balance between the “all rights reserved” concept of
traditional IPR and the “no rights reserved” concept of the Public Domain, by
employing a “some rights reserved” approach (see also Dusollier, 2006; Dulong de
Rosnay, 2010).

Creative Commons Licenses are based upon a number of pivotal aspects: attribution,
copying and redistribution, commercial and non-commercial use, creating derivative
products, and extending the same License conditions to derivative products. Six
different Licenses were created, holding standard terms except for three aspects
where the licensor can choose to impose restrictions: commercial use, derivate
products, and the licensing terms for those derivative products. The possible
restrictions on the use that can be made of the work are summarized in the Table
below.
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Creative commons | Layman text
License attribute

You let others copy, distribute, display, and perform your
copyrighted work — and derivative works based upon it — but only
if they give credit the way you request.

Attribution

Share Alike identical to the license that governs your work.

You let others copy, distribute, display, and perform your work —
and derivative works based upon it — but for non-commercial
purposes only.

by
@ You let others distribute derivative works only under a license
sa

Non-
Commercial
nc

@ You let others copy, distribute, display, and perform only verbatim
No Derivative | coPies of your work, not derivative works based upon it.

Works

nd

Table 1. Creative Commons Attributes

The six licensing models are made up of the following combinations:
Attribution Non-Commercial No Derivatives (by-nc-nd)
Attribution Non Commercial Share Alike (by-nc-sa)
Attribution Non Commercial (by-nc)

Attribution No Derivatives (by-nd)

Attribution Share Alike (by-sa)

Attribution (by)

ok wNRE

In addition, the Creative Commons Zero License (CCO) allows one to waive all
copyrights and related or neighbouring rights in one’s work, such as moral rights (to
the extent that these can be waived), publicity or privacy rights, rights protecting
against unfair competition, and database rights and rights protecting the extraction,
dissemination and reuse of data. Next, the Public Domain Mark (PDM) enables works
that are no longer restricted by copyright to be marked as such in a standard and
simple way, making them easily discoverable and available to others.

Creative Commons (CC) licenses have as an advantage that they are the result of a
meticulous drafting process by leading legal scholars, they are well known and widely
used across the globe, and they have been translated into numerous languages and
adapted to numerous jurisdictions. Web search engines can automatically pick up
embedded html code indicating that the returned sites contain CC licensed material
(Onsrud et al., 2010). The validity of the License has been upheld in various lawsuits
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around the world (see for example Curry v Audax Publishing, the Netherlands; Spain:
Sociedad General de Autores e Editores; Tribunal of Nivelles, Lichddmapwa, Belgium).

However, CC Licenses also have a number of drawbacks. They may not be altered in
any way (see J. Farchy, 2009), although others consider this a benefit: (Onsrud et al,,
2010; Dulong de Rosnay, 2010; Dusollier, 2006). Next, CC Licenses may not apply to
some datasets in some jurisdictions. CC licenses are intended for “creative works” or
those that meet the legal standard for “originality,” regardless of the jurisdiction. As
this standard for originality differs between jurisdictions (Janssen et al., 2007), using
CC licenses in a cross-border context may sometimes be problematic. The different
national versions that have been created of the CC Licenses, all applying terminology
adapted to their national legal frameworks, may complicate this even further (Dulong
de Rosnay, 2010).

In addition, all the available Licenses may give rise to problems of interpretation. This
is for instance the case with the CC License that only allows non-commercial use. What
exactly constitutes ‘commercial use’? What about a company representative visiting a
client using a car navigation system, does this constitute commercial or internal use?
The vagueness of the term ‘non-commercial’ has been criticized by several authors
(Dulong de Rosnay, 2010; Welle Donker et al., 2010; S. Dusollier, 2006; Rutledge,
2008), and while on a national level some consensus may be reached on the exact
scope of the term ‘commercial’, on a cross-border or international level this will be
much more difficult. Moreover, the use of only a non-commercial CC License may be a
problem for geographic data stemming from the public sector in particular
jurisdictions, e.g. in the European Union, where both non-commercial and commercial
use of such geographic data should be allowed under the directive on the re-use of
public sector information (van Eechoud et al., 2007; Janssen, 2010). A separate License
would still be possible for commercial use, but this would limit the harmonising
potential of the use of the CC License in the first place.

Next, the CC License concept of ‘no derivatives’ may also pose a problem if the aim is
to make datasets available for value-added products. If information (including
geographic data) cannot be used to create derivative products, then it will only be
suitable for internal business processes or for end users, and the addition of value by
other users is not possible. A comparable problem rises with the share alike option. In
a creative environment the concept of sharing works, adapting them, and making the
derivatives available under similar conditions might be important to control potential
free-riders who want to redistribute the work and their derivative works under a more
strict License (see Lerner et al., 2005). However, when geographic data is made
available for the purpose of value adding, the requirement of making the value-added
services and products available under the same open conditions would be
counterproductive to the business model of many value-adders (see also Stewart et
al., 2006).
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2.2 Licensing Frameworks in the Geo-domain

Even though the calls for standardization of licensing conditions are increasing, many
public bodies providing geographic data are still hesitant to replace their own
proprietary licensing system by a harmonized licensing policy (Janssen et al.,, 2011).
However, several recent initiatives aim at harmonising Licenses for public sector
(geographic) data. In this section, we discuss three of these initiatives: Geo Shared in
the Netherlands, Government Information Licensing Framework (GILF) in Queensland
(Australia), and the INSPIRE basic and specific License. For an overview of some other
initiatives, we refer to the INSPIRE Good Practice Guide (INSPIRE Drafting Team on
Data and Service Sharing, 2010).

2.2.1 Geo Shared (Netherlands)

The Dutch Geo Shared licensing framework is embedded in the more general policy of
the government to make available public sector information free of charge and
without any (re-)use conditions (see Table 3): Van Boxtel, 2000; Donner, 2011. This
policy applies to all information held by national government organizations and is
endorsed by the Dutch provinces and water authorities. Most public sector
information is envisioned to be available under a Creative Commons Public Domain
Mark (see http://creativecommons.org/licenses/publicdomain/deed.en_US). If a PDM
is not possible, a Creative Commons Zero declaration is advised.

However, for the instances when PDM or CCO is not possible, because the public
bodies concerned are still required to apply use conditions and/or charges, for
example due to legal obligations, or because of costs that need to be recovered by the
public organization, the Geo Shared (Dutch: geogedeeld) licensing framework was
developed. This framework, created as part of the Dutch INSPIRE program builds on
the Creative Commons concept, including symbols representing the various use
conditions, a layman's text and a legal text. The data providers can choose the use
conditions they want to apply to the dissemination of their geographic data from a
limited list, shown in Table 2 below. The symbols representing the conditions of use
are published in the Dutch national geo-register (see
http://www.nationaalgeoregister.nl/). On 21 September 2010, the framework was
accepted by the Gl Council, the Dutch advisory council on geographic data.
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Attribution: Work can be used and reused if name of copyright holder
and/or the date of the creation of the Work are mentioned on the
Work.

Derivative works only if: the Work can only be part of a Derivative
works if the Work is not selectable from the Derivative Work.

No redistribution: No redistribution of the Work is allowed.

Time limitation: The license is valid for a limited period.

Fee required: Use of the dataset requires a monetary payment.

Purpose limitation: The Work can only be used for the purpose(s)
specified in the license.

Additional conditions: Other restrictions than the above apply.

