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General introduction
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1.1 BACKGROUND

We live in an information age. Geographic inforraatin particular is one of the most
critical elements underpinning decision-making foeany disciplines (Clinton, 1994; Gore,
1998; Longley et al., 1999; Williamson et al., 200rales, 2004). In the past we used maps
to show where people and assets were located.hBsisiow evolved into a complex digital
environment with sophisticated technology.

Over the last decades, many governments and that@rsector have invested tens of
billions of Euros in the development of geographmformation, largely to serve specific
communities (forestry, agriculture, urban/ruralrpieng, land records management, military,
security service, health care, development aidrgemey services, retail, etc.), within a local,
national, international, and even global framew@koot and McLaughlin, 2000). At present,
the focus is increasingly shifting to the challemgssociated with integrating broadly sourced
geographic information, so as to create a managdedyhework. This has led to the creation
of Spatial Data Infrastructure (SDI). This infragtiure facilitates access to the spatial data
and services, improving on the existing complex amdlti-stakeholder decision-making
process (Feeney, 2003). Moreover, it facilitagasd(coordinates) the exchange and sharing
of spatial data (at a local, national and inteorel level), between stakeholders within the
geo-information (GI) community. This community indes mainly those employed by
mapping agencies, universities, governmental amdgowvernmental organisations, and both
public and private institutions.

Over the last few years many countries have spemnsiderable resources on
developing their own National Spatial Data Infrasture, in order to manage and utilise
spatial data assets more efficiently, reduce thstscof data production and eliminate
duplication of data acquisition efforts (Groot aMidLaughlin, 2000; Bernard et al. 20053a;
Williamson et al., 2003; Masser 2005). National SBave, according to Masser (2005), three
common characteristics:

1. They are explicitly national in nature.
2. Refer either to geographic information or spatetid
3. Imply the existence of some form of coordinatingchrenism for policy formulation
and implementation purposes.
National SDIs are also facilitating in nature, psssfeatures, which make data accessibility
and sharing ‘easier’, and are set up with a vielong-term development.

A key feature of a national SDI is the nationaltgdadata clearinghouse (Clinton,
1994; FGDC, 1997; Coleman and McLaughlin, 1998; rGas 1998; AUSLIG, 2001;
Crompvoets and Bregt, 2003). A spatial data cleggause can be defined as an electronic
facility for searching, viewing, transferring, orde, advertising and/or disseminating spatial
data from numerous sources via the Internet. Suetibty usually consists of a number of
servers, which contain information (metadata) alamailable digital data (Crompvoets, 2002;
Crompvoets and Bregt, 2003). It provides compleamngervices and improves the exchange
and sharing of spatial data between suppliers aatsu
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The concept of a clearinghouse originates fronfittecial world. With respect to the
financial transactions between banks, the cleadongb keeps the data on mutual indebted
amounts. At the end of each day, banks are inforabedt the final amounts to be transferred
between banks. Every day there is a ‘clearing’ betwthem (Bogearts, 1997). The first
clearinghouse was the London Banker’s Clearinghowké&ch was established in 1773. The
New York Clearinghouse Association described ieachghouse role in 1853 as to simplify
the chaotic exchange between New York City banke (Tlearinghouse Payments Company,
2005). Even today, this clearinghouse regardsfitsethe place where payments meet, mix
and move expeditiously to their final destinatitm.1994, the US Federal Geographic Data
Committee (FGDC) established the National GeospBida Clearinghouse. This aimed to
facilitate efficient access to the overwhelming mpitst of spatial data (from federal agencies)
and coordinate its exchange, with the objectivenmiimizing duplication (in the collection of
expensive spatial data) and assisting partnershifgse common needs exist (Rhind, 1999;
FGDC, 2000; Crompvoets et,a2004).

A national clearinghouse for spatial data can besiciered as the access network of a
national SDI, which focuses on the facilitationspfatial data discovery, access and related
services. It is not a national repository whereadets are simply stored. It can be seen as a
one-stop shop for all national spatial data, salrlem governmental agencies and/or
industrial bodies (Crompvoets et,&2004). National clearinghouse implementation cary
enormously. The way in which a national clearingl®is set up depends on technological,
legal, economic, institutional, and cultural fastarithin the territory. These factors determine
to what extent the clearinghouse retains contradrodgata. In addition to the national
clearinghouse, clearinghouses at a local, staternational, and even global level exist.
However, the national clearinghouse differs duthéofact that it is embedded in the National
SDI. In April 2005, 83 national clearinghouses westablished on the Internet. A few
examples of current national clearinghouses areDA# (Metalnformacni Databazovy
System), Czech Republic; geodata-info.dk, Denmidlia NSDI Portal, India; Spatial Data
Catalogue, Malawi; Russian GIS Resources, Russipc&.ch, Switzerland; and the
Clearinghouse Nacional de Datos Geograficos deguay, Uruguay. Those listed, share the
same objective, that of discovering and acces$aga data, through the available metadata.

National clearinghouses are evolving worldwide. Seéhedevelopments have
contributed to the realisation of national SDIs. bady of literature has been compiled on
national experiences (e.g. Spatial Applicationsigdon, Catholic University of Leuven 2003,
conference papers of Global Spatial Data InfraginecAssociation 2002-2005). So far, the
majority of this literature focuses on the techhaspects of clearinghouses, and does not take
into account the evolutionary nature of these sd@at facilities. It is important to have a
longitudinal perspective when establishing and ta&imng clearinghouses. A detailed study
of developments of all national clearinghouses @widle could be an appropriate starting
point. This could identify the critical factors beti the success or failure of a clearinghouse.
In this way, knowledge could be used for the suppbrfuture implementation strategies.
Factors for consideration could be societal, fastance legal, economic, technological,
historical, cultural, demographic, environmentadl amstitutional characteristics of a country,
or clearinghouse-internal, such as the networkitecture, availability of view services, type
of search mechanisms and funding stability. HoweNers worth noting that, simply
consolidating the best practices of a few well-atiag national spatial data clearinghouses
(Australia, Canada and USA), gives no guaranteesustainability for other national
clearinghouses. Such best practices cannot nettgdsarapplied equally in other countries
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due to societal differences (Crompvoets and Kos2662; Crompvoets and Bregt, 2003;
Delgado et a) 2005). Knowledge collected through a worldwidgatt assessment of national
clearinghouses in terms of relevance, efficienay eififectiveness could also support strategies.
This impact assessment is considered a key tooliffroving ‘strategy-making’ and
implementation.

The focus of this thesis is on the developmentianpéct studies of national spatial data
clearinghouses worldwide, in order to provide suppar the development of strategies for
establishing and maintaining clearinghouses. Tiidysidentifies the critical factors for future
implementations and help overcome current obstaclss this moment, no comprehensive
study exists. This thesis attempts to fill the gaipce national clearinghouses form such a key
feature of national SDIs, the results of such neseaould enhance and innovate national
SDIs by improving the availability and accessipilif spatial data and services.

1.2 AIM AND SCOPE

The main objective of this thesis is to analysedéeelopment and impact of national
spatial data clearinghouses worldwide as well asirtipact of society on these facilities. The
results obtained provide support for the develogman strategies for establishing and
maintaining clearinghouses. To achieve this ohjectihe following five sub-objectives have
been formulated:

1. To assess the worldwide status of national spddital clearinghouses.
2. To assess the worldwide developments of natioraladmata clearinghouses.
3. To assess the impact of national spatial dataintgaouses on society in particular the

Gl-community.

4. To explore the societal impact on the establishmehtnational spatial data
clearinghouses.
5. To explore the societal impact on the successtaima spatial data clearinghouses.

In the context of this thesis, society is considaebe the sum of human conditions
and activity regarded as a whole, functioning iiégendently (at national level) (Rogers,
1995). The above presented assessments and ekpleratrovide a basis for identifying
critical factors that affect national clearinghasis&his knowledge can in turn be used to
improve the use, content and management of (futtle&ringhouses, and so provide support
for the development of clearinghouse strategies.



6 Chapter 1

Society
Status and Developments
assessments
(Sub-objectives (SO) 1 &2/
Chapters (Ch) 2 & 3)
Exploration of societal Aspects
National Clearinghouse impact on clearinghouse Fconomic
establishment Education
SO {(Sub-objective 4 / Chapter 5) Technological
Developments Environmental
| Cultural
: Exploration of societal Demographic
T impact on cdearinghouse Institutional
Statuas Success Human health
(Sub-objective 5 / Chapter 6) Legal
{ GI-community :
I Impacts :
Impact assessment ! Economic
on society ! Social
(BLOT N ! Environmental :
Chapter 4)

Figure 1.1 Main research steps.

Figure 1.1 represents the relationship betweenobjdxtives (as well as chapters).
The status assessments (sub-objective 1) desanbgjse and evaluate the worldwide status,
the spatial distribution of all national clearingises, and the similarities and differences
between them. Monitoring the status systematicdtlyms the basis to assess the
developments (sub-objective 2). This longitudirtably includes the description, analysis and
evaluation of the worldwide developments, in orttenidentify the critical (clearinghouse-
internal) factors. The status and development ass&#s provide the required information
for the impact assessment of clearinghouses ortyoand, in particular the Gl-community,
e.g. clearinghouse inventory and questions for esumyndertaken (sub-objective 3). The
explorations of societal impact on national clegiiouses (sub-objective 4 and 5), strongly
related to the status description of a specific matnidentify the critical factors from society
that could impact on the establishment or succeskearinghouse implementation.

The national clearinghouse coordinators, who regsirategic support in establishing
and maintaining national spatial data clearinghsuaee regarded as the main target group of
this thesis. In addition, this thesis can assisicpanakers in the decision-making process
regarding whether investments in establishing aathtaining (national) clearinghouses are
justified. It is hoped that this thesis will encage a greater public awareness of the need to
pursue education, training and research in the ldenent and maintenance of
clearinghouses, and to ensure that clearinghouskesontinue to evolve and be relevant to
users of spatial data and services.
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Several choices have been made in order to keepefgarch in this thesis within

manageable proportions, the most important of whrehlisted below.

The thesis focuses on national clearinghouses,hmdan be considered to be one of
the main features of national SDIs. These nati@ials have a high impact on the
other levels of the SDI hierarchy (global, regioifaternational), state and local)
through their components (Rajabifard, 2002; Willsmm et al 2003; Bernard et al.,
2005b). For example, in terms of policy, nationBIShave an important effect on the
management of the higher and lower levels. In tesfnsore datasets, a national SDI
has an important role in establishing a data fraonkwior a country. In terms of
technical standards, a national SDI has a dirdltteince on the state and local SDIs,
and its position is important for higher SDI levétsdecide on their strategies and
standards. Therefore, a national SDI has a cruclalin building the other levels of
SDI. Other reasons for focussing on national aegmouses are due to the fact that
they are measurable, identifiable, and sustainakiee.

This research does not include case studies, ier aodanalyse more deeply business
requirements that could have shaped the purpospgesdesign, implementation and
technical aspects of national clearinghouses.

The emphasis of this thesis is slightly more towaflee use, management and content
of national clearinghouses, than on the technologgchnology has clearly been an
important driving factor in influencing current alinghouses. Ongoing changes and
improvements in technology will ensure that cleghiouses continue to evolve for
many years to come. When looking to the existintgrditure on spatial data
clearinghouses, the vast majority focuses on tdolgieal developments and impacts.
Examples are, the PhD-theses (Morales, 2004; Naguso, 2004), conference papers
(proceedings of Global Spatial Data Infrastructudssociation, EC GI&GIS
Workshop, Association of Geographic Information aediories in Europe) and books
(Groot and McLaughlin, 2000; Nebert, 2004; Bernetrdl., 2005a). However, to fully
analyse the development and impact of these clp@oimses, a clear understanding
about the use, management and content of thed@idacis also required.

Finally, this thesis focuses on the impact assessmk clearinghouses on the GI-
community. This was chosen rather than societyessaociety as a whole has too high
a degree of uncertainty. Uncertain elements areafisessments of the proportion of
the impacts, the identification of the affected keteolders, and the numerous
developments.
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1.3 OUTLINE OF THE THESIS

The core of this thesis (chapters 2—-6) is baseal s#ries of five papers that have been
published in, or submitted to internationally revesl journals. The content is the work of the
author of this thesis Joep Crompvoets. In a fevesathe analyses have been assisted by the
co-authors given the extensive nature of the study.

The chapters themselves cover the worldwide dewatop, impact assessment of
national spatial data clearinghouses, and exptoratiof societal impact on national
clearinghouses. Each chapter focuses on a subtiobjes earlier discussed. Figure 1.1
outlines the relationship between the chapters.

Chapter 2 assesses systematically and presenistlavide status of national spatial
data clearinghouses in December 2001. The examinafi the clearinghouse status and the
spatial distribution is based on a web survey, titiemprises an inventory of all established
clearinghouses and measurements of several keywathastics. The main differences in
clearinghouse implementation are presented andlybdéscussed using the clearinghouse
characteristics.

Chapter 3 assesses and presents the developmeall oftional clearinghouses
throughout the world, with reference to the consegefinitions and history of both SDI and
clearinghouses. The development assessment isynf@sked on a longitudinal web survey,
undertaken in April 2000, 2001, 2002 and Decemi@8022001, 2002. The main results are
presented using the main SDI-components. Additipntilese developments are discussed and
critical (clearinghouse-internal) factors are idfesd.

Chapter 4 assesses and presents the impact ofngleauses on society, and in
particular the GIl-community, with reference to tbeonomic, social and environmental
dimensions of sustainable development. The compsiie and systematic impact assessment
is based on a survey, undertaken among coordinatqesmost) all known clearinghouses of
the world, using indicators to assess the relevaraféciency and effectiveness of
clearinghouses (November 2003 — April 2004). Comgletary analyses are performed as a
means of understanding the significance of thegpadats. Additionally, the main impact results
are discussed.

Chapter 5 explores and presents the societal ingpathe establishment of national
clearinghouses with reference to the economic, a&thral, technological, environmental,
cultural, demographic, institutional, health cangl &gal characteristics of a country in 2002.
This societal impact assessment is based on ANOMAdata mining techniques. The main
result is the identification of critical (societdfctors that could impact on the establishment
of national clearinghouses. Additionally, the sfgisince of these critical factors for
establishment strategies is discussed.

Chapter 6 explores and presents the societal impacthe success of national
clearinghouses for the situation of 2002. This e@tiimpact study is primarily based on a
clearinghouse suitability index and statistics (@artial least squares regression). The main
result is the identification of critical (societd@ictors for success. In addition, the significance
of these critical factors for implementation stgis is discussed.

Finally, Chapter 7 concludes the thesis with the inmaonclusions and
recommendations for further research.

Kindly note that the figures presented between @ra® and 3 are slightly inconsistent. The
main reason is that a couple of clearinghousesyetadiscovered in December 2001, were included at
a later stage of the study. Moreover, Timor-Lesedme an independent nation in 2002.
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2.1 INTRODUCTION

At present (2001), 120 of the 192 countries inwleld are working on their National
Spatial Data Infrastructure (NSDI) in order to ¢eean efficient environment for the access of
spatial data. One of the main features of a NSDa isational spatial data clearinghouse
(McLaughlin, 1991; Clinton, 1994; FGDC, 1997; Orkr998). A spatial data clearinghouse
can be defined as an electronic facility for semgh viewing, transferring, ordering,
advertising and/or disseminating spatial data frarmerous sources via the Internet. Such a
clearinghouse usually consists of a number of sertleat contain information (metadata)
about available digital data. A national clearingd® aims to become a kind of shopping mall
for all national available spatial data as acquisgdgovernmental agencies and/or industrial
bodies.

The first national clearinghouse was establishetl9®4 in the United States (USA).
Since then there has been much development witkirfi¢ld of national clearinghouses. Few
studies exist with information about the worldwitatus of national clearinghouses. Onsrud
(1998) and Lance and Hyman (2001) presented aflidte existing national clearinghouses;
however, no detailed description was included. A® liest of our knowledge, no systematic
periodical research has taken place with regarthdéostatus of national clearinghouses. In
order to fill this gap, we started a survey on Werld Wide Web in 2000, which was
repeated twice a year. The web survey’s main abgsiare to assess the worldwide progress,
the spatial distribution, and the similarities atifferences between national clearinghouses.
Additionally, this web survey can be consideredéoa starting-point to gather information
necessary for the analysis of the legal, econoputtural, technological and institutional
impacts on the development of clearinghouses. M@meacsince clearinghouses are a key
feature of spatial data infrastructures, the evadoaof the findings of this web survey might
improve the planning and investing of spatial dafeastructures in a more strategic way.
This article presents only the results of dataeodéd in the month of December 2001.

2.2 WEB SURVEY METHODOLOGY

In order to assess national clearinghouse develofgm&ound the world, a web
survey was undertaken. The main intention of thisvey was to examine the condition
(status) of national clearinghouses. Added to shisey is the word ‘web’ to emphasize that
the needed information was mainly collected onwiled. Because of the easy access to the
clearinghouse sites, the web is an excellent mganghich to gather the needed information
quickly and objectively on a regular temporal bakighis case, a traditional research survey,
which would collect information by asking a set pfe-formulated questions in a
predetermined sequence in a structured questiantmindividuals (Hutton, 1990), would not
be a suitable approach to collect the needed irgbom quickly, objectively and easily.

The web survey began in April 2000 and was condlicte systematic and periodical
manner. The procedure consisted of the following $teps:

1) Making an inventory of all existing national aienghouses on the Internet.

2) Measuring several characteristics to descrilch ekparinghouse.
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The inventory (step 1) was compiled by extensivansing of the Internet, reading
related literature, and contacting experts and reéweebmasters. Clearinghouses were
characterized (step 2) based on the following maiteease of measurement, objective
character, and clear presentation of history, cuntaise and management of the
clearinghouse. The following twelve characteristiwsre measured: 1) the year of first
implementation; 2) the number of data suppliersth®) level of (meta)data accessibility; 4)
the metadata-standard applied; 5) the number aisdtd; 6) the most recently produced
dataset; 7) the number of web references (Alta\asicdh Google); 8) the number of monthly
visitors; 9) the frequency of web updates; 10) ldrguages used; 11) the use of maps for
searching; and 12) registration-only access. Atradof the above information was sourced
from clearinghouse web pages. Additionally, in sasé uncertainty or missing data, the
webmaster was contacted. The history of the clghdose is described by characteristic 1.
The content is described by characteristics 2, ,354nd 6. The use is described by
characteristics 2, 7, 8, 10, 11 and 12. Finallg, ilanagement is described by characteristics
4, 6, 9 and 12. In the next section, each chaiatiters explained and discussed in greater
depth. Additionally, where available, informatiobcaut funding and clearinghouse strategy
has been incorporated.

2.3 RESULTS AND DISCUSSION

The main results of this ‘December 2001’ web surf@yeach of the 12 mentioned
characteristics are presented and discussed. Sbthe esults are presented by region. This
division in regions is derived from Dorling Kindég's World Atlas (1997).

1. The year of first implementation.

This characteristic describes the history of tleakhghouse. Beginning in 1994, the number
of national clearinghouses has been steadily isargawith time (Figure 2.1). Currently, 59
countries have an implemented version on the webygar of first implementation is known
for 52 of the clearinghouses). Additionally, itkeown that nine countries have projects for
implementation. However, the variety in number e=wthe different regions is considerable
(Table 2.1). For example, in Europe, North Amermag South America, more than 50% of
the countries have established a national cleaouggy whereas in Africa this number is less
than 5%. It is important to note that 124 counttiase not conducted any initiative to build
such a national facility.
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Year of implementation

Figure 2.1 The firstyear of national clearinghouse implementation: ye=sr (columns) and
cumulative (dashed line).

Table 2.1The first year of national clearinghouse implemsaia(distributed per region).

First Year of Total No. of No. of No. of No. of j No. of No. of
implementation No. of African S e Austra- Europeal North- South-
countries countries  countries lian countrie American  American
countries countries  countries
1994 1 1
1995 3 3
1996 6 1 3 1 1
1997 5 2 2 1
1998 14 1 3 1 6 2 1
1999 6 3 1 2
2000 10 1 3 4 2
2001 7 3 1 3
Date unknown 7 3 3 1
1994 — 2001 59 2 9 2 24 12 10
Building phase 9 4 2 0 1 2 0
No 124 45 38 12 18 9 2
implementation

In Figure 2.2, the global distribution of implematibn status of national
clearinghouses is presented. Here, we can seéhthatain ‘hotspots’ of implementation are
the American continent, Europe (except Eastern fig);oSoutheast Asia and Australia. On
the other hand the main ‘holes’ are the Africantoc@mnt and the Middle East.
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[ 1 In process -
[ 1No -
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Figure 2.2 Global distribution of status of national cleatiogises (December 2001).

2. The number of data suppliers.

This characteristic describes the number and diyecs data suppliers. The power of a
clearinghouse is that several data suppliers cesediinate their products via this facility. The
average number of data suppliers participating alearinghouse is high; however, there is
great variety between the clearinghouses (Tablg. Z@r Austria, the Czech Republic,
Slovenia and USA, the number of data suppliers@&sd 00. In Canada, there are 1758 data
suppliers. This contrasts with the 35 clearingheusigh fewer than ten suppliers (notably in
South America and Asia with their powerful nationspping agencies).

Table 2.2The number of data suppliers per region. The nunmbparentheses is the number
of clearinghouses analysed per region.

Region Average Standard Median Maximum
Deviation number
Africa (2) 11 11 10 19
Asia (9) 7 6 5 16
Australasia & Oceania (2) 14 17 14 26
Europe (24) 33 49 12 133
North America (12) 204 551 6 1758
South America (10) 4 3 2 8
WORLD (59) 54 239 6 1758
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3. The level of (meta)data accessibility.

This characteristic describes the presentatiorhefcontent. Not all-existing clearinghouses
give access to data or metadata. For example e sases the clearinghouse presents only a
simple (not standardised) description of the dasasEor this reason, three classes of
accessibility are distinguished: 1) abstract (sergilort description about the databases
without using any formal meta-data description);n®tadata; and 3) data (+ metadata). In
most clearinghouses, the user has access to neetétable 2.3). However, in fifteen
countries the user has directly access to the data.

Table 2.3 The level of (meta)data accessibility of natiooldaringhouse per region. The
number in parentheses is the number of clearingisoasalysed per region.

| Region _______Abstract Metadata Data (+ metadata
Africa (2) 1 1 0
Asia (9) 1 3 5
Australasia & Oceania (2) 0 1 1
Europe (24) 8 12 4
North America (12) 1 7 4
South America (10) 2 7 1
WORLD (59) 13 31 15

4. The metadata-standard applied.
This characteristic describes the metadata-standaad. With the diverse sources from which
spatial databases are built, it is extremely imgdrto maintain information about the content,
quality, source and lineage of the data. A numlberganizations have developed (or are in
the process of developing) standards for storirdyranintaining metadata. The most mature
of these metadata-standards are developed by tHerdteGeographic Data Committee

(FGDC, 1995) and the European Committee for Statsktion (CEN/287, 1996). These

metadata-standards form the backbone of natioredridghouses. The FGDC metadata-
standard is the most applied and distributed stanaund the world (Table 2.4). The CEN

standard is only applied
Standardisation has created the 1SO19115 stand&@/TC-211, 2001). Currently, ten
countries have started a project to apply this-nasttioned standard for their national

clearinghouse.

in  Europe.

Recently,

thaerhational Organization of

Table 2.4 Metadata-standards applied per region. Betweerckéts, the number of

clearinghouses analysed per region.

Region CEN FGDC National Others
Africa (1) 1

Asia (8) 2 2 4
Australasia & Oceania (2) 1 1
Europe (16) 9 3 4
North America (11) 10 1

South America (8) 7 1

WORLD (46) 9 20 8 9
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5. The number of spatial datasets.

A means to quantify the content of a clearinghogsthe number of datasets. However, it
does not represent the importance of the accesduiigsets to the economic and social
development of the country. The variety in the bemof datasets is significant (Table 2.5).
For example, US federal clearinghouse gives adoeabnost 100,000 datasets (December 6,
2001), while the average of the 24 European clghooses is 440. The difference in the total
number of accessible datasets between US and Eis@asily noticed (100,000 vs. 10,000).
In total, the clearinghouses describe 170,000 apdatasets together. Ten clearinghouses
have more than 1000 datasets described (Austrliatria, Canada, the Czech Republic,
Japan, Mexico, South Africa, Switzerland, Uruguag &SA).

Table 2.5Number of datasets described per region. The numlggarentheses is the number
of clearinghouses analysed per region.
Average  Standard Total Median  Mini- \EVE

number deviation number of mum mum
data sets

Africa (2) 1561 2198 3122 1561 6 311%
Asia (6) 676 857 4056 260 9 1782
Australasia & Oceania (2) 15,031 21,249 30,062 35,0 5 30,056
Europe (22) 440 867 9768 118 8 301t
North America (10) 11,802 31,089 118,020 211 8 29,6
South America (8) 721 1646 5768 38 7 4735
WORLD (50) 3616 14,618 170,796 111 5 99,649

6. The most recently produced dataset.

This characteristic describes the up-to-date nattimntent and the management of content
in the clearinghouse. It is the difference in maentietween the date of web survey and the
date of the most recently produced dataset destribbethe national clearinghouse. On
average, the time of the production of the mosémedataset is more than two years (Table
2.6). However, 22 national clearinghouses des@jiagial datasets, produced within one year
from the date of web survey. However, for twelveioral clearinghouses, this duration is
longer than three years (mainly countries locate8auth America or Asia).

Table 2.6 The duration in months between date of the webesu(December 2001) and the
date of the most recently produced dataset. Thebaurm parentheses is the number of
clearinghouses analysed per region.

Average Standard Median Mini-

duration  deviation mum

Africa (2) 31 41 31 2 60
Asia (6) 47 19 55 23 66
Australasia & Oceania (2) 2 1 2 1 2
Europe (22) 21 31 9 1 126
North America (10) 15 12 17 1 29
South America (8) 73 106 43 1 257
WORLD (50) 28 44 15 1 257
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7. The number of web references.

This number can be interpreted as a means to neeaber popularity (use) of the
clearinghouse site within the Internet network. TH&ee Link Popularity Service’
http://www.linkpopularity.com (The PC Edge, Incs) used, which measures the number of
links to the homepage of the national clearinghaihs¢ can be checked by the following
search engines: AltaVista, and Google. A well-lidhkgopularity can dramatically increase
traffic to the specific web site. The link poputgrbf national clearinghouse is high, which
means that they are an excellent source of consiated targeted web traffic. However, the
variety is significant (Table 2.7). The number oftwreferences does not differ that much
between the regions and so the popularity of eonaticlearinghouse can be considered as
universal. The following national clearinghousesvehahigh link popularity: Australia,
Canada, Colombia, Finland, New Zealand, Norway, @84 Venezuela.

Table 2.7The number of web references by AltaVista and Goegarch engines per region
(STD = Standard deviation). The number in paremtfias the number of clearinghouses
analysed per region.

