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ABSTRACT

Spatial data is a vital national resource necesiara country’s efficient and sustainable
economic, social and environmental development, ssmdhust be properly developed and
managed. In the Kingdom of Saudi Arabia (KSA), éhex lack of knowledge and no clear
framework describing the optimal way for stakehotdeisers, providers or administrators,
to collaborate effectively in establishing a Na#brspatial Data Infrastructure (NSDI).

Moreover, the complex, multi-layer and multi-jurisibn system of government leads to

competing interests and mandates in coordinatintja@mctivity.

Previous studies on NSDI in KSA focused on tecHnicfiastructure strategy. However,

there is a need to study institutional/organisatigssues affecting collaboration in NSDI for
KSA. This research presented in this thesis lead®tommendations for a best practice,
collaboration initiative for Saudi NSDI, and cobuies to advancing the goals and

implementation of NSDI in KSA.

A mixed (triangulated) quantitative and qualitatnese study research design was adopted
to assist in achieving the research aims, utilisngjuestionnaire and semi-structured
interviews. The data was analysed and elicited ejmiscto recommend the Saudi NSDI

collaboration initiative.

A literature review was conducted in areas relevar@patial Data Infrastructure (SDI) and
collaboration. The diverse definitions for SDI, it®in components, and hierarchical nature
were explored. Definitions for collaboration, matinal factors, and potential risks and
costs were also reviewed. While a conventional N&Dtharacterised by a top down
approach, new technologies connected to sociallalgvents have led to a rapid, parallel
development of commercial-, and consumer-led SPidymamic ‘GeoWeb’, representing

the potential next generation, Web 2.0 form, of NSD

Institutional and technical factors are key elemméantthe success of NSDI collaboration
initiatives, which include organisational commitrmgpolicies, and technological resources.
The national initiatives for the UK, USA, Australiand Canada are reviewed and compared,
along five key themes: objectives and vision, cowtion, datasets, standards, and access.
This highlighted the evolving nature of NSDI, givéme rapid pace of developments in
technology-driven applications and tools, and t@trdination and agreement among all
stakeholders requires accurate and reliable dataselely accepted metadata and standards,
and interoperable technology, and must includga@alernment levels and jurisdictions, with

greater private sector integration.
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The current situation in KSA regarding the main Sidkeholders, and their historical
development, including legislation and policies ahd barriers to sharing spatial data
existing, facilitates background to understandimg issues involved in developing a Saudi
NSDI. This is reinforced by primary data collectdufough a quantitative questionnaire
survey of all 26 spatial data bodies in KSA, andlative semi-structured interviews of 72
key persons. The data includes themes, like typespatial organisation and sphere of
operations, data types and themes, standards ehxidal issues, and inter-organisational
relationships and collaboration. The results reack@ lack of collaboration due to negative
organisational cultures, and technical obstaclieding to a need for unified spatial data and
metadata standards and specifications. In partictiere was an absence of appropriate
legislation to deal with the two previous points well as providing protection for
intellectual property; such legislation would ondia system within which collaboration

would take place.

The historical development and current status @f kelependent SDI initiatives in KSA,
I.e. MOMRA, Riyadh, and Saudi National SDI, aregereted using data from secondary and
primary sources. Each initiative represents ciipisiry, and national level SDI initiative for

collaboration.
Finally, this research concludes by providing reo@ndations for best practice in

collaboration among the various stakeholders fogmen potential Saudi NSDI. It also

outlines suggestions for future work.
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CHAPTER 1: INTRODUCTION

1.1 Background Information

Increasingly, the value of spatial data is beingogmised by countries in the developed
world as vital to their interests in the econonsiogial and environmental spheres. This has
led to a demand for comprehensive, current, higilityy and universally usable, spatially
related information which can support decision-mgkand planning at strategic and other
levels, in the context of management of disassasurity, the environment, and community
preparedness, as well as economic and social gewelt (ANZLIC, 2010). Moreover, the
needs of sustainable development in the form dbajlinitiatives, such as Agenda 21 and
Habitat Il (United Nations, 1994), has highlightb@ need for access to spatial data, in the

form of databases and efficient information excleang

The availability and effective use of spatial digtadependent on a spatial data infrastructure
(SDI) that involves government and the private @ert a collaboration including users and
stakeholders. A Spatial Data Infrastructure (SD3$) built upon collaboration and
relationships through which data and increasinglgtial data services can be shared, kept
current, and integrated, and is best viewed asetlpmdicies, standards and procedures
facilitating the interactions between organisatiansl technology for efficiently managing
spatial data use and production (Ryttersgaard, 2@Fithermore, an SDI is a framework
consisting of a number of institutional elementsethier policies, coordination mechanisms
and standards, as well as data, networks, ancdudata and providers. As such, SDI is a vital
resource supporting economic and sustainable dawvelot (Wiberg, 2002; Mohammadi et
al., 2009).

The transition from paper to computer-based GI8 e foundation for SDI development;
following on from that information management raggld technology as the challenging
element in further development of SDI (Lee, 2008)a practical sense, the Internet and
online applications, e.g. Google Earth, have ledatbuge leap forward (Butler, 2006).
However, a number of issues have been responsiblddiding back progress in SDI
development. In the interests of efficient inforrmatmanagement, the concept of “collected
once, then re-used many times” holds true. Yeteatlity, problems in sharing data whether
within or among organisations, be they public avade sector entities, has been a difficult
obstacle, unlike technology (Williamson et al., @00This is further complicated by the
changing role of government from provider to regua autonomous jurisdictions,
distributed information, and the varying needs afiaus layers of government, in terms of

more detailed spatial data in lower operationatlgvand less detail for upper levels. These
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multiple jurisdictions and information islands hded to wasted resources through duplicate
efforts, lack of common standards, inconsistendyeen datasets held, and lack of proper
accessibility. The solution is not principally tedhogical, but resides in institutional
measures whether policies, legislation, coordimateechanisms, and standards, which have
so far lagged far behind (Craig, 2005; Mohammagil €22009).

Collaboration in the area of spatial data begaly éaithe 1990s. This collaboration was in
the form of multi-partner GIS projects in Europedhe USA (Masser and Campbell, 1994;
Nedovic-Budic, 2000). Moreover, it involved othegions like Asia and Australia (Masser,
2002), leading to development of the concept of @INZLIC, 2010; Coleman and Nebert,
1998; Masser, 1998b).

In a national infrastructure, collaboration betwedirstakeholders, i.e. users, providers, and
administrators, is vital to better manage spatmtiadand stakeholders’ interactions. This
collaboration improves spatial data sharing andreslises the full potential of SDI.
However, what is involved in creating a successfliaboration for establishing an effective

and efficient SDI is not yet fully understood.

The world has changed, with respect to spatial, deden the highly centralised approach,
where governments held uncontested control over uiadler the prerogative of the national
interest. The spatial data field has witnessed ivesshange, represented by the steady
commercialisation of spatial data driven by dominglobal players, e.g. Google, with the
reach, resources, and economies of scale to sumgzstsnational government initiatives. As
never before, mapping products and associatedatpidia has been put in the public
domain in a most accessible form. Even beyond tthe#t, same consuming public are
encouraged and empowered to contribute and shatheirdevelopment of spatial data
products in the Web 2.0 trend represented by creautcing, and the Web 3.0 trend of
domain ontology for spatial data to allow integwatiof formal and crowd sourced data, as
well as ensuring interoperability, search, dataimginand analysis (Du et al., 2011). On the
other hand, this emphasises the role of global da¢dadescriptors in successful spatial data
infrastructure communication, domestically, regibnand globally. In this era of openness
and information sharing, NSDI initiatives must adapthese powerful and highly enabling

realities.

Within the Middle East, KSA is a key regional playsee Section 1.9). It has the largest
area, economy, and population in the strategicalél Arabian Peninsula. As a key member
of both the Gulf Cooperation Council (GCC) and theb League, KSA enjoys an

influential position within that cooperative framesk of Gulf countries, and beyond.



Therefore, the combination of land area, populataord geopolitical and economic factors
reflects KSA's need for an effective NSDI, whichuptes seamlessly within a wider regional
SDI that covers the Gulf area, and even the eiiddle East. Once KSA successfully
implements its domestic NSDI initiative, given ttecommendations of this research (see
pp.237-240), with its experience, resources, anidiqad power, it is the best-placed to lead

such a wide and inclusive regional initiative fioe good of the peoples of the area.

In the Kingdom of Saudi Arabia (KSA), a problem dthby other countries exists, where
lack of collaboration has led to duplication in S@ladata and systems in many areas. The
consequences are potentially damaging to managidgesponding to the environmental,

social and economic needs of the public, and walstéfresources.

This research focuses on this problem and aimsviestigate how effective is Saudi spatial
data sharing and collaboration. An attempt willhade to understand these collaborative
arrangements, and identify the factors that coutthtribute to their success and

sustainability.

1.2 Context of Research Problem

In KSA, there is lack of knowledge and no cleanfeavork describing the optimal way for
stakeholders, be they users, providers or admaniss, to collaborate effectively in the
interests of establishing NSDI. Moreover, in KSAetgovernment administration is
distributed across multiple layers and jurisdicsiorwhich frustrates spatial activity

coordination due to the complexity caused by coimpénterests and mandates.

1.3 Research Problem

The majority of data available in most governmemd g@rivate bodies has a spatial data
dimension, coupled to a rising need for treatmentl aise of such data to study
environmental, urban, and security problems (Kubpa007). Therefore, spatial data is a
vital national resource necessary for efficient agubstainable economic, social and
environmental development. In this context, SDp#st of a country’s infrastructure that
must be properly developed and managed to redesetambitious goals. Hence, national
SDI (NSDI) development is the solution adopted &militate shared information and

common activities.

In KSA, it is recognised that there is waste obtgses in the form of duplicated effort and
unnecessary expenditure, as a consequence of adeguate management of spatial data
resources in the country, affecting all levels qundsdictions. The situation is such that

public and private sector stakeholders, unilatgralhd without coordination with the others,
3



proceeded to develop their own base maps, andibgatabases. This has led to duplication
in implementation, and obstacles to exchange dfadpiata arising from differing standards
and specifications for the data held by each bbdgddition, there is a lack of appropriate
legislation compelling these organizations to waska team, by regulating the role of each,

in regards to spatial data sharing.

Despite the passage of a significant amount of ,twwith accumulated documentation on
NSDI benefits and technical aspects, the varioakesiblders still lack the knowledge of
how best to collaborate and effectively develop.SDemplate describing best practices in
collaborating, and coordinating information and\atieés nationally in KSA is still lacking.
Moreover, the effect of the country’s distinct mbdé government on development of the
NSDI is not well defined.

The extent of the problem is highlighted by the amtoof duplication that occurs in spatial
data among government bodies. Table 1.1 shows aewaof government organisations that
create spatial datasets based on their own pergpeatthout regard to what other
government organisations are doing. The duplicaitiospatial data projects in KSA is a

significant problem.

This duplication of effort, and consequent wasteregources is emphasised in another
example, where figure 1.1 shows the parcel layedyred by two different government
organisations for the same area. This is furtheédegxe of the lack of agreement and

absence of collaboration between government bodies.

The cost of the current unsatisfactory spatial datation in KSA can also be measured in
human lives. A tragic consequence of this stat@ffairs was sadly highlighted in the events
of Wednesday, 25 November 2009. Flash floods stparks of the city of Jeddah, despite
relatively moderate rainfall. This led to 122 desatand massive damage to roads, buildings,
and transport (Figure 1.2), estimated at around I§R6n (£1 billion pounds) (Humaidan,
2010; Hazzazi, 2010). The tragedy brought the pmblinto sharp relief, as each
government department had developed plans and nmaplied projects alone, based on the
spatial data in its custody, without attemptindémefit from the spatial data held by others.
In this case, the result was randomly planned feigihoods, main roads routed through
dry watercourses and flood plains, and inappropranstruction on ground that was not
suitable for building (Humaidan, 2010; Hazzazi, @01



Table 1.1 Duplicated spatial data work in some governmentrganisations

Spatial
Dataset
Government
Organisation

Geodetic

Road networks

Topography

Hydrology

Administrative boundaries

Utility information

Cadastral information

Geographical names

Transportation

Elevation and Bathymetry

Environment

Aerial or Satellite Imagery

Vegetation

Geology

Zip Codes

Population Census

Ministry of Municipal and
Rural Affairs

*

*

*

*

*

*

*

*

*

*

*

*

*

High Commission for the
Development of Ar Riyadh

*

*

*

*

*

General Commission for
Survey

Saudi Electricity Company

Saudi Commission for
Tourism and Antiquities

Central  Department  of
Statistics and Information

Ministry of Agriculture

King Abdulaziz City for
Science and Technology

Saudi Geological Survey

Saudi Post

Figure 1.1 Parcel layer for the same area in Ar Riyadh cyt from two different organisations
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Figure 1.2 Photograph showing a main road in Jeddah covedeby flood water in 2009

(reproduced from Anaween Electronic Newspaper)

1.4 Research Aims

This research aims to recommend a collaboratidraiivie, which (i) supports spatial data
sharing and maintenance activities (ii) properlysatdbes and promotes collaboration
between stakeholders across jurisdictions (iii) ksogffectively within the system of Saudi
Arabia government, and (iv) can positively influendSDI development in KSA. (Note:

these recommendations for Saudi NSDI are presémigdction 10.2, pp.237-240).

1.5 Research Questions

A number of specific research questions were ifledtin light of the research problem in
the context of KSA:
1. What are the spatial data and SDI concepts thassmential to developing NSDI?
2. In NSDI development, what relationships bind itsponents?
3. What is the experience worldwide in the best pcactNSDI collaboration
initiatives?
4. What is the current form of NSDI in KSA, and how it satisfactory to the needs
of stakeholders?
5. What recommendations can describe a best practeeli SNSDI collaboration

initiative?



1.6 Research Objectives

The following objectives were identified to achiette aims and answer the questions of
this research project:

1) Review the current concepts and situation in spatiata sharing and
infrastructure, as well as the nature of intra- aimder-organisational
collaboration contributing to NSDI development.

2) ldentify the key factors affecting collaborationan NSDI.

3) Explore other countries’ NSDI collaboration initiegs with a view to
formulating the KSA NSDI.

4) Determine the current status of collaboration betwstakeholders in Saudi
NSDI.

5) Recommend a best practice Saudi NSDI collaboratitiative

1.7 Research Approach

According to Bryman (2008), research design defittes overall framework for the
collection and analysis of ddtgp.31), while the research method is the techmigeed to
gather the data. The following briefly introducém tmethodological background to this
research, which is critical if valid and admissibleswers are to be derived from the research

effort.

A case study design involves the deep and detatlatdly of one or a number of cases. The
approach used may be qualitative, quantitativeaadnybrid of both, i.e. triangulation

(Cresswell, 2002). In this work, a mixed (predomithya quantitative) case study research
design was chosen to answer the questions andvadhie aims of this research that utilised
two research instruments: a targeted questionraice semi-structured interviews. This
mixed approach allows collaboration in SDI to bedstd in depth and breadth, as each
instrument would complement and reinforce the figdi of the other. Analysis of the data

yields the elements of the model for NSDI collatiorain KSA.

1.8 Implementation

The first stage included the research design, iiclwtihe research aims and objectives were
clarified. This is accomplished by reviewing thetaa literature to explore the areas of
interest in the context of NSDI implementation: linding SDI, spatial data sharing,
organisational behaviour, collaboration, and inteed inter-jurisdictional relationships. The
theory refined the research questions, and sughdke most appropriate methods of
addressing them. Moreover, the research problemmeais properly described, and gaps in

the literature identified.



The literature review formed part of this first ggain the application of the research
approach. This stage also involved a case studiN3DI in KSA. The case study is
constructed of data gathered through the reseamstruments mentioned, i.e. semi-
structured interviews and a targeted questionnamelving key persons in stakeholder

organisations involved in handling, use and provisif spatial data in KSA.

In the second stage, the outcomes of the literaaview and the data analysis, in addition to
the learning from the four NSDI collaboration iatives, UK, USA, Australia, and Canada,
were used to develop a proposal for an NSDI cofiaian initiative for KSA. The
development is relevant to the centralised moneathhierarchical system of government
found in KSA.

1.9 The Kingdom of Saudi Arabia (KSA)

As this research is undertaken within the cont&X®A, with its attendant features, a brief

presentation of the country is beneficial.

1.9.1 Brief Overview of History, Government, and Culture

The Kingdom of Saudi Arabia (KSA) was founded ir32%y Abdulaziz bin Saud, who
managed to unify the 13 emirates, and bring théreembuntry under his control. The
discovery and subsequent exploitation of oil frev&@ 1930s onwards marked a change in the
fortunes of a previously poor nation. By the 19660d through the 1970s, KSA witnessed a
significant economic boom driven by high internatiboil prices. The economic boom saw
phenomenal growth in infrastructure resulting imegmations accustomed to a fast pace of
technological change and adoption, in stark conttéts conservative, essentially Bedouin
traditions (Al-Saud, 2000).

KSA is governed by a monarchical system, with tliegkas head of State (U.S. Department
of State, 2010c). As the origin and birthplace lué ¥World religion, Islam, the country’s

constitution is the Noble Quran (Horrie & Chippitelal994). Since reforms in 1993, a non-
legislative, advisory body, the Shoura Council, wppointed, which is the means by which

people have a say in their affairs in the contéxslamic governance (Al-Saud, 2000).

Saudi society is strictly conservative, and rulgddtamic law, which lays down clear rules
for religious observance as well as public behayitncluding segregation of men and
women in education, work, and public functions @dud, 2000). At the same time,
hospitality and generosity are quite characteristithe Arab culture, and are extended to

travellers and visitors in great measure (Horri€@ippindale, 1994).

8



ST T TAET 'ﬂ‘i
' “‘L\N-Fﬁ' {5 S STy _1. |"ﬁi‘-‘vh",ﬂ 1 - mi
SRAEL -, N, 4, "'-".::- A = - o B0 km
.mlln N "c},."{? i e ~“. AN a0t
Fronm e ‘" TS

b i, SA62 T, AN-KAFOD ok
3 II 7 DESERT «% 1.'1""& | |E“.p. \
Pigeme | snumnnnﬂm i N e

: ' e : g, o™

g L)

© 2001 Erl‘;;}iphldlé ﬂéimf['f;;? 0

Figure 1.3 Map of Saudi Arabia emphasising desert charaat®f the Kingdom (Source:

Encyclopaedia Britannica, 2010)

1.9.2 Geography

KSA makes up a large part of the Arabian Peninsitaated at the strategic crossroads of
Africa, Europe and Asia. KSA is limited to the wéstthe Red Sea, and the Arabian Gulf in
the East, as well as the Gulf States of United Afabirates, Qatar, and Bahrain, while its
southern borders are with Yemen and Oman, anddftbern borders with Jordan, Irag, and
Kuwait. In land area, it is as large as Westerrogey stretching over 1,960,600 sq.km, and

lies between coordinates 16° 34' and 31° 52' N, ‘%nd 55° 10' E (U.S. Department of
State, 2010c).

As illustrated in Figure 1.3, KSA is mainly deserith an arid climate characterised by
extreme temperatures in the interior, and high kitgnin coastal areas. A large part of the
southeastern part of the country is occupied dyadi- al-Khali (Empty Quarter). The desert



nature of the Kingdom is highlighted by the facittbnly 5% of the land is inhabited, and
only 0.5% can be cultivated, while 98% is classeddasert (Encyclopaedia Britannica,
2010). This has presented serious and signifidaaitenges on the road to development, and

building the infrastructure of the country.

1.9.3 Population

In 2008, the country’s population was estimated28smillion, including a significant
number of foreigners (5.6 million). In the wake afassive economic and urban
development and growth, 95% of the population ideskin urban centres, in contrast to the

nomadic lifestyle in the past.

Ar Riyadh, the capital, is home to 4.3 million pegvhile other key cities such as Jeddah,
and Makkah have populations of 2.4 and 1.2 milliespectively. Other important centres
include Dammam/ Khobar/ Dhahran where 1.6 milli@ogle live (U.S. Department of

State, 2010c). A number of key cities and urbartresnare shown in Figure 1.4, and in
terms of significance, the most important are: Makland Madinah, the spiritual and
religious centres; Ryiadh, Jeddah, and Dammam @asesefor commercial and economic

activity; Jubail and Yanbu as the industrial hubs.

Al-Jubayl-
Ad-Darmmam

. Al-Madinah Al-HUfuF »

RIYADH *

e vanbu al-Bahr

Figure 1.4 Major Commercial, Industrial and Religious Cities. Source: ABC Maps of Saudi
Arabia (ITA, 2010)

Administratively, the KSA is divided into thirteaegions or provinces (Figure 1.5), which
are: Ar Riyadh region and its capital, Ar RiyadtycMakkah region and its capital, Makkah
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city; Eastern region and its capital, Dammam éNgsir region and its capital, Abha city; Al
Baha region and its capital, Al Baha city; Najragion and its capital, Najran city; Jizan
region and its capital, Jizan city; Madinah regamd its capital, Madinah city; Qasim region
and its capital, Buraidah city; Hai'l region and ttapital, Hai'l city; Tabuk region and its
capital, Tabuk city; Al Jawaf region and its capitd Jawaf city; and Northern region and
its capital, Arar city. The major government anovgie spatial data organisations are located

in Ar Riyadh, Makkah and Eastern regions.

AL Jawaf Region

Tabuk Region

Madinah Region

Ar Riyadh Region

Eastern Region

Makkah Region

Hajran Region

Figure 1.5 Regions of the Kingdom of Saudi Arabia

1.10 Thesis Outline

This thesis presents the investigation into “NadlonSpatial Data Infrastructure
Collaboration for the Kingdom of Saudi Arabia”idtdivided into ten chapters, and includes
a list of references and appendices containingldviiork questionnaire developed for this

research.

Chapter 1 provides an overview of the research lpnop and discusses the research
questions as well as its aims and objectives. &f ldescription is given of the methodology
and research instruments chosen to address tharegksguestions. The chapter highlights

the unsatisfactory situation of lack of collabawati and cooordination, as well as conflict
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among key SDI stakeholders. This has led to dupdicaof effort, and significant

shortcomings, leading to one example of a natitnagledy with regard to the flood disaster
witnessed in Jeddah City in late 2009. The chaptso provides essential background
introducing KSA, through its history, model of gomment, and culture, as well as its

geography and population.

Reviewing the literature, Chapter 2 gives backgdumn SDI from the historical
development perspective, and explains the coneeytsrlying spatial data and information.
Various considerations are presented, but prinlgiphht of information as infrastructure is
elaborated. The vital nature of SDI as a powernfigip®rt in decision-making is highlighted,
and the concept of e-government relevant to tisiseiss also described. A treatment of SDI
concepts including definitions, components, andci&archical nature is provided as well,

from the existing body of literature.

Chapter 3 continues with the presentation of NSptlescribing its nature, and its benefits,
and coordination within NSDI. Collaboration whetlwéthin organisations and jurisdictions
or stretching beyond that between organisationsjamstiictions (an important part of this
thesis), is then presented. This includes defimgiavhy organisations collaborate, the nature
of such collaboration, theories and strategies rgmisational collaboration, its forms,
outcomes and linkages to success. While the colwvetform of NSDI takes a top down
approach, a number of new technologies connectesbd¢@l developments are presented.
These have enabled a rapid, parallel developmemicoinmerce-, and consumer-led SDI, in
the form of a dynamic ‘GeoWeb’, giving insight inloe next generation, Web 2.0 form of
NSDI. The chapter ends with a brief summary ofrtsn points.

Chapter 4 presents the NSDI initiatives of fouraleped countries, UK, USA, Australia,
and Canada, which are considered to be quite addaric terms of their NSDI
implementation. The initiatives are presented \witthie frame of five main themes, namely
NSDI initiative objectives and vision, coordinatjodatasets, standards, and access. A

comparison between these country initiatives ia #laborated.

Chapter 5 provides the necessary background itadbearch methodology, by exploring
the nature of case study research designs, anditgtiga, qualitative, and mixed methods
research. It relates the methodology chosen far work to the research questions, and
introduces the survey questionnaire and semi-stredtinterview as the instruments used.
Moreover, a key aspect of academic research ingodthical considerations, which are

reflected upon in the context of the research study

12



Data collection undertaken in KSA is covered in @ka6, where the aims of the fieldwork
are outlined, and the activities described. A bdeakn of tasks leading to the conclusion of
this stage in the research is presented, as wethesarriers encountered. The target
organisations approached, which represent all tbé sSakeholders in KSA, and their
responses, as well as interview schedule and quesire coverage are also treated in the

chapter.

Chapter 7 provides in-depth coverage of the cumsination in KSA regarding spatial data.
The historical development of the SDI stakeholdar&SA is presented, as well as the
policy and legislation defining and regulating thebles. The chapter concludes with

barriers to spatial data sharing.

Chapter 8 presents an analysis of the data calldstequestionnaire. This includes data on
the organisations involved in spatial data in K&#&mats and standards, and organisational
relationships defining existence or absence ofnpaships and collaboration. The semi-
structured interview data will be used to suppeplain, and validate, i.e. triangulate,

questionnaire quantitative data, and give it maetlal

Chapter 9 explores current SDI initiatives in KS&adugh the key initiatives by main
stakeholders, such as MOMRA, Ar Riyadh Developnt@mmmission, and the Saudi NSDI
initiatives. Data on these initiatives was collecteoth secondary and primary sources,
including relevant reports, documentation, and slagion obtained directly from the
stakeholder bodies and their websites, as wellhesugh the questionnaires and semi-

structured interviews.

Finally, Chapter 10 concludes the thesis by outtjrits main findings (Section 10.2, pp.229-
236), its contribution to knowledge, the recommeiutes (Section 10.2, pp.237-240), and

suggests areas of future work.

1.11 Summary

This chapter has given an overview of the resegmadblem in the context of KSA,
supported by examples. It has mentioned key inigaf MOMRA, Riyadh, and Saudi
National SDI, which were developed independentlyeath other, and highlighted the
distinct nature of each, in dealing with collabaatat city, ministry and region, and
national levels respectively. It introduced theesssh questions as well as the aims and
objectives. The methodology and research instrusnehbsen to address the research

guestions were described briefly. Key facts abobifAKvere also given in the chapter.
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The following chapter will give necessary backgmum SDI in terms of its historical

development. It will explain the concepts behindtsp data and information, particularly
the consideration of information as infrastructu®®I as a key support in decision-making
iIs emphasised, and tied to the idea of e-governmklureover, SDI concepts and

definitions, its components, and its hierarchiclne will be outlined.
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CHAPTER 2: BACKGROUND TO SDI

2.1 Historical SDI Background

In the 1980s, Geo Information Infrastructure (G a term referring to the standards and
protocols for spatial data exchange among mappgences, was introduced in Canada
(Radwan, 1997). However, it was in the 1990s tharaness and interest in SDI pushed it
into the mainstream. The 1992 Rio Earth Summit agreement of Agenda 21 as a plan for
sustainable development actions; this signalledrnbed for high quality spatial data to
respond to the needs of monitoring environmentads (Nebert, 2004). In 1994, the US
legislated and established a National Spatial Dafeastructure (NSDI) arising from
collaboration between stakeholders in federal,llgogernment and private sector (Craglia,
2006; Harvey & Tulloch, 2006). This was followed Aynumber of initiatives to establish
SDI at national and international levels: e.g. thederal Geographic Data Committee
(FGDC) in the US (Harvey & Tulloch, 2006), the Pamant Committee for GIS in Asia and
Pacific (PCGIAP), the Australia and New Zealandtipanformation Council (ANZLIC),
the Global Spatial Data Infrastructure (GSDI) atitre, and most recently Infrastructure for
Spatial Information in the European Community (INSE) in Europe (Murray et al., 2007).
International SDI activity was greatly enhanced®$DI, seeking to coordinate activities
and evolve common standards for global access atasmlata, and especially since the

launch of its successful conferences in 1996 (NeB604).

2.2 Spatial Data and Information

A number of interchangeable terms have been usttkinontext of spatial information, i.e.
spatial data, spatial information, geospatial datag geographic information (Masser,
1998a; Groot and McLaughlin, 2000). All these terafer to information that describes and
characterises both geographical position, and altamnd built forms. However, in the

context of this research, only the term spatiah détl be used to express this meaning.

In the past, spatial data has been representediumder of forms such as by maps, survey
plans and navigation charts. Throughout historghsimformation was vital to settlement
activity, land registration, and to industry inrtey of demarcating logging, mining, farming

or other land use rights.

Ackoff (1989), Bellinger et al. (2004) and Clarkg004) studied the relationship between
data, information, knowledge and wisdom, as a msgion from data as a raw
representation lacking meaning to a highly perdsedl wisdom at the top of the

understanding spectrum. Clarke (2004) considerdd da facts arising from research,
15



discovery, or gathering. Ackoff (1989) consideredadas symbology or representation yet
lacking meaning, while information was data cokecin a context, giving meaning. In his

view, knowledge arose from extracting the pattemd trends from data and information,
and wisdom was a higher understanding based onopeknowledge and experience.

These ideas are embodied in the knowledge hieramubgel presented by Ackoff (1989)

(see Figure 2.1).

wWisDom

KNOWLEDGE

INFORMATION /
DATA / \

Figure 2.1 Ackoff’s (1989) model illustrating hierarchy ofknowledge

\

In extending this to geography, Masser (1998a)rsskat the combination of data and
metadata is information. Moreover, understandinigniglied by knowledge. In SDI, spatial
data builds up into information, and this accunedainto knowledge through comparison

and analysis. The ability to derive lessons anadiseover time leads towards wisdom.

Joining of
whaolas Wisdam
W]
Formation of o
Knowledge \
a whaole 9 . MNovelty
8
=
Connection 8
of parts
o
L
xperience
Data
Gathering
of Parts
Understanding -
Hesearching Absorbing Diaing Interacting Reflecting

Figure 2.2 Relationships between data, information, knowlige and wisdom (Source: Clarke,
2004)
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In Figure 2.2, Clarke (2004) reflects that data aridrmation come from the past. This is
when they are collected and given meaning by themtext. In contrast, knowledge deals
with the present. Wisdom, on the other hand, coathiexperience and ability to leverage

understanding used to address the future.

2.3 Information as Infrastructure

There are two competing concepts of informatioriorimation as a commodity open to
trading, and information as infrastructure. Eachasption results in a different economic
model for spatial information. The trade in digifaformation is seen as a pillar of an
information economy, i.e. information is treatedaasommaodity (Goodchild, 2003a)—with
the exception that the distributor does not surermvnership (Masser, 1998a). On the
other hand, the view of information as infrastruetbegan to take shape and was
subsequently formulated in US policy on the Natidnéormation Infrastructure (Clinton,
1994). According to Clarke (2004), an informatiomfrastructure consists of
communications networks and software, and so imduelxisting and future information
networks, i.e. Internet and all communications medhgies. Information infrastructure has
also been defined as ‘Shareable, common, enabling, enduring resouraehhs scale in its
design, is sustainable by an existing market, amdthe physical embodiment of an
underlying architectureby McGarty (1996, p.235). As can be seen, trgatimiormation as
infrastructure depends heavily on regarding it asesource; this can then be shared,
transferred, expanded, compressed and is difftoutiontrol, similar to material resources,
and as such an asset (Masser, 1998a); moreovas grduring and enabling characteristics
(McGarty, 1996).

According to Carbo (1997), a national informatiarfrastructure is seen to consist of the
following elements, which are similar to elementSDI:

« ‘“people

* information content;

* hardware and other physical components;

« software and other electronic information delivplgtforms;

e standards, codes, regulations, and other poliaied;

+ financial resources”.

In addition, Murray et al. (2007, p.3) indicate@ tlssues that are critical to implementation
of SDI:

e “Organisation Issues;

e Legal Issues and Funding;

+ Reference Data and Core Thematic Data;
17



+ Metadata for Reference Data and Core Thematic Data;
* Access and other services for reference data,thereatic data and their metadata;
+ Standards;

¢ Thematic environmental data”.

Hence, information infrastructure consisted of boilysical, and other supporting elements,
such as education, legislative, and legal framewdokaddress issues of privacy, security,

and intellectual property.

This conception is fundamental to spatial informatiwhich can be treated as an asset, and
infrastructure, much like transport and educatidrestructure, and hence vital for society to
function properly, according to Masser (1998a). 8idgrates spatial data with other data,
i.e. data on geodetic control themes and propaertntlaries make up the spatial reference,
while topographic, administrative boundary andistiaal data are some elements of the
SDL.

Regarding spatial data as infrastructure open$@pliscussion on regulation and financing.
Given the need to safeguard the public interest-ralieugh both the public and private
sectors to varying degrees may be involved in apmy, and managing SDI—regulation
becomes important to prevent monopoly or damagiagket practices (Masser, 1998a). In
financing, argument centres on how to view SDI, awvftether it is classic or network

infrastructure (Williamson et al., 2003).

Classic infrastructure exists for the public goatd is not rivalled or exclusive; it is
primarily financed with public funds, and to a sheltent private investment. In contrast,
the components of a network infrastructure are eotaul nodes, and the priority is attached
to performance over time; funding in this case @inty private sector, with little or no
public sector involvement, and so no single modsl $DI, rather a combination best fits

SDI economics (Williamson et al., 2003).

2.4 Importance of SDI in supporting Decision-making

Malczewski (1999) offered a broad definition of emn-making, as a choice between
competing courses of action. Hence, it is not i&stl to any particular area or discipline,
and includes geographical information science. Aateuinformation is the pillar of good
decision-making in every sphere of life, whethedeowith public or corporate governance,
or developing sound environmental policy, etc. Mfiison et al. (2003) refer to the
relationship between good governance and informa#s synergistic, such that good
governance stimulates proper flow of informationotlgh instigating robust frameworks,

legal, administrative, and socio-political, as wa#i economic; in turn, this information
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informs the decision-making process that resultgond governance. SDI development
encourages cross-disciplinary and cross-organisgticlassification of data to support

decision-making (Feeney et al., 2001; Williamsonlet2006; Carrera & Ferreira, 2007).

Sustainability involves a conscious decision, wh8reimanity has the ability to make
development sustainable—to ensure that it meets nwds of the present without
compromising the ability of future generations teamntheir own needgWCED, 1990). In
the area of sustainable development, the needspéienting Agenda 21 and Habitat Il
Global Action Plan demanded the collation, clasation of information, and definition of
appropriate containers, and standards for exchandenteroperability (Ryttersgaard, 2001;
Nebert, 2004). As depicted in Figure 2.3, sustdealevelopment essentially involves
decision-making that focuses on social, econonalitigal, and environmental conservation
and resource management as inputs (Ting and Witiam2001; GEOSS, 2005). However,
the legal, institutional, information technologydabusiness system infrastructures have yet

to fully emerge in concrete form (Ting and Willianms 2001; Carrera & Ferreira, 2007).

Striking the balance between the needs of the premad safeguarding the future in the
pursuit of sustainable development means decisiaking is reliant on information, which
is accurate, relevant, and presented in interaeinceaccessible form. The Rio Declaration
indicated the necessity for geographic informatiorguide decisions and management of
regional and global problems (Ting and Williams@000), which is provided by SDI.
Moreover, the Bathurst Declaration highlighted #ital importance of reliable information
infrastructure comprising spatial data to suppexision-making and resolving conflict, as

well as a repository for social, environmental asdnomic rights (see Figure 2.4).

Sustainable Development

Figure 2.3 Sustainable development resulting from equilibum between economic,

environmental and social forces (Source: Ting and Wiamson, 2000)
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Spatial decision problems involve geographical @atd information, and as such involve
multi-criteria decision-making due to the signifitenumber of alternatives that must be
analysed with respect to multiple criteria (Massd®80). The complexity of the spatial
decision problems is dictated by the number of iggeints in the decision process
(Malczewski, 1996; Massam, 1988). The complexig in the values and preferences of the
participants, which influence the process. Henog, @decision-making model must include

values and preferences in the multicriteria analysi

A Sustainable Development Objectives A
(Social, Economic, Environmental)

Decision Support Systems

Spatial Information

Spatial Data Infrastructures
 J P 4

Figure 2.4 SDI supporting decision-making to achieve theims of sustainable development

(Source: Feeney et al., 2001)

Multi-criteria decision-making is a feature of sintible development, which attempts to
reconcile issues in the social, economic, and enaient areas. This issue was highlighted
in the 1999 UN-FIG International Workshop on Larehiire and Cadastral Infrastructures

for Sustainable Development regarding sustainabnld-based resource use.

2.5 E-Government

E-Government is commonly understood to refer toddlkvery of government information
and services over the Internet (Williamson et2003). This has been enabled by the huge
progress in information and communication techniel®dICT), and especially the Internet,

representing a global information network infrastuae.

E-Government offers a number of benefits to a rafggakeholders, in allowing round the
clock access to government services and informatioaddition, government agencies can
consolidate their offerings through the single alprivith improved service and reduced
operational costs, and of course greater conveaiémaisers. Moreover, interfacing with
government is eased, with less need for face-te{fmocessing. E-Government also enables
enhanced processes for consultation, bringingthiwreach of a broader audience, whether
citizens, business or within government; this ibltkd e-Governance, where the relationship
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is more reciprocal and information flows are twoywenhancing participation in decision-
making (Williamson et al., 2003). However, concealmut privacy and security require
appropriate measures to be deployed. SDI is dritwahe flow of information between

stakeholders, representing an enabling mechanidm éechnological framework.

2.5.1 Saudi e-Government Programme

The concept of e-government was adopted by thei $mwernment as a prominent means
of achieving transformation in services deliverg alevelopment of the national economy.
The Ministry of Communications and Information Teology (MCIT) was directed by
Royal Decree No. 7/B/33181, dated 7/9/2003 (1024BH) to set out a plan for the
electronic delivery of transactions and serviceSAKRoyal Palace, 2003c). Yet, such an
initiative requires a transition to an informati@ociety, which involves a significant
collaborative effort to achieve it. The Saudi e-gmment initiative was setup in a
partnership between the relevant ministries, Fiearemd MCIT, as well as the
Communication and Information Technology Commiss{@iTC). The objectives of this
initiative were: (Saudi e-Gov program, 2010)

« Improving efficiency and productivity of the pubbector

< Improving the quality and accessibility of serviéescitizens and business
* Ensuring a higher return on investment (ROI)

* Ensuring the timely delivery of accurate informatio

The Saudi e-government initiative facilitates e-@uownent implementation in a
decentralised form, as far as practicable, andsstekssure collaboration and coordination
among government bodies. Implementation of the vegonent initiative focused on
several key principles (Saudi e-Gov program, 2010):

1. Asingle vision, agreed priorities, and uniformnfreworks and standards
2. Going beyond mere technological solutions

3. Following a decentralised model

4. Embodying the concept of component re-use

2.6 Current SDI Concepts

There have been significant advances in the theoderlying SDI, and a number of
concepts have been proposed. These were attemptiefitte, describe and create a
classification for SDI, identify influential factsrin development and application of SDI, as
well as evaluate how far extant theories were eglevA number of research trends have
emerged, among them, applying Hierarchical Spd®ahsoning (HSR) to explain the
hierarchy of SDI, applying innovation theory to $SBtudying SDI development using

product and process approaches, and looking &fffiset of GIS diffusion. However, despite
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these efforts, there is still a lack of definitioh what constitutes SDI (Williamson et al.,
2003).

2.6.1 SDI Definitions

A diversity of definitions have been offered for ISLy various authors, which in totality are
a basis for understanding, yet none is capablelltyf describing its dynamic and complex
nature (Masser, 1998a; Rajabifard and Williamsd@Q12 Williamson et al., 2003). While
SDI is an innovative concept, ambiguity surroundihg concept (Chan et al., 2001;
Rajabifard et al., 2000) and the lack of a unifafinition has caused fragmentation in
identities and nature of SDI as stakeholders pursdifferent goals (Rajabifard and
Williamson, 2001), hampered its ability to evolvithmthe demands of technical and user
environments, and failed to win the willing suppofistakeholders (Rajabifard et al., 2000).
This situation remains as the most serious chadléoghe future development of SDI (Chan
et al., 2001), since this contributes to the laick olear and comprehensive understanding of
the concept by different stakeholders, whethercedamia, different levels of government,
business (Rajabifard and Williamson, 2001; Williamst al., 2006), and even within the
spatial data industry (Coleman and McLaughlin, 399&is variety in views of SDI is
perhaps reflected in the diverse forms in whichai$ developed (Masser, 1999). Therefore,
it is essential to systematically classify and aiga these diverse definitions and

dimensions of SDI.

Table 2.1 presents the many definitions of SDI, als® highlights the common elements,
such as data, people, access mechanisms, staatarg®licies, in addition to the need for
sharing data and collaboration (Groot and McLaugt2000; Rajabifard and Williamson,
2001; Williamson et al., 2006).

Table 2.1 SDI Definitions according to different sources

Reference (source) Definition of SDI

SDI denotes the relevant base collection of teauies, policies and
institutional arrangements that facilitate the mlality of and access t
spatial data. The SDI provides a basis for spaliaa discovery
evaluation, and application for users and provideitkin all levels of
government, the commercial sector, the non-prefitar, academia and
by citizens in general.

=4

Nebert (2004)

NSDI defines as technology, policies, standards lanthan resources
Clinton (1994) necessary to acquire, process, store, distributeéraprove utilisation of
geospatial data.
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Radwan and Paresi
(1995)

O

SDI is a set of institutional, technical and ecoimrrangements t
enhance the availability, reliability and accedgipiof correct, up-to-
date, to-the-point and integrated geo-informatibmely and at an
affordable price to support decision-making proessselated to a
country’s sustainable development.

FGDC (2010)

The U.S. Federal Geographic Committee defines SPlaaset of
individuals, organisations, technologies and spatéta integrated tg
facilitate development and dissemination of spatiata and use of
geographic information technologies.

INSPIRE (2003)

The relevant base of technologies, policies andtituti®nal
arrangements that facilitate the availability oflatcess to spatial data.
Equivalent to Infrastructure for Spatial Informatio

ANZLIC (2010)

The Australian Spatial Data Infrastructure comprise distributed
network of databases, linked by common policiegndards ang
protocols to ensure compatibility.

Coleman and
McLaughlin (1998)

A Global Geospatial Data Infrastructure encompasbes policies,
technologies, standards and human resources necémsisthe effective
collection, management, access, delivery and atibn of geospatial
data in a global community.

Groot and
McLaughlin (2000)

SDI encompasses the networked geospatial databadegata handling
facilities, the complex of institutional, organisetal, technological
human and economic resources which interact with amother and
underpin the design, implementation and maintenariceechanisms
facilitating the sharing, access to, and respoesisk of geospatial data
at an affordable cost for a specific applicatiomd or enterprise.

Rajabifard and
Williamson (2001)

Viewing the core components of SDI as policy, asce®twork,
technical standards, people (including partnerghipsl data, different
categories can be formed based on the differentiremabf their
interactions within the SDI framework.

Masser (1998a)

The National Geographic Information Infrastructisea collection of
policy, data sets, standards, technology (hardwadtware and
electronic communications) and knowledge providingiser with the
geographic information needed to carry out a task.

CGDI (2010)

The Canadian Geospatial Data Infrastructure (CGPthe technology|
standards, access systems and protocols necesshaymonize all of
Canada’s geospatial data bases, and make theraldeain the internet.

2.6.2 SDI Components

Carbo (1997) identified a number of elements, whicbnstituted an information

infrastructure (discussed in section 2.6.1). Té&bleincluded these elements as proposed by

a number of authors.