Table 2. The Geo Shared Licensing Framework (see Van Loenen et al., 2010)

2.2.2 Government Information Licensing Framework (Queensland,

Australia)

The Queensland Government Information Licensing Framework (GILF), initiated by the
Queensland Spatial Information Council (Australia) aims to make it easy for PSI users
to understand the rights of use associated with the material they want to use. The GILF
licensing framework consists of the six Creative Commons Licenses and a GILF
Restrictive License (Fitzgerald, 2010). Originally only used in Queensland, it has now
been taken up by the other Australian states and territories under the name of
AUSGOAL, Australian Governments Open Access and Licensing Framework (see
http://www.ausgoal.gov.au/).
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Under GILF/AUSGOAL, the six Creative Commons Licenses are the preferred method
for licensing government intellectual property. However, the restrictive License
template can be used if the public bodies want to impose additional conditions. It has
been developed specifically for material that contains personal or other confidential
data, but it may also be used for other reasons, including for material that is licensed
with limiting or restrictive conditions. In principle, the data obtained under this License
can be used in Australia for the own internal purposes of the user. Possible restrictions
the licensor can choose from include prohibitions to copy the data, to make it
available, to transmit it electronically or to perform any act that is not explicitly
allowed under the License. The License provides an appendix in which these standard
restrictions can be overturned, and the making of copies, the online distribution, the
electronic transmission, the distribution of hard copies or anything else can be
allowed. Further, the GILF has an article and appendix on payment and in an appendix
the License fee itself, and payment information is provided.

2.2.3 INSPIRE Drafting Team basic and specific Licenses

In 2005, the INSPIRE Drafting Team on Data and Service Sharing was set up to prepare
the Commission Regulation executing article 17.8 of the INSPIRE directive on access by
the bodies and institutions of the European Community (now European Union) to
spatial data sets and services from the Member States falling under the scope of the
directive under harmonized conditions.

The drafting team provided a guidance document for the Member States and public
authorities on how to share spatial data sets and services with the institutions and
bodies of the European Union (INSPIRE DT Data and Service Sharing, 2010a). In this
guidance, the Member States are encouraged to make upstream framework INSPIRE
agreements for data sharing between multiple organizations and for multiple datasets,
in this way preventing the need for a separate License for each request for data.
However, if such agreements are not available, the Member States are encouraged to
use a Basic or Specific INSPIRE License, (INSPIRE DT Data and Service Sharing, 2010a).
While these Licenses were created specifically for the dissemination of spatial data and
services towards the EU institutions and bodies, they can also be used mutatis
mutandis for data sharing between other stakeholders.

The Basic INSPIRE License applies when spatial data sets or services can be used under
INSPIRE conditions without significant further restrictions or conditions and the use is
free of charge. These INSPIRE conditions hold that the data or service can be used for
the performance of public tasks that may have an impact on the environment by the
institutions and bodies of the Community, and by contractors on their behalf. The
institutions and bodies can allow public access to the data or service, but they should
avoid unnecessary duplication of the original data set or service from the data
provider, or any data or service derived from it (INSPIRE DT Data and Service Sharing,
2010a). The License also contains standard provisions on warranties and security
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measures, liability, the access and delivery methods, personal data, assignment and
sub-licensing, conflict resolution and termination.

3. Towards the Development of Cross-Border and Global Standards for
Licensing Geographic Data

3.1 Objective and Methodology

As shown from the initiatives in the previous section, there are signs that ad hoc
licensing policies from individual organizations will gradually be replaced by nationally
or sectorally coordinated harmonized Licenses (see Figure 1). However, this does not
solve the problems users are facing when they want to combine data from different
sectors and across borders. The GSDI Legal and Socio-Economic working group wants
to propose a global licensing model for geographic data that enables the users to
License and use data from any source: see figure 1.

International harmonisation:
- Creative Commonsandthe like

Full interoperability of
(PSIGI L

X

Mo transparency; Each

- Creative Commons+gea?

Hermonizstion st national level:

- GeoShared in Metherlands

- Musterizenzversinbarung, Germany
- GILF in Qussnsland, Australia

arganisation hasits own - GeoConnections, Canada
uniquelicences - Pizdmonts, Region in [tahy
- UK: OGL

Transparencyy harmonisation in secior
- SealataMet project

- OnelGeaology project

- GEMESI project

- ECOMET

- GEQSS initiative

- ESDIM

Figure 1. Suggested Stages of Development of a Standard for Geo-Licenses

The Group compared existing licensing frameworks and models, and categorized they
key components in a number of groups. Based on the common denominators of these
categories, in the future a licensing framework will be created that can be used
globally and will increase transparency and support interoperability of the conditions
for obtaining and using geographic data. The following licensing frameworks and
models were examined (see Table 3).
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Topic Location/Re URL
gion
APIE France https://www.apiefrance.fr/sections/actualites/des-conditions-
generales-pour-la-reutilization-des-informations-publiques/view
Creative Global http://creativecommons.org
Commons
ECOMET Europe http://www.ecomet.eu/index.php?option=com_content&view=artic
le&id=2&Itemid=3
ESDIN European
Union
GeoConnectio Canada http://www.geoconnections.org/publications/Best_practices_guide/
ns Guide_to_Best_Practices_Summer_2008_Final_EN.pdf
Geo Shared Netherlands http://www.geonovum.nl/diensten/gebruiksvoorwaarden
Government Queensland, http://www.gilf.gov.au/
Information Australia
Licensing
Framework
INSPIRE basic European http://inspire.jrc.ec.europa.eu/documents/Data_and_Service_Shari
& specific Union ng/DSSDraftGuidancedocument_v4.1.pdf
License
Ministry of France http://www.rip.justice.fr/1932-simplified-License-%C2%AB-
Justice conditions-of-the-reuse-of-public-information-that-is-freely-reusable
OneGeology- European http://www.law.kuleuven.be/icri/deliverables/2071G-
Europe Union E_WP7_D7.pdf?where=
Open Global http://www.opendatacommons.org/licenses/odbl/
database
License
Open license Montevideo http://monolitos.montevideo.gub.uy/resoluci.nsf/de053405568724c
(Uruguay) f832575ae004f0467/7adaf8ec8d70033b832576d60041760f
Ordnance United http://www.ordnancesurvey.co.uk/oswebsite/business/licenses/agr
Survey Kingdom eements.html
(Open
Government
License)
SeaDataNet Europe http://www.seadatanet.org/content/download/3899/29604/version
/2/file/SeaDataNet+Data+Policy+.pdf

Table 3. Overview of Existing National or Sectoral Geo-license Harmonization Efforts analyzed
the GSDI Legal and Socio-Economic Committee

As almost all of the licenses contained provisions on the same topics and the users are
confronted with the same elements, it seemed relatively easy at first sight to ensure
interoperability and possibly even harmonization. However, the content of the
provisions might still be significantly different. Hence, harmonization would need three
steps. The first one would involve including the same topics in each license, so that a
user knows what types of terms and conditions to expect. However, this would only
provide a small benefit to the user. In the second step, standard formulations should
be developed for each provision, ensuring that, even though the conditions that are
applied to different data sets may still vary, at least for each requirement and
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condition a standard clause with harmonized wording would be available. Third, not
only the formulation of the conditions and requirements should be harmonized, but
the types of conditions that can be imposed would be limited. The Working Group
realized that this final step would be difficult to achieve due to the many different legal
and institutional factors that need to be taken into account, and therefore aimed to
develop a licensing framework that provides a number of model licenses built from
standard clauses, but that still allows for the data providers to choose the conditions
they want to apply.

3.2 Overview of the Categories of License Terms

The following categories of clauses were found in almost all of the licensing
frameworks: definitions, grant of license, obligations, allowed use, use restrictions,
term and termination, disclaimers (limitation on liability/warranties/indemnification),
dispute resolution, governing law, jurisdiction, and form and effect of the agreement.
For some of these categories, different options or subcategories could be found for
particular conditions or requirements. As mentioned earlier, ideally the number of
these options should be as limited as possible, but a first step in reaching
interoperability or harmonization would already be that the different options and
possibilities are formulated in a more uniform way, in this way creating more
transparency and facilitating the combination of different types of geographic data by
the user. In the next subsections, we discuss four examples of categories for which
different clauses or clauses containing different options were found in the model
licenses.

3.2.1 Grant of License

While all licenses contained a non-exclusive grant of use rights, some only allowed use
within a certain territory (e.g. some of Queensland’s GILF licenses), or required
payment for using the data (e.g. the French APIE’s licenses). Yet, many of the licensing
frameworks that include multiple licenses include both royalty-free and charging
license templates.