Number of web references Number of web references
AltaVista Google

Ave- STD| Me- Maxi-| Ave- STD | Me- Maxi-

rage dian mum rage dian mum
Africa (2) 50 56 50 89 41 43 41 71
Asia (9) 151 148 105 477 59 112 52 17%
Australasia & Oceania (2) 3084 2851 3084 5100 131913 1315 1960
Europe (24) 320 792 42 3642 123 129 67 532
North America (12) 96 168 40 480 146 351 55 1080
South America (10) 112 140 48 428 76 78 53 213
WORLD (59) 312 857 50 5100 145 309 54 196D

8. The monthly number of visitors.

This characteristic describes the use of natiolegrmghouses for accessing spatial datasets.
This amount relates to the monthly number of visitwho have visited the homepage of the
clearinghouse. The average number of visits ofghge exceeds the 5000 visitors. It is worth
noting that the variety between the implementatisnsignificant due to some particularly
popular clearinghouses (Table 2.8). The followirggional clearinghouses are visited the
most: Canada, Finland, Portugal, Slovenia and U®Ysrtugal’s clearinghouse has
approximately 60,000 visits per month.
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Table 2.8 The monthly number of visitors per region. The bemin parentheses is the
number of clearinghouses analysed per region.

Region Average Standard Median | Minimum  Maximum
deviation

Africa (1) 423 423

Asia (5) 1055 382 1120 618 1576
Australasia & Oceania (1) 4378 4378

Europe (10) 10,521 18,571 1743 410 60,00p
North America (6) 5384 7492 1973 328 18,700
South America (3) 1684 944 1517 835 2700
WORLD (26) 5871 12,337 1334 328 60,000

(note: the number of clearinghouses analysed irtawer as presented in the other tables due to the
fact that not all clearinghouses are able to cthmthumber of visitors).

9. The frequency of web updates.

This characteristic describes the management irclgsringhouse. It is the duration (days)
between the day of the last web update and theafateeasurement. High number of days
refers to a low frequency of web update. One ptessibdication of a well-managed
clearinghouse can be seen by the high frequenapddted information. The average number
of days of last update is high for the whole popafaof clearinghouses due to instances of
poor management (with some updates exceeding 1y¥) daEurope and Asia (Table 2.9).
The variety between clearinghouses is significasf alongside the poorer managed
clearinghouse, numerous excellently managed fesildperate (update within one day).

Table 2.9 The frequency of web updates per region (daysg. itmber in parentheses is the
number of clearinghouses analysed per region.

Average Standard Median|  Clearing- Clearinghou-
duration deviation houses ses updated

updated more than 100

Africa (2) 902 1270 902 0 1
Asia (9) 410 723 7 4 3
Australasia & Oceania (2) 12 13 12 0 0
Europe (22) 170 312 27 6 7
North America (9) 3 3 2 4 0
South America (10) 37 42 26 3 1
WORLD (54) 179 440 15 17 12

10. The Languages used.

This characteristic refers to the language usedthat ‘search page’ of the national
clearinghouse. It describes the number and diyediusers able to access data because of
their familiarity and knowledge of the given langea30 clearinghouses do not have a search
mechanism written in English (in addition five bese are written in Arabic, Chinese, Greek,
Japanese or Korean script). 29 clearinghousesnlgdleir home language. These language
problems reduce the accessibility to data (for Bhgspeaking people).



World Status (December 2001) 19

11. The use of maps for searching.

This characteristic refers to the use of maps vagamching. Maps can be used for locating an
area of interest or by clicking on an area withdefened boundaries. These maps can improve
the accessibility to data. In eighteen clearingksusnaps can be used as an option to search
for (meta)data. This relatively advanced alterratior searching is popular in Europe and
Asia.

12. The registration-only access.

This characteristic describes the management asdilpe limitations of use. Sometimes,
before accessing the data, users have to regmamrstelves by entering personal details. This
characteristic could have a negative impact onssioiity. For nine national clearinghouses,
the user is required to register him/herself toeasametadata or data (Canada, El Salvador,
Finland, Hungary, Malaysia, Singapore, Spain, Carad Uruguay).

2.4 CONCLUSIONS

Since 1994, the number of national clearinghoussssteadily increased to a total of
59. Looking at the trend of implementation, it igected that more countries will establish
clearinghouses in the future. In fact, buildingacleghouses is a global activity (with the
exception of Africa and the Middle East (as well Asstralasia & Oceania)). Most
clearinghouses are established in Europe, Southesasat North and South America. The
main initiatives for establishment come from An@axon countries, such as USA, South
Africa and Australia. The USA in particular, whighsupported by the FGDC, has stimulated
many countries (of the American continent) to baildlearinghouse. However, 124 countries
have still not shown any initiative to build onehéFe are several reasons for this. For
example, a country may not have appropriate netwanthitecture or there may be
institutional bottlenecks for implementation. Th#atences in content, use, and management
between the clearinghouses are broad. An exam@eadf broad difference in content is the
total number of accessible datasets describectieaginghouse. In the US clearinghouse this
number is ten times as high as the total numball @ European clearinghouses. The reason
for such difference is due to each country’s unigistorical, institutional, economic, legal,
technological and cultural setting. Especially ur@pe, there are great contrasts in suppliers,
web references, visitors, and frequency of web tgsjgorobably as a result of the high
institutional, economic, legal, technological andtaral diversity within this region.

The most applied metadata-standard is the FGDC.edexy looking to the numerous
projects to apply the ISO-standard, it is likelyattHSO19115 will be the most applied
standard in the future. This international consergandard reflects FGDC, CEN and other
inputs. It provides detail that goes beyond FGD@ &EN metadata, including special
coverage of raster and imagery information. Cutyetihere are several initiatives to create
workable subsets and extensions of ISO 19115 sa@tmersion of FGDC-support tools and
implementations to meet ISO conformance requiresnentacilitated (FGDC Metadata Staff
Coordinator, 2001).

Looking to the average number of data suppliersy keéerences, and visitors, we can
conclude that national clearinghouses are a popgatality to distribute and access spatial
data.
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Finally, in the future, it is highly probable thatany national clearinghouses will give
access to spatial data itself and provide compléamgrservices such as online mapping.
However, a concern could be the low frequency di wedates of several clearinghouses due
to poor management. Therefore, special attentian thabe given to keep clearinghouse
managers motivated for having a well-managed cighouse. Based on the twelve
characteristics used, we can conclude that Auatr@anada, Portugal and USA have the best
existing national clearinghouses. Additionally stineb survey shows that not only the richest
countries have good clearinghouses. Examples afively poorer countries with suitable
national clearinghouse are El Salvador, Nicaragubliruguay. Based on the above research,
for all countries, it seems that one of the keysstaccessful clearinghouse implementation is
high political support and interest by means ofting and long-term strategy.
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3.1 INTRODUCTION

Spatial Data Infrastructure (SDI) is about the Ifation and coordination of the
exchange and sharing of spatial data between sildess in the spatial data community.
With this objective in mind, many countries are eleping SDI to manage and use their
spatial data assets more efficiently. These caestare finding it necessary to develop SDIs
to assist in decision-making that has an importantact within their national boundaries.
Over the past few years, many countries have spensiderable resources on debating
optimal National SDI (NSDI). One of the main feasiof a NSDI is the national spatial data
clearinghouse (McLaughlin, 1991; Clinton, 1994; RGD1997, 2002; Coleman and
McLaughlin, 1998; Onsrud, 1998; Groot and McLaughl2000; AUSLIG, 2001). The
national clearinghouse is the access network dfi&DBI that facilitates access to the spatial
data. It provides complementary services and imggahe exchange and sharing of spatial
data between suppliers and users.

Based on an overall assessment, the average castsphtial data clearinghouse
(including some services) is around €1.5 millioyear (INSPIRE Architecture and Standards
working group, 2002). This money is spent in manag@ and coordination costs, GIS and
Internet application development, training, hardeyanmetwork server, standardisation
activities, legal environment creation, and metadateparation. In December 2002,
67 national clearinghouses have been implementddtarieen countries have projects for
implementation. Based on these 80 initiatives, éams that globally around €120 million
worldwide is spent yearly for clearinghouse manag@mUp to now, this amount of money
has never been audited or evaluated (certainlglobilly).

Since 1994, a fast development in national cle@wonges implementation has taken
place throughout the world. Not many studies eafigtut the worldwide development of these
national clearinghouses. To the best of the autHorswledge, no systematic periodical
survey has taken place with regard to the developrnad national clearinghouses
(Crompvoets, 2002). The purpose of the presentrpape fill this gap, its main objectives
being to assess worldwide developments, to anaysk describe these developments, to
understand the reasoning behind them and to detertine critical factors for success.

This paper assesses and presents the developnfeats mational clearinghouses
throughout the world, with reference to the consejiefinitions and history of SDI and
clearinghouses. The assessment methodology has desenbed based on a longitudinal
survey and the main development results are predemsing the main SDI-components:
policy, access network, standards, people and dalditionally, these development results
are discussed and some key factors for succesetaanined.

3.2 SPATIAL DATA INFRASTRUCTURES AND
CLEARINGHOUSES

3.2.1 Spatial Data Infrastructures

Viewing the core components of SDI as policy, ascetworks, (technical) standards,
people (including partnerships) and data, Rajathifetr al. (2002) suggested that different
categories could be formed based on the differatura of their interactions within the SDI
framework. Considering the important and fundamemtg between people and data as one
category, a second can be considered consistitigeomain technological components: the
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access networks, policy and standards. The bestpm&aof access network is the
clearinghouse. The nature of both categories ig shgnamic due to the changes occurring in
communities (people) and their needs, as well @ tingoing requirement for different sets
of data. Additionally, with the rapidity with whickechnology develops, the need for the
mediation of rights, restrictions and responsileiit between people and data are also
constantly subject to change (Figure 3.1). Thisgssts an integrated SDI cannot be
composed of spatial data, value-added servicegathdisers alone, but instead involves other
important issues regarding interoperability, pelciand networks. This in turn reflects the
dynamic natureof the whole SDI concept. It is an issue also hggtted by Groot and
McLaughlin (2000).

Dynamic

i

Access Network

Policy

L Standards J

Figure 3.1 Nature of and relations between SDI componentepizd
from Rajabifard et al., 2002).

Data

People

A
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The concept of SDI can be defined as an integratedfileveled hierarchy of
interconnected SDIs based on partnerships at cagyotocal, state/provincial, national,
regional (international) and global levels. Thiseles users to save resources, time and effort
when trying to acquire new datasets by avoidinglidagon of expenses associated with the
generation and maintenance of data and their iatiegrwith other datasets.

With this in mind, every nation undertakes to saxnt the development of strategic
national mapping and spatial data activities to tnileeir national planning and management
needs. The accumulation of these activities ovee thas resulted in the identification of key
linkages between institutional and technical aspsichilar in many respects to other forms of
infrastructure, and occurring in a continuum of elepment strategies. Based on this,
Rajabifard et al. (2003) distinguished and repodedwo generations of SDIs, the first and
the second generations.

The first generation of SDIs development has entesgece mid-1980s when USA
and Australia, for example, started to developdéia access relationships, which became the
precursor to the development of NSDI initiatives.tiis time, countries developing SDI on
any jurisdictional level had only very limited ideand knowledge about different dimensions
and issues of the SDI concept, and rather lessiexge of such development.



Worldwide development (2000-2002) 25

Within this generation, each country designed aadetbped SDI based on their
specific requirements and priorities and nationafecific characteristics. The ultimate
objectives of the SDI initiatives in this generatias summarised by Masser (1999) were to
promote economic development, to stimulate betbegiment and to foster environmental
sustainability. A significant milestone overcomethyg first generation, for whom there were
few experiences and existing SDI developments fwdnith to learn, was the documentation
of researchers’ and practitioners’ experiencessaaias reports on their SDI initiatives and as
part of that report on their clearinghouse acegtwhich facilitated their SDI initiatives. This
achievement not only gave countries a knowledge-tix@sn which to learn and/or develop
their initiatives, providing exposure to the dewmteental strengths and weaknesses of
different SDI initiatives, but also provided socdialpital to share and foster SDI developments
in other countries. Consequently, many countrigslired in SDI development over the first
generation took a product-based approach, whicltarbecthe dominant model for SDI
justification and development partially througheal of awareness of other options.

However, the transition to the second generationbmmarked by a change in focus
on SDI development by several countries (Austrdli8A, Canada) involved in developing
the concept from the beginning. This led to a rapictease in the number of countries
becoming involved in SDI development, fostered bg definition of an SDI community
where experiences could be shared and exchangesl.siibws the continuum of strategic
spatial data development.

The second generation started around 2000 when sbrttee leading countries on
SDI development changed their development stragesyiel updated their conceptual models.
In second-generation SDI, the strategy for SDI tgweent is changing towards a more
process-based approach (Rajabifard et al., 20083. dpproach focuses on the creation of a
suitable infrastructure to facilitate the managemmeh information assets instead of the
linkage to existing and future databases.

The second generation of SDI developments charsiitatly falls into two groups:
those countries that started to develop an SDiatiie during the period of the first
generation and are gradually modifying and upgmathe initiative, as well as those countries
that have recently decided to design and developlanfor their respective countries and/or
have just commenced doing so (Lance and Hyman,;20@hn de Montalvo, 2001).

The distinguishing features of the second generaiirclude leverage of the
experiences, expertise, social capital of SDI dgwakent and the development of
clearinghouse systems derived from the first gdizgraFor the first generation, data were the
key driver for SDI development and the focus otiative development. However, for the
second generation, the use of that data (and ggiecations) and the need of users are the
driving force for SDI development. Introduction wkeb services is the main technological
indicator of second-generation SDI because suchcgsrare partly able to fulfil the needs of
users and improve the use of data. In summarynsegeneration SDI development has been
relatively quick due to the concept gaining momen@nd because of the existence of early
prototypes, clarification on many initial desigsugs, increased sharing and documentation
of experiences to facilitate implementation andefabhe complexity of decision-support
challenges.
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3.2.2 Spatial Data Clearinghouses

A spatial data clearinghouse can be defined aslentrenic facility for searching,
viewing, transferring, ordering, advertising, anddessseminating spatial data from numerous
sources via the Internet and, as appropriate, @irnyi complementary services. Such a
clearinghouse usually consists of a number of sertleat contain information (metadata)
about available digital data.

A clearinghouse is based on a distributed netwdrgemple (spatial data suppliers,
managers and users) linked electronically (Clini®94; FGDC, 2002). The term ‘distributed
system’ refers to a distributed collection of useita, software and hardware, whose purpose
is to meet some predefined objectives (Bishr andwa, 2000). The clearinghouse allows
suppliers to make known what spatial data exigt,dbndition of these data and instructions
for accessing these data. Each data supplier escavailable data in an electronic form and
provides these descriptions (or metadata) to thevark using a variety of software tools.
Additionally, the data supplier can offer accessi®produced data. Users can discover who
has what spatial data and their type and qualigd{#an, 2002).

The main reason for creating a clearinghouse isddsire of users to have a single
source for accessing all the available resourcespatial data clearinghouse is a system to
provide this capability serving as a central pdortsharing data among data producers and
users (Phillips, 1998; Noori-Bushehri and Rajalif&001; Rajabifard, 2002).

To make a clearinghouse as the access networktmpedawithin an SDI, it has to be
strongly linked to the other SDI-components: pepplgta, policy and (technical) standards
(Rajabifard and Williamson, 2001). A clearinghousa only be a success within an SDI
when there is a strong cohesion between these acqmmf® The use, management, supply of
data and the content, and/or quality of these detirmine its success subject to the quality of
the standards, response time of the clearinghaw$éegal/economical policy.

There are different understandings of the definitwd clearinghouses. The Australian
and New Zealand Land Information Council (2000)ims clearinghouses in a much wider
context. It incorporates: discovery, transfer andeas services; legal arrangements including
supporting custodians’ ability to control accesgheir data; co-ordination and management
functions; and the spatial information commercialrket place in which data are value-added
and integrated to produce products, services aldi@us. The definition of the US Federal
Geographic Data Committee (FGDC, 1997) includesdessthe technical mechanism also
the institutional aspect of clearinghouses. Howewetinly out of practical reasons, this paper
focuses on the most tangible product of the clgaonse; the electronic facilities for
discovery, transfer and access.

The latest definitions of the clearinghouse playrenemphasise on the inclusion of
services. For example, the position paper of INEPIRchitecture and Standards working
group (2002) describes a clearinghouse (Portad) site featuring a suite of commonly used
services, serving as a starting point and gatewathé Web for a user community. This
service-oriented approach is in accord with theeclbjes of the second generation of SDI.
Examples of services which could be included withiolearinghouse environment are: map
service, coverage service, feature service, gazet@vice, coordinate transformation service,
authentication service, analysis/spatial data fuservice, web pricing and ordering service.
These web services will change the implementatiariearinghouse functional capability, as
well as the way in which users use them in thein applications (Bernabé et al., 2002).
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A national clearinghouse for spatial data is a re¢énweb-portal at national/federal
level that focuses on the facilitation of spatiataldiscovery, access and services recognised
(in legal or institutional sense) by the nationavernment (mainly through the national
council for geo-information) as the country’s maiearinghouse for spatial data. It is not a
national repository where datasets are storedmis &0 be a kind of shopping mall for all
national-wide available spatial data as acquiredramn (national) governmental agencies
and/or industrial bodies. It is important to knolmat many differences in implementations
exist. The way a national clearinghouse is set apedds on its technological, legal,
institutional, cultural, commercial environment anmianagement. This environment
determines to what extent the clearinghouse managgeratains control over their products.
Besides national clearinghouses, there are cld@isges at the local, state and regional
(international) level. The national clearinghousélifferent than the others in the sense that it
is embedded in the nation’s institutions and lef@mework. Examples of national
clearinghouses are: USA, National Geospatial Datar@hghouse; Australia, Australian
Spatial Data Directory; UK, Glgateway; and The Netlinds, Nationaal Clearinghouse Geo-
Informatie.

The US Federal Geographic Data Committee (FGDG)béshed the first national
(federal) clearinghouse in 1994. The implementatérthis clearinghouse among federal
agencies was motivated by a desire to minimiseicagdn of effort in the collection of
expensive digital spatial data and foster partnpssivhere common needs exist (Rhind,
1999; FGDC, 2000). At this moment, the FGDC focuses the extension of the
clearinghouse network that provides ‘one stop’ ascéo standardised spatial data,
applications, programs and products from all feldagencies and incorporates similar non-
federal information, and it establishes web mapgnd online data services to meet general
requirements of government and citizens users.rAfiéial deployment and testing of the
comprehensive web portal, reusable commercialaagodin services will be required (FGDC,
2002).
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3.3 SURVEY METHODOLOGY

To assess national clearinghouse developments dtbenworld, a longitudinal web
survey was undertaken whose main intention wagamee the developments of all existing
national clearinghouses. Added to this surveyasabrd ‘web’ to emphasise that the required
information was mainly collected on the Web. Thesinet is an excellent means to gather
regularly the needed information quickly and ohjesly, because of the easy access of the
clearinghouse sites.

The survey was conducted systematically and pexadigli (April 2000, December
2000, April 2001, December 2001, April 2002, Decem®002). The intention was to have a
survey each half year because developments inn@fiion communication technology are
difficult to monitor and to keep up with. Howevar fpractical reasons it was chosen to have
a survey in the months of April and December.

The methodology used in this survey consisted ®@foliowing two steps:

Step 1. Making an inventory of all existing natibol@aringhouses on the Internet.
Step 2. Measuring several characteristics to deseach of the clearinghouses.

The inventory (Step 1) was periodically compiled éxtensive browsing of the Internet,
reading related literature, and contacting expartd several webmasters. Clearinghouses
were characterised (Step 2) based on the followiitgria: ease of measurement, objective
character, and clear presentation of history, medpluppliers, coordination, users), data,
access network, policy, and standards of the nati@hearinghouse environment. The
following twelve characteristics were periodicatheasured and recorded:

(1) Year of first implementation.

(2) Number of data suppliers.

(3) Monthly number of visitors.

(4) Number of web references (AltaVista and Gehgl|
(5) Languages used.

(6) Frequency of web updates.

(7) Level of (meta)data accessibility.
(8) Number of datasets.

(9) Most recently produced dataset.
(10) Use of maps for searching.

(11) Registration-only access.

(12) Metadata-standard applied.

Almost all the above information was sourced frdeatdnghouse web pages. Additionally, in
cases of uncertainty, language problems or missatg the webmaster/system administrator
was contacted. The history of the clearinghouseessribed by characteristic (1); people by
(2-6); data by (7-9); the access network by (1@Jicp by (11); and standards by (12). In
following sections, some of the characteristicsntded above will be explained and their
developments will be discussed in greater depth.
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Additionally, for analytical purposes, to improveéhet understanding of the
development processes, extra information (espgcadbut access network) was collected
during January/February 2003 as below:

(a) Status of national clearinghouse.

(b) Name of national clearinghouse.

(c) (De)centralised network architecture.

(d) Mechanisms for searching.

(e) Availability of view (web mapping) services.

(f) Type of coordination body.

(g) Percentage of periodically changed web addsesse
(h) Funding stability.

The Access Network is additionally described byrahteristics (a-e); people by (f,g); and
policy by (h). When referring to these characterssbelow, the number or letter related to the
characteristic is placed in parentheses.

3.4 RESULTS

The presentation of the results is grouped usingc®ponent classification, which
has been mentioned above (access network, peaibke, gblicies and standards). First, the
history of national clearinghouses is presentelibvieed by the results related to each of the
SDI-components. To present some of the developmentgyures, both the average and
median are used (Figures 3.5, 3.6, 3.8 and 3.104¢. O the highly skewed distribution of
some of the clearinghouse characteristics, the anedi less sensitive to extremes than the
average. In these cases, the median is more infiwerthan the average. Some of the results
are presented by region (this division in regiandearived from Dorling Kindersley (1997)).

3.4.1 History

The history of national clearinghouses is char&sdr by the year of first
implementation (1) on the web. When implementingl@aringhouse, there are several
activities that interact: design and implementatbrdiscovery, transfer and access services,
metadata preparation/validation/publication, ldgatitutional environment creation and
standardisation definitions. The most tangible poidierived from all these activities is the
placement of a national clearinghouse on the Web. .

From 1994, the number of national clearinghouses lbeen steadily increasing
(Figure 3.2). Now 67 countries have an implememntexdion on the web. Additionally, it is
known that thirteen countries have projects forlengentation (with all its related activities).
Based on these developments, it can be expectedhtnaasingly more clearinghouses will
be established. Implementing national clearingheisea global activity; however, the variety
in number between the different regions is considler (Table 3.1). For example, in Europe
and America, more than 50% of the countries havabéshed a national clearinghouse,
whereas in Africa and Asia-Pacific, this is lesanti20%. The many project initiatives in
Africa are promising.



30 Chapter 3

Note that 113 countries did not conduct any initeito build such a national facility.
This may be due to several reasons, e.g. a county not have appropriate network
architecture or have institutional/legal bottlereqkeventing implementation (Crompvoets
and Bregt, 2003).
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Figure 3.2 First Year of national clearinghouse implementation: pear (columns) and
cumulative (dashed line).

Table 3.1First year of national clearinghouse implementafdistributed per region).
First year of Total No. of No. of No. of No. of

implementation No. of African Asian- European American
countries  countries Pacific countries  countries
countries
1994 1 1
1995 3 3
1996 6 1 4 1
1997 5 2 2 1
1998 14 1 4 6 3
1999 9 5 4
2000 13 2 3 8
2001 10 1 4 5
2002 6 2 2 1 1
1994 — 2002 67 5 14 25 23
2003/20047? 13 5 3 3 2
No 113 41 47 15 10
implementation

3.4.2 Access network

The access network component of an SDI is criticah a technical perspective to
facilitate the use of data by people. This compbserks to facilitate access to relevant data
sources and spatial information services by anyangwhere. The best example of an access
network at national level is the national cleariogbe. The clearinghouse as access network is
characterised by the status of national clearingbo(a), by the name of a national



Worldwide development (2000-2002) 31

clearinghouse (b), by (de)centralised network &echire (c), by mechanisms for searching
(d), by use of maps for searching (10), and byathalability of view (web mapping) services
(e). The differences in implementation status, oekvwarchitectures, search mechanisms, and
view service provisions between the clearinghoase$road.

According to the status of national clearinghousplémentation (a), three classes are
distinguished: project, product-portal, and cleghiouse. An implementation is considered a
project when no clearinghouse is established oMtk where a project plan to establish one
is already available. It is still in the stage dads@yning, preparing metadata, creating a
legal/institutional environment or defining stand®r For example, countries as Latvia,
Poland, Botswana, Madagascar, Nigeria, Israel amdial have set up projects for
implementation. A national clearinghouse has tlagustof a product-portal when the spatial
data are sourced from only one supplier. Accordiagthe clearinghouse definition, a
clearinghouse should have spatial data from nunsesources. However, in several countries
there is only one dominant national spatial datppber (national (military) geographic
institute). These countries are mainly located @aut8 America and Europe. Most of these
suppliers present their (meta)data as products ishtae reason why these types of national
clearinghouses are called product-portals. Thieihce in the number of sources is the only
difference between product-portals and clearingesusgExamples of product-portals are:
FOMI-Products (Hungary, Institute of Geodesy, Cawaphy and Remote Sensing),
Clearinghouse-SNIT (Chile, Military Geographic ingie), National Geospatial Data
Clearinghouse (Peru, National Geographic Instifué@d Geospatial catalogue (Venezuela,
Geographic Institute of Venezuela Simon Bolivar)n&tional clearinghouse is classified as a
clearinghouse when it completely fulfils all theteria of the clearinghouse definition. The
majority of the existing national clearinghouseséhdhe status of Clearinghouse (72%).
Examples of classified clearinghouses are: MIDA®tdMnformation DAtabase System (the
Czech Republic), Slovenian National Data Catalo@patial Data Discovery Facility (South
Africa), GeoConnections Discovery Portal (Canadagospatial Data Clearinghouse of
Dominican Republic, Geographic Data Clearinghoude Eb Salvador, and National
Clearinghouse of Geographic Data (Uruguay).

Within the spatial community, various names havenbassigned to this national
facility (b); examples are catalogue services (@&nConsortium (OGC)), Spatial Data
Directory (Australia) and Clearinghouse (USA). Altlyh they have different names, the
goals of discovering, and accessing spatial dataug/h the metadata properties they report
are the same. As shown in Figure 3.3, the most lpopjmames are Clearinghouse and
(Meta)data information system. Clearinghouse iseegly used within the American
continent.



32 Chapter 3

35 1 E42001 Dec.
30 1 -
25 - ‘gi:g E42002 Dec.
o 20 - B
= 15 H
10 1 W
5 - R
O o [ u" a')
@ N D
ocb”@. ec}od 00% %,@f(\ g @\0 Qe@ s{b\ b\@? ‘00@
> & N & o )
& O «° & P P \\Q’é y
P N S
0" & & W\ ®
\’b\\é N\
\0

Figure 3.3 Distribution (%) of national clearinghouses basachaming.