There are a significant number of SDI models appéiound the world, and their common

non-discrete components are briefly presented bieTa.2. These models include NSDI in

the US (FGDC, 2010), the Dutch National Geograpghformation Infrastructure (Van

Loenen and Kok, 2002), Asia-Pacific SDI (Hollandaét 2001) and ASDI in Australia and

New Zealand (ANZLIC, 2010).
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Table 2.2 Component elements of SDI (Source: Warnest et a82003)

Data

Fundamental datasets are themes of spatial dadadest)as primary irh
supporting the key functions of a country or juigsidn, providing the
common spatial reference and context which undsnmiany other forms
of business information. An individual agency maysider fundamental
data in terms of the most important strategic spatta that supports it
business functions and processes.

Themes commonly considered fundamental can inayedeletic control
cadastre, administrative boundaries, geographicesaand localities
street address, transportation, elevation, hydsol@gnd orthophota
imagery. The list is not definitive and is deperndamthe priorities of the
responsible agency within each jurisdiction.

7]

People

Includes the users, providers, administrators amstodians of spatial
data and also value-added re-sellers. Users cacoiporate, small of
large business or individuals, public or private.
The broad application of SDI beyond the traditionapping and land
administration role means users and administratbigpatial data hav
very different qualifications and professional bgrunds.

1%

Institutional
Framework

Includes the administration, coordination, policynda legislation
components of an SDI. The institutional framewosk reliant on
successful partnerships and communication betwgencées within ang
between jurisdictions.

Standards

Consistent standards and policy are required tdlenthe sharing
integration and distribution of spatial data; herstandards for dat
models, metadata, transfer and interoperabilitystofage and analys
software. Policy particularly needs to be consisfen the pricing and
access to spatial data within and between jurisdist

wn v

Technology

Consists of the access and distribution networkgrimghouse and othe
means for getting the spatial data or datasethidousers. Technolog
also involves the acquisition, storage, integratiomintenance, an
enhancement of spatial data.

L =

Strong relationships, and in cases overlap, ex&ttvéen these SDI components and
attributes, yet they are not unigue in influencB@l development. Moreover, together they

do not constitute a fully structured model, but eassified to help study and discussion in

order to determine the institutional factors affegiSDI collaboration.

Dynamic

&

Access
Metworks

People

Policy Data

Standards

Figure 2.5 SDI components: nature and relationships (Souec Williamson et al., 2003)
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The dynamic technological SDI components, compgisatcess network, policy and
standards, control the interaction of people withtagd according to Rajabifard and
Williamson (2001). They proposed that the relatimpsis dynamic due to the steady
advances in technology, as well as the evolvingreadf user needs and expectations. First
generation SDI frameworks were built on the compésmenodel shown in figure 2.5, and
were focused on delivering products as the outpiswever, in later SDI framework
generations, collaboration has been greatly empbdsiparticularly at national level
(Warnest et al., 2003; McDougall et al., 2005). $lel’elopment is now based on sharing
spatial data through formal mechanisms of collatimma which clearly document the SDI

component of institutional arrangements.

Spatial data, value-added services and end-usemsaarthe unique constituents of an SDI
framework, but are joined by interoperability, piis and networks as influential factors
(Williamson et al., 2003; Williamson et al., 2006he above reflects the rather older idea of
an SDI being only about interoperability and pramisof data whereas modern architectures
for SDI, supported by OGC standards, increasingBssSDI as interoperability of service

components as well as data which can be chainesthieg (e.g. using Business Process
Execution Language or BPEL) to provide a wide diitgrof powerful applications to be

rapidly created from the multiple discrete data sexvice sources.

2.6.2.1 Data

Spatial data is the principal component in an $if as such, fundamental or core datasets
exist within all NSDI models. A fundamental datasetefined asd dataset which more
than one government agency requires consistenbmeticoverage in order to achieve their
objective$ (ANZLIC, 2010). In the framework approach takepnBGDC in the USA, seven
spatial data themes are used. Accordingly,
“The framework represents ‘data you can trust’ thetlavailable data for an area,
certified, standardised, and described accordingtcommon standard. It provides
a foundation on which organisations can build bydiag their own detail and
compiling other dataset¢FGDC, 2010)

Fundamental or core data has been defined in a eunfbways, yet specific datasets are
seen to be fundamental within an SDI, for exampexdetic control. This key dataset is
essential as it gives a spatial reference to asitipo with respect to specified vertical and
horizontal datums, and assures a specified levejuality as appropriate to SDI datasets
(Ryttersgaard, 2001).
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The best of use of spatial data can be achievedighr provision of metadata with clear
instructions explaining the limitations and potahof the data available. Moreover, systems

for accessing and distributing spatial data mudidib efficient and user-friendly.

The choice of spatial data themes to be includeédaerfundamental datasets was based on a
survey questionnaire circulated to a large sampbpatial data practitioners in the USA by
the National Center for Geographic Information @&walysis (NCGIA) on behalf of the
Federal Geographic Data Committee (FGDC). Thisnadtb the most commonly used, and
most demanded spatial data to be isolated fromldhge amount available, and thus
collected by specific stakeholders and added ioooe’ or ‘fundamental’ datasets (Frank et
al., 1995). These fundamental datasets would bénphe public domain within the NSDI,
and so realise significant cost, and time, saviogdl stakeholders, as well as benefiting the

US economy.

The survey of spatial data practitioners in the Utfped substantially in the development
of the US NSDI initiative. Fundamental datasetsjegein all, make up the framework,
which includes the guidelines and procedures negalexhsure integration and sharing of
data, and that regulate relationships between Istddters, and describe business practice
aimed at appropriate measures to promote use, ssuteamaintenance of the spatial data
(FGDC, 2010).

In Canada, fundamental datasets constitute the obrthe Canadian Geospatial Data
Infrastructure (CGDI). The fundamental data isemaliramework data in CGDI, and is made
up of spatial data, which describes the Canadiategband gives reference information, in
continuous and integrated form (GeoConnectionsQROTCGDI is built on a distribution
node model, in which spatial data is created, ple¥j distributed, and maintained by
various stakeholders. Fundamental data within CisMdIstinct compared to other NSDIs, in
that it has additional identification and is resmlvinto regional or national spatial data.
Spatial data at national resolution level is swgapliby federal bodies, and typically
comprises different demographic, environmental pimgsical themes, which are integrated
with the Atlas of Canada-maintained 1:1M hydro baBbe themes include Geodetic
Reference System, elevation, imagery, national,vipcial, municipal and electoral
boundaries, road and transportation network, potnarsmission network, hydrography,
parks, Indian reserves, defence and national d$gcmanes, toponymy, and structures
(GeoConnections, 2010). Regional resolution spatah is collected and provided by
federal, provincial, and municipal level organisas, and as such a range of accuracies, 250

to 1 metres. The CGDI fundamental datasets areuptsaf partnership between spatial data
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producers and resellers, covering the whole couatrg at levels of detail appropriate for

many different applications (GeoConnections, 2010).

Spatial data takes many forms, of which the comrmsibaee raster and vector data, imagery,
and digital photographs, grids, and triangulatedgular networks (TINs) (Frank et al.,
1995):
* \Vector data comprises geographic features define@rms of geometry as point,
line or polygon data, i.e. nodes, edges, or sustace
« Raster data comprises data in the form of normalerage geographic value at the
nodes of each part of a space subdivided in regatdangular patterns.
« Digital photographs comprise the pixel data defingeographical areas, such as
digital orthophotos.
« Imagery comprises the pixel data as acquired byifpahd sensors, such as images
taken by Landsat, AHVRR, and SPOT.
» Grids comprise data on elevation collected on gepabf squares or rectangles.
e Triangulated irregular networks (TINS) comprise ad@in elevation collected on

irregular patterns; typically in areas of signifit&levation change.

In addition, metadata may be considered a speicidld spatial data within an NSDI, but is
best discussed with standards, with respect tditfdirig access and dissemination of spatial

data.

2.6.2.2 People

A wide range of stakeholders across various juigths are involved in SDI at its different
levels, whether international, national, or loa&k., including the private sector and end-
users. Therefore, it is vital to classify stakeleotdby organisation spatial data functions and
business processes, spatial data requirementowasion, and the type of spatial data and
activity flows that can be realised among theseigipating organisations (Nebert, 2004).
This step allows a ‘community’ SDI initiative to benplemented to properly define
collaboration opportunities, and the costs, saviagd benefits that result in the wider

context.

Management of spatial data requires the conceptustodianship, where authoritative
sources of spatial data and services are identiffets ensuring proper accountability, and
from the user perspective, a degree of certainty amsistency, while assuring efforts are
not duplicated. This concept of taking respongibilor spatial data, on behalf of others, is

needed to create a robust SDI, allowing spatich gabducts to be created, acquired, and
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managed in a consistent manner (Thompson et @3)28odies chosen to act as spatial
data custodians or ‘providers” act as trusteesfferspatial data community, who integrate

spatial data and products in collaboration withta# stakeholders, whether providers at
national, regional, and local levels, or users. réfge, spatial data custodianship

concentrates responsibility at one body for albdatd products needed by users, with the
assurance of data possessing integrity, precisiorericy, and completeness (Thompson et
al., 2003).

While SDI efforts in the past were mainly providkiven, a significant change has occurred
at the same time as the move to a digital enviroin@iven the fundamental business case
of an SDI existing to meet user needs, SDI devetyrhas moved in the direction of being

user-driven, and user-focused (Williamson et &03).

2.6.2.3 Institutional framework

Traditionally, a central government monopoly exdsta the area of mapping; a situation
perpetuated over centuries. Thus, government mgpypidies exclusively undertook spatial
data collection and distribution. This has had ificgmt impact in modern SDI

development, and spatial data management (Nel@€4,) 2

Development of an SDI was at first conceived to gomcipally or solely the role of
government (Williamson et al., 2003). However, asanal datasets were accomplished, the
private sector emerged with an increasing role aliecting, supplying, and maintaining
spatial data and services. Thus the evolving rofepublic and private sectors saw the
former focused on developing the framework and gmedi, and adopting the role of
coordinator and facilitator, while the private secand wider spatial data community took

over service provision, and other non-core acésiANZLIC, 2010).

In a process of economic reform and rationalisatimapping and land administration
departments were downsized dramatically. The drakdigitalisation and wide acceptance
of GIS led to cadastral, transportation, and topplic dataset development. Yet, to a large
extent government functions related to spatial dataained fragmented and processes
mainly based on non-digital workflows. Through th890s, fundamental datasets were
integrated into single, national cadastral databaséh supporting Land Information
Systems (LIS), at the same time attempting to we/dhe various bodies in collaborative
effort (Chan & Williamson, 1999; Williamson et all998). However, spatial data activity
remained fragmented, where the various governmagatieb collected and maintained spatial
data within their own databases to suit their &gy, ranging from management of mineral

resources and the environment to agriculture. Gpresgly, a unified approach across all
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government jurisdictions was needed to achievenaistent framework consisting of spatial

data standards, policies, and specific processeofi@ection, maintenance and distribution.

As an enabling factor, e-government initiatives ended to greater coordination among
government bodies, facilitated by public sector ibsdtasked with the same. Such e-
government initiatives have ensured that commomnleas processes and reusable services
were identified, along with channels of digital amhation exchange between the bodies
concerned. Moreover, this has happened within a fewus of satisfying citizens’,

commercial clients’, and government users’ needhéxt, 2004).

The traditional monopolies with regard to mappiagl larisen due to the huge costs involved
in collecting spatial data and translating it im@p products, over time scales, which at
times would span decades. Maps were principallyfarothe benefit of consumers but were
linked to government functions in ensuring natiasedurity, conducting censuses, collecting
tax, and carrying out national planning and develept activity (Nebert, 2004). As such,
spatial data types and formats were dicated by sgek, and so the common products that
resulted were 1:100 to 1:5,000 scale cadastral mMape 1:500 to 1:20,000 scale urban
planning and development topographic maps, smafigdium scale, 1:50,000 to 1:100,000,
state topographic or ‘base maps’, and small scalg0J000 to 1: 250,000 national maps.

These maps became a common reference, and wereedidrom existing spatial data
themes and applications, which were needed at mabiofederal, state, and local
jurisdictions. Furthermore, there are common nesisss state jurisdictions in countries
with a federal model of government, which meant tmapping products were basically
interoperable across national administrative botiegaThe arrival of GIS was a significant
advance in spatial data use, types, and naturk,thét provision of a variety of spatial data
products and services. This meant higher levelcoéssibility, and functionality, such that
end-users anywhere could create maps to suit tiesids from their desktop using GIS,
satellite imagery, GPS surveying, scanning and istpated software applications (Nebert,
2004).

Within this new environment, spatial data custodiadies were involved in the essential
tasks of developing the appropriate license antepirangements and policies for the SDI
institutional framework. Such measures are impaoitaprotecting the intellectual property,

commercial, and legal rights of spatial data uses providers, and must be balanced with
obligations to serve the community, promoting depelent of the spatial data industry, and

making sure that price does not present an obstaclee of spatial data. The management,
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and reduction, of risk associated with spatial dest& is achieved by developing appropriate

terms and conditions, and licensing arrangemeriter(ipson et al., 2003).

2.6.2.4 Standards

Spatial data standards are claimed to represeay &d&mponent in SDI development. The
existence of standards, in particular internati@tahdards, facilitates discovery, exchange,

and use of spatial data across the world.

A vital element allowing spatial data to be desedipand products to be shared, is provided
by technical standards. Such standards are dewkleipie the aim of facilitating access, and
contributing to greater integration and data quadihd include systems of reference, models
for data, specifications relating to data qualitsgnsfer protocols, and importantly, metadata
(Eagleson & Escobar, 2003). While early standamtsuded on the spatial data delivery
aspect, currently evolving standards grant greattgwhasis to the user side with respect to
access to spatial data, and so involving softwatedata exchange protocol interoperability.
Development of standards is being undertaken bywsing bodies and international
standards organisations, such as Internationalriation for Standardisation (ISO), Open
GIS Consortium (OGC), Worldwide Web Consortium (W3&hd national coordination
bodies in various countries. The aim of these &ffs to provide standards, schema, and
specifications enabling spatial data sources tonconicate effectively and ensure that

diverse users enjoy access to the SDI.

2.6.2.5 Technology

In the area of spatial data, technology provide®ua opportunities, but at the same time, is
not without challenges and limitations, in terms haw spatial data is collected, used,
managed, and disseminated. The technical archieectian SDI represents its physical
nature and features, comprising clearinghouseg/anks facilitating access and distribution,

and whatever means that enables access to spat#isdgranted to end-users. The main
technical concepts relating to development of anl & presented in the following

discussion, and as such it will be seen that SDobtonly a matter of housing all spatial data
in one place in a central repository or server. dtheances in ICT have allowed an SDI to be
deployed in the form of a distributed network, wherhuge amount of spatial data is held
on remote servers. In this form, access is notdithby geographical location, but by access

to the Internet, and bandwidth considerations.

In the context of SDI, the technology aspect ineslvstandards, clearinghouses, and

metadata. A clearinghouse is defined asdécentralised system of servers located on the
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Internet which contain field-level descriptions afailable digital spatial data (FGDC,
2010). As such, it represents a digital facilityngrising a number of servers on the Internet,
where spatial data acquired from various sourceg b® advertised, as well as made
available to be searched, viewed, transferred redjand distributed (Crompvoets & Bregt,
2003). Spatial data discovery, search and accesgilgated using metadata, which has a
standard format, and describes the available $gita. Metadata in standard form allows
querying of spatial data held by all the bodiesunSDI. Therefore, a clearinghouse can be
thought of as a large shopping centre where spdétd from participating suppliers is

available to users (Crompvoets & Bregt, 2003).

In SDI development, the conceptual model based distabuted network offers a robust
and valid type of SDI technical component. Moreovtlis equally valid, regardless of
whether it utilises a clearinghouse or not. Inragge illustration, an SDI may be thought of
as a collection of rules and responsibilities agaplio a cabinet with maps filed in it. In this
scenario, responsibility for updating these mapesess policy to the maps cabinet, and price
of maps is clearly defined. An SDI utilising a dieghouse allows users access to spatial
data at anytime, anywhere, and allows them to ma#kemed decisions about suitability of

the spatial data to their application before orteor downloading it.

An example of a clearinghouse within an NSDI ist thraintained by FGDC (located at
http://www.fgdc.gov/clearinghouse/ clearinghouselhtcataloguing national spatial data.
The clearinghouse is built on Internet technologg aises the ANSI Z239.50-1995 (1ISO
10163-1995) search and retrieve protocol, origgndéveloped for bibliographic records of
library holdings, and comprising a client and ses@tware application. Spatial data on the
clearinghouse may be queried, and searched, wetls¢hrch results being presented to the
Web client in any number of formats (FGDC, 2010pdH is the name given to a
clearinghouse site in the network, consisting afttservers. Each node is expected to have
links (hypertext) in the metadata records for dildawnload of spatial data in a particular
format. If the spatial dataset cannot be downloatiesttly due to size, details of the body
holding the data is given, and the data may theretpeested directly on appropriate storage

media. As such, a directory listing spatial datavjiters is also available (FGDC, 2010).

The distributed network concept of SDI involves mtinan a metadata registry facilitating
access to spatial data, which is searchable, andbeaqueried, and viewed, printed or
downloaded in raster or vector format. The distedu network concept requires
implementation of various protocols and standaaisidata exchange from the ISO TC211
geographic information working group, Open GIS Guwtiem (OGC) (see Figure 2.6), and
Worldwide Web Consortium (W3C) (ANZLIC, 2010).
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OGC Web Services "Vision"
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Figure 2.6 OGC Web Services (Source: OGC, 2010)

Therefore, in an SDI implementation, the clearingd® is a powerful means to enable
collaboration among stakeholders in making theimatigh data available. In this
implementation, servers can be located at anydigtisnal level, and configured as “peers”
in the network without a hierarchy, and so userg maery individual servers directly with
negligible transactional processing (FGDC, 2010).

The next generation of technology underpinning rabggaouses is also being developed by
OGC and others. These would replace the tradititmadry” and then “retrieve” a graphics
file via Web Mapping Services. In contrast, the sdmage would be assembled locally on
the user’s desktop through a small file with anringion set downloaded via Web Feature
Services. This would significantly reduce the baiuiliw and communication capacity
requirements, as large files need no longer be tbagded.

In this context, clients are distinct from distribd systems, in that: thin clients require other
components to service requests, for them to funcfidhe components may be servers, or
middleware. Thick clients, in contrast, do not nedter components to manage and handle
data and metadata, and computations, but do sosdtess. In this case, thick clients issue
low-level data-access requests to acquire inpetgsiieed.
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Both thin and thick clients offer alternative adisges, where thin clients are normally
configured with littte RAM and low power CPUs regog simple software providing
limited flexibility and functionality, for exampleandheld devices and mobiles. Such a thin
client is easily built, and can be simply embeddeih general-purpose software
components. In contrast, thick clients leveragaiBant power allowing them to process
data retrieved from servers or server-side compsnewvhich consequently do not need
much functionality (OGC, 2010).

These advances in Internet technology and sergieemfluencing SDI development for the
future. SDI is now being employed to cater for gimmyvdemand in provision of consumer
location services through mobile devices, navigatigstems, etc. SDI must also satisfy the
need of communities for a robust system that premetonomic, and social development as

well as safeguarding the environment.

2.6.3 Hierarchical Nature of SDI

Hierarchical structures exist nearly everywhereature and the man-made environment,
e.g. taxonomies, organisations, databases, poblggstems and government, and parent-
child human relationships. The properties of higharal systems include simplicity and
complexity, upper and lower levels, and nestedesystthat diminish in strength; these
properties have been adapted in some spatial galacations (Eagleson et al., 2002). In
addition, great similarity can be seen between &®Jelopment and that of political and
administrative systems (Chan and Williamson, 1998 hierarchy of SDI systems can be
seen in a top down umbrella view, or a bottom ujgdmg block view (Rajabifard et al.,
2000; Williamson et al., 2003).

Less detailed data I

Global Planning » \ Global 5D
Regional Planning . L Regional SDI
National Planning ey = National SDI

State Planning el — State SDI
Local Planning — Local SDI

oooooooooooooooooooooooooooo CEBOOND

sy
SO

Figure 2.7 Degree of detail in data related to different Bl and planning levels (Source:
Rajabifard et al., 2002)
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Referring to Figure 2.7, Rajabifard et al. (2008gent a view of the various levels of SDI
and their relationships, including data flows. Maletailed information is gathered at state

and local level for the purpose of delivering seegi and planning.

The hierarchical structure applied to SDI is impattin developing consistent structures to
hold data or databases, yet development and impl@tnen are not appreciably affected by
its absence (Masser, 2005). In practice, a nationtdderal body may elect to deal with the
local level, short-circuiting the state level. Hieshy in SDI is well understood in the

relationships of administrative and political lev€¢Rajabifard et al., 2000; Williamson et al.,
2003).

GLOBAL

REGIONAL

NATIGHAL/ - \
ETATE/ . ,\
[———\

Figure 2.8 Hierarchy of SDI collaboration (Source: Rajabifrd et al., 2000)

Figure 2.8 illustrates the complexity of the redaghips, vertical and horizontal, tying these
levels in SDI. The importance of such SDI hierarcalationships lies in the sharing and
flow of data and information that arise from cobiadtion between political/administrative
levels. This view of collaboration can then be eefed in analysis of similar complex
relationships between the public and private seesrwell as the individual stakeholder
organizations involved in the SDI. However, thigsdkeof detail and complexity is beyond

the scope of Figure 2.7, from which a lower ‘cogieftlevel is notably absent.

2.6.4 Product-Based and Process-Based SDI models

Since SDI may be seen as an innovation, which tegubifferent views of what an SDI is,

and derived from this difference in views, differemodels result. As such, SDI development
may be viewed from two main perspectives, namelgdpect-based or process-based
(Rajabifard et al., 2002). A product-based modeSdfi development assumes a project-

oriented approach with a focus on outcomes andewdirly goals within the context of
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technical solutions. In contrast, a process-baggmoach is focused on development of

spatial activity and data management systems, guves and processes.

Technology Components

Policy
People Access Network Data
Standards

Defimtion
Collection

Tt gration

Data Base Creation
Dissenuiation

A) Product-Based Model

SDI
———— Communication Ch 1 P [ Facility
| People I Knowledge Infrastructure and Capacity Building

—
Coordination
Facilitation

B) Process-Based Model
Figure 2.9 Product- and process-based SDI models (Sourdgajabifard et al., 2002)

Metadata
directory

These two perspectives or theories in the develapafeSDI are identifiable by looking at

SDI initiatives with respect to their strategiesns, objectives, and status at the various
levels (Rajabifard et al., 2002). The product-basedprocess-based SDI development
theories are illustrated in Figure 2.9a and 2.9ipeetively. In the first model, a core aim of
SDI developed according to the product-based appramto connect all the spatial data
databases at all political or administrative judsdns. In the other model, an SDI

developed according to the process-based appr@achsits key aim to properly define the
framework within which spatial data assets anduesgs can be managed effectively. The
emphasis, therefore, is to achieve good communpitgbathways for sharing within the

spatial data community of stakeholders, and notetydp technically link databases. This

view encapsulates the nature of an SDI as comprischnical and social aspects.

2.7 Summary

It is recognised that government policy and deosiare vitally supported by SDI, which

contributes greatly to satisfying national socetonomic and environmental needs and
aspirations. Yet, even though the key nature of 8Dhgreed, contrasting views exist
regarding its nature and characteristics, and hest bb ensure progress in this respect.
While significant progress is being made in théntécal or technological aspects of SDI, as
well as in the area of standards, the managemehinatitutional aspects of SDI have been

somewhat ignored. By nature, SDI relies on multele multi-jurisdictional interactions of
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great breadth and complexity between all stakelsiitem all sectors; it brings together the
public and private sectors, academia, and wideegodvlanagement of such a diverse and
wide-ranging stakeholder base falls to the pubtid arivate sectors, which represent the

main spatial data producers and users.

This chapter has given the necessary backgrousdDtpincluding historical development.
It has explained the concepts underlying spatidh dand information, and presented
information considered as infrastructure. SDI makg®werful support to decision-making,
especially when linked to e-government. SDI defimi$, concepts, components, and

hierarchical nature were also discussed.

The following chapter looks at NSDI and collabarati generally, with respect to the
different jurisdictions, sectors, and stakeholdirgives a description of NSDI, and explores
its nature, benefits, and organisational linkag&sllaboration is also explored in terms of
the necessary inter-, and intra-organisationaticglghips. It also looks at the potential of

new technologies to bring greater inclusivenes$$3®I models.
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CHAPTER 3: NSDI AND COLLABORATION

3.1 Nature of NSDI

The hierarchical view of SDI illustrates that tleationships, both vertical and horizontal,
between SDI stakeholders underpin the mutual depeed of the political and
administrative levels. This research studies thresstionships, principally the horizontal
relationships, and how they affect NSDI. Williamsetral. (2003) argue that such horizontal
relationships have not been properly addressedanapplication of hierarchical spatial
reasoning (HSR) to SDI. Moreover, while there iseagnent on the constituents of SDI, the
view of SDI at the national level is still inconsist. At country level, ambiguity surrounds
who is responsible for developing and managing N3Dlthe hierarchical view, whether
NSDI is solely about national level actions of exd@ government, or whether it refers to
the totality of contributions of all SDI stakehotdet all levels, is discussed in the literature.
The whole view of NSDI, in terms of bottom-up ang@-down contributions, is reflected by
the Building Block and Umbrella views respectivéiRajabifard et al., 2000). In this sense, a

useful definition is expressed in the 1994 Exeeutivder by President Clinton, where:

“National Spatial Data Infrastructure means the taalogy, policies, standards, and
human resources necessary to acquire, processe,stistribute, and improve

utilization of geospatial datgClinton, 1994)

In practice, developing NSDI is a challenging umaleng due to misconceptions
surrounding the term, as mentioned in part prelyowsor example, in the US different
views of NSDI are represented in different levdlghe hierarchy (Harvey & Tulloch, 2006).
At federal level, the agencies responsible foriapdata sharing view NSDI as the natural
extension of their traditional mandate as custai@inspatial datasets to create consistent
spatial data layers across a national hierarchijewvite local agency level considers that the
proper approach would be to ensure greater resplaind more up-to-date spatial data in
important locations, such as urban or environmbntensitive areas (Tosta, 1999). This
inconsistency in practice can be traced back tavile variety of interpretations assigned to
NSDI by stakeholders in different levels of the Sidrarchy (Rhind, 1997). Inconsistent
understanding of NSDI affects actions and therefateomes (Tosta, 1999), and so there is

a need to develop SDI vision and a strategy folémgentation (Cetl et al., 2009).

The notion exists that NSDI is a continuum, andd#ferent countries may be found at
different points on this continuum (Williamson ét, 2003; Cetl et al., 2009). There are

countries leading in NSDI development, while othenginly in the developing world, that
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are either only beginning to consider it, or confiog issues of capacity, and institutional
and stakeholder relationships (Cetl et al., 2008g difficulties facing KSA in this regard

are presented in Section 8.9.4 (pp.194-199), basdtie data gathered in this work. NSDI
consists of a number of key elements: people, ydlicd technology, which by nature

provoke conflicting perspectives.

Strategy, in contrast to infrastructure, considtpaicy and institutional components that
guide infrastructural development; properly applid&DI strategy leads to continuous
improvement and roadmap to the future. Yet, itashbnational strategy and physical and
non-physical infrastructure that bind a country’SIN. In addition, NSDI concerns
managing assets comprising spatial datasets andrtfolip of S| assets distributed
nationally (Masser, 1998b; Williamson et al., 2006ational land and mapping agencies
spearheaded first generation NSDI efforts, andtagti cadastral and mapping information
overlaid with census data (Masser, 1998a). Thiatetka government-centric approach to
NSDI. However, system of governance, and the dilmezof responsibilities and actions,
dictates the nature of NSDI development. There wagmificant differences between
countries according to whether they were centrdlmefederal systems. This is reflected in
Table 3.1 below from Masser (1998b) illustratesséhelifferences and also the greater

complexity in coordination as more levels/stakebaddare involved.

Table 3.1 A sample of NSDI strategy countries: responsilities of each government level
(Source: Masser, 1998b)

Britain . United States
(incl. Wales) NEITETEES AETENE of America
Land titles Land titles
registration, registration, Some small-
Small-scale
Central small and small scale .
. mapping,
Government | large-scale and large-scale | mapping, T
; . L statistical data
mapping, mapping, statistical data
statistical data | statistical data
Land titles Some land titles
. registration, registration and
ggﬁgﬁgg? N/A N/A smalland small- and
large-scale largescale
mapping mapping
Some large-scale Land titles
: Some large- . .
Local mapping, registration,
None ; scale
government population . largescale
. mapping .
registers mapping

In centralised government systems, the governmesunaes sole responsibility, while in a
federal system contributions come from state awdllgovernment levels as well (Masser,
1998b). However, it is increasingly common nowadéys the private sector to have

responsibility for what in the past was that of jmimnapping agencies. Moreover, overall
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responsibility for NSDI may be devolved from goverent, whether federal or central, to
another entity. While first generation SDI involvieehd and mapping agencies as the prime,
and sometimes sole, stakeholders, NSDI has nowedolo include a wide range of

stakeholders.

Interestingly, Warnest et al. (2005) undertook ®sicbf NSDI in Australia, from which a
model for collaboration emerged. This model wagest#o be applicable to countries with a
federal system of government (Warnest et al., 2063grms of the present research focused
on the monarchical and centralised system in K$Ayduld be beneficial to explore the

extent to which such a model could be applicablat, all.

3.1.1 Benefits of NSDI

There are many benefits to be gained from an NSDmany spheres, including the
economy, environment, policy and planning, disastenagement, and defence. In these
areas, the availability of spatial data on a nationfrastructural scale is crucial (Warnest,
2005). In fact, spatial data is now of such impoectin a wide variety of activities and
across disciplines that its impact is of huge digance in monetary terms, employee
satisfaction terms, organisational improvement,attng new business services, and
implications on transparency measures and gregtenness yielding wider community
participation in processes of governance (Eurog@ammission, 2006). In the developing
world, NSDI is expected to help address issuescally affecting communities, such as
HIV/AIDS, and food shortage (SADC, 2004b), as wel land use policy, and
environmental information and decision-making (SAD@004a). Given the highly
publicised and large-scale natural disasters rcdfurricane Katrina, the Sichuan and
Haiti earthquakes, the Indonesian and Japanesanssin and large-scale flooding in
Pakistan, and many other areas of the world, giani area of crucial importance where
NSDI promises to deliver tangible benefits. In tion#ical circumstances, NSDI can support
collaborative decision-making for effective managebof emergencies, e.g. through hazard
mapping and more accurate representation of thetsin (Rauschert et al., 2002), and also
preparedeness for disasters (Farthing, 2010). Ample of GIS in action comprised crowd-
sourced online mapping, in the aftermath of theéhgaiake in Haiti in January 2010, where
an OSM solution was used to map out emergency soutethe disaster zone in a
collaborative effort by volunteers worldwide ovefeav days (Neis et al., 2010; Zook et al.,
2010). The importance attached to this aspectdtashe US to spend over $2.1 billion on
emergency management measures in 2003 alone (NENI24). However, the scope for
NSDI is not limited to the immediate needs of disagelief and rescue efforts, but
continues beyond that into the complex stages ahrphg recovery, and engaging in

reconstruction, and recurrence prevention meadi@ater, 2003). In this context, NSDI
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provides spatial data in a searchable and accimate and delivers it rapidly to address the
incident in its location (Goodchild, 2003b).

In addition, NSDI is key to information regardingtional infrastructure, including water
sources, energy infrastructure, communicationsteantsport, as well as digital information
networks (Kelmelis & Loomer, 2003). Disruption tach infrastructure can have serious and
potentially damaging long-term effects. TherefoSDI properly guides planning and
implementation of measures to effectively guardirsgiaany eventuality affecting critical

infrastructure.

In conclusion, the literature quantifying the bétsebf NSDI is still evolving, as evidenced
from European Commission (2006). The gains from N&&n be assigned to areas of
economic, social and environmental importance, evemanagement, reduction in
duplication, cost-savings due to ready availabil@f information for protection of

infrastructure and disaster management, sustaimokvelopment and improved government

policy-, and decision-making (Warnest, 2005).

3.1.2 Coordination of NSDI

By its nature, NSDI involves a diverse range ofkeleolders, and as such presents a
significant challenge in achieving proper integratand coordination. In the context of this
study, a relevant research question.idiow is executive responsibility mapped between the

stakeholders? and who is responsible for NSDI dizra

In management of NSDI, a number of choices arelablai the central or top down
approach enacted either by a centralised or federarnment system, a non-governmental
body with overall control, or a distributed effamt many aligned by a shared vision, aims,
and interoperable standards (Tosta, 1999). Thecehinimany cases has been decided by the
nature of the political system in place, and théniteon of NSDI and perception adopted
(Warnest, 2005). In many instances, independeniebddave been formally tasked with
NSDI coordination (Masser, 1998b), and indeed ulfdbr@rganisations have maintained
consistency by assuming this role at both naticsadi regional levels. Moreover, this has
afforded scope for involvement of the private segyerhaps in the form of public-private
partnerships (PPP) (Murray, 2007). An example dbrefto achieve a coordinated
development of SDI, INSPIRE is a legislated framdwior pan-European SDI (Murray,
2007).
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3.2 Nature of Organisational Collaboration

A number of sources can be found related to cotktion between organisations, its forms,
motives, risks, benefits, and determinants of sgcetc., reflecting a wealth of approaches
and ideas. In the area of spatial information, B collaboration such as multi-partner
projects (Grant & Roeberge, 2001; Jacoby et aD2P®ave been studied. In recent years,
collaboration transaction cost has fallen signiftba which can only serve to encourage
greater organisational collaboration (Lank, 200@preover, collaboration has become a
feature of inter-organisational relationships (@&t al., 2005), and described by a variety of
terms, such as partnership, network, coalitionjammtle, association, co-operative,
community, collective, forum, and consortium (LankQ06). Yet, it is notable that
collaboration between organisations has been obdetw be a product of necessity,
provoked by “resource scarcity” or “performancetrdiss” (Schermerhorn, 1975). In the
development of NSDI, the diverse activities andkedt@lders will ultimately lead to as

diverse a set of forms of collaboration.

3.2.1 Defining Collaboration

Oxford University Press (2001, p.161) defines “abtirate” as work jointly on an activity
or project’; also to ‘band togethercooperate, join forces;informal: pull together, team up,
work togethel, and collaboration as association, concerted effortcooperation,
partnership, tandem, teamwotk Similarly, cooperate is defined aw6rk together towards
the same eridalso to, ‘act in concert, collaborate, combine, conspire,phebch othéer
While cooperation is given asssistance, collaboration, cooperative effadordination,
help, joint action, mutual support, teamwofBppositescompetition”. Coordinate is given
as “1 bring the different elements of (a complex actiatyorganisation) into an efficient
relationship 2 negotiate with (others) in order to work togetheffeetively (Oxford
University Press, 2001, p.189).

Therefore, collaboration holds significant valueotganisational relationships, where terms
such as cooperation, partnership, coordination, Gimdpetition as an opposite, signify an
efficient negotiated working relationship, to acliean agreed objective in the midst of

complexity.

Furthermore, Prefontaine et al. (2000) highlightedllaboration as support that is
“reciprocal” and “voluntary” in providing servicetawrence et al. (2002) included the
element of negotiation in a relationship built cmnstant communication, where neither
hierarchy nor market exerted control. While Gra984, p.5) described collaboration as a
multi-participant process, in which the joint séafor solutions takes thenbéyond their
own limited vision of what is possible

41



3.2.2 Strategies and Theories of Collaboration

No single theory or approach has emerged to fubplaén collaboration between
organisations (Child et al., 2005). Attempts haweuted on providing a view of
collaboration on the basis of economic, organisatistrategic management, and game
theories. In economic theory, inter-organisatiot@laboration has been explored in terms
of market power, agency, transaction cost and yalnd resource base theories. However,
economic theory has been found to fail to accownttfust among other elements in
collaboration (Child et al., 2005). In a game tlygoerspective, collaboration is seen to offer
better outcomes in the long term than competitiod adversarial relationships. Yet game
theory can only give satisfactory predictions ofcomes, and is inadequate in accounting
for organisations as multi-person entities withtaéh complex interactions that can occur at
the individual and day-to-day level (Axelrod, 199If) strategic management, the objectives
of sharing risk and costs, reducing overheads, &gburce dependence motivate
collaboration. This necessitates significant eftorproperly align the strategic objectives of
the collaborating organisations in order for allachieve their goals (Child et al., 2005).
From the view of organisation theory, the structofethe collaboration takes on vital
importance, as it maps out the extent of contr@pemdence, and contribution of

participants, as well as the tensions and confli@s must be negotiated (Child et al., 2005).

3.2.3 Motivation for Collaboration

A number of factors have been proposed as motimefofming a collaborative relationship
between organisations. Hence, organisations seékcallaboration in adversity due to
resource scarcity or performance stress (Schermerti®75). In addition to the factor of
“necessity”, other factors, such as “asymmetry,iprecity, efficiency, stability, and

legitimacy” are also ruled as essential (Oliver9Q) especially, where the decision to
collaborate is made consciously, and deliberataby wiear perspective of its aims and

causes (Oliver, 1990).

Collaboration is elaborated on a basis of shartstasts and goals, and where a slight loss
in control and autonomy has little effect on thgamisations concerned. This “reciprocity”
is based on exchange theory, in which the collabmsaxercise the will to achieve balance,
fairness, and are mutually supportive (Oliver, 1990 seeking to mitigate uncertainty in the
surrounding environment, organisations may turcdtlaboration; Oliver (1990) refers to
this as the “stability contingency”. Uncertainty yrae the result of scarce resources, unclear
picture of a changing environment, and uncertaaiigut future trends (Oliver, 1990). The
strong interdependence that may exist between atlunworganisations is a powerful

motivator for collaboration and pooled resourcdsisinterdependence may be in areas of
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information needs and flows, policy-making outcomasd management of economy or
environment (Gray, 1989). Organisations may feecdd to seek to legitimise their
existence or actions, and therefore seek out awiimg partners. The issues at stake may
be to do with prestige and reputation, or simpljitten with current fashions (Oliver, 1990).
Moreover, collaboration may be the most appropratswer to a situation where within a
single jurisdiction there is significant fragmemat as in the case discussed by De Vries
(2008). In this case, intra- or inter-organisatioc@laboration allows more consistent and
effective structures to be realised (Rogers & Mulfd982; Child et al., 2005). Confronting
evolving legislative and regulatory pressures maxerte overwhelming force on
organisations to collaborate (Oliver, 1990). A shge of resources, whether funds,
materials, or manpower, etc. can force organisattonseek collaborating partners, with a
view to improve efficiency and cut waste and iredfncies (Rogers & Mulford, 1982). All
these may make collaboration a more attractive gmitipn for organisations and intra-
organisational jurisdictions. In the context of NSRollaboration between a range of
stakeholders would be critical in ensuring compitijb of spatial information, and
protecting and tackling shared interests and cois¢ermong others (Tait, 2003; Cetl et al.,
2009).

3.2.4 Intra- and Inter-Organisational Nature of Collaboration

The existence of shared needs and responsibiliaes, common business processes
encourage collaboration of stakeholders acros®mseaovernment and communities. This
collaborative stance can take the form of commesitf learning, which fulfil the need to
share knowledge and learning both within and amanggnisational jurisdictions (Soekijad
et al., 2004). Such example of communities of jicactake the form of networks with both
dominant and equitable relationships co-existingthbwithin the same organisation and
jurisdiction, and between organisations and jucisoins (Wenger, 2004). Intra-
organisational communities of practice work to gringether important knowledge residing
in different parts of the organisation. Personretivorks function to maintain and develop
the expertise of those in different parts of thganisation, who share common interests and
perhaps activities, whether in temporary or permanpositions. Therefore, such
communities cut across functional and administeajiwisdictions to disseminate, develop,
and utilise valuable knowledge and expertise tohiteefit of the organisation. Moreover,
the communities of practice may cut across orgéoisa lines, in an inter-organisational
collaborative form, which ensures the benefit aireld knowledge and expertise is available

to the parent organisations (Wenger, 2004).

Collaboration both within and between the staketisldn NSDI is critical for its success

(Williamson et al., 2003). Moreover, the horizontelationships within each SDI level
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between and within stakeholder organisations argreft importance, as much as the
vertical relationships between different leveld, igmains deserving of more attention in the
literature. In its implementation, SDI is not boubyg administrative or other boundaries,
rather it acts as a unifying force bringing togetie stakeholders within organisations, and
stakeholder organisations themselves (Rajabifaral.e2000). Collaborative relationships
between government, industry, and academia arel wda NSDI, through shared
responsibility for maintaining spatial informatiogefining policy for access, standards, and
inter-operability (Tait, 2003). Hence, NSDI shouhget the needs and expectations of all its
community of stakeholders, and the wider world, rgheollaboration harmonises policies,

approaches, and management issues relating tosapcieing, etc.

3.2.5 Collaboration Structures and Outcomes

The goal of collaboration is to achieve a set acpnceived outcomes for participants,
whether quantifiable or not. Benefits gained frasfiaborating include:
» Gaining broader learning and capabilities, e.g.roomities of learning;
* Acquiring a wider variety of resources;
¢ Reduced exposure to risk and better managemennawrtainty, which is shared
among collaborating stakeholders;
* Wielding greater influence in the area;
« More effective tackling of issues through a widspert base of collaborators (Alter
& Hage, 1993).

However, collaboration also introduces risks anésdaot come without a price. In the
context of information resources, a number of oé@endencies have been identified:
pooled, sequential, or reciprocal (networked) (Kum8avan Dissel, 1996). A pooled
interdependency is identified with the risks ofenyse or misuse by one of the collaborators
at the expense of the others, low quality contrdmg, and information or intellectual
property theft. Collaborators contribute to, andrshresources, while maintaining unit
independence. In this mode of collaboration, stedwlgplay a critical role to ensure

interoperability and sharing (Mulford & Rogers, 298

Sequential interdependency is identified with “gaction costs” of maintaining the

collaboration and its transactions. It comes withawn risks to capital related to specific
activities, in asymmetry of information where cblmators do not contribute equitably, and
in surrender of control over the organisation'sotgses. This is the supply chain model,
where the output of one collaborating organisaisatiie input to the next, and so on (Kumar
& van Dissel, 1996).
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Reciprocal or networked interdependency by natsireery complicated in terms of costs
and risks (Kumar & van Dissel, 1996). Furthermocellaboration brings a loss of
organisational autonomy, where outcomes are inflednby the external collaborators,
organisational goals may have to be re-alignetiencbntext of a collaborative environment,
and decision-making displaced to a sphere extaimahe immediate structure of the
organisation. The organisation may also sufferaimity, conflict and delay due to the

negotiated nature of transactions in a collabonatith others (Alter & Hage, 1993).

Reciprocal or networked interdependency by natgre&edmplex, based on the relative
dominance (equi-partner or dominated) of membeéiabotators, and is built on a constant
exchange of inputs and outputs. It is best cootdthahrough mutual adjustment or
feedback (Mulford & Rogers, 1982).

Bearing in mind these risks and costs of collabhamnatin its different interdependencies,
stakeholders must decide on the proper balancadoptain order to benefit from the

outcomes of successful collaboration.

Pooled and, particularly, reciprocal or networketeidependence seem suitable models
supporting NSDI. Within the structure, the procedscollaboration covers six stages
involving evaluation, negotiation, and decisiofie stages are “start-up, search for partners,
setting-up, implementation, operational managenad cessation” (Prefontaine et al.,
2000).