3.2.2 Allowed Use

The core element of a license is the kind of use the licensee can make of the data that
he or she has obtained under the license. Understandably, the provisions on allowed
use in the licensing frameworks held considerable variation in their level of
restrictiveness, adapted to the specific needs of each framework and/or data provider.
Generally, the types of allowed or restricted use included the following types (albeit
formulated in many different wordings):

®  Accessing

* Viewing
* Downloading
e  Copying
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e Distributing
e Making derivative works

3.2.3 Use Restrictions

Another part of the licensing frameworks that is essential are the acts that the licensee
is not allowed to perform with the geographic data he or she obtained access to. The
different licenses contained a wide variety of use restrictions, with each license within
a particular framework holding a different combination of these restrictions. Possible
restrictions can be divided into a number of main types:
e No sublicensing;
e No direct marketing;
e Viral clause: share-alike obligation
e No distribution or disclosure to third parties;
e Only internal use for legal persons or private use for natural persons;
e No derivative works, only non-copy derivative works, no changes or
adaptations to the original information;
e Limitation on number of copies, number of views, number of
users/computers;
e Only use for a particular activity, or for a particular purpose;
®  Only use by a particular group of users.

The different types of user restrictions can have a greater or lesser impact on the
possibilities of the licensees to use the geographic data for the purposes they need it.
For instance, while a prohibition to sublicense the data only limits the user from acting
as a licensor of the data he or she has obtained, the data can still be made public.
Next, not being allowed to redistribute the data does not hinder the user from creating
added-value products and disseminating those, while a restriction to internal use
would also prevent the latter. Another example where the extent of the user
restriction can make a great difference is the purpose: a license forbidding a particular
type of use (e.g. no direct marketing) has much less impact than a license only allowing
one type of use (e.g. only education).

3.2.4  Obligations of the User

The fourth category of license terms for which a number of different provisions and
options were found in the model licenses and licensing frameworks that were studied
is the obligations of the user. In the reviewed licensing frameworks the following
obligations for the user were found:

® No misuse of the data or misrepresentation of the data provider;

® No use of any identifiers/ trademarks of the supplier;

e Attribution;

e Notification of any misuse of the data or any infringements of the license that

were noticed by the user;
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e Notifications of errors in the data found by the user;

4. Discussion and Conclusions

Obtaining interoperability or harmonization can be relatively easy for many of the
license provisions. However, particularly with regard to the restrictions that can be
imposed on the use of the data, considerable flexibility will need to be maintained,
allowing data providers to determine their own requirements outside of any standard
provisions that are provided. For instance, for two use restrictions, ‘Only use for a
particular activity, or for a particular purpose’ and ‘Only use by a particular group of
users’ a standard option may be problematic, as it is difficult to distinguish between
e.g. commercial use and non-commercial use, or to define personal use or end use.
Starting with the purpose of use is even more troublesome with an infinite number of
possible purposes. How can a computer decide which purpose does not conflict with
another when trying to integrate to different data sets or services? A pragmatic
approach has been implemented by the Seadatanet project (see
www.seadatanet.org). Seadatanet attributes four different roles to its users. Based on
these roles a user profile dictates the conditions of access to the datasets. For some it
is free without any restrictions, for other datasets it is not. This approach needs further
investigation as far as meeting the full interoperability requirements.

Whatever problems may arise in harmonising some elements of licenses for
geographic data, we do believe that a global framework of standard geo-licenses is a
prerequisite to stimulate cross-jurisdictional use of geographic data and to successfully
move towards a service oriented SDI in which multiple services can be integrated into
new services without delay. The review of existing licensing frameworks shows that
they have many elements in common, at least at the generic level of categories
included in a license. Even the more detailed subcategories show possibilities for
harmonization in most instances. The most troublesome from a harmonization
perspective, are those licenses with conditions per user type, per activity and/ or
specifying the purposes for which a data set can be used. For these licenses,
transparency of terms and full and automatic interoperability will be a real challenge.
In the next phase, based on the categories that were defined in the first stage of the
work, a framework will be developed of several types of licenses that could be used
globally and increase transparency of the conditions for obtaining and using
geographic data.
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Abstract

Metadata has long been understood as a fundamental component of any Spatial Data
Infrastructure, providing information relating to discovery, evaluation and use of
datasets and describing their quality. Having good metadata about a dataset is
fundamental to using it correctly and to understanding the implications of issues such
as missing data or incorrect attribution on the results obtained for any analysis carried
out.

Traditionally, spatial data was created by expert users (e.g. national mapping
agencies), who created metadata for the data. Increasingly, however, data used in
spatial analysis comes from multiple sources and could be captured or used by non-
expert users — for example academic researchers - many of whom are from non-GIS
disciplinary backgrounds, not familiar with metadata and perhaps working in
geographically dispersed teams. This paper examines the applicability of metadata in
this academic context, using a multi-national coastal/environmental project as a case
study. The work to date highlights a number of suggestions for good practice, issues
and research questions relevant to Academic SDI, particularly given the increased
levels of research data sharing and reuse required by UK and EU funders.

KEYWORDS: metadata, Spatial Data Infrastructures, GIS, inter-disciplinary, cross-
disciplinary, Academic SDI
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Interdisciplinary Research

1. Introduction

Until the emergence of the geographical information technologies that are part of
Web Mapping 2.0 (Goodchild, 2007, Haklay et al., 2008, Elwood, 2009) geographical
information was provided top-down by bodies such as National Mapping Agencies
(NMA) (Goodchild in Schuurman, 2009). Advances in positioning, web mapping,
cell/mobile communications, Web 2.0 and Volunteered Geographic Information (VGI)
(Goodchild, 2007b) have led to increasing availability of data from multiple sources
(Budhathoki et al., 2008), with much of this spatial data available free of charge
(Coleman et al., 2009).

In the context of academic research in the United Kingdom (UK), a number of
measures have responded to, and reflect, this greater availability of data. At European
level, Seventh Framework Programme (FP7) funding requires funded projects to
provide a data management plan (FP7, 2011) and the European Union’s INSPIRE
(Infrastructure for Spatial Information in Europe) (INSPIRE, 2011a) directive may
impact academia. Initiatives to encourage greater sharing of research data are being
established — e.g. the Engineering and Physical Sciences Research Council’s Policy
Framework on Research Data (EPSRC, 2011) and the Economic and Social Research
Council’s Research Data Policy (ESRC, 2010). The setting up of an Academic Spatial
Data Infrastructure (SDI) is one of the aims of the Joint Information Systems
Committee’s Geospatial Working Group (JISC, which was set up to facilitate
information and infrastructure sharing across the UK’s universities) (JISC, 2011).
Initiatives such as GoGeo® and ShareGeo’ allow academic users to share geospatial
data online.

This increase in available spatial data is coupled with a reduction in Geographic
Information System (GIS) expertise of the end user of such data. Previously, users
were GIS experts with advanced training in spatial data understanding and
management and quality issues. However, the British Library recently predicted an
increasing emphasis on cross-disciplinary research (British Library, 2010). Initiatives
such as research projects funded by the JISC Geospatial Programme (JISC, 2011b)
recognize the importance of spatial data analysis and GIS to other disciplines. The
availability of free GIS software (e.g. Google Mapsa, Google Earth Builder4, ArcGIS
Explorers, ESRI’'s Community Analyst Toolss, Quantum GIS7) encourages non-specialist

! http://www.gogeo.ac.uk/gogeo/

? http://www.sharegeo.ac.uk/

® http://maps.google.com

* http://earth.google.com/builder

> http://www.esri.com/software/arcgis/explorer/index.html

® http://www.esri.com/software/arcgis/community-analyst/index.html
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users to make use of GIS tools and data. This is particularly the case given the power
of GIS as a tool for the integration of data from diverse sources and disciplines.

