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Abstract
Geographic Information Systems (GIS) are data-centric applications that rely on the input and constant
maintenance of large quantities of basic and thematic spatial data in order to be useful tools for decision-making. This chapter presents the institutional collaboration framework and the major technology
components to facilitate discovery and sharing of spatial data: Spatial Data Infrastructures (SDI). We
review the essential software components –metadata editors and associated catalogue services, spatial
data content repositories, client applications, and middleware or intermediate geospatial services– that
define SDIs as heterogeneous distributed information systems. Finally we highlight future research needs
in the areas of semantic interoperability of SDI services and in improved institutional collaboration.
Copyright © 2009, IGI Global, distributing in print or electronic forms without written permission of IGI Global is prohibited.
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IntRODUCTION
Geographic Information Systems (GIS) and related spatial applications are data-centric in the
sense that they rely on the input and constant maintenance of large quantities of reference spatial data,
on top of which integrators and end-users produce
value-added thematic geographic information for
the purpose of decision-making. A typical GIS
workflow can be simplified as consisting of three
components: 1) data entry and reformatting, 2) data
processing (geoprocessing), and 3) presentation
of results to the user. In practice, this apparently
simple workflow is constrained by two key factors.
The first is limited interoperability among GIS
components, because most are tightly coupled
to specific data formats or to other software,
complicating the task of integrating components
from multiple vendors. The second is that the
basic spatial data (reference data) necessary to
begin geoprocessing are in many cases not readily
available, because they are poorly documented,
outdated, are too expensive, or are available under
restrictive licensing conditions. This second factor
has been seriously limiting the ability of government employees, researchers and businesses to
exploit geographic information, unnecessarily
incrementing project costs and, thus, negatively
affecting the economy.
Many government administrations have recognized this critical problem and have initiated
coordinated actions to facilitate the discovery and
sharing of spatial data, creating the institutional
basis for Spatial Data Infrastructures (SDI) (van
Loenen and Kok 2004). The Global Spatial Data
Infrastructure (GSDI) association (www.gsdi.org)
defines SDI as a coordinated series of agreements
on technology standards, institutional arrangements, and policies that enable the discovery
and facilitate the availability of and access to
spatial data. The SDI, once agreed upon and
implemented, serves to connect GIS and other
spatial data users to a myriad of spatial data
sources, the majority of which are held by public
sector agencies.

In 1990 the U.S. Federal Geographic Data
Committee (FGDC) was created and in 1994,
then president, William Clinton, asked it (Executive Order 12906) to establish a national SDI
in conjunction with organizations from state,
local, and tribal governments, the academic
community, and the private sector. Three years
later the European Umbrella Organization for
Geographic Information (EUROGI) was created
with the mission to develop a unified European
approach to the use of geographic technologies
(a mission far from complete). More recently, the
European Commission launched the Infrastructure for Spatial Information in Europe (INSPIRE)
initiative for the creation of a European Spatial
Data Infrastructure (ESDI), based on a Framework Directive (European legislation) defining
how European member states should go about
facilitating discovery and access to integrated
and interoperable spatial information services
and their respective data sources. As the number
of national SDIs increased, to include in 2004
about half the nations worldwide (Masser 2005;
Crompvoets et al. 2004), the Global Spatial Data
Infrastructure (GSDI) Association was created to
promote international cooperation and collaboration in support of local, national, and international
SDI developments.
The basic creation and management principles
of SDI apply to any and all spatial jurisdictions
in a spatial hierarchy, from municipalities to
regions, states, nations, and international areas.
Béjar et al. (2004) show how each SDI at each
level in the hierarchy can be created in accordance
with its thematic (e.g., soils, transportation) and
geographical (e.g., municipality, nation) coverage, following international standards-based
processes and interfaces, to help ensure that the
SDIs fit like puzzle pieces, both geographically
and vertically (thematically). This harmonization exercise is necessary to allow for seamless
spatial data discovery and exploitation crossing
jurisdictional boundaries, in the case of response
to flooding or forest fires, just to name two im-
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portant cross-border applications. In practice this
harmonization has been difficult to achieve due
to political but also semantic-related differences
between neighboring regions. An early (1980s)
European exercise in cross-border harmonization,
stitching together nationally-produced pieces of
the Coordinated Information on the European
Environment (CORINE) land cover database,
highlighted some of these discrepancies at regional
and national borders: experts on both sides disagreed on how to classify the same, cross-border
land cover regions.