3.2.6 Collaboration and Success

Collaboration is a shared platform where conseist@med regarding an issue of concern
to participants, and suitable solutions negotiatexn which an agreed course of action can
be mapped out and executed. In this sende;allaboration is successful, new solutions
emerge that no single party could have envisionezhacted (Gray, 1989, p.16). However,
for success to be measurable, a number of indatost be agreed, and in many instances
standard forms are inadequate. Criteria to meaguteomes, such as goal achievement,
agreement durability, improved inter-organisatiorelations, participant satisfaction, and
efficiencies in time and resource utilisation, wersed to uncover factors determining
success. Three main groups of factors were isolateeimber, process, and resource
(Dedekorkut, 2004). The member factors group calvstakeholder inclusion, provision of
incentives, commitment to the collaboration, anereise of leadership. The group of
process factors dealt with maturity of the issuecislon-making protocols, mediation
availability, and extent that collaboration wastcalised and organised. The resource factors

group encompassed financial, and political backibgdekorkut (2004) concluded that
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significant factors for a successful collaboratiere existence of appropriate funding,
included participants, firm commitment, prior agrest of collaboration rules, sound trust,

and good personnel relationships.

In addition, Prefontaine et al. (2000) proposesteof factors considered critical for success
in collaboration (Table 3.2). These factors inclideharacteristics of the surrounding
environment, in the political, social and cultudimension, as well as the institutional,
business and technological. Moreover, they consitleobjectives and nature of the
collaborating entities, the collaboration proceaseglf, the model of collaboration adopted
and the actual implementation of it, as furthetdex also determining success of otherwise
of the venture (Prefontaine et al., 2000). Thesmess factors may be compared with the
barriers to collaboration revealed by this reseavdhich exist in KSA (see Section 8.9.4,

pp.194-199). Add "Lessons learnt from a post-mortém failed GIS" (Openshaw et al.).

Table 3.2 The factors influencing success of collaboratio(Prefontaine et al., 2000)

Model Dimension Success Factors

History of alliances

Stability of government

Role and nature of institutions
Overall budgetary situation
Overarching government Policies

Political, Social and
Cultural Environment

Institutional, Business | Policies, laws, regulation, procedures and starsjard

and Business factors including sector’s size, structudelivery
Technological systems; ITC environment including nature of infirasture,
Environments level, complexity, availability, security, accedbtg, maturity

Nature of objectives, sharing of risk and costyetia

strategic development;

Characteristics of partners including structureilitgbto adapt,
leadership, organisational strategies, past expeg®e with
collaboration, profile, technological experience

Partners Objectives and
Characteristics

Roles in initiation, clarity of goals, level of iomation, scope o
project, level of research, number of partners, mlementary
The Collaborative natures, presence of champion, project management,

Process communication, support processes, agreement tetionng
processes, problem resolution processes, climaté&rust, risk
management, power and control

Governance method,
Collaborative Model or | Responsibilities and roles,

Mode Management of the agreements,
Monitoring
Achievement of initial objectives, respect of agneet,
Performance of the reciprocity and trust, new products emerged, olepaltner
Collaboration satisfaction, quality of service, innovation, seevi costs,

efficiency, quality

46



3.3 Potential new technologies

In the current conventional form, NSDI emphasides top down approach with strict
control and management by government, and thoseecas relating to metadata,
clearinghouses or repositories, and exchange mistéar data coordination, among others.
In contrast, a number of new technologies connettiexbcial developments have enabled
rapid, parallel development of a commercial-, andstimer-led SDI. These have gained
ground in the form of a dynamic ‘GeoWeb’. This coemial and consumer SDI
development, contributed to principally by commaldiveb interests comprising Google,
Yahoo, and Microsoft, and the open source commupdsges serious challenges to NSDI in
its current form. Indeed, it is proposed that tegtrgeneration of NSDI will most likely take
a Web 2.0 form with spatial data widely availabie aynamically updated with consumer
data, as part of ahblistic location-aware ubiquitous computing enwnnoent (Jackson et
al., 2009; Jackson et al., 2011). These disrudbilxé developments were built on images
and maps at a level of detail and coverage to that available from government, and in
contrast, are available free-of-charge and acdessall, while leveraging the power of a
huge base of users, and low cost or free toolsnferging and checking user datasets.
Location- and subject-specific spatial data can rwev captured through the present-
generation of location-enabled, high resolution gmacapture, and Internet-connected
mobile devices, especially in instances where latgabers of users provide an opportunity
for crowd-based data collection (Exel, et al., 20lfickson et al., 2009; Jackson et al.,
2011).

The institutional form of SDI has also been fouacking in agility and flexibility in specific
situations, such as disaster management. Hererolal-based approach to data collection
allows a more rapid creation of a basemap and ayé¢hiemes, as was the case in the Haiti
earthquake using OpenStreetMap (Zook et al., 20M0)eover, the joint development of a
Web 2.0 SDI, GeoNode, by the World Bank and Open&ese from shortcomings in the
conventional approach to SDI, such as lack of befrem registering users, small numbers
of actual users, contributions of data were notgivecognition, and were not rewarded,
compared to the open, user-participatory modelif Sackson et al., 2009; Jackson et al.,
2011).

Jackson et al. (2009) compared conventional anddstzased SDI, and concluded that the
latter was characterised by:
» Data collection and processing using Web servieaswere ‘simple’ and driven by
consumers themselves
e Collection and input of data were almost ‘real-tieabling trend analysis

* Metadata and mashups were ‘unstructured’ and dbyehe mass of consumers
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* Mobile devices available to everyone, equipped WBRS and high resolution

cameras, allowed unlimited spatial data capturedistdbution

while conventional SDI was characterised by:

« Highly ‘complex’ GIS applications and involving gstematic institutional survey
approach

* Map data although quality assured at great expeva®,only ‘historic’ and ‘snap-
shot’

* Inflexibly defined, ‘structured’ metadata

e Access and distribution strictly ‘controlled’ byéinses, policies, and asserted digital
rights

* Comprehensive and systematic map coverage

This section will briefly examine some potentialmngechnologies, which hold promise in

helping GIS advance rapidly, and allow greater ssibdity to spatial data, and its creation.
These include the OpenStreetMap (OSM) initiativee venture is an open collaboration
with the aim of achieving a free and editable wom@p. Registered users add to the
mapping database by uploading GPS track logs, madedliting the vector data using the
tools provided (Wikipedia, 2009a). Such initiativeave important implications on the

integration with NSDI, issues of custodianship, lijyaand standards. As such, OSM is a
good example of the difficulties of incorporatingsanificant grass roots development
within an NSDI built on standards. Similarly, TormioMap Share is an example of
maintaining SD current by applying the idea of camity successfully under a commercial
umbrella. This gives users the ability to introdwmerections to maps, and making these
available to the company and other users. This mawe to be the way forward

incorporating the public’'s contribution within arBBI.

3.3.1 OpenStreetMap (OSM)

OpenStreetMap (OSM) is an example that can beesiudi see whether standards cause loss
of motivation and momentum, and rigidity versusittdity, which may also result from
organisation size and structure. The question isthr the public can be allowed to access
the NSDI, and play an active part in building itdacreating or editing spatial data content.
Moreover, is it worthwhile to integrate OSM into BISDI, and how can that be achieved?
This has obvious implications, and the issues helae to organisation size, flexibility,
interactivity, standards, open public access, Rtdevant advances in technology, such as
GPS, LBS, etc. need to be covered, as well as @ubid private sector spatial data

organisations working in partnership.
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3.3.2 TomTom Map Share™

This is a new development by TomTom, the GPS névigand mapping company (owner
of TeleAtlas). In 2007, TomTom released Map Sharat&chnology that allows users to not
only independently introduce changes to maps oim GBS devices, but also share these
changes with other Map Share™ community membergusintent management software,
TomTom HOME. This allowed the owners of TomTom GiR&ices to edit their maps to
more accurately reflect reality, and so roads ctdblocked or unblocked, traffic direction
modified, road names changed or new ones introdugeitits of interest (POIs) added,
deleted, or modified, and speed limits updated. dif@ges introduced by the community of
users would be checked by TomTom, and then mad&hbleato all other users (TomTom,
2009; Wikipedia, 2009b). This development illustsabne way by which public access to
the NSDI can be put to good use in a well-definethner, and represents a model worth

exploring.

3.4 Summary

Collaboration has been defined in the context ghnisational relationships, using terms
such as cooperation, partnership, and coordina@mtiaboration has been described as a
multi-participant process of joint search for smos (Gray, 1989), which is “reciprocal”

and “voluntary” (Prefontaine et al., 2000), withnstant communication driven by the need

for negotiation (Lawrence et al., 2002).

Collaboration is motivated by resource scarcitperformance stress (Schermerhorn, 1975),
as well as “asymmetry, reciprocity, efficiency, slidy, and legitimacy” (Oliver, 1990).
Collaboration is founded on shared interests amdsgseeking to confront uncertainty, risk,
and legislative interdependence, and for legitim@dogdekorkut, 2004), and in NSDI is
necessary for compatibility and interoperabilitypdafurthering common interests of
stakeholders (Tait, 2003).

A collaboration aims to secure a successful outctongarticipants, including broadened

learning, expertise, and capabilities; access ¢atgr resources and wider pool of expertise;
jointly sharing and managing risk and uncertairaygd gaining market share or influence
(Alter & Hage, 1993). However, collaboration is msk-free and has a cost depending on
the nature of interdependencies among collaboratposled, sequential, or reciprocal

(networked) (Kumar & van Dissel, 1996).

No single theory or approach can fully explain @bbration between organisations, yet

perspectives from economic, organisation, strateganagement, and game theories have

been useful (Child et al., 2005). In a collabomttructure, pooled, sequential, or reciprocal
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(networked) interdependencies can be identifiedn{gu& van Dissel, 1996). Pooled and,
particularly, reciprocal or networked interdependieiseem suitable models for supporting
NSDI, but, with a distributed architecture and ws@rvice chaining, a sequential model of
interdependence is equally applicable. In a pooieztdependency, standards play a critical
role to ensure interoperability and sharing, whéeiprocal or networked interdependency
(equi-partner or dominated) is built on a constaydotiated exchange of inputs and outputs
(Mulford & Rogers, 1982). Finally, a large numbdramntributory factors play a role in
achieving success in collaboration. These musakentinto consideration as critical factors
by stakeholders. In this context, stakeholders BAkKhave articulated the challenges to
collaboration faced there (see Section 8.9.4, Ep1E®), and on this basis a set of
recommendations was proposed to help achieve oolitibn between KSA NSDI
stakeholders (see Section 10.2, pp.237-240).

This chapter has looked at the nature of NSDI aational administration, as well as
organisational collaboration, and the potentiahefv technologies to contribute to NSDI

development.

The following chapter presents the NSDI initiatiasSour developed countries, UK, USA,
Australia, and Canada. The initiatives are preskenteividually according to their
objectives and vision, coordination, datasets,dgtads, and access; these initiatives are then

compared from which several conclusions are made.
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CHAPTER 4: NSDI COLLABORATION INITIATIVES

4.1 Introduction

Progress in the area of spatial data infrastruciateities has encouraged many countries to
develop their own spatial data sharing, accessjraadration programmes. The rewards of
implementing a usable spatial data infrastructa@dude enhanced efficiency, both direct
and indirect, across all sectors of the economyioNal programmes that were implemented
in a number of jurisdictions, with regard to cotlen, management and sharing of spatial
data, have aided the various types of users ardlipeos in finding and accessing data in a
cost-effective way. A national spatial data infrasture (NSDI) has been envisioned in a
number of countries, and on that basis the varilmgtsuments, including policy, technology,
and spheres of responsibility, have been definethdake that a reality. In this chapter, the
best practices in NSDI collaboration initiativeg @resented embodied in the experiences of
four countries, which enjoy a leading position pagal data. These four countries are the
UK, USA, Australia, and Canada, and it is expethed their experiences will yield insights

into the issues, and identify areas of best practic

4.2 The UK NSDI Collaboration Initiative

The United Kingdom (UK) with a population of rough$2.2 million comprises England,
Wales, Scotland and Northern lIreland, with a comtdinand area of 243,000 square
kilometers (U.S. Department of State, 2010d). Th€’sUgovernment model directly
influences the form of regulatory and legislatie®l$ regarding spatial data, and as such
explains the absence of a governmental nationdlasptata sharing initiative. Rather, an
initiative bringing together the private sectorademia, and private individuals, along with
various government agencies, led to the launchradtenal spatial database in 1995 under
the umbrella of the National Geospatial Data Fraotkw(NGDF) (Masser, 1998a). The
NGDF was managed by a Central Management Teamgiaad funding through the 1998
National Interest Mapping Service Agreement (NIM$®&tween the Ordnance Survey and

the government.

4.2.1 Initiative objectives and vision

The NGDF sought todevelop a United Kingdom framework to facilitatedagncourage
efficient linking, combining and widespread usg@dspatial data which is defined by users
as fit for purposé(Hobman, 1997, p.2). Accordingly, under its migsistatement lay three
key aims (Hobman, 1997):

1. To help achieve collaboration in spatial data wi$pect to collection, supply and use.

2. To promote the implementation of standards and goodel practice.
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3. To help achieve better spatial data access.
Achieving a commercial, single focal point for sphtata, i.e. one-stop shop, is the vision
defined by NGDF, in which metadata is easy to acesid datasets are linked and
integrated (Hobman, 1997).

4.2.2 Initiative Coordination

The UK is governed by a constitutional monarchy,jclvhhas in effect led to a unique
government structure with attendant influence @nftinm of spatial data collection, sharing,
and dissemination. In this context, NGDF is a vy body bringing together both public
and private sectors, while no single body has divessponsibility for spatial data
nationally. Yet, a key player, which has been insgntal in driving the development of
national spatial data strategies, is the Ordnanoeve$ (Masser, 1998a). A recent
development in the UK is the launch of the Gigateweaoject with central government
funding (UK Location Programme) with the aim of ifaating access to metadata
(Gigateway, 2010).

4.2.2.1 Ordnance Survey (OS)

The Ordnance Survey (OS) is a UK provider of spat&a and mapping, products and
services (Masser and Campbell, 1996). The origplah for establishing the NGDF
emerged from OS in 1995. Initially called the Natb Geospatial Database (NGD), this
initiative involved linking the spatial databasesidnging to OS to those of the different
branches of government (Masser, 1998a). As suchw@s tasked with collating those

resources, spatial research and information, neoefs the NGDF initiative to succeed.

4.2.2.2 Association for Geographic Information (AGI)

The objective of ensuring that maximum use is nafdgpatial data, in the interests of good
governance, the private sector, and UK citizenspleld by the Association for Geographic
Information (AGI). This not-for-profit body work®tpromote sharing and collaboration in
the field of spatial data, as well as spreadingramess of NGD among practitioners. AGI
took on the bulk of responsibility in providing matal spatial metadata services in 2002,

and operated the askGlraffe metadata search engie) evolved into Gigateway.

4.2.2.3 UK Inter-departmental Group on Geographic Information (IGGI)

In 1993, fulfilling the aim of coordinating amonbet different government bodies in the

context of land information, led to formation ofetltJK Inter-departmental Group on
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Geographic Information (IGGI). This body was tasketh both identifying and removing

those obstacles to effective and proper use ofrgpbgcal information.

4.2.2.4 The National Interest Mapping Service Agreement (NVISA)

In the UK, conditional on satisfying set criteriands for mapping and spatial data activities
were made available through a service contrackesidry the UK Deputy Prime Minister’s
Office with OS, termed the National Interest Magpi8ervice Agreement (NIMSA). In
1998, NIMSA provided the necessary financial resesrto enable the mechanisms for
accessing spatial data under NGDF. Currently, ackeb/K spatial metadata is through the
Gigateway system, which benefits from NIMSA funding

4.2.3 Datasets

A number of national spatial datasets relevantht® UK were developed, and made
available, including a geographic reference basaritime (coastal zone and offshore)
features, address information, and a land and propegister, as well as socio-economic,
geological, and environmental information databasésese UK datasets are quite
comprehensive, yet the national spatial data shatirategy is still lacking in the definition

and agreement of key relevant themes.

4.2.4 Standards

The importance of standards and their role in atije success for NGDF has been
recognized leading to a drive towards implementatibcommon standards for both spatial
data and metadata. For this purpose, both an aghgsoup (with AGI as lead organisation),
and a task force were formed in 1996 within the NN QMasser, 1998a). The development
of appropriate metadata as well as applicatiomefsame in practice was undertaken by the
NGDF Advisory Council and task force building omignificant research effort, publishing
guidelines, and convening workshops to encouragabmae organizations to adopt common
schema in developing spatial datasets. The developwf these UK common standards
took into consideration standards in use intermally, i.e. ISO/TC 211, European CEN/TC
287, and US FGDC/ ANSI.

In 2004, the Geo-spatial Metadata Interoperabliifjiative (GEMINI) was introduced in
the UK, as a national spatial metadata profilevélhg new metadata to be created on the
basis of two standards, the national E-Governmentalthta Standard and 1SO 19115
(Gigateway, 2010). GEMINI is the specification forcore metadata elements set designed
to be used in a discovery spatial metadata serWiceeompliance with the Gigateway

Discovery Metadata Specifications standard thataoeg the former NGDF standard, a
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metadata creation tool, MetaGenie, was also intteduThe tool enabled spatial metadata

to be created and then published on the Gigatepaljas data search engine (Gigateway,
2010).

Successive development cycles brought the 2004 GIEML.0, to v2.0 in 2008, and on to
version 2.1, which complies with the current techhiguidelines issued by INSPIRE
regarding rules on implementing metadata, and takesunt of the accumulated experience
from previous GEMINI implementations. This curreretrsion of GEMINI is to support the
launch within the UK Location Programme of the U&bgpatial discovery metadata service
in 2010/11 (Gigateway, 2010).

4.2.5 Access

/" gigateway

The Data Locator, our metadata search engine, allows you to discover what geographic datasets exist in
the UK, who creates and owns tham, and how to cbtain the data itself, There are 6 search methods, Use
ane or any combination of these to retrieve the results you need. Close this window to return to
gigateway.

field to andfor/nat:
free text search: search: [optional) which directory would you like to search:
F | Benpet Anvd B ~
1) 0 e S And 8 4 | [Emeh Geaopical Suvey BG3) =
E | Arnyws fnd W Central Govemmen: (531
: Arpvhers Vl | Gigeleway Calalogue bt
|.-’rr:mh:r: v]
.-’gri;l.ﬂl.ll':-"F?:I:}I;I;'g o location: 4|
" Aauaculure/Fisheny =1 |
| 2 ¥} hayward: Ease Mzps i 5 "] N: G616
e Bicta S coordinates w; -10.7 E: |28
Cadastral and legal b (latflang): & 496
3 ] data: |b-=|:r= v]:l b :..'arl V|:153$ |F6i ta search for lecation using a map, click here .

search =3

Figure 4.1 screenshot of the Gigateway Portal (source: Giteway, 2010)

Access to spatial data is facilitated through twarents of the spatial data search service,
the Data Locator and Data Integrator of askGlraffdich was introduced in 2000.
Following transfer of responsibility to AGI in 2002he service was subjected to
improvements, and later evolved into Glgateway, ebdased national portal for spatial
data discovery. Through this portal, UK spatialada¢ld by both public and private sector
organisations is made available to users througtadata search functionality, containing
filters for data by title, author, serial numbegsdription, supplier, or price. This allows

information on UK spatial datasets held in the datator library to be effectively searched,
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to show what is available, from which provider, whine data was collected, for which
geographical area, in what mode of access, an@coaétails for the dataset holder (Figure
4.1).

Within the UK Location programme, the Glgatewaydise to be superseded by a new
service based on GEMINI2, and implements both INREPand the UK Location Strategy
(Gigateway, 2010).

4.3 The USA NSDI Collaboration Initiative

The United States of America (USA) is a large coumtith a landmass of 9.2 million
square kilometers and a population of 307 milliaogle (CIA, 2010). With respect to
spatial data sharing between the various levegiblic and private sector entities, a number
of recent and key initiatives have included the patial One-Stop (GOS) web portal,
National Digital Geospatial Data Framework, Cleghiouse, and the US Geological Survey

National Map project (Nedovic-Budic et al., 2004b).

The aim of the US Geospatial One-Stop (GOS) pragdb facilitate access to, and to
integrate spatial data across many sources, wittetld result that all spatial data resources
held nationally become the responsibility of oneadgpoint. In this sense, GOS in its current
form is a product of continuing activities with eed to NSDI. In this context, the
development of GOS was facilitated by the workhef Federal Geographic Data Committee
(FGDC), which coordinated spatial data developmeistribution, and usage. In particular,
FGDC managed to:
1. build a wide partnership network among bodies;
2. build a framework with its associated spatial datatent;
3. establish the standards needed for the spatialodaiznt of the framework,
following both ISO and ANSI standards;
4. develop the standard for content in Digital Gedgpdfletadata, of note is
that ISO 19115 actually arose from FGDC metadata;
5. build up the clearinghouse network through whichtigp data is accessed
using metadata;
6. fund various NSDI development programs at all gorent levels; and
7. thus establish GOS as the gateway through whictiabpdata access is

facilitated for government bodies, companies, amghfe citizens.

GOS represents an e-government initiative aimaéa@toving efficiency in government and
public services delivery, and is sponsored by theefFal Office of Management and Budget

(OMB) (FGDC, 2010). It provides a single portal ft spatial data resources, which can
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then be accessed by both the public and the gowsrrithe goal underlying GOS is to

provide the government with support in managingstisrs and national emergencies, policy
and planning, national security, protecting theiemment, healthcare provision, etc., and to
enhance inter-agency collaboration and coordingi@®@S, 2010). These broad goals may

be leveraged into the following tasks set to achitem:

» Facilitate access to spatial data, and relatedcssnby maintaining a web-based
portal (established in June 2003).

e Initiate a process of collaboration in the develeptrof standards for data content.

« Keep an accessible inventory of current data hglBduzleral bodies.

e Build up a market in which planned investment camiade in spatial data (FGDC,
2010).

A one-stop, coordinated, national portal for spatiata presents significant challenges,
which were reported by the Best Practices Taskd~(B&TF) as:

« The involvement of federal, and local governmerdibs, as well as private sector
bodies in evolving effective standards, collabamtin spatial data, and portal
design is highly complex, and as is keeping truthéobusiness case on which the
concept is established.

« The issues of enhancing access and collaboratithnregpect to spatial data through
the GOS portal and others.

« Defining in policy terms how the private sector nrmagke use of the GOS portal.

* The issue of establishing portal interfaces thatiateroperable in terms of online
GIS and services, such as mapping, analysis, etc.

« The issue of tracking and predicting demand fotigpdata by users using the GOS
portal (GOS, 2010).

Therefore, as reported by the BPTF, cooperation amidboration at all levels is key to
success of GOS in the areas of developing standardspatial data, building the spatial
databases and archives, and achieving an intefdpeprtal. In this respect, the US
provides an excellent study in the experience d&boration among the various levels and
sectors. Furthermore, implementation of the GOSephacross international, federal and
state jurisdiction has also advanced the experianbeth institutional and technical areas,

such as those related to development of standaddsgen interoperability.

4.3.1 Initiative objectives and vision

The promotion and coordination effort with respéat availability of spatial data, its

collection, access, usage, sharing, and qualitwedisas its distribution between the various
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layers of government, and private sector and ciizeas led by the Federal Geographic
Data Committee (FGDC) (OMB, 2002). For this purpdbe FGDC national sharing vision
was:
“current and accurate geospatial data will be regdilailable to contribute locally,
nationally, and globally to economic growth, enwingental quality and stability,
and social progres§{FGDC, 2010).
In it own right, GOS adopted a wider view, in tlia¢ vision was: to spatially enable the
delivery of government servi¢efrom which it derived specific tasks, including:
« Simplifying and integrating business processes.
< Providing an easily accessible, always availalgatial data service with up-to-date
and accurate information.
» Bringing together the spatial data efforts at elldls of government along with the
private sector.
e Adopting and implementing the efficiency measure‘afllect once, use many
times’.
» Facilitating timely spatial data use and betterigien-making in all activities
related to government (GOS, 2010).

4.3.2 Initiative Coordination

The USA is a republic with a written constitutiamn on a federal model comprising 50
states having 3000 counties, and including overO7€ifles. Circular A-16 (revised) was
issued by the Office of Management and Budget (OMB) interagency coordinating
committee, the Federal Geographic Data CommittéeDE) with political support at a
high-level, was established tasked with NSDI immeatation, enabling activities related to
Circular A-16, and wielding significant influencda #&ederal government level. The 1994
Presidential Executive Order No. 12906 directed th&S NSDI be established as a key
programme supporting efficient spatial data coitect management, access, and sharing
(Clinton, 1994). All through the nineties, lead pessibility was taken by the FGDC in
realizing this goal (Nedovic-Budic et al., 2004a).

4.3.2.1 The Federal Geographic Data Committee (FGDC)

As an interagency coordinating committee, the Fad&eographic Data Committee
(FGDC) has prime responsibility for all efforts proting spatial data availability,
collection, access, sharing, quality, and use batwgovernment bodies, and in particular
operating a Web-based searchable database systerauthority of FGDC was emphasised
by 1990 Circular A-16 compelling all federal agesscinvolved in spatial data activities to
be FGDC members and to coordinate their effort®ufRGDC management (OMB, 2002).
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FGDC members are part of GOS, and include the Ajue, Commerce, Defense, Energy,

Health and Human Services, Housing and Urban Depwant, the Interior, Justice, State,

and Transportation Departments, and the Environahéhbtection Agency (EPA), Federal

Emergency Management Agency (FEMA), as well asGhaeral Services Administration,

Library of Congress, National Archives and Recoddsninistration, National Aeronautics
and Space Administration (NASA), and National SceeRoundation (NSF).
The 2002 Circular A-16 (revised) explains FGDC saak:

1.

“Prepare and maintain a strategic plan for the ldgweent and implementation of the

NSDI.

Serve as the lead federal executive body chargéd thve leadership, development,

implementation, and review of spatial data stanslattie NSDI Clearinghouse

network, and a plan for federal agencies respamndildl the NSDI Framework and
other data themes to collect and provide broadsadespatial data assets.

Communicate with and foster communication amongeff@dagencies and others

concerning spatial data technology developmerisfes, and exchange.

Promote and guide cooperation and coordination gnfederal, state, tribal and local

government agencies, academia and the privatersectbe collection, production,

sharing and use of spatial information, the impletaton of the NSDI, and the
identification of proven practices.

Coordinate with international organizations haviag interest in the National or

Global Spatial Data Infrastructures.

Provide and update at least annually:

* An online status summary for each data theme aethby the lead agencies, the
FGDC, or other subcommittees, working groups, atisary committees.

» An online collection of periodic technical publizats, management articles and
reports related to the NSDI.

* An online FGDC membership directory, including emtr subcommittee and
working group memberships.

» Ensure consistency of the NSDI with national sdgunmational defense, and
emergency preparedness programme policies regatdiagaccessibility.

e Support the development of electronic governmettt gpatial data.

» Support and promote the infrastructure of networkgstems, services, and
standards that provide a digital representatiorthef Earth to users for many
applications.

e Through the Chair and Vice Chair, take actions wherquired to recommend

appropriate additions, revisions, or deletionsts Circular” (OMB, 2002).
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4.3.2.2 The US Geological Survey (USGS)

Formed in 1879, the US Geological Survey (USGS)adsody involved in the natural
sciences, is a key spatial data and mapping servicevider. The USGS has been
instrumental in both proposing and implementingdhatabase-backed, Web-based National
Map concept offering an interactive topographic rofphe USA with core spatial data, as
found in its paper maps (GAO, 2004). The NationaapMinitiative is the fruit of
collaboration between partners at federal, state,lacal level, which allows users to enjoy
greater capability in accessing, applying, andgragng spatial data of various scales, to fit
their needs (USGS, 2010). The National Map has b-Bésed user interface for accessing
data content, and is also connected to the GO&lptudth initiatives are similar in their

goal of providing a national spatial data sharipgfem.

4.3.2.3 Implementation Team (I-Team)

The national spatial data sharing initiative in i&A benefits from a voluntary organization
established in 2000, which aims to tackle thosedrarfacing the concept, whether financial
or institutional, based on a series of strategf y&ar plans. This body represents a joint
initiative of OMB, FGDC, and other parties, working achieve “a planning and
implementation process that focuses upon dataategic, long-term capital assets. I-Teams
(implementation teams) commit to the I-Team proceBbat commitment is what
distinguishes an I-Team from ad hoc partnershigsaher information consortia” (FGDC,
2010).

4.3.2.4 Cooperative Agreement Program (CAP)

In 1994, the Cooperative Agreement Program (CAP} waunched with the aim of
facilitating partnerships, at levels other than Bexleral government, that assist in NSDI
development. CAP is the funding instrument by whigin-federal partners, i.e. private
sector bodies, and academia, as well as state anad §jovernment bodies, may forge
cooperative agreements. CAP is a national inigatiypen to any organization, and
encourages and facilitates the sharing of resouragsessing technology, and the efficient
coordination and collaboration among bodies (FGR@,0). Therefore, CAP seed funding
may be used to start collaborative projects andviaes aimed at creating NSDI
components. As such, CAP supports activities thatde (FGDC, 2010):

* Involvement in the GOS portal and clearinghouse.

« Development and application of standards for spdtita and metadata.

e Application of OGC specifications.

* Involvement in the National Map initiative.
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« Facilitating collaboration and cooperation amorg\thrious entities.

4.3.3 Datasets

The FGDC organised the spatial data by themes sageu The most common is housed in

what is called the Framework comprising seven dattasets arranged by individual theme.

While FGDC may add other spatial data themes toFta@nework, the existing ones are

used in the majority of GIS applications. Themes elevation, hydrography, governmental

units, orthoimagery, transportation, cadastral, geabetic control, where:

1. Elevation defines position on the vertical planéhweference to a surface datum.

2. Hydrography describes features of surface wateluding coastline, oceans, rivers,
lakes, and canals.

3. Governmental Units refers to official boundarieskiveg federal, state, local, and tribal
government jurisdictions.

4. Orthoimagery brings together Earth surface imayes are geo-referenced, and were
acquired from a sensor device.

5. Transportation defines the national transportasigstem by geographic location, degree
of interconnection, and attributes.

6. Cadastral describes property rights and interesterms of geographic extents, both
past, current, and future.

7. Geodetic Control defines a system based on a comeference used to set geographic

data coordinates.

4.3.4 Standards

Among long-term programmes, continuing activitieattrelate to evolving data standards,
have been part of FGDC work since its establishmenCircular A-16, FGDC was given
the authority, with jurisdiction over all federabdiies, to create the standards required for the
US NSDI. As a result, in conjunction with the Gemgic Information Systems Committee
of the International Committee for Information Tackogy Standards (INCITS/L1), FGDC
Is introducing its Framework Data Standard as areean National Standard. The FGDC
Framework Data Standard contains the commonestether®eded by users of spatial data,
and has greatly influenced standards developménti®f Development of US spatial data
standards have been largely influenced by the &@pBiata Transfer Standard (SDTS)
project as well as the FGDC Content Standard fgit&li Geospatial Metadata. The former
initiative evolved mandatory federal standards, lavtthe latter was concerned with a
standard dataset search format. The 1994 FGDC @toStandard for Digital Geospatial
Metadata defined both metadata content and steidgtumearly 220 elements, and was

updated in 1998 to accommodate profiles, as wekrdiies and elements that could be
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defined by users. FGDC efforts continued within 18 TC211 Metadata project to
contribute to development of ISO 19115.

4.3.5 Access

FGDC was the lead body in GOS, an interdisciplireffgrt marking the collaboration of a
wide variety of institutions, and technical ande@eh bodies, public and private. This
resulted in development of a Web portal throughetfierts of the Environmental Systems
Research Institute (ESRI) and others. Moreover, EGIhd OGC have also studied the
issues surrounding discovery of, and access tdiabpkata. As such, standards from ISO,
FGDC, and OGC relating to GIS, as well as Web sesjiwere explored. Finding solutions
to technology-related issues, like data excharmedstrds, was a vital task assigned to GOS,
and so the seven spatial data themes identifideGiyC above were used to develop a core
standard for delivering services, hamely (FGDC,Q01

* The basic data needed for applications.

* A basis for adding or attaching geographic attesuind details by users.

« A source reference that correctly registers andpilesh data sets belonging to

participants.
* A reference map that shows locations and resuliergéed by further spatial data

analysis.

In this context, while many US spatial data clegimuses allow search of available data
irrespective of format or quality, only data avhl@athrough GOS satisfies the criteria set by
content standards (Peng and Tsou, 2003). ThrowgB®S portal, users can:

e Deal with networked and distributed resources ardices from which to acquire

spatial data, metadata, mapping products, etc.

* Perform searches of datasets using metadata aattibloc

« Acquire and view spatial metadata.

« Acquire and view spatial data maps by location thedne.

* Acquire data on features or coverage related tatime and theme (OGC, 2010).

Within GOS, the discovery and acquisition of spatiata is based on searching by three
categories of where, what, and when (Figure 4.2wéVer, spatial data categories for
access by users extend to nineteen, includinggdoatagion, agriculture, cadastral, etc. It is
worth mentioning that the datasets are not actuasted on the GOS portal, which only
links users to the providers of the resources w@r@st whether live maps or other websites.
As such the GOS portal is built on principles okwpstandards and interoperability with

nearly all GIS services and datasets.
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Figure 4.2: The GOS Portal (source: GOS, 2010)

4.4 Australian NSDI Collaboration Initiative

Australia is a large but sparsely populated couotry.7 million square kilometers and 22.3
million people (U.S. Department of State, 2010d&)e Rustralian Spatial Data Infrastructure
(ASDI) is the national spatial data-sharing modmmprising all those technical and

institutional elements needed for nationwide, a agelocal spatial data sharing.

4.4.1 Initiative objectives and vision

ASDI was created as a national framework linkingatig data providers with users
(ANZLIC, 2010), and its development took place lie thineties led by the Australia New
Zealand Land Information Council (ANZLIC) (NedovBudic et al., 2004a). As such,
ASDI seeks to bring together people, technology polity, in such a way as to facilitate
spatial data creation and use by the public andaf®i sectors (ANZLIC, 2010). In
particular, through ASDI, access to all availalpat&l data, services and products must be

achieved.

ASDI development is based on a model integrating tbllowing core components,
comprising institutional framework, technical stamds, fundamental datasets, and
clearinghouses (ANZLIC, 2010), where:

1. The institutional framework comprises the policystmments and form of

administration needed for the infrastructure tény@lemented and then maintained.
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The technical standards specify those charactigtguired in fundamental datasets.
3. The fundamental datasets are created in the itistid framework and as such also
satisfy the technical standards.
4. Clearinghouses are the means whereby users achesdumdamental datasets
following the policies of the institutional framewky and satisfying technical

standards.

According to the ANZLIC Spatial Data Infrastructus¢anding Committee (2003), ASDI
aims to:
e support ASDI development by raising political awass, and enhancing the
institutional framework.
» create user tools to facilitate discovery of, andess to, available spatial data and
services.
» raise the quality of present available spatial data
» promote interoperability through relevant speciiimas and technologies.
» facilitate integratability of spatial data throughframework based on ISO series for

standards development.

4.4.2 Initiative Coordination

The Australian system of government is federal aseimocratic, comprising a
commonwealth of states (8), and local districtsrj7/&larke et al., 2003). With respect to
spatial data, public sector bodies are respon&ibli on every level, as is the private sector.
However, there is an absence of legal instrumentspelling spatial data stakeholders to
adhere to any particular standard or policy (Clagkal., 2003). In this situation, and since
1996, ANZLIC has been key in the evolution of ASBNZLIC, 2010).

Among the core ASDI components identified in thenaptual model in 1996, the
institutional framework is critical to the implentation of standards, and in creating,
maintaining, and providing access to the datas&MZ[IC, 2010). Moreover, it is the

framework bringing together the spatial data induahd all levels of government.
The activities and functions performed by ANZLICeaunded by its ten jurisdictions

(ANZLIC, 2010), while ASDI relies on decentraliséthding, where the states, territories

and commonwealth provide the funds for their owogpmmes (De Montalvo, 2004).
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4.4.2.1 Australia and New Zealand Land Information Council (ANZLIC)

Australia and New Zealand Land Information Coun@NZLIC) originated from the
Australian Land Information Council (ALIC), which ag established in 1986, and then
renamed when New Zealand became a full ALIC meniet987 (Clarke et al., 2003).
Therefore, ANZLIC is the body coordinating managetred spatial data among the various
jurisdictions, national, state and territory, insalia and New Zealand. Given the diverse
nature of spatial data providers, the main aim ieme ensure access to their data is both
cost effective and easy. In fulfilling its role, ANIC has sponsored a number of initiatives,
including ASDI, the Australian Spatial Data DiregtdASDD) referencing around 37,500
available spatial datasets, model agreements ianahtevel for management of, and access
to, spatial data, and best practices for spatitd daanagement with creation of toolkits
based on practitioners’ needs (ANZLIC, 2010).

As a joint Australian and New Zealand governmeitiative, every Australian state and
territory, the Australian Commonwealth Governmemigl the New Zealand Government, all
have one representative each to ANZLIC (ANZLIC, @D1Hence, in developing and
implementing ASDI, ANZLIC has brought together gowveent and private sector spatial
data bodies, in order to agree the specificatidre mational spatial data sharing initiative

that ensures users acquire needed data (ANZLI@)201

4.4.2.2 Public Sector Mapping Agencies (PSMA)

In 1993, a joint venture of all mapping agencieghie Australian Commonwealth, states,
and territories was established in the Public Sektapping Agencies (PSMA). It was a
response to the tender awarded by the AustraliaraBuof Statistics in preparation for the
1996 Census of Population and Housing requiring pimap services and facilities. The
scope of PSMA operations was defined by the follgykey objectives (PSMA, 2009):
1. To coordinate, collate, and provide spatial datadpcts at national level from the
datasets held at each jurisdiction;
To support ASDI and contribute to it;
To support and advance expertise, knowledge, asfthigal capability in the area of
land information in Australia; and
4. To carry out future work that satisfies the criberiof economic viability, or brings

about a “public good”.
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4.4.2.3 Cooperative Research Centre for Spatial Information(CRCSI)

Arising from the collaboration of Australian resea&rs working in academia, and
government and private sector organisations, thep@ative Research Centre for Spatial
Information (CRCSI) has led spatial data reseanthdevelopment in the country (CRCSI,
2010). CRCSI objectives have been determined {€lzeke et al., 2003):

e Create powerful collaboration between researcheosking in academia, and

government and private sector organisations
» Develop a national strategy for research in spdagd for the long-term
e Ensure that research training is of greater efficye

« Promote commercialisation in the area of spatitd dad allied technology

4.4.3 Datasets

In the context of ASDI, a fundamental dataset espnted asd’ dataset for which more than
one government agency requires consistent naticogkrage in order to achieve their
objectives (ANZLIC, 2010). Moreover, it is left to individddodies or custodians to create
the fundamental datasets, which are built on 1th#sebased on usage patterns of many GIS
users; these are place names, street addressesistidive boundaries, cadastre, land use,

elevation, roads, water, vegetation, and soilsri€lat al., 2003).

A key role in the provision of fundamental datasetsASDI is played by PSMA, which
licenses a number of major datasets commercialig, seeks to develop more (PSMA,
2009). These national datasets include transpadrt@rography, administrative boundaries,
national cadastral, point of interest, and G-NARgve:

« The national transport and topography dataset ils ¢mu road centreline data, and
over 30 types of features from themes not onlysjpart, but points of interest,
parks, and hydrography.

 The administrative boundaries dataset arrangesiabpadta on administrative
boundaries by theme.

« The national cadastral dataset holds spatial datahie 10.4 million parcels in
Australia, along with five key attributes.

* The point of interest dataset holding data for tioce of cultural value.

« The G-NAF database is the master reference holdiétg on street addresses and

associated geocode attributes for Australia.
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4.4.4 Standards

Among ASDI’'s core components, the technical stasslapecify the characteristics required
of datasets ANZLIC (2010). As such, the acceptadddrd in the spatial data community is
the Metadata Guideline introduced by ANZLIC in 199®e standard defines elements in
spatial datasets held by public and private bodied,its vision is that through well-formed
metadata:
“users of spatial data in Australia and New Zealamitl have online access to
information directories that are accurate and curt@nd are in an internationally
compatible format to better enable them to identdylocate and, then, to access the
information they require(ANZLIC, 2010).

The strategies to practically realise this visionrhetadata are:
» Highlighting on the critical role of metadata in maging datasets
» Improving metadata collection as well as management
* Implementing the international standard on metadata

* Improving the development of the Australian Spédfiata Directory

The Australian Metadata Guideline follows the doeuntation developed by FGDC in the
US. The standard classes metadata in 10 categaBegjataset, description, custodian,
contact information, dataset status, data curremmtadata date, data quality, access, and
additional metadata. Furthermore, ANZLIC has cduotied to the development of
international standards, 1ISO 19100 series, andelglosooperating with the 1ISO/TC211

Committee by providing elements of the Australitandard.

4.4.5 Access

Addressing the issues of data discovery and aclegs®) creation of a spatial data directory,
the Australian Spatial Data Directory (ASDD), asllwas distribution network, the
Australian Spatial Data Infrastructure Distributidetwork (ASDIDN).

4.4.5.1 Australian Spatial Data Infrastructure Distribution Network (ASDIDN)

The Australian Spatial Data Infrastructure Disttibn Network (ASDIDN) enables spatial
data to be located, accessed, and viewed anywhéete icountry. With the Internet as its
main channel, ASDIDN consists of a network of sglatiata repositories, maintained by
academia, government bodies, private sector orgtons, and others. It is based on a 3-
component model, which aims to facilitate accesspitial data and services, and consists

of:
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1. All those issues relating to policy, intellectuaroperty rights, data pricing,
arrangements for access and licensing, and codi@linanake up the institutional
component.

2. All those issues relating to the facilities for aisery, access and transfer of spatial
data, including ASDD, make up the technical compbne

3. All those matters relating to service providerspduct integrators, value added
resellers, and information brokers make up the yets] services, and solutions
component (ANZLIC, 2010).

4.4.5.2 Australian Spatial Data Directory (ASDD)

Introduced in 1998, the Australian Spatial Dataebiory (ASDD) is the principal reference
for Australian spatial data (ASDD, 2010). It fumcts as a gateway bringing together
metadata information from the different jurisdictioand sources nationwide (Figure 4.3),
represented in a distributed system of connectionmiblic and private sector nodes across
Australia. Through ASDD, 25 nodes can be interredatnabling access to around 30,000
metadata records (ANZLIC, 2010). Responsibility A8DD implementation was given to
the ANZLIC Spatial Data Infrastructure Standing Qoittee (SDI-SC) in 1999, and the
goals of ASDD were defined in the following terms:
“users of geospatial data in Australia and New Zedl®ill have online access to
information directories that are accurate and curt@nd are in an internationally
compatible format to better enable them to identify information they requite
(ANZLIC, 2010).

SDI-SC recommended that ASDD comprise a numbepefational elements:

1. To provide a comprehensive reference enabling iegisspatial datasets to be
discovered.

2. To enable existing spatial data relevant to usedsdo be found in an efficient and
timely manner.
To enable access and use with ease.
To have a distributed operating environment to awonodate the diverse nature of
bodies collecting and managing spatial data, andhwvalso balances the rights of
organizations with the needs of users in havingogiffe access to metadata records
nationally

5. To comply with best practice standards in its gatewodes and metadata records,
which lead to optimised performance (ANZLIC, 2010).
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Figure 4.3: ASDD gateway (source: ASDD, 2010)

4.5 Canadan NSDI Collaboration Initiative

With a land area of 9.9 million square kilomete€gnada is the World's second biggest
country, and is sparsely populated with a 2009 [adjmn of 33.7 million (U.S. Department
of State, 2010b). The Canadian Geospatial Datadtriicture (CGDI) is the country’s
national system for spatial data sharing, arisiognfthe 1999 Canadian GeoConnections

programme.