Given both the increase in data and the reduction in expertise of the users, having
information to allow end-users to understand and integrate the heterogeneous data
they are using, and identify any potential issues, omissions, data capture methods and
previous analysis carried out, becomes more important (Deng and Di, 2009, Haklay and
Weber, 2008). Traditionally, metadata (‘data describing the data’) has been used
(Sboui et al., 2009) and amongst the GIS profession the quality description provided by
metadata is acknowledged as important to understand potential errors and issues.
Good metadata increases trust (Craglia et al., 2008) and could be important to help
increase the credibility of a dataset, mentioned by Coleman et al. (2009) as important
particularly for VGI. However, metadata is complex to create (Poore and Woolf 2010,
Manso-Callejo et al., 2010) and “many view its generation as monotonous and time-
consuming” (Batcheller, 2008), standards are producer-centric (Goodchild, 2007,
Devillers et al., 2005) and where metadata exists its quality may be variable (Rajabifard
et al., 2009). Indeed, many systems currently rely on “caveat emptor” (Goodchild,
2007).

This paper describes a review of metadata creation and use in a multi-national,
interdisciplinary research project where the data quality description it provides is
fundamental to the success of the project. The review examines whether traditional
metadata, as a descriptor of data quality, is relevant to and usable in an Academic SDI
and if there are any considerations that could overcome some of the issues commonly
associated with its use.

The remainder of the paper is structured as follows — first a review of data quality
issues and metadata is given. This is followed by an overview of the case study (the
SECOA project). The results of an evaluation of SECOA’s use of metadata are then
presented, along with consideration as to whether metadata is relevant and usable for
academic research. The paper concludes by presenting some ideas and concepts for
further work to more tightly integrate metadata into the academic data management
workflow.

2. Data Quality and Metadata

Concerns about accuracy and uncertainty of geographical datasets have been
articulated for some time (Goodchild, 2002). The level of vagueness (zone boundaries
are possibly guesses), uncertainty (both positional and attribute) and ambiguity (e.g.
where objects are assigned different labels by different groups or disciplines) (Longley
et al., 2011) all contribute to the quality of a dataset. Borrough (1994) lists potential
sources of error in data including the age of the data, areal coverage, map scale,
density of observations, relevance, format and accessibility. Van Oort (2006) identifies

7 http://www.qgis.org/
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a number of groupings of geospatial data quality information: lineage (the history of
the dataset, how it was collected, and how it evolved); positional accuracy (how well
the coordinate value of an object in the database relates to reality on the ground);
attribute accuracy (how correct attribute values are); logical consistency (does the
dataset conform to rules such as ‘no houses in the middle of a lake’ and general
topological correctness and other relationships that are encoded in the database);
completeness (is there any missing data or any data included that should not be
there); semantic accuracy (how should objects in the dataset be interpreted); usage
(how the data should be used appropriately); temporal quality (if the real world
changes, does the dataset change too?).

Within GIS, and in particular within an SDI it is the metadata that provides a formal
description of the data quality (Kim, 1999), allows for data reuse (Craglia et al., 2008)
and avoids data duplication. To enable interchange and understanding by computer-
based systems, metadata is often stored in a very structured, standardized format (e.g.
the United States Federal Geographic Data Committee® or the International Standards
Organization’s 19115:2003 Geographic Information Metadata Standardg). A study by
Moellering (2005) identified 22 standards still in wide use. Table 1 below lists core
elements of metadata for the European Union’s INSPIRE Spatial Data Infrastructure
(INSPIRE, 2011b). As can be seen the information stored in standards-based metadata
directly corresponds to the list of quality elements identified above, with additional
information to facilitate searching for the dataset and sourcing it once its quality has
been evaluated.

Metadata Element

Metadata Element

Metadata Element

Title

Data format

Extent

Alternative title

Responsible organization

Vertical extent

Dataset language

Frequency of update

Spatial reference system

Abstract

Limitations on public access

Spatial resolution

Topic category

Use constraints

Resource locator

Keyword

Additional information Source

West bounding longitude

Temporal extent

Metadata date

East bounding longitude

Dataset reference date

Metadata language

North bounding latitude

Lineage

Metadata point of contact

South bounding latitude

Originating controlled
vocabulary

Unique resource identifier

Coupled resource

Table 1. INSPIRE Metadata Elements (adapted from Walker, 2009)

Traditionally, metadata is created by a dedicated team of professionals (Mathes, 2004
in Kalantari et al., 2010, Budhathoki et al., 2008) and metadata standards are producer
centric (Goodchild, 2007, Devillers et al., 2005, Craglia et al., 2008). They focus on

® http://www.fgdc.gov/metadata
® http://portal.opengeospatial.org/files/?artifact id=6495
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information that data producers assume will be relevant to users and it is difficult for
end-users to be involved at any point (Budhathoki et al, 2008). These geospatial
specialists understand the importance of producing and maintaining metadata and the
underlying requirement to provide quality information with a dataset to ensure that it
is used correctly for any subsequent analysis (Sboui et al. 2009). However, even for
specialists the complexity of creating and maintaining such metadata is considered
significant (Poore and Woolf, 2010, Manso-Callejo et al., 2010, Batcheller, 2008,
Craglia et al., 2008). Metadata production is seen as tedious and left to the end of a
project, which results in metadata that is barely useful and often contains errors (West
and Hess, 2002).

Two approaches can be identified to automatic metadata production. First, it may be
possible to automate data quality assessment and hence generate metadata from the
results. This has been attempted by comparing the data with ‘better/higher’ quality
datasets (Koukoletsos et al., 2011) and through modeling (deBruin, 2008, Agumya and
Hunter, 2002) and through examining the different values of nominal, ordinal, ratio
and interval data (Van Oort, 2006, Servigne et al., 2006). Secondly, direct automated
metadata creation has also been attempted. Potential approaches here include
harvesting existing metadata (Batcheller, 2008), automated tagging (Kalantari et al.,
2010), title and location information extraction (Olfat et al., 2010), format, number
and types of geometry, resolution, bounding box, use constraints (Manso-Callejo et al.,
2009). However, elements of metadata — in particular descriptions such as abstracts -
creation cannot ever be eliminated from the process (Batcheller, 2008).

In addition, end-users may require further non-standard information. For example,
they may wish to express their own measures of fitness-for-purpose (Craglia et al.,
2008), to add information providing a simple description of data quality or details of
the impact that the dataset could have on the outcome of any analysis they wish to
perform (Goodchild, 2007) or to describe data in terms aimed at non-expert users
(Timkpf et al., 1996, Frank, 1998 and Harvey, 1998 in Devillers et al.,2005). Poore and
Wolfe (2010) note that issues relating to semantics and ontologies are not handled by
current standards. Devillers et al. (2005) mention that the reputation of the data
producer is important. Legal requirements are suggested as being relevant by Gervais
(2004 in Devillers et al., 2005) and Aalders and Morrison (1998 in Devillers et al., 2005)
propose including information about where a dataset has been used.

3. The SECOA Project

SECOA (Solutions for Environmental Contrasts in Coastal Areas) is a research project
involving eight different universities and institutions around the world (in the United
Kingdom, lItaly, Portugal, Israel, India, Vietnam, Sweden and Belgium). It has been set
up to examine the effects of human mobility on urban settlement growth and in fragile
environments — in particular the potential impact of sea level rise (SECOA, 2011a;
2011b). SECOA is investigating and comparing eight metropolitan areas of
international/global importance and an additional eight metropolitan areas of
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regional/national importance in these European and Asian countries. Given the wide
range of issues to be addressed by the project, the SECOA team recognized the
importance of data and data management from the outset. Metadata forms a core
component of the data management task and specific time for metadata capture was
allocated in the project schedule.

SECOA’s metadata end-users can broadly be divided into three groups: producers
(creating metadata and datasets for others), users (making use of metadata and
datasets for cross-location comparison and model building) and “produsers” (given the
small teams, a number of people fell into both roles). The teams are very
interdisciplinary and include researchers having expertise in the Creative Industries,
Fluvial and Flood Geomorphology, Tourism Studies, Urban Planning, European
Integration and Globalization among others.