A national clearinghouse could consist of a numtfeservers on the Internet that
contain information about available data. A cleghiouse is an example of a client-server
network architecture (c). The server machines hb&l metadata and services. The clients
request metadata or services by visiting the s@)eusually through a web browser. A
clearinghouse with a decentralised network architec(c) means that the (meta)databases
and services are distributed over numerous servestalled at different suppliers
interconnected through a network with each serweming autonomously. In total, nine
decentralised national clearinghouses exist, maoasted in countries of Anglo-Saxon origin
(USA, UK, South Africa, Australia). However, the jomaty has implemented a centralised
version wherein all the metadata and services &med on servers installed at the main
supplier or coordination body.

When searching on a clearinghouse, the user hasliliéy to choose different
mechanisms for spatial data searching (d), likedgfieed search terms (hypertext links),
location (spatial search), maps with predefinednolawies (index maps), free keyword search,
place name (gazetteer) and production time. Thet mogular mechanisms are predefined
terms and free keyword (Figure 3.4). Searching kams of predefined terms is mainly done
by name database (text index), theme, organizadioth geographical name. The use of digital
maps when searching (10) is very popular. Mapseamsed for locating an area of interest or
by clicking on an area with predefined boundaridsese maps improve the data discovery.
Nevertheless, the trend is that few national alegmouses are using this mechanism. Fifteen
national clearinghouses have made a link to the E&Bearch page by using the search-and-
retrieve protocol known as ANSI Z39.50 or ISO 101&®cently, OGC Catalog Service
version 1.0 came on the market, which is an implowersion to query, search and present
search results to the user. It was recommendether SDI CookbookNebert, 2001) that
clearinghouses should use this new OGC Catalogcesr@pecification.
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Figure 3.4 Distribution (%) of national clearinghouses basadnechanism for searching.

A relatively new facility within the domain of natal clearinghouses is the
standardised view services for documented data RIRE Architecture and Standards
working group, 2002). This viewing of geographidommation over the Internet is also
referred to as web mapping (e). This service igpacal tool for second-generation SDIs. It
includes the presentation of general-purpose mapsligplay locations and geographic
backdrops, as well as sophisticated interactive @arsiomisable mapping tools. Viewing is
supported by simple queries. Related to the vievisnthe requirement that the geographic
information presented must be given a context, neady understandable and of value to end-
users. Understanding thematic geographic informataming from different sources requires
standardisation of the way in which the informatismportrayed. The technology behind web
mapping is aimed at portraying spatial informatiquickly and easily for most users,
requiring only basic map reading skills. At this mment, fourteen existing clearinghouses
have already implemented services to view for danted data. They are mainly located in
Europe, North America and Asia. In Asia-Pacific&gplly this view service is very popular.

Other examples of services that are already imphedein some of national
clearinghouses are download and e-commerce sericge®xpected that these web services-
based developments will dominate the field forcdbming years.

3.4.3 People

Through increased use and awareness of spatiahiafmn, a dramatic growth has
occurred in the user base. With the proliferatioh anline web mapping, and
navigation/direction information, an increasing rnen of people are using GIS, this is
obviously of importance in the development of arl &facilitate spatial data activities.

The people involved in a clearinghouse environneant be categorised into three
groups: data suppliers, managers (service adnatoss) and end-users. The data suppliers
represent the spatial data providers and developées behaviour of people is characterised
by the number of data suppliers (2), by the nunabenonthly visitors (3), by the number of
web references (4), by the languages used (5)héyype of coordination body (f), by the
frequency of web updates (6), and by the numbeedbdically changed web addresses (g).
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Characteristic number of data suppliers (2) dessrilhe variety and quantity of data
providers and the spatial data developers of thema clearinghouse. The power of a
clearinghouse is that several data suppliers cesediinate their products via this facility. The
number of data suppliers was measured four timesémber 2000, 2001, 2002, April 2002).
As shown in Figure 3.5, the average number of dapgliers participating in a clearinghouse
is high (in particular when compared with the maglishowever the variety between the
clearinghouses is extremely high. For example, mtran 1500 suppliers use the
clearinghouses of Canada or the USA to dissemith&ie data. This is in contrast with the
more than 45 clearinghouses, which have less tharstippliers. The median is very low
because of the high number of product portals. fdeent trend is that the average and
median are decreasing. Based on this developniesgems that a national clearinghouse is
losing its popularity to participate as a data siep@and to supply spatial data. From a spatial
distribution context around the world, the very lowmber of data suppliers in South
America is remarkable. The reason may be the daominale of the leading mapping
agencies.
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E Median
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o
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Figure 3.5 Number of data suppliers during time (average amdlian). Due to practical
reasons, this characteristic was not measured iith 200 and April 2001.

Characteristic monthly number of visitors (3) iraties quantitatively the use of
national clearinghouses to access spatial dathgetnd-users. This number relates to the
monthly number of visitors who have visited the legage of the clearinghouse. It does not
really present the usability of the clearinghousessearching to spatial data, because it does
not identify the behaviour of the users within ttlearinghouse and the number of different
visitors. This characteristic is measured six timidse numbers relate to the month just before
the measurement. This is the reason that MarclNavember are presented (Figure 3.6). For
November 2002, the average number of visits excB8a8 visitors (however, the median is
just above 1000). Note that the difference in wiginumbers between the clearinghouses is
high. The most visited are the ones of USA, Potiugmland, Canada and Slovenia. In
general, the highest numbers of visitors are founHurope and North America. The recent
development is that the numbers are stabilising aot increasing. This could be an
indication that the clearinghouse is losing itsydagty to access spatial data.
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Figure 3.6 Number of monthly visitors during time (averagel amedian).

Based on the gathered data, it seems that thenmeplation of web mapping facilities
within the national clearinghouse environment iases the number of visitors. The average
and median of the clearinghouses with web mappiagraich higher than those that have not
such a web mapping facility (Table 3.2). Therefaseb-mapping facilities could increase
use. However, an important limitation of web majppiis the costs of implementation:
€150,000 summed with €50,000-100,000 for each guaating organization (INSPIRE
Architecture and Standards working group, 2002).

Table 3.2 Impact of web mapping facilities on the numbernobnthly visitors (data in
parentheses are the number of measured natiomaingbouses).

Web mapping Average Median
facilities No. of visitors No. of visitors

Yes (10) 13,324 5000

No (22) 1750 1280

Another aspect that could increase the use ofiarmatclearinghouse is the number of
suppliers. This is based on the correlation coeffi(r) between the number of suppliers and
the monthly visitors of December 2002: 0.73.

The characteristic number of web references (4) lmarnnterpreted as a means to
measure the popularity (use) of the national aggnouse site within the Internet network.
Used is the ‘LinkPopularity.com, Free Link Popuiari Service ©
(http://www.linkpopularity.com) (The PC Edge, Inoghich measures the number of links to
the homepage of the national clearinghouse thatbeachecked by the following search
engines: AltaVista, and Google. A well-linked pamulweb site can dramatically increase
traffic to the specific web site. The link poputgrbf national clearinghouse is high, which
means that they are an excellent source of consisiad targeted web traffic. This
characteristic is measured six times. The diffeeenth numbers between the national
clearinghouses are huge. The national clearinglsouwgth the highest number of web
references are: Finland, South Africa, Australian&da, USA and Colombia. Compared with
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other regions, the national clearinghouses of Afriave lower numbers than the other
regions. Since April 2002, Google has generallyighdr number of web references than

AltaVista. The correlation coefficientr) of 0.71 between the number of web references
(Google) and the number of monthly visitors, ang 0.75 between the number of web

references (Google) and the number of data sup@teow that the number of web references
IS an appropriate indicator of the use of natiodaaringhouses (Franzblau, 1958). The
development is that both numbers of web referenoesltaVista and Google are decreasing.

The number of web references searched by AltaVsstdready decreasing since April 2001

and the one searched by Google since April 200 iShanother indication that the national

clearinghouses are losing their popularity.

Characteristic languages (5) refers to the languesgpel at the ‘search’ page of the
national clearinghouse. It indicates the ease darching, the number and diversity of end-
users able to access data, because of their fatgileand knowledge of given language. The
percentage of clearinghouses in which data canebeclsed using the English language is
slightly increasing. In December 2002, 60% of theadnghouses have search facilities
written in English. The percentages of ‘Spanisl@acinghouses are stabilising (around the
25%), and the ones of the multilingual clearinglesuare increasing. This means that people
capable of understanding English have access te spatial data. However, the metadata are
mainly written in one language, mostly in one abantry’s official languages.

The organization that provides the national clegrouses as a service to society is
characterised by the type of coordination body I(fis the intermediary between the data
users and the suppliers for the clearinghouseadilifates the integrity of access to the
required data by ensuring system technical servagsvell as the administrative, data
security, and financial services necessary to brbletween data suppliers and data users
within the information policies governing the SOlhe main coordination of the national
clearinghouses is mainly in the hands of the nationapping agencies (Figure 3.7). In
addition, the environmental agencies are of retfyivhigh importance. This coordination
characteristic has already been measured twiceefbieer 2001, 2002). Additionally, a
prediction for 2003 is made based on the existifigrmation of projects for implementation.
The relative trends (%) are generally very stable percentages related to national mapping
and environmental agencies are slightly increasmganwhile the percentages related to
cadastre, geological services, national councils @eo-information and commercial
companies are slightly decreasing. The contributibenvironmental agencies is particularly
remarkable. It seems that environmental policygerg focus on the need for SDI around the
world.
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Figure 3.7 Distribution (%) of national clearinghouses basadype of coordination body.

Characteristic frequency of web updates (6) retierthe management in the national
clearinghouse. It is the duration (days) betweenddwy of the last web update and the date of
measurement. High numbers of days refers to alegquency of web update. One indication
of a well-managed clearinghouse could be seenditih frequency of updated information.
It does not directly refer to the updates of thdadaself, but to the updates of the
clearinghouse web site. This characteristic is mnesbk six times (Figure 3.8). For
consistency, it was measured each time on Fridayke first week of the months of April
and December. The average number of days from akie update is high for the whole
population of clearinghouses due to instances afr ppanagement (with some updates
exceeding one year). However, the median value ow. |The variation between
clearinghouses is high as, alongside the pooreagehclearinghouse, numerous excellently
managed facilities operate (update within one dalgg update frequency is generally high in
North America and low in Africa. The developmentisincrease of the duration of the days
of web updates, and so a lower frequency of themkates. The median value shows an
increase in trend. This could relate to a decre&g®erest by clearinghouse managers.
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Figure 3.8 Frequency of web updates during time (averagawaaian).
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Another characteristic to express management oifomet clearinghouses is by
percentage of periodically changed web addressesT{gs refers to the change of URL
address of the homepage of the same clearinghatesdusing the period between the two
times of measurements. This change is measurediviorperiods. During period April—
December 2002, 17% of all existing national clegiimuse in April 2002 changed their
address in another one (Figure 3.9). Most of tteghs were in Europe. The development is
an increase of the percentage of periodically cedngeb address. This dynamism could be
an indication that the clearinghouse managerstargging to create the right (technological)
environment.
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Figure 3.9 Percentages of periodically changed web addreksey) time.

3.4.4 Data

Interoperability is a key consideration of both #tendards and data component of an
SDI. Data within an SDI should be compatible innterof format, reference system,
projection, resolution and quality. Data are démdi by the following characteristics: the
level of (meta)data accessibility (7), the numbespatial (meta)datasets (8) and the most
recently produced dataset (9). The difference imantjtative and qualitative content of
accessible data between different clearinghousasryshigh.

Characteristic level of (meta)data accessibility ¢éscribes the presentation of the
data content within national clearinghouses. Intnmases clearinghouses provide access to
standardised metadata. However, in a few cases thetadata are not standardised. In other
cases, the user has the ability to access theddatzdly by means of its metadata. Delivery of
data over the Internet can be realised in varicagswSome clearinghouses transmit data via
e-mail; others serve the data through what OGG @allVeb Feature Server. Four classes are
distinguished: prototype, non-standardised metadstiandardised metadata and data (+
standardised metadata). Prototype refers to thed Wetven final metadata security checks have
to be arranged. Data (+ standardised metadatajsrededirect access to data through the
clearinghouse without contacting the producer. patial context, Asia-Pacific has many
clearinghouses that allow the user an opportupityawnload spatial data directly. This is in
contrast with the European and American regionalrelative sense, the percentages of
standardised metadata access over time are veble,si@nd the percentages of data (+
standardised metadata) access are only slighttgasog (Figure 3.10). Once a clearinghouse
is established, the level of accessibility is ueljkto be changed.
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Figure 3.10Percentages of the level of (meta)data accesgidiiring time.

A special form of non-standardised metadata isaplycal presentation (e.g. jpeg or
bitmap format) of a subset of described datases dlkernative is partly based on the concept
that ‘a picture tells more than a thousand word$s particular popular in Europe. The recent
development is a continuous increase of this typeetadata presentation.

A possible means to quantify the content of a mafielearinghouse is characterised
by the number of datasets (8). This number refershe metadata records, where each
describes one dataset. This characteristic doesepatsent the importance of the accessible
datasets to the economic and social developmenth@fcountry. This characteristic is
measured five times. The variety in the numberatésets is enormous. For example, the US
Federal clearinghouse allows the user access te than 139,000 datasets, while the 25
European clearinghouses together give access yat@0l000 datasets. This is the reason that
the average and median are so different (Figurg)3IiLis remarkable that the average and
median are decreasing over time. This trend callte to the decreasing trend of the number
of data suppliers. This observation is based owvéing strong = 0.85 between the number of
suppliers and the number of datasets (December)200the past, the total summed number
of datasets of all the clearinghouses was steauilgasing. However, recently this trend has
stopped and is stabilised around the 210,000. figmel tof a decreasing number of monthly
visitors could also partly relate to the decreasiomber of datasets presented in the national
clearinghouse. A between the number of spatial datasets and thebeuwf monthly
visitors is 0.64.
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Figure 3.11 Number of datasets during time (average and mgdiaure to practical reasons
this characteristic was not measured in April 2001.

The characteristic most recently produced dat®hetléscribes the up-to-date nature
of content and partly the management of contenthen national clearinghouse. It is the
duration (months) between the date of the mostnibc@roduced dataset described in the
national clearinghouse and the date of measurertaatmeasured six times. In general, the
most recently produced datasets are in Europe ladetst in South America and Asia-
Pacific. The average time of most recently produdathset is 33 months and the median is
20 months (December 2002). The recent developmseatsiight increase of the average and
median duration. Therefore, the data of the natiolearinghouses are becoming less up to
date. This trend could have a negative impact ageig¢ between the most recently produced
dataset and the number of visitors is -0.45).

3.4.5 Policy

The policy and administrative component of the SiBfinition is critical for the
construction, maintenance, access and applicatiorstandards and datasets for SDI
implementation. In general, policies and guidelies required for SDI that incorporate:
spatial data access and pricing; funding; spati dransfer; custodianship; metadata; and
standards. SDI component policy is only describgdunding stability (h) and registration-
only access (11).

Funds are mainly used to design and to establishodery, transfer and access
services, metadata preparation/validation/ pubboatand legal/institutional environment
creation. The most easily identified funding of ascleghouses comes from governmental
agencies. Nevertheless, some signs suggest thet pdinties, mainly other public agencies,
make enormously important contributions. ldenttiica can be difficult because some are
indirect, e.g. some are provided in kind through time of staff already on payrolls, which
are not properly attributed, or in returns to goweent through the tax system (Rhind, 2000).
The identifiable contribution to the national cieghouse from the private sector is modest.
An example that reflects partly this statementat the government or other public agencies
directly control 94% of the national clearinghoudesnding of the national clearinghouses is
mainly piecemeal (72%). Additionally, even a fewearinghouses exist that were never



Worldwide development (2000-2002) 41

funded (6%)! A small number were continuously fulhd22%). It is interesting that 25% of
existing national clearinghouses were initially ded by foreign agencies such as the US
Agency for International Development (USAID).

It seems that the stability of funding has a pwsitimpact on people’s use and
management, and the quantity of datasets in thenadtclearinghouses (Table 3.3). Stable
funding refers to the continuously funded clearmgges; not stable to the piecemeal and
never funded clearinghouses.

Table3.3Impact of funding stability on the number of mdwgttisitors, the frequency of web
updates, the number of suppliers and datasetsa@end median).

Funding Visitors  Visitors  Updates Updates Suppliers Suppliers Datasets Datasets

stability average median average median  average Median average Median
(CEVD) (days)

Stable 6487 5093 107 28 176 16.5 12,563 20

Not stable 5076 1323 239 68.5 15 2 467 47

It was expected that personal registration in aragighouse could have a negative
impact on end-users due to privacy. For this reassgistration-only access (11) was
introduced as a characteristic to be measured. Boe® before accessing the data, end-users
have to register themselves by entering persoralilslein 15% of all clearinghouses, the user
should register him/herself by filling in a ‘regstion template’ (December 2002). The
percentage of clearinghouses with registrationgaltibns fluctuates around 15 % over time.
Based on acquired information, it seems that #aggstration has no impact on the number of
users and so it is no limitation for the users.

3.4.6 Standards

To ensure interoperability amongst the datasetsaandss mechanisms defined by an
SDI, standards are essential. Standards can bedpgplmany different levels within an SDI.
In terms of data, Australia’s former national maggpiorganization, the Australian Land
Information Group (AUSLIG, 2001) identified thatastlards are required ‘in reference
systems, data models, data dictionaries, data tgualata transfer, and metadata’. This
component is represented by the application of dasastandard (12) in the national
clearinghouse. With the diverse sources from whjzdtial databases are built, it is extremely
important to maintain information about the conteqntality, source, and lineage of the data.
A number of standard organizations have developedire in the process of developing,
standards for storing and maintaining metadata.Fdueral Geographic Data Committee and
the European Committee for Standardisation (CENimieal Committee 287) have
developed the main metadata standards. These rtettdadards form the backbone of
national clearinghouses. The FGDC metadata-stand@ahtent Standard for Digital
Geospatial Metadata, Version 2.0, 1998 (FGDC, 19B88jhe most applied and distributed
one around the world (26 clearinghouses, DecemB@g)2 Application of this standard is
stabilising between the 40 and 50% of all the maticlearinghouses (Figure 3.12). In Europe
CEN/287 Env 12657 (CEN/TC287, 1996) is widely atedp Recently, the International
Organization of Standardisation TC/211 has cre#tedISO19115 standard (ISO/TC-211,
2001). Many countries have set up projects, thal wéh the harmonisation of their metadata
standard with the ISO standard 19115 for Geograpifmrmation — Metadata in order to
adopt the ISO standard as national standard (2iitces, December 2002). Many countries
are creating their own profile of ISO 19115. Thattihe reason why the percentages of
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national metadata standards are increasing over filme scope of the metadata standard ISO
19115 specifies that it defines metadata for sesvas well as data. ISO/TC 211 Project Team
19, dealing with ISO 19119 — Services, is develgpimore detailed service metadata. This

ISO 19119 Services standard is at the Draft Intevnal Standard stage (dstensen, 2001).
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Figure 3.12Distribution (%) of national clearinghouses basadhe application of metadata-
standards.

3.5 DISCUSSION OF RESULTS

The main objectives of the present paper are ttyseahe worldwide developments,
to describe these developments, to understancetsoning behind these developments, and
to determine the critical factors for success. Eaujkctive will be discussed in turn.

One of the survey’s objectives was to analyse tbddwide developments. Through
this web survey, it was possible to examine theslbgpments of all national clearinghouses
on a worldwide scale. Using this approach, it wassjble to gather the needed data quickly
and objectively and on a regular-temporal basisraélitional survey research described as a
method for collecting information by asking a sdt mre-formulated questions in a
predetermined sequence in a structured questi@taimdividuals would not have been a
very suitable approach to collect quickly, objeelywand easily the required information. Of
great importance was the back up of the numeroilmnasters/system administrators in case
the necessary information could not been collediegctly from the Web. The response of
these webmasters to the e-mailed questions wasvbgkning. More than 80% of the emails
sent were answered. A frustrating aspect of thiei@d approach was the high change of
web addresses for the same national clearinghatese s

A complementary study to this web survey coulddartalyse some case studies more
deeply to determine the business requirementshidnad shaped the purpose, scope, design
and implementation of the process and technicaaspf the national clearinghouses. An
appreciation of these business requirements coofove the explanation of the trends in
usage and in investment in the clearinghouse.
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Another objective of the survey was to describe developments. The number of
national clearinghouses implemented is steadilyei&ing over time. In the near future, it is
very likely that increasingly more countries wilitablish their national clearinghouse. From
an implementation point of view, the introductiohnational clearinghouse as a concept for
the dissemination and access of spatial data cancdmsidered as a success. This
implementation of national clearinghouses is beognalmost a global activity. Not only is it
rich countries that have built effective clearingbes. Examples of relatively poor countries
with suitable national clearinghouses are Childp@bia and Uruguay. However, currently, a
decrease of interest in managing national cleadungés is observed, which is a concerning
development. This observation is based on the dsitrg number of data suppliers, frequency
of web updates, and the stabilising number of @&tag hese trends are almost all related to
poor management of data providers and (especialgaringhouse managers. Another
concerning trend is the decline in use. This dgualent refers to the decreasing number of
monthly visitors, suppliers and web references. ialthlly, another negative trend is the
lowering quantity and quality of data content. THevelopment is based on the decrease of
the number of datasets and the less up-to-dateenafuhe produced dataset. Of concern is
also the way national clearinghouses are fundedly @n small number are funded
continuously.

Although the differences in management, use, corded technology between the
clearinghouses are high, the developments are siemjar. After an initial peak, figures
gradually enter a decline in the management, usk data content (only a few show a
continuous increase in use and content).

In the future, many national clearinghouses arelyiko give more access to spatial
data and provide complementary services such aseoniapping. These web services will
change the functional capability of clearinghousesyvell as the use of them to applications.
At this moment, many clearinghouses are in kindidentity crises’. During the period of
first-generation SDI, data were (the only) key drivor clearinghouse development. During
the transition to second-generation SDIs, the dsdata (data application) and the need of
users is becoming the main driving force for nadlonlearinghouses. These trends are
reflected by the variety of search mechanism adtieraes, the introduction of web services,
and the increase of multilingual clearinghouses.

The dynamic nature of SDI and clearinghouses i$ nglected by the application of
metadata standards to improve the interoperabiitgongst the datasets and access
mechanisms. Many countries have set up projedisutmonise their metadata standards with
the new ISO standard 19115.

Another objective of the survey was to understahd teasoning behind these
developments. The reason that more national clglaoimses are implemented is that more
countries realise the need and potential power @afing one. Most of the existing
clearinghouses are established in Europe, South Ass, and North and South America.
Nevertheless, numerous countries have still notvehany initiative to build one. There are
several reasons for this. For example, a countryy mat have appropriate network
architecture or might have institutional, legallteral or economic bottlenecks.

The declining trends in use, management and corgéliatt the changing demands on
clearinghouses. It seems that after a stage ohtatien to clearinghouse implementations,
SDI people are becoming dissatisfied with the exgstlearinghouse functional capabilities.
This dissatisfaction could be the consequence effdht that the existing clearinghouses do
not fit anymore the current expectations of theoade generation SDI people. This difference
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in demands relates to the dynamic nature of SDighvhas been highlighted by Rajabifard et
al. (2002). Therefore, the implementations and eptebehind clearinghouses to share data
between suppliers and data users are likely tdhbaged and resolved.

Another possible reason of these declining trenoisidc be that the majority of
clearinghouses are only funded in a piecemeal Mayagement of clearinghouses is directly
affected by funding. A consequence of bad manageowind be worse data content, which
again could have a negative impact on use. Thesddrcould also have a negative impact on
the data suppliers who are no longer willing tosdminate their data through the
clearinghouse. This again could have a negativea@inpn use. These observations can be
justified by the high correlation coefficients be®n the number of suppliers, the number of
datasets, and the monthly number of visitors.

As mentioned above, the focus on the need of teesus becoming a crucial aspect
for implementation. At this moment, users have fiigat to expect more of these types of
facilities. A point of concern is that clearingheasare not always user-friendly. It seems that
the concepts of metadata and clearinghouses amtoplicated; the terminology used is too
discipline specific and too focused on the data@ld herefore, it seems that clearinghouses
do not fulfil the current demands of the users.

Several external developments are also impactinghendevelopment of national
clearinghouses and they will continue to influetize evolution of their application of this
clearinghouse: expanding technologies, market-ddmachanging business models,
sustainable development, e-government, and paataip democracy (Williamson et al.,
2003). The introduction of web services within tlearinghouse environment is partly the
technological answer to some of these developments.

The last objective was to determine the criticakdes for success. Because of each
country’s unique historical, institutional, econammiegal, technological and cultural setting,
no single best solution or recipe exists. Howevbe, following are some indications of
critical success factors:

* Be specific about the purpose of the clearinghousder consideration. To be
successful, there has to be a direct need to slaaeand services. When the context
for implementation is missing, people will becomeusfrated to implement
clearinghouses only out of fashion.

e Provide good communication channels for the comigufor sharing and using
datasets instead of aiming only toward the linkaigavailable databases.

e Create stable funding. Stability of funding is ne@édo build a suitable framework that
facilitates the management of information assets.

» Create trust in the clearinghouse. Stability ofdimg could support this process.

» Create more user-friendly interfaces with lessidlsee-specific terminology.

* Introduce web services to clearinghouse. It is Jémly that the software for web
services will become cheaper in the future.

* Motivate data suppliers and web service providass participate within the
clearinghouse. The more data and web service pmjidhe more data and services
are available. This improvement of the content atilfact end users.

* Motivate the clearinghouse managers to update ¢émeironment regularly.
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3.6 CONCLUSIONS

Through the methodology followed, it was possilleassess the developments of all
national clearinghouses on a worldwide scale. Trength of the web survey was the ease,
speed and obijectivity to measure the required regpalarly.

The number of national clearinghouses is steadiyeiasing over time. It is expected
that more countries will have implemented clearogges in the future. From this
perspective, the implementation of national clegitouses can be considered a success.

This contrasts with the decline in the use, managgmand content of national
clearinghouses. One of the main reasons for theseecning trends could be the
dissatisfaction of the spatial data community witle functional capability of SDIs and
clearinghouses. It seems that with the transitiothné second-generation SDI, the demand on
the efficiency of clearinghouses as well as howy taee used is changing. Clearinghouses
during the first-generation SDI were only data-otésl, while in the second-generation SDI
they are becoming more user and application oriendamother reason for these declining
trends could be that the majority of clearinghowsesonly funded in a piecemeal way, which
means that no suitable framework can be built tdlifate the management of information
assets.