4.5.1 Initiative objectives and vision

The purpose of the spatial data infrastructureative in Canada is to enable spatial data
services and products to be discoverable and abtes$s the great variety of stakeholders
in the country (GeoConnections, 2010). Therefor&DC builds on 5 key constituent
components, namely policy, data, access, standamdstechnology, and so serves the
associated aims identified for it by the Inter-AggerCommittee on Geomatics (IACG).
Accordingly, these aims are (Kucera and Keighaf9).9

1. To facilitate access to spatial metadata, filegges, and allow querying of databases

and extraction of data.
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2. To acquire core spatial data for the framework,luding data on elevation,
topography, boundaries, and transportation.
3. To develop and implement standards so as to hasmospatial data collection,
distribution, description, and quality.
4. To enable collaboration and cooperation througtiapdata sharing, as well as in
collecting, and maintaining it.
5. To foster a policy environment that is supportigad conducive to enhanced access,

and lower cost, while enabling wider spatial daga by setting up joint activities.

CGDI seeks in its vision to provide a sustainabdédely available, and accessible
infrastructure for all communities and users, whiebuld positively enhance and protect
well-being, and the social, economic, cultural, angtural heritage into the future
(GeoConnections, 2010). Therefore, within the Geawut@cations programme, CGDI is
committed to facilitating prompt access to, andeetifrfe use of, spatial data to guide
decision-, and policy-making, as well as econongitvily by leveraging the collaboration
between academic bodies, and the private and psditors (GeoConnections, 2010). Thus,
GeoConnections plays two key roles:
1. Enabling CGDI to be established, and through a pivenline search facility, to put
spatial data in the hands of all users.
2. Coordinating federal, provincial, and territorigdwetlopment efforts, and those of the
private sector, in the context of policy and sesvzovision that support the rapidly-

expanding spatial datasets.

As a national collaborative effort between governtheacademia, and private sector,
GeoConnections involves all stakeholders in deve@GDI, and so achieve online access
to spatial data, services, and applications. Ash,sugeoConnections has five aims
(GeoConnections, 2010):

1. to enhance spatial data accessibility and uses.

2. to evolve a standard-based, national frameworkatial data.

3. to create and apply common international standardspatial data.

4. to enhance cooperation and collaboration betweeeréd and provincial

jurisdictions.

5. to develop policy for spatial data, which promadtes widest use.

4.5.2 Initiative Coordination

The system of governance in Canada is based ofedieeal model, whereby the country’s
three territories and ten provinces each elect flegislative and executive bodies, in the

form of a legislative chamber and a premier respelgt With regard to spatial data

69



resources, Canadian government bodies have madetanp investments (Labonte et al.,
1999). Sharing of spatial data takes place with®BDE which permits user access to
government-held spatial data resources, in cases aebst, while in others on payment of a
fee designed to recover some of the costs assdaiatie data collection and dissemination.
Within CGDI, the private sector is encouraged tbatmrate in developing, operating, and
maintaining the system. With this in mind, CGDI ipglis to seek funding from both the
public and private sectors in the form of a joimrtpership between these stakeholders
(Labonte et al., 1999). The CGDI initiative has eseccessful in attracting the support of
the academic community, and public and private ebbdies. Hence, development of
CGDI has involved the Canadian Council on Geomd&SOG), the Geomatics Industry
Association of Canada (GIAC), and the Inter-Age@ommittee on Geomatics (IACG).

4.5.2.1 Inter-Agency Committee on Geomatics (IACG)

Academic groupings, the private sector spatial dathustry association, and fourteen
federal government bodies make up the membershifheofinter-Agency Committee on
Geomatics (IACG), and so collaborate towards CGBVetbpment (GeoConnections,
2010). The involvement of federal bodies has mehat IACG is the lead organisation

involved developing CGDI.

4.5.2.2 Canadian Council on Geomatics (CCOG)

Since its establishment in 1972, the Canadian GbandGeomatics (CCOG) has been the
main consultative body on spatial data managentdiieadederal, provincial, and territorial
levels. Spatial data producers at federal, prosincand territorial levels form the
membership of CCOG. In addition, CCOG aims:

* to facilitate consultation among representativesgovernment bodies through a
forum, which enables information on various progmas to be exchanged, and
current and prominent issues, achievements, omansl changes, proposed
legislation, technology, new ideas, and procedde®loped in the past year or for
the future to be discussed.

e to create, champion, and propagate national ardhiational standards;

e to provide the needed support for CGDI;

e to encourage spatial data exchange and collaboratimd allow all users effective
access to, and use of, spatial data.

* toissue appropriate resolutions and recommendaf®@aoBase, 2005).
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4.5.2.3 Geomatics Industry Association of Canada (GIAC)

Established in 1961, the Canadian Association afiaA&urveyors later evolved into the
Geomatics Industry Association of Canada (GIAC) tmational business association
uniquely dedicated to representing the intereste@fCanadian geomatics industry. As such,
GIAC’s diverse members include leading Canadiartialpdata technology and services
companies. The role of GIAC is to enable its membtr network, and to provide
information to them on available opportunities, amrevhere stakeholders may involve

themselves, as well as any relevant policies aadgalures (GIAC, 2010).

4.5.3 Datasets

There are three main types of framework data, omngon fundamental datasets, configured
as layers within CGDI (GeoConnections, 2010):

1. The alignment layers: these comprise geometricralsnte.g. the geodetic reference
system, which locates spatial data, including:

« The Canadian spatial reference system comprisitigeacontrol systems and
geodetic control points.

« Data alignment layer, including highly visible fes¢ points, such as road
intersections.

2. The land feature layers: these represent physealifes that are readily observable
and well-defined, i.e. cannot be misinterpretegmeculated upon; e.g. power lines,
railroads, roads, fixed structures, elevationsgieng, and hydrography.

3. The conceptual layers: these layers comprise ttiatmation created and used for
the purpose of administering and describing thentgu e.g. federal electoral
districts, and municipal, provincial and territdrizoundaries, as well as ecological

zZones.

4.5.4 Standards

It is widely accepted that CGDI must utilise intational standards and specifications in its
development. These are reviewed and selected byG&eConnections Technology
Advisory Panel. Currently, OGC web services staislaFGDC Content Standard for
Digital Geospatial Metadata, and ISO 19115 geogdcaptetadata standard core fields are

supported by GeoConnections.

45.5 Access

Spatial data discovery in CGDI takes places thropiglvincial, commercial, thematic, and

national mechanisms:
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1. Provincial: CGDI spatial data infrastructure at\pnaial level includes spatial data
and services directories.

2. Commercial: CGDl is linked to commercial channelkjch provide information and
services for the benefit of users using a speaffiglication or product.

3. Thematic: CGDI is connected to discovery mechanismerdinated by a number of
public and private sector organisations, which @ganised by themes of interest;
e.g. geology, forestry, ecology, etc.

4. National: CGDI has the GeoConnections Portal asdtgnal spatial data discovery

mechanism.

National access to CGDI is through the interfac¢hef GeoConnections Discovery Portal.
This Internet portal is connected to, and refersrgmatial data sharing systems across the
country, and allows users to find out about avééladpatial data resources and products
(Figure 4.4). The portal was designed with theofelhg objectives in mind:
 To provide a search engine facility to spatial dasars for discovering and
evaluating spatial data products and services.
» To allow spatial data providers to distribute smlatiata products and services,

ranging from base data to high value services.
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Figure 4.4: GeoConnections Discovery Portal (source: Geo@oections, 2010)
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4.6 NSDI Collaboration Initiatives Comparison

An analysis of the different national spatial dakearing systems implemented by various
countries is important to place any proposed systeset of recommendations into context,
and contribute to improved decision-making withire ttcomplexities faced by the distinct
communities. This analysis of the similarities atiferences may be performed on the
technical aspects of such national spatial datsiives, and on the institutional aspects,
which are critical areas in the creation and mamege of an NSDI (Williamson et al.,
2003). Such a comparison is of value, where a syatie approach is adopted, and as such
Masser’s (1998a) 4-part common analytical framevearkpares:

1. Context, geographical and historical

2. Key providers,

3. Information distribution and legislative protection

4

Core data, and metadata, as well as coordination

Similarly, Steudler's (2003) proposed spatial dati&astructure comparison framework

looks at a number of factors in the context of:

1. Policy encompassing the country’s geographicaltohisal, and social context, and
government spatial data sharing policy with respectcollection, distribution, and
intellectual property controls.

2. Management and operation, with regard to core dtdadard organisation, and policy
on network access.

3. Influence with respect to human resources or pefoplspatial data providers and users.

In addition, this framework also proposes a pertoroe evaluation based on indicators,

such as objectives achieved, system reliability, aser satisfaction (Steudler, 2003).

It is accepted that spatial data can make a kegribation in realising national development
targets, with impact on the social, economic, amdrenmental areas. As such, production
of crucial, basic spatial data is exclusive respmiity of government. In the countries
reviewed, i.e. the UK, USA, Australia, and Canaitlas the government that distributes
spatial data, which is largely produced by goveminimdies representing the main, largest
national providers. It is government through itgimas bodies that possesses both the
legislative instruments and the necessary resouccesllect and process national spatial

data.

The national initiatives reviewed here, all highligd three areas, which are key in NSDI
development. These encompass:
1. framework data or fundamental datasets development;

2. standards and metadata development; and
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3. enhancing spatial data sharing and access throagimected online (Internet)
distribution nodes.
In all cases, these areas were addressed throligharation of academia, and the private
and public sectors, at all levels and in everysgidgtion. Thus, collaboration was a critical

factor in the success of all these initiatives.

A number of criteria are presented in this sectfonthe purpose of comparing the NSDI
collaboration initiatives reviewed. These critenivolve the five themes by which each
initiative was presented, i.e. objectives and visiocoordination, datasets, standards, and

access.

4.6.1 Objectives and vision comparison

Success of a spatial data sharing initiative lekadving clear business objectives that are to
be fulfilled (Williamson et al., 2003). Likewisewithout a common goal, or objective,
initiatives are likely to diffuse in any directianithout taking advantage of each other. The
vision provides the direction for SDI developmemntok and van Loenen (2005, p.704).
Therefore, good practice implies that vision, obyes, and associated tasks are clearly
defined (Steudler, 2003).

The four national initiatives being discussed slemmmmon conceptual approach in that a
vision and aims have been defined and implemefiteel common vision among the distinct
initiatives was for creation of a tool for spatitta discovery, which also enables access to
spatial data and services to serve the needs efsdiwisers nationwide. The common aim
was to build a shared, collaborative spatial datmurce and asset, governed and managed
by specific policies and tools respectively. Inteagtiative, the aims were drawn as a series
from the vision. All the initiatives recognized theed for direct involvement of the private
sector and government at all levels. In practioss, is more prominent in both initiatives of
the UK and Canada, and to a lesser extent Austiédidle in the US GOS implementation
there is absence of adequate representation gbadirnment levels, and a lack of input from
the private sector in terms of spatial data, ebenigh its vision is more comprehensive and
ideal. This real involvement of the private seatdth its value-adding services in the UK,
Canada, and Australian spatial data sharing inigatbrings significant benefits in terms of
creating current and detailed datasets. In themy$eimentation, the ambiguity surrounding
regulation of private sector spatial data has me@itGOS currently only offers data from
federal bodies. This is in conflict with its visiaf facilitating access to spatial data from a
wide range of sources, not only government, but atsademia and the private sector. This
reflects an issue at the institutional level, wherere is a need to look at private sector

regulation, and also the means to encourage therscshare spatial data, particularly
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where emergency response efforts or national dgcare at stake. Finally, while NSDI
initiatives in the countries in question are refaly advanced, spatial data sharing, and

access to it, nationally, is still not fully readid.

4.6.2 Coordination Comparison

Satisfactory relationships between organisatioms, absence of duplication of effort is
achieved through effective forms of coordinatiogalised through well defined policy or
mandate. In effect, a lack of clarity or absence ofiandate to regulate coordination is one
of the causes of difficulty in NSDI development (Mdimson et al., 2003). Similarly, the
lack of a mandate for data sharing severely liroitaboration, and that organizations
require such a mandate to overcome their institatitnertia (Craig, 1995), and the bodies
concerned must be forced to share their data (Azat Wiggins, 1995). Therefore, an
effective policy on coordination, based on a legandate or formal order, is key to the

success of any spatial data sharing initiative,@andence of good practice.

The absence of mandatory powers to compel sharfingpatial data, and push through
development is apparent in the Australian ASDI iative, for which ANZLIC is
responsible. Moreover, added to this absence ofiatary authority for spatial data sharing
and exchange, both UK NGDF and Canadian CGDI ask & structure for coordination,
rather they are built on purely voluntary arrangetsebetween interested parties. The
success of an NSDI hinges upon having a robusitutishal national framework, with
effective policy supporting it, and a clear mandatehis respect, it can be seen that the US
GOS initiative possesses a strong coordination oopt, in particular at the federal level,
with other sectors, academia, private sector, andl lgovernment bodies, relegated to a
secondary role. Yet a positive aspect of being mlgndederal initiative has meant that it
possesses high-level political support, which woubdke it possible to gain policy
mandating spatial data sharing. On the other hidmedweak participation of other levels of
government, state and local, needs to be addrdesdte initiative to be fully realized,

which requires a mandate so far lacking.

Funding NSDI initiatives is also an area of vadatbetween the countries studied, which fit
the particular circumstances and needs of eacthidrrespect, there is no single funding
approach that will meet the needs of all countti€siff and Coleman (2003, p. 212). Yet
the sources of funding in a way influence the degrfedata sharing (Kevany, 1995). In most
cases, funding from central government has beennthé contributor to the rapid
development of spatial data sharing systems (Detdam 2004), and so represents an

excellent way of ensuring NSDI implementation.
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The diverse approaches to NSDI development fundarmgbe seen in that Australia chose
the decentralized approach, with each jurisdicfiooviding for its own programme. On the
other hand, in Canada, the costs of spatial d&ation, maintenance, and distribution are
met by a cost-recovery mechanism, where governbmegies charge fees to provide spatial
data. It is worthwhile mentioning the key role bétCanadian private sector through GIAC
in developing CGDI, in contrast to the other cowastr The UK has opted for a contractual
arrangement, i.e. NIMSA, between the Deputy Primeidter’s Office and the OS, through
which central government funding is made availablewever, while public funding has
been made available, a cost recovery mechanism¢harging users for data, is also in
place. The US NSDI initiative has benefited fromtcal government funds given via FGDC
among others since 1994; the aim is to help govemirbodies in development of the
system. This central funding has contributed tcelrated NSDI development. Moreover,
the US model does not adopt any cost recoveryeratpen access is granted to data,
especially at federal level, as the assumptiorhad spatial data activities lie within the
publicly-funded role of such bodies. In contraststate and local government levels, some
cost recovery measures may be applied with respéleir spatial data. Yet overall, and in a
fundamental difference, the USA does not apply @pyright or intellectual property rights

over spatial data in its custody, compared to tKeAlistralia, and Canada, which do so.

4.6.3 Datasets Comparison

In any spatial data sharing system, fundamentaboe datasets represent a key constituent
(Williamson et al., 2003). For this purpose, comnaata themes that are widely accepted
within the spatial data user community must be eshaamong stakeholder bodies (FGDC,
2010). Facilitating access to, and ensuring avitilalof spatial data remains the primary
motivation for NSDI, and so data organized intoadats is its central cornerstone. In this
respect, fundamental or core data from multiplersea must be seamlessly available and
accessible at negligible cost (De Montalvo, 20@ich represents the ideal to be aimed
for. This is reflected in NSDI good practice by@ganised system of available fundamental

datasets.

Within ASDI in Australia, GIS applications usagevealed ten common themes, but these
are not yet completed (Clarke et al., 2003). Witthie UK and Canadian NSDI initiatives,
core themes still lack clear definition, while théSA has clearly specified seven
fundamental datasets comprising the commonesia$platia themes used and accepted in its
spatial data user community. A criticism levelediagt GOS is that while 34 themes were
identified by OMB as the proper foundation for thetional spatial data sharing initiative,

there are no plans to include the 27 remaining on€S (Koontz, 2003).
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4.6.4 Standards Comparison

Another factor identified as key to spatial datargiy initiative success relates to standards
for spatial data and metadata (Williamson et @03, which are the enabling basis for
spatial data development, sharing, and use (Maitih Andersen, 2004). In this regard,
interoperability is achieved by implementing exigti recognised standards (Peedell, 2004),
and success hinges on consistency in the standaddmetadata. Good practice is reflected

in plans or mechanisms to implement national atetmational spatial data standards.

The proper development of an NSDI involves collalion between stakeholders based on
the use of common standards. As such, the fouomtinitiatives presented have included
development and implementation of data and metadi@adards to facilitate seamless
exchange leveraging uniform methods of datasetdatdacreation. This allowed metadata
search to be provided in all the national initieivdiscussed through a Web portal interface.
In practical terms, metadata is created and uptbadelinternet servers using a specific,
purpose-designed tool provided as a freeware agtjgit made available to spatial data

producers.

It can be seen that the other countries’ initigiveve made use of US standards and
metadata to a certain extent. The US FGDC sincd,lifidssuing the Content Standard for
Digital Geospatial Metadata, and later versions &etively contributed to international
standards development by both OGC and ISO. Thisrtet that other countries have, in
effect, de facto made use of US efforts, as thiegdalpted 1ISO standards and metadata.

4.6.5 Access Comparison

The reason for national spatial sharing system® iensure spatial data discovery and
access. Therefore, metadata needs to be freelialaleato enable spatial data to be found
(Peedell, 2004), sincektiowing which data exist, what their characteristare, and under
what conditions they are to be accessed will desgeduplication, improve efficiency and
decision making, while reducing cds{®ernard et al., 2005, p.17). In this sense, good
practice is the provision of metadata services wd#ia access featuring short system

response times (Steudler, 2003).

In the national spatial data sharing initiativegeeed, clearinghouses or distribution nodes
give access to spatial data, with the latter ligkin data over the Web. All the initiatives

discussed utilise the Internet to provide meardigoover and access spatial data, involving:
(1) a metadata search facility of related spatidhdesources; (2) descriptive information for

spatial databases allowing assessment of suitatnlgatisfy the needs of end-users.
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Metadata services are part of all the initiativeisce this is key to locating spatial data
preventing duplication and resulting in reducedds contrast to the initiatives in the UK,
Canada, and Australia, which only allow spatialadiat be discovered, the US GOS portal
includes the ability to access and download thdiapdata from within the portal. This
facilitates rapid and integrated access to spatsé. Thus, there is scope for further
development of the other systems into portals #matble greater direct access to spatial

products and services.

Spatial data sharing systems represent a powegflisidn-making tool, since they function
by seamlessly coordinating information across aetaiof sources. Datasets that can be
easily integrated to meet a variety of user requigats and business needs, have the benefit
of increasing confidence in data use, consistencyresentation and consistency and
comparability of results(Williamson et al., 2003, p.306). Deploying opstandards that are
internationally accepted in both spatial data awhhology areas must be adapted for, and

underpins proper NSDI development (De Montalvo,£00

Ensuring system architecture is interoperable semtsal for spatial data to be accessed and
shared using the Internet. As such, it represemisoaity area in the implementation of all
the national initiatives studied, which accept O@G¥en systems standards and specifications
for this purpose. The aim of all initiatives is taise levels of interoperability and so
functionality in Web-based services; this has aydaeen realized to a large extent in the US
GOS initiative. The other initiatives, however |llstieed to do more achieve this. On the
other hand, OGC web service standards still reduitber development to enable complex

features to be supported and facilitate greateropierability.

4.7 Summary

Initiatives to implement national systems for shgrspatial data must recognize that both
institutional and technical factors are key elermmeim their success, which include
organisational commitment, policies, and technaalgresources. The national initiatives
reviewed here, for the UK, USA, Australia, and Giméahave been established for a number
of years, and represent well advanced cases, bt seme areas still requiring to be
addressed (For comparison with KSA, refer to ‘Bagito Collaboration’, Section 8.9.4,
pp.194-199). The coordination among, and agreenoérdl| stakeholders may be achieved
through accurate and reliable datasets, widely piede metadata and standards, and

interoperable technology.

The initiatives reveal the on-going nature of NS#fforts, especially given the pace of

change in technology-driven applications and todlsis guarantees that any successful
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initiative will enjoy a process of constant devetgmt. Currently, all initiatives require
attention in the area of coordination between s$takkers, in particular by including all
government jurisdictions and levels, as well aagreintegration of the private sector. Also,
interoperability of systems for accessing and irdgggg spatial data to meet user needs in
public sector bodies, are areas for further effort.

This chapter has presented and compared the N8fatiires of UK, USA, Australia, and
Canada within the frame of five main themes, namglyiative objectives and vision,
coordination, datasets, standards, and accesdolltming chapter focuses on the research
methodology, including the case study approach, guahtitative, qualitative, and mixed
methods research. It introduces the survey questiom and semi-structured interview and
reflects on those ethical aspects to be considered.

79



CHAPTER 5: RESEARCH METHODOLOGY

“There are always many ways to tackle a problemmesgood some bad, but probably
several good ways. There is no single perfect degigesearch method for a given problem
is not like the solution to problem in algebraislimore like a recipe of beef stroganoff; there

IS no one best recipe.” (Simon, 1969, p.4).

5.1 Introduction

This chapter provides definitions of research methagy taken from the literature. It
introduces the concepts of research designs, metland strategies, including case studies.
The choice of inductive (theory building) and deiilte (theory testing) approaches
represented by qualitative and quantitative paradigs explained. On a philosophical
foundation of pragmatism, mixed methods researdticltwcombines both quantitative and
qualitative methods, and so gives the advantageiliding both qualitative and quantitative
methods within the same study, is presented. Theagths and weaknesses of the approach

are highlighted.

The choice of mixed methods in this research ptagqgustified by an analysis of the
research questions, which comprised both quangtaind qualitative aspects. This mixed
(quantitative and qualitative) research approadhiwithe case study design allows research
aims and objectives to be better achieved. Sineegtiantitative dimension is generally
dominant, a mixed method approach where a quawétatquiry is supported, explained,
validated, and triangulated by a qualitative onaswonsidered to be best in fulfilling the
aims and objectives of the work. The survey quasgire as a quantitative research
instrument, and semi-structured interviews as sdgpqualitative instrument, are chosen

for the purpose of collecting the necessary data.

5.2 Background

According to Bryman (2008, p.31), research desiginds the overallffamework for the
collection and analysis of ddtawhile the research method is the technique useghther
the data. In the definition of Fellows & Liu (2003gsearch methodology igh principles
and procedures of the logical thought process whighapplied to a specific investigation
The following sections briefly present an overviefithe methodological background of this
research, which is critical if valid and admissihleswers are to be derived from the research
effort. It also describes the research methods @yegdlin satisfying the aims and objectives

of the work.
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I[ Thiansulations (comparative or vbrid) ]

Figure 5.1: Research Designs, Methods and Strategies adagtfrom Bryman (2008)

5.3 Definitions of Research

Research is a systematic process of investigatioigiggms to find solutions and explore and
describe phenomena (Tan, 2004). Sekaran (200 edkft “as an organized, systematic,
data based, critical, objective, scientific inquioy investigation into a specific problém

Research can be qualitative or quantitative, egpdoy, descriptive, interpretive, and causal,

and pure or applied, (Tan, 2004).

Pure research attempts to establisthadretical explanatichor “understandingy and is an
area for academics. On the other hand, appliecargsdocuses on finding solutions to
problems, and is usually found in the industriaiteat (Fellows and Liu, 2003). In research,
four aspects are of vital importance and relatébias, generalisation and particularisation,
validity and rigour. The object of selecting a sdunethodological approach is to ensure
respect for these four factors. The different redeaesigns, methods, and strategies are

presented in figure 5.1.
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5.4 Research Designs

The process of research design follows logicaltgrafletermining the research questions,
and by necessity must precede any data colleclibis is because the purpose of the
research design is a framework through which tlsearch questions are answered by the
collected data, both fully and clearly. Accordirg¥tin (2003), research design ia logical
plan for getting from here to there, where here rhaydefined as the initial set of questions
to be answered, and there is some set of conckig@mswer). Therefore, the research
design is the framework binding the componentshefresearch, i.e. the literature review,

research questions, data collection and analysastree research findings (Tan, 2004).

A variety of research designs are available toam$ers depending on the aims of the
research and type of problem they wish to tackiesg include experimental designs, cross-
sectional (survey) design, and case studies, amthags. In experimental research designs,
the independent variable is varied to determineffexct on dependent variables. Hence, it is
rarely encountered in the social, business, orriggtional research context. A cross-
sectional research design requires data to bergatloe multiple casest a single poiritin
time to “collect a body of quantitative or quantifiable dafar multiple variables to find
“patterns of associatidnBryman, 2008, p.44). A case study design invsltlee deep and
detailed study of one or a number of cases. Thaoaph used may be qualitative,
quantitative, or a hybrid of both i.e. triangulati¢Cresswell, 2002). Sometimes no real
distinction can be drawn between cross-sectiondlcase study designs in the quantitative

context (Bryman, 2008).

5.4.1 Case Studies

In the search for appropriate explanations for tioes and issues, the case study approach
allows human activities to be explored in theirl narld context, where the issue under
investigation cannot be separated from its cont@ase study research is characterised by
reliance on multiple sources of evidence (Bryma&8&). This research approach tends to be
under-appreciated among others, yet can deliverpaaable insights. Case studies in
research areused extensively in social science research... (pdygir sociology, political
science, anthropology, history, and economics) et &as practice-oriented fields such as
urban planning, public administration, public pgliomanagement science, social work, and
educatiofi (Yin, 2003, pxiii). Indeed, Yin (2003) proposease study research as going
beyond observation and qualitative methods, buamproach in its own right. Generally,
“case studies are the preferred strategy when “haw*why” questions are being posed,
when the investigator has little or no control owerents, and when the focus is on a

contemporary phenomenon within some real-life odnteRegardless of the type of case
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study, investigators must exercise great care isigieng and doing case studies to

overcome the traditional criticisms of the metfig¥in, 2003, p.1)

5.5 Research Methods

As illustrated in figure 5.1 previously, a numbéresearch methods are available for use in
research (Fellows and Liu, 2003). These represahiniques for data collection, and make
use of specific instruments, such as questionnaiterview, observation, or document

analysis (Bryman, 2008).

| Research approaches |

7 AN

| Approsches stud ving reality | I Mathematical approaches |

L

Researches stressing what is reality Researches stressing utility of artifacts |
Conceptual- Approaches for Artifacts- Artifacts-
analytical empirical building evaluating
approaches studics approaches approaches

Theory- Theory-

testing creating

approaches approaches

Figure 5.2: Research methods taxonomy. Source: Jarvinen(@0, p.125)

Table 5.1: Types of research design and methods

Author Bryman (2008) Tan (2004)

Experimental and related designs (i.e€Case studies.
guasi-experiment).

Surveys.
Cross-sectional design, a common form| of
social survey research. Experiments.

Research designs | Longitudinal design and its various formsCorrelation research.
such as the panel study and the cohort

study. Causal-comparative
research.

Case study design.
Historical research
Comparative design.

Questionnaires. Questionnaires.
Interviews. Interviews.
Research methods | Observation. Observation techniques.
Analysis of documents. Analysis of past documents.
Simulations
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Jarvinen (2000) assembled a taxonomy of researcthoge (Figure 5.2), in which
approaches studying reality were subdivided ints¢htaking an empirical approach either
creating theory or testing it. The theory-creatpproaches included the normal case study,

grounded theory, and others (Jarvinen, 2000).

5.6 Inductive and Deductive Approaches

There are two approaches to theory and reseaindhctive and deductive. The deductive
approach begins with a hypothesis that is eitheficoed or not by the research findings
arising from data collected, and is fundamentajuantitative research. On the other hand,
the inductive approach seeks to extract inferenicas can be generalised from findings
acquired from the data and so constructing theamg is fundamental to the qualitative
approach. In a theoretical sense, this demarcheeglifference between both approaches.
However, in practice, there is an element of eggraach that by necessity must be applied
even in small measure. In a specific inductive apphh, a researcher may reflect on data
from the theoretical perspective, then seek to egatnore data to find more general

conditions in which the theory may hold true (Bryma008).

5.7 Research Strategies

In the course of deciding the methodology suitdbtethe research work, the strategy for
both collecting and analysing data must also babéished (Fellows & Liu, 2003). This
defines the way in which the research work is ditgming to be conducted, regardless of
whether a quantitative, qualitative, or mixed ftgalation) research was being undertaken
(Bryman, 2008). It is clear that choosing the redeastrategy and attendant research
methods has a significant influence on the outcomdwe differences between the

gquantitative and qualitative, as well as strategiespresented in tables 5.2 and 5.3.

Table 5.2: Differences between qualitative and quantitatie (adapted from Bryman, 2008)

Quantitative Qualitative

Numbers Words

Point of view of researcher Point of view of so@ators
Researcher distant Researcher close
Theory testing Theory emergent

Static Process

Structured Unstructured
Generalisation Contextual understanding
Hard, reliable data Rich deep data

Macro Micro

Behaviour Meaning

Artificial settings Natural settings
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Table 5.3: Differences between qualitative and quantitatie strategies (adapted from Bryman,

2008)

Quantitative Qualitative
Principal orientation to the roleDeductive; testing of Inductive; generation of
of theory in relation to research theory theory

. . : . Natural science model, i o

Epistemological orientation . S Interpretivism

particular positivism
Ontological orientation Objectivism Constructivism

5.7.1 Quantitative Research

The quantitative research approach is oriented risvaleductive, theory testing. It is
commonly associated with experimental researchhggipal phenomena, and numbers, but
Is also encountered in organisational and socis¢aeh (Bryman, 2008). According to
Moore (2000), even qualitative issues may be tcegtentitatively. Moreover, factual data
can be collected, and the relationships betwean theestigated; this can then be compared

against previously established results (Fellowsland2003).

Table 5.4: Quantitative Research: strengths and weaknessésource: Johnson and
Onwuegbuzie, 2004)

Strengths Weaknesses

Testing and validating already constructed theog
about how (and to a lesser degree, why) phenon
occur.

Testing hypotheses that are constructed before
data are collected. Can generalize research fisd
when the data are based on random sample
sufficient size.

ries The researcher’s categories that

nenaused may not reflect loce
constituencies’ understandings.

the The researcher’s theories that

ing used may not reflect local

s of constituencies’ understandings.

The researcher may miss out pn

Can generalize a research finding when it has [

replicated on many different populations and

subpopulations.

Useful for obtaining data that allow quantitati
predictions to be made.

The researcher may construct a situation
eliminates the confounding
variables, allowing one to more credibly ass
cause-and-effect relationships.

Data collection using some quantitative method
relatively quick (e.g., telephone interviews).
Provides precise, quantitative, numerical data.
Data analysis is relatively less time consum
(using statistical software).

The research results are relatively independen
the researcher (e.g., effect size, statist
significance).

It may have higher credibility with many people |i

power (e.g., administrators, politicians, peopleow
fund programs).
It is useful for studying large numbers of people.

influence of mahnhy

een phenomena occurring because of the
focus on theory or hypothesis testing
rather than on theory or hypothesis
generation (called the confirmatign
bias).
frat Knowledge produced may be too
abstract and general for direct
ess application to  specific local
situations, contexts, and individuals

ve

5 IS

ng

t of
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h
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5.7.2 Qualitative Research

Qualitative research isdéscriptive and inferential in characterand is powerful in
discovering potential explanations to issues urstiedy (Graham, 2000, p.10). Qualitative
research is used where it is not practical or pestethical to undertake experiments. Such
research looks at thaéality” existing in and between organisations, captunexnfthe
views of the people directly or indirectly involvé@raham, 2000). It involves collection of
data using three means: open-ended interviewst-hfnsd observation, and written
documents such as questionnaires. Analysis of deotsnlike questionnaires in an open
survey, yields data in the form of quotations artlaets. This raw, descriptive information

is then organised through content analysis intm#® and categories (Gillham, 2008).

Table 5.5: Qualitative Research: strengths and weaknessésource: Johnson and Onwuegbuzie,
2004)

Strengths Weaknesses

e The data are based on the participants’ gwn Knowledge produced may not

categories of meaning. generalize to other people or other
« ltis useful for studying a limited number of cages settings (i.e., findings may be unique
depth. to the relatively few people included
« Itis useful for describing complex phenomena. in the research study).
«  Provides individual case information. « It is difficult to make quantitative

«  Can conduct cross-case comparisons and analysis. ~ Predictions.
«  Provides understanding and description of peoplé’s It is more difficult to test hypotheses
personal experiences of phenomena (i.e., the “emic” and theories.

or insider’s viewpoint). * It may have lower credibility with
+  Can describe, in rich detail, phenomena as they are some  administrators and
situated and embedded in local contexts. commissioners of programs.

« The researcher identifies contextual and setting It generally takes more time to collect
factors as they relate to the phenomenon of interes  the  data  when  compared  fo
« The researcher can study dynamic processes [(i.e., quantitative research.
documenting sequential patterns and change). |* Data analysis is often time
« The researcher can use the primarily qualitative CONsSuming.
method of “grounded theory” to generaté The results are more easily
inductively a tentative but explanatory theory abpu influenced by the researcher’s
a phenomenon. personal biases and idiosyncrasies.
e Can determine how participants interpret
“constructs” (e.g., self-esteem, 1Q).
« Data are usually collected in naturalistic settiirgs
qualitative research.
* Qualitative approaches are responsive to local
situations, conditions, and stakeholders’ needs.
e Qualitative researchers are responsive to chapges
that occur during the conduct of a study (especiall
during extended fieldwork) and may shift the fogus
of their studies as a result.
e Qualitative data in the words and categories| of
participants lend themselves to exploring how and
why phenomena occur.
e One can use an important case to demonsrate
vividly a phenomenon to the readers of a report.
« Determine idiographic causation (i.e. determination
of causes of a particular event). 1
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5.7.3 Mixed Methods Research

The choice in research methodology between quemétand qualitative has been the
subject of heated debate for a significant peribtinee. Purists on both sides have argued
the case for the superiority of one approach ower dther, and argued the thesis of
incompatibility, i.e. that both approaches canretbxed (Howe, 1998 cited in Johnson and
Onwuegbuzie, 2004). Arguing a positivist philosagathi position, quantitative purists
maintain that social observations can be treateddhysical phenomena, and reliance made
on hard, and generalisable data. They separateoltserver from the subject of his
observation, advocating objective, time-, and cdrfieee generalisation. On the other hand,
the qualitative purists argue from a constructigistl interpretivist position. They reject the
feasibility of objective inquiry, or even generali®n that is free from time or context. In the
qualitative approach, the observer is indistingaidé from the observed context, as such
values play a part, and indeed the deep and rithgianed from observation is considered
superior (Guba, 1990 cited in Johnson and OnwueghR@04).

Table 5.6: Mixed Research: strengths and weaknesses (soar Johnson and Onwuegbuzie,

2004)
Strengths Weaknesses

« Words, pictures, and narrative can be used to|add Can be difficult for a single

meaning to numbers. researcher to carry out both
« Numbers can be used to add precision to wards, qualitative and quantitative researgh,

pictures, and narrative. especially if two or more approaches
+ Can provide quantitative and qualitative resegrch are expected to be used concurrently;

strengths (i.e., see strengths listed in Tablesabd} it may require a research team.

5.5). * Researcher has to learn about

+ Researcher can generate and test a grounded theory. multiple methods and approaches and
« Can answer a broader and more complete range of understand how to mix them
research questions because the researcher i notappropriately.
confined to a single method or approach. * Methodological purists contend that
« Specific mixed research designs have spegific one should always work within either
strengths and weaknesses that should be consigered@ qualitative or a quantitative
(e.g., in a two-stage sequential design, the Stage Paradigm.
results can be used to develop and inform |the More expensive.
purpose and design of the Stage 2 component). | «  More time consuming.
» Aresearcher can use the strengths of an additional Some of the details of mixed research
method to overcome the weaknesses in anqther remain to be worked out fully by
method by using both in a research study. research methodologists (e.g.,
« Can provide stronger evidence for a conclusion problems of paradigm mixing, how to
through convergence and corroboration of findings. ~ qualitatively ~analyze quantitative
« Can add insights and understanding that might be data, how to interpret conflicting
missed when only a single method is used. results).
e Can be used to increase the generalisability of| the
results.
e Qualitative and quantitative research used together
produce more complete knowledge necessary to
inform theory and practice.
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Within a philosophical regime of pragmatism, a ndiv@proach applying both quantitative
and qualitative models or methods has also beeacatrd by scholars for drawing on the
strengths and reducing the weaknesses of each amgpp{@ashakkori and Teddlie, 2003;
Creswell, 2003; Johnson and Onwuegbuzie, 2004)y Thatend that approaches may be
mixed to provide the best way of answering the amde questions (Johnson and
Onwuegbuzie, 2004). As such, Johnson and Onwuegh{2004, p.17) define mixed
methods researcha$ the class of research where the researcher motesombines
quantitative and qualitative research techniquesethuds, approaches, concepts, or
language into a single studylmportantly, they say thatrésearch methods should follow
research questions in a way that offers the beaho to obtain useful answérgdohnson
and Onwuegbuzie, 2004, p.17).

5.8 Relationship of Research Questions to Methodology

Specific research questions were identified from tasearch problem and statement. In

KSA:

1. What are the spatial data and SDI concepts thagsmential to developing NSDI?

2. In NSDI development, what relationships bind itsnponents?

3. What is the experience worldwide of the best pcadiSDI collaboration initiatives?

4. What is the current form of NSDI in KSA, and how fa it satisfactory to the needs of
stakeholders?

5. What recommendations can describe a best practaedi SNSDI collaboration

initiative?

The choice of research approach must arise fronudy ©f the research questions, and
analysing their nature, according to Johnson andu@gbuzie (2004). In this research, the
questions above are generally quantitative, but rmap have qualitative dimensions.

Questions 1, 2, and 3 are mainly quantitative tumeg and can mainly be answered from the
literature review. Question 4 combines both quatitié and qualitative aspects, as it asks
for a description of NSDI in KSA, which can be dexd from the questionnaire, and also the
interviews. However, how far NSDI in KSA satisfistakeholders relies on qualitative data
from interviews. As for question 5, it is best demith satisfactorily within a mixed method

approach. Since the quantitative dimension is gdlystominant, a mixed method approach
where a quantitative inquiry is supported, expldingalidated, and triangulated by a

qualitative one, was considered to be best inlfinlfi the aims and objectives of the work.

5.9 Research Instruments

The mixed (quantitative plus qualitative) methodsvehosen as the best way to address the

research questions. Therefore, appropriate institsneeed to be selected. In this case,
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gquantitative data was collected mainly using a tioesaire, while supporting qualitative

data was gained from semi-structured interviews.

5.9.1 Survey Questionnaire

A questionnaire is a widely used research instramehich is distributed to a sample of
participants to elicit responses to both closedd apen-ended questions. Since it is self-
administered, the questionnaire must be easy towoand answer, as it is completed
without available human guidance. Compared witherinews, it has a number of
advantages, being cheaper, quicker to administéth wo interviewer influence or
variability, and is convenient for those completibgHowever, it also has a number of
disadvantages, including no prompting, does notaHln issue to be probed, are restricted
in length, questions have to be restricted to shigsues, and few open-ended (people do
not want to write much), anonymous in that the gelis not identifiable, risks missing data,

and may suffer low response rates (Bryman, 2008).

The questionnaire was the primary instrument ferdbllection of quantitative data in this
research. A total of 26 questionnaires were disteitd to 26 key persons in the 26 key spatial
data organisations in KSA. In the first stage, Btpguestionnaire was developed and
circulated to 4 organisations. The comments anttisms received were used to amend and
improve it. The revised questionnaire was therritigted once more to 6 organisations, and
comments showed that was clear, understandablestemghtforward. This final version of

the questionnaire (see Appendix 1) was delivereddl tihe participants in the survey.

5.9.2 Semi-structured Interview

Semi-structured interviews were the means to objailitative data to support, explain,
validate, and triangulate the quantitative datanggifrom the questionnaire. The semi-
structured interviews were important to bring deatid “rich” data to the research. In this

work, 72 individuals in 26 stakeholder organisagievere interviewed.

In the tradition of semi-structured interview ofempended questioning, questioning and
eliciting responses that guided further questiafliscovery and exploration was possible,
unlike a strict question format (Appendix 3). Thsuld allow discovery in the qualitative
context of this case study research. Questions alemetailored to the position and role of
the person in his organisation, and reflected tegperience. However, the questionnaire
was used as a rough guide to the questioning, anwhed upon a description of the
nature of the organisation, including employeasicttire, and areas of business, the areas of
spatial data it was involved in, exploring the matwf organisational relationships with

regional and central government bodies, and coatidig agencies nationally, as well as
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spatial data used or provided by the organisatroaddition, participants were asked about

any current or past collaboration venture involvingir organisation.

In order to ensure the participation of key pergbntine interviews were scheduled and pre-
agreed in each region for roughly a whole weeledaoh region, the leading SDI stakeholder
organisation was asked to host the visit, and doate with the other stakeholders in the
region to facilitate interviews and questionnairgribution to relevant persons within each
organisation. The persons concerned and their m@i@ons were also sent briefing

documents beforehand explaining the purpose ofrésearch, the importance of their
participation, ethical statement and consent foas,well as the questionnaire. In the
interview, some interviewees supported their statégmby providing documentation about
the spatial data activities in their organisatidhe data gathered during the visit to each
organisation was aggregated, and represented eatibigant’'s view of SDI organisation,

processes, and technical issues in their area.

5.9.2.1 Semi-structured Interview Schedule

The interviews broadly followed the research thebmew, with the questionnaire acting as

a rough guide to the questioning:

Theme 1: Organisational overview (structure, stafing, main business/role).
Example questions: Tell me about your organisatimmhat areas of business does it work?
How many people does it employ? How many staffiavelved in spatial data activities?

What role do you play in the organisation?

Theme 2: Spatial activities of the organisation.
Example questions: In what way is your organisaitimolved with spatial data, and in what

areas. Is your organisation a consumer, or daagjly spatial data, or both?

Theme 3: Spatial data sharing

Example questions: Please describe the spatialtgagayour organisation uses or supplies
to others? In as much detail, can you describenéttere, form including policy aspects, of
any arrangements or agreements on spatial dataglyaur organisation has? In these data
sharing arrangements, would you comment on whejioer prefer these as formal or
informal? And why? Are spatial data sharing arrangets reflected in the organisation’s
policy? What standards do you use within the oggtion for spatial data? Is there a case of
different standards within organisation units ortpars? In your view, can you outline the

obstacles you face in data sharing? Can you desaity organisational, policy, non-
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technology, technology, or other aspects thatifateld data sharing? What aspects have

been obstacles?

Theme 4: Organisational relationships with regionaland central government bodies,
and coordinating agencies nationally.

Example questions: Can you describe the type @itiogiship that you have with other
bodies and organisations, public and private seEtoryou have local partners only or do
you collaborate nationally across the Kingdom? Heré a framework in which you
collaborate with others in spatial data? Can yoscdee it? Does collaboration involve

sharing resources, personnel skills, or technidehstructure?

Theme 5: Specific SDI or collaborative initiative é the organisation.

Example questions: Can you describe any curreptst SDI collaboration involving your
organisation? What made you decide to collabor&téfat would you say are the key
obstacles to collaboration? What were the factbas facilitated collaboration? Has your
organisation benefited from such collaboration? \Watube true to say that in the Kingdom,
interpersonal rather than institutional relatiopshsmooth the way for SDI collaboration?
Was the collaboration implemented by formal agregme.g. service level agreement,

memorandum of understanding etc.?