Although standards-based metadata (in particular INSPIRE) was considered at the
outset of the project, its complexity resulted in the creation of a shorter version of
metadata (“stripped down”, Longley et al, 2011) to describe the datasets and be
manageable in terms of creation time and understanding by the end users. The
required metadata fields were identified through a questionnaire issued to the end
users themselves (see Figure 1 below). Importantly, flexibility was included — users
could upload documents to provide more detailed data quality information, and
additional elements of metadata can be added as the project progresses, building
towards the INSPIRE standard (see Ellul et al., 2009 for details of how this is achieved).
To assist the metadata creation task detailed guidance was produced in the form of
user guides, decision flow diagrams and example metadata records. To address the
issue of the diverse backgrounds of the team, regular presentations to familiarize users
with metadata and data management are given at the six-monthly project meetings.
At all times, the emphasis is on the use of metadata as a means to allow users to
correctly and scientifically use, integrate and compare datasets from multiple sources
and for multiple locations.

Throughout the first eighteen months of project activity, usage of the system has been
tracked — users’ requests for metadata have been logged, along with the number of
metadata records and associated data files uploaded — to provide a quantitative
insight into the system. Additionally, a qualitative review of metadata captured has
been carried out to assess the usage and perceptions of the metadata system from the
perspective of content.

4. The SECOA Metadata System — Results

Figure 1 shows the resulting web-based metadata system, with the elements
highlighted by producers, produsers and users as important.
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Figure 1. SECOA Metadata Capture Form

In the above Figure, the following elements of metadata have been included: a short
Title (around 5 words) that describes the dataset; an Abstract to give a short
description of the dataset; the Type of Data — such as spreadsheet, spatial data, PDF;
the Time Period(s) covered by the data — of particular importance given the time-based
change analysis in SECOA; How the dataset was created — details to allow the user of
the dataset to understand how particular numbers or results were derived’ the
relevant SECOA Work Packages; whether Data can be shared with SECOA. ltems such
as Contact E-mail, relevant Case Study and Contact University are captured
automatically from the user’s login. Additionally, the system provides the ability for
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users to link to ‘ancestral datasets’ if a dataset is derived from another, to upload
additional files describing the data and to upload the data file itself where it can be
freely shared.

4.1 Quantitative Evaluation of the SECOA System

Figure 2 below shows the number of metadata records created by each of the partners
(anonymized except for London Metropolitan University, LMU, the creators of the
metadata system).
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Figure 2. Number of Metadata Records Uploaded by Each Partner University

A total of approximately 1800 records have been created to date (October 2011).
However, as can be seen, there has been a mixed response to the system with
University 1 having submitted little metadata despite repeated encouragement, but
others (5, 6 and LMU) performing well. Additionally, a total of 545 files (containing
data or additional metadata information) have been uploaded.

Figure 3 below examines usage of the system for metadata viewing, again by
anonymized university, with LMU excluded from the list. There have been
approximately 2800 individual views of metadata records by non-LMU staff since
system launch, but again there is great disparity between the teams with the
universities showing a good record for metadata population also showing a good
record for general use of the system. Detailed tracking results also show that there
are relatively few users accessing the system in a significant way in each location - 13
core users (outside LMU) exist, who have viewed over 100 metadata records each
since the system was launched.
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Figure 3. Number of Metadata Records Viewed by Partner Universities, by Month

The importance of a deadline in encouraging metadata submission cannot be
underestimated - an additional 715 records were created in July 2011 in anticipation of
the first metadata deadline. This is reflected in the heavier system usage in July in
Figure 3 above.

4.2 Reviewing the Quality of SECOA Metadata

The disparity in the number of metadata records captured by the teams highlighted an
issue with inconsistent metadata with some teams missing records although in theory
all teams were required to contribute the same analysis results and associated
metadata records to the project to allow comparability across the countries. A review
of metadata content also highlighted the great variety of detail present in the
metadata. For example time-periods covered by various datasets included “1915 to
present - variable depending on the location”, “Collation of data as in Jan 2009” and
“Details attached - depends on data type”. Different descriptions and levels of detail
were provided for data for a requested Driving forces, Pressures, States, Impacts,
Responses (DPSIR) report (records below are anonymized):

e University 1 created one metadata record with the abstract details: “DPSIR
framework analysis for ecosystem of City A and City B”

e University 2 created one metadata record with abstract details: “Assessment of
natural resources use for sustainable development (DPSIR analysis). The coastal
wetlands in the municipalities of City A (peri-urban area) and City B (peri-urban
area)”

e University 3 created eight metadata, with abstract details: “Report on the
assessment of sustainable use of natural resources in the City A study sites: District
and District B. The DPSIR framework is used to assess the sustainability of
intertidal habitats in six statutory conservation areas. An index of sustainability is
developed based on eight selected indicators. Results are very dependent on the
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indicators used and their relative weight. Therefore the index is used here only to
rank the six areas based on the relative level of pressure they currently ”

Provision of more detailed guidance for metadata capture is on-going. First, a decision
tree is sketched out to allow users to determine whether a metadata record is
required to be captured or not (Figure 4).

Figure 4. Decision Tree Diagram Guidance for Metadata Capture

Secondly, a series of best-practice examples have created in the metadata system by
the LMU team.
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A second issue to be addressed is how best to assess the quality of the metadata
produced in an automated fashion. Although the manual review described above
yields relevant results, this is not scalable to hundreds or even thousands of user-
generated metadata records. A quality assessment measure was therefore applied to
the metadata, using the following criteria:

e  The total amount of text provided in the abstract

® The total amount of text provided for the description of the dataset creation

process
e The links between each metadata record and parent records.

Figure 5 below shows early stage results of this type of analysis, with 15 being a
maximum quality score for a metadata record. The analysis highlighted in particular
the lack of ‘links’ to parent datasets and the lack of text in some metadata entries.
Individual reports will be circulated to all participants to encourage them to improve
their scores.

Figure 5. Automated Metadata Quality Analysis

4.3 Qualitative Evaluation of the Usage of the SECOA System

A second short questionnaire relating to usage of the metadata system yielded a total
of 10 responses from users (5 out of 8 countries responded). Users were asked what
they were using the system for, and whether they managed to locate the data they
needed for their analysis work. Responses are given in Table 2 and Table 3.
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Why do you use the Metadata System and Forum? # Responses
To Upload metadata and datasets 8
To discuss issues on the forum 6
To search the metadata 6

Table 2. Metadata and Forum Usage

Do you find all the metadata/data that you need in the system? # Responses
Yes - | find all the metadata/data | needed 3
Sometimes some metadata/data is missing 4
No - | cannot find what | need 0
| am not using the SEARCH option in the metadata tool 3

Table 3. Metadata Completeness

Two of the respondents, both members of the team currently conducting comparative
studies, identified specific areas of missing metadata (and hence data that they
required for analysis). Other issues included occasions where data did not meet the
requested format (e.g. a PDF was supplied instead of a spreadsheet).

5. Is Metadata Usable and Useful within an Academic Research SDI?

Overall, the total of 1800 metadata records and 545 datasets uploaded and shared by
the SECOA team point to a general level of success of the metadata tools. Having real,
project-related, deadlines and having the data repository (and hence metadata) as an
external deliverable with specific person-months allocated to it in the project schedule
was fundamental to reaching this level of metadata as this gave the task higher
impact. The majority of the work was carried out by a core team of 10 users, who have
created on average 150 records each and quantitative assessment, by means of usage
logging highlighted that within each team there are usually one or two ‘metadata
champions’” who perform the majority of the entries and searches on behalf of the
team.

The introduction of the “stripped down” metadata capture requirements and the
automation of metadata capture for a number of elements was particularly successful,
as was making the users aware that they would not be required to populate complex,
complete standards-based metadata. Given the low level of individual queries to the
development team (perhaps 5-10 across the first year) it would appear that the web-
based system provided (along with the associated instructions) was deemed usable.