The main success factors that have a positive inpa¢he development of national
clearinghouses are the inclusion of web serviceahinviclearinghouses, stable funding, the
clarity of purpose of the clearinghouse, the priovisof good communication channels, the
creation of user-friendly interfaces with clearm@rology, and trust in the management
environment. Addressing these factors will go aglavay towards meeting the immediate
needs of the current users. The full implementaisoa major challenge for the future of the
clearinghouse.

Another challenge is to keep spatial data suppl®earinghouse managers, and end
users motivated for and informed about this medmanirhis is really needed when one
considers their role in all the worldwide activitieelated to the implementation of national
SDIs wherein national clearinghouses form the leajure.

Based on the demands of the people to the secometag®on SDI, the usability of
spatial data and web services are the main rese¢apits that have to be investigated to
improve the functional capability of national cleghouses.
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4.1 INTRODUCTION

Many international regions, countries, states amghties throughout the world have
spent considerable resources over the past fewg y@atementing and managing Spatial Data
Clearinghouses (SDCs). These SDCs can be consitletszl a prominent feature of Spatial
Data Infrastructures (SDI) (Clinton, 1994; FGDC919 Onsrud, 1998; Crompvoets et al.,
2004), because they are the facilities for makipatial data accessible to the general public,
and promoting data sharing. SDCs facilitate thectsag, viewing, transferring, ordering,
publishing and/or disseminating of spatial data senvices from numerous sources via a web
site (interface) on the Internet, and as appragriptoviding complementary services. Such
SDCs contain data catalogues, which are accesensysthat use metadata (INSPIRE
Architecture and Standards working group, 2002; iiggand Longley, 2005; Tait, 2005).

The access service for spatial data on the welmasvik variously within the spatial
community as clearinghouse, catalogue servicestiabpdata directory, geoportal and
geospatial one-stop portal. Although different naraee used it is obvious that the goals of
accessing spatial data through the metadata rethairsame (Crompvoets et al., 2004,
Beaumont et al., 2005). The enhancement of dat¢seaccessibility, and the sharing of
spatial data and related services between supg@susers are considered to be the main
reasons to build these electronic facilities (Bednat al., 2005c; Beaumont et al., 2005;
Maguire and Longley, 2005).

Based on an overall assessment, the average casgbIC is around € 1,500,000 a
year (Southern California Association of Governrserit998; INSPIRE Architecture and
Standards working group, 2002; Pasca et al., 200%3. money is spent on management and
coordination costs, GIS and Internet applicationvetlgpment, training, hardware,
standardisation activities, legal environment ¢oratand metadata preparation. Currently,
around 500 (non-corporate) SDCs have been estaliliahd it is expected that many more
SDCs will be set up in the future. This indicatkatton a global scale hundreds of millions
are spent yearly on SDC activities. Up to now taige investment has rarely been audited or
evaluated. A study conducted by the Urban and ddedilnformation Systems Association
(Gillespie, 2000) cited that while the costs of Sp©@jects may be relatively easy to assess
and highly ‘front-loaded’, the benefits are oftesry difficult to measure and may not emerge
until well into the life of the SDC and depend oiner factors coming into play (FGDC,
2002; Commission of the European Communities, 2004)

SDCs could be developed at different administrateaeels ranging from local to
state/provincial, national, and international lsyéd a global level, to better access and share
spatial data and related services. There is a toeaddress politicians and decision-makers to
demonstrate the benefits of such a system. Onbeoflifficulties in selling the benefits to
decision-makers has been the paucity of systeraattience of the full economic, social and
environmental impacts. This was highlighted in tdoatext of Geospatial One-Stop (FGDC,
2002), and the Extended Impact Assessment of tIBPIRE-initiative (Commission of the
European Commission, 2004). However, it has befficut to extrapolate impacts from
these individual cases to reach more generalisedusions. In addition, it is critical to move
away from a narrow focus on the technical consitara of SDCs to their potential
contribution to area competitiveness, innovatiomdpctivity, job creation, etc. (Craglia et
al., 2003).
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The focus of this paper is on the worldwide impassessment of the current SDCs
with the main objective of providing this informaiti to policy makers, in order to assist them
in their task of evaluating whether or not investinia setting up and maintaining these SDCs
is justified. In this context, the term ‘impact’ described as the (positive or negative) effect
that SDCs could have on society. Few studies ebstut the worldwide impact of these
facilities. To the best of the authors’ knowledge, comprehensive and systematic impact
assessment has taken place. The purpose of trenppeger is to fill this gap.

This paper presents and assesses the impactsrehc@DCs throughout the world
with reference to the economic, social, and envirental dimensions. The impact assessment
presented here is based on a survey undertakengaooandinators of known SDCs of the
world using indicators to assess the relevancgiaficy and effectiveness. Complementary
analyses are implemented in order to interpresitpaificance of the impacts.

4.1.1 Introduction to impact assessment

Impact assessment is a key tool for improving pefi@aking and implementation, and
promoting sustainable development (Long and Algsi&i97; Commission of the European
Communities, 2002; Brathen, 2003). Many techniqoas be used to assess the impacts
(Jorgenson, 1998; Environmental Protection Age2690), but whatever method is used the
results need to be transparent, reproducible abdsto To make comparison accurate as
possible, it is recommended that impacts are egptes quantitative and monetary terms
(e.g. cost — benefit analysis) in addition to alifaiive appraisal.

Impact assessment identifies and assesses problesirey from the pursued of the
objectives, and the available options to achiewvsdlobjectives. It also highlights the positive
and negative impacts with their respective advagamnd disadvantages, including synergies
and trade-offs (Commission of the European Comnesit2002; Brathen, 2003). Any
assessment should be based on the following exiteri

* Relevance for solving the problem.
» Efficiency in the use of human and financial resest
» Effectiveness in achieving the defined objectives.

These assessments of impact are difficult mainbabse of the degree of uncertainty
in the reliability of the data, the assessmentshefproportion of the impacts, the range of
affected stakeholders, the short and long-term Idpugents, and the efficacy of the
assessment method.

Systematic assessment of impacts should also @nsidstainable development.
Sustainable development is based on the ideanhaeilonger run economic growth, social
inclusion and environmental protection should gmchan hand. At this moment, many
governments regard these economic, social andemagntal dimensions as the main driving
force behind their policies (Williamson et al., 3)0The economic, social and environmental
impacts should be identified and cover all positvel negative effects, including costs and
benefits. Economic, social and environmental impédeve been identified by the report of
the European Communities (2002).
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4.1.2 Existing impact assessment studies
Several studies assess the impact of SDIs incluBiDg¢s (Renong Berhad, 1995;
PriceWaterhouse, 1995; Canadian Council of Landve&urs, Canadian Institute of
Geomatics, Geomatics Industry Association of Can2@80; Berends and Weesie, 2001;
Fornefeld and Oefinger, 2001; FGDC, 2002; Pased..€2004; Commission of the European
Communities, 2004). These studies encounterectdlfiies in estimating the costs, while the
estimation of benefits appeared to be even mofieuli
Previous assessment research focused mainly ommibect of one SDC and was
neither comprehensive nor systematic (Price WatestidNederland, 1996; FGDC, 2002;
Commission of the European Communities, 2004; Pasad., 2004; Tait, 2005; Walther,
2005). As with many SDI-initiatives, the majority isnpacts were qualitative in terms. The
main findings of these six studies are that SDCs:
* Improve the availability, accessibility, usabilitgnd ‘downloadability’ of data
supplied.
« Are cost effective and efficient. For example, Benefit Cost ratio, related only to the
reduction of time to access data, ranges fromdl4l t
* Widen the range of users with different levels dfi@tion and technical skills.
* Increase the awareness of spatial data amonggettexal public.
* Enhance the performance and productivity of (pipfended) organizations.
* Improve metadata quality.
* Increase government participation.
» Support better decision making.
* Are catalytic to innovation and new ways of working
« Improve partnerships.

These initial assessment results and literatuge (&oot and Sharifi, 1994; Askew et
al., 2005, Maguire and Longley, 2005, Beaumont lgt 2005), suggest that SDCs are a
relevant means to enhance data accessibility dsawelata sharing, effective and efficient in
the use of human and financial resources.
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4.2 METHODOLOGY

This paper focuses on the development and impleatientof a procedure to assess
the impacts of currently existing internationalfiomal, federal, interstate, state, county and
local SDCs of the world. The ‘pre-clearinghouseaiibn’ was considered to be the baseline
against which to assess the current impact of SBM&ldpment. The ‘pre-clearinghouse
situation’ refers to when no electronic facilityigbed on the Internet to access spatial data
using metadata. To undertake the assessment it invpsrtant to take into account
developments over time, to use existing knowledge experience, to consult interested
parties and relevant experts, to be transparedtiaoompare negative with positive impacts.

Assessment difficulties have circumscribed the vdew studies containing
quantitative and qualitative information on the anfs of SDCs. Therefore, the approach
chosen in the study was to determine impacts bgrniaf to the expert knowledge and
experiences of SDC coordinators as their perceptave sensitive indicators for changes as
well as impacts. These coordinators organise éietivas management, marketing, technical
and legal environment creation, and human resowscdhat their SDCs operate well. Other
reasons to focus on SDC coordinators were thearnmtdiate role between data/service
suppliers and users, their awareness of the hasipiinstitutional, cultural, legal, economic
and technological context, and their ability to\pde accurate data about the development,
use, management, content and technology of the@. 3Mbreover, they were relatively easy
to contact. This was not the case with the datesusewell as suppliers of SDCs. In addition,
the expertise and experiences of a selected nuaflieuropean SDC practitioners (users and
data/service suppliers) were used to evaluate lifextivity of coordinators’ perceptions. The
availability of this expertise meant that the impac terms of economic, social and
environmental context could be described fairly poghensively.

The procedure used in this assessment study cesiEthe following steps:

» Undertaking extensive literature research (sedoedt2 existing impact assessment
studies).

* Determining assessment indicators in order to ealthe relevance, efficiency and
effectiveness.

* Designing and conducting survey in order to collefiirmation about the perceptions
of coordinators.

* Analysing results by categorisation of the SDCertter to facilitate the interpretation
of these results.

» Assessing the objectivity of coordinators’ respanse

4.2.1 Determining assessment indicators

The assessment was confined to the use of numbeecofomic, social and
environmental impact assessment indicators, becadsgk implementation of a quantitative
assessment study was proscribed by cost consmesafi hese indicators were measurable
and illustrative (Taylor et al., 1990). They couldeasure the relevance, efficiency and
effectiveness of SDCs and provide insight into heesonomic and social structure and
environment alter when SDCs are implemented. Thecsen of indicators was based on
expert knowledge, literature and direct relevareeSDCs.



Worldwide impact assessment 53

The economic indicators used were:
« Consumption of data/services.
» Data market transparency.
e Duplication of data collection.
The social indicators were:
» Spatial data/service awareness.
* Social cohesion between citizens.
The only environmental indicator was:
« Data delivery for environmental policy formulation.

4.2.2 Designing and conducting survey

The survey was undertaken (November 2003 — Aprd42Qo collect information
about the perceptions of coordinators. A questioenavas distributed to all known
coordinators of SDCs. This survey was strongly suigal by the INSPIRE expert group
(a group composed of representatives of the Eurog&ammission, and member states’
Environmental and Gl-communities) and the ExecuBweard of the Permanent Committee of
GIS Infrastructure for Asia and Pacific (PCGIAP).

It was important that as many SDC coordinatorsassiple completed the survey to
provide a full and reliable impact assessment.thisrreason an inventory of identified SDCs
was compiled by extensive browsing on the Inte{nsing several search engines), reading
literature, contacting experts and SDC coordinatdreere possible the e-mail address (and
name) of the SDC coordinator was collected.

A guestionnaire was used to collect the relevafdrinmation. The questions were
based on current literature as well as expert kedgé, so that the coordinators’ perceptions
of their SDC could be analysed. Most questions ccdok answered by selecting the
appropriate option boxes; none of the questiongwaen’. The questions were framed in a
way that they described the impacts of SDCs as waelithe future developments. The
guestions were:

1) On which administrative level listed is your SDCinta operating? (In section 4.2.3
the administrative levels listed are presented).

2) Which of the countries listed does your SDC cowarily) metadata? (193 countries
were listed).

3) Which of the options listed are the main benefityaur SDC? (Figure 4.3 presents
the benefits listed).

4) Which of the options listed are the main drawbawkgour SDC? (Figure 4.4 presents
the drawbacks listed).

5) Which of the options listed is likely to take plaséh your SDC within the next five
years? (In section 4.3.3 the future options aragllgrpresented).

Moreover, fourteen statements were formulated ®ess what SDC coordinators
considered to be the impacts of their SDC on aesitam strongly agree to strongly disagree.
Examples of such statements were:

a) Your SDC increases the consumption of spatial dathservices.
b) Your SDC improves data market transparency.

c) Your SDC reduces data duplication.

d) Your SDC improves the awareness of spatial data.
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e) Your SDC strengthens the social cohesion betwettrers. This statement refers to
the solidarity and social bonding between peopléiwistate, country or international
region.

f) Your SDC improves the appropriate data delivery femvironmental policy
formulation.

g) Establishment and maintenance of your SDC is ecaradiymbeneficial.

In addition, there were supplementary statememndgyded to check the face validity of the
responses.

The questionnaire was distributed using e-mail wad addressed personally to the
coordinators. The main advantages of the use o&ieare that it is fast, easy and cheap for
distribution. In total, 428 coordinators were catéal.

4.2.3 Analysing results

The analyses were carried out to process the assmerto interpret the results better.
The worldwide answers were aggregated. Howevetheasvorld is very diverse in historical,
institutional, legal, cultural, technological ancbaomic respects, and different Geographical
Information (GI) processes take place at differ@tministrative level, the variability of the
answers between regions and administrative levetse wcategorically analysed. The
classification by region was based on the divisanDorling Kindersley (2002). Eight
administrative levels were identified: 1) worldwjd@) continental, 3) international, 4)
national (federal), 5) interstate, 6) state, 7)ntguand 8) local. The Chi square and Fisher
exact tests (Agresti, 1990) were used to test venatspondents at different regional areas
and administrative levels reacted differently tce tlquestions and statements of the
questionnaire. Throughout, test results with aifed) p-value of less than 0.1 were
considered significant.

4.2.4 Assessing the objectivity of coordinatorspenses

As the results of the questionnaire were all basedhe response from the SDC
coordinators it was expected that their views cdaddbiased. To mitigate this, a comparison
of responses from the European SDC coordinatord whbse of the European user
community was made, assuming that the objectivitforopean coordinators’ responses
represent well the objectivity of all SDC coordimiat responses. To facilitate this procedure
a short version of the questionnaire was distridbtite75 European representatives of the Gl-
user community (Summer 2004). These practitionegsewnember of the INSPIRE Expert
Group, and were considered to be important stakenslwho could use SDCs to access or
supply spatial data (e.g. ministries, municipaditimapping agencies, cadastres, universities,
public/private institutions, utilities, etc.). Thehi square and Fisher exact tests were also
used to test the differences of the views betwbenBuropean SDC coordinators and these
practitioners.
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4.3 RESULTS AND DISCUSSION

The inventory resulted in a list of 456 SDCs (of &wuntries) of which 428 had
personal e-mail addresses of their SDC coordindt@ure 4.1 indicates the worldwide
distribution of all identified SDCs by country.dppears that the establishment of SDCs has
become a global activity as recorded by CrompvaetsBregt (2003), and Crompvoets et al.
(2004). Most SDCs are established in Europe, ®asthAsia, North and South-America.
The countries with the highest number of SDCs agAldnd Canada. The areas with few
implementations are Africa and The Middle East.

A total of 105 coordinators from 31 countries cdetgd the survey; 25% of the
population of coordinators. This percentage isine Wwith the responses to similar types of
surveys (Hamilton, 2003). This sample size was aa&qin respect to the SDC population in
the developed world since the respondents werelynaiordinating SDCs in North America
(USA/Canada) (41%), Europe (32%) and Australia (§&6)ly 19% in total were African,
South American and Asian ones (Figure 4.2)). Ireotd obtain reliable results, the regional
analysis included only the North American, Europaad Australian ones. The other regions
were excluded from the regional analysis due ta@déichnumber of responses.

As mentioned earlier, the survey identified eigihinénistrative levels (question 1). To
achieve reliable statistical analysis, severallewere reclassified. Finally, three classes were
considered: 1) (inter)state, 2) national (includifegleral), and 3) international. Classes
interstate and state were reclassified into (istatg (41%); class national was unchanged
(31%); classes worldwide, continental, and inteamati were reclassified into international
(20%); classes county and local were excluded ftmradministrative level analysis (8%).

d1-2 0 3-5 O 6 - 25 M2-5 M >50

Figure 4.1 Worldwide distribution of spatial data clearinglses (456) by country.
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] 1-2 O 3-5 0 6-25 M 26-50
Figure 4.2 Worldwide distribution of survey responses (10%)cbuntry.

4.3.1 Benefits and drawbacks

The enhanced access to spatial data, and the iegbrdata sharing and distribution
are regarded as the main benefits (question 3)eottirrent SDCs (Figure 4.3). This confirms
the results derived from the previous studies @&edature (section 1.2). On the basis of this
result, it seems that overall SDCs are relevarilitias to access data/services and to promote
sharing. However, many SDCs still lack integratamong suppliers and users. This could
result in inefficient use of resources, potentighlication, inconsistency, incompatibility, and
the inability to maximise the value of data andvess. The main benefits appear to be
mainly economic in nature. Minor benefits are thereneffective use of available data, the
improved spatial data awareness and the reducti@patial data duplication. Cost savings
are not really seen as a benefit, which could béditcation that SDC coordinators are not
very cost conscious.

Coordinators of North-American SDCs regard the ciida of data duplication, the
improved data sharing and distribution significgntiore as benefits (this is in contrast with
European SDCs).

In addition, coordinators of international SDCs #iee reduction of data duplication
significantly less as a benefit. This is in contrnagh (inter)state coordinators who also look
upon cost savings significantly more as a benefit.
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Figure 4.3 Worldwide distribution of SDC coordinators’ respeas(%) relating benefits of
spatial data clearinghouses.

It appears that besides costs and funding (80%pmetsingle drawback (question 4)
could be identified as another important obstacteSDC implementations and maintenance
(Figure 4.4). Institutional problems (33%), lackspfecialised data managers (25%), and data
standardization (23%) can however be consideregigrgficant drawbacks. The lack of
harmonised reference systems (3%), and liabiligblgms (12%) and inadequate Internet
bandwidth (16%) are less significant as drawbaoksSDC implementation. This result is in
line with literature (INSPIRE Architecture and Stands working group, 2002; FGDC, 2002;
Wehn de Montalvo, 2004; Askew et al., 2005). Nomeghe main obstacles are (directly)
technology-related. It seems that the challengesbdofaced are more likely to be
organizational than technical.

North-American coordinators consider lack of spkseal managers significantly more
as a drawback and problems with data pricing I@ssthe other hand, the European SDC-
coordinators look upon problems with data pricingd acommercialisation of data
significantly more as a drawback.

The high degree of correspondence in coordinateisws with respect to the
perceived benefits and drawbacks is significargarfar it gives a clear indication that SDCs
worldwide function within a broadly similar openagi environment.
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Figure 4.4 Worldwide distribution of SDC coordinators’ resges (%) relating drawbacks of
spatial data clearinghouses.

4.3.2 (Economic, Social and Environmental) impacts

Economic impact

The economic impact is primarily assessed by tleeofi®conomic indicators. Several
statements in the questionnaire refer to theseassmnindicators. The survey results show
the likelihood of higher consumption of spatialaland services, as well as the reduction of
data duplication as the main economic impacts. Fhggact result is illustrated in Figure 4.5,
which presents the responses of SDC coordinatdigdée economic indicators: consumption
of data and services (statement a), data marketpgesency (statement b), and duplication of
data collection (statement c). On the basis ofetliesults, it is apparent that the vast majority
of respondents agree with the statement that 8I@{C increases the consumption of spatial
data and services. This implies that this increzseonsumption could be regarded as the
most important economic impact. Additionally, a orédy also agrees with the statement that
their SDC reduces duplication of spatial data. Témult related to the statement that SDC
improves data market transparency is not clearr{th@rity neither agrees nor disagrees). On
the basis of the responses related to these thoF®mic indicators it could be deduced that
SDCs have a significant (positive) impact on theneenic dimension.
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Looking from regional perspective, evidence caridumd that more North-American
coordinators agree with the statements that thBI€ $hcreases the consumption of spatial
data and services, and reduces duplication ofadpdta.

Evidence exists that national SDCs agree less thair SDC increases the
consumption of spatial data and services whileef)state SDCs agree more that their SDC
reduces duplication of data.

100% -

75% -

50% -
25% A
:.: -

0%

Strongly agree Agree eitNer Disagree Strongly dree

[] Your spatial data clearinghouse increases the copison of spatial data a service
B Your spatial data clearinghouse improves data narkesparency

] Your spatial data clearinghouse reduces data daifalii

Figure 4.5Worldwide distribution of SDC coordinators’ respeaqg%) to statements relating
economic indicators.

Besides the statements directly related to thecatdrs the coordinators could also
respond to the statement that establishment andtemance of their SDC is economically
beneficial (statement g). 70% of the coordinatagse@ and only 11% disagree with this
statement. Since the main benefits and drawbackdilaly to be economic in nature, this
result indicates that SDC coordinators perceivet tthee positive impacts more than
counterbalance the negative impacts.

Both data users and suppliers could gain econolyidgl the implementation of
SDCs. Data users benefit from the improved efficyeto access spatial data, and data
suppliers from the increased effectiveness to idig their spatial data and the improved
efficiency to collect data by reducing data duglma It seems that the establishment and
maintenance costs of these facilities are econdiyigsstified, although the cost savings for
the SDC coordination organisations appear a lepsiitant impact.

Social impact

The social impact is primarily assessed by theafisecial indicators. Two statements
in the questionnaire refer to these indicatorstiagpdata/service awareness (statement d), and
social cohesion between citizens (statement e)sd rapact results are illustrated in Figure
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4.6. From the responses of SDC’s coordinators,apparent that the vast majority agrees that
their SDC improves spatial data awareness. Thidiesiphat this improvement of spatial data
awareness could be regarded as the most impodeial $mpact. It appears that SDCs could
change the way society is using this spatial datamany decision-making processes the role
of spatial data is increasing. SDCs improve (iradly® these processes in a way that enable
stakeholders to become better informed. Additignall majority also agrees that their SDC
strengthens the social cohesion. It appears th&sSide, for example, able to provide equal
spatial information access to rural, urban and tencommunities, which will support local
decision making capacity development and new sec@miomic activities in these
communities. In view of these social results iréssonable to deduce that SDCs have a
significant impact on the social dimension.

From regional perspective, evidence exists thattiNamerican coordinators agree
more with the statement that their SDC improvesathareness of spatial data.

From administrative level perspective, no diffeeht agreement exist.

75% 1

50% 1

25%

0% -
Strongly agree Agree Neither Disagree Stronglsagiree

1 Your spatial data clearinghouse improves the avem®nf spatial data

E vour spatial data clearinghouse strengthens thialsc@hesion between citizens

Figure 4.6 Worldwide distribution of SDC coordinators’ respes (%) to statements relating
social indicators.

Environmental impact

The environmental impact is assessed by the usaetnvironmental indicator: data
delivery for environmental policy formulation (statent f). The coordinators expect little
impact on the environment. From the response ieaggpthat the majority of the coordinators
neither agree nor disagree (60%) with stateme®DICs do not seem to deliver the data
appropriately for environmental policy formulatiomNevertheless, some environmental
policy-makers make use of SDCs to access the nesmaihl data and services (Williamson,
2004).

From regional perspective, the evidence indicat@s North-American coordinators
do not consider that this impact is important.

From administrative level perspective, no diffeent agreement exist.
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Examining assessment indicators in combination withbenefits, it appears that the
main positive impact of implementing SDCs is ecoimmhe high degree of correspondence
in coordinators’ views with respect to the econgnsiccial and environmental impacts is
significant confirming that SDCs worldwide functiomithin a broadly similar operating
environment.

4.3.3 Future developments
The coordinators were asked to select what thegaxill happen with their SDC in

the next five years (Question 5). A subset of thesponse was that:

* The use of spatial data will increase (89%).

e More (new) services will be provided (55%).

* The data quality will improve (50%).

* The use by governments will increase (49%).

* More datasets will be provided (35%).

* More specific datasets will be needed (34%).

* The metadata standards applied will be changed )31%

* New expertise will be needed (26%).

The coordinators expect mainly that the spatiah @ansumption as well as the range
of service provision of their SDC will increase.€Be developments are in line with literature
(Maguire and Longley, 2005; Beaumont et al., 2088y link strongly to the gradual shift in
focus of SDC development: from data-centric to wsstric. In the nineties of previous
century, data and technology were the main drivarges for SDCs. At the present moment,
the use of data (and services) and the needs aidties are becoming the main forces for
SDC development (Reeve and Petch, 1999; Willianet@h., 2003; Crompvoets et al., 2004).

The similarity in development views of the coordora is significant showing that the
coordinators have the same future objectives pilglabated by such external developments
as expanding technologies, market-demand, chandinginess models, sustainable
development, e-government and participatory denaycréhe few differences are that more
North-American coordinators expect that more dasasdl be provided, and new expertise
will be needed.

4.3.4 Assessment of the objectivity of coordinatesponses

A total of 41 European practitioners completed arskiersion of the questionnaire.
The high degree of correspondence between thensspof these European practitioners and
the (34) European SDC coordinators with respecttht® questions and statements is
significant. This result implies that the coordmat perceptions are not unduly biased (at
least the European coordinators’ perceptions), jastfies the choice to focus on SDC
coordinators as reliable sources of informationagsess the impacts. Furthermore, the
practitioners look upon cost savings as a moreifgignt benefit, and consider the improved
awareness of spatial data as a less important impacs indicates that the coordinators
underestimate the efficiency of SDCs and overesértiee improved awareness.



62 Chapter 4

4.3.5 Methodology used

The implementation of the assessment procedure appsopriate to measure the
impact of SDCs on a worldwide scale in order toishgsolicy makers to decide whether
investments in the establishment and maintenan&D@fs are justified. The strength of this
impact assessment was that it was systematic, degitie, robust, expert knowledge based,
and that it identified significant economic and isbémpacts. Through the survey it was
possible to gather the perceptions of the coordisain a fast, cheap, and easy way. The
complementary analyses were needed to interpretreébelts of the survey. The main
limitation of this study was that only qualitativ@pacts could be assessed and it was not
possible to determine quantitative measures suchfir@scial impacts. The current
experiences of the SDC operations are limited byfdlat that they are still at an early stage of
their development. There is a need to refine metlogy so that more precise records of
numerical and financial data can be recorded. imlay, a better and a more accurate grasp
of financial and operational impacts could be d=idd. Nevertheless, the usage of indicators
gave some insight into how economic, social stmggtand environment alter when SDCs are
implemented.