It is to be noted that there is a degree of oveblstpveen questions across themes due to the
dynamic nature of the semi-structured interviewerehthe responses of the interviewee
guided the enquiry. One respondent may be askedeatign under the heading of one
theme, and so it is not repeated to them for amoffike researcher also requested
documentary evidence, policies, and documentaggarding the interview themes from the
organisations, and a number of these organisaignsed and granted this request. This
process secured a description of the nature ofatiganisation, including employees,
structure, and areas of business, the areas délsgata it was involved in, and allowed the
nature of inter-organisational relationships witgional and central government bodies, and
coordinating agencies nationally, as well as spdtita used or provided by the organisation,

to be explored.

5.9.2.2 Saudi National Spatial Data Infrastructure E-Group

The researcher created an e-group under the namtSanfdi National Spatial Data

Infrastructure”, which contained the contact emaflsnany of the experts from the different
spatial data organisations in Saudi Arabia, espgdizose people who had participated in
the semi-structured interview. The purpose of thggaaip was to keep in touch with these

experts, and so update the research data with amy information about spatial data
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activities in the KSA. The e-group was key to atearnng collection of data, which shed
further light on issues that emerged even afterrterviews and questionnaire survey had

been concluded.

5.10 Ethical Considerations

Any research into a social or organisational cantexst consider the ethics of dealing with
human subjects and participants in the work. Fallgwhe guidelines at the University of
Nottingham, participants were explicitly informefitbe aims of the research project. In the
letter requesting assistance and appointmentsjciparits were advised of what the

researcher would require of them, and the time theyld likely spend.

Participants were assured that their anonymity woull be safeguarded, in that any
information identifying their person or organisation would not be available to any
other parties. No personally identifiable information would appear on any published
material. Moreover, strict confidentiality would apply, in that the information they

volunteered would be used only for the purposes tiie research outlined

The contribution of the participants in the resbamas acknowledged, and they were told
that participation was completely voluntary, andytltould withdraw at any time they saw
fit. Participants were given the researcher’s adré@d university details, to allow them to

get in touch regarding any aspect of their paratgn.

5.11 Summary

This chapter has provided definitions of reseandmf the literature. It introduced the
concepts of research designs, methods, and seafegcluding case studies. The choice of
inductive (theory building) and deductive (theorgsting) approaches represented by
qualitative and quantitative paradigms was expthin@n a philosophical foundation of
pragmatism, mixed methods research with the adgantd utilising both qualitative and
guantitative methods within the same study wersemted. The strengths and weaknesses of
the approach were highlighted. The choice of mirexthods in this research project was
justified by analysis of the research questionsmfiwhich a predominantly quantitative
inquiry, supported, explained, validated and tridated by a qualitative one was concluded
to provide the best way of achieving the researthsaand objectives. The survey
questionnaire as a quantitative research instrumamd semi-structured interviews as
supporting qualitative instrument were selectedtfi@ purpose of collecting the necessary
data. Finally, ethical considerations in the condii¢he research were outlined.

The following chapter will cover the data collectitasks, and barriers encountered. In

addition, it presents those organisations, reptaggrall the stakeholders involved with
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spatial data in KSA, which were made a part of #tisdy. It will briefly describe the

conduct of the interviews and the return rate efgtirvey questionnaire.
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CHAPTER 6: DATA COLLECTION IN KSA

6.1 Introduction

There are many different and isolated spatial dataities in the Kingdom of Saudi Arabia
(KSA) within various ministries, government orgatiens and in the private sector. Each of
them deals with spatial data and there is ofterr gbaring of this information with one
other. The political and institutional relationshipetween the public and private sectors
have, and will, continue to be challenging. Thisyaler presents the fieldwork undertaken

for the purpose of gathering data in KSA.

6.2 Aim of the Fieldwork

Collecting data to satisfy the needs of this rede#wok place over a period of time, which
the researcher spent in KSA. During that time, rieseof semi-structured interviews were
carried out with lead persons in stakeholder oggitins engaged in dealing with spatial
data, principally key users and providers of spat#a in KSA. The data collection effort
aimed at gathering the greatest amount of infolonatid allow a full picture of spatial data
sharing in KSA to be pieced together, including ¢hallenges and obstacles that confronted
the development of NSDI in KSA.

6.3 Description of Fieldwork

The field survey was conducted across a numbeegibns in KSA from May 2008 to

September 2008. Then follow-up and updating ofrimftion continued with those persons,
who had been interviewed, until the end of Decen0 by telephone, field visits, or
through the Saudi National Spatial Data InfrastitetE-Group that was set up by the
researcher. The aim was to update previously delfeénformation, or add new data
regarding spatial data in KSA, in areas which hatl lmeen previously addressed. This
method was especially valuable in following up therent three SDI initiatives in KSA,

namely the MOMRA, Ar Riyadh Development Commissi@nd Saudi National SDI

initiatives. The data gathered in the field surwegs key in building the conceptual
framework and validating any assumptions made. Jimvey was preceded by a pilot
questionnaire and refinement of the questionnaisdyded semi-structured interviews of 72
individuals in 26 stakeholder organisations setkatge to their involvement with SDI in

KSA, whether users, providers of spatial data,amrdinating SDI efforts. The interviewees
were selected for their position within the orgatien in its different levels, and the
researcher conducted the interview by prior appa@nt. The interviewees in the sample

were given the necessary information explainingmnigortance and purpose of the research.
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In addition, the code of ethical conduct in treatinef the information, and protecting the

anonymity of the participants was also emphasised.

While conducting the interviews, themes based engtestionnaire were used to guide the
discussion, and set questions were not used. Ratpen-ended questions were posed as
prompted by the information given by the interviewdaking into account the position,
experience, and knowledge of the person conceiffezlaim was to allow the interviewee
to present their perspective of Saudi NSDI, in erof culture and behaviour of

organisations, intra- and inter-jurisdictional tadaships, and collaboration.

A guestionnaire was distributed to a select samp6 highly placed individuals (who were
also interviewed), representing the higher levahahagement directing spatial data activity
within the 26 stakeholder organisations. It wasahl# that of the 26 participants, 24
completed the questionnaire. Moreover, all but ageced to join the e-group of key
personnel working within Saudi NSDI. The researdestionnaire explored the following
themes:
» Background information on the organisation (streestunumber of employees,
primary areas of business);
e Activities in the area of spatial data;
* Relationships: intra- and inter-organisational wjdvernment, national coordination
institutions and other organisations;
* Nature of the spatial data either used by the asg#ion or provided to others;
« Description of programmes for collaboration or bl $itiated by the organisation.
The questionnaire design used multiple-choice @quest extensively to allow rapid

completion, and ensure a high response rate.

6.4 Fieldwork Tasks

The major tasks within this fieldwork can be sumised in the table (6.1) below.

Table 6.1 Fieldwork tasks scheduled from May 2008 to Deoer 2010

Task

Start the fieldwork
Write official letters signed by General DirectdrKing Fahd Security College to al
target organisations.
Distribute the official letters, introduce myselfichthe survey questionnaire abgut
spatial data in the KSA to all target organisatial record their comments|/
suggestions about the questionnaire.
Re-write the questionnaire according to the orgdiias’ comments and suggestions.
Create a new e-group under the name of “Saudi Naiti®patial Data Infrastructure”
which will contain the contact emails of many ofettexperts from different
organisations in Saudi Arabia.
Distribute the final version of the questionnaim 26 private and government
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organisations (one copy per organis

ation).

Collect the completed questionnaires from all taogganisations

target organisations

Conduct a semi-structured interview with aroundeXperts in Spatial Data from g

6.5 Target Organisations

Twenty-six paper/digital copies of the survey qigstaire (see Appendix 1) were

distributed to government/private organisationsthe three major regions (Ar Riyadh,
Makkah and Eastern region) as shown in the follgwable (6.2):

Table 6.2 Participants in the study

Position of person received the
Organisation Name Location guestionnaire
General Commission for Survey (GCS) Ar Riyadh  Diveof GIS Centre
King Abdulaziz City for Science and .
Technology (KACST) Ar Riyadh | Head of GIS Centre
Al Moammar Information Systems (AMIS Ar Riyadh  GI®vision Manager
High Commission for the Development of ArAr Rivadh Manager, Spatial Information
Riyadh (HCDA) y Management
King Saud University (KSU) Ar Riyadh| GIS Departméhdnager
Saudi Consolidated Engineering Company ~ ..
Khatib & Alami Ar Riyadh | GIS Country Manager
Central Department of Statistics & . . .
Information Ar Riyadh | Mapping Unit Manager
General Directorate of Civil Defence Ar Riyadh Manager —of the_ Department  of
Developmental Projects
Software Vendor / Services Organisation Ar Riyadh rojétts Director
Ministry of Agriculture Ar Riyadh Department of Informatior
Technology
Saudi Aramco Dammam Sype_rwsor of Surveying Services
Division
Ministry of Municipal and Rural Affairsg Ar Rivadh Assistant Deputy Minister & General
(MOMRA) y Director of Surveying and Mapping
Ministry of Water and Electricity Ar Riyadh| HeadAf Riyadh GIS
Presidency of Meteorology And
Environment (PME) Jeddah GIS & RS Centre manager
Saudi Telecommunication Company Ar Riyadh  SpatatialManager
Saudi Electricity Company Ar Riyadh|  GIS Project Mgar
Saudi Post Ar Riyadh| Assist manger of GIS centre
FarsiGeoTech Jeddah Project Manager & GIS Manager
GeoTech Group Ar Riyadh| Director of IT
GIS Unit Coordinator, Facult
. , . Member at City and Regional
I\K/ll_ng Fahd University of Petroleum an dDammam Planning Department, and Chairman
inerals . ) :
of Architectural Engineering
Department
Ministry of Health Ar Riyadh Dlrector_ Database and GIS unit [n
preventive department
Ministry of Transport Ar Riyadh | E-Business Dep. GM
Il\{lﬁlélr(i)gsl Information Centre, Ministry OfAr Riyadh | GIS project- Analyst
Royal Commission for Jubail & Yanbu Jubail Sectidanager, GIS
Saudi Geological Survey Jeddah GIS Manager
Sagdl N Commission for Tourism an dAr Riyadh | GIS Unit Manger
Antiquities
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6.6 Fieldwork barriers

The researcher faced a number of barriers and iimeetls during the fieldwork. These
barriers can be summarised as follows:

1) One copy of the questionnaire per organisatiowais very hard to find a qualified
person in the organisation to complete the questioe.

2) If the researcher were to find the correct persomttie semi-structured interview
and questionnaire, then another difficulty wasrsgnag a suitable time to meet this
person.

3) At any time — possibly just before the appointmeht-researcher would sometimes
receive a call to cancel the meeting, becauseatigettperson had another important
appointment or job for his organisation. This addedthe time lost during the
fieldwork.

4) The interviews may also highlight the potentiallgeon of the effect of positionality
of the interviewer in the eyes of the interview&he answers received might well
be influenced by whether the interviewees saw thierviewer as scholar,
representative of the government, or superior iafficGenerally, the replies tend

towards the scholarly.

6.7 Survey Questionnaire

In this research, a total of twenty-six organisagiorepresentingll the organisations
working in spatial data in KSA, were included irethuestionnaire survey. All except two
completed the survey questionnaire, which were Sawhmco and the Saudi
Telecommunications Company. Among the 24 copie%p 9%re completed and returned
(see Table 6.2). The number of the organisatioasaghswered each question of the survey

can be seen marked in the front of each sectiguestion in Appendix 2.

6.7.1 Analysis of the Questionnaires

The analysis of the questionnaires from the sumwag done following the procedure
described by both Pallant (2007) and Kinnear aral/G009):

1. Coding each questionnaire, which involves agsiga unique identifying code to each
questionnaire (Pallant, 2007).

2. Assigning specific codes to each question andesgponses. In this case, “yes” and “no”
responses were assigned numbers (1) and (2) regbedn multiple choice type questions,

each pre-determined response was given a numlascanding order, (1), (2), (3), etc. For
ranking of statements, in this case ranking as ‘vey important”, “not important”,

“neither”, “important”, and “very important” weresaigned values of (1), (2), (3), (4), (5)
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respectively. The same code values were used fponses of the same question types
throughout the questionnaire.

3. In SPSS, a database for each questionnaire wg®e created. The data from the
questionnaires was then input to the database.

4. The analysis of the data from the questionnauesdone using Microsoft SPSS.

In-depth statistical analysis of the data gathemdtlis study was not required, since most of
the questions posed to respondents were closedtemdevas judged sufficient to use

descriptive statistics of percentages and freqesntd study whether the results were
significant. According to Kinnear and Gray (20089)s appropriate to present the responses

of the participants in the survey in the form ofgemtages and frequencies.

6.8 Semi-structured Interview

The semi-structured interviews were important tandprdepth and “rich” data to the
research. In order to ensure the participationegfgersonnel, the interviews were scheduled
and pre-agreed in each region for roughly a whadeky In each region, the leading SDI
stakeholder organisation was asked to host thd, wésid coordinate with the other
stakeholders in the region to facilitate intervieavel questionnaire distribution to relevant
persons within each organisation. The persons coedeand their organisations were also
sent briefing documents beforehand explaining timpgse of the research, the importance
of their participation, ethical statement and comgerm, as well as the questionnaire. The
data gathered during the visit to each organisatves aggregated, and represented each

participant’s view of SDI organisation, processex] technical issues in their area.

In the tradition of a semi-structured interview doying open-ended questioning, eliciting
responses that guided further questions, discoaady exploration was possible, unlike a
strict question format as shown in Section 5.9.Zhis would allow discovery in the
qualitative context of this case study researctesflons were also tailored to the position
and role of the person in his organisation, andectdd their experience. However, the
questionnaire was used as a rough guide to thetigoieg, and so touched upon a
description of the nature of the organisation, udatg employees, structure, and areas of
business, the areas of spatial data it was invalvedxploring the nature of organisational
relationships with regional and central governméntlies, and coordinating agencies
nationally, as well as spatial data used or pravidy the organisation. In addition,
participants were asked about any current or pakaboration venture involving their

organisation.
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Then follow-up and updating of information contidugith those persons interviewed, until
the end of December 2010 by telephone, field visitshrough the Saudi National Spatial
Data Infrastructure E-Group. The aim was to upgateiously collected information, or add

new facts regarding spatial data in KSA, in aréas lhad not been previously addressed.

6.8.1 Analysis of the Semi-structured Interviews

According to Merriam (1998) and Silverman (2009)isi worthwhile to begin analysis of
qualitative data as soon as data collection staggsking to come to some conclusions and
make generalisations that make sense. This anadyeisde up of three stages, namely (1)
reduction and (2) display of data, as well as @)vihg conclusions and verifying them.
The first stage of analysis, i.e. reduction, inealwdata simplification and abstraction using
notes and interview transcripts. The second stégiata display involved organising this
data and assembling it. In the third, conclusiod aarification stage, ideas and themes

begin to emerge from this data (Miles and Huberm84).

In this research, the collection of qualitative adatas conducted, mainly, using semi-
structured interviews, supported by follow-up conmication and field visits. The aim was
to use these data to support, explain, and validéte. triangulate), questionnaire
guantitativedata derived from the questionnair@ daid to give, and give it more depth. The
semi-structured interview format gave scope fornepeded questioning of interviewees
allowing their responses to be developed by furtjusstioning and so shed light on specific
Issues, taking into consideration the position argerience of the interviewee within an
organisation. As such the interviews provided aldepinformation, built on initial scoping
questions related to organisation size, activitg®] relationships with other organisations,
including any collaboration, past or present. Omynaccasions, the interviews gave the
researcher the opportunity to request and receiweurdentary evidence providing
background material and facts describing the dpdéita situation of organisations, and at
national level. Moreover, the researcher was ablduild rapport and trust with many
interviewees, who remained in correspondence \ithrésearcher through an e-group set up
for that purpose, or in subsequent field visitg] telephone communication. This follow-up
data collection was key in filling many gaps, andviding an up-to-date insight into the

spatial data situation in KSA.

The data collected from the semi-structured in&awgi was processed in the following way:
1. Taking notes, during, and after each semi-atradtinterview.
2. Listening to the semi-structured interviews.

3. Transcripting the semi-structured interview.
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4. Updating the semi-structured interview with amgw information, which was gained
through the Saudi National Spatial Data Infrastieste-Group or by telephone or field
visits.

5. Reading the semi-structured interviews and fggktihg the ideas and themes.

6. Classifing the ideas and themes according tqtiestionnaire.

7. Omitting redundant and irrelevant information.

8. Coding the clear ideas and themes to make e any information identifying
participants on the semi-structured interviews ik organisations would be safeguarded,

as shown in the following Table 6.3:

Table 6.3 Semi-structured Interviews Coding

Code Meaning

gou | government organisation user

gopu | government organisation provider and usgr

pou | private organisation user

popu | private organisation provider and user

ao | academic organisation

9. Translating these ideas and themes from Arablitnglish.
10. Checking the translations with a professiomaldc and English language translator.
11. Using these ideas and themes to support, explalidate, and triangulate the

gquantitative data gained from the questionnaire.

6.9 Summary

This chapter covered the data collection undertakelRSA, and outlined the aims of the
fieldwork as well as how it was done. The barriercountered in the field were also
presented. The chapter presented the target oaganis, which consisted of all the
stakeholders involved with spatial data in KSA. Titerviews and the survey questionnaire

returns were also treated.

The following chapter will look at the current siphidata situation in KSA. It will present

the historical development of the SDI stakeholdetsSA. The chapter will also include the
policy and legislation establishing and definingd aregulating the roles of those bodies
involved in using and creating spatial data in K&fd will also explore the barriers to

spatial data sharing.
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CHAPTER 7: CURRENT SPATIAL DATA SITUATION IN KSA

7.1 Introduction

KSA saw huge growth in all areas, such as populatoenstruction, industry, agriculture,

education, etc. during an economic boom lastingnfrb988 to date, along with rapid

developments in IT. Yet, there was a lack througlodwomprehensive national strategies to
leverage technological developments to help plamaed decision-makers solve a majority
of problems, related to the environment, urban exdntand security, especially, with the

availability of spatial data that could be put 82 {Kubbara, 2007).

A lack of coordination resulted in duplicated efoin the creation of base maps, and spatial
databases, as well as varying specifications amtlatds. This lack of coordination could be
attributed to absence of relevant legislation aalicp The price of such failure has had
both a massive financial, as well as human costlogsmented in a single disaster event

witnessed in KSA in late 2009, as mentioned preshoin section 1.3.

This chapter explores the current situation ofigpdata in KSA with respect to the key SDI
stakeholders in KSA using information and documeisined from the bodies concerned,
and from interviews with key personnel involvedilie area. The process of data gathering
was also iterative, with updated information beiageived from many of the interviewees
up to the end of December 2010 through communicdtiotelephone, repeat visits, and the
Saudi National Spatial Data Infrastructure e-Gros@t up by the researcher. A further

source of background information were the websifdhese bodies (Table 7.1).

Table 7.1 Main SDI Stakeholders’ Websites in KSA

Organisation Website Organisation Name
http://www.gcs.gov.sa General Commission for Survey (GCS)
http://www.momra.gov.sa Ministry of Municipal and Rural Affairs (MOMRA)
http://www.sgs.org.sa Saudi Geological Survey (SGS)

. King Abdulaziz City for Science and Technology
http://www.kacst.edu.sa (KACST)
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7.2 Main SDI Stakeholders in KSA

In KSA, four main stakeholder bodies are respordit spatial data, as defined by Cabinet
Decision No.70 dated 22/4/1410AH (21 November 14BSBA Council of Ministers, 1989).
These are:

1. The General Commission for Survey (GCS)

2. The Ministry of Municipal and Rural Affairs (MOMRA)

3. The Saudi Geological Survey (SGS)

4. King Abdulaziz City for Science and Technology (K8T)

7.2.1 General Commission for Survey (GCS)

The General Commission for Survey (GCS) (previodsigwn as the Military Survey) is

attached to the Ministry of Defence and Aviatiorhieh is under the direct authority of the
Prime Minister’s Office. The work of the GCS wadided in Cabinet Decision No.70 dated
22/4/1410AH (21 November 1989) (KSA Council of Mitars, 1989), and endorsed by
Cabinet Decision No.8 dated 14/1/1427AH (12 Felyr@®06) (KSA Council of Ministers,

2006a). The GCS was given responsibility for geledédbpographic, and marine surveys,
producing maps of scale (1:25,000), and less, @awkldping GIS systems related to its

work and the needs of modernisation.

7.2.1.1 Brief history of the General Commission for Survey

The GCS was first established in 1926 as the “Su®epartment”. It was one of the
departments in the Plans and Operations Directafatke Military Operations Division in
the Ministry of Defence and Aviation (at the tim@&he function of the Department was
restricted to simply collating, classifying, andtdibuting old maps to the various branches
of the armed forces. In 1393AH (1973), the Surveyp@tment was renamed the Military
Survey Department. In the first phase of estabighiis department, it remained part of the
Plans and Operations Directorate. In 14/6/1395AB JRne 1975), the Military Survey
Department was renamed the “Military Survey Direate’. Moreover, its function was
modified to focus on collecting information, andbgucing maps and aerial photographs

needed by all branches of the armed forces.

In 22/4/1410AH (21 November 1989), Cabinet Decisdm70 required that all agencies
involved in survey work be unified in one body, ledl the Central Survey Directorate,
linked to the Ministry of Defence and Aviation. Thew body would undertake all work
relating to geodetic, topographic, and marine symeoducing maps of scale (1:25,000) and

less, and developing the GIS systems necessatlggdddirectorate’s work and improvement.
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Other survey work would fall within the jurisdictioof MOMRA, i.e. (1:25,000) scale maps
and greater, while ground survey work related t@od mineral related activity remained in
the jurisdiction of the Geological Survey Commissiof the Ministry of Petroleum and
Mineral Resources (KSA Council of Ministers, 1989).

In 3/5/1422AH (23 July 2001), Cabinet Decision N3 changed the Central Survey
Directorate in the Ministry of Defence and Aviatimmno the General Commission for Survey
(GCS), an independent body with a separate bubtigétjnked to the Ministry of Defence
and Aviation (KSA Council of Ministers, 2001). If/1/1427AH (12 February 2006), the
Cabinet issued Decision No. 8 endorsing the fonatf the GCS (KSA Council of
Ministers, 2006a).

7.2.1.2 Functions of the General Commission for Survey (GCS

1. Developing the technical specifications for gearjetibpographic, and marine surveys,
as well as implementation and follow-up of saidveyrwork.

2. Undertaking aerial photography related to its wakd coordinating, organising, and
supervising the aerial surveys of other bodies.

3. Establishing and maintaining geodetic networkseves the work of the Commission;
measuring gravity according to need, as well amdeessary measurements for marine
navigation maps.

4. Executing, in its own capacity or through desigdagents, studies related to the areas
of surveying within its jurisdiction, and providiragnsultancy services in these areas.

5. Marketing surveying services, and digital and pgmeducts; publishing unclassified
surveying, and geographical information.

6. Designing, implementing, and improving training gm@mmes in its area of

specialisation, and training Saudi personnel in K84 abroad.

7.2.1.3 The GCS Board of Directors

The GCS is managed through a Board of Directorsisting of the Minister of Defence and
Aviation and the Inspector-General (President), ideMinister of Defence and Aviation,
(Vice President), and representatives from MOMR, Ministry of Transport, the Ministry
of Economy and Planning, the Ministry of Financ&@ST, and SGS, as well as the Head

of GCS, two specialist members, and two membenra fle private sector.

7.2.1.4 The most prominent achievements of the GCS

At national level, the GCS secured a number of jment achievements, including:
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10.

11.

12.

13.

14.
15.

16.

17.

Re-surveying the entire territory of KSA, and bunilgl the national geodetic network
distributed throughout the Kingdom to the highesecification. This network was
precisely tracked and calibrated using global pmsitg system (GPS) satellites. Hence,
it is the reference used in all survey work, depeient and urban development projects,
and studies related to movement of the Earth’stcguavity, magnetic fields, etc.
Producing full coverage maps for KSA from modergitdi and paper maps to scale
(1:250,000).
Updating over 40% of mapping coverage of urbansamedhe Kingdom in paper and
digital maps of scale (1:50,000).
Building multi-level, multi-scale national geograpdl information databases, according
to the latest technical specifications (formal $fjeations are not published).
Participating in surveying and drawing the land aratine borders of the Kingdom with
neighbouring States.
Producing the official, authorised KSA map to scéle2,000,000) that shows and
documents the international borders with neighbwu8tates.
Producing the road network map of the Kingdom far Ministry of Transport to scale
(2:3,000,000).
Producing the Atlas for the Holy Sites and majtiesiof the Kingdom.
Producing 3-D terrain model maps at different stale
Surveying and measuring the positions (latitude landitude) and heights above sea
level of the Kingdom’s airports, and connectingstheo the local and international
geodetic network.
Surveying the key positions in the Holy Sites in Kidah, in cooperation with the
General Presidency for the Holy Sites Affairs.
Producing land/terrain form and feature modelgtierentire territory of KSA.
Preparing models for virtual aviation/ flight siratibn.
Collating and updating national geographical feanames.
Implementing a number of projects and applicatioh$&1S systems for a number of
Ministries, and government agencies, including:

a. Establishing a GIS centre for the Ministry of Echima.

b. Establishing a GIS centre for the Ministry of Hbalt

c. Establishing a GIS centre for the Hajj Affairs Adhsiration of the General

Security Directorate.

Executing a number of aerial photography programmikin KSA, in addition to
supervising aerial surveys by ministries, governim@dies, and the private sector in
KSA.
Surveying some of the Kingdom’s marine regions, aotlecting preliminary data

necessary to prepare marine maps, almanacs, aridamaw guides. In addition,
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granting licences for marine research, and ovengeitie implementation of directives

regarding KSA marine territories.

7.2.1.5 The GIS centre at GCS

Geographical information systems are considerey weportant tools used to achieve the

aims of GCS. The majority of modern uses and apptios necessary for continuous

development, the knowledge economy, and infrasiracits maintenance and conservation

require the use of capabilities provided by GIScambining spatial and non-spatial data in

treatment, classification, analysis, and preseantati

7.2.1.5.1 Functions of the GIS centre

© © N o

Collating survey and geographical data (spatial dedcriptive) from the different
sources.

Treating, organising, classifying, and coding gepgical data according to the GIS
Centre’s standards.

Establishing and managing multi-level, multi-scab®mprehensive geographical
information databases.

Studying, designing, and implementing different Gi®jects and applications, and
attending to their modernisation.

Producing and making available the geographicakrimétion and products requested by
client bodies.

Providing training to centre staff in the field GfS.

Coordinating with the relevant bodies in the fiefdGIS.

Providing technical advice in the area of GIS.

Working to establish standards, and regulationgémygraphical data exchange between
producers and users according to unified stand&ras.aim being to make updated,
comprehensive and integrated information availablserve public and private sector
projects and programmes, and limit duplication emaflict leading to savings in money,

effort, and time.

7.2.1.6 Achievements of the GIS centre

Establishing a topographic database of maps st&lB(,000) for KSA.

Establishing a topographic database of base mabs €c50,000) of the main cities in
KSA.

Establishing a database of the principal roads ortin KSA.

Establishing a database for geographical featar&SA.
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5. Executing many projects relating to application&th for government agencies.
Providing a large number of government and prieatities with maps, digital products,
and geographical information.

7. Preparing the specifications and standards that theeneeds of GCS in the area of
GIS.

7.2.2 Ministry of Municipal and Rural Affairs (MOMRA)

The Ministry of Municipal and Rural Affairs (MOMRAfalls under the direct supervision of
the Prime Minister's Office, and has 16 regionalmatstrations distributed in the
Kingdom’s regions. Each administrative region had @MRA regional administration that
supervises a number of municipalities within itsog@phical jurisdiction, with the
exception of Makkah and the Eastern Region, whiabehthree regional administrations,
Makkah, Jeddah, and Taif, and two regional admatisins, namely Dammam and lhsa,
respectively. These MOMRA regional administraticogpervise over 220 municipalities in

the towns and villages of KSA.

By virtue of Royal Decree No. 266/A dated 8/10/18B513 October 1975), MOMRA was
granted responsibility for urban planning of KSAies, in terms of roads, essential
infrastructure, improvement and beautification ibes, development of rural and municipal
areas, as well as managing the necessary servicemaintain a clean and healthy
environment in the Kingdom (KSA Royal Palace, 197%2abinet Decision No.70 dated
22/4/1410AH (21 November 1989) further defined rigsnit regarding spatial data by
allowing MOMRA to produce and update detailed magpf all KSA cities and villages at
different scales greater than (1:25,000), and piegpdhe necessary plans within these scale
limits (KSA Council of Ministers, 1989).

7.2.2.1 Brief history of MOMRA

The first organisational framework for municipaddiin the Kingdom was included within
the basic directives issued by Royal Decree on/2345AH (30 of August 1926). Part 8 of
these directives addressed municipal general clsyunghile Part 9 related to municipal
management committees (KSA Royal Palace, 192613#6AH (1927), the municipal

constituency system was introduced, consisting2oamicles, organising the administration
of Makkah, Minna, and al-Shuhada municipalitiesisTlwas considered supplementary to

Parts 8 and 9 of the Kingdom’s basic directives.

In 1357AH (1938), the capital city and municip&giadministration system was introduced;

this is considered the first independent systemnianicipalities, comprising 83 articles.
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This new legislation cancelled the previous oneargigg municipal general councils as
included in the basic directives, as well as thenigipal constituency system. Article 6
stated that the capital city administration wasjetibto the authority of the Prosecutor
General's Office, while the remaining municipalgiaround the Kingdom were subject to
the authority of administrative governors. When khaistry of Interior was established, it
became the authority overseeing all municipaliti@he Ministry established an

administrative unit looking after municipal affgicalled the “Municipalities Directorate”.

In 25/9/1382AH (18 February 1963), Cabinet Deciddm 517 tackled the development,
and improvement in the management of municipalitiesetting up a Deputy Ministry for
Municipal Affairs linked to the Ministry of Interid KSA Council of Ministers, 1963). This
new body was tasked with overseeing all municiggirs, water resources development,
and taking responsibility for studies and plansitgprove municipal services in the
Kingdom. In 13/8/1384AH (6 December 1965), Royalcize No. 17 appointed the first
Deputy Minister to head the Deputy Ministry for Mdipal Affairs (KSA Royal Palace,
1965). In 4/7/1395AH (12 July 1975), Royal Decrem N41/1 promoted the administrative
grade of the agency to level of Deputy Ministettod Interior for Municipal Affairs — level
Excellent (KSA Royal Palace, 1975b).

In 8/10/1395AH (13 October 1975), MOMRA was estsitdid by Royal Decree No. 266/A,
and given responsibility for the urban planningK@A cities, in terms of roads, essential
infrastructure, city and environment improvemenirat and municipal development, and
managing services for a clean and healthy environni€SA Royal Palace, 1975a). In
21/2/1397AH (10 February 1977), Royal Decree NM 8éfined the functions and tasks of
municipalities, and MOMRA regional administratiofKSA Royal Palace, 1977a). In
22/4/1410AH (21 November 1989), Cabinet decision Ribdefined the work of MOMRA
regarding spatial data in producing, and updatigigittd maps for all cities and villages of
the Kingdom at scales greater than (1:25,000), mregaring development plans at these
scales (KSA Council of Ministers, 1989).

7.2.2.2 The main functions of MOMRA

Urban planning of the Kingdom's cities.
2. Production and updating of detailed plans for #@lés and villages of the Kingdom at
scales greater than (1:25,000).
Providing roads and essential infrastructure.
City improvement, and rural and municipal developme

5. Adopting measures to maintain a clean and heatithiy@ment in the Kingdom
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7.2.2.3 MOMRA administrative units dealing with spatial data

MOMRA consists of 7 deputy ministries, and a grafiglifferent administrations, as well as
16 regional administrations covering 220 municipedi The majority of these bodies deal
with spatial data, which makes MOMRA a huge waraleoaf large quantities of spatial

data.

Discussion will focus here on the two most impartagencies in MOMRA, both dealing
with spatial data most; these are the Deputy Miniir Land and Survey, and the Deputy

Ministry for Urban Planning.

7.2.2.4 Deputy Ministry for Land and Survey

With the intent of improving performance in goveemh work, and to facilitate citizens’
transactions, a ministerial decision in 1379AH @pP&stablished a new body in the form of
the General Administration for Land and Land Issuwathin the Deputy Ministry for
Municipal Affairs at the Ministry of the Interiofhen in 1388AH (1968), a Royal Decree
established the GCS in the Ministry of Interior. 1395AH (1975), a Royal Decree
established MOMRA into which both the Land and ®ynAgency and the General
Administration for Land and Land Issues were absdrid ministerial decision on 1412AH
(1992) established the Grants Unit in the MOMRA DgpMinistry for Urban Planning. In
1415AH (1995), the supporting agency for Land amdv&y was established within the
Deputy Ministry for Urban Planning. Then on 4/1124AH (27 December 2003), the
Minister for Municipal and Rural Affairs issued éative No. 63713 establishing the Deputy
Ministry for Land and Survey. In 19/3/1427AH (17 WR006), Cabinet decision No. 61
established the supporting agency for Survey amdl§avith its work limited to land and

property registry (KSA Council of Ministers, 2006b)

7.2.2.4.1 Aims of the Deputy Ministry for Land and Survey

1. The management of land, and resolving any relassaes.

N

Undertaking survey and mapping work to ensure abpdtta, aerial photographs, and
KSA village and city maps are available.

Organising and documenting title deeds and owngitsinough a land register.
Organising and documenting grant records.

Organising and documenting municipal propertiesoabessions.

o gk~ w

Developing and improving spatial data systems.
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7.2.2.5 The General Directorate for Survey and Maps

The General Directorate for Survey and Maps isdihto the Deputy Ministry for Land and
Survey, and is considered its main arm in termspatial data. The General Directorate for
Survey and Maps consists of a number of departmetsiely Projects, Aerial Survey,
Ground Survey, Map Production, Property Survey, d.dnformation, and Technical

Training.

Cabinet Decision No. 70 dated 22/4/1410AH (21 Navem1989) defined the work of
MOMRA regarding spatial data in producing, and dpdpdetailed maps for all cities and
villages of the Kingdom at scales greater than5,0@0) (KSA Council of Ministers, 1989).
This responsibility was devolved by the Ministrytt® General Directorate for Survey and

Maps.

7.2.2.5.1 Functions of the General Directorate for Survey ataps

1. Proposing plans and general policies related tovesurwork and its
organisation.

2. Making available, detailed and topographic mapgHerKingdom's cities and
villages, and updating them.

3. Establishing and tracking fixed ground referenaes] linking them to the
national network in the Kingdom.

4. Undertaking production of maps for cities and géa in the Kingdom.
Establishing the conditions and technical spedifices for aerial survey
projects, in a form appropriate to the needs oktltgment projects.

6. Preparing information systems specifically for synand map activities, and
making available a key surveying database for theg#om's cities and
villages. This should be set up on computer, andhtaiaed up to date, in
coordination with the relevant authorities.

Establishing a comprehensive geographical informnagystem.

8. Organising and archiving surveying records and desus, as well as maps,
and aerial photographs, using a proper systemasiification according to
current standards.

9. Carrying out inventory, and determining propertyit®in and linked
documents, and recording any updates.

10. Providing technical support for the different Mitnys organs in the area of
surveying and maps.

11. Organising and archiving data and information exlato the Directorate's

activity.
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12. Carrying out any other tasks it is given withinggghere of specialisation.

7.2.2.5.2 Achievements of the General Directorate of Survel/Maps

The land reference programme is one of the exexugikogrammes of the General
Directorate of Survey and Maps, within which it wakle to establish around 25,000
reference points in the past period. The Directorsds able to establish a new geodetic
support reference in the framework of the inteoral ITRF system using 13 live
transmission stations, and support network on tefsrence, from more than 600 new
points. The aerial survey programme covered adkgitvillages, and areas of the Kingdom
with photographs of scale (1:5000), and (1:45,006n which image, topographic, and
property maps are produced to detailed scale ftn@0Q0) up to (1:25,000). In addition, a
database was built of spatial data considered #nges$t in all government sectors.
Furthermore, programmes were implemented for phibigs and distributing survey
information, and providing technical support andried, as well as developing digital
information databases containing records of grquogition, aerial photographs, digital base
maps, measurement specifications for maps, spas®giaphs, property maps, land and
property registry, land deeds, and area codes.Ditteetorate also undertakes training and

qualification of surveying office personnel.

7.2.2.6 Land Information Directorate

This Directorate is linked to the General Directerfor Surveys and Maps. It aims to make

available a database and system of land information

7.2.2.6.1 Functions of the Land Information Directorate

1. Providing information, and the essential constitseof geographical
information systems, represented in a ground reéer@etwork, databases of
base and property maps, and preparing applicatiogrgmmes according to
the needs of the work.

2. Extracting and deriving geographical informatioonfr aerial photographs and
satellite pictures using remote sensing technolagg, developing its uses.

3. Ordering and classifying geographical informatiaogording to the different
applications of remote sensing science.

4. Organising records, and documents, as well as mnaghserial photographs at
different scales. Moreover, ordering, classifyingd coding according to the
prevailing standards, while following up storaged arse, and guaranteeing

security and secrecy of content.
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5. Establishing comprehensive spatial data databases.
Continuously updating geographical databases, amthote sensing
applications.

7. Setting and disseminating guidance protocols fargggphical information
systems, which must be followed in practical aggilan of such systems, in

coordination with other specialist bodies.

7.2.2.7 Deputy Ministry for Urban Planning.

This Deputy Ministry was formed following the Royakcree that established MOMRA in

1395AH (1975). At first, it was responsible fortéed planning standards, and providing the
necessary technical assistance to prepare andtexatian development plans locally, and
at the level of regions and municipalities. As suteof progress in work and tasks, as well
as variety in specialisations, administrations végrecific specialisations were formed to
direct development, and regulate it in the geneoaltext. These administrations were the
General Directorate for: Local Planning, Studied &esearch, Urban Planning, Transport

and Traffic Engineering, and Project Coordination.

7.2.2.7.1 Functions of the Deputy Ministry for Urban Planning

Setting general policies related to comprehensibarudevelopment.
Establishing and supporting planning rules ateadéls.

Preparing regional and urban plans for all KSAoegi

Setting the foundations, and modernising plannirigrmation systems.

Preparing detailed urban plans, and following wgrtbpdating.

o ok~ w e

Setting the foundations for following up the effeftdevelopment plans on the
environment.

Producing detailed digital planning maps for aél Kingdom's cities.
Safeguarding, developing, and disposing of govemnend in the frame of

achieving the public and private interest.

7.2.2.7.2 Achievements of the Deputy Ministry for Urban Piagn

1. The National Urban Strategy, ratified by CabinetiB®n No. 127 dated 28/5/1421AH
(28 August 2000), aimed at achieving balanced udmrelopment in the Kingdom's
regions (KSA Council of Ministers, 2000b).

2. The Regions Development Strategy as one of theomds of the National Urban
Strategy.

3. The National Urban Observatory.
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4. Preparation of infrastructure plans for cities, awhtinuously updating them. The
updating process included base maps, road netwariguse, and digital city database.

5. Studies of development priorities are consideredfifst coordination project bringing
together all sectors of development in the Kingdamall levels. This study presented a
practical process to order, and programme theipesof supply in facilities and public
services to residential neighbourhoods in citie$\dlages according to actual needs.

6. Study of the development and improvement strategyaicilities aimed at drawing up a
strategy to provide all inhabited areas, with fie#$ and public services. According to
actual need, and in the framework of reasonabla@o@ cost.

7. Establishing the digital information database fiies and villages, which comprises

base maps, approved plans, road networks, impriavetuse, detailed information on
public services and facilities, in addition to mdayers specific to town information.
Naming roads, and numbering properties.
The Deputy Ministry for City planning, through th@&eneral Directorate for Urban
Planning established a national database of gebigalpnformation. In this case, the
Urban Planning Administration, part of the Gend@akctorate for Urban Planning built
a national database of geographical informationedimat use in current planning
processes in the Deputy Ministry of City Plannifigis digital database contains:

a. Aerial photographs at different scales and pregjsishich are continuously
updated by the Deputy Ministry for Land and Survey.

b. Corrected satellite pictures at the level of theddiom at a precision of 15 m for
entire large cities, and 1 m and 0.6 m for cityghbourhoods, small towns, and
villages that are continuously updated by KACST.

c. National road networks.

d. Residential plans (land boundary plans), wherel®25¢sidential plans have
been verified and numbered, covering a total afe@382 square kilometres.

Approved residential plans are updated daily, arified and corrected against

base maps.
e. Land use, for all cities and villages in the Kingdo
f.  Priorities of urban development.
g. Studies of infrastructure plans.
h. National urbanisation strategy.

i. Studies of urban extents of cities and villages.
j- Information on land plots (plot number, plan numbetc).
k. Planning applications specific to urban planning atudies.
10. Currently, the information in the digital city da&se is being linked to the information
in the National Urban Observatory established leyDeputy Ministry.

112



11. The General Directorate for Urban Planning in thepilty Ministry for City Planning
provides all government sectors with informationd aligital maps, contributing in the
achievements of projects in the right way.

12. The Deputy Ministry for City Planning is currenttpnnecting the administrations and
municipalities in the Kingdom by a geographical ad&xchange network to enable
automatic update of information systems, and, aasisinistrations and municipalities
in the area of digital information systems. Six &ustrations and municipalities have
been connected in the first pilot phase, after tvlait administrations and municipalities

will be connected to the Deputy Ministry for CitiaRning.

7.2.3 Saudi Geological Survey (SGS)

The SGS is linked administratively to the Ministof Petroleum and Mineral Resources,
which is linked directly to the Prime Minister'sfioé. The work of SGS has been defined
by Cabinet Decision No. 70 dated 22/4/1410AH (2lvéNober 1989) (KSA Council of
Ministers, 1989), and subsequently emphasised Imjn€aDecision No. 115 dated 1420AH
(1999) (KSA Council of Ministers, 1999). The SGSris out all survey and exploration
work for minerals, while improving its performanddoreover, making available sufficient
information on mineral deposits, and undertakinguant studies and researches related to

Earth sciences.

SGS strategy included the following detailed aims:

1. Providing society with information, and geologibalse maps.

2. Securing continuing strategic reserves of minersburces.

3. Monitoring, surveying, and studying geological darsy and contributing to mitigating
their effects.

4. Studying environmental problems related to geolaigltazards, in addition to other
hazards arising from urban expansion.

5. Supporting construction and urban projects thraggiogical engineering studies.
Building and improving national Earth science dats.
Supporting and providing relevant advice relate&aoth sciences to public and private

sector bodies.

7.2.3.1 Brief history of the SGS

In 1366AH (1947), the first steps in establishihg Kingdom's geological infrastructure
were taken; the Mining and Companies Directorates watablished in the Ministry of
Finance, and carried out the first aerial surveythaf Kingdom, which was completed in
1368AH (1949). In 1373AH (1954), the Directorateswastructured, and renamed the
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Directorate General for Oil and Minerals, whichtumn continue to work under the umbrella
of the Minister of Finance. From 1373AH to 1387AH9%4-1959), the organisation
implemented the project for production of geologipkans for the Kingdom in the scale
(1:500,000) and (1:2000,000), in cooperation witthbAramco and the US Geological
Survey. Moreover, it documented all mineral expioraand extraction activity, old mines,

and carried out different studies on water sources.