Members of the project team have become more familiar with metadata as the
project has progressed. Feedback from the end users of the metadata — those team
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members using the captured metadata — is also positive overall. Users were generally
able to locate the datasets they required using the system’s search tool, and the
geographically dispersed project teams means that metadata was a first port of call for
the teams searches for data, rather than an e-mail or phone call to the relevant team
member. This use of metadata was also relevant within teams - anecdotally people
were able to use metadata to answer questions about the datasets where details may
have been forgotten due to elapsed time. Where clarification has been necessary, it
has been possible to ask people to go back and add to or improve their metadata.

Comparing SECOA to traditional SDI, it can be realized that SECOA uses not only
metadata on ‘official’ data but also requires metadata for the aggregated/analyzed
data produced for comparative analysis. The metadata reflects the different methods
used to produce the aggregated data, allowing comparison between the results from
different teams. It is noteworthy that the results were often not spatial in nature, but
consisted of summary reports or spreadsheets of aggregated numbers. Thus the
SECOA SDI, and perhaps research SDI in general, needs to be able to handle both
spatial and non-spatial data.

Despite the successes a number of issues have emerged which can be said to reflect
those identified above (Data Quality and Metadata). Users have noted that some
datasets and metadata are missing (i.e. have not been created/uploaded as required
by various country teams) and our review highlighted inconsistent metadata creation
and great inconsistencies in the resulting quality of the metadata. The SECOA team
also exhibited the behaviour often described in association with metadata, where
metadata was ignored in favour of more pressing data capture and analysis deadlines,
unless specific metadata deadlines were set, and it remains to be seen whether
participants will be willing to go through additional iterations to improve the quality of
the metadata created.

Importantly, SECOA illustrates that metadata is relevant to facilitate data sharing and
data quality description and ultimately ensure better science. Ideally, metadata and
the data repository would be an external deliverable, and it is suggested that metadata
deadlines are set on a frequent basis and accompanied by metadata review exercises.
The issues with the quality of the metadata highlight the need for multiple iterations of
metadata creation and maintenance to be scheduled and costed, and the need for
detailed guidance and examples to be pre-created.

The time required to create detailed, more consistent, high quality metadata, perhaps
including additional non-standard elements (see Data Quality and Metadata above),
should not be underestimated. Even if, as was the case with SECOA users contribute
fairly extensive metadata they are predominantly not GIS experts. Do they have the
expertise in spatial data sufficient to do so with sufficient understanding of the
limitations of their datasets? Therefore, perhaps the most fundamental question to
address is ‘how can we automate metadata capture and data quality assessment and
documentation?’ If data has been manipulated or analyzed in a GIS, the metadata
could list the software package and version, and also the exact operations that were
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performed, in order, information which would not only be useful for the project but
would contribute to the repeatability of the research downstream. However, even
given this level of automatic data quality/metadata creation, fully automated
metadata is as yet unreachable.

An interim alternative could be proposed that incorproates metadata directly into a
user’s workflow — in other words, datasets cannot be accessed (e.g. in the GIS) without
the user being made aware of corresponding metadata and hence any data quality
issues, and cannot be shared without appropriate metadata being created (this
contrasts with current systems, where metadata is held separately). Storing metadata
with the data in an integrated single environment such as a spatial database would
greatly assist in enforcing such rules. It would also allow the system to automatically
update the metadata when the underlying datasets change (by means of a ‘trigger’
event in the database) and could generate regular prompts to the user to ensure that
the metadata was up to date. Logging of GIS operations could be done directly into
the database, and metadata records would be automatically created for new datasets,
reducing the need for guidance and the existence of a separate ‘metadata creation’
task. Text mining tools could be used to automatically detect abbreviations and flag
them to the user if they are not already logged in the system. Voice recording and
transcription services could be included to faciliate the population of mandatory
elements that cannot be automated, such as title and abstract.

The above measures may go some way to overcoming the wider issue of the
complexity (and relevance) of standards-based metadata and the general perception
that it is ‘boring’, ‘irrelevant’ and ‘difficult to create and use’ (Pasca et al., 2009). To
further this process, consideration should be given once again to one of the main
purposes of metadata — it is a representation of the quality of the data, and should flag
up any issues relating to the dataset to potential end users, empowering them to
source data, make a descision as to whether to use a dataset and if used how to
interpret the results obtained. Familiarizing researchers with the importance of such
data quality descriptions to their project could assist in this task. Understanding
motivation (from altruism to social reward, as suggested by Coleman et al. 2009) is
relevant, as are participative methods of user feedback (Craglia et al., 2008).

From the metadata creation perspective, techniques could involve adding quality
ratings and descriptions to be applied both to the datasets and to the metadata - “/
used this dataset for task XYZ”, “I rank this dataset as 4/5”, “I found these issues in this
data”, “The metadata failed to mention that there is an entire county missing in the
data.” Further research into the applicability of the initial quality measures used
above (Section 4.2) is also required — how can the quality of large numbers of
metadata records be assessed on an ongoing basis? Online games could be created,
with users competing in teams to describe spatial datasets and identify the most
appropriate tags. More generally, the following questions ‘how can we highlight the
importance of understanding data quality?’ and ‘what would motivate people to
voluntarily contribute metadata/quality information?’ are relevant.
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From the metadata user’s perspective it is equally important to ensure that the
resulting quality descriptions are relevant, and used in the correct context. Do users of
metadata, increasingly not GIS experts, have the skills to interpret its meaning in terms
of the underlying data quality and its impact on their analysis? ‘How can people be
encouraged to make use of metadata to obtain data quality information and correctly
interpret the impact of data quality on their analysis and results?’

Automation has been discussed in the context of metadata creation, and it is possible
that it may play a part here too, realizing one of the advantages of the structured
approach to metadata storage. Given that it is created in a format to be machine-
readable could such metadata be used to automatically assess the suitability of a
dataset for a specific task, or perhaps issue warning flags or descriptions of ‘suitable’
datasets? For example, what is an appropriate point density for an inverse distance
weighting interpolation with particular parameters? Does the proposed dataset have
this appropriate point density? This concept extends the concept of metadata to
processes and algorithms - a metadata record of an ‘ideal’ dataset could be created for
each task, and then compared to that of the proposed dataset. Given the wider
audience now using GIS (see Introduction) this would help to ensure that appropriate
scientific output was produced and add an increased level of usability for novice users.

5. Conclusions and Further Work

The SECOA project could be said to reflect data creation and management
requirements occurring across interdisciplinary, multi-national research and Table 4
highlights a number of similarities and differences between a ‘traditional’ SDI as
exemplified by INSPIRE and an ‘academic’ SDI.
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‘Traditional SDI’

‘Academic SDI’

Complex metadata standards

Stripped-down metadata standards, but may
have additional non-standard extras such as
‘ancestor links’, ‘work package’ or ratings.

Designed to handle spatial data only

Needs to handle mixed data including spatial,
reports, questionnaires

Producer centric, data provided to anyone
who requests/licenses it.

Both producer and user centric, as well as
produsers. Data shared within a project,
although greater emphasis now emerging on
longer data life-cycle.

Expert producers, expert users who
understand the importance of metadata and
the detailed level of metadata required

Non-expert producers and users, who are not
familiar with metadata and may not have
expertise in interpreting it and then applying
this interpretation to their research

Deadlines for metadata production

Deadlines for metadata production only exist
if set within the initial project scope

Multi-Lingual metadata

Generally a single language agreed for each
project, although multi-lingual also possible.

Ongoing data updates and metadata
maintenance

Data updates and metadata maintenance
end with the individual project.

Domain expertise high — e.g. many data
producers participate in the working groups
that define the standards for the data and
metadata in their area of expertise

Metadata and data domain expertise can be
very low — academics are generally specialists
in their own field, rather than in data
management. Important to familiarize team
members with metadata concepts early on.
Metadata champions important.