4.4 CONCLUSIONS

The main conclusions of this impact assessmentriefeprimarily to SDCs of the
developed world are:

* SDCs are likely to have a positive impact on sgciet

 The main (positive) impacts are of an economic neatdut social impacts are
obviously important as well.

* SDCs have likely little impact on the environment.

« SDCs could be considered as relevant facilitiexrder to enhance spatial data/service
accessibility and to promote the sharing of theseurces.

» SDCs could be considered as efficient facilitiesomler to enhance data/service
accessibility and to reduce data duplication.

» SDCs could be considered as effective facilitiesorder to increase the use and
distribution of spatial data/services, to improkie awareness of spatial data/services,
to strengthen social cohesion between citizens, tanthprove potentially better-
informed decision-making.

» Costs and funding could be regarded as the matadbgor SDC-implementation.

* In the near future, it is expected that the usspaitial data resources of SDCs will
increase as well as the range of service provisions

» Coordinators have similar views towards the besefitawbacks, impacts as well as
future developments of SDCs. These similaritiedadorm a perfect basis to ensure
interoperability between datasets and access mischgnand to create a culture of
sharing as well as a shared language amongst catods.

* North-American SDCs are considered to be the mifisiemt and effective facilities,
and have substantial acceptance within the commufitis is in line with Maguire
and Longley (2005), who mention that many US ad aglCanadian SDCs already in
the nineties of previous century were able to prienawvareness of spatial data, create
community involvement, and build capacity to acdbss data (Maguire and Longley,
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2005). The Australian SDCs form the intermediateefficiency and effectiveness
between North-American and European SDCs.

* The diversity in benefits, drawbacks, impacts, &rdre developments between the
different administrative levels appear to be lowhisT could imply that the GI-
processes relating to spatial data/service acckiysiho not vary much at different
administrative levels.

The results obtained could be used to justify preaad support future investments in
SDCs. However, the authors observe that in spitehefe positive results in terms of
relevance, efficiency and effectiveness, the SDfcept to share resources continues to be
resisted which leads to unnecessary inefficienassilting in duplication of data collection
and storage, and consequent costs (Nedovic-BudidParto, 2000; FGDC, 2002; Askew et
al., 2005). To utilise these SDCs effectively themest be a clear understanding of how they
influence and justify their costs, and overcoméditmgonal problems. It therefore appears that
more impact assessment research is needed (esgstodges).
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5.1 INTRODUCTION

Over the last decade, many countries have spesid@mable resources on a National
Spatial Data Infrastructure (NSDI), in order to noye the accessibility and sharing of spatial
data (Groot and McLaughlin, 2000; Williamson et a003; Bernard et al., 2005b; Masser,
2005). One of the key features of a NSDI is theional spatial data clearinghouse
(Crompvoets et al., 2004). This national clearingd®is the access network of an NSDI that
facilitates access to spatial data and promotesgtetring.

A spatial data clearinghouse can be defined aslentr@nic facility for searching,
viewing, transferring, ordering, advertising anddsseminating spatial data from numerous
sources via the Internet, and as appropriate, @iryicomplementary services. Such a
clearinghouse usually consists of a number of serm@ntaining information (metadata) about
available digital data (Crompvoets et al., 2004)e Thallenge in establishing clearinghouses
lies in the management of a substantial numberfigrent disciplines and the examination of
a large numbers of factors and issues. For exangueating community participation,
reaching agreement between stakeholders, buildingommon access network, etc.
(Rajabifard, 2002; Williamson et al., 2003; Taid0B).

Since 1994, there has been a steady increase inuthéer of established national
clearinghouses worldwide. The US Federal geographia Committee established the first
in 1994. By April 2005, 83 national clearinghousesre operational (Crompvoets et al.,
2005). This number is expected to increase in tae future (Crompvoets and Bregt, 2003;
Crompvoets et al., 2004). Considering that 193 tasexist in the world, more than 50%
do not, as yet, have an established national alglaouse. Concerning the high percentage of
countries without a clearinghouse, interesting jaes to be investigated are: What are the
critical factors influencing such establishmentnational spatial data clearinghouses? And,
why have some countries established a nationatiotgaouse, and why have other countries
not done so?

Answering these questions is not easy althouglowarauthors have addressed them.
Some mention as differentiating factors, politiesasion, institutional leadership, human
capital, web connectivity, telecommunication infrasture or financial resources (Tosta,
1997; Streudler, 2003; Reece, 2004; Crompvoetd. eP@04; Delgado et al., 2005). Since
each country has its own unique societal conditians likely that society plays an important
role. Moreover, there is common agreement in ttexdiure that societal issues, including
those which are institutional, legal, political, darorganizational, are more crucial for
clearinghouse implementation than technical isqiB#egt, 2000; Groot and McLaughlin,
2000; Crompvoets and Kossen, 2002; Williamson gt2803; Tait, 2005; Masser, 2005;
Bernard et al., 2005c). However, detailed and syatie knowledge about these critical
factors is limited. The aim of the research presgim this paper is to explore societal factors
that are critical for the establishment of cleaniogses and to provide answers as to why
some countries have a national spatial data clglaoumse established, and why have other
countries not done so. Besides these societalriaattearinghouse-internal factors such as
expenses for project management, staff, marketirggning, network server, software,
standardisation activites and metadata preparatioould have an impact on the
clearinghouse establishment as well. In the coraktis paper, society is considered to be a
set of societal attributes describing human coowitiand activity, regarded as a whole,
functioning interdependently at a national levet We are dealing with a complex system,
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with many unknown relations and interactions, arpleative and empirical analysis
approach was followed.

5.2 METHODOLOGY

This study aims to explore societal factors thatlédoe critical for the establishment
of national clearinghouses. Results of a web suceggucted, and datasets, including values
of numerous societal attributes, were the stagimigt of this study.

In December 2002, a web survey dealing with theldwide status of national
clearinghouses was conducted. In that month, 6/tdes had established a national
clearinghouse on the Internet, while 126 counthiesl no established clearinghouse. In
addition, several clearinghouse characteristiceewseasured and recorded (Crompvoets et
al., 2004)

In order to carry out a thorough analysis of sggietine societal aspects were
investigated: 1) Economy, 2) Education, 3) Techgglo4) Environment, 5) Culture,
6) Demography, 7) Institution, 8) Health care andl@risdiction. These aspects cannot be
regarded as mutually independent. In particulatucellhas an impact on the other aspects.
Each societal aspect is described by a set of lymuigrsocietal attributes. The values of
numerous societal attributes around the year 2@82 wollected from different data sources.

Figure 5.1 presents the main methodology stepesdisteps are: 1) Collecting
societal data, and 2) Analysing societal factorsefstablishment. Each step is described in
more detail.

Hofstede ii Web survey
WorldbanK] (December 2002)
datal
Legend
*1) Collecting societal data I:l Data set
Analysis result
Collection of
data selected
\ 2) Analysing societal
V¥ factors for establishment
i ANOVA- Data
! results Mining
results

Figure 5.1 Main methodology steps.
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5.2.1. Collecting societal data
Data were collected for 193 countries, as existiimg2002, according to United
Nations. The World Development Indicators publisbgdlhe World Bank (2003; 2004), the
World Telecommunication Indicators published byemational Telecommunications Union
(2003), data in The World Factbook published by t@nntelligence Agency (2003; 2004),
and data in Human Development Reports publishedrbied Nations Development Program
(2003; 2004), as well as a few data from Dorlingdérsley’s Great World atlas (2002), were
collected. The data on national culture were takem Hofstede (2001). All attributes
together describe the state of a society. Thesbudts collected were mainly classified into
societal aspects in accordance with the differedtiens of The World Bank's World
Development Indicators books (2003; 2004) and UNDCHUmMan Development report (2003;
2004). The selection of attributes was based orktiosvledge of four experts in the domain
of spatial data infrastructures. The main criteisad for selection were:
* Having a potential link with the use, managemeathhology and/or content of
national clearinghouses.
* Not being outdated (most data before 2000 wasghsded).
* Not missing too many values.
* Representing one of the nine societal aspects.

Prior to analyses, pre-processing of data tookepl@his pre-processing included:

» Classifying countries into two establishment claséer a national clearinghouse
(using the results of the web survey conducted): cduntries with an established
national clearinghouse, 2) countries with no esthbt national clearinghouse.

* Handling missing values. Countries as well as kaites with more than 50% of
missing values were removed. In addition, the mgsialues of remaining attributes
were replaced by the mean or mode of each estai#ish class; mean for the
quantitative attributes, mode for qualitative attites.

5.2.2. Analysing (societal) factors for establisiine

Two complementary methods were used in order tdys@masocietal factors for the
establishment of a national clearinghouse: analysisariance (ANOVA) and decision trees
of data mining. Together they examine the factans diearinghouse establishment more
comprehensively and strengthen the findings. Bo#thods focus on (significant) relations
between variables. The relations between the éstaent class and societal aspects, as well
as attributes, were analysed.

ANOVA (Snedecor and Cochran, 1980) was used tq pest societal attribute, the
differences between the means of the two estab#ishrlasses. ANOVA is a statistical
method used to determine the significance of tfferénces among the means of two or more
groups on a variable. The independent variablesuatally nominal, and the dependent
variable is quantitative. In this study, the estkithent classes are the independent variables;
the societal attributes are the dependent onesughout, test results with a p-value of less
than 0.01 were considered to be significant. Ireotd compare the results at society level,
the number of significant different attributes veasnmarized as a percentage of all attributes
for each societal aspect. The attributes of théetalcaspect jurisdiction were excluded from
these analyses, because most attributes colle@sgivominal in nature.
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A data mining method (Dilly, 1995; MacEachren et1899; Wachowicz, 2002) was
applied to select the societal attributes, which icder the reasons for the establishment of
national clearinghouses. Several methods have fre@osed in the literature (Murthy, 1998)
in pursuit of one of the general tasks of clustgriclassification, generalisation and
prediction. The classification mining tasks usihg tlecision tree were used to examine the
societal attributes and places into establishmiasses. A decision tree contains the mapping
between the attributes and the class. This is aelHlidoy computing internal nodes by
partitioning the data recursively by selecting atiibute each time. The model contains
splits, which are a set of statements about themtgncies among attributes in a rule form
using entropy and information gain. Entropy is aaswge applied to determine the disorder in
the population, according to Information Theory g68hon, 1948). In this study, entropy
represents the degree of randomness of the ctagsf of national clearinghouses into two
establishment classes; the greater the randomdeswder), the greater the entropy. Tree
construction is achieved by expending tree node$ tontribute to the largest gain in
information of the whole tree. The aim is to sekediursively an attribute, which results in the
largest information gain. Information gain is aldoconcept sourced from the Information
Theory (Shannon, 1948). It defines the increasaformation, which results from adding a
new attribute node to a rule. It is equal to theltentropy for an attribute if for each of the
attribute values a unique classification can be enfut the result attribute. In order to
compare the results at society aspect level, nenesn trees were created for each society
aspect, and the number of attributes that congiltatthe largest gain in information was
summarized as a percentage of all attributes foh saciety aspect. In addition, out of the
nine decision trees, a final decision tree wastetedor the whole of society using all
attributes that contribute to the largest gainnfoimation. Wang (2005) presents a detailed
description of the data mining method applied, el as the set of parameters used.

5.3 RESULTS AND DISCUSSION

The presentation of the results follows the twohndblogy steps.

5.3.1 Collecting societal data

Through the data collected of 234 societal attebutan indicative description
covering the wide scope of society was achievetleTa.1 presents the number of attributes
collected and examples of attributes per aspesboiety. These examples indicate only the
numerous attributes that were collected. Appendshdws the full list of attributes collected
(including units, attribute scales, and sourcegdntthe sources available, it appeared that
more economic, technological, environmental, antatgaphic attributes could be collected
than cultural, institutional, and legal attributes.

Many attributes collected affect data availabilignd/or reliability. This lack of
quality is primarily due to the weak statisticals®ms in many countries with the
consequence that statistical methods, coveragetiqgea, and definitions differ widely
(International Telecommunication, 2003; UN Devel@min Programme, 2003; 2004; The
World bank, 2003; 2004). Data coverage may not dreptete for countries experiencing
problems (such as those stemming from internalxtereal conflicts) with the collection of
data.
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No data about the geo-information (Gl) communityraveollected. Current literature
suggests that the Gl-community could have a higbarhon clearinghouses (Steudler, 2003;
Ravi, 2003; Reece, 2004; Delgado et al., 200%)puid also be argued that both the existence
of spGl-communities and the establishment of naliariearinghouses could depend on
common causal factors. Unfortunately, collectingadeeferring specifically to the GI-
community on a worldwide scale appeared to be isiptes

In total, 23 countries with too many missing valuese removed (Andorra, Bahamas,
Barbados, Brunei, Democratic Republic Korea, Doaa@niGuyana, Holy See, Iceland, Iraq,
Liberia, Libya, Liechtenstein, Luxembourg, Monaddyanmar, Nauru, Qatar, San Marino,
Sierra Leone, Somalia, Timor-Leste, Tuvalu).

Table 5.1 Number of (societal) attributes collected and exdesywf attributes per societal
aspect (in parentheses the units used).

Societal Number of Examples of attributes

aspect attributes

Economy 77 Gross national income ($ billions), pasihg power parity per capitd
(%), gross domestic product (average annual % ¢r,0i@90-2001),
agricultural productivity, value added per work®y, tax revenue (%
of gross domestic product), listed domestic comggriousehold fina
consumption expenditure ($ millions)

Education 15 Adult literacy rate (% of age 15 andval), education expenditure (9
of gross national income), average years of schgpfirimary pupil
teacher ratio (pupils per teacher), primary coniptetate (% of
relevant age group)

Technology 44 Internet users (thousands), Inteemire severs, personal computer
per 1000 people, mobile phone subscribers (thos$al@iT -
expenditures per capita ($), high technology exp@tmillions)

Environment 37 Surface area (thousand kmg?), arable (% of land area), carbon
dioxide emissions per capita (metric tons), eneiggy per capita (kg o
oil equivalent), freshwater resources (total rerdevaesources per
capita meters)

Culture 5 Individualism (index), uncertainty avaida (index)

Demography 26 Population density (people per kav®rage annual population growth
rate (%, 2001-2015), total fertility rate (birtherpvoman), life
expectancy (years), rural population (% of totgbydation), infant
mortality rate per 1000 live births

v)

Institution 6 Type of government, institutional ister credit rating, year of
independence

Health care 13 Health expenditure per capita (®vadence of HIV (% of adults),
births attended by skilled health staff (% of tptal

Jurisdiction 11 Type of legal system

5.3.2 Analysing (societal) factors for establishinen

Through the complementary use of ANOVA and dataimgindecision trees, the
exploration of societal factors for national cleghouse establishment was achieved.

In total, 164 quantitative attributes were analy®gd ANOVA to test differences
between means of the two establishment classesr pfe-processing, 60 countries with an
established national clearinghouse, and 110 camtmithout an established national
clearinghouse, were involved in the analyses. Tal#lepresents the percentage of attributes,
with significant differences between means of the éstablishment classes for each societal
aspect.
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Table 5.2 Number of attributes analysed using ANOVA and patages of attributes with
significant differences between means of the twaldishment classes for each societal
aspect (Clearinghouse, No Clearinghouse), as wellvarall (p < 0.01).

Societal aspect Number of % of attributes with significant

attributes differences between
Clearinghouse — No Clearinghou

Economy 48 65
Education 12 92
Technology 30 90
Environment 29 50
Culture 4 25

Demography 26 65
Institution 4 100
Health care 11 91
Overall 164 71

From Table 5.2, we see that 71% of the attributedyaed differ significantly between
countries with an established clearinghouse, amdtces with no established clearinghouse.
Each of the societal aspects has significant atggy The aspects education, technology,
institution and health care show very high perogesaof significant attributes (higher than
the overall percentage). On the other hand, sd@sigects, economy, environment, culture
and demography show relatively low percentagesgéneral, the high percentages of
significant attributes can indicate a high corielatamong the societal attributes. Table 5.3
presents examples of significant attributes, inclgdhe means for both classes. From this
table it appears that countries with a high stashdzrliving have an established national
clearinghouse, e.g. citizens of these countries moee educated, more technologically
advanced, healthier, have higher incomes, andniemore institutional stable environment.
A higher standard of living also seems to be coteteto higher carbon dioxide emissions,
figures of which are also included. In line withetliindings of Craig et al. (1992) and
Hofstede (2000, 2001), this high standard of liviagmore likely to cause individualism,
society’'s way of accommodating the interests of thdividual. Individualist cultures
comprise calculating citizens: what is in it for nome’s life is one’s own, individual views
matter, group views are necessary unavoidable® tohhllenged whenever one feels like it
(Hofstede, 2001).

On the basis of the very high number of societalibates (and aspects) with
significant differences, it appears that the satighpact on the establishment of national
clearinghouses is very strong. A reason that spcietild have such a strong impact on the
establishment is that clearinghouses should fatlithe need of society to spatial data
accessibility as well as data sharing. In additlming such facility could promote society’s
economic development, (e)governance, and envirotahsnstainability (Masser, 2005). It
seems that the relation between having a clearimghand a high standard of living is cyclic
in nature; the one promotes the other.
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Table 5.3Examples of significant attributes sorted by stycaspect (including the means for
establishment classes countries with an establishgdnal clearinghouse, and countries with
no established clearinghouse).
Attribute name Societal Mean Mean

aspect Clearing- No
house Clearing-
house
Gross national income ($ billions) Economy 455 11
Agricultural productivity, value added per work#) ( Economy 15,894 1766
Listed domestic companies Economy 541 149
Household final consumption expenditure ($ millipns  Economy 298,772 10,155
Adult literacy rate (% of age 15 and above) Eduecatio 7.1 23.4
Average years of schooling Education 7.6 3.7
Primary pupil-teacher ratio (pupils per teacher) ¢adion 20 35
Internet users (thousands) Technology 7820 184
Internet, secure servers Technology 2044 9
Personal computers per 1000 people Technology 190 18
Mobile phone subscribers (thousands) Technology 905,1 939
Surface area (thousand km?) Environment 1291 344
Carbon dioxide emissions per capita (metric tons) vilBnment 8.2 2,3
Individualism Culture 48 26
Average annual population growth rate (2001-20%) ( Demography 0.77 1.89
Total fertility rate (births per woman) Demography .32 3.8
Life expectancy (years) Demography 72.3 61.0
Institutional investor credit rating Institution 60 24
Year of independence Institution 1864 1955
Health expenditure per capita ($) Health care 875 6 6
Prevalence of HIV (% of adults) Health care 1,0 4.2
Births attended by skilled health staff (% of tptal Health care 87 63

In total 179 (societal) attributes were involvedtihe data mining method (including
15 qualitative attributes). The same number of toesm was involved as in the ANOVA
analyses. Table 5.4 shows the number of attribfdessach of the nine society aspects
(including jurisdiction), as well as the percenw@é attributes that contribute to the largest
gain in information. From this table, we see thatrall 35% of the attributes contribute to the
largest gain in information. In addition, each asp¥ society has attributes that contribute to
the largest information gain. Society aspects eilutatechnology, culture, institution and
health care show the highest percentages (higherttte overall percentage). Society aspects
economy, environment, demography and jurisdictibows relatively low percentages. This
result confirms the main society aspects of Tab®(8ducation, technology, institution and
health care), except that culture has a higherepéage. Moreover, the results of Table 5.4
confirm that many societal factors could be crititar the establishment of national
clearinghouses. This is in line with literatureulés concerning Spatial Data Infrastructures
(Groot and McLaughlin, 2000; Williamson et al., 300Spatial Application Division,
Catholic University of Leuven, 2003; Craglia et, &2003; Delgado et al., 2005; Masser,
2005).
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Table 5.4 Number of attributes, and percentages of attribtib@t contribute to the largest
gain in information per society aspect.
Societal aspect Number of % of attributes that

attributes contribute to the largest
gain in information

Economy 48 29
Education 12 50
Technology 30 37
Environment 35 23
Culture 4 50

Demography 26 31
Institution 6 83

Health care 11 55
Jurisdiction 7 29
Overall 179 35

From the decision tree for the whole of societyappeared that the following

attributes could be critical for the clearinghoese&blishment:

e Agricultural productivity, value added per work&) (Economy).

» Average years of schooling (Education).

* Primary pupil / teacher ratio (Education).

« Internet, secure servers (Technology).

* Average annual population growth rate, % (2001-2@D&mography).

* Year of independence (Institution).

» Births attended by skilled health staff (% of tp{@ealth care).

All these attributes appeared to be significanttattes from the ANOVA-analyses as
well (Table 5.3). These attributes presented continat countries whose community has a
high standard of living are likely to be in a pasitto establish national clearinghouses rather
than be concerned with daily problems of survi&andard of living links strongly with the
national well-being that includes all aspects afhomunity life which influence the physical
and mental health of the members of a nation (Mprie996; Henderson et al., 2000, Centers
for disease control and prevention of US departro€health and human services, 2005).

Agricultural income refers indirectly to the stardiaf living of farmers who produce
the needed food and other agricultural products aduntry. In many countries agriculture is
the main source of employment. The World Bank (2G82imates that every $1 earned by a
farmer, raises incomes in other sectors by as msc®2.60. The educational attributes refer
to the individuals who construct knowledge; andtipgrate as informed citizens in society
(The World Bank, 2003). The Internet attribute refe the information and communication
technology that has the potential to offer betnvise delivery. The attribute population
growth rates refer to country’s long-term sustailitgb (United Nations Department of
Economic and Social Affairs, 1992). A rapid popidatgrowth rate can place a strain on a
country’s capacity for handling a wide range of remmic, social and environmental issues
(European Commission, 1999). The year of indeperwlenuld be linked to the institutional
stability and security of a country. Finally, dbite births attended by skilled health staff
refers to the service quality of medical care.
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As an illustration, Figures 5.2 and 5.3 indicatatgly the strong relations between
the establishment classes and two attributes frerdecision tree for the whole of society.
Figure 5.2 presents the spatial relationship betweeuntries with established national
clearinghouses and the attribute average yearshaoting. Almost all countries with an
established national clearinghouse (except thnee¢ar to have an average year of schooling
above 4.6 years. Figure 5.3 presents the spatiationship between countries with no
established clearinghouse and the attribute agwi@llproductivity, value added per worker
($). Almost all countries with no established naéibclearinghouse (except two) appear to
have a low agricultural productivity (lower than,$30).

] Countries with a national spatial data clearinglecestablished

[] Countries with no national spatial data clearingtgou

B Average years of schooling > 4.6 years

] Average years of schooling < 4.6 years

Figure 5.2 Countries with an established national clearingboimsDecember 2002 (dark-
coloured) compared with average years of schooli@guntries with no established
clearinghouse presented in white.
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[l Countries with no national spatial data clearingteou

[] Countries with a national spatial data clearingkcestablished

[ Agricultural productivity, value added per worker $3,590

B Agricultural productivity, value added per worker $3,590

Figure 5.3 Countries with no established national clearingloims December 2002 (dark-
coloured) compared with agricultural productivitglue added per worker ($). Countries with
established clearinghouse presented in white.
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5.4 CONCLUSIONS

The purpose of this paper is to explore the questievhat are the critical factors
influencing the establishment of national spatiatad clearinghouses? Why have some
countries established a national clearinghouse vdndhave other countries not done so? It
appears that all aspects of society could be cermidas critical, particularly education,
technology, institution and health care. There asvéver, no single, dominant aspect. This
may be due to the strong interdependence of huraaditoons and activity within society.
Consequently, many societal attributes could béicali Examples of critical attributes
collected are: agricultural productivity (value addper worker ($)), average years of
schooling, primary pupil / teacher ratio, Intersetture servers, average annual population
growth rate (% (2001-2015)), year of independenaod, births attended by skilled health staff
(% of total). From these attributes, it appearst tte standard of living of a national
community could be an important factor affectingetter a country establishes a national
clearinghouse. Countries whose citizens have astayidard of living are more likely to be in
a position to establish national clearinghousesth@rother hand, countries whose citizens are
primarily concerned with the daily problems of sual are less likely to be in a position to
establish national clearinghouses. Despite thesknfys, wealth, defined as a large amount of
money that a country owns, is not the dominatirgoiafor clearinghouse establishment.

The analysis methods, ANOVA and decision tree neetbfodata mining, appeared to
complement each other. Both methods showed sim@kaults at the level of societal aspects,
and all attributes obtained from the decision fi@ethe whole of society appeared also as
significant attributes from the ANOVA-analyses.

In order to better identify the societal factors,s recommended to involve data
describing the spatial data community, to implemermomprehensive classification system
for the societal attributes into societal aspeatsl to use Partial Least Squares Discriminant
Analysis (PLS-DA) (Barker and Rayens, 2003). Thaid make it possible to analyse, more
rigorously, the underlying relationships betweencietal attributes. In addition,
complementary case studies would allow for a marelepth analysis of the purpose and
scope of specific national clearinghouses.

Moreover, it is strongly recommended to explore soeietal factors periodically.
Critical (societal) factors may change over timgplaring them should take their dynamic
character into account. It is likely that the cati (societal) factors for the establishment of the
first clearinghouses were different from the fastfmr the situation in December 2002. This is
in line with the diffusion of innovation model ddgped by Rogers (1995). For example, the
pioneering countries of national clearinghousesapgd to be in a position to handle the high
uncertainties associated with these innovationss@dig 2005). This is unlikely to have been
the case in later years, since the later adoptogtcies are less likely to have managed such
high uncertainty.
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6.1 INTRODUCTION

In April 2005, 83 countries had established a matigpatial data clearinghouse on the
Internet. In the near future, it is expected thairencountries will establish a national
clearinghouse. In order to facilitate the accesspdtial data and related services, these
clearinghouses are regarded as key features of teonldh Spatial Data Infrastructure
(Crompvoets and Bregt, 2003; Crompvoets et al.420Blowever, at present only a few
clearinghouses are highly functional, in the sethsd they provide efficient facilities for
spatial data/service accessibility as well as éffecfacilities for data/service use and
dissemination (Crompvoets et al., 2005).

It appears that socio-technical issues includimgé¢hwhich are economic, educational,
cultural, institutional, legal, political and orgaational, are currently the major impediments
to the success of national spatial data clearingg®urather than technical issues alone (Bregt,
2000; Groot and McLaughlin, 2000; Williamson et, &003; Tait, 2005; Bernard et al.,
2005c). Implementing clearinghouses appears to tmrglex task, fraught with difficulties
in sustaining a shared language, a shared seqmemise, and reliable financing. Because of
these impediments, spatial data accessibility aisdechination in many countries is not
optimal.

In order to improve this situation, it is essenttat clearinghouse coordinators and
practitioners are made more aware of the factolsclwcould determine the success of a
national clearinghouse. These factors could beetadadr clearinghouse-internal. Examples of
such clearinghouse-internal factors could be: tiieoduction of web services, stability of
funding, and creation of user-friendly interfac€sdmpvoets et al., 2004).