In 1380AH (1961), the Ministry of Petroleum and Mial Resources was established, and
then in 1382AH (1963), the Directorate General Kbéineral Resources (DGMR) was
established and attached to the Ministry. Its wimtused on geological survey, minerals
exploration and extraction, and producing geoldgitaps. In parallel with establishment of
the DGMR, all maps produced in previous project en printed. The government began
to sign contracts, and treaties, with many bodieksiaternational companies in the field of

Earth sciences.

In 1415AH (1995), the DGMR was renamed Deputy Migisfor Mineral Resources
(DMMR) under the Ministry of Petroleum and MinerBesources. In 1420AH (1999),
Cabinet Decision No. 115 established the Saudi @ggmdl Survey (SGS) with the task of
carrying out surveying and exploration for mineradsd replacing both American and
French geological survey missions. The SGS woulégsache official advisory body for the
State in the area of Earth sciences (KSA Coundilioisters, 1999).

7.2.3.2 Functions of the SGS

* Undertaking geological, geochemical, geophysicat hydrological surveys,
and mineral prospecting.

« Ultilising the best methods for exploring and prasipeg for mineral resources.

¢ Undertaking pre-feasibility studies on promising®rmuseful in the minerals
industry.

« Classifying and verifying geological informationlated to mineral sources;
preparing reports, and various geological plans,, e€lated to its activities;
printing, publishing, and storing such data on cotars.

« Undertaking, either in its own capacity or instingtothers, studies, researches,
and providing investment services related to itskwand activities to public
and private sector bodies. SGS is allowed to $aech services, as well as
working in partnership with companies, bodies, angities, research centres,

and others undertaking similar activities.
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Undertaking surveying and prospecting work to deiee water sources, and
aquifers, quantifying type and quantities to beraoted, and identifying the

extent to which it is suitable for different usgsconsultation with the Ministry

of Agriculture and Water (currently Ministry of \Watand Electricity).

Studying the geological aspects of environmentlés, including identifying

the best means for disposing of harmful by-prodoétsineral extraction, and

environmental waste resulting from geological andaral extraction activities.

Carrying out the necessary studies and researtfadk potential earthquake
and volcano activity in the Kingdom, monitoringdlting and earth subsidence
resulting from rainfall, and producing maps showdanger levels related to

the different types of natural disasters, and nadiitig a historical record.

7.2.3.3 SGS Board of Directors

SGS is directed by a board consisting of the Mémisf Petroleum and Mineral Resources

(President), and representatives from the Ministioé Defence and Aviation, Finance,

Petroleum and Mineral Resources, Higher Educatidater and Electricity, and Economy

and Planning, as well as KACST, the Head of SG#8 three specialist members.

7.2.3.4 Administrative units working with spatial data

7.2.3.4.1 National Earth science databases in the SGS

The national earth science databases are intercmthanformation databases, forming the

national information database framework used to/ige society with verified geological

information to serve development projects, prepaientific research and different studies.

The earth science databases in the SGS consist of:

© ©® N o g bk w0 DdPRE

Geological maps;

Atlas of industrial minerals in the Kingdom;
Water resources;

Geophysical surveys;

Chemical analysis;

Digs and wells;

Climate;

Environmental geology;

Engineering geology;

10. Minerals exploration and extraction;

11. Remote sensing;

12. Aerial photograph;
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13. Technical reports;
14. Geological hazards; and

15. Earthquake activity monitoring in the Kingdom infaation database.

7.2.3.4.2 Geographical Information Systems (GIS) unit

The GIS unit seeks to achieve the objectives of $@&S in building, updating and
developing the national database in the areas ofhEsciences, mineral prospecting,
earthquakes, and geological hazards, while progidervices, support, and assistance to all

projects, departments, and units in SGS in the @ir&dS.

Functions of the GIS unit.

1. Working to update and develop geographical inforomatdatabases, and
mineral-related websites.

2. Collecting technical information from all technicatlirectorates, and
departments in the SGS, in coordination with progree and project directors.

3. Obtaining the necessary technical information frather bodies using
authorised official channels.

4. Transferring paper maps into digital format usimght scanning of paper
geological maps, and building up a digital map basa.

5. Data treatment and analysis, as well as produdatscs.

7.2.3.5 Achievements of the SGS in the area of spatial data

» Executing the geological map for KSA at scale (03000).

» Executing geological maps for Arab Shield at s¢ai250,000).

» Executing land, and valent and non-valent mineraps.

» Executing mapping of the Red Sea coastal areas.

» Executing maps of earthquake and volcano zondwgiKingdom.

» Transferring all geographical features from mapsaafle (1:50,000) into digital
point form.

» Executing maps of Haqgl sector and Eastern Regiontife Border Guards
Service.

» Executing maps of administrative regions in thed¢iom at different scales.

» Executing the engineering geological map of Makkah.

» Transferring all technical information in the miakresources handbook for the
Kingdom into digital form, with all mineral prospigty sites identified by

geographical position.
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* Mapping projects for studies related to developmsatvices to society, and
water studies.

» Executing the Atlas of Islands of the Kingdom ofi8igArabia.

» Specifying supervisory jurisdictions between regiand centres in the Makkah
region, in cooperation with the Emirate of Makkah.

* Training many university students, and personnemfrother government

bodies in using GIS.

7.2.4 King Abdulaziz City for Science and Technology (KAGT)

King Abdulaziz City for Science and Technology (K&T) is administratively directly

attached to the Prime Minister’s Office, and issidared a government, academic, not-for-
profit institution with independent status. KACSima to support and encourage applied
academic research, coordinating the activities chdamic research centres and
organisations in keeping with the development neefisthe Kingdom. Moreover,

cooperating with the relevant authorities to sdtonal policy and priorities in the area of
science and technology, and achieving a strongnteghand scientific foundation in the

agricultural, industrial, mineral resource, and eotlsectors. KACST works to develop
national scientific capability, and attract higlgualified persons able to work in the City,
and contribute to its development, and put modechriology in the service of development

in the Kingdom.

7.2.4.1 Brief history of KACST

The establishment of KACST can be traced back {a2/8397AH (29 November 1977)
when Royal Decree No. 60/M decreed the establishroérthe National Science and
Technology Centre (KSA Royal Palace, 1977b). Ittemed to accomplish its functions,
until renamed by Royal Decree No. 61/M dated 2Q/4@5AH (5 September 1985) as the
National Centre for Science and Technology (KSA &djalace, 1985a). In 19/4/1406AH
(31 December 1985), Royal Decree No. 8/M changéutdta technology city hamed King
Abdulaziz City for Science and Technology; the decalso defined the organisation for
KACST (KSA Royal Palace, 1985c). Finally, in 9/1084(21 August 1988), Royal Decree
No. 23/7/M was issued endorsing the resolutioheflligher Committee for Administrative
Reform No. 182 dated 15/5/1408 AH (4 January 1988)uding organising KACST (KSA
Royal Palace, 1988), most prominently having twoeMPresidents, one supporting research,
and the other overseeing KACST research centregh@fliCommittee for Administrative
Reform, 1988).
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7.2.4.2 Functions of KACST

1. Proposing a national policy for developing scieacd technology with allied
strategy and implementation plan.

2. Implementing applied research programmes to semeeldpment in the
Kingdom.

3. Assisting the private sector in improving agricrdtiuand industrial products
through research executed by KACST.

4. Supporting joint research programmes between tihgdim and international
research bodies to keep abreast of scientific dpwents on the international
front, through a programme of grants, or joint work

5. Awarding study and training scholarships to deveiop necessary skills for
preparing and implementing academic research pmoges, and providing
grants to individuals and organisations to do @apicademic research.

6. Coordinating with government organs, and acadensttutions and research
centres in the Kingdom in the area of researchhaxge of information and
experience, and preventing duplication of efforbof@ination committees of
experts from government agencies and organisatielased to the work of

KACST were formed to achieve these aims.

7.2.4.3 KACST Higher Council

The KACST has a Higher Council formed of the foliog: the Prime Minister (President),
the Deputy Prime Minister (Vice-President), Ministé Defence and Aviation, Minister of
Higher Education, Minister of Agriculture and Watktinister of Industry and Electricity,
Minister of Petroleum and Mineral Resources, Maisif Planning, Minister of Finance and
National Economy, Head of General Intelligence, tHebKACST, and three members

selected by the Prime Minister.

7.2.4.4 KACST units dealing with spatial data

Information is the key foundation for researchd@s, and analysis; moreover, it is essential
in improvement projects, and decision making irfedént vital areas. New technologies,
represented by digital databases for archivinggsifiging, and retrieving huge amounts of

information, have greatly facilitated this.

Spatial data systems had brought an added dimemsiadigital information databases in
terms of linking information to location. The awaility of new technologies, represented

by high capability remote sensing via satelliteyehallowed regular monitoring and follow-
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up of changes on the earth's surface, and haveriaeoaoe of the key sources for building
geographical information systems. Therefore, maunlglip and private sector bodies have
taken advantage of such technologies in acquigng,analysing information, and planning

projects that depend vitally on precision inforraafiand rapid implementation.

In harmony with the aims of KACST represented bylementation of applied research
programmes to serve development in the KingdomJemhoordinating with government
bodies, and academic and research institutiorfseirKingdom, and exchange of information
and experience, preventing duplication of effodpatial data are presented through the
centres for Remote Sensing, and Geographical Iaftiom Systems (GIS) attached to the
Space Research Institute, which administrativellnised to the vice president of KACST

responsible for research centres.

The following is a brief overview of the Space Raesé Institute, and the Remote Sensing

and GIS centres.

7.2.4.4.1 Space Research Institute

The Institute’s vision can be summarised as: “le tlext five years, the Space Research
Institute with the help of relevant authorities|Ividecome a regional pioneer in space and
aviation activities; its functions will not be liteid to research and development, but also
providing assistance and support to the needs d¢bnah security, and continuous

development within the Kingdom of Saudi Arabiahede areas”.

The Space Research Institute aims to transfer andlide space technology, execute
academic and applied research, and coordinate umitrersities, and specialised scientific
centres. The Institute works on building up quetifiSaudi capacity, and benefiting from that
in harmony with the plans and directions of natlotevelopment and its key principles,
which include adopting major directions in acaderagearch, and technical development to
satisfy the requirements of national security, eodtinuous development in the Kingdom of
Saudi Arabia.

7.2.4.4.2 Functions of the Space Research Institute

1. lIdentifying the problems related to space resesc@mces.

2. Developing and implementing plans and programmesyplied research in
this area, reviewing the results, and dissemindtieg to the relevant bodies.

3. Executing high-technology projects in the areaateel to space science and

aviation serving technology transfer and local@ain the Kingdom.
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4. Organising and activating cooperation between tistitute and public and
private sector bodies through joint projects aimédeveloping applications
in the areas of remote sensing, GIS, and IT prograsn

5. Cooperation with specialist international organ@a in joint programmes,
and exchange of experience in the area of spaeecgcand aviation.

6. Providing consultancy, and technical and acadeoppart in this area to the
public and private sector.

7. Building the National scientific information dataeain the area of space
sciences, in coordination with the General Direatioifor Information.

8. Providing the appropriate research environmenh@fields covered by the
Institute.

9. Proposing a programme for developing human resepared work methods
in the Institute in coordination with the Directtgaof Administrative
Development.

10. Proposing organised scientific activities fallinghin the area of speciality of
the Institute.

11. Presenting regular reports on Institute activities.

12. Presenting a proposed budget for the Institute a@hynu

7.2.4.4.3 The Saudi Centre for Remote Sensing

The Saudi Centre for Remote Sensing was establishdgioyal Decree No. 8/1322 dated
24/7/1403AH (6 May 1983). The decree instructed thaatellite receiver station, and the
Saudi Centre for Remote Sensing be established (R8/l Palace, 1983). The centre is
one of the most distinguished in the world, sirtckais an integrated system for receiving,
treating, analysing, and producing space photograiphaddition to the multiple satellites
from which it receives information. The centre isnsidered the focal point for
disseminating and integrating remote sensing tdobies, as well as providing the
infrastructure for many applications and uses a@fcepphotographs. It was influential in
promoting and disseminating this technology atl¢ivel of government bodies and research
centres in KSA.

The satellite receiver station at the centre cowrsarea of around 23 million square
kilometres, which includes the majority of Arab oties and the Middle East region. The
station tracks satellites within its area of cogeraand receives information from the
satellites, and records that on various media. ddv@re has exerted efforts in ensuring
multiple sources of information with differing teublogies and applications, in order to
provide appropriate information to the relevanthauties, scholars and researchers. A

number of agreements have been concluded witmiatienal space agencies to receive, or
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purchase satellite data, which currently includasdsat, Spot, Ikonos, QuickBird, Geo-A,
NOAA, and others.

The area covered by these photographs varies ftdri{ km) to (3000-6000 sq.km) per

photograph, and a resolution that varies from 016 4100 m; it also varies according to the
types of sensors, and variety of extents, angled, periods of coverage. Since 1407AH
(1987), more than 500,000 space photographs hadrbeeived from these satellites; these

pictures cover all areas of the Kingdom and neighibpg countries.

The centre carries out primary data treatment atquraphs received by the station, and
producing them on standard models, and multipleltein the form of tapes, CDs, or printed
photographs of different sizes. In addition, thatme produces analytical photographs with
added value for studies and research, which rdserar@and relevant authorities can benefit
from. The centre also undertakes research, andemmggits projects related to remote

sensing applications, in addition to organisingfetences and specialist training courses.

7.2.4.4.4 Functions of the Saudi Centre for Remote Sensing

Receiving information from satellites.

Treatment, analysis, and production of satellitetpbraphs.

Promoting academic awareness of remote sensing.

Developing academic research in the area of res@tsing technology.
Providing technical support and consultancy inatrea of remote sensing.

Executing joint projects with beneficiaries.

N o g bk~ w0 DN RE

Proposing appropriate programmes for human resodegelopment at the

centre.

o

Preparing regular reports on centre activities.

Preparing the proposed annual budget for the centre

7.2.4.4.5 GIS centre

Establishment of the GIS centre was in harmony wth key functions of KACST
represented by coordination with government bodiesdemic institutions, and research
centres in the Kingdom, in the area of researcbhaxge of experience, and providing

technical and consultancy services to those wisturgenefit from these.

The GIS centre was established in 1420AH (1999%hatsame time as the Space Research

Institute, in order to use advanced technologyewes development purposes by way of

coordination between related bodies to make aJailakrified information to relevant
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authorities taking into account unifying effortsnda rationalising costs, while taking
advantage of the available resources in the Instita terms of available space photographs
for the Kingdom, as well as the high performanceajgoting facility to build GIS databases,

and connect these to beneficiary bodies throughfarmation network.

7.2.4.4.6 Functions of the GIS centre

Participation in the work of committees relatech&ional GIS.
Striving to unify national standards for GIS.

3. Participating in establishing systems and rulesefechange and update of
information.

4. Developing models for the different applicationsi5.
Implementing joint projects with beneficiary bodiesserve development in
the Kingdom.

6. Developing personnel through study and trainingoaty as well as local
training programmes.
Providing technical support and consultancy to beiagy bodies.

Building an information database serving the aifrithe centre.

7.2.4.5 Achievements of KACST in the area of spatial data

1. Implementing a number of projects for the Saudedeimmunications company;
producing digital maps derived from corrected spaluetographs, and integrating these
with a network of digital maps for communications.

2. Implementing the project for a base map of the oitpMakkah for the benefit of the
city’s administration.

3. Executing an exploratory study on GIS in the Kingddor the benefit of the
Development Commission for Makkah, Madinah, andHbby Sites.

4. Supervising implementation of the project for depéhg a GIS infrastructure in the
Development Commission for Makkah, Madinah, andHbby Sites.

5. Implementing a cooperation agreement with al-Dateefpany for Information Systems
to publish the Explorer series, introducing CDstaagning digital maps for the main
cities in the Kingdom supported by descriptive infiation on the positions of features,
and different services.

6. Implementing the project identifying water statiomsd wells in some areas of the
Kingdom using space photographs, and GIS, suppbstédadinah administration.

7. Producing precision digital maps for the Kingdogitses suitable for vehicle tracking
systems, containing major and minor roads, neighitmads, government and service

bodies, schools, hospitals, mosques, and otherrésat
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8. Participating in producing the space atlas fork&lA in cooperation with King Saud
University, and funded by Emir Sultan bin Abdula@izaritable Foundation.

9. Beginning implementation of the project for updgtgeographical data for the benefit
of the Higher Commission for Tourism.

10. Taking the lead in forming a higher committee, witle participation of a number of
bodies influential in GIS to coordinate with goverent bodies in unifying efforts, and
preventing duplication in accumulating informati@nd setting national standards, as
well as systems and rules relating to informatimohange, and establishing a national
network for this purpose.

11. Coordinating with a number of ministries, and goweent agencies to implement pilot
projects serving their needs, and providing tecrgapport.

12. Organising a number of conferences, seminars, agdings in the area of the GIS.

13. Obtaining membership of the international GIS staidd committee (ISO/TC211), and
participating in several projects aimed at settinigrnational standards for GIS, and in
turn benefiting from this in setting national stardk.

14. Applied training on GIS and remote sensing for ersity students and personnel from
other bodies.

15. Organising a number of basic and advanced coursdkei area of GIS for female

teaching staff of universities and faculties.

7.3 Other SDI Stakeholders, in brief
7.3.1 High Commission for the Development of Ar Riyadh

In half a century, Ar Riyadh was transformed frorsnaall town surrounded by walls into a
modern city with boundaries extending 1000 sqg. kmmgrising 15 municipalities with 160

neighbourhoods. This reflects the huge developmemtd rising population, which grew
from around 300 thousand in 1968 to nearly 4.6iomlin 2008, and is predicted to rise to
7.2 million in 2024 according to Khabar newspagéf§awsari, 2009, 26 April).

Given the readiness of the city to become oneefdtgest cities in the Arab region and the
world, it was natural that the government take dagnd studied steps to keep up with the
pace of development, and provide this capital eitgh the means to absorb these
civilisational, economic, and social changes. Theseps included a clear and
comprehensive vision of all the needs of the dityterms of infrastructure, and urban
expansion, in addition to the potential for suctatsgies to be achieved in reality. The
response was immediate to these needs, in sefiprg@iate rules for planning the city, in a
way commensurate with the urban progress, econosacial and cultural prosperity;

Cabinet Decision No. 717 dated 28/5/1394AH (18 JU®&4) established the High
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Commission for the Development of Ar Riyadh prediderer by the Emir of Ar Riyadh

(KSA Council of Ministers, 1974). The commission swveasked with planning for the
development and improvement of the city at all lgveirban, economic, cultural, and
environmental, through developing policies, anditusng measures aimed at raising the
level of services, improving facilities related society's needs, and bringing variety in

opportunities for a prosperous life.

7.3.1.1 Membership of the High Commission for the Developma& of Ar Riyadh

The commission is formed of members as follows:
e The Emir of Ar Riyadh (President)
¢ The Deputy Emir of Ar Riyadh (Vice-President)
e Commissioner for Ar Riyadh
e Deputy Minister of Economy and Planning
* Head of the Commission’s Projects and Planning 1€ent
e Deputy Finance Minister for Budget Affairs and Qrigation
« Deputy Minister for Municipal and Rural Affairs, dtrban Planning
e Deputy Transport Minister for Road Affairs
» Executive Director of the Saudi Electricity Company
e Adviser to the Minister of Communications and Imfi@ation Technology
¢ General Director for Water in Ar Riyadh area
* Deputy Commissioner for Ar Riyadh Urbanisation &ndjects
e Deputy Commissioner for Ar Riyadh Services
» President of the board of directors for Ar Riyadie@ber of Industry and
Commerce
¢ One expert

* Two businessmen

7.3.1.2 Functions of the High Commission for the Developmerof Ar Riyadh

The High Commission for the Development of Ar Riljaslas delegated the responsibility

for carrying out a number of planning and developintasks, which may be summarised as

follows:

First: planning in the comprehensive sense, inolgdi

1. Preparing comprehensive plans for developmenteotity.

2. Modifying such comprehensive plans according todneecluding studying, and
endorsing changes in land use, and undertaking dmemts to building and planning

systems.
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3. Preparing studies, including studies of urban dgteand following up implementation.

4. Undertaking preparation of land plans for privatd aublic use.

Second: functions of the municipal council, and pmagiven to the Commission by Cabinet
Decision No. 439 dated 8/6/1398AH (15 May 1978) fASouncil of Ministers, 1978).

Third: coordinating projects for key preparationand setting programmes and
implementation, based on Cabinet decision No. 3&dd41/2/1402AH (8 December 1981),
which included revising and ratifying annual andefiyear plans for relevant bodies (KSA
Council of Ministers, 1981).

Fourth: supervising any improvement project neeoled\r Riyadh city, based on Cabinet
Decision No. 221 dated 2/9/1403AH (12 June 1983 AKCouncil of Ministers, 1983).

7.3.1.3 Administrative unit working with spatial data

The Directorate for Urban Information Systems Swmsiwithin the Projects and Planning
Centre in the Higher Commission for the Developnwiir Riyadh is the body responsible
for collecting, entering, and recording spatialadédr Ar Riyadh city. The aim is to build

base maps for land use, and urban aspects oftth&lee Directorate for Urban Information
Systems Services since establishment has passegjththe following phases:

In 1405AH (1985), work began in developing and lesthing an urban information system
in the Commission. This arose out of a comprehenstudy of user needs within the
Commission to identify those units that would bérfebm application of urban information

system technology. This was followed by a furtheerdg to evaluate the different urban
information system technology offerings from aroutiee world, and select the most

appropriate one for the needs of Ar Riyadh cityl &g urban growth issues.

The study revealed the huge potential for applyimgan information systems in the
Commission, as well as making three key recommaémntiatimplementation of a digital

database for Ar Riyadh city; implementation of urkiaformation systems in integrated
form throughout the Commission; and establishmérd specialist administration named
the Directorate for Urban Information Systems Smsi This new administrative unit would
be responsible for setting the specifications failding, developing, maintaining and

operating the urban information system in the Cossion. It would ensure that the system
would be implemented in an organised manner serthiegrequirements of the different

administrations within the Commission in a balanaed independent form.
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One of the key functions of the Directorate for &lmdnformation Systems Services in the
Commission was to develop and maintain a databba$egh precision topographic data
(base map), which currently forms the fundamentaimework for many uses of urban

information within the Commission.

This was followed by identifying the appropriateugmment and software applications that
would be installed and operated at the end of 14D6¥986). The system was built on two
interconnected and integrated databases, namegpttial data and descriptive information

databases.

1407AH (1987): the executive body in the Commissiatiated a humber of studies and
field surveys in the different areas of the cithe$e studies and surveys included
land-use information, population, economy, trangpemvironment, land prices, as
well as information on services and facilities, @asources, and hydrological and
geological features of the city. The informationqaiced was added to the
descriptive information database linked to the tdigbase map of Ar Riyadh city,
which was built based on the precision UTM coortisastandard. This map
contains 255 other maps at scale (1:2500), whictercthe majority of the city's
modern neighbourhoods, and 407 maps at scale (1t{60€he city centre, and old
quarter of the city.

1408AH (1988): the system was made operational,begén to receive different requests
for specific and detailed maps, reports, and siedigrom specialists within the
Commission, including 750,000 items of informatmmland-use, and thousands on
family data and demographics, and tens of digitapsnextracted from the first

digital base map for Ar Riyadh city at this levéldetail and variety of information.

The information database grew, with the repeatuofeys to update the main database on
land-use, property, family and demographic infoiorat as well as the digital base map
linked to it. Surveys were carried out in 1411AH91), 1417AH (1997), and 1425AH
(2005). In this way the amount of information heftse to around 3 million items of
information on land-use with records organised dnisally since 1407AH (1987) to
1425AH (2005). This provides an opportunity to monurban growth of the city. This was
in addition to the updates on hundreds of intedthknaps, which constitute in totality the
city's base map, including land and administrativdhan development, and development
protection boundaries based on high precision |gatgdhotographs, added to the aerial
survey of 1416AH (1996), and the approved plandmRiyadh City Commission.
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1419AH (1999): the Higher Commission for the Depatent of Ar Riyadh was given

responsibility for operating, maintaining, and uiaia the unified digital base map
for Ar Riyadh city, and its distribution to publand private sector organisations as

the sole digital base map for the city.

1423AH (2003): the first edition of the unified da base map for Ar Riyadh city was

produced. This map was distributed to all governnpartments in the city, as
well as relevant private sector organisations, facthe Saudi Electricity Company,
and Saudi Telecommunications Company, to preveplighiion and rationalise

costs in building similar maps for the city. Then@uission continues to encourage
stakeholders to use this map, and benefit fromtitle providing support and advice
to them in developing their work, and facilitatefoinmation exchange between

stakeholders to achieve the desired outcome.

1426AH (2006): the second edition of the unifieditdl base map for Ar Riyadh city was

produced, following completion of the 1425AH (20@birvey of land-use. This was
distributed to more than 100 stakeholders in the wihile maintaining coordination

among them.

1426AH (2006): the Higher Commission for the Depehent of Ar Riyadh launched the Ar

Riyadh Spatial Data Infrastructure initiative aimed simplifying information

exchange, and sharing processes among the diffgsk@holders in Ar Riyadh city,
to unify efforts, prevent duplication, and ratiaealcosts, while works to continues
on making the initiative effective to this date.id mitiative will be discussed more

fully in section 9.2.2.

7.3.2 Saudi Post

Following the unification of the Kingdom of Saudirabia, and discovery of olil,

development in the postal system was rapid and tto®kollowing form:

The Postal Work Authority was established in 1354AB35).

The Telegraphs, Post, and Telephone authority poidi373AH (1954) managed postal
activity, which was then transferred to the Mirysof Communications and renamed
Deputy Ministry of Communications for Cable, Wirede and Postal Affairs.

In 1392AH (1972), the Public Authority for Post wastablished, and the first
independent budget for the postal service was a&pgro

The Ministry of Telegraphs, Post, and Telephones @sablished by Royal Decree No.
236/A dated 8/10/1395AH (13 October 1975) (KSA Rd3alace, 1975d).
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* The Public Authority for Post introduced the spkeaomil service in 8/10/1404AH (6
July 1984).

e In 29/3/1423AH (10 June 2002), the Public Authofity Post was transformed into a
private sector organisation.

« In 1426AH (2006), a large-scale restructuring af Saudi Post took place, with new
administrative units, new services, and the annement of a new project for postal

addressing and coding, as well as modern methodesliokry to homes and properties.

7.3.2.1 Saudi Postal Codes

The Saudi Post faced the problem that the postié ems not unified for all Saudi cities,
and in many areas, non-standard addressing wasfoiségtters and parcels. The solution
was in the hands of city administrations and mynailiies, which still faced the problem of
naming streets and neighbourhoods, while using eusnkand codes that were not
understandable. This forced the Saudi Post, in AK3(R009), in conjunction with the

Saudi Arab Commission for Specifications and Stes&lao complete the setting of
procedures and foundations to build postcodes ouydhe entire geographical extents of
the Kingdom, in the form of a unified national aoglisystem for postal addressing. The

number of spaces for the postcode was set atdsrean be seen in figure 7.1.

v

Region Code Sector Code Branch CodeDivision Code Quarter Code

Figure 7.1 Five Digits of the Saudi Postal Code

1. Region:

The territory of the Kingdom of Saudi Arabia wawvided into eight postal regions. The
postal region may include more than one adminig&atgion, by including regions. Each
postal region was assigned a unique number (sde Tal), which occupied the first place

in the new postcode.

2. Sector:

The second digit of the new postcode was dedictteskctors, in a system whereby the
number 2 designated the regional capital, and acidbered digits used to designate the
postal sectors lying to the north of this regiocapital, and even-numbered digits used for

south lying sectors. The aim was to provide a smmpéthod, in which the farther north, or
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south a sector lay with respect to the regionaitaihen the third digit would be a higher,

odd and even number respectively.

3. Branch:

In the new system, the third digit was used to tiflethe postal branch, as each sector was
subdivided into a number of branches. For landlddextors, an axis point located centrally
was chosen as a datum, such that even numbergivereto areas lying to its east, and odd
numbers to those areas lying to the West of this paint. In this numbering system, the
starting point is from the North, such that lowembers are assigned to north-easterly and
north-westerly branches with reference to the datamd higher numbers to south-easterly

and south-westerly branches.

For those sectors running along the Kingdom caesstthe southernmost point in that sector
on the coastline is chosen as an axis point. Fhisnaixis point, even numbers are assigned
to branches close to the coast, while those faitiiend given odd numbers. The odd and

even numbers increase the farther north the braranteefrom the axis point.

Table 7.2 Postal Regions Code

Postal Regions Postal Region Code
Ar Riyadh region 1
Makkah region 2
Eastern region 3
Al Madinah region + Tabuk region 4
Al Qasim region + Ha'il region 5
Assir region + Najran region + Al Bahah region 6
Northern Border region + Al Jawf region 7
Jizan region 8

4. Division:
In the postal code system, each branch is subdivitte a number of divisions, which are
represented by the fourth digit. Divisions withisch branch formed equal sized areas based
on factors such as:

» Geography,

« Density of population.
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Moreover, main and connecting roads are the basidi¥ision boundaries, and numbering
relies on distance from the axis point; the lowesnhbers are assigned to divisions closest to

the axis point.

5. Quatrter:
Quarters represent subunits within the divisiorthe new postal coding system, and are
designated by the fifth digit in the code. Nine iers represent the maximum number of
subunits within a division. The rules used to deadarter boundaries were:

* In size, each quarter would occupy less thed ldm.

* Asmaller, %2 km, would be used in densely populated zones.

e An even smaller,41 km, would be used in very densely populated zones

The local coordinate grid system for building theified postcodes was based on the
international coordinate system. These internatiooardinates were acquired based on the
geographical information system built on the inédional coordinate reference, UTM WGS

1984, for each individual city space.

In each postal division, numbers ranging from 280®999 were assigned to the Eastern
axis (X), while numbers ranging from 6000 to 999%r&vassigned to the Northern axis (Y),

in a 1m grid. Furthermore, distinction was madeveeh streets in a northerly direction, and
those in an easterly direction; northerly streetgehan angle of direction in the range 45°
and 135°, while easterly streets lie at other andle terms of numbering, easterly streets
were designated using the XY digits from the gndtem, while northerly streets were

designated using YX digits. In easterly streetgpprties to the north were assigned even
numbers, while those to the south were assignednadtbers, with respect to that street.
Similarly, in northerly streets, even numbers wassigned to properties on the west side,

and odd numbers to those on the east, with respdtat street.

Among the key achievements of the Saudi Post, atlg introduction of the new postal
code system, was a postal search tool. This coaetpassystem of digital geographical maps
providing the capability of fixing position usinhd new postal code system. The service
aims at easing the process of finding postcodeselisas defining the main features of the
city, such as public buildings, organisations, camplocations, markets, banks, amenities,
hospitals etc. Distinctive features of this pos&edarch service are:

e Clarity and simplicity of use, as the aim was tailfeate acquisition of information on

postcodes/ addresses quickly and easily.
« Availability of several options in searching fopastal address, either using a map with

a zoom function, or by building number, and neigithood name.
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e The search tool is available on the Internet bylowihg the appropriate link
(http://saudilocator.sp.com.sa/weblocator); the peejes are also configured for
accessibility by hand-held PDA or mobile phone bylloiving the link
(http://saudilocator.sp.com.sa/pdalocator).

e The ability to show or hide features on the map.

« The ability to move the map, and navigate quickly.

* The postcode search tool helps users identify ipaséasily and precisely, and as such
the service is an add-on to digital maps.

e The tool consists of a number of information layessch as land plot numbers,
postcodes, street names, different services (hdialsks, hospitals, restaurants, public
services, government offices, etc).

* The postcodes search tool is available to all ysers allows guidance and navigation to
any point in cities with relative ease. This allowsganisations, shops, transport

companies, and courier services to deliver to ttlants.

Among the achievements of Saudi Post, is the uggéral packet radio services (GPRS)
and GPS devices to track vehicles and personrdelyial letters and parcels to be guided
and tracked electronically. This is open to allrasa&vho may track their letters or parcels

from collection to delivery via the Saudi Post wieh$nvww.sp.com.sa).

7.3.3 Central Department of Statistics & Information

The KSA Ministry of Economy and Planning was essiad in 1390AH (1970), and the
most important body attached to it was the Cemegartment of Statistics and Information.
The main aim of the Central Department of Stasstéind Information is to collate, analyse,
and publish statistical data and information in th#ferent areas, social, economic, and
population. Moreover, to undertake different stet#d studies according to need. Since the
Central Department of Statistics and Informatiothes sole statistical reference authority in
the Kingdom, therefore it is tasked with preparamgd supervising the general census of
population and properties in the Kingdom, collegtinorganising, and analysing statistical
data from other government bodies, and publishing in different statistical periodicals.
Statistical activities began officially in KSA witthe introduction of a statistical system for
imports and exports for the Kingdom's customs aitihby Royal Decree No. 326 dated
3/2/1349AH (29 June 1930). This task was given ewdhe customs authority, until it was

transferred to the Ministry of Finance and NatioBabnomy.

The Department was established within the gendedisscal system of government by
Royal Decree No. 23 dated 7/12/1379AH (1 June 19868) attached to the Ministry of
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Finance and National Economy by replacing thesttesi section in the Directorate-General
for Financial Affairs considered the precursor tlee Central Department of Statistics (KSA
Royal Palace, 1960). Ministerial decision No. 728ated 22/9/1392AH (29 October 1972)
attached the Department to the Assistant Deputyistéin for Budget Affairs and
Organisation until later the department was proch@ted linked directly to the Minister of
Finance and National Economy by virtue of ministerdecision No. 17/3961 dated
23/8/1400AH (6 July 1980). The general statistigsteam of the government defined the
area of authority of the Central Department of iStias, and designated it as the sole focal
point for statistical information in the Kingdont.wias given responsibility to undertake the
different types of statistical operations neededlirdevelopment areas. The Department is
considered the authority responsible for supplyindplic and private sector bodies, and

individuals with information, and official statiss.

By virtue of Cabinet Decision No. 55 dated 19/ 38AH (15 August 1995), the Central
Department of Statistics was transferred from thisgliction of the Ministry of Finance and

National Economy to the Ministry of Planning (KSA@hcil of Ministers, 1995).

Many decisions and Royal directives were issued hasiging the importance of the
Department’s role in providing data and statist&sd providing government and private
sector bodies, as well as researchers, regionalirgachational organisations with such
information. The Cabinet crowned these achievembwytssuing decision No. 284 dated
24/11/1426AH (25 December 2005) endorsing the recendations of the ministerial
committee for administrative organisation presentedts 32nd meeting minutes dated
26/5/1426AH (3 July 2005), in which a number ofamenendations were made, including
adding significant technical functions, and impottaadministrative procedures. Most
prominently, making available all necessary resesirto build databases in all areas,
connected by a network and aiming to establish teomal databank. Moreover, rapidly
developing plans and technical programmes necedsaachieve the task of collecting
information. The Central Department of Statisticgswenamed the Central Department of

Statistics and Information.

The most prominent statistical operations undertake the Department during its history
were the population censuses for the Kingdom, whiehne organised by virtue of Royal
Decree No. 13/M dated 23/4/1391AH (17 June 19713AKRoyal Palace, 1971); three
official censuses were undertaken in 1394AH (19T74),3AH (1992), and 1425AH (2004),
while the current census for 1431AH (2010) will e fourth. The Department also
executed a census of organisations in 1387AH (196391AH (1971), 1396AH (1976),
1401AH (1991), 1414AH (1994), and 1424AH (2003).abdition, the Department exerts
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significant efforts in carrying out different stedi and statistical surveys in the population,
social, and economic areas, as well as preparingntmus and regular statistical studies

(monthly, quarterly, biannually, annually).

The maps unit attached to the Central Administrafar Population and Social Statistics
within the Department is responsible for providismtistical maps for all areas of the
kingdom, and helping administrations in identifyilogations where field surveys are being
carried out. The unit's work is limited to collaimaps and preparing them for a statistical
use. The need for use of GIS within the maps urita in 1422AH (2001) to replace
traditional paper maps with digital maps, in aduditito the benefits of GIS technology, in
terms of organising and analysing geographicalrinftion, as well as linking spatial and
descriptive data related to demographic or econashicies undertaken by the Central
Department of Statistics and Information. This vadbibt be possible using traditional means

based on paper maps.

Among the prominent and recent achievements afnidggs unit are:

* Publishing initial results for the general censtipa@pulation and property for 1425AH
(2004).

» Designing a website presenting statistical distrdsuon maps of the Kingdom in Arabic
and English (http://www.cdsi.gov.sa/asp/index.asphrough the site, data can be
searched (population data, education, social stadgcational, health, agricultural,
social, administrative, and public services; propeéata, and undertaking comparisons

and various statistical analyses).

7.3.4 Saudi Commission for Tourism and Antiquities

The Saudi Commission for Tourism and Antiquities igovernment body with independent

status linked directly to the Prime Minister’s @#i

Cabinet Decision No.9 dated 12/1/1421AH (16 Apri00@), established the High
Commission for Tourism, emphasising tourism as edipctive sector thus ensuring the
Saudi tourist industry thrives in the country, ampening up further investment
opportunities, developing national manpower, anavipling new work opportunities for
Saudi citizens (KSA Council of Ministers, 2000ajv&h the importance of antiquities and
museums, Royal Decree No. 2/A dated 28/2/1424AHA{@U 2003) merged the Antiquities
Agency with the High Commission for Tourism, sudiatt the Commission became
responsible for implementing initiatives regardamgiquities, in addition to work in tourism
(KSA Royal Palace, 2003a). Then Cabinet Decision/Blalated 16/3/1429AH (23 March
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2008) renamed the Commission as the High Commidsiofiourism and Antiquities (KSA
Council of Ministers, 2008).

In the frame of building a tourism information daaae, and carrying out studies related to
tourism in the Kingdom, the Commission in 1423A@2) established the National Centre
for Tourism Information and Studies. The centre éasied out many studies and tourism
surveys, and made the information available infthen of an interactive digital map of the
Kingdom comprised of digital maps and tourism infiation, like historical and museum
sites, public gardens, theme parks, traditional ketar shopping centres, festival and
exhibition sites, public libraries, universitiesdueational and cultural centres, hotels,
furnished apartments, hospitals, bus stations, candrental agencies, for all regions and
cites in KSA. This was placed in reach of touristen the Internet

(http://www.sauditourism.com.sa/en/MasSearch/).

The Commission also printed paper maps at (1:2%,868le for all cities in the Kingdom,
designed to be comprehensive, highlighting toymiéhts of interest, and pocket size, as well
as being in Arabic and English. These maps ardyfraeilable from tourist Information
points at hotels, theme parks, airports, museurtsbiions, and fairs that the Commission

organises or attends in the Kingdom, and abroad.

The Commission built many databases, the most premhibeing one for the tourist sites
distributed in the kingdom's regions, using GlShtextogy; over 12,000 tourist sites were
identified, each accompanied by 180 facts and isiageaddition to this, a database on the
most important cultural and heritage sites in thegdom was developed using GIS; the
number of sites recorded was around 8000. Furtiverngodatabase for tourist services in
the Kingdom, and one for agents abroad represeritiogl trip organisers under a
programme named “Discover the Kingdom”. In additiandatabase for Umrah, and travel
and tourism agencies, was developed for organisatigroviding tourist services and
products. Finally, a database for employment aadhitrg in the tourism sector in the

Kingdom has been produced.

7.3.5 Ministry of Agriculture

The Ministry of Agriculture is one of the main nstiies in the Kingdom, and the aim
behind its establishment was the development adymtivity and diversity in agricultural,
animal, and fishery resources. Moreover, the Miniist responsible for development studies
of the animal, fish, and agricultural resourcespvmling treatment and preventative
measures for animal and plant wealth, evaluatifagsdying, improving and utilising land

for agriculture.
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The Ministry of Agriculture passed through a numbephases before arriving at its present

form:

In 1367AH (1940), the Directorate-General for Agitare was established in and
linked to the Ministry of Finance, with the task dtveloping agricultural land,
improving irrigation, distributing water pumps, llihg dams and canals, digging and
repairing springs and artesian wells, providingnbb# farmers, and co-operating with
agricultural technical expertise in providing tiiai, and guidance to farmers on modern
agricultural methods.

In 18/4/1373AH (24 December 1953), the Directo@emeral for Agriculture was
transformed into the Ministry of Agriculture and Wa by Royal Decree No.
5/21/1/4951 (KSA Royal Palace, 1953).

In 1381AH (1961), the Agricultural Affairs Agencgnd the Water Affairs Agency were
established.

In 21/6/1385AH (16 October 1965) the High Commissfor Administrative Reform
issued resolution No. 8, which divided the Ministoy Agriculture into two main
sections: agriculture headed by the Deputy Minidtar Agricultural Affairs, and
administrative and financial affairs by the directd the General Directorate (High
Commission for Administrative Reform, 1965).

In 1390AH (1970), the Desalination Affairs Agencysvestablished; later, in 1394AH
(1974), it was changed to the General Corporatiorsalt Water Desalination.

In 1397AH (1977), a new agency, called the Agrimat Development and Research
Affairs agency was formed.

The General Corporation for Granaries and Mills wassferred to the jurisdiction of
the Ministry of Agricultural and Water by virtue @abinet Decision No. 34 dated
7/2/1406AH (20 October 1985), and endorsed by Reble 3/M on 12/3/1406AH (24
November 1985) (KSA Royal Palace, 1985b).

In 1408AH (1988), the fish resource sector wasbdisteed headed by the Deputy
Minister for Fish Resource Affairs.

In 1420AH (1999), the agency for land affairs watablished.

In 1425AH (2004), the agency for animal resourdairsf was established.

9/7/1423AH (5 September 2003), Royal Decree No827deparated the water sector
from the Ministry of Agriculture, and establishedeparate ministry called the Ministry
of Water, linked to the Prime Minister (KSA Royaldl&ce, 2003Db).

The Ministry of Agriculture remained abreast of heical developments in the area of

documenting information, and established its compuaentre in 1400AH (1980) as a tool

supporting collecting, and organising informatidine centre was merged with the library
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and documents section in 1408AH (1988) into the ubments and Information Centre to
prevent duplication of effort. In 1425AH (2004) etleentre was restructured and renamed
the Information Technology Directorate, with theddidn of the GIS and Remote Sensing

Section, in a step aimed at unifying efforts insénareas.

GIS databases were introduced in the Ministry im-427AH (2006), which included

establishing a digital map of the Kingdom at (1:280) scale, and more than 20 key

information layers overlaid over modern satellittages at a resolution of 5-30m, and less
for some applications. Currently, the first two bBggtions of GIS have become operational.

These are:

1. The early warning system: This identifies hazardsd their area of spread, and
emergency preparations to prevent epidemics egténim Kingdom, advertising the plan
appropriate for each disease, and preventative uresaso be implemented, to control
and contain it.

2. The field surveillance system for work teams usiadicle tracking technology, which
is based on GPS, and the GIS digital map.

Recently, a project linking the descriptive infotioa database to the geographical
information database was implemented. This aimeopen up opportunities for specialists
in the branches of the Ministry (agriculture, reshaanimal resources, fisheries, and land)
to take advantage of the software applications, @h8 remote sensing in their applications
for studying, and analysing phenomena, for planniogidentifying locations on the digital

map, printing routes and explanatory maps, and metmgr GIS applications. Each

specialist was granted access using username asd/@al controls, via an Internet portal

(http://gis.moa.gov.sa/MoAServer/MOAHome.aspx).

7.3.6 Farsi-GeoTech

This is a private sector company working in theaasEmaps and GIS in KSA, and is widely
recognized among citizens as the only company iA K@t provides tourist and navigation
maps for the majority of the Kingdom's large citi€siccess of the company can be traced
back to 1982, when it produced the first guide miapsvakkah, which was considered a
key achievement at that time. In the years follgyithe company expanded its product line
to include maps, guidebooks, folding maps, andreefee atlases that included many of the
Kingdom's cities. These products were developeedas a database including important

geographical information that is improved and updatontinuously.