Time is allocated to metadata production

Time is only allocated to metadata
production if defined as part of the original
project scope.

Quality of metadata generally good —
producers of the metadata know their data
well

Quality of metadata can be poor, and
metadata can be missing. Difficult for non-
metadata experts to understand how much
detail to provide. Further methods required
to automatically understand the quality of
metadata.

Metadata held separately from data

Metadata held separately from data. Ideally
creation of quality information and
application of this information to subsequent
analysis should be integrated into the
workflow and potentially ‘hidden’ from the
end users.

Metadata time consuming to produce.

Metadata time-consuming to produce,
automation fundamental to resolving this
issue.

Table 4. Traditional Versus Academic SDI

The SECOA project is currently two-years into a four-year timescale. As well as ongoing
guantitative measurements such as those described above (Quantitative Evaluation of
the SECOA System), producers, produsers and users of the metadata system will be
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surveyed again to identify issues, successes and their overall level of understanding of
metadata. Lessons learned from SECOA, such as the importance of familiarizing end
users with metadata early on and the importance of including metadata as a
deliverable, can be directly applied to further interdisciplinary research and a more
integrated spatial database and metadata system is currently being developed for
another project.

Metadata is an established means to convey the quality of a spatial dataset and allow
the user to locate data, understand its suitability for a task, undertake the required
analysis and release and share the results. On the one hand, traditional standards-
based metadata provides a potential opportunity to semi-automatically assess the
suitability of a dataset for a specific task. Conversely, the complexity of such metadata
(and the omission of more end-user-focused concepts such as a quality rating from the
standards) discourages its creation and maintenance. Many challenges remain, both
for SECOA and the wider world of Academic SDI in an increasingly inter-disciplinary
and geographically dispersed research context, not the least of which is identifying a
suitable descriptor or set of descriptors for data quality that are both easy to create (at
least semi-automatically) and relevant to end-users. If the process can be simplified for
both metadata generation and search, inexperienced users will be more likely to use
such systems and in doing so there should be an increase in the cooperation between
research and a reduction in the cost of unnecessary and repeated research (EPSRC,
2011).

The current trends in GIS — increasing amounts of freely available data and web-based
and desktop processes and software, along with an increasing user base of non-
specialists, have major implications for geospatial scientists. Ensuring that non-experts
make informed, correct and scientific choices of data and relevant operations has
implications for the quality of the resulting output and the reputation of the discipline
as a whole. Education forms a key part of this, and the developers of training material
for non-specialists should ensure that issues relating to data quality are included. In an
ideal world, such metadata would be seamless and hidden. However, the data quality
and the implications of quality on analysis would be displayed more prominently than
in current tools.
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Abstract

A spatially enabled society (SES) is an emerging concept to make spatial information
accessible and available for the benefit of society. It is a concept where location, place
and other spatial information are available to government, community and citizens.
This is an important extension to the generational development and progression of
Spatial Data Infrastructure (SDI) as it seeks to contribute to wider societal benefits and
sustainable development objectives. This research paper investigates the social
dimension of SDI and the theoretical foundation for spatially enablement of catchment
communities. Two social science theories, namely, actor network theory (ANT) and
social network theory are utilized to better understand the relationships in spatial
information sharing and knowledge sharing across catchments. A network perspective
of SDI was explored through a case study of the Queensland Knowledge and
Information Network (KIN) project. Spatial information sharing processes among
regional Natural Resource Management (NRM) bodies were analyzed using an object
oriented modelling technique to assess the impact on catchment management
outcomes. The relationships among the knowledge network stakeholders and the
influence of these relationships to spatial information and knowledge sharing was
analyzed using social network analysis. The findings from this study suggest that a
network perspective of SDI assists in understanding the spatial information
management issues of catchment management and the broader goal of spatially
enablement of society.

KEYWORDS: Spatial data infrastructure, spatial information sharing, catchment
management, spatially enabled society, social network analysis
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1. Introduct

Spatial data infrastructure (SDI) and spatial technologies are now used routinely in
decision making to address some of the world’s most pressing societal problems. SDI
is now recognized by many countries as an essential modern infrastructure such as
information communication technology (ICT), electricity or transportation
(Ryttersgaard, 2001; Williamson et al., 2003). SDI application areas and custodianship
of spatial information are changing with the emerging technologies and the societal
needs. However, the overall objective of SDIs is it’s economic, social, and
environmental benefits to society with the emerging application areas now also
becoming part of the solution (Masser, 2011). The creation of economic wealth, social
stability and environmental protection can be facilitated through the development of
products and services based on spatial information collected by all levels of society
including governments, private sector and citizens (Rajabifard et al., 2010). These
objectives can be realized through the development of a spatially enabled community,
government and society.

Spatial enablement requires data and services to be accessible and accurate, well-
maintained and sufficiently reliable for use by the majority of society which may not
be spatially aware (Williamson et al., 2010). Traditionally, the mapping and spatial data
infrastructure development was accomplished by government agencies, particularly
national/state mapping agencies. However, this is now not the case, with all sectors of
society increasingly becoming spatially enabled and contributing to the development
of SDI. The readily accessible and available spatial products such as Google Earth,
hand-held navigation systems (Including smart phones, GPS, etc.), web 2.0 technology,
and social media has opened the way for spatial data collection and management and
is contributing towards the next generation of SDI development and a spatially
enabled society.

Within the SDI community there are differences in the understanding of SDI and its
potential benefits (Grus et al., 2007). Current progress of SDI initiatives shows that SDI
is viewed, defined and interpreted differently by different practitioners. However, SDI
has a common intent; 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 (Rajabifard et al., 2003). SDI is
about the facilitation and coordination of the exchange and sharing of spatial data
between stakeholders in the spatial data community. Traditionally, SDIs were
considered in a hierarchical context in which high levels of SDI (global, regional,
national) built upon lower levels (regional, local) (Rajabifard et al., 2003). The concept
came with the top-down government approach where the custodians of spatial data
were the mapping agencies which led the building of SDI. Now, the concept of more
open and inclusive SDIs is emerging, where users play a vital role in spatial information
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management and SDI development (Budhathoki et al., 2008; Paudyal et al., 2009). The
custodianship of spatial data is also no longer totally controlled by mapping agencies.

The hierarchical concept of SDI is now also being challenged and may not be an
appropriate model where all sectors of society are contributing for SDI design and
development. The social network analysis by Omran and Van Etten (2007) revealed
that a hierarchical structure could put serious constraints on spatial data sharing
where providers and users are contributing for SDI development. Another approach is
to view and examine SDIs from a network perspective. SDI practitioners (Crompvoets
et al., 2010; Omran, 2007; van Oort et al, 2010; Vancauwenberghe et al., 2009;
Vancauwenberghe et al., 2011) have examined SDI from network perspectives. Table 1
summarizes the main contributors of network perspective of SDI and their findings.

Contributor | Study focus Strength Limitations
S
Omran and Examined motivations for The collective Complex
van Etten spatial data sharing from properties of spatial | interactions that
(2007) network topology data sharing in exist between
perspectives organizations was information type,
investigated using network structure,
social network and individual
analysis behaviour, were
not explored
van Qort et Examined how the network The findings Only three
al. (2010) can be used for sharing of contributed to categories of
metadata, requests for help, | methodological linkages between
feedback on product quality, | research on users were studied
innovative ideas, and so on monitoring SDI
programmes
Vancauwen- | Investigated SDI as the Social network Study was only
berghe et al. | collection of arrangements analysis was used to | focused on four
(2011) that give shape to a network | explore hierarchical types of spatial data
of spatial data exchanges characteristics of the | exchanges in formal
Flemish SDI arrangements

Table 1. Main contributors of network perspective of SDI

Onsrud (2011) defined SDI as a network-based solution to provide easy, consistent,
and effective access to geographic information and services to improve decision
making in the real world in which we live and interact. However, the principal
objective of SDI has not changed. It is to facilitate access to the geographic information
assets that are held by a wide range of stakeholders with a view to maximising their
overall usage (Masser, 2011). Existing studies on network perspective of SDI have
focussed on the spatially enablement of government agencies have only partially
explored the user’s perspective. However, this research examines the spatially
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enablement of catchment communities with a particular emphasis on the user’s
perespectives.