A growing body of literature reflects an increasintgrest in societal issues as factors
that are critical to successful implementation afional spatial data infrastructure and/or
spatial data clearinghouses (Tosta, 1997; Mas899;12005; Groot and McLaughlin, 2000;
De Man, 2000; 2002; Crompvoets and Kossen, 2003biRard et. al., 2002; Ravi, 2003;
Williamson et al., 2003; Spatial Application Diwsi, Catholic University of Leuven, 2003;
Craglia et al., 2003; Kok and Van Loenen, 2005; Wele Montalvo, 2004; Reece, 2004;
Delgado et al., 2005; Bernard et al., 2005b,c;,Ta005). However, comprehensive and
systematic knowledge in this domain is currentiyitied.

A web survey focussing on the worldwide status afianal clearinghouses was
conducted in December 2002. It appeared that 6htdes had established a national
clearinghouse on the Internet, thirteen countri@d projects to initiate such an electronic
facility, and 113 countries had taken no actioegtablish one (Crompvoets et al., 2004). To
the best of the authors’ knowledge, no systematt @mprehensive assessment has taken
place with regard to the societal impact on thecess of national clearinghouses. The
purpose of the present paper is to fill this gdp.nhain objectives are to analyse societal
impact worldwide on the success of national clegrouses based on the situation in
December 2002, and specifically to identify theical societal factors for success, and to
predict clearinghouse success in countries whérasiinot previously been established.
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6.2 METHODOLOGY

This study can be best described as empirical axmlomtive. The research
methodology is presented in Figure 6.1. The mainhoudlogical steps are: 1) Indexing
suitability, 2) Collecting societal data, 3) Andlyg societal factors for success, and 4)
Predicting clearinghouse success in countries mathlearinghouse established. Each of these
steps is described in more detail.

r-—-——=—<%= 1
Web survey ! Student
(December 2002) ] opinions I
Ind.
— \ D s;?:r;:f&ﬁ?ﬁy l2) Collecting societal data
(April 2005) Clearinghouse Societal
e
suttabl ity data set
index
\ / ) Analysing societal factors
Jor success
................... o least .
: Correlatlon B
: coefficients :
S results Lesend
I:l Data set
v t//r?)-;edicﬁng clearinghouse success I:l Suitability index
Clearinghouse (in countries with no clearinghouse established) .=-vv-- p
: : Analysis result
SuCCcess brareesd
prediction i _ _1 Opinion

Figure 6.1 Main methodology steps.

6.2.1Indexing suitability

A suitability index for national clearinghouses wdeveloped in order to indicate a
measure for the success of a national clearinghoogdgementation, using the SDI-
component classification: access network, peoég,standards, and policy (Rajabifard et
al., 2002; Williamson et al., 2003; Crompvoetslet2004). Figure 6.2 presents the steps of
this indexing; a) Determining suitability criterib) Classifying criteria by SDI-components,
c) Weighting SDI-components, d) Weighting (cleahogse) characteristics by SDI-
components, e) Indexing suitability of SDI-compaisenand f) Indexing clearinghouse
suitability.
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il !
| Student | Web survey result
: opInions : (December 2002)
a) Determining sui;aEJiEit}l_ ~_ /
criferia
"""" - *—.—_ d) Weighting characteristics
Suitability by SDI-components

criteria list :

by SDI-components
! Criteria
.... ClaSSIfled e e) Indexing suitability
c) Weighting SDI- l of SDI-components

COMPONIEHIs

Component Legend
o o r=—=1
indices i _ _1 Opinion

i
\ / Criteria list
1 Indexing I:l T

Clearinghouse clearinghouse
suitability suitability 2] Weights
index [ suitabiity index

Figure 6.2 Steps for developing Clearinghouse SuitabilityeladCSlI).

The aim of steps a-c is to determine weights faheaf the five SDI-components
taking into account their contribution to facilite§ access to spatial data and related services.

Around 200 MSc-students (of Wageningen Universi@elft University of
Technology, Utrecht University, International Itste for Geo-information Science and Earth
Observation, Enschede, and Universidad PolitéamécMadrid) were asked to determine the
main criteria for assessing the suitability of cieghouses, in terms of spatial data
accessibility and related services. In order towensthis question, a list of 67 national
clearinghouses was provided based on the Decendi® \Reb survey (step a). These MSc-
students (40 different nationalities) had the addédantage of having no vested interest in
the results. The result of this step was a lisswtability criteria. Examples of suitability
criteria were: user-friendliness of interfaces &k of search mechanism.

The list of criteria was subsequently classifiesthgghe SDI-component classification
(step b). For example, the two aforementioned raiten user-friendliness and search
mechanisms were classified as suitability critemaer SDI-component access network. The
result of step b therefore was the classificatibsuitability criteria.
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The number of suitability criteria classified unadere component was measured as a
percentage of all classified criteria (step c).sTipercentage was changed into a weight value
for each SDI-component ranging between 0 and 1.rékelts were weights for each of the
five SDI-components.

The aim of steps d-e is to determine suitabilitgfices of the five SDI-components
(for all national clearinghouses).

The MSc-students were also asked to determine wgeighnineteen clearinghouse
characteristics by SDI-components in order to a&ss$ks suitability of each characteristic
within a component (step d). These characteristieee measured and recorded during the
web survey conducted in December 2002, and cledsifito components. For more detailed
information of the characteristics used, see Cramgp et al. (2004). The characteristics
classified under component data were: number asa#s, level of (meta)data accessibility,
and most recently produced dataset. Results weightgebetween 0 and 100 for each
characteristic. The summation of all weights relgtio the characteristics that were classified
under one component resulted in 100. For examipéewieights of characteristics number of
datasets, level of (meta)data accessibility, andstmecently produced dataset, were
respectively 40, 55 and 5. These weights coulddnsidered as maximum values assigned to
the most suitable class of each characteristiceidéeharacteristic classes were distinguished
by expert judgement each with a different (suitbhilvalue. In case of characteristic number
of datasets, the following classes were distingdsi100, 100-500, 500-1500, 1500-5000
and >5000 datasets. Since class >5000 datasetsomaglered to be the most suitable, the
maximum value of 40 was assigned. Lower values vassgned (by expert judgement) to
other classes, respectively 0, 10, 20 and 30.

As a next step, all data from the original web syrwere classified into a
characteristic class, and assigned a (suitabigfue. All values of characteristics that
describe a particular component were added togetbsulting in a component suitability
index (step e). The range of component index valaegs between 0 and 100; O meaning the
lowest suitability, 100 the highest suitability. dBaof the five components was indexed in a
similar way.

Finally, the SDI-component weights (step c) werdamad with the five component
indices (step e), resulting in the Clearinghous#a8ility Index (CSI) (step f). In total, the
suitability of all 67 national clearinghouses wadaxed.

6.2.2 Collecting societal data

Data were collected for 193 countries, as existimg2002 according to United
Nations. Data was collected from the following s@s: The World Bank (2003; 2004),
International Telecommunications Union (2003), Canintelligence Agency (2003; 2004),
United Nations Development Program (UNDP) (2003)4)0and the Dorling Kindersley’'s
Great World Atlas (2002). The data on nationaluwatwere taken from Hofstede (2001). All
attributes together describe the societal conditioha country. These attributes collected
were classified into nine societal aspects usimganily the different sections of The World
Bank’'s World Development Indicators book and UNDMsiman Development report:
1) Economy, 2) Education, 3) Technology, 4) Envinemt, 5) Culture, 6) Demography,
7) Institution, 8) Health care and 9) Jurisdicti@mcluding legal and judicial aspects). Each
societal aspect describes a particular part oespaind consists of a set of underlying societal
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attributes. The selection of attributes was baseéxpert judgement. The main criteria used
for selection were:

* Having a potential link with the SDI-components.

* Not being outdated (most data before 2000 wasghsded).

* Not missing too many values.

* Representing one of the nine societal aspects.

Prior to analyses, pre-processing of data tookepl@his pre-processing included:

» Classifying countries into two establishment cladee a national clearinghouse using
the results of the web survey conducted: 1) coesitwith a national clearinghouse
established, and 2) countries with no nationalrolgaouses established.

* Transforming continuous attributes with boundari@s, order to stretch these
boundaries. Attributes with non-negative measurdsewere logarithmically
transformed. Attributes with measurements in a bedninterval were logistically
transformed.

* Handling missing values. Countries as well as laitas with more than 50% of
missing values were removed. In addition, the mgsialues of remaining attributes
were replaced by the mean or mode of each estai#ish class; mean for the
quantitative attributes, mode for qualitative attites.

6.2.3 Analysing societal factors for success

The Clearinghouse Suitability Index (CSI) was uasdhe main indicator for success.
In order to analyse comprehensively the societabfa for success, correlation coefficients,
analysis of variance (ANOVA) and Partial Least Sgsaregression (PLS) were used. The
analysis was restricted to 60 countries since seoemtries (Barbados, Brunei, Dominica,
Guyana, Iceland, Luxembourg and Qatar) had too maasging values.

Correlation coefficients between the CSI and thengtative societal attributes
(transformed as well as untransformed) were caledlarhese coefficients)(measure the
degree of linear relationship between two variables

For the qualitative attributes referring to jursitbn, the ANOVA-method (Snedecor
and Cochran, 1980) was used to test differencegeleet CSI-means of several legal systems,
e.g. civil and common law (p-value = 0.01).

In this research, numerous societal attributes veetected; many more than the
number of countries. It was expected that manyesalcattributes were strongly related to
each other giving multi-collinear data, and that single attribute alone would make a
clearinghouse successful (Nebert, 2004; Reece,)2004#erefore, the PLS regression method
of analysis was chosen (Martens and Nees, 1989dGatal Kowalski, 1996; Massart et al.,
1997; Tobias, 1997; Kooistra, 2004). This methodlena possible to explore relationships
between the CSI and attributes of each societ&casps well as all attributes of society. PLS
is one of the most widely used methods for multataranalysis applied to a broad range of
fields (econometrics, chemistry, education, markgtiand the social sciences). It is the
method for constructing predictive models when @aéamulti-collinear. The strength of PLS
is on predicting responses rather than analysiegittderlying relationship between variables
(Tobias, 1997). PLS is based on latent attributsagosition using two blocks of variables,
matrices X and Y, which contained (transformed)ietat data and suitability indices
respectively. The objective of the method was tal fa small number of latent PLS-factors
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that are predictive for Y and use X efficientlyl RLS-analyses were carried out in Maffab
Some standard techniques were taken from the PL&bdoof Matlad".

Due to the limited number of existing national cleghouses, the dataset was not split
into a training set and a separate test set. lhdt@dold cross-validation was used to calibrate
and assess the prediction capability of PLS-models.

The parameters used to assess the quality ofgfiRibS-models (Kooistra, 2001) to
CSls were:

* The root-mean-square error of calibration (RMSE®gd to estimate the ‘average’
deviation of the model from the data.

« The percentage variance captured by the regressidie! (F).

* The root-mean-square error of cross-validation (BK38) used to measure ‘average’
predictive error. The optimal number of latent PlaStors was determined by the
lowest value of RMSECV.

6.2.4 Predicting clearinghouse success in countrigls no clearinghouse established

The strength of applying PLS-models is that they @edictive. The best PLS-model
was applied to predict the CSI in countries wheyelearinghouse had been established. The
results are an indication of society’s capability establishing successful national
clearinghouses. The PLS-model was applied to 1l6tces.

For evaluating the quality of prediction resultsyab survey was conducted in April
2005. The prediction results (primarily based otadd 2002) were compared with the status
of national clearinghouses in April 2005.

6.3 RESULTS AND DISCUSSION

The presentation of the results is organised acogrtb the methodology steps as
presented before. The main results are discusdednn

6.3.1 Indexing suitability

Through indexing the clearinghouse suitabilityirgdication of clearinghouse success
was achieved in an easy, and transparent way. Tie lmitation of this indexing is that
only MSc-students were approached. Approachingrothearinghouse practitioners could
have improved the quality of the index. The maiautts of this step are the component
weights (step c), the suitability indices of theeficomponents (step e) and the CSI (step f).
Table 6.1 presents the component weights as weleapercentages of criteria classified for
each of the five SDI-components (including exampésriteria determined by the MSc-
students). It appears that the components accés®rke people and data have the highest
weights, while standards and policy have the low@ste reason for these differences could
be that the meaning of access network, people atadisl much more transparent and visible.
This could have made the MSc-students more awarthefneed for these components.
Alternatively, the suitability of access networlegple and data may simply have been easier
to assess.
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Table 6.1 Component weights and percentages of classifigerier for each SDI-component
(including examples of criteria mentioned).

SDI- Component % of criteria Examples of criteria mentioned

component weight classified

Access 0.4 40 Mechanisms for searching, availability afwiservices,

network availability of download services, user-friendlinas
interfaces, use of maps for searching, type of ostw
architecture

People 0.3 30 Language used, number of visitorspheuwf suppliers,
link to contact webmaster, frequency of web updates

Data 0.2 20 Number of datasets, level of (meta)datessibility, use
of maps for searching

Standards 0.07 7 Type of metadata standard applied

Policy 0.03 3 Registration-only access, paymeny-actess, funding
stability

Table 6.2 presents the suitability indices of tive fSDI-components as well as the
CSI of each national clearinghouse. Matching themmanent weights (Table 6.1) with the
suitability indices of the five components resuliedthe CSI. This index was defined as
follows:

CSI = (0.4 * access network) + (0.3 * people) 2(0data) + (0.07 * standards) + (0.03 * policy)

where access network, people, data, standardsadiogt pre the component indices.

From this assessment, it appears that the natobemiinghouses of Australia, Canada,
Finland, UK and USA were assessed to be the maistbsi facilities for accessing spatial
data and related services (Table 6.2).

The low values of the mean (40) and median (2439 indicate that the suitability of
the clearinghouses in December 2002 was still ngih.hThese low values could be the
consequence of the fact that the functional capi&silof clearinghouses did not fit the
expectations of the MSc-students, in particulatheaccess network. MSc-students expected
more web services to have been provided and usedfy interfaces. This is in line with the
findings of Crompvoets et al. (2004).

The high diversity in values of the CSI is sigmdgint (standard deviation 22). It is
important to be aware of the differences betweamut@s like Denmark, Iceland, Ireland,
The Netherlands and Uruguay. From a technical &scometwork) perspective, these
clearinghouses are similar (e.g. have similar netwarchitectures and searching
mechanisms). However, their suitability was asskskierently due to differences in other
components (people, data, standards and policylceSthese components appear to be
influenced by prevailing societal conditions, itasgued that the main reason for such CSI
diversity is probably due to the fact that thesadhghouses were embedded within different
societies, each with unique conditions.
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Table 6.2 Suitability indices of the five SDI-components (ANccess Network; PE: People;
DA: Data; ST: Standards; and PO: Policy), and Ghggaouse Suitability Index (CSI) for 67
national clearinghouses.

Country AN PE | DA ST PO CSI Country AN PE | DA ST PO CsSi

Argentina
Australia
Austria
Barbados
Belgium
Bolivia
Brazil
Brunei
Canada
Chile
China
Colombia
Costa Rica
Croatia
Czech Rep.
Denmark
Dominica
Dom. Rep.
Ecuador

El Salvador
Estonia
Ethiopia
Finland
France
Germany
Ghana
Greece
Guatemala
Guyana
Honduras
Hungary
Iceland
Indonesia
Iran

10
65
40
10
0
10
10
10
95
60
60
40
10
0
35
30
40
10
0
10
55
10
70
10
65
10
0
10
0
10
10
30
60
20

63
97
73
49
60
59
67
59
94
43
18
49
55
67
44
88
61
53
33
63
41
57
93
41
73
55
16
27
49
51
69
35
77
4

56
100
31

31
31
31
31

44

100
56
31

44

31

50

69

44
31

31

13

44

13
31
63

31

31

31

13

44

13

44

31

31

50
63

80
70
20
80
40
80
80
20
70
100
70
50
80
80
100
100
80
80

80
20
100
50
80
100
100
0
80
0
80
50
80
50
70

100 43 Ireland 30 57 44 80 85 46
100 83 Iltaly 0 21 13 0 30 10
30 46 Japan 40 33 44 100 30 43

30 31 Luxemburg 29 0 13 0 30 12
30 28 Malaysia 65 77 31 70 10 61
30 34 Mexico 40 25 81 80 30 46

30 37 Netherlands 30 44 44 100 30 42
30 33 N.Zealand 55 85 50 70 10 63
85 94 Nicaragua 10 59 44 80 30 37

30 56 Norway 55 51 13 70 10 45
100 44 Panama 0 17 13 0 30 9
100 46 Peru 10 31 56 80 30 31
30 33 Philippines 10 59 31 100 30 36
30 37 Portugal 30 44 75 100 30 48
100 51 Qatar 40 24 13 0 30 27
100 57 Russia 0 18 13 50 30 12
85 49 Senegal 10 25 31 80 30 24

30 33 Singapore 40 79 13 20 10 44
30 13 Slovak Rep. 0 23 31 80 100 22
30 38 Slovenia 10 72 63 80 30 45
100 41  Sth.-Africa 40 87 69 100 30 64
30 35 Sth.-Korea 0 28 13 70 30 17

10 72 Spain 30 57 13 30 10 34
30 29 Sweden 10 45 44 80 30 33
30 62 Switzerland 10 69 44 20 30 36
30 35 Trinidad 10 49 31 80 30 31
30 8 Turkey 0 23 13 50 30 14
30 27 Uganda 0 49 13 0 30 18
30 18 UK 70 75 56 70 100 70

30 35 United Arab 0 28 31 20 30 17
15 35 Emirates

100 37 Uruguay 30 69 88 80 80 58
30 62 USA 95 98 100 100 100 97
30 28 Venezuela 10 61 63 80 30 41

6.3.2 Collecting societal data

Through data collected

from 234 societal attributas indicative description

considering the wide scope of society was achievable 6.3 presents the number of
attributes collected and some examples of attrébpéz societal aspect. Appendix 1 shows the
full list of attributes collected (including unitattribute scales and sources). From the sources
available, it appeared that more economic, teclyicdd, environmental and demographic
attributes could be collected than cultural, insitinal, and legal attributes.

Overall, collecting societal data was negativelieeked by limited data availability
and reliability (International Telecommunicatior§a3; UN Development Programme, 2003;
The World bank, 2003; 2004; 2004).
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Table 6.3 Number of attributes collected and examples ofibaites per societal aspect

(between parentheses the units used).

Societal aspect Number of Examples of attributes

attributes

Economy 77 Taxes on income, profits, capital gainsofgevenue), listed
domestic companies, agricultural productivity, waladded pe
worker ($), household final consumption expendit@enillions),
gross national income (GNI, $ billions), gross dstizeproduct
(GDP, $ millions), armed forces personnel (% ofolatbforce),
military expenditure (% of GDP), net national says&r(% of GNI)

Education 15 Education expenditure (% of GNI), nablknent ratio (primary
% of relevant age group), primary completion ré&tedf relevant
age group), average years of schooling, educatidexi

Technology 44 Internet hosts per 10,000 inhabitamtgrnet users per 10,090
inhabitants, Internet secure servers, personal aterg per 100(
people, mobile phone subscribers, annual growth (), air,
aircraft departures (thousands), high technologyoes ($
millions)

Environment 37 Energy use per capita (kg of oil eajent), carbon dioxid¢
emissions per capita (metric tons), arable land(hsetares pe}
capita), surface area (thousand km32), irrigatedd lqf6 of

cropland)
Culture 5 Individualism, uncertainty avoidance, powistance
Demography 26 Population density (people per kia¥our force gender parity

index, average annual population growth rate (%4128015),
total fertility rate (births per woman), life expgancy (years)

Institution 6 Institutional investor credit ratintype of government

Health care 13 Health expenditure per capita ($&vadence of HIV (% of
adults), hospital beds per 1000 people

Jurisdiction 11 Type of legal system

No data describing the geo-information (GI) comnyunvere collected. Judging by
the available literature, it is expected that tHec@mmunity in particular could have a high
impact on clearinghouses (Steudler, 2003; Ravi32®®ece, 2004; Delgado et al., 2005).
Unfortunately, collecting data referring speciflgaio this community on a worldwide scale
appeared to be impossible.

From the analysis, 23 countries were excluded diea many missing values.

6.3.3 Analysing societal factors for success

Through the complementary use of correlation coeffits with PLS regression
models, an exploration of how society could aftbet success of national clearinghouses was
undertaken.

Correlation coefficients between the CSI and thé (B®cietal) attributes (transformed
as well as untransformed) were calculated. Théates of societal aspect jurisdiction were
excluded from these analyses, because most aéisilcotlected were nominal in nature.

Table 6.4 presents only those attributes with cciefit values above 0.40. A classical
interpretation of coefficient values is that whérde values are ranging between 0.40 and
0.60, they may be regarded as an indication of denmate degree of correlation, and when
higher than 0.60, as an indication for a markedekeof correlation (Franzblau, 1958).
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The results presented suggest that several econemidonmental, educational and
technological attributes could be important factoasfecting success of national
clearinghouses success. On the other hand, denmgrapstitutional and health care
attributes are likely to be less important. Therilaites with the highest correlation
coefficients are related to taxes, energy userrgteand agriculture. Taxes refer to the main
source of revenue for many governments with themg@tl of influencing incentives and thus
economy’s competitiveness (The World Bank, 2003)e Tse of energy refers indirectly to
people’'s wealth even though energy consumption dragronmental consequences (e.g.
carbon dioxide emissions). The Internet attribuéder to the information and communication
technologies that offer vast opportunities for emaitc growth and better service delivery.
The agricultural attributes refer to the agricudysroductivity. The relatively high number of
cultural attributes indicates that culture coulsbadhave an impact on the success of a national
clearinghouse, in particular individualism.

Table 6.4Correlation coefficients between CSI and societaibaites (untransformed as well
as transformed) with values higher than 0.400.
Name attribute Societal Correlation Correlation

aspect coefficient coefficient
Untransformed  Transformed

Taxes on income, profits, capital gains (% of renu Economy

Energy use per capita (kg of oil equival.) Environment 0.632

Internet, hosts per 10,000 inhabitants Technology 0.622

Carbon dioxide emissions per capita metric tons Environment 0.589

Arable land (hectares per capita) Environment 0.546 0.419
Personal computers per 1000 people Technology 0.542 0.404
Education expenditure (% of GNI) Education 0.540 0.430
Listed domestic companies Economy 0.526 0.453
Surface area (thousand km?) Environment 0.525

Agricultural productivity, value added per worké&) ( Environment 0.516

Individualism Culture 0.512 0.479
Household final consumption expenditure ($ millijpns Economy 0.490

Gross national income ($ billions) Economy 0.489

Gross domestic product ($ millions) Economy 0.488 0.415
Internet, users per 10,000 inhabitants Technology 0.478 0.453
Internet, secure servers Technology 0.476 0.517
Air, Aircraft departures (thousands) Technology 0.469 0.422
Internet, hosts total Technology 0.453 0.465
Gross national income per capita ($) Economy 0.443

Personal computers (thousands) Technology 0.438 0.408
Internet, users thousands Technology 0.430 0.405
High technology exports ($ millions) Technology 0.429

Uncertainty avoidance Culture -0.428

Power distance Culture -0.427

Purchasing power parity, GNI ($ billions) Economy 0.426

Purchasing power parity, per capita ($) Economy 0.425

Armed forces personnel (% of labour force) Economy -0.417 -0.401
Roads, total road network (km) Technology 0.415

Health expenditure per capita ($) Health care 0.414

Foreign direct investment ($ millions) Economy 0.410

Average years of schooling, total Education 0.405

Education index Education 0.410

Institutional investor crediting rating Institution 0.400
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Table 6.4 shows three attributes with a negativeetation coefficient. It appears that
attribute armed forces personnel (% of labour fproceuld be critical for the failing of
clearinghouses. Although national defence is anomamt function of government (with
security from external threats contributing to emarc development), high levels of defence
spending burden the economy and may impede growtie (World Bank, 2003), and
consequently investments in clearinghouses. Intiaddicultures with a high power distance
and/or strong uncertainty avoidance are likely a@ehfailing national clearinghouses. These
(negative) cultural impacts on clearinghouses apparted by similar observations in other
literature (e.g. De Man, 2002).

The main result of the application of ANOVA wherstiag for differences in CSI
between several legal systems is that the mearowftges with a common law (52) is
significantly higher than the mean of countrieswatcivil law (35).

PLS-regression models were applied to predict tBeffom the (transformed) societal
attributes of each societal aspect. Since they wereinal in nature, attributes of societal
aspect jurisdiction were excluded from these PL&yames. The percentages of variance
captured by the best eight PLS-regression modéels dppear to be low for each societal
aspect (Table 6.5). This indicates that none ofsibeietal aspects alone could explain the
success of a clearinghouse. This is in line wittrditure on spatial data infrastructures (Groot
and McLaughlin, 2000; Williamson et al., 2003; Sg@atApplication Division, Catholic
University of Leuven, 2003; Craglia, 2003; Mass2d05; Delgado et al., 2005). Societal
aspects with relatively high percentages are: emgneducation and technology. On the
other hand, societal aspects with relatively lowwga are: demography, institution and health
care.

Table 6.5 Number of attributes used, percentages of vari@aptured by the PLS- models
(R?), optimal number of latent PLS-factors, andilagtes with the highest PLS-regression
coefficients of each societal aspect.

Societal Number R2 Numbern Attributes with highest PLS-regression coefficients
aspect of attri- of PLS-
butes factors
Economy 48 0.43 2 - Taxes on income, profits, capital gains (% of
revenue)

- Armed forces personnel (% of labour force)
- Listed domestic companies

Education 12 0.42 3 - Net enrolment ratio (primary % of relevant age
group)
- Primary completion rate (%)
Technology 30 0.39 2 - Internet, secure servers

- Mobile phone subscribers, annual growth rate (%o)

Environment 29 0.31 1 - Arable land, hectares per capita
Culture 4 0.30 1 - Individualism

- Uncertainty avoidance
Demography 26 0.26 2 - Population density (people/km?)

- Labour force gender parity index
Institution 4 0.14 1 - Institutional investor crediting rating
Health care 11 0.11 1 - Health expenditure per capita ($)
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PLS-regression was also applied to predict the f@#h societal conditions of each
country considering all 164 (transformed) attrilsuteovering the eight societal aspects. The
percentage variance captured by the PLS-modelvwRa)the optimal number of three latent
PLS-factors is 0.77, which is considerably highleant those from PLS-models of each
societal aspect. This suggests that a combinafiee\eral attributes from different societal
aspects form a better explanation for the succé&kse. attributes with the highest PLS-
regression coefficients are mainly economic, edaocat and technological (Table 6.6). In
addition, this R?-value (0.77) also suggests that €SI cannot be predicted from societal
attributes alone (assuming that the quality of heiteing CSI is high). The value of RMSEC
is 10.5, and that of RMSECV 15.0 (section 6.2.3)e3e values confirm that this index cannot
be fully predicted from societal attributes alone.