Today, the company is considered one of the impbdaurces of maps, and geographical

information systems throughout the Kingdom. The pany established a highly precise
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geographical information database, including valiaiformation related to GIS. Currently,
this database is used in developing GIS applicatiand GIS website service technologies,

which are considered a key source for GIS studidg@search within the Kingdom.

The company established the GIS department withathe of supporting the company's
functions, and established a highly motivated teamanalysts and developers of
Geographical Information Systems, which is resgaadior working closely with clients to

conduct deep needs analysis studies, that in tefmedl the features, procedures, and
conditions for data, and a profile of the user, #rarequired conditions for dissemination,

before developing their solution.

Among the company’s products:

« Farsi MAPS which is an interactive application dstisg of CDs containing electronic
maps that provide detailed digital maps of the Kmm of Saudi Arabia and its cities.

* A tracking device, Farsi TRACK, which specifies thasition of vehicles within KSA
using GPS, and is easily available through the'hete WAP, or SMS.

« Farsi NAV, which is a navigation system, which gfies location precisely using GPS,
and provides detailed information to connect betwee specified points.

e Farsi PRO, which is a search and analysis tool likfis in specifying positions, and
areas of investment. This was specially develomedcbnsultancy service companies
and research centres.

* Farsi Locator, which is an interactive web-basegliagtion that helps in defining a

person's location through their address, streeenagighbourhood, postal code.

7.3.7 Saudi Electricity Company

In the period from 1396AH (1976) to 1401AH (1984)iccessive Saudi electricity utilities
were established in four of the regions in KSA; emEastern, Central, Southern, and
Western regions. Since that time, electricity nekedave been consolidated, and electricity
services provided. The State at this stage, araughr its development plans was able to
bring electricity to cities, villages, and remoteas in KSA. The national electricity network

extends for thousands of kilometres to cover thpnty of the Kingdom.

On 11/8/1419AH (30 November 1998), Cabinet decidiin 169 directed the merger of
electricity companies into a single utility compangmed the Saudi Electricity Company
(KSA Council of Ministers, 1998).

The Saudi Electricity Company used GIS in develgpta work, over a number of phases,

as follows:
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* In 1414AH (1993), a contract was signed for the IBWIS product, which ran on a
mainframe computer and used the IBM DB2 databagkcagion.

e In 1422AH (2001), the company had difficulties andchnical problems in
implementing IBM GFIS, which dictated a move to #8RI ArcGIS system for use in

all its applications.

The Saudi Electricity Company uses GIS in a nunabapplications, among them:

¢ Single line drawing (SLD) of medium voltage (MV)tn®rk.

* Single line drawing (SLD) of low voltage (LV) netwo

e Work orders for medium and low voltage supply.

* Sending electricity network location data to GPSicks.

¢ Planning programmes, and new requests.

e Printing load models and statements.

¢ Numbering new subscriptions.

« Reaching the subscription locations without reqgimresence of the subscriber.
e Searching and printing routes for meter readingquarel.

* ldentifying faults positions in the network, andooking the optimal route to the

location.

7.3.8 King Saud University

King Saud University was established by Royal Deckw. 17 dated 21/4/1377AH (14
November 1957) (KSA Royal Palace, 1957). It is aiered one of the pioneering
universities in the Kingdom in introducing GIS its istudy plans represented by three
faculties:

« Faculty of Engineering: civil engineering and swying engineering departments. The
specialisation was introduced in 1408AH (1988) asesult of the resolution and
recommendation of the defence ministers of the @dbperation Council Countries
(GCCC). The University provides an integrated paogme in spatial data culminating
in a Bachelors degree following five years of studywhich the engineering graduate
will have learnt all types and sources of spataiad(ground survey, GPS systems,
remote sensing, cartography, geodesy, GIS, maprerefimg and datums). This
specialisation is considered one of the oldegténarea of spatial data in the Kingdom.

« Faculty of Arts: geography department. The Depantmestablished the first modern,
specialist laboratory for GIS in 1417AH (1997).

¢ Faculty of Architecture and Planning: introduce®&@1i the area of planning.
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King Saud University established an applied GlSadepent in the University projects

section, which is considered one of the most pawesfstems related to infrastructure and
facilities management at the University. This egteover the entire university campus of
around 9 million square metres. Access to the systethrough the University website

(www.gis.ksu.edu.sa). The system comprises thenguédge technologies of spatial data
systems, based on the following key informatioroueses:

« Digital Earth information, scale 1:500, and horitedrand vertical resolution of around

10 cm.
« Advanced information collected using GPS, wheresayeodetic ground control points

with permanent markers were established, with anracy of millimetres.

The database contains a large amount of informatioch as information on services and
infrastructure: drinking water supply networks, igyeand electricity networks, irrigation
water networks, sewage networks, communicationswvoris, air conditioning and
mechanical services networks, and computer netwbidssing information: teaching staff
accommodation, student residences, parking, andokghamenities information: parks,
sports grounds, swimming pools; academic buildinfprimation, road information, and

King Saud teaching hospital information, surveyiniation and ground control points.

The system also allows University security stafiviatch and follow vehicle movements, as
well as important installations within the Univeysthrough surveillance cameras linked to

the system.

7.4 Discussion

It is quite clear from the information presentedamling spatial data stakeholders in KSA
that there is a significant amount of duplicationprojects, and absence of cooperation
between the different stakeholders in spatial gatgects. The lack of unified efforts leads
to a lack of savings in financial and time resoanegarding the many duplicate spatial data
projects throughout the Kingdom. It is quite disteaing that some organisations are
managed by a High Commission with membership fromdifferent administrative arms
working with spatial data, yet the presence of eheembers in Higher Commissions of
organisations has not helped unify efforts in spatata projects. The reason is that these
members are not highly qualified in the area otiapdata, and have no knowledge of the
advantages of unifying efforts and cooperatingnplementing joint spatial data projects in
partnership with the different stakeholders to \whilbey belong on the one hand, and the

organisation in which they are higher managememinegs.
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An example of this duplication and conflict in ireptenting spatial data projects is that the
GCS is the sole organisation with authority angoesibility for geodetic networks in the
Kingdom, and as such no other body has the rightaxk in the area. However, MOMRA
has done work in this area, unilaterally and withmeordination, or even sharing data with
GCS. MOMRA established a new geodetic referencthénframe of ITRF using 13 live
transmission stations, and support network onréfisrence for more than 600 new points.
In addition, some city commissions, such as in dadtdave established their own geodetic
network within their administrative jurisdiction thibut coordination with MOMRA, or
GCS.

Another example of duplication and conflict is thhe Saudi Post since early 1430AH
(2009) in conjunction with the Arab Saudi Specificas and Standards Commission
completed the procedures and foundations for aaposte for the entire territory of the
Kingdom, in a unified national system of postal @ding, which all stakeholders can take
advantage of. However, a number of regional coniorisscontinue to sign project contracts
for naming and numbering, each within its admiwite jurisdiction. One of these projects
was reported in Ar Riyadh newspaper (issue 1516@8a19/1/1431AH (Al-Bushra, 2009, 26
December) regarding the signature by the Commissiéor Assir Area of a contract for
naming and numbering the city of Abha, worth SR&iBion (around £0.5 million). The
newspaper reported that the aim of this project thasvisitors or any other party would be

able to find addresses quickly and easily.

In addition to the above, exploring the situationhwegard to spatial data in KSA has
revealed further documentary examples of duplicatedtoordinated effort (see table 1.1
and figure 1.1 in section 1.3). A large number @famisations are engaged in implementing
the same projects but with varying specificationd acales, completely oblivious to the
others. The chaotic situation has had severe carsegs as an aggravating factor in a

disaster situation, as was the case in the flduatshit Jeddah in late 2009 (see section 1.3).

7.5 Summary

This chapter has explored the situation in KSA wéhpect to the main SDI stakeholders by
providing background on their historical developtemd the legislation and policies that
both established these bodies, and regulated ithieis. Moreover, the barriers to sharing
spatial data were presented. (A wider view of leasrito collaboration in KSA is provided
from the perspective of stakeholders in Sectiom8§.192-197).

The following chapter will present the questionaaurvey results and an analysis. It will

explain the organisational, technical and instidl aspects relating to the current situation
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of spatial data organisations in KSA. The semigdtired interview data will be used to
support, explain, and validate, i.e. triangulateegiionnaire quantitative data, and give it

more depth.
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CHAPTER 8: RESULTS & ANALYSIS

8.1 Introduction

This chapter presents the results of the field eyurnconducted by distributing a
questionnaire, and carrying out semi-structuredriméws of personnel in 24 organisations
representing nearly all the bodies working in spatata in KSA. Both the questionnaire and
interviews covered a range of themes, includingsypf spatial organisation and sphere of
operations, data types and themes, standards ehxidal issues, and inter-organisational
relationships and collaboration, among others. Heurhore, an analysis of the results
gathered by questionnaire has been supported bgmieg the perspectives of interviewees
in the chapter.

8.2 Spatial Data Organisations

8.2.1 Types of Spatial Data Organisations

[ Government
M private

[l Academic

B Others

Figure 8.1 Types of Spatial Data Organisation

The survey indicated that there are four typesrghmisation in KSA dealing with spatial
data: public sector or government, private se@oademic, and also a category classed as
‘other’, which do not fit any of the other threggs. According to the survey responses, the
majority, approximately 67% of the spatial dataamigations surveyed were considered
public sector or government organisations, whilegte sector spatial data organisations
comprised only 21%. By far the fewest were acaddoities involved in spatial data, and
organisations classified under “other” or utilitieg respondents, at around 8% and 4% of

spatial data organisations respectively.

The issues surrounding organisation types, andhexteresponsibility for current spatial
data situation in KSA were addressed in the seractired interviews by all 72 participants
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from the different government, private sector, aawhdemic bodies. The majority, 59
individuals (82%), were of the opinion that goveemh bodies were responsible for the
current problems, in terms of duplication seen patsl data projects. This was clearly

explained by one interviewee:

“Sadly, it is the government bodies which are thenroause of the current
situation of duplication in spatial data projects KSA. This is because they
are in control of the situation, and represent thajority of organisations
working in the area of spatial ddtégopu-07). (See Table 6.3 for definition
of interviewee type)

While a large number of respondents agreed thajagliernment bodies were responsible for
the current problem situation in spatial data inAK®ight interviewees (11%) held the
opinion that private sector bodies also carried pithe responsibility for this duplication in

spatial data projects. This was emphasised byrdae/iewee:

“private sector bodies are much fewer than governnbedies, but they
employ more experts in spatial data, and are alwsgeking to attract any
prominent expert in the area taking them away ftbendifferent government
and academic bodies by offering high salaries. €hegperts do know about
the prevailing problem, yet because the aim ofdhmsmpanies is to make
profit, they hope that the current situation wouglghtinue so that they are
able to secure more profits, with the many dupécspatial data projects
commissioned by government bodies, in parti¢uigopu-25).

The remaining interviewees, five individuals (7%)so blamed academic bodies for the

problems faced in spatial data projects for sevex@dons, as mentioned by one interviewee:

“We cannot ignore the role of academic bodies in ¢hgent situation
regarding wasting of time and public funds in thgpkitated projects in
spatial data. These bodies must take the respditgifir educating all the
bodies working in the area. If you look at theayllses in the area of spatial
data, you will not find in any of them an attermgpbting out this problem, or
to present the international experience in sohitngrherefore, | blame the
universities and academic institutes, which holdrses, or issue certificates
in the area of spatial data, for the situation thvae suffer now in terms of
duplicate spatial data projects, even if these bsedare few in numbeér

(popu-13).

8.2.2 Organisation Sphere of Operations

Issues relating to the organisation sphere of dipasawere explored through question 1.2
of the questionnaire. From the 24 organisationdy éour are involved in spatial data

internationally. However, the majority comprising @rganisations limited their spatial data
operations to the national level, within KSA oriljaree organisations operated only at the

local (region or city) level. These responsesemmis of the spatial data work of the majority
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of organisations reflect the importance of an N&Binework in the context of KSA. They
probably reflect the answers that might be provibgdther countries in the region—but

unfortunately no such studies exist.

This question was addressed by the 72 interviereas the different bodies working in
spatial data. Sixty-five percent emphasised thahal bodies working in spatial data focus

on the national level in KSA. The reason for tlsigjuite clear, in the response:

“if all the bodies, whether governmental or otheajigere to deal only with
spatial data at the national level, they would haaved effort and money,
and prevented duplication, through coordinationvietn them in all spatial
data projects (gopu-18).

On the other hand, a number of interviewees (Erasenting 18% of those interviewed,
considered that it was vital that all the bodiesking in spatial data should be open to the

international level. This was justified:

“it is difficult for a person to understand why somganisations shut
themselves off and restrict themselves in workimgpatial data projects to
the national level only, or their region or cityna fail to take advantage of
the international expertise in spatial data aval@bthrough attending

conferences, seminars, and scientific workshopsfind out what is

happening outside national bordéiso-04).

The remaining interviewees (12) considered thabadlies concerned with spatial data must

focus on the local level, whether region or citye teason provided was:

“if we look at the area of the Kingdom of Saudi Aaalapproximately 2

million square kilometres, then it is quite difficto coordinate at national

level between the bodies dealing with spatial da@yever, if coordination

took place at the level of the city or region thatuld be better than wasting
effort at the national levé(gou-09).
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Figure 8.2 Organisation Sphere of Operations
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Figure 8.3 Provider-User Relationships

8.2.3 Provider-User Relationships

It was clear from the questionnaire data and sémétired interviews that an organisation
is one of three types: (1) a user of spatial d2jea provider, or (3) both a user and provider.

Figure 8.3 shows a minority, 17% of the organisatisurveyed, used spatial data sourced
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from other provider organisations, and were usefg. dhe vast majority, over 83%, were
both providers and users, and no organisation wekively a provider of spatial data.
However, the responses do not reveal whether thgasplata used by such organisations

was exclusively generated in-house, or sourced bibrar providers.

On the issue of provider-user relationships, respsnvere elicited from all 72 interviewees.
Eighty-eight percent considered that the majorifybodies dealt with spatial data as

producers and users. This point of view was jugtifin different ways. One interviewee

stated:

“our organisation has a very large budget, whiclvat us to depend on our
own efforts in implementing all spatial data prdgcaccording to our

specifications,without needing to bother or begnfrmther spatial data

producers$ (gopu-22).

Another interviewee explained why, in that:

“there is no system for spatial data that unifiescé#fiications and standards
for the data at the national level, [moreover,] thels no supervisory or
audit body to prevent duplication in projects. Téfere, why should we
oblige ourselves to adhere to something other degdions do not abide by,
and that the legislator has not addrességbpu-16).

A number of interviewees (9) considered that thdid® in which they worked were only

spatial data users. One of them justified thisdyre:

“it is our ambition in the future to produce our §phdata according to our

specifications, as we suffer from not being ablel¢ain this information

from providers according to our special needs. Ala® suffer delay in
receiving orders, and the need to follow up theskers constantly. Despite
this, we do not get what we want, rather less, ccoading to the

specifications of the producer organisatiqgou-10).

Another interviewee from these nine explained:

“we, as a private sector organisation, seek profiitgb Therefore, it is best
for us to receive spatial data from producers, mEttihan producing it
ourselves (pou-03).
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8.2.4 Organisation Size

The survey included organisations of various sizasging from very small (less than 150
employees) to very large (more than 15000 emplQy€eigure 8.4). The majority of
organisations were public sector (14), and rangeanfmedium size (751 to 4000
employees) to very large. Private sector spatitd deganisations fell in the very small and
small (151 to 750 employees) categories of orgéinisaWhile a utility company, and an
academic institution were in the category of lapgganisations. In the sample, one third of
the organisations were medium sized, while largmmisations made up nearly 21%. Both
very large, and small organisations made up 17%etample respectively, and very small
organisations only 12.5%.

B Utility

O Private

B Academic

Organisation Number

O Government

Very Small Small Medium Large Very Large

Organisation Size

Figure 8.4 Organisation Size including Type

All the interviewees, whether from public or prigadector, and academic bodies, responded
to this question. They all agreed that organisasiae had a significant role in relation to
spatial data. One interviewee explained this byngpy

“our organisation is very large, to the extent tttedre is a lot of duplication
in spatial data, and lack of harmony in specifioas and standards between
such projects(gopu-13).

Another stated:

“in large organisations, it is difficult to contraluplication in spatial data
projects, while in small organisations it is vergsg to make decisions
collectively, and according to the interests of dnganisatiori (a0-06).
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8.2.5 Length of Involvement with Spatial Data

Figure 8.5 illustrates the depth of experiencehef drganisation, measured in terms of the
length of their involvement in spatial data operas. It can be seen clearly that a significant
number, 10, have over 15 years of involvement imtiap data. Over 50% of the

organisations have been involved in spatial datk far more than a decade.

This question was addressed by most of the paatitipin the interviews (69), representing
government, private sector, and academic institatiworking in the field of spatial data.
They all focused on the fact that the length oblmgment by the organisation in spatial data

plays a vital role. This was clearly emphasisedhy interviewee:

“advanced countries take advantage of long expegiencrenewal and

development. However, we have problems that hasemnadated from the

past, because some of our organisations have bealind with spatial data

for a long time, and with an outdated mentalityeytrconsider that what they
say is what is correct, while disregarding otheews, and destroying any
person showing creativity in the area of spatialtajaso that these
organisations can only move in a direction thatyth@ve drawn a long time
ago, and so that no one may appear to understainggtbetter than them in
front of their bosséqpopu-02).

Another said:

“through observation, modern organisations are alkveyore open to other
bodies, and easy to deal with, while the opposge true of old
organisations (ao-11).

Another interviewee mentioned:

“many of the younger generation, are ambitious; thvsh to change the
status quo in spatial data. However, you come wgires old systems, which
had been developed by those who are now highaiffizi the organisation,
and so we must accept what we have, until the ygengration is able to
reach the decision-making levels, and then be a&blehange mattets

(gopu-19).
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Figure 8.5 Organisations’ Length of Involvement with Spatal Data

8.2.6 Size of Spatial Data Department

The size of the spatial data operations of therosgéions surveyed is generally reflected by
the levels of staffing in each. Figure 8.6 shows tlumber of employees working in the
spatial data operation of each organisation. Cmlge organisations have staffing levels that
exceed 200 working with spatial data and only sithwnore than 100 people. In contrast 15
employed fewer than 50 spatial data staff, of wHitthad departments with fewer than 20
individuals. Only three organisations maintainecpatéments of between 51 to 100
employees working with spatial data. A wide rand@eo@anisations in terms of size was

included in the survey; although small spatial dgtarations dominate.

This question was addressed by all the interview@g} representing the various bodies
working in spatial data. Fifty-four intervieweess¢8) considered that recruitment of large
numbers of personnel to government spatial datarttepnts and sections was random and
chaotic, and did not depend on specialisation atiagpdata. Moreover, after appointment
there was insufficient training of personnel ingbeunits in the different areas of spatial
data. This was made clear in the words of onevigeee:

“workers in the spatial data sections and departs@né many in number,
but the majority are not specialised in spatial alaRather, through their

connections, they are employed in these sectiotiglepartments due to the
special financial rewards, without regard to thebpia interest (gou-07).
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Another interviewee stated that:

“an organisation of the size of our organisation hmany sections and
departments dealing with spatial data at the lesfethe Kingdom of Saudi
Arabia. However, you are shocked to discover thatdme of them there is
not a single specialist with a bachelors degree an spatial data
specialisation, and that the majority of worker® grerhaps not skilled in
spatial data work. The best worker may have onbeikeed a course for
several weeks in an area of spatial dagopu-06).

Another said:

“the problem in some government bodies, is the pecesef large numbers of
employees in spatial data sections who do not hawe academic
qualification in spatial data. The other problem,that there are no policies
in these bodies to train and qualify them evert tha sharp end of spatial
data, so that these employees can become useférforming the tasks
allocated to their sectiorigao-03).

The remaining 18 interviewees, i.e. 25% of theipg@ents, considered that private sector
bodies work towards maintaining a low number ofspanel in spatial data sections, but

who are highly qualified in the area. This is cleathe response of one interview:

“our policy in the private sector is to create thespthat we find quite
necessary in our area of work, regardless; in garar, those posts related
to spatial data. After which, there is a competitlmetween the applicants, so
that the job is taken only by the person who cartlee best qualifications,
according to fair competition between all appliceintThis gives our
organisation leading advantage in attracting thestogpecialists, who satisfy
the ambitions of the organisation in being distiistped in all its work
related to spatial data. In order to maintain o@wel of distinction, we must
continue to train employees to the state of thé(adpu-14).
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8.2.7 Spatial Data Department Growth 2003-2008

In response to the survey question on the changesaffing levels within spatial data
departments in the previous five years, the gerammatlusion is one of expansion. In this
respect, 58% of organisations in figure 8.7 exhibiincreasing spatial data employee
numbers. In contrast, 17% of the organisationsaedstaffing levels in the last five years.
Only a quarter had not changed in size. For magrosations, spatial data represented an

expanding area of business.

All the interviewees addressed this question, dhafathem agreed that the number of
employees in spatial data sections and departrvanysi.e. increase, decrease, or stay the
same, according to the amount of work in spatiaia dgiven to these sections and

departments. This is articulated clearly in théofwing two viewpoints:

“the increase in number of employees in spatial ddtainistrations always
depends on the number of new posts allocated 8@ thdministrative units
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annually in the State budget. Normally, this ari$esn the view of the

principal decisionmaker in the organisation, such the Minister or the

general director, that there is a need for suchiacrease. Similarly, the

reduction in personnel numbers,and increasing treetical load on them,

or the need to contract work out to external prévaector bodies, at high
expense, to carry out some spatial data activitegn though there is the
possibility to replace these contracts by employegsons on the payroll of
these departments to carry out these activitigepu-02).

“as a private sector organisation depending on paibflity in all its actions,
we constantly seek to harmonise the ratio of enggleyo the ratio of spatial
data projects that we may be awarded. Thereforegithave many projects,
we seek to increase the number of employees wheghannual contracts,
or contracts for the duration of the project, aftethich we review the
position of the employee; if we considered thatpnesence would be in the
best interests of the organisation, then we woakpkhim, and if not then we
would respect our part of the contract, and infdmim that we would not be
renewing it (popu-12).

8.2.8 The Spatial Data Department in the Organisation

The location of the spatial data work within theemmal structure of the organisations
surveyed is shown in figure 8.8. This essentialflects the intra-organisational
relationships regarding spatial data, as well aspitominence or otherwise of spatial data
within the operations of the organisation. As suthe had a dedicated spatial data unit with
an independent position within the organisatiorrdrighy. However, seven organisations
considered spatial data to lie within the spher¢hefr IT operation, and as such allocated
the responsibility for spatial data to the IT dépent. Two had no spatial data unit, and
instead relied on the services of outside constikanto satisfy their spatial data needs. In
the case of three of the organisations surveyedrabpondents were not able to place the
spatial data unit within predefined divisions im thrganisation hierarchy, and so responded
with “Other” defined in their responses as “Mairdane Department, Tourism Information,
and GIS Unit for Teaching, Training and Researti'the case of two organisations spatial
data handling was found within the planning departtnand within engineering/works

department in one organisation.

This question was answered by all the participantshe interviews, representing the
different spatial data bodies in KSA. Forty twoentewees, i.e. 59%, considered that
spatial data administrations must be completelyepaeshdent, and linked directly to the

principal decision maker in all the bodies. On¢hef interviewees explained the reason:

“in my view, spatial data administrations must benptetely independent,
and all personnel in them should be those holdirgh lqualifications in

spatial data, because the nature of the work inatiministration cannot be
supervised except by those qualified in all theaaref spatial data; for
example, geodetic network projects, satellite imggrojects, GIS projects,
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or other spatial data projects, need specialistsnd aindependent
management, through which to deal with the projphases, and the
complex computer programs used in such projectsyedisas enabling them
to make their voice heard at the top of the orgatn®al pyramid (popu-
07).

On the other hand, 16 interviewees (22%) expregeediew that spatial data would best be

placed under IT. This is explained by one intenaewsaying:

“spatial data is considered one of the key typedatd that requires high
bandwidth servers, as well as a high-level secréxyprotect it from
penetration, by providing special protective progwaes, which can only be
provided through IT management, given their experf{gou-13).

Eight interviewees (11%) expressed the view that liest to link spatial data activities to

the engineering affairs department. This is exgldiby one interviewee:

“all our spatial data activities are supervised lhe tengineering affairs
department, because by nature, these activitiedirgked to all engineering
projects (pou-08).

Three interviewees (4%) considered that the plandiepartment should supervise spatial

data activity; one of them mentioned:

“the planning department in our organisation supsesi all our spatial
data, because it is the only body that uses [suata]oh the area of
establishing future plarigpou-01).

The remaining interviewees (3) did not feel thexaineed for an independent spatial data

department. One of them explained:

“we do not have a department that independentlyoped spatial data
activities, because in the majority, all spatialtalactivity is supervised by
private sector companies that relieve us of thedneefind specialists in
spatial data, and the effort of searching for sphtiata according to our
specifications from the different spatial data prodrs. We are released from
all this, and dictate very strict terms in contraaith these private sector
companies,in that all spatial data must be precisel up-to-date, and
relevant to the work of organisatib{gou-05).
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Figure 8.8 Spatial Data Department Location in Organisatios

8.3 Spatial Data

8.3.1 Spatial Data Types in Use

B vector
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Figure 8.9 Spatial Data Types in Use

The format in which spatial data is handled is d@lsportant, and might also reflect a
distinction between spatial data providers and syshis is shown in Figure 8.9. A large
majority of the organisations, 92%, had the cajigtof handling spatial data in both raster
and vector formats. On the other hand, a very smalbority, 8%, admitted to handling

spatial data only in vector format. It is highlidly that this reflects in the small number of
spatial data users, as opposed to providers wilti@rsurvey sample of organisations. At the

same time, no organisation handled raster datasixely.
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This issue was addressed by all the interviewess the various participant bodies from
government, private sector, and academia workinthénarea of spatial data in KSA. A
majority of interviewees (69), i.e. 96%, indicatih@t spatial data is available in raster and

vector form. One interviewee explained the reasons:

“From my experience, all the bodies make sure thatied data is available
to them in raster and vector form. The availabibfyabundant funds plays a
part in the availability of extensive amounts oitigd data that these bodies
perhaps do not neédgopu-23).

With this high proportion of spatial data in raséad vector forms in the majority of bodies
working in the spatial data area, there was alsoumber of interviewees (3), who
considered that there were bodies that prefer apddita in vector form. One interviewee

explained:

“We always make sure that we receive spatial datageator form, which is
simple for us to deal with in the different apptioas that we need, and
because raster data needs time and expertise tooheerted into vector
form” (pou-06).

8.3.2 Spatial Data Themes

Figure 8.10 illustrates the different spatial ddtemes reflected in the spatial datasets and
data handled by the organisations surveyed. The fediect the level of detail to which
spatial data is maintained and required by thenisgiions concerned. As such, of the 24
organisations, 19 handle aerial and satellite imagad 14 work with geodetic information.
Information on road networks and topography is hethdoy 21 and 20 organisations

respectively. Only two organisations deal with “@thtypes of spatial data.

The 72 interviewees, all, responded to questioograt this issue. A number of interviewees
(56) considered that it was better to give eachylibd freedom to specify the spatial data

themes it needed. One interviewee explained:

“look, the country is doing well, from a financia@rppective, and the State
supports all the bodies working in spatial datahwvéverything that they
need. This is because the State knows, absoltitatyeach body has its own
specifications and standards through which to dyespatial data themes as
needed by each ch@opu-04).

The remaining interviewees (16) from the differspatial data bodies, representing 22% of
the group, considered that the State should p@nanto the duplication occurring between

the different bodies working with spatial data. Shias clearly stated by one interviewee:
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“the State is the one to carry the responsibility tfos duplication in the

freedom of dealing with all the levels of spatiatalgiven to all the different
bodies; to date, there is no legislation by thetesSta regulate the situation
regarding spatial data in the Kingdom of Saudi Aegband there is no
supervising authority to coordinate between théedifit bodies to prevent
what is happening now in terms of misuse of pulblics in this contekt

(ao-12).
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Figure 8.10 Spatial Data Themes
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Figure 8.11 Ranking of Spatial Data Aspects
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8.4 Spatial Data Aspects
8.4.1 Ranking of Spatial Data Aspects

The views of respondents in the survey regardiegrtiportance of a number of aspects of
spatial data are presented in figure 8.11. Thirtespondents judged spatial data format to
be very important, while only seven considered tbibe merely important. The rest were
largely unconcerned about format issues. Similsulte were obtained for the importance of
metadata. Pricing of spatial data was an imporissue but less so than for most other

aspects.

All respondents judged the issue of access totddte of importance; 19 considered this to

be very important.

The issues of absolute and relative spatial acguraee considered at least important by all
respondents; only one respondent remained ne@palial data completeness was another
issue judged by all respondents to be importadiedd, seventeen organisations considered
this very important, and only seven organisatiangrgortant. Similarly, data currency was

considered very important by an overwhelming 17aoigations.

The table indicates that the organisations valwkrate highly access to spatial data that is
both complete and current; in fact price, formatdemanding maximum spatial accuracy

are secondary.

This issue was addressed by all the intervieweekimgin the 72 spatial data bodies from
both public and private sector, as well as acader®@ the interviewees, 67% (48)
considered that the majority of bodies using spal#a are not capable of specifying the

spatial data features they require. This appeditsigtatement by one interviewee:

“the problem in the majority of bodies using spatiata is that they do not
know the importance of the spatial data featureseded by their

organisations. Therefore, we find that some of thskfor high accuracy in

spatial data, and pay large sums of money to aegsirch data, while, in

fact, their organisations do not require such athidegree of accuracy. |
would hope that they distinguish between the reguants for accuracy in
spatial data from one region to the other. For eptam spatial data for the

area surrounding the holy site in Makkah, shoulddspiested at the highest
possible accuracy, because the value of 1 squareentbere exceeds
100,000 SD Riyals, and property owners will nevetegt any mistake in
defining their property even at the level of fiemitimetres. In contrast, you
will find that in some desert areas, the value ofquare metre does not
exceed a single SD Riyal, and spatial data for #rat should be requested
at a level of accuracy that is appropriate to tledue and importance of the
area. However, you are surprised in such areas sme spatial data users
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ask for highly accurate spatial data for no conwimicreasons. As a spatial
data producer, we cannot force our views on anydwsyever, if we were
asked for advice, we would give (gopu-20).

A number of interviews (24), representing 32% & ¢fnoup interviewed, offered the opinion
that many spatial data producers have no concerthéofeatures of the spatial data they

produce. This is clearly mentioned by one of tlerinewees:

“Spatial data producer bodies do not stick to ttendards of spatial data
that are asked of them. Sometimes, or the majofitynes, you cannot find
the documentation for the spatial data that we iezerom them, and
sometimes the spatial data is incomplete, or istadhe level of accuracy
required. The problem is that their prices are vieigh, and most of the time,
you cannot come to an understanding with them aiggrprice€ (pou-02).

One of the academics specialising in spatial dadpgsed a solution for this issue. He said:

“1 agree with you that there is a problem betweestiapdata producer and
user bodies regarding spatial data features. | khih is better to hold
workshops or conferences with the participatioraaiumber of experts in
spatial data to explain the best procedure for #yawy spatial data as
needed by each body. Also, if academic bodies perex at producer
organisations, some of whom hold PhDs, would deaiggmall booklet or
brochure, to be distributed to spatial data usegaisations that would
explain the concept of spatial data features torthend the best method to
specify the needed spatial datao-07).

8.5 Data Providers

8.5.1 Percentage of Spatial Data Creation in the Organigen

The extent to which spatial data providers in #i@gle are engaged in creating data is given
by figure 8.12. It is worth noting that 25% of theatial data providers in the study sample
have created more than 90% of the data requireithéim operations, while 15% of the
sample responded by stating that they created bet86 and 90% of the spatial data for
their operations. While, 10% created between 70808d of the spatial data needed in their
operations. Moreover, 10% were able to create &D Z0% of the spatial data for their
operations, and 5% (one organisation) created %D &2%. The remaining spatial data
providers comprising 15%, 5%, 5%, and 10% were ablereate between 40 to 50%, 30 to
40%, 20 to 40%, and 5 to 10% of their spatial datspectively. Half the spatial data
providers in the sample were able to create mama 80% of the spatial data required in

their operations.

Fifty-one interviewees, from the various spatiatadaroducer bodies, responded to the
guestions posed on this issue. Sixty-five peraent33 individuals, considered that the size
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of budget for government organisations played apontant role in the ability of these
organisations to produce spatial data for the ameahich they work. This was clearly

articulated by one interviewee:

“the [limited] funds earmarked in the budget for @uganisation are a huge
obstacle to us producing spatial data for the whalea within our
jurisdiction, and therefore, in some of our spatiata projects we are forced
to divide the projects into several stages spacext several yeat's(gopu-
24).

Another interviewee stated:

“due to the permanent support provided to our orgaimdn by the
government, represented by a generous organisaiioiget, we are able to
produce spatial data, effectively, which allows@gover more than 90% of
the areas in which we wdrkgopu-03).

On the other hand, 35% of interviewees, i.e. 18viddals, considered that matters were
different for private sector bodies. These bod@xktgreat care in producing spatial data,
which would assure profitability for their orgarisms. This is quite apparent in the

statement of one interviewee:

“government bodies depend on the State for fundimg,therefore you see
them seeking to cover many areas of the KingdorBanfdi Arabia, by
producing spatial data for these areas. Perhapsytdo not consider the
importance of costs of production of this spatialta while we, in the
private sector, are concerned about profitabilitherefore, our production
of spatial data always depends on determining ttterd of profitability of

any spatial data project. Therefore, you find tllaé majority of private

sector organisations cover only a small percentajethe area of the
Kingdom’s regions(popu-10).
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Figure 8.12 Percentage of Spatial Data Creation in the Osemisations
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8.5.2 Provider Organisation Spatial Data Update Frequency

Figure 8.13 clarifies the mechanism for keepingiapdata up-to-date within the provider
organisations by presenting the frequency in whingy update it. Forty-five percent (nine)
of the spatial data providers surveyed updated teatial data on aad hoc basis. In
contrast, 10% of the spatial data providers (twganisations) updated their data every day.
Only 5% (one) updated their data on a weekly basid,a monthly basis respectively. 20%
of these organisations only updated their data a@hypuwvhile 15% did so every two to five

years.

It is worthwhile noting here that updating of sphtiata is must be linked to its nature, were
some data does not change frequently with timat &ll; for example, altitude data. On the

other hand, some areas, like Makkah, are subjedihdage more so than other regions due
to the pace of urban re-development, especiallyratdhe Haram area. As such, the policy
for updating different types of data should be d¢idko the spatial data themes they belong
to. For each spatial data theme, an appropriakterdban a fixed update period should be

instituted in the organisations’ policies in thispect.

Regarding this issue, 51 interviewees from theediffit spatial data producer organisations
responded to questions. The majority, 78%, focusethe fact that the bulk of government
bodies have the financial capability to update ispalata on a daily, weekly, monthly or

annual basis. This was made quite clear by onleeointerviewees:

“in the same way that government organisations tiadinancial ability to
produce spatial data for any area in the regionstted Kingdom of Saudi
Arabia, they also have the capability to determihe time period for
updating spatial data. This is because there isspecialist body in the
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Ministry of Finance that has full knowledge of ihgortance of producing
or updating spatial data. Therefore, you find thhatvernment bodies have a
free hand in producing or updating spatial datapdeding on the whims of
those responsible in the organisatidgopu-05).

Eleven interviewees, representing 22% of all intawees, considered that private sector
bodies, carefully study whether to update theitiapdata, in order to achieve the highest

profitability. This is clearly stated by one intew:

“we, in private sector bodies seek to benefit frguiating our spatial data

to achieve profitability of our organisation, bec&usome areas of the
Kingdom of Saudi Arabia are more important, in teraf up-to-date spatial

data, compared to other areas. For example, theitahpRiyadh, sees

changes every year in its buildings and roads. &fuee, you will find that

we make sure we update the spatial data for itlenthiere are cities or

villagers, where there is no great change, andef@e updating our spatial

data depends on the need for such a’tgiapu-01).

8.5.3 Network Infrastructure

The network infrastructure within these spatialadptovider organisations was explored.
Figure 8.14 shows the network arrangement useddesa spatial data. As can be seen, 15
organisations depended on a LAN network arrangemehile nine had their own
organisation intranet, and nine used the Intemretdnnectivity. At the same time, only one
organisation did not have any type of network agesment, while another made use of an

external drive.

On being questioned on this issue, 51 interviewesponded. Of these interviewees, 28
emphasised that their organisations prefer to fearspatial data through their private local

area network. One interviewee justified this byisgy

“the spatial data held by our organisation is coesal to be top secret,
especially since it deals with large-scale maps] arcludes sensitive and
secret areas in the country. Therefore, our orgatii; has a private
network connecting all the administrations and dépants, and we
transfer spatial data only using this private netkyoto maintain data
secrecy and prevent unauthorised actégspu-08).

A number of interviewees, 23 individuals, considetteat their organisations preferred using
the intranet and Internet to transfer their spadaia. One of the interviewees mentioned

this:

“protection software is now of high-quality in agsgr the secrecy of
information that is transferred through the intraneind similarly with
regard to the Internet; these are now more safe tloe transfer of
information. Therefore, our organisation prefersngsour intranet, as well
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as the Internet, to transfer spatial data, becatlise makes it easy to use
your authorisation to access spatial data from angke in the world, and

because the protective software that we have ig gafe, and makes it
difficult to compromise our spatial ddtgpopu-03).

Responses
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Provider Intranet Provider LAMN | Provider None
Provider Internet Provider Cther

Figure 8.14 Network Infrastructure within Organisations

8.5.4 External Access to Organisation Spatial Data

The sample of data providers in KSA were asked talvbether they granted external bodies
access to their spatial data (Figure 8.15). THivtg-percent, i.e. seven, responded that they
already provide external organisations with actestheir spatial data. At the same time,

40% aim to allow this in future. In contrast, 25%ttese organisations do not allow access,

and have no plan to do so in future.

Questions around this issue were posed to 51 ieteees, i.e those employed by spatial
data producer bodies. The majority, i.e. 82%, ernigea that their organisations wished that
there were robust policies for the protection fo intellectual property of each body, with

respect to the spatial data it produces. This walllolv them to authorise those bodies
interested in their spatial data to access it. @t@viewee explained this saying:

“up to now there are no policies from legislatorstie country to protect
intellectual property rights residing in spatial @& Moreover, there is no
body responsible for implementation of such legjifaor policies, which
would also coordinate between the different boavesking in the area of
spatial data. This is because the existence of aumbdy would enable us to
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authorise others to access our spatial data, acdogdto a specific
proceduré (gopu-12).

As for the remaining interviewees, nine individyaley considered that their organisations
would not allow access to the spatial data they helen if there were policies to protect

intellectual property residing in such data. Thiaswlearly explained by one interviewee:

“1 swear... that if the State were to implementtal policies in the world for
protecting intellectual property and spatial datee would have no intention
to allow anybody to have a look at our spatial ddiacause organisations
are used to stealing the efforts of others, if theyable to, and then claim it
as their own; there is plenty of evidence for tlifigjou want to confirm it
(popu-06).

BYes
B Future plan
CINo

Figure 8.15 External Access to Organisation Data
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Figure 8.16 Format used for Spatial Data Transfer
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8.5.5 Format used for Spatial Data Transfer

The means by which the spatial data providers,hm dample, send data to users are
presented in figure 8.16. By far the commonest misdyy CD-Rom, practiced by 17 of the
20 organisations. However, hardcopy (maps) arepstivided by 11 of these organisations.
Nine providers allow users to view the spatial dadine, yet for downloading the data
online, three allow normal Internet download, whileven provide the facility for secure
transfer of data using secured file transfer protdETP). Six providers make use of a
private network allowing users to receive the d&mail is used by eight organisations to
send data, while only three provide data on Flogigk. Of the spatial data organisations

surveyed, two sent spatial data to users on DVD,cemna project basis only.

Among the interviewees, 51 worked in bodies thatpced spatial data, and they all agreed
that they used all the available state-of-the-sgthods in transferring spatial data to user
organisations. However, the means used dependétedeavel of secrecy, and the size of the

required spatial data. This was explained by otexvrewee, in saying:

“the secrecy of spatial data and file size obligeaushoose the appropriate
means of delivering spatial data to those bodies tequest it. In some
cases, spatial data is not highly secret, and sinadiize, and so can be sent
by e-mail or by sending a link to the requestinglyodhrough which to
download the spatial data. In the case of the dagang large in size, or
highly secret, then it is sent appropriately on ¥ or CD-ROM (popu-
05).

8.5.6 Spatial Data Provision, Sharing, and Redistribution

[¥es, but most data excluded
W Does not allow

o W yes, without restriction
! + [Ees, but some data excluded

Figure 8.17 Spatial Data Provision, Sharing, and Redistribtion Arrangements

Twenty organisations provide spatial data and th& itend to do so in the future.
Seventeen of the 24 organisations responded tlest \itere actively data sharing at the
present time, but very few were doing so withouhsaestrictions on data supplied by them
or to them. Thirty percent did not allow any redisition at all [see Figure 8.17]. A clear

picture emerges where 50% have defined policiesrdigg the distribution of their spatial
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data and a further 40% show encouraging signs w&ldping such policies in the future.

Surprisingly, two organisations do not seem to haaas to introduce such policies.

The content of this question was addressed byealirterviewees from spatial data producer
bodies, i.e. 51 individuals. The majority, 36 indals, agreed that spatial data producer
bodies should satisfy the needs of those bodiem@dkr spatial data, provided that a
written and signed undertaking is given by the fieragy body, that the spatial data will

only be used by the organisation. One of the imt@rges explained this clearly:

“it is difficult for our organisation to isolate i#f with respect to spatial
data, which obliges us to provide spatial dataltose who request it, when
they sign a form that protects our rights to thpasal data, and prohibit
these bodies from redistributing our spatial data any other body,
regardless of the reasons, without written perroisddy our organisatich

(popu-11).

The remaining interviewees, 15 individuals, held thiew that their organisations cannot

provide anybody with spatial data held by themsMaas clarified by one interviewee:

“in light of current circumstances, and the abseoica watchdog body that
prevents bodies requesting our spatial data froftingeor providing other
bodies with this spatial data, we cannot risk lgsour efforts in producing
such data to other bodies that cannot be trustedabse of lack of respect
for intellectual property rights; | do not say thisr no reason, but once we
provided one private body with some of our spatiata, and we were
surprised after a time that a government body botigh same spatial data
from this private body for 6 million Saudi Riyalsne million pounds
Sterling]. This private body had claimed the spatiata as its intellectual
property, because in this country, there is no esysto compel them to
respect the rights of othérggopu-01).
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Figure 8.18 Spatial Data Use in Provider Organisations

8.5.7 Spatial Data Use in Provider Organisations

An insight into the nature of the partnerships rdupm spatial data use and sharing between
providers and other organisations in the sampbgvien by figure 8.18. The figure reveals
that 12 providers make use of the spatial datainvitieir organisation, while 11 supply local
organisations. Among the organisations surveyedspbtial data providers made their data
available to national organisations, while five maill available to international ones.
Moreover, 19 organisations provided spatial datgoeernment bodies, and 10 gave private
sector organisations access to their data. Thivééine respondent organisations dealt with

academic organisations.