SDI essential components
Although SDIs are primarily institutional collaboration frameworks, they also define and guide
implementation of heterogeneous distributed
information systems, consisting of four main
software components linked via Internet. These
components are: 1) metadata editors and associated catalogue services, 2) spatial data content
repositories, 3) client applications for user search

and access to spatial data, and 4) middleware or
intermediate geoprocessing services which assist
the user in finding and in transforming spatial
data for use at the client side application.
Figure 1 summarizes these essential technology components, as generally accepted within the
geographic information standards organizations
Open Geospatial Consortium (OGC) (www.opengeospatial.org) and ISO Technical Committee
211 (www.isotc211.org), and synthesized by the
FGDC and NASA. This conceptual architecture
may be interpreted as a traditional 3-tier clientmiddleware-server model, where GI applications
seek spatial data content that are discovered
and then possibly transformed or processed by
intermediary services before presentation by the
client application. But the architecture also may
be interpreted using the web services ‘publishfind-bind’ triangle model (Gottschalk et al. 2002),
whereby spatial data content (and service) offers
are published to catalogue servers, which are later
queried to discover (find) data or services, and
then the client application binds to (consumes or
executes) them.

Figure 1. High-level SDI architecture, taken from the FGDC-NASA Geospatial Interoperability Reference Model (GIRM), (FGDC 2003)
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Regardless of the precise conceptual model
adopted, what is common among nearly all SDIs
is the primary goal of improving discovery and
access to spatial data. Discovery is based on
the documentation of datasets to be shared, in
the sense of metadata following international
standards such as ISO 19115/19139. Metadata
describing the content, geographic and temporal
coverage, authorship, access and usage rights
details, and other attributes of a dataset are created within GIS applications or externally using
specialized text editors. The metadata files are
stored in standard XML formats and are then
sent (published) to some data catalogue server,
in many cases one which is located at a central
node of the SDI but in principle may be distributed
anywhere on the network.
Users wishing to discover spatial data sources
normally access catalogue search interfaces via
web applications called Geoportals (Bernard
et al. 2005), examples of which may be found
at http://www.geo-one-stop.gov/ and http://eugeoportal.jrc.it/. The geoportal is an interface
façade, both hiding the implementation details of
the underlying catalogue query mechanisms, and
inviting participation in the SDI community. In
addition to discovery queries, the geoportal also
normally provides free access to quick looks or
small samples of datasets that are discovered.
This spatial data visualization is frequently implemented as software employing Web Map Service
(WMS) software interfaces (OGC 2006), allowing
for integration of heterogeneous client and server
products from multiple vendors, as proprietary
or free software solutions. WMS-based services
receive a request for a certain spatial data layer
and for a certain geographical extent, convert the
data (initially in vector or raster format) to create
a bitmap (standard MIME formats such as JPEG,
GIF, PNG) and then deliver the image to the web
client (browser or GIS/SDI client).
More sophisticated spatial data (web) services
are becoming available, many of which also
following de jure ISO standards and de facto

specifications from organizations such as OGC,
Organization for the Advancement of Structured
Information Standards (OASIS), and W3C. These
include services providing concrete functionality
such as coordinate transformation, basic image
processing and treatment, basic geostatistics, and
composition or chaining of individual services to
form more complex services.
Summarizing both the institutional and
technological aspects, article 1 of the INSPIRE
European Directive proposal (EC 2004), lists the
following necessary components for SDIs:
“The component elements of those infrastructures shall include metadata, spatial datasets and
spatial data services; network services and technologies; agreements on sharing, access and use;
and coordination and monitoring mechanisms,
processes and procedures.”
Caution should be taken when describing more
narrow initiatives, projects or products which
provide only a subset of these requirements, as
SDI. This is especially the case of institutional
agreements and cooperation for improved access
to spatial data: the above principles and components should be explicitly involved.

Future Research
SDI researchers are active on several fronts,
but two main areas of interest are: improving
institutional collaboration and SDI effectiveness (including cost-benefit analyses and more
elaborate data access policy), and SDI component
implementation and testing. In the second area
fall topics such as semantic interoperability and
composition of SDI (web) services, the integration of so-called disruptive technologies such as
Google Earth and similar commercial services,
grass-roots initiatives contributing user-generated
data, integration with grid computing and with
e-Government solutions, and exploitation of data
from diverse sensor networks.
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For further details on SDI the reader should
consult the Spatial Data Infrastructure Cookbook
(GSDI 2004) and the European Commission’s
International Journal of SDI Research (http://
ijsdir.jrc.it).
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