Table 6.6 Attributes with the highest PLS-regression coedfits (in order of importance)
using the PLS3-model of society considering 164etakattributes.

Taxes on income, profits, capital gains (% of reenu Economy

Net enrolment ratio (primary % of relevant age gmou Education
Armed forces personnel (% of labour force) Economy
Gross capital formation, average annual growth (%) Economy
Household final consumption expenditure ($ milljpns Economy
Internet, secure servers Technology
Education expenditure (% of GNI) Education
Military expenditure Economy
Individualism Culture
Labour force gender parity Demography
Listed domestic companies Economy
Gross domestic product, average annual growth (%) ondéy
Arable land (hectares per capita) Environment
Irrigated land (% of cropland) Environment
Population density (people/km?) Demography
Surface area (thousand km?) Environment
Average annual change in Consumer price index (%) on&my
Domestic credit to private sector (% of GDP) Economy
Net national savings (% of GNI) Economy
Uncertainty avoidance Culture

Figure 6.3 presents the CSl-values, the predictddeg of PLS3-model considering
164 societal attributes, and the PLS3-residualesabf each national clearinghouse. From this
figure, it appears that the PLS3-model overestimatéghtly the values of national
clearinghouses with a low CSI and underestimatesvétiues of clearinghouses with a high
CSI. This supports the suggestion that the CSI @abha predicted from societal attributes
alone.

A reason that societal conditions might not havéula impact on clearinghouse
success could be due to the fact that critical reilghouse-internal factors also need
consideration. Regarding Figure 6.3, the underesiim of the PLS3-model for national
clearinghouses with a high CSI is likely to be ealsy to the implementation of
clearinghouse-internal success factors. On ther dthad, the slight overestimation of the
clearinghouses with a low CSI could be due to theeace or partial implementation of these
success factors.
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Figure 6.3 Clearinghouse Suitability Index value (CSl-value),S3-value and PLS3-residual
values of each national clearinghouse. Samplesexntd®y increasing CSl-values.

Another PLS-regression model was applied to predeiCSI from societal conditions
taking only into account the attributes of aspeet®nomy, education and technology
(90 attributes). The percentage variance captuyeithib PLS-model (R?) with 3 PLS-factors
is 0.70. The RMSEC and RMSECYV values of this PLS}eh@re slightly worse than the one
considering all 164 societal attributes, respettitd.5 and 16.0. These results suggest that a
combination of economic, educational and techncklgattributes only, predicts the CSI
reasonably well.

Finally, a PLS-regression model was applied to iptatie CSI using the latent PLS-
factors of the eight societal aspects. In tota,tthirteen latent PLS-factors presented in Table
6.5 were used. The percentage variance capturddi®yLS-model (R2) with three latent
PLS-factors is 0.67. The RMSEC and RMSECYV valuethisf PLS-model are similar to the
PLS-model considering all 164 societal attributespectively 11.0 and 15.0. The latent PLS-
factors with the highest PLS-regression coefficigatues are (in order of importance):
economic, technological and educational. This tesegéms to confirm the findings that the
success of national clearinghouses is likely toiffeienced by a combination of several
factors from different societal aspects, in paticeconomy, technology and education. On
the other hand, the latent PLS-factors with very \@lues are: institutional and health care.

Examples of economic, educational and technologittabutes that could be critical
for clearinghouse success are: taxes on incométspand capital gains (% of revenue), listed
domestic companies, gross domestic product ($bsg), education expenditure (% of GNI)
and Internet secure servers (Table 6.4 and Talgle B addition, arable land per capita
(environment) as well as individualism (culturetmbalso be critical.
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The suggestion of these explorative analyses i$ Wealthier countries, where
communities are comprised of calculating citizesutsed on self-interest, are more likely to
have a successful clearinghouse. These countnesadaound investment climate with good
macro-economic management, trade and investmeigigsothat promote openness, and high
quality (technological) infrastructure and servidesaddition, they have good education that
enables people to take advantage of new opporsnitioreover, they have supportive legal
and regulatory systems (e.g. common law) that supgiee day-to-day operations of
governments and firms by protecting property rightemoting access to credit, and ensuring
tax, customs, and judicial services. Finally, theseintries still have the opportunity to
increase their agricultural productivity by expargliarable land or by using their land more
intensively. Investing in successful national dieginouses could improve the spatial
data/service accessibility, as well as data/sertissemination, in order to raise the level of
wealth or respond to the demand of citizens. Bugtivbr the successful implementation of a
national clearinghouse indeed contributes to irgtngawealth — in other words, the causal
direction of the association — is not ascertaingthk present exploration

6.3.4 Predicting clearinghouse success in countrigls no clearinghouse established

Through the application of the PLS3-model, whicketaall 164 societal attributes
into consideration, the success of establishinigarioghouse could be predicted in countries
where it has not previously been established. Cmstwith PLS-values that were predicted
to be higher than the mean of CSl-values determ{d&)l were regarded as countries that
could potentially have a successful clearinghoAsea result of the web survey conducted in
April 2005, it appeared that 83 countries had donat clearinghouse. This means that
16 countries established a national clearinghoeseden December 2002 and April 2005. In
addition, 25 countries set up projects to estaldisiational clearinghouse in the same period.
Table 6.7 presents only the nine countries thaevpeedicted to be successful, and includes
their predicted PLS-values as well as their statuspril 2005. It appears that five of the nine
countries actually established a national cleamugle, and four countries initiated projects to
set up a national clearinghouse between Decemi@® &0d April 2005. The PLS-model did
not predict any clearinghouse success in countnashad not initiated any steps in April
2005! In addition, it predicted no clearinghousecass for 101 countries. This could indicate
that new national clearinghouses established im#a future may eventually fail, unless the
clearinghouse-internal factors for success are amphted. Between December 2002 and
April 2005, eleven countries not predicted to becsgsful had established a national
clearinghouse, and 21 countries had started psojéetble 6.8 presents the 32 countries that
were not predicted to be successful, but whichdsdblished a national clearinghouse or set
up projects in April 2005. The predicted PLS-valasswell as their status in 2005 are also
included in the table. In addition, 69 countrieattivere not predicted to be successful had
taken no national clearinghouse initiative in AR@I05.

The strength of the PLS-model appears to be inigred potential clearinghouse
success in countries that have no clearinghousésdtindicates where, in addition to societal
conditions, clearinghouse-internal factors needgomplemented to compensate for the lack
of societal support.
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Table 6.7 Countries with predicted clearinghouse successt firedicted PLS-value, and
status in April 2005.
Country | Predicted National

PLS-value clearinghouse
status 2005

Botswana 46.3 Established
India 49.9 Established
Israel 43.1 Established
Mali 41.2 Project
Namibia 54.5 Established
Paraguay 40.2 Project
Poland 42.9 Project
Saudi Arabia 40.7 Project
Thailand 40.7 Established

Table 6.8 Countries with no predicted clearinghouse sucdeasttad established a national
clearinghouse or set up projects for clearingh@ssablishment in April 2005, their predicted
PLS-value, and their status in April 2005.
Country Predicted National Country | Predicted National

CSl-value clearinghouse CSl-value clearinghouse
Status 2005 Status 2005

Afghanistan 12.0 Established Madagascar 20.6 Edteiolig
Belarus 4.6 Established Malawi 29.5 Establishpd
Belize 30.1 Project Mozambique 22.7 Project
Benin 28.8 Project Nepal 23.8 Establishgd
Bulgaria 7.1 Project Nigeria 21.7 Project
Burkina Faso 33.6 Established Oman 215 Established
Cambodia 29.4 Established Pakistan 16.7 Projeqt
Cuba 31.8 Project Romania 12.8 Project
Cyprus 27.6 Project Seychelles 22.7 Project
Egypt 18.7 Established Swaziland 27.1 Project
Jamaica 22.1 Project Tanzania 32.3 Projec
Kenya 34.5 Project Togo 29.9 Establish¢d
Kuwait 17.9 Project Vietnam 26.3 Project
Latvia 28.0 Project Yemen 22.1 Establishqd
Lesotho 33.9 Project Zambia 35.0 Project
Lithuania 34.9 Project Zimbabwe 25.2 Project

6.4 CONCLUSIONS

The findings of these explorative analyses highligiie importance of societal
conditions on the success of national spatial dat@inghouses. However, society alone does
not fully explain the success of national clearmgges, since clearinghouse-internal factors
are also an important consideration. It is likdhattthe success of national clearinghouses
depends on a combination of critical attributesrirdifferent societal aspects, in particular
economy, education and technology. Critical factorslearinghouse success are likely to be
those that raise the level of wealth in the respeatountry (e.g. gross domestic product,
education expenditure, Internet servers, and takesicome, profits, and capital gains). In
this exploration, it appeared to be difficult temdify the critical factors due to the complex
interaction of societal (and clearinghouse-intérfattors. Subsequent research may help us
understand the causal hierarchies between thesgtaddactors. To conclude, the results of
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the present exploration suggest that there ismplsisolution or uniform approach for setting
up a successful clearinghouse. However, being aofattee most significant societal factors
for success as detailed in this paper can enhdnt#g) clearinghouse coordinators’ and
practitioners’ understanding of national clearingd® advancement.

The strength of applying the PLS-model appearseadhe prediction of potential
clearinghouse success in countries where it hapmtiously been established. In the near
future, newly established national clearinghougesliely to face serious obstacles, if not
failure, due to unfavourable societal conditionsisTcould however be reversed by additional
efforts to implement the critical clearinghousesimial factors.
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7.1 MAIN CONCLUSIONS

Many countries have invested resources in devejppirational spatial data
clearinghouses. However, only a few of these (Alistr Canada, USA) are highly functional
in the sense that they provide efficient facilitfes spatial data/service accessibility, as well
as effective facilities for data/service dissemorato the Gl-community. Consequently, the
use of spatial data assets of many countries lisnsti optimal. In order to improve this
situation coordinators as well as policy makersoined in national clearinghouse
development need to be supported in their stradefpe establishing and maintaining
successful facilities. This support can be effedtgdidentifying critical factors behind the
success (or failure) of a national clearinghousel by assessing the impact of a national
clearinghouse in terms of relevance, efficiency efféctiveness. Identification of critical
factors can be accomplished by analysing longimidimevelopments of national
clearinghouses and the societal impact on cleaounggs.

The main objective of this thesis is to analysedbeelopment and impact of national
spatial data clearinghouses worldwide as well adrtipact of society on these facilities. The
results obtained provide support for the develogmanstrategies for establishing and
maintaining clearinghouses. To achieve this maifgeatlve, five sub-objectives were
formulated. The main conclusions relating to theseb-objectives, as well as
recommendations for further research, are presémtiis chapter.

1) To assess the worldwide status of national apdtta clearinghouses.

If judged only by the number and spatial distribatiof national clearinghouses
established, national clearinghouses can be caeside worldwide success. To date, 83
countries have an implemented version posted or\thdd Wide Web, and 25 countries
have initiated projects for implementation. Natibrdearinghouse implementation is a
worldwide activity. However, numbers vary considdysbetween regions. More than 60% of
the countries in Europe and America have estaldish@ational clearinghouse, whereas in
Africa this is less than 20%.

There is significant diversity among national cleghouses in use, content,
technology, and management, which is largely dubdasocietal conditions of each nation.

2) To assess the worldwide developments of natgpstial data clearinghouses.

Since 1994 the number of national clearinghouseshkean steadily increasing. In the
near future, more countries are likely to estabigir own national clearinghouse.

This increase in the number of implementations reté with the slight decline in the
use, management and content of national clearirggsolbownward trends observed between
2000 and 2002, continue in 2005. Possible reasamthése trends are the dissatisfaction of
the spatial data community with the functional dalig of clearinghouses and the piecemeal
funding of the majority of clearinghouses, which ame that no appropriate long-term
framework can be built to facilitate the managenwnhformation assets.
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The main critical (clearinghouse-internal) factmtsntified for the success of national
clearinghouse development are: introducing web isesvto clearinghouses (e.g. view
services), continuous funding, having a clear visad the clearinghouse function, providing
good communication channels, building user-friendijerfaces with clear terminology,
creating trust in the management environment, rathig data suppliers and web service
providers to participate within the clearinghoused ensuring that a motivating environment
is created so that clearinghouse coordinators epdla¢ clearinghouse more regularly.
Addressing these clearinghouse-internal factor$ gol a long way towards meeting the
immediate needs of the current users.

In the near future it is expected that nationahcteghouses will provide more web
services. These services could increase spatialabatsumption and also widen the range of
users. These expectations are in line with curliéstature (Maguire and Longley, 2005,
Beaumont et al., 2005, Foust et al., 2005)

3) To assess the impact of national spatial dataithghouses on society in particular the
Gl-community.

The impact of national clearinghouses is mainlyitpas This impact is mainly
economic in character, but social impact is obJpusnportant as well. National
clearinghouses are relevant facilities for enhamsipatial data accessibility, for providing an
efficient means of accessing spatial data, and etffiective promotion of data use and
distribution. The results obtained from this impassessment justify ongoing investment in
establishing and maintaining national clearinghsuse

4) To explore the societal impact on the establefimof national spatial data
clearinghouses.

Societal conditions of a country have a strong ichjpa the establishment of national
clearinghouses. It is likely that the standardieihg of a national community is a critical
factor affecting whether a country has establishedational clearinghouse or not. This
standard of living encompasses all aspects of camtyniife, which influence the physical
and mental health of its members. Countries withgh standard of living will probably be
able to establish national clearinghouses sincg dne not concerned with daily problems of
survival. In countries where they have not previplieen established, the newly established
national clearinghouses are likely to face seriobstacles in the near future (e.g. cost and
funding, institutional problems, lack of speciatisguman resources) or may even fail due to
unfavourable societal conditions. This outcome dpuiowever, be reversed if critical
clearinghouse-internal factors, as presented alaoeamplemented.

5) To explore the societal impact on the successitbdnal spatial data clearinghouses.

Societal conditions also affect the success ofonati clearinghouses. However,
societal factors alone do not fully determine thecess, as clearinghouse-internal success
factors may also have a strong impact. Many sdcfatdors for success are likely to be
critical, in particular those that could raise tlewel of wealth in the country (e.g. gross
domestic product, education expenditure, Intergeessibility, and taxes on income, profits
and capital gains).
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To conclude, when considering the strategies feretgtablishment and maintenance of
the national clearinghouses, no single best saluiorecipe exists since each country has its
own unique society. However, the critical factatsntified as well as the result of the impact
assessment will support clearinghouse coordinatiedspolicy makers in the development of
successful strategies for establishing and maimtginational clearinghouses. In this way, the
results of this thesis can contribute to the enbiarant of national clearinghouses and NSDIs
in many countries.

7.2 RECOMMENDATIONS FOR FUTURE RESEARCH

The following main recommendations for further s can be made:

* Focus on Spatial Data Infrastructures (SDIs). Thesis focuses on clearinghouses,
because they are measurable, and easily identifédden the extent to which
clearinghouses are expected to change over tim#l ibe necessary to focus strongly
on the interdependence between SDI-componentsigigbn et al., 2003; Masser,
2005). In future, clearinghouses should not beyseal as single entities, but treated
as integrated facilities within SDIs. Therefore,IS@re a better level of analysis for
future studies than clearinghouses.

« Implement case studies that focus on single ndtearinghouses. The scope of this
thesis was on national clearinghouses worldwidens€quently, many results were
aggregated to world level. Complementary case aesucthuld analyse more thoroughly
business requirements and driving forces that Ishe@ed the purpose, scope, design,
implementation and technical aspects of single onati clearinghouses. An
appreciation of these business requirements/driiogges could improve the
explanation of the trends and impacts presented.

* Analyse clearinghouses that are not national. Tffesis focuses on clearinghouses at
national level. However, clearinghouses at locates international and even global
level exist. Coordinators and policy makers of éhesher clearinghouses also need
support in the development of their strategies.uResobtained from the analyses
could provide this support. Moreover, the resutisld also be used to improve the
identification of critical factors affecting natiahclearinghouses.

» Investigate the usability of spatial data and wetvises. Based on people’s demands
of second-generation SDI, the usability of spatiata and web services should be
investigated to improve the functional capabilifyckearinghouses.
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Summary

Over the last few years many countries have spemnsiderable resources on
developing their own National Spatial Data Infrasture (NSDI) in order to manage and
utilise spatial data assets more efficiently, redtiee cost of data production, and eliminate
duplication of data acquisition. One of the keytfieas of an NSDI is the national
clearinghouse for spatial data, which can be reghras the access network of an NSDI
facilitating access to a nation’s spatial data asldted services. A clearinghouse can be
defined as an electronic facility for searchinggwing, transferring, ordering, advertising
and/or disseminating spatial data from numerougscesuvia the Internet. Such a facility
usually consists of a number of servers, whicha@onnhformation (metadata) about available
digital data. A fully operational national clearimguse enhances and innovates the NSDI of a
country

The main objective of this thesis is to analysedbéeelopment and impact of national
spatial data clearinghouses worldwide as well asrtipact of society on these facilities. The
results obtained provide support for the develogmah strategies for establishing and
maintaining clearinghouses. In order to achieve thain objective, the following five sub-
objectives have been formulated:

1) To assess the worldwide status of nationaladta clearinghouses.

2) To assess the worldwide developments of natgpetial data clearinghouses.

3) To assess the impact of national spatial datricighouses on society, and in

particular the GI-community.

4) To explore the societal impact on the establesfitrof national spatial data

clearinghouses.

5) To explore the societal impact on the successtidnal spatial data

clearinghouses.

The results of these assessments and explorapimvsde a basis for identifying
critical factors that affect national clearinghagisghis knowledge can be used to improve the
use, content and management of (future) clearinggmuEach of the chapters 2-6 focuses on
a sub-objective as presented earlier.

Chapter 2 systematically assesses and presenimtltbvide status of national spatial
data clearinghouses in December 2001. The exammaticlearinghouse status was based on
a web survey comprising an inventory of all esti#d clearinghouses as well as
measurements of twelve key characteristics: 1) pédirst implementation; 2) number of
data suppliers; 3) level of (meta)data accessibdi} metadata-standard applied; 5) number of
datasets; 6) most recently produced dataset; 7)bauraf web references; 8) number of
monthly visitors; 9) frequency of web updates; 1&nguage used; 11) use of maps for
searching and 12) registration-only access. In Bdes 2001, 59 countries had established
their own national clearinghouse with significaiffatences in content, use and management.

Chapter 3 systematically assesses and presentsle@opment of all national
clearinghouses throughout the world. Developmesessment was primarily based on a
longitudinal web survey, undertaken in April and cBmber of 2000, 2001 and 2002
respectively. By December 2002, 67 countries hadadly established their own national
clearinghouse. This quantity alone is signific@iftconcern however, are the declining trends
in use, management and content. One of the masomeas likely be the dissatisfaction of the
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Gl-community with the functional capability of namial clearinghouses. Functional
capabilities should perhaps be shifted from a datnted into a user and application-
oriented focus; this is in line with the objectived second-generation spatial data
infrastructures (Rajabifard et al., 2003). Therefothe main indications of critical

(clearinghouse-internal) success factors are:rtreduction of web services, the stability of
funding, the provision of good communication chdanthe formulation of a clear vision of

the national clearinghouse function, the creatidnuser-friendly interfaces with less

discipline-specific terminology, as well as trusthe clearinghouse.

Chapter 4 systematically assesses and presentgottdwvide impact of spatial data
clearinghouses on society, and in particular the@hmunity. The aim of this assessment is
to assist policy makers in their task of evaluativigether or not investment in setting up and
maintaining these facilities is justified. In ord&r achieve this objective a procedure was
devised for the systematic evaluation of sustamatgvelopment within the worldwide
clearinghouse population. The assessment procedntailled a survey undertaken by
clearinghouse coordinators (November 2003 — A@04). A range of economic, social and
environmental indicators was chosen to evaluatedleyance, efficiency and effectiveness of
clearinghouses. This chapter also presents thésedicomplementary analyses, which were
carried out to assess the significance of the itspaacorded. They were also used to assess
the objectivity of the coordinators’ responses. Tasults of these assessments reveal that
clearinghouses (of the developed world) have maipbgitive (economic) impacts. In
addition, the results also indicate the signifi@t clearinghouses as relevant facilities for
enhancing spatial data accessibility, for providefficient means of accessing spatial data,
and the effective promotion of data use and distidm. Finally, it is argued that results
obtained can be used to justify present and sugptrte investments in the clearinghouse
system.

Chapter 5 explores and presents the impact of tyoorethe establishment of national
clearinghouses. The aim of this exploration is tsvweer the following questions from a
societal perspective: what are the critical factoffuencing the establishment of national
spatial data clearinghouses; why have some coangséablished a national clearinghouse,
and why have other countries not done so? Withetlgggestions in mind, explorative and
empirical analyses were carried out using the amalpf variances (ANOVA) and the
decision tree method of data mining. The startimnpwas the worldwide status of
established national clearinghouses in DecembeR.20Be societal conditions of each
country were characterised by attributes relatingime societal aspects (economy, education,
technology, environment, culture, demography, fastin, health care, and jurisdiction). The
main findings of this exploration indicate that laithe aspects can be considered as critical for
such establishment, especially education, techgolotstitution, and health care aspects.
Consequently, many societal attributes can be dersil to play a critical role. Examples of
critical attributes collected are: agricultural g@uoativity, years of schooling, number of
Internet secure servers, year of independence,batits attended by skilled health staff.
These critical attributes give an approximate iatlan of the standard of living of a nation’s
society. It is plausible that the standard of lgvifnather than wealth) plays an important role
in determining whether a country has an establistagidnal clearinghouse or not.

Chapter 6 explores and presents the impact of tyooie the success of national
clearinghouses for the situation of December 200also identifies the societal factors
behind the success of such a clearinghouse. Airtganuse suitability index was developed
in order to measure the success of clearinghoti$essociety of each country was described
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by the same attributes relating to the nine sdcatpects of Chapter 5. Several explorative
analyses were performed based on statistics (argalpleast squares regression). Moreover,
the success of potential clearinghouses was peetiiot countries with no previously existing
facility. These prediction results were tested agfathe results of the web survey of April
2005. The findings of the analyses highlight th@amiance of certain societal conditions for
the success of national clearinghouses. Howevaigtyoalone does not fully determine
success, since clearinghouse-internal factors laceimportant. From a societal perspective,
success is likely to be dependent on a combinatibmttributes from different societal
aspects, in particular economy, education and tdolg. Critical factors for success could be
those that raise the level of wealth in the courfryg. taxes on income, gross domestic
product, education expenditure and Internet adodisg). In April 2005, 83 countries had
established their own national clearinghouse. b rtkar future newly established national
clearinghouses, in countries where they have netipusly been established, are likely to
face serious obstacles or may even fail as a resulhfavourable societal conditions. This
could, however, be reversed if critical clearingb®internal factors are implemented.

Through the results obtained, it appears thatinmgles best solution or recipe exists
since each country has its own unique society. Wewehe results of this thesis will support
clearinghouse coordinators and policy makers indigaeelopment of successful strategies for
establishing and maintaining national clearinghsusethis way, the results of this thesis can
contribute to the enhancement of national cleaongks and NSDIs in many countries.
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Samenvatting

De laatste jaren is in veel landen een aanzienhp@veelheid middelen geinvesteerd
in een eigen Nationale Geo-Informatie Infrastruct{NGIl). Het doel hiervan is ruimtelijke
gegevens efficiénter te gebruiken en te beherekpsdien van gegevensproductie te verlagen
en duplicatie van gegevensinwinning te voorkomem #an de belangrijkste onderdelen van
een NGII is een nationaal clearinghouse voor gémimatie. Dit kan beschouwd worden als
het toegangsnetwerk van een NGII waarmee de oatimgjuvan landelijke ruimtelijke
gegevens en gerelateerde diensten gefaciliteerdtwlen clearinghouse kan gedefinieerd
worden als een elektronische faciliteit voor hetekam, kijken, overzetten, ordenen,
adverteren en/of verspreiden van ruimtelijke gegsvean verschillende bronnen via het
Internet. Een dergelijke faciliteit bestaat gewd@nlit verschillende servers die informatie
(metadata) bevatten over de beschikbare digitaje\gns. Een goed functionerend nationaal
clearinghouse voor geo-informatie kan een wezenljkdrage leveren aan de verbetering en
innovatie van een NGII.

De hoofddoelstelling van dit proefschrift is het reldwijd analyseren van de
ontwikkeling en invloed van nationale clearingh@js®/enals de invloed van de samenleving
op deze clearinghouses. De gepresenteerde resulisden hulp bij de ontwikkeling van
strategieén voor het opstellen en onderhouden learimghouses. Om deze doelstelling te
bereiken zijn de volgende vijf deeldoelstellingefagmuleerd:

1) Het vaststellen van de wereldwijde stand van zaketment nationale clearinghouses.

2) Het vaststellen van de wereldwijde ontwikkelingem wationale clearinghouses.

3) Het bepalen van de invloed van clearinghouses ogadeenleving, met name op het
geo-informatie werkveld.

4) Het verkennen van de maatschappelijke invioed épdiestand komen van nationale
clearinghouses.

5) Het verkennen van de maatschappelijke inviloed op dueces van nationale
clearinghouses.

De resultaten van deze deeldoelstellingen versehaden basis voor de identificatie
van kritieke succesfactoren voor nationaal cledmges. Deze kennis kan gebruikt worden
om het gebruik, de inhoud en het beheer van (toskige) clearinghouses te verbeteren. Deze
deeldoelstellingen zijn in hoofdstukken 2-6 verdiggewerkt.

Hoofdstuk 2 beschrijft systematisch de stand vd®rzavan nationale clearinghouses
in december 2001. Deze inventarisatie is gebasepreeen ‘web survey’, waarbij alle
bestaande clearinghouses zijn gekarakteriseerdeaband van twaalf kenmerken: 1) jaar van
aanvang; 2) aantal dataleveranciers; 3) niveau (vaeta)data ontsluiting; 4) metadata
standaard; 5) aantal datasets; 6) meest recent emamlafite dataset; 7) aantal
internetverwijzingen; 8) aantal bezoekers per ma@hgaginaverversing; 10) gebruikte taal;
11) gebruik van kaarten bij het zoeken; 12) gelenstegistratie. In december 2001 hadden
59 landen een nationaal clearinghouse met grotekidlen in inhoud, gebruik en beheer.