The aim of this chapter is to explore the social dimension of spatial data infrastructure
and its theoretical foundation from a network perspective in a catchment
management context. This concept is examined through a case study of the
Queensland Knowledge and Information Network (KIN) project. Two research
approaches, namely, business process analysis and social network analysis are utilized
to explore the spatially enablement of catchment communities and examine
catchment SDI through these network perspectives.

2. Theoretical Framework: Social Science Theories

There are many social theories which can contribute to spatial data infrastructure
design and development including actor-network theory (Harvey, 2001); the theory of
planned behaviour (Wehn de Montalvo, 2003); social learning process (Rodriguez-
Pabon, 2005) as cited in (Masser, 2011) and social network theory (Vancauwenberghe
et al, 2011). In the following sections, two social theories relevant to the network
perspective of SDI development and useful to contributing to spatially enabled society
are explored.

2.1 ANT and SDI Networking

Actor-network theory (ANT) is a social theory, also known as the sociology of
translation, which emerged during the mid-1980s, primarily with the work of Bruno
Latour (1987), Michel Callon (1986), and John Law (1992). ANT is a conceptual
framework for investigating society-technology interactions and its primary building
blocks which are interactions between actors. It considers the whole world as
patterned networks of heterogeneous entities containing both human and non-human
elements. Harvey (2001) defined actor networks as “the traces of relationships
between people, institutions, and artefacts connected by agreements and exchanges”.
Shi (2008) has used ANT for analysing and understanding the social and technical
nature of the watershed management process and decision tools.

The relevance of ANT theory for SDI development and GIS projects has been explored
by a number of authors (Crompvoets et al., 2010; De Man, 2006; Harvey, 2000;
Harvey, 2001; Reeve and Petch, 1999). Reeve and Petch (1999) argue that the success
of GIS projects depends upon the consideration of socio-organizational contexts i.e.
actor-network theory. Harvey (2001) puts the actor-network of the professional GIS-
user at the centre of the technology proliferation process. His approach incorporates
all network activities, including the technological ones. Based on research in
Switzerland, he asserts that actor networks and technology (GIS technology in this
case) affect one another. Data exchange stimulates the emergence of effective inter-
organizational de facto standards and assists in maintaining actor networks, while
prescribed standards do not work and will consequently not have an impact.
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De Man (2006) argues that the process of developing networked assemblies is viewed
by ANT as interplay between heterogeneous actors-technological and social elements
tied together in actor-networks. The actor-network perspective views SDIs as resulting
from continuous ‘translations’ between heterogeneous actors and, hence, as
potentially unstable. Alliances may be locked into collaboration but generally only
temporarily. He concludes that the actor-network perspective identifies the dilemma
of how to navigate between the need for authority and some form of central control,
and active involvement (participation) in developing SDI initiatives. Crompvoets (2010)
argued that spatial data infrastructure is a complex actor-network and the value of
spatial data can be added through complex value added network processes. Their
value is added through the translations between the different actors. Therefore, the
value of spatial data can be assessed realistically only when the interests, beliefs and
values of the individual actors are taken into account. This theory can be useful for
spatially enablement of community, government and society.

2.2 Social Network Theory and VGI

The social network theory is a social science concept that discusses the connection and
relationship in a social structure (Kadushin, 2004). According to Brass (1992), a social
network is a set of nodes or actors that are connected by a set of social relationships.
It views social relationships in terms of nodes and ties. Nodes are the individual actors
within the networks, and ties are the relationships between the actors. The actors can
be all types of social entities, for example, individuals, groups, organizations, or nation-
states (Wasserman and Faust, 2008). The outputs from social network analysis can be
presented in a graphical or mathematical way (Keast and Brown, 2005). Graphical
analyzes concern the map of all of the relevant ties between the nodes and are often
displayed in a social network diagram, where nodes are the points and ties are the
lines. Mathematical analyzes involve advanced calculations (measure of centrality and
density of network or actors) and statistical analysis of the data.

Social network theory is being increasingly utilized for spatial data sharing and SDI
related research. Omran (2007) used social network theory and social network analysis
to explain spatial data sharing (SDS) behaviour. He used social network analysis to map
organizational networks and to determine the actual SDS behaviour. His study was
directed at understanding motivations for data sharing and how this was related to
network topology. Van Oort et al. (2010) utilized social network analysis to study
spatial data sharing across organizational boundaries. This study was focused on how
the network can be used for the purpose of sharing of metadata, requests for help,
feedback on product quality, innovative ideas, and so on. Vancauwenberghe et al.
(2011) argued that SDI can be viewed from network perspective and social network
analysis can be used as a method for SDI research. The case consisted of a sub-national
SDI in Flanders and used social network analysis to analyze Flemish spatial data
exchange network.
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A number of authors (Coleman, 2010; Elwood, 2008b; Goodchild, 2007, 2008; Kuhn
2007; McDougall, 2010) have begun to explore the application of social networking
theory to volunteered geographical information (VGI) and spatial information sharing.
The term VGI was first used by Michael Goodchild to describe the diverse practices of
observing, collecting and producing geographic information by citizens with no formal
expertise in the area (Goodchild, 2007). The first research specialist meeting on VGI
was organized under the auspices of NCGIA, Los Alamos National Laboratory, the Army
Research Office and The Vespucci Initiative and brought researchers around the globe
to discuss potential of VGI for spatial information management. Coleman (2010)
explored how the concept of VGI fitted within SDI. The utilization of VGI for spatial
information collection and updating is now widely used by OpenStreetMap, TeleAtlas,
NAVTEQ and Google Maps. Government organizations have now also realized the
power of VGI and crowd sourcing and are interested in utilising these technologies for
SDI development. The U.S. Geological Survey was an early examiner of this technology.
State governments in Victoria (Australia) and North-Rhine Westphalia (Germany) are
two exemples of employing volunteered input to their mapping programs in the
government sector (Coleman, 2010).

Table 2 summarizes the characteristics, strengths, and limitations of these two social
theories and their possible contribution to spatially enabled society.

Social Characteristics Strengths Limitations Value for
Theory spatial
enabled
society
Actor Investigates Understanding of | Views SDls as Useful for
network society-technology the social and resulting from spatial
theory interactions technical nature continuous enablement
(ANT) of SDI translations development
between actors
Social Discusses the Views the More social bias Useful for VGI
Network connection and network and sometimes and spatial
Theory relationship in a perspectives of delayed the information
social structure SDI implementation sharing

Table 2. Social science theories and their contribution to spatial enabled society
2.3 Social Network Analysis

Social Network Analysis (SNA) is a research methodology that focuses on identification
of relationships between and among social entities, and on the patterns and
implications of these relationships (Scott, 2000). It is often applied to understand
network structures and identify operational efficiencies. There is a body of literature
on quantitative methods in social network analysis (Hanneman and Riddle, 2005;
Wasserman and Faust, 2008).

86



Spatially Enabling Government, Industry and Citizens

Social networks relations can be analyzed for structural patterns that emerge among
actors. Thus, an analyst of social networks looks beyond attributes of individuals to
also examine the relations among actors, how actors are positioned within a network,
and how relations are structured into overall network patterns (Scott, 2000;
Wasserman and Faust, 1994). The ties are based on conversation, affection, friendship,
kinship, authority, economic exchange, information exchange, or anything else that
forms the basis of a relationship. In a network, flows between objects and actors and
exchanges, which might contain an advice, information, friendship, career or
emotional support, motivation, and cooperation, can lead to very important ties
(Kadushin, 2004 ).

There are various types of relationships which exist as suggested by Knoke and
Kuklinski (1982) including communication relations, boundary penetration relations,
instrumental relations, sentimen