Hoofdstuk 3 bevat een systematische analyse vanordeikkeling van alle
clearinghouses wereldwijd. Deze analyse is hoofelgakgebaseerd op een longitudinale
‘web survey’ uitgevoerd in resp. april 2000, 20Q002 en december 2000, 2001, 2002. De
ontwikkeling van het aantal nationale clearinghsud@an beschouwd worden als een
wereldwijd succes. In december 2002 hadden 67 tamdm nationaal clearinghouse. De
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afnemende trends in gebruik, beheer en inhoud eae thciliteiten is echter zorgwekkend.
Een van de belangrijkste redenen hiervan is wagnsigh de ontevredenheid van geo-
informatie gebruikers over de functionaliteit vaationale clearinghouses. Deze zou moeten
verschuiven van een gegevensgeoriénteerde naar pwer gebruikers- en
toepassingsgeoriénteerde focus, hetgeen overeenkemte doelstellingen van de tweede
generatie Geo-Informatie Infrastructuren (Rajabifat al., 2003). De resultaten van deze
ontwikkelingsanalyse verschaffen een basis vooiddgtificatie van kritieke succesfactoren
die een nationaal clearinghouse positief kunnenv@iden. De belangrijkste clearinghouse-
gebonden succesfactoren zijn: de introductie varbsesvices, de continuering van
financiering, het verstrekken van goede commurekatialen, het creéren van een duidelijke
visie, het bouwen van gebruikersvriendelijke iraeds met minder jargon en het vertrouwen
in het clearinghouse.

Hoofdstuk 4 bevat een systematische analyse vamviieed van clearinghouses op de
samenleving en in het bijzonder op het geo-inforenatrkveld. Het doel van deze analyse is
beleidsmakers te ondersteunen in hun taak om gastetlen of de investering in opzet en
onderhoud van een clearinghouse al dan niet geraantatigd is. De analyse is gebaseerd op
een wereldwijde ‘survey’ die door de clearinghoasérdinatoren is uitgevoerd in de periode
November 2003 — April 2004. In deze ‘survey’ is gek gemaakt van diverse economische,
sociale en milieu-indicatoren om de relevantieicefficy en effectiviteit van clearinghouses
vast te stellen. De resultaten laten zien dat iclghouses (in ontwikkelde landen)
voornamelijk positieve (economische) gevolgen habb€learinghouses zijn relevante
faciliteiten voor de verbetering van de ontsluitingn ruimtelijke gegevens, efficiénte
middelen voor gegevensontsluiting en effectieve ob#gering van ruimtelijke
gegevensgebruik en -verspreiding. Hiermee wordgeimond dat de huidige en toekomstige
investeringen in clearinghouses verantwoord zijn.

In hoofdstuk 5 wordt de invioed van de samenlevapghet tot stand komen van
nationale clearinghouses verkend. Het doel van dezkenning is om vanuit een
maatschappelijk perspectief antwoord te geven opadligende vragen: wat zijn de kritieke
factoren die ontwikkeling van een clearinghousentdeeden, en waarom hebben sommige
landen een clearinghouse ontwikkeld en andere tanidet? Met deze vragen in het
achterhoofd zijn verkennende en empirische analysé&gevoerd, gebruikmakend van
‘kwantitatieve multivariatie’ analyses (ANOVA) eredDecision Tree’ methode van ‘Data
Mining’. Hierbij is uitgegaan van de clearinghousssals vastgesteld in ‘web survey’ van
december 2002. De samenleving van een land werdra@dkriseerd door attributen
gerelateerd aan negen maatschappelijke aspectecotdmie; 2) onderwijs; 3) technologie;
4) milieu; 5) cultuur; 6) demografie; 7) institwtieB) gezondheidszorg en 9) rechtspraak. Een
belangrijke conclusie van deze verkenning is d#& akgen maatschappelijke aspecten
kritieke aspecten zijn, waarvan onderwijs, techg@aen gezondheidszorg de belangrijkste.
Als gevolg hiervan moeten veel maatschappelijkebaten als kritiek worden beschouwd.
Voorbeelden hiervan zijn: de landbouwproductivjtéiet aantal jaren opleiding, het aantal
Internet servers, het jaar van onafhankelijkheithet aantal geboorten onder begeleiding van
een verloskundige. Hiermee kan een indicatie valeensstandaard gegeven worden. Het is
daarom aannemelijk dat de levensstandaard (eralein de welvaart) voor een belangrijk
deel bepalend is of een land een clearinghous¢ tyegézet of niet.
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In hoofdstuk 6 wordt de invloed van de samenlevom het succes van een
clearinghouse verkend (situatie december 2002) enmaatschappelijk succesfactoren
vastgesteld. Hiervoor is een clearinghouse gedutitksindex ontwikkeld welke een indicatie
geeft voor het succes van het clearinghouse. Desti@appelijke context van een land is
beschreven door dezelfde attributen die gerelategnd aan de negen maatschappelijke
aspecten van Hoofdstuk 5. Verschillende verkenneratelyses zijn uitgevoerd
gebruikmakend van statistische methoden zoalsidPadast Square’ regressie. Bovendien is
het potentiéle succes voorspeld voor landen die gegn clearinghouse hebben. Deze
voorspellingen zijn getoetst aan de werkelijke ait in april 2005. De resultaten van de
analyse benadrukken het belang van de samenlevmghei succes van nationaal
clearinghouses. Echter, maatschappelijke aspediEsnaverklaren niet volledig het succes,
omdat clearinghouse-gebonden factoren (zoals dieHaofdstuk 3) ook belangrijk blijken.
Maatschappelijk gezien is het waarschijnlijk dat $iecces afhankelijk is van een combinatie
van attributen met economie, onderwijs en technelogals belangrijkste.
Welvaartsbevorderende factoren (zoals bijvoorbaakbmstenbelasting, bruto nationaal
product, onderwijsuitgaven en Internet-toegangkdh belangrijke kritische succesfactoren
te zijn. In april 2005 hadden 83 landen een natibméearinghouse ingericht. De meeste
landen die in de nabije toekomst een nationaleridiglaouses willen opzetten zullen ernstig
belemmerd worden in de uitvoering, zoniet falenprdde ongunstige maatschappelijke
situatie. Dit kan echter omgekeerd worden als digeke clearinghouse-gebonden factoren
goed opgepakt worden.

Uit de verkregen resultaten blijkt er niet één dstb oplossing of het beste recept te
zijn om het gebruik, de inhoud en het beheer vask@imstige) clearinghouses te verbeteren.
Echter, de resultaten van dit proefschrift kunnelearinghouse-codrdinatoren en
beleidsmakers ondersteunen bij de ontwikkeling staategieén voor de opzet en onderhoud
van clearinghouses. Door deze ondersteuning kaprdafschrift een wezenlijke bijdrage
leveren aan de verbetering van nationale clearugg® en Nationale Geo-Informatie
Infrastructuren in veel landen.
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A list of attributes (with units) is presented beloThese attributes were used in Chapters 5
and 6.

The attributes are classified into nine societapeats: 1) Economy, 2) Education,
3) Technology, 4) Environment, 5) Culture, 6) Demagdny, 7) Institution, 8) Health care and
9) Jurisdiction.

The attribute scale (nominal, ordinal, binary, g, ratio) as well as the source code (see
Table below) of each attribute are presented irenieses. The source code refers to the
source material used.

Table Explanation of Source code used.

Source code Source description

CIA Central Intelligence Agency, 2003; 2004. The Waérittbook.

Hofstede Hofstede, G., 2001. Culture consequences, Compafahges, Behaviors, Institutiong,
and Organisations Across Nations. Sage Publicatiimsusand Oaks.

Worldbank The Worldbank 2003; 2004. World Development Indicatdhe World Bank Group.

UNDP United Nations Development Programme, 2003; 20@4n&h Development Reports,
ITU International Telecommunications Union, 2003. Wdardlecommunications Indicatord
DK Dorling Kindersley, 2002. Great World atlas. DogliKindersley Limited.

Attribute list

1. Economy

Gross national income, $ billions, 2001 (ratio, Wbank)

Gross national income per capita $ (calculatedguie Worldbank atlas), 2001 (ratio, Worldbank)
Purchasing power parity (PPP) gross national ingé@nwllions, 2001 (ratio, Worldbank)
Purchasing power purchasing (PPP) gross nationairia, $ per capita, 2001 (ratio, Worldbank)
Purchasing power parity (PPP) conversion factarall@urrency units to international $, 2001 (ratio,
Worldbank)

6. Ratio of PPP conversion factor to official exchanate, 2001 (ratio, Worldbank)

7. Real effective exchange rate, 1995 = 100, 200#&rtnat, Worldbank)

8. Gross domestic product, $ millions, 2001 (ratio,ifioank)

9. Gross domestic product, average annual % grow®0-12001 (ratio, Worldbank)

10. Gross domestic product, % growth, 2000-01 (ratioyMbank)

11. Gross domestic product, per capita, % growth, 20DQratio, Worldbank)

12. GDP implicit deflator, average annual % growth, - 2®01 (ratio, Worldbank)

13. Unemployment: Total, % of total employment, 1998-RQ@tio, Worldbank)

14. Long-term unemployment, % of total unemploymentltat998-2001 (ratio, Worldbank)

15. Average hours worked per week, 1995-2000 (ratiotlstbank)

16. Minimum wage, $ per year, 1995-2000 (ratio, Worlia

17. Labour cost per worker in manufacturing, $ per y&885-2000 (ratio, Worldbank)

18. Value added per worker in manufacturing, $ per y£895-2000 (ratio, Worldbank)

19. Agricultural productivity, value added per work&g95 $, 1999-2001 (ratio, Worldbank)

20. Population below $2 a day, %, 2001 (ratio, Worldan

21. Poverty gap at $2 a day, %, 2001 (ratio, Worldbank)

22. Gini-index, 2001 (ratio, Worldbank)

23. Gross domestic savings, % of GDP, 2001 (ratio, k)

24. Gross national savings, % of GNI, 2001 (ratio, \Wbé&nk)

25. Net national savings, % of GNI, 2001 (ratio, Woddhk)

agkrwdPE
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26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45,
46.

47.
48.
49,
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.

67.
68.

69.
70.
71.
72.

73.
74.
75.
76.
77.

Adjusted net savings, % of GNI, 2001 (ratio, Woddk)

Energy depletion, % of GNI, 2001 (ratio, Worldbank)

Trade in goods, % of GDP, 2001 (ratio, Worldbank)

Trade in goods, % of goods GDP, 2001 (ratio, Wonhttha

Change in trade, % of GDP, 1990-2000 (ratio, Waai)

Gross private capital flows, % of GDP, 2001 (ra¥gridbank)

Net private capital flows, $ millions, 2001 (rati&orldbank)

Domestic credit to private sector, % of GDP, 20@tig, Worldbank)

Gross foreign direct investment, % of GDP, 2001igraVorldbank)

Foreign direct investment, $ millions, 2001 (raidorldbank)

Aid dependency ratio, Aid as % of GNI, 2001 (ratdoridbank)

Aid dependency ratio, Aid as % of gross capitairfation, 2001 (ratio, Worldbank)

Aid dependency ratio, Aid as % of imports of goadsl services, 2001 (ratio, Worldbank)
Euromoney country credit-worthiness rating, Septar@bé2 (ratio, Worldbank)

Value traded, % of GDP, 2001 (ratio, Worldbank)

Listed domestic companies, 2002 (ratio, Worldbank)

Tax revenue, % of GDP, 2001 (ratio, Worldbank)

Taxes on Income, profits and capital gains, % @l tizixes, 2001 (ratio, Worldbank)

Taxes on Income, profits, and capital gains, % t&l twurrent revenue, 2000 (ratio, Worldbank)
Social security taxes, % of total current reverd2@80 (ratio, Worldbank)

Domestic taxes on goods and services, % of valwedadn industry and services, 2001 (ratio,
Worldbank)

Taxes on goods and services, % of total currenniexe2000 (ratio, Worldbank)

Taxes on international trade, % of total currenenaie, 2000 (ratio, Worldbank)

Central government expenditures, Goods and septes total expenditure, 2000 (ratio, Worldbank)
Wages and salaries, % of total (governmental) edipgne, 2000 (ratio, Worldbank)

Subsidies and other current transfers, % of tg@avérnmental) expenditures, 2000 (ratio, Worldbank)
Military expenditure, of % of GDP, 2001 (ratio, Walvank)

Military expenditure, % of central government exgiture, 2001 (ratio, Worldbank)

Armed forces personnel, Total thousands, 2001o(rsiorldbank)

Armed forces personnel, % of labor force, 200liqrat/orldbank)

Services, average annual % growth, 1990-2001 (nataridbank)

Services value added, % of GDP, 2001 (ratio, Wantdl

Net barter terms of trade, 2000 (interval, Worldan

Fuels, % of total (national) merchandise expo@912(ratio, Worldbank)

Fuels, % of total (national) merchandise impor@)2(ratio, Worldbank)

Consumer price index, average annual % growth, -P28Q1 (ratio, Worldbank)

Food price index, average annual % growth, 199QtZ64io, Worldbank)

Household final consumption expenditure, % of GRB®J1 (ratio, Worldbank)

Household final consumption expenditure, $ milliod801 (ratio, Worldbank)

Household final consumption expenditure, averageialh % growth, 1990-2001 (ratio, Worldbank)
Household final consumption expenditure per capatzgerage annual % growth, 1990-2001 (ratio,
Worldbank)

General government final consumption expendituref @DP, 2001 (ratio, Worldbank)

General government final consumption expendituresrage annual % growth, 1990-2001 (ratio,
Worldbank)

Gross capital formation, average annual % grow@8012001 (ratio, Worldbank)

Central government finances, Current revenue, @I, 2000 (ratio, Worldbank)

Central government finances, Total expenditure%BPG2000 (ratio, Worldbank)

Central government finances, Overall budget balafimeluding grants), % of GDP, 2000 (ratio,
Worldbank)

Total external debt, $ millions, 2001 (ratio, Woraitx)

GDP index, 2001 (ratio, UNDP)

Services: male, % of male employment, 1998-200o(r230 Worldbank)

Services: female, % of female employment, 1998-20&to, Worldbank)

Average annual change in Consumer price index,00-2001 (ratio, UNDP)
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2. Education

NN E

Adult literacy rate % age 15 and above, 2001 (r&iiDP)

Adult illiteracy rate, Male, % ages 15 and abov@)2 (ratio, Worldbank)

Adult illiteracy rate, Female, % ages 15 and ab@@81 (ratio, Worldbank)

Public expenditure on education % of GDP, 2000dqr&Vorldbank)

Public expenditure on education, per student %DP@er capita, 2000 (ratio, Worldbank)
Public expenditure on education, % of total goveentrexpenditure, 2000 (ratio, Worldbank)
Primary pupil / teacher ratio, pupils per teacReQ0 (ratio, Worldbank)

Combined primary, secondary and tertiary grosslemaot ratio, %, 2000-2001 (ratio, UNDP)
Gross enrolment ratio, Primary % of relevant agrigr 2000 (ratio, Worldbank)

. Gross enrolment ratio, Tertairy % of relevant agaigr 2000 (ratio, Worldbank)
. Net enrolment ratio, Primary % of relevant age grd@2000 (ratio, Worldbank)

. Primary completion rate, Total, 1995-2001 (ratiogitibank)

. Average years of schooling, Total, 2000 (ratio, \oank)

. Education expenditure, % of GNI, 2001 (ratio, Woddk)

15. Education index, 2001 (ratio, UNDP)

3. Technology

CoNOORrWNE

Electricity production, billion kwh, 2000 (ratio, Widbank)

Access to electricity, % of population, 2000 (ratidorldbank)

Electric power, consumption per capita kwh, 200€dyaVorldbank)

Electric power, Transmission and distribution los8é®f output, 2000 (ratio, Worldbank)
Motor vehicles, per 1000 people, 2000 (ratio, Waalak)

Motor vehicles, per kilometre of road, 2000 (ratiéeridbank)

Fuel prices, Super $ per litre, 2002 (ratio, Woaldlk)

Fuel prices, Diesel $ per litre, 2002 (ratio, Woddk)

Telecommunication $million, 2001 (ratio, Worldbank)

. Roads, Total road network km, 1995-2000 (ratio, Mkmank)

. Roads, % Paved roads, 1995-2000 (ratio, Worldbank)

. Roads, Goods hauled million ton-km, 1995-2000 ¢ratiorldbank)

. Railways, Rail lines, Total km, 1996-2001 (ratiopkbank)

. Railways, Traffic Density traffic units per km, 192601 (ratio, Worldbank)

. Air, aircraft departures thousands, 2001 (ratio rMbmnk)

. Total telephone subscribers, Total (k), 2002 (rafit))

. Fixed line and mobile phone subscribers per 10@plpe 2001 (ratio, Worldbank)
. Main telephone lines per 100 inhabitants, 2002qr#tU)

. Main telephone lines per 100 inhabitants, Annualgh %, 1997-2002 (ratio, ITU)
. Main telephone lines, (k), 2002 (ratio, ITU)

. Telephone mainlines, Annual growth %, 1997-2002dy&Vorldbank)

. Mobile phone subscribers, (k), 2002 (ratio, ITU)

. Mobile phone subscribers, Annual growth rate, 987:2002 (ratio, ITU)

. Mobile phones per 100 inhabitants, 2002 (ratio, ITU)

. Mobile phone subscribers, % Digital, 2002 (ratib,))

. Mobile phone, as % of total telephone subscrili062 (ratio, ITU)

. International telecommunications, Outgoing traffi;utes per subscriber, 2001 (ratio, Worldbank)
. Personal Computers, thousands, 2002 (ratio, ITU)

. Personal computers per 1000 people, 2001 (ratig|ldvank)

. Personal computers in education, 2001 (ratio, Wairht)

. Internet, Hosts Total, 2002 (ratio, ITU)

. Internet, hosts per 10000 people, 2002 (ratio, ITU)

. Internet, Users thousands, 2001 (ratio, Worldbank)

. Internet, Users per 10000 people, 2002 (ratio, ITU)

. Internet, Monthly off-peak access charges, Semptogider charge, $, 2001 (ratio, Worldbank)
. Internet, Monthly off-peak access charges, Telephmage charge, $, 2001 (ratio, Worldbank)
. Internet, Secure servers, 2001 (ratio, Worldbank)
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38.
39.
40.
41.
42.
43.
44,

ICT-expenditures, % of GDP, 2001 (ratio, Worldbank)

ICT-expenditures per capita, $, 2001 (ratio, Waalak)

Scientists and engineers in R&D, per million pepf90-2000 (ratio, Worldbank)
Technicians in R&D, per million people, 1990-2004tiw, Worldbank)
Expenditures for R&D, % of GDP, 1989-2000 (ratio, Mdbank)

High-technology exports, $ millions, 2001 (ratiopkbank)

High-technology exports, % of manufactured exp@®€1 (ratio, Worldbank)

4. Environment

N~ WNE

Surface area thousand sqg. km, 2001 (ratio, Worklban

Access to an improved water source, % populatib@0Zratio Worldbank)
Access to improved sanitation facilities, % of plggpion, 2000 (ratio, Worldbank)
Land Area, Thousands sq. km, 2000 (ratio, Worldbank)

Land use, Arable land, % of land area, 2000 (raorldbank)

Land use, Permanent crop land, % of land area, @a€ie, Worldbank)

Land use, Other, % of land area, 2000 (ratio, W @)

Arable land, hectares per capita, 1998-2000 (réttiorldbank)

Irrigated land, % of cropland, 1998-2000 (ratio, Mibank)

. Crop production index, 1999-2001 (ratio, Worldbank)

. Food production index, 1999-2001 (ratio, Worldbank)

. Livestock production index, 1999-2001 (ratio, Woddk)

. Cereal yield, kilograms per hectare, 1999-2001dr&Yorldbank)

. Forest area, % of total land area, 2000 (ratio, liN@nk)

. Average annual deforestation, %, 1990-2000 (r&torldbank)

. Mammals, Threatened species, 2000 (ratio, Worldbank)

. Nationally protected area, % of total land are@2(@atio, Worldbank)

. Freshwater resources, Internal flows billion cu.2@00 (ratio, Worldbank)

. Freshwater resources, Total renewable resourcesapéa cu. M, 2000 (ratio, Worldbank)
. Annual freshwater withdrawals, billion cu. M, 20@@tio, Worldbank)

. Annual freshwater withdrawals, % of total renewatgigources, 2000 (ratio, Worldbank)

. Emissions of organic water pollutants, kilogramsgegy, 2000 (ratio, Worldbank)

. Emissions of organic water pollutants, kilogramsgegy per worker, 2000 (ratio, Worldbank)
. Commercial energy use, thousand metric tons adapiivalent, 2000 (ratio, Worldbank)

. Commercial energy use, average annual % growtl)-2980 (ratio, Worldbank)

. Commercial energy use per capita, kg of oil eqengl2000 (ratio, Worldbank)

. Commercial energy use per capita, average anngab®th, 1980-2000 (ratio, Worldbank)
. Carbon dioxide emissions, Total million metric tpR800 (ratio, Worldbank)

. Carbon dioxide emissions per capita metric ton8pZ@atio, Worldbank)

. Carbon dioxide emissions damage, % of GNI, 200o(r&#/orldbank)

. Continent, 2002 (DK)

. Year, Environmental strategy or action plan, 20@f(val, Worldbank)

. Year, Treaty, Climate Change, 2002 (interval, Woalak)

. Year, Treaty, Ozone layer, 2002 (interval, Worldan

. Year, Treaty, CFC control, 2002 (interval, Worldkpan

. Year, Treaty, Law of the Sea, 2002 (interval, Woalal)

. Year, Treaty, Biological diversity, 2002 (interveorldbank)

5. Culture

agkrwNPE

Power Distance, 20011 (ratio, Hofstede)
Uncertainty Avoidance, 2001 (ratio, Hofstede)
Long-term Thinking, 2001 (ratio, Hofstede)
Individualism/Collectivism, 2001 (ratio, Hofstede)
Masculinity/Feminity, 2001 (ratio, Hofstede)
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6. Demography

. Population, million, 2001 (ratio, Worldbank)

Population density, people/sq,km, 2001 (ratio, \Goahk)

Life expectancy at birth, years, 2001 (ratio, Woadk + UNDP)

Life expectancy at birth, Male years, 2001 (ratiariitbank)

Life expectancy at birth, Female years, 2001 (ratiorldbank)
Gender-related development index (GDI), 2001 (rafidDP)

Gender empowerment measure (GEM), 2001 (ratio, UNDP)

Promote gender equality, Ratio of female to mal®léments in primary and secondary school, 2000
(ratio, Worldbank)

8. Labour force gender parity index, 2001 (ratio Wogdk)

9. Average annual population growth rate, %, 1980-2@8tlo, Worldbank)
10. Average annual population growth rate, %, 2001ra6d, Worldbank)

11. Median Age, years, 2002 (ratio, CIA)

12. Population under age 15, %, 2001 (ratio, UNDP)

13. Population between ages 15-64, %, 2001 (ratio, Warik)

14. Population ages 15-64, millions, 2001 (ratio, Wbédk)

15. Crude death rate per 1000 people, 2001 (ratio, &darik)

16. Infant mortality rate, per 1000 live births, 2004&tio, Worldbank)

17. Under-five mortality rate per 1000, 2001 (ratio, #dbank)

18. Crude birth rate per 1000people, 2001 (ratio, Watk)

19. Total fertility rate, births per woman, 2001 (ratWprldbank)

20. Adolescent fertility rate, births per 1000 womeges 15-19, 2002 (ratio, Worldbank)
21. Labour force, total millions, 2001 (ratio, Worldbank

22. Labour force, average annual growth rate, %, 198k Zfatio, Worldbank)
23. Rural population, %, 2001 (ratio, Worldbank)

24. Urban population (% of total population), 2001 iGatWorldbank)

25. Human development index, 2001 (ratio, UNDP)

26. Life expectancy index, 2001 (ratio, UNDP)

NogoprwNERE

7. Institution

Composite International Country Risk Guide (ICR@krating, September 2002 (ratio, Worldbank)
Institutional Investor credit rating, September 2@gatio, Worldbank)

Type of Government, 2002 (nominal, DK)

Federation, 2002 (binary, DK)

Year Independence, 2002 (interval, CIA)

Year Current borders established, 2002 (intervid) C

oakwnpE

8. Health care

Private health expenditure, % of total, 2000 (rafitorldbank)

Public expenditure on health, % of GDP, 2000 (ratrldbank)

Health Expenditure, Total % of GDP, 1997-2000 ¢raiVorldbank)

Health expenditure per capita, $, 1997-2000 (r&tiorldbank)

Hospital beds, per 1000 people, 1995-2000 (ratiorldank)

Child immunization rate, % of children under age odeasles, 2001 (ratio, Worldbank)
Child immunization rate, % of children under age,0R TP, 2001 (ratio, Worldbank)
Tuberculosis treatment success rate, % of registarsels, 2000 (ratio, Worldbank)
Incidence of tuberculosis, per 100000 people, Zoatb, Worldbank)

10. Prevalence of HIV, % of adults, 2001 (ratio, Woddk)

11. Improve maternal health, Births attended by skiliedlth staff, % of total, 2000 (ratio, Worldbank)
12. Prevalence of under nourishment, % of populati®®812000 (ratio, Worldbank)

13. Population with sustainable access to affordalderggl drugs, %, 2000 (ratio, UNDP)

N~ WNE
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9. Jurisdiction

Legal system, 2002 (nominal, CIA)

Royalty and license fees, Receipts, $ millions,122@@tio, Worldbank)

Royalty and license fees, Payments, $ millions,12@atio, Worldbank)

Patent applications, filed, residents, 2000 (ratiorldbank)

Patent applications filed, non-residents, 2000dy&Vorldbank)

International Convention on the Elimination of albrfs of Racial Discrimination 1965 (nominal,

UNDP)

International Covenant on Civil and Political Rigli966 (nominal UNDP)

International Covenant on Economic, Social and CaltRights 1966 (nominal, UNDP)

Convention on the Elimination of All Forms of Distiination Against women 1979 (nominal, UNDP)

0. Convention Against Torture and Other Cruel, InhumarDegrading Treatment or Punishment 1984
(nominal, UNDP)

11. Convention on the Rights of the Child 1989 (nomihd\DP)

ogkwnE
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Joep Crompvoets was born in Oss (The Netherland)&88 of August 1968, and
finished his secondary education (VWO) at Titusrigiamalyceum (Oss) in 1988. In 1993 he
obtained his MSc. degree in soil science from Waggn Agricultural University. In 1997
he obtained an MSc. degree in Geo-Information $eiext the same university.

From 1993 to 1995, he worked as a researcher iitl&Sespain, where he participated
in an EU-project on the development of a spatidistributed soil, agro-climatic, and soil
hydrological model to predict the effects of climathange on land use within the European
Community (IRNA-CSIC).

Since 1997 he has been a lecturer at the LaborafoBeo-Information Science and
Remote Sensing of Wageningen University and is ipanvolved in GIS-related education
and research. One of his main educational contabsitvas the implementation of a course in
‘Spatial Data Infrastructures (SDI)’. Moreover, tea lecturer in the MSc. ‘Geographical
Information Management and Applications’ programifae joint partner programme of
Wageningen University, Delft University of Technglg International Institute for Geo-
Information Science and Earth Observation, Utréamitversity).

From 1999 until 2001 he participated as a reseaiolen EU-project on an integrated
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degradation/desertification. In 2003 he spent thremths at the Centre for Spatial Data
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National Spatial Data Infrastructures’ project alilBInnovation Programme ‘Space for Geo-
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