Those interviewees working in spatial data prodgcirganisations, 51 individuals,

responded to questions on this issue. The maj@dtyndividuals, emphasised that the bulk
of government bodies working in the area of spadatia depended in their co-operative
relationship with other bodies on the quality ofrgmmal relationships between those in

charge of the respective organisations. This wataaed by one interviewee:

“guite clearly the relationship of our governmengamisation with other
organisations working in the area of spatial datadue to the relationship of
higher management in our organisation, as welltes of those responsible
for spatial data in the organisation with countertzin other organisations.
Each represents a relationship of mutual interestdiere there is no
oversight over these managers that would hold th@raccount for their
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actions. Therefore, if the relationship was gooetlother organisations will
be provided with everything they need in termspatial data, quickly and
easily. However, if the relationship was bad, tliewould be very difficult
for other organisations to get spatial data excepider fairly complex
conditions, which are very difficult to fulfiigopu-11).

Eleven interviewees considered that private sdotalies depended in their dealings with
other bodies on agreements and contracts thatategutheir role in implementing spatial
data projects on behalf of these organisationss iBhjjuite clearly stated in the words of one

interviewee;

“in private sector bodies we work at improving oelationships whether at
national or local level in the Kingdom of Saudi Bi@a and even
internationally. This is because we believe thaoad reputation improves
the level of dealing, and opens the door to opputites for us to work in
successful spatial data projects at the differenels according to contracts
and agreements that specify our responsibilitied daties in relation to
implementing these projects. As for our dealing wcademic bodies, we
seek to benefit from them in the area of consujtaaied especially where we
win large spatial data projectgpopu-04).

The remaining interviewees, six individuals, coesatl that academic bodies cooperate with
other bodies through satisfying the need in tha afeconsultancy in the implementation of
spatial data projects, or in the area of trainmgeimployees in the form of courses related to

spatial data. This is clear in the words of onéhefsix interviewees:

“it is difficult for us as an academic body to fomarselves on others, but
through participation in conferences, and seminang are invited to
cooperate in consultancy for spatial data projeatdiether by government
or private sector bodies, or we may be asked td lia@ining courses in
spatial data for their employek&o-02).

8.6 Issues relating to Spatial Data User Organisations
8.6.1 Main sources of Spatial Data for User Organisations

An overview of the sources of spatial data from pleespective of users is given in figure
8.19. Twenty-one organisations, i.e. the majoritythee sample, received their data from
government organisations. Private sector spatidh qaoviders were used by seven

organisations, while five user organisations resgitheir spatial data from “Other” sources.

In the semi structured interviews, all the 72 gartints responded to questions around the
issue of spatial data sources in user organisatfemsy-six individuals informed that their
organisations received spatial data from governniemties, which was justified in the

words of one interviewee:
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“we can get the majority of spatial data for freenfr some government
bodies, if our relationship with those in chargetloése government bodies
was good. Even if they wanted to receive monexdhamge for the spatial
data, these would only be symbolic sums comparedther sources of
spatial datéd(gou-08).

In addition, 17 interviewees indicated that theigamisations receive spatial data from

private sector bodies. One interviewee explained:

“thanks to Allah (God) that we have the funds ttna¢ gis independence in
our decisions, and allow us to receive spatial diaten the private sector,
according to our own specifications and standasghout being subjected
to the humiliation that is standard on the part ®dme managers in
government bodiéggopu-15).

The remaining interviewees, nine individuals, higld view that their organisations receive

some spatial data from international bodies. Ortbede interviewees mentioned:

“sometimes we need highly accurate spatial data sydtial specifications,
that cannot be found within the kingdom of Saudibfa, and therefore we
turn to international companies that are pioneeringthe field, to directly
get what we waht{popu-09).
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Figure 8.19 Main Sources of Spatial Data for User Organisamns
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8.6.2 Methods for requesting Spatial Data from Others

The means by which spatial data needs are commadibg users to providers is presented
in Figure 8.20. As can be seen, the organisationgged in KSA, relied in the majority, 21,
on official letters to request spatial data. Theosel most common means was through
agreements on spatial data sharing; Fourteen aa#ons had these in place. Eight
organisations requested spatial data through tlamsnef filling forms for that purpose. The
relatively rapid means of email and telephone tofas spatial data were used in only five
and four organisations respectively. Meetings aisitsvbetween users and providers was

reported as other means of securing spatial datadprganisations.

In the semi-structured interviews, all the 72 mgpants were questioned regarding their
methods for requesting spatial data. In this ras@&cinterviewees held the view that their
organisations requested spatial data from procumdies by way of official letters. As stated

by one of the interviewees:

“regarding our organisation, we always contact splatdata producer
bodies using official letter to ask for spatial dabecause producer bodies
would want to document such requests by archivimig ¢orrespondence,
and referring to it in the future, if needbgou-12).

A number of interviewees (18), or 25% of intervigarticipants, considered that their
organisations have agreements in place with soragasmlata producer bodies, with the
objective of ensuring they are supplied with wheyt need in terms of spatial data, with
specified conditions and negotiated prices. This wkearly expressed by one of those

interviewed:

“we are seeking to reduce the volume of officialesq letters, and save
effort in this respect by signing agreements witine spatial data producer
bodies, for them to supply us with spatial datacading to conditions and
prices agreeable to both parties. These agreemardgsusually renewed
annually, or depending on the agreed duration athsagreements(pou-
07).

A group of interviewees (10) held the view thatittmeganisations should complete and sign
special templates for requesting spatial data fsome spatial data producer bodies to get

such data. This was clearly stated by one intem@gew

“some spatial data producer bodies are concerneduabiweir intellectual
property rights with respect to spatial data. THere, they ask that our
organisation complete and sign special request $rmwhich contain
conditions set by these organisations, strictly hilsding re-distributing
their spatial data to other organisations, and thade of such data be
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restricted to our organisation. Also, to credit ith@rganisation as the
producer organisation in any applications usingttdatd’ (popu-08).

With respect to the remaining interviewees (15@jrtbrganisations obtain some spatial data
through e-mail, telephone contact, or by visitimgne of the producer bodies. One of the

interviewees explained this saying:

"sometimes, the relationship with those responsiblthe producer bodies
plays a large role in facilitating the process aircorganisation receiving
what it needs in terms of spatial data quickly aasily. For example, we
may send an e-mail, or we may call them up, ot #i&m at their offices,
especially when the spatial data is not highly eg&digou-01).

10 15

Responses

Figure 8.20 Methods for requesting Spatial Data from Othes

8.6.3 Methods of defining Requested Spatial Data

The means by which spatial data is identified iquests to providers is summarised in

figure 8.21. Twenty organisations constituting thajority of those surveyed used coverage
area as an identifier in requests for spatial datagh number, i.e. 17 organisations, defined

their spatial data needs in the form of coordina@mtent was used by 11 organisations,
and main features by nine, to define their requedtdy three organisations used cost or

price to define their spatial data needs, and &neesnumber, three, reported other means to
do so.

With respect to this issue, all the interviewees) (ffom the different organisations using
spatial data responded. Twenty-three individualssittered that their organisation defines
its request for spatial data on the basis of tka af coverage for which they wish to obtain

spatial data. One of them mentioned:
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"our organisation has branches in all regions of tkangdom of Saudi
Arabia. Therefore, we request spatial data onlytloa basis of the region
that we wish to be covered by this spatial d&tpu-04).

A number of interviewees (19) considered that tbeganisations request spatial data based

on specifying the coordinates of the area that thegd. This is clearly stated by one
interviewee:

"it is easy for us to specify the coordinates ofakea that we need spatial
data for. It is then quite easy for our colleagireshe spatial data producer
bodies to provide us with such spatial data acamgdio our specification
using coordinates, because this will prevent errorsdefining locatioh
(popu-14).

Several other interviewees (12), considered theit tirganisations defined their request for

spatial data based on key features. One intervienesgioned:

"from our perspective in our organisation, when weguest spatial data, we
define such data based on the features of the ma, such as roads;
therefore, for example, we may request spatial tatey between two roads,
A and B, and roads C and D, in order to make itydfas us and also for the
spatial data producer bodigggou-11).

Another set of interviewees (13) considered thatdhorganisations defined requests for
spatial data based on the content. This is expldiyeone interviewee:

"in our organisation we take care, by virtue of @pecialist knowledge of
the locations of tourist and archaeological sites,define our requests for
spatial data by asking the spatial data producedibe to provide us with
detailed spatial data for tourist and archaeolodieaeas, as well as roads

leading to them and service facilities, as wellotiser things necessary for
the tourist (gou-06).

The remaining interviewees, five individuals, calesed that their organisations specify

their requests for spatial data based on the getdor such data, as well as other criteria.
One of the interviewees mentioned:

"we, as a private sector body, are not allowed tguest very expensive
spatial data, because our organisation will notdide to pay. Therefore our
requests depend on specifying price and accuracyhfo spatial data, and

other matters that we must take into consideratiefiore submitting our
request (pou-05).
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Figure 8.21 Methods of defining requested Data

8.6.4 Pooling Funds for Purchase or Collection of SpatiaData by User
Organisations

User organisations were asked how they funded dpmatial data needs. The responses
revealed that only one organisation pooled purcheseurces with others to obtain spatial
data, while a large majority, 21 did not do so. ld@er, four organisations planned to do so

in future.

All the interviewees (72) from spatial data usedibs responded to questions around this
issue. The majority (61), representing 84%, indidahat there organisations had no wish to
pool funds with other organisations to pay for Epatlata. One of those interviewed

explained this by saying:

"we have sufficient funds in our organisation toarahe costs of the spatial
data that we need; we do not intend to pool resesiravith other

organisations in order to cover the costs of oltagnspatial data, which we
always request according to our own specificatiared standards. In

sharing costs with other organisations, then thegmnisations will seek to
enforce their own standards and specifications,civimay not be according
to what we warit(gopu-1).

Seven interviewees held the view that their orgaitias hoped in future to explore
opportunities to share costs with other organigatim purchasing spatial data. This was

clearly stated by one interviewee:
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"if there was a system that would allow us as agpe\sector body to share
costs with other organisations with respect to gpatlata, which would
achieve benefits for all partners, then we woulgéthat that would be the
case, and we encourage this, providing of couragitlprotects the rights of
each party (popu-12).

The remaining interviewees, four individuals, colesed that their organisations pooled
resources and shared the costs of purchasing Ispati@ with others. One interviewee

mentioned:

"our organisation shares with another private seataganisation the costs
of some spatial data, in order to reduce the finahburden on the two
organisations to obtain this spatial détgpou-03).

8.6.5 Annual Spend on Spatial Data

The extent of spatial data needs of the organisatiparticipating in the KSA survey,
expressed in the annual spending on spatial dathg@ses is shown in figure 8.22. Divided
into predefined brackets, six organisations (25p@ns over 10 million Saudi Riyals (1.67
million pounds), and two (8%) spend between 5 ehdnillion Saudi Riyals (830 thousand
and 1.67 million pounds) a year to acquire spateth. Ten organisations (42%) spend
between one and five million Saudi Riyals (170 836 thousand pounds), while six (25%)

spend less than one million Saudi Riyals (170 thndgounds) on spatial data annually.

With regard to this issue, all the participantavirthe different bodies using spatial data, 72
individuals, responded to questions. They all agjtbat there is no system in the Kingdom
of Saudi Arabia that unifies efforts in the areaspétial data. Moreover, there is no body that
has responsibility for coordinating efforts in thissgard, which would reduce the financial

costs of spatial data. This was clarified in thedgoof one of the interviewees:

"in the Kingdom of Saudi Arabia, we do not have gslated system that
unifies efforts in the sphere of spatial data, avlich would safeguard the
rights of all the organisations. Also, we do notvéa body that plays the
role of the coordinator between the different bedmorking in the area of
spatial data, in order to save huge sums that ail po purchase spatial
datd' (a0-10).
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Figure 8.22 Annual Spend on Spatial Data

8.6.6 Difficulties in finding External Sources of SpatialData

The degree of difficulty in searching and compéitipdf spatial data among organisations is
presented in figure 8.23. Twenty-five percent (iganisations) consider that spatial data is
found easily and is compatible, while 33.33% (&idimd it difficult to find the spatial data

they are looking for, yet when it is found, it isnspatible. Ten organisations (41.67%)

reported that although spatial data was foundyeaisivas not compatible.

Questions on this issue were addressed to alkjptits (72) in the interviews, who worked
in user organisations. Of the interviewees, inc@ag for spatial data, 35 suffered difficulty
in obtaining it from those bodies producing spadiata. Moreover, even when they obtained
such spatial data, it would usually be incompl@teis was explained by one interviewee

saying:

"part of the problem that we face in our organisatiwwhen we are looking
for spatial data, is the difficulty in obtaining ftom some spatial data
producer bodies, due to the complexities of théeaysvhich they use, and
the routine involved to get to such spatial dataafNy always, we find to
our surprise that after all these complicationse thpatial data that we
requested is incomplete, and does not satisfy ¢agired standards and
specification$ (pou-08).

Of those interviewees, 25 representing 35% of @pehnts considered that their
organisations in searching for spatial data faceatgdifficulty in finding this data held by
producer bodies. However, this situation is madeeniearable, since they find the spatial

data in complete form. This is explained by onernviewee:

“sometimes bodies producing spatial data ask ouramigation for an

official letter that provides the details of theasipl data that we would like
to have. This letter is then taken away and a atiretly long time elapses,
as it is passed around among a number of thoseorsdigle, to secure their
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agreement. Perhaps one of them may refuse, whichdwequire us to
follow up on our request on an almost daily bagiier meeting different
conditions, and signing different paperwork, widgard to this spatial data,
we are provided with it, but only after a lot obwible. However this is made
bearable by the fact that they give us complete fafidspatial data in
accordance with our specificatioh@ou-02).

The remaining interviewees, numbering 12, and sspriing 17% of all those interviewed
considered that their organisations source theadgita that they look for quite easily from

the producer bodies. This is articulated by onthei saying:

"since our organisation is one of those bodies #raduce spatial data,
therefore when we need spatial data from anothelybibat produces that
data, we receive it quickly and easily, and tydicahe spatial data is
complete and in accordance with the specificatitimat we set in our
request. They do this because they wish that wédvadmal with them in the
same way when they require spatial data frofh(gepu-21).

25.00%
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' [CIFound with difficulty and not compatible

Figure 8.23 Difficulties in finding External Sources of Sptial Data
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Figure 8.24 Spatial Data Status
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8.6.7 Spatial Data Status

The opinions of respondents, i.e. the spatial dedanisations, regarding a number of issues
concerning spatial data are presented in figurd.8/fhen questioned on whether spatial
data was available in compatible format, six resigois agreed strongly, while another six
agreed. Seven respondents chose to remain neatrdl,neither agreed nor disagreed.
However, five respondents considered that datangasavailable in a compatible format,

with two strongly agreeing to this, and three agrge

In terms of metadata availability, two respondesttengly agreed this was the case, and
seven others also agreed to this. Three respondettiter agreed nor disagreed on this issue

of metadata availability, while seven disagreed fare strongly disagreed.

On the issue of data pricing and cost, four respotadstrongly agreed this was appropriate,
and four more only agreed. While nine respondenssvared neutrally, in neither agreeing
nor disagreeing that cost and pricing of data vegneropriate. However, three respondents

disagreed and four strongly disagreed to cost &icd peing appropriate.

In gauging access to data, three respondents Btraggeed that this was easy, and nine
agreed. With four respondents choosing to neitgezeanor disagree, two strongly disagreed

and six disagreed that they had easy access to data

On the issue of absolute data accuracy, three mégpts and 11 others considered that this
was adequate by respectively strongly agreeingadsalagreeing to such a statement, while
three respondents neither agreed nor disagreecbritrast, three respondents judged that
absolute data accuracy was not adequate to theitspéy strongly disagreeing, and were

joined by four others who disagreed with the adeyuwd absolute spatial accuracy.

When questioned on relative spatial data accuthcge respondents strongly agreed that
this was adequate to their needs, and 11 agre#dstoFour respondents were neither in
agreement or disagreement with the idea, but tsireagly felt this to be inadequate, and

three others concurred by disagreeing to relapatial accuracy being adequate.

In judging completeness, six respondents repotiat they strongly agreed that this was
adequate, and another six agreed. Of the otheomdspts, four were neither in agreement
or disagreement. However, four respondents didfindtcompleteness to be adequate and
strongly disagreed to the statement it was so. Mae four more respondents held the view
that completeness was not adequate for their agaon, and disagreed to the statement
“For your organisation, completeness is adequate”.
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Addressing currency, the statement “For your oiggtion, currency is adequate” was met
by respondents, in that three strongly agreed eigieed, three were neutral towards it. Of
the other respondents, six disagreed with thagsant, and four strongly disagreed.

On this issue, all the participants (72) in thesimiews responded. Sixty-one interviewees
considered that spatial data is always formulatedoming to the specifications and
standards of those bodies producing it, and that bedies can only request what is

available from these producer bodies. This is oaeti by one interviewee:

"spatial data producer bodies create spatial dataaading to their needs,
and based on their own specifications, standardsl, scales, as for spatial
data user bodies, they can only ask for what islabke at producer bodiés
(gou-03).

Several interviewees (11) considered that useresochuld obtain spatial data according to
their specifications and standards from spatiala dptoducer bodies. One of these

interviewees explained this:

"some spatial data producer bodies work on privatejgets to produce
spatial data for those user bodies that requestiapdata according to their
own standards and specifications. However, the odssuch projects is
generally very high(ao-09).

8.6.8 Practical Difficulties in obtaining Spatial Data from Owner
B The owner releases it easily

'
B The owner releases it with difficulty

O The owner refuses to release it

Figure 8.25 Practical Difficulties in obtaining Spatial Dda from Owner

The levels of difficulty encountered in making amet body with ownership of spatial data
release it to organisations wishing to make usi¢, & illustrated in figure 8.25. Among the
organisations surveyed in KSA, 66.67% (16) fourat thith difficulty they could persuade a

spatial data custodian to release it to them, coegpto 29.17% (seven) who noted that it
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was easy to achieve this. However, for 4.17% (omle@y discovered that the other

organisation would completely refuse their reqéesthat data.

In the interviews of all 72 participants from spatdata user bodies, questions on the
practical difficulties encountered in obtaining spladata from owners were posed. The
majority, represented by 42 interviewees, consalénat their organisations suffer from the
severely strict measures imposed by spatial daidugers in releasing their spatial data.

One interviewee explained that:

“The spatial data producer bodies are very stricréteasing their spatial

data, and always want to find out the reason farhstequests for spatial

data by user bodies. For example, our organisatimmge requested some
spatial data from a particular body. We spent agdime following up our

request from one manager to another, as though @ Wweggars, to the
point at which they were saying to us: you do ne¢cthis spatial data.

After suffering a lot, they made us sign a numbkumdertakings and

conditions to protect the spatial data that theyulgchand over to us. In the
end, the spatial data they provided was not to dginede that we had

expecteti(gou-13).

On the other hand, a number of interviewees (2)asenting 31% of the sample, held the
view that spatial data producer bodies releaseid da¢a with great ease. This was clearly

expressed by one interviewee:

"We consider our organisation to be both a produaed user of spatial

data. Therefore, our relationship with spatial dggducer bodies is one of
mutual interest, where we provide them with theiapdata they need with
great ease, and they provide us with the spatidh dee need with great
easé (gopu-19).

The remaining eight interviewees (11% of the sajpplensidered that some spatial data

producer bodies refused to release their spatial @mne interviewee stated:

"Some spatial data producer bodies, especially thigang ones, shock us
by refusing to release spatial data to us. The oeas that they believe that
their spatial data is top secret, and that they manprovide it to private

bodies, or commercial companies in partictllgrou-06).

8.6.9 Kinds of Spatial Data Applications

The areas to which organisations surveyed in KS#lyagpatial data are presented in Figure
8.26. As reasonably expected, 21 organisationsyataih to mapping. seven organisations
use spatial data for public safety, and 10 forghgposes of serving transportation. Spatial
data is used in the area of natural resources gyt @rganisations, and 11 organisations

apply it in environmental issues. Six organisatioggorted that spatial data was used in
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agriculture, while 13 organisations used spatidgada the area of utility services. Land
development purposes were served by 13 organisatieing spatial data, and in the area of
national security, nine organisations applied spatata. Five organisations applied spatial

data to a variety of other purposes: planning,aedeand development, and census.

The classification of spatial data applications wessubject of a number of questions posed
to all 72 interviewees from spatial data user b&didey all agreed that their organisations
developed spatial data applications according éir thwn perspective, without cooperating
with other bodies to produce common applicationsis Twas clearly explained by one

interviewee:

"In the Kingdom of Saudi Arabia, we suffer in thaiuyfind each
organisation working in the area of spatial datarfoeming a number of
applications of spatial data according to their owarticular perspective,
while other bodies also implement their applicationsing a different
perspective; to the point to which the number afdbmaps for some cities in
the Kingdom numbered around ten, each produced thfferent body, and
each body claiming that the map that they had pteduvas the correct one,
while the other maps were wrong. The reason fos tituation is the
absence of awareness among all those working idifferent bodies, of the
importance of cooperation in carrying out joint disptions that would
benefit everyone, and would greatly improve the uesxy in the
specifications of the final product; the other reass that to date the State
has not produced legislation that limits this pheemori (a0-04).

Mapping—| [ |

Public safe

Transportation

MNatural resources

Emvironmental

Agriculture] :
@
I m
_a

Lkilities sendces™
Lands development

National securi

Other

5 P

10 15 20 25
Responses

Figure 8.26 Kinds of Spatial Data Applications
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Figure 8.27 Organisations supplying Spatial Data

8.6.10 Organisations supplying Spatial Data

Spatial data users reported on whom they dealt witicquiring spatial data (Figure 8.27).

eight organisations reported that this occurredhiwithe organisation. Ten stated that they
dealt with local spatial data providers, and 11lltdeah national ones compared to six who

dealt with international spatial data providers.fBythe majority of respondents, 20, found
that they acquired spatial data from the publid@egovernment spatial data organisations.
Those dealing with private sector and academicrisgéions for their spatial data needs
were nine and seven respectively; whereas onlyavganisation approached others, i.e.

utility companies, to access spatial data.

On this issue, all the participants in the intemgdrom the different spatial data user bodies
were questioned. The majority, 54 persons, consitiiiat spatial data user organisations
were keen to cooperate with all the bodies workinthe area of spatial data production at
national or local level in the Kingdom of Saudi Bia or at international level. This was

explained by one interviewee, quite clearly:

“Our organisation is considered to be a user of ighatata, and we do not
have the capabilities to produce spatial data. Effiene, we are very keen to
cement our relationships with all spatial data pwodr bodies,
governmental or private, at local or national leweithin the Kingdom of
Saudi Arabia, or at international level abroad. Therpose is to diversify
the sources of spatial data that are needed byoogainisatiori (pou-04).
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The remaining interviewees, 18 persons, considérat spatial data producer bodies, as
well as user organisations dealt with spatial gataviders on a like-for-like basis. This

appears quite clearly in the words of one intereiew

“Those bodies, producing and using spatial data,| @eaa like-for-like
basis with spatial data provider bodies, in that thpatial data provider
bodies take advantage of the demand for the datg theate, and delay
their requests to buy time, until they are ablesézure their own needs of
spatial data from the requesting bodies. In thoseses, where such
organisations are unable to get what they wanteims of spatial data from
providers, then they would in most cases, apologis® refuse requests on
the basis of equal treatment, as well as a punitheasure, because until
now there is no system in the country that oblaygg organisation working
in the production of spatial data to provide othmrdies with spatial data
that it create’ (a0-02).

8.7 Spatial Data Standards
8.7.1 Spatial Data Standards in Use

The types of standards in use in the organisasongeyed are presented in figure 8.28. It
can be seen that 18 organisations, a large numélgr,on the International Standards
Organisation 1SO, Technical Committee for Geographformation / Geomatics — TC211
standard to create, update, integrate, or distrilsphatial data. The Open GIS Consortium
OGC standard is used by eight organisations, wfoler use the World Wide Web

Consortium W3C, and five have their own data stechda

On the issue of standards used by spatial dateesodil the 72 interviewees from the
different government, private sector, and académdies working in spatial data responded.
Of these interviewees, 33 individuals, represendi6® of the sample, considered that their
organisations did not have knowledge of internai®tandards and specifications relating

to spatial data. This was explained by one intevge

“In our organisation we do not have qualified persanith the knowledge of
international spatial data standards and specificas; therefore, we are
under no obligation to abide [by such standards apecifications], and
work towards having spatial data complying with awn unique standards
and specifications, which meet the needs of ouarosgtion. However, we
are told by bodies that provide us with spatialadttat this conforms to 1ISO
standard$ (gou-05).

On the other hand, 39 interviewees, held the opithat some organisations working in the
area of spatial data claim that their spatial datanplies with international standards and

specifications. However, on inspection of such igpatata, they found that this is not
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correct, and that the majority of such data confomm the standards and specifications
unigue to these organisations. This is quite gfestdted by one interviewee:

“lI hope that we do not lie to one another, when Wanc that our
organisation holds spatial data conforming to imtetional standards and
specifications, because this is absolutely not,teunel you may perhaps find
some attempts in some areas to follow internatiosndards and
specifications. However, the majority of our splatiata is in accordance
with in-house standards and specifications; howes@me of our colleagues
in the organisation may wish to deny this factmy view, the reason for this
situation, is the lack of a law to compel our orgtion and others working
in the spatial data area to follow internationabatiards and specificatiohs
(gopu-17).

Responses
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Organisation 150,
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Figure 8.28 Spatial Data Standards in Use

8.7.2 Spatial Metadata Creation and Maintenance

The issue of metadata creation and maintainingerview of the organisations participating

in the survey is illustrated in figure 8.29, whdiZ¥ (10 organisations) create and maintain
metadata, while the same number again (10 orgémisat representing 42% of respondents
plan to do so in future. Only 16% (four organisasipdo not do so at present, and do not

have plans for that.

All 72 interviewees from the different bodies warliin the spatial data area responded to
questions regarding creating and maintaining mégadehe opinion of 25 interviewees,
representing 35% of the sample, was that theirrsgdions were currently working to
document their spatial data. This was clearly gthieone interviewee:

"I always define metadata as the identity of infarora Indeed, data lacks
an identity, if there is no metadata to describdrit reality, what we have
done in our current project, we have focused 70%eokinical effort on the
metadata for the spatial information. Unless seaackd maintenance of the
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data is done through the metadata, then we willlaate achieved anything.
Therefore, we are carrying out intensive testinghis respect(gopu-14).

On the other hand, 32 interviewees considered ttheit organisations were seeking to
attempt to document their spatial data in the &itlihis was indicated by one interviewee:

“In the future, we will seek to document our spateth, in our own way, so
as to facilitate referring back to it, and using litecause we found difficulty
in dealing with our old spatial data, because itsmaot documented by
identifying those persons who produced it, andddte it was created, which
was missing, as well as other necessary informatieeded to document

spatial datd (popu-02).

The remaining interviewees, 15 individuals, congdethat their organisations did not

document spatial data. This was indicated by otezviewee:

“there is no documentation of spatial data by ougamisation, because
there is no sufficient knowledge of the importaoicthis by those in charje

(gou-10).
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Figure 8.29 Spatial Metadata Creation and Maintenance
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Figure 8.30 Standards in Metadata Creation
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8.7.3 Standards in Metadata Creation

Figure 8.30 shows how organisations consider stdsda creating metadata, in that 33.5%
(eight organisations) presently use standards tmter metadata, while 37.5% (nine
organisations) plan to use standards in future. é¥®w 29% (seven organisations) report

that they do not use standards to create metadata.

Questions regarding creation of metadata were pioselll 72 interviewees, representing the
different spatial data bodies. A total of 28 infemwees considered that their organisations
used their in-house standards to document spa#itd. dThis was mentioned by one

interviewee:

“We use our own standards and specifications to meod spatial data, in a
way that achieves our objectives and meets our sneBy studying the
nature of our spatial data, and the essential tkirtbat would facilitate
identifying and dealing with it, when needed seaimé around (gopu-18).

The remaining 44 interviewees considered that theganisations, up to that moment, did
not have in-house standards to document theiradpddia. This was clearly stated by one

interviewee:

“In our organisation you have not reached that leyel, where we would
adopt in-house standards to document our spatiah.dBerhaps, this will

happen in future, when we have specialists who dvbalable to carry out
this process of documentation; but before thery theuld need to convince
those in charge, of the importance of documentungooganisation’s spatial

datd’ (gou-07).

8.7.4 Use of Metadata Creation Standards Similar to OthelOrganistions

Figure 8.31 illustrates whether common standardsised by the organisations concerned in
creating spatial metadata, where 37.50% (nine ésghons) report that they use standards.
However, an equal number, i.e. 37.50% do not. 886 Zsix organisations) plan to employ

standards in spatial metadata creation.

With respect to metadata standards, and how far Were similar among the bodies
engaged in the spatial data field, all 72 intendges/responded to questions on the issue. The
opinions of 19 interviewees agreed in that thejaaisations sometimes benefited from the
experience of other organisations working in thatigp data area, in terms of standards

adopted to document spatial data. This was exmldigeone interviewee quite clearly:

“Some organisations in the Kingdom of Saudi Arafiéve been ahead of us
in starting to think about establishing standardsedfic to documenting
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spatial data; therefore, our organisation seeks lenefit from their
experience in this, in establishing standards focumenting our spatial
datd' (gopu-25).

However, the remaining 53 interviewees held thevuieat their organisations did not care
for the outcomes reached by other organisationgenms of standards for documenting

spatial data. This was justified by one interviewee

"The last thing that those in charge of our orgatima think about is the
process of documenting spatial data, or benefifimgn other bodies that
have beaten us, in starting work in this area. Tisidlue to the lack of
knowledge regarding the importance of documentpatial data, and the
absence of a national system that would compel themdhere to a specific
procedure to document spatial data. Above all, ¢himscharge are keen to
maintain the independence of our organisation fiatimer organisations in
everything related to spatial datéggou-02).

B yes
Bl Future plan
[INo

Figure 8.31 Use of Common Metadata Creation Standards amgrOrganisations

8.8 Technical Aspects
8.8.1 Software used by the Organisations

The software tools available to the organisatiamshiandling spatial data are presented in
Figure 8.32. The majority of organisations, 21, ESRI - ARC/INFO, while 18 use ESRI —
ArcView, and 13 use ERDAS — IMAGINE. nine organisas use AutoDesk AutoCAD in
their operations, and eight use Bentley Systemsrddiation, while seven use ESRI-
ArcCAD, and five use ESRI —Atlas. Of the softwapels available, four organisations use
Mapinfo, two use Intergraph MGE, and one uses CARISorganisations use other tools:

Intergraph GeoMedia, Intergraph G/Technology, ESRRC/Editor, and ER Mapper.
The participants in the interviews, 72 individualspresenting the different bodies working

in spatial data in Saudi Arabia, were asked abweitechnical aspects, in terms of software

applications in use at their organisations. Therinewees all agreed that each body working
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with spatial data in the country had full authoritychoose the software applications they
needed to deal with spatial data. This was exptblnyeone interviewee:

"In the Kingdom of Saudi Arabia there is no singbelyy at this time, that
has responsibility for coordinating between thdedént bodies working with
spatial data. At the same time, there is no offiggislation by the State that
regulates the process of cooperation between tH#fent bodies, which
makes each organisation have the full authoritchoose the appropriate
software applications for its spatial data wbifpopu-13).

Moreover, all the interviewees agreed that the mwistespread software applications,
among the bodies working with spatial data in thegdom of Saudi Arabia, is the ESRI

software suite. This was explained by one of therilewees:

"The most widely used software in the area of spbatita in the Kingdom of
Saudi Arabia is the ESRI software family. This egduse of a number of
things, most prominently is the international regiign, and effective
solutions provided in the area of spatial dataaifdition to the widespread
use in all countries, through support and patronagké conferences,
workshops, and specialist activities in the areapstial datd (ao-05).
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Figure 8.32 Software used by Organisations

8.8.2 Scales used by the Organisations

The positional accuracy ranges of spatial data asecteated by the organisations in the

survey is shown in figure 8.33. Nine organisatiaask with spatial data of greater accuracy

than 1:500 scale. 11 organisations work in the ganfgscales between 1:500 and 1:1000,

and 13 in the range 1:1000 and 1:5,000. Furthermdi@®rganisations work in the range of
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scales between 1:5,000 and 1:10,000, 14 in theerari,000 and 1:25,000, and 13 in the

range 1:25,000 and 1:50,000. Another 13 organisaitoeate or use spatial data in the range
of scales 1:50,000 and 1:100,000, 13 in the ran§@01000 and 1:250,000, and 11 in the

range 1:250,000 and 1:500,000. At other positiasalracy scale ranges, namely, 1:500,000
and 1:1,000,000, 1:1,000,000 and 1:2,000,000, @G2000 and 1:4,000,000, and less than
1:4,000,000, we find eight, seven, seven, and dogainisations working respectively.

Questions were posed to all 72 interviewees workinghe different spatial data bodies,
regarding scales. The interviewees all agreedehelt body working with spatial data in the
Kingdom of Saudi Arabia had the ability to createyy &patial data according to any map
scale it needed. Moreover, the person authorisadatice such a decision was the head of

each body. The reason for this was explained byobtige interviewees:

"The decision was issued by the Council of Minisiard427H (2006)

prohibiting duplication between the largest two amgsations working in the
area of spatial data in the Kingdom of Saudi Arabide essence of this
decision was that the General Commission for Sumvelpnging to the

Ministry of Defence and Aviation was responsiblepimducing spatial data

on the scale equal to, and less than 1:25,000. &ViMIOMRA would be
responsible for producing spatial data at scale aqto, or greater than

1:25,000. However the surprise after that, is tleaich body flouted the
decision, and each one of them produced spatia datit wished, and at the
scales it wanted, which made all the bodies workintghe area of spatial

data in the Kingdom follow suit, and produce thatid data they wanted,
at different scalé's(ao-08).
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Figure 8.33 Positional Accuracy Scales in Use
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8.8.3 Elevation Data Vertical Accuracy

Figure 8.34 illustrates the approximate verticatusacy ranges to which the spatial data
organisations work in handling elevation data. Fiben figure, it can be seen that 41.67%
(10) of the organisations create or use elevatita tb a vertical accuracy between 1 to 5
metres. 25% (six organisations) work to a highezueacy of less than 1 metre, while

12.50% (three) and 25% (five) work to vertical aemies of 5 to 10 metres, and more than

10 metres respectively.

All 72 interviewees from the different organisasomworking with spatial data in the
Kingdom responded to questions on issues relatedrt@al accuracy of elevation data. All
the interviewees considered that each body worlwitg spatial data had the authority to
specify the vertical accuracy of their spatial datéhe way they saw fit. This became clear

in the statement of one interviewee:

“We specify the vertical accuracy for spatial data@ding to what we think
achieves the aims of our organisation, where wd $eechieve a vertical

accuracy for our spatial data within cities up tmmbwhile outside of cities,
at times it may be as much as 25 m. For the recatdthe organisations

specify vertical accuracy according to what acheetiee objectives of each,
and we are not alone in this in the Kingdom of $&udbia, because there
are no specific obligatory standards by the Statepdsed on these
organisations (gopu-02).

B Less than one meter
= B 1 to 5 meter
:-

5 to 10 meter
: T B More than 10 meter

Figure 8.34 Elevation Data Vertical Accuracy Scales

8.8.4 Survey Standards

In the questionnaire, survey standards were cov&edarding geodetic reference systems
in use by the organisations, nearly all but onethef24 surveyed, use the WGS84 system
while the remaining organisation uses WGS72. Noamiggtion reported using the

International Spheroid geodetic reference system.

In terms of horizontal datums used by the orgaiuisaf the majority, 95.83% (23), use Ain

Al abd, while 4.17% (one organisation) uses the FMZB00 datum. For vertical datums, the
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large majority, 91.67% (22), use Jeddah (1972)lesi33% (two organisations) use another
datum, namely, Jeddah (1969).

In terms of map projection, 95.83% of those surde{@8) reported that they used UTM in
map projection. Only 4.17% (one) among the orgdioisa reported using another system,
but did not specify which. None of the organisasiaeported using Cassini, or Lambert
conformal.

While for coordinate systems, 21 organisations ntegousing geographic coordinates. nine
organisations reported used the Cartesian cooadsattem, while two organisations used
another system; namely, the Military GRID.

On the matter of survey standards, all 72 intereiesvworking in different spatial data

bodies, considered that each organisation had¢eddm to do what it wanted, according to
what it wished to achieve. As a result, duplicgtatial data projects came to exist in the
different bodies, and according to different preferes. This in turn resulted in spatial data
different in its details; indeed, the final outcowwfesome of these spatial data projects was

incorrect. This is mentioned quite clearly by oneeiviewee:

"When you come and find the same map producedrfies,tin five different
places, each time under a different budget, andefbee the information is
different, the control points are different, thaes is different, the datum is
different, the perspective is different! | woulccept only one map from one
body, with its errors regardless, and from therea@a work at correcting It
(gopu-14).

He concluded his statements by giving the followilhggtrative example:

"I will finish the point, ‘Ain al-‘Abd for exampl&t some point | was using
Maplnfo, which has a specific projection from itsndor. Therefore, they
always had something called ED50, which refersh European reference
50. ‘Ain al-‘Abd, which is ours, does not existlie package. Unless you are
able to program the software and place ‘Ain al-‘Alblden you are going to

use the European reference. We found that in soynoaees this was the
case. The point is that our specialists have noudgift of actually adding

this projection to the list offered internationallyherefore, we found many
maps that have been produced using this referambesh means that this

information is not useful, regardlésgopu-14).

8.9 Partnerships and Collaboration
8.9.1 Collaboration Contexts

The context or basis of collaboration among theaoigations is illustrated in the results

presented in Figure 8.35. By far the largest nunaberrganisations (19) collaborate on the
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basis of sharing data. This is followed by 13, whiollaborate through a transfer of
knowledge and know-how. Ten organisations exchaagbknology, nine work together in
the area of technical skills, and another nine atafate in commercial, product
development. Shared human resources as a basclfaboration is practiced by seven
organisations, and five collaborate for the purpase achieving economies, and

improvements in terms of efficiency or reduced sost

With regard to collaboration, all 72 intervieweesnh the different public and private sector,
as well as academic bodies involved with spatitd,d@sponded to interview questions. The
majority of interviewees, 51 individuals, held thiew that their organisations were not keen
to cooperate with those organisations working iatigp data in the area of human resources.
Rather, cooperation was restricted to the exchariggepatial data and technology, after
which each organisation was free to benefit from ¢patial data it obtains, and to use it
according to what achieves its interests and dbsxt One of the interviewees explained

this:

"I mentioned this to you before, that here in thagdiom of Saudi Arabia,
we do not have legislation that regulates cooperathetween the different
bodies with respect to spatial data. Thereforepum organisation, we seek
to benefit from the spatial data and related tedbgy available in the hands
of other bodies. We then shape it in ways thatea&hiour objectives. In
terms of cooperating in the area of human resoyrees do not have this
type of cooperation, because we always want to @mgpecialists working
under the umbrella of our organisation to help nsachieve our objectives
the area of spatial data; cooperation in this atisaguite sensitive from the
perspective of those in charge of organisationisitnot allowed for any
person from another body to have sight of the tetgecific to our spatial
datd' (gopu-20).

Among the interviewees, 13 individuals, representli®% of the participants considered
that their organisations preferred to cooperaten wither bodies in the area of human

resources. One interviewee explained this saying:

“We derived great benefit from the existing coopenatbetween our
organisation and other bodies in the area of hum@sources. Our
organisation, sometimes, when purchasing spatié @& new technologies
for spatial data from other bodies would requesedalists from those
bodies to supervise work at our sites for six memtha year depending on
the type of project. We have noticed significamtebés from the presence of
the specialists, who perform training for our emydes on the new
technology that we have purchased from them, aeg #iso train our
employees on the best procedures for dealing vp#tiad data, which has
raised the level of knowledge of our employees, antdeved benefits that
we had not expecté@gou-12).
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On the other hand, the remaining interviewees, teigtividuals, considered that their
organisations had initiatives to cooperate in themaof spatial data, on which they were
currently working, with the aim of reducing costsfuture. One interviewee explained this
clearly saying:

"Our organisation is one of five others, currenthgaged in cooperating at

the level of Riyadh city, in the area of spatiatadal'he aim being reducing

costs and time that is lost in duplication of paige and hence reduce the
financial costs of implementing projects in spatiddta by these five

organisations (gopu-05).
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Figure 8.35 Collaboration Contexts between Organisations
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Figure 8.36 Basis for Formal Collaboration between SpatidData Organisations
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8.9.2 Basis of Formal Collaboration

The basis for formal collaboration between the iapatata organisations is presented in
figure 8.36. 15 organisations have a contractusangement between them, 13 work
together on the basis of a service level agreenamt, eight operate under a ministerial
order/directive. Moreover, a memorandum of undeditegy binds the work of seven
organisations, a licensing arrangement betweennsea& does a preferred or authorised
supplier arrangement in the case of six. A departateor organisation policy forming
collaboration is the basis for five organisationbjle four are compelled by legislation in
the form of statutory or regulatory mechanism tollatmrate. Three organisations
collaborate on the basis that they are registetsihbsses, two rely on accreditation, and

one is bound by a training and research agreement.

The issue of formal collaboration was consideredhm interviews of the 72 individuals
representing the different bodies working in spalata in the Kingdom of Saudi Arabia.
The majority of them, 57 individuals, held the vidvat the majority of official collaboration
between the different bodies in spatial data waale® place through formal contracts, or
agreements between those bodies wishing to coepeaie interviewee explained this

clearly:

"The majority of bodies working in the area of sphtiata depends on
contracts or agreements formalising collaboratioithwother bodies in the
area of spatial data, in order to protect the rigldf all partie$ (a0-06).

The remaining 15 interviewees considered that thgarosational structure allowed
collaboration with other bodies through providiragpe old spatial data, or that which was

not to high accuracy. This appeared quite clearthé words of one interviewee:

"the system in our organisation allows us, giventtbhge volume of spatial
data we own, to open the way for collaboration withers by providing
some of our old spatial data or that spatial détattis not of high accuracy,
for fre€' (gopu-12).
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Figure 8.37 Basis for Informal Collaboration between Spatil Data Organisations

8.9.3 Basis of Informal Collaboration

Figure 8.37 reveals the elements on which inforoediaboration takes place in the spatial
data organisations surveyed in KSA. Fourteen redgputs identified goodwill as being a
basis for informal collaboration, and 12 cited pea contacts (rapport or friendship) as
another. Networking and relations between colleaguere identified by 12 respondents,
while mutual interdependence and needs were higkliby nine, as a basis for informal
collaboration. Seven respondents indicated thatlmeeship of industry bodies was grounds
for informally collaborating, while three assigntids to organisational culture. Tradition
was mentioned as a basis for collaboration by twapondents, while one respondent cited

not applicable.

With regard to informal collaboration, the 72 iniemwees, representing workers in the
different spatial data bodies, responded to therwgw questions. Of these interviewees, 49
considered that informal collaboration with somelibe working in spatial data allowed

them to receive more than their need of spatied t@longing to these other bodies. This

was clearly stated by one interviewee:

"I would be lying to you if | said that we do nonhbét from the presence of
acquaintances, whether relatives or friends, wagkin other bodies, who
facilitate obtaining spatial data from these bodiés some cases, they
provide us with more spatial data than what we needl if we were to
request such spatial data officially, believe maildmever receive'it(popu-
07).
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The remaining 23 interviewees expressed their wigat they do not believe in informal
collaboration between bodies working in the areapaftial data. This was clearly indicated

by one interviewee saying:

"...why should I humiliate myself, and grovel togdean other bodies in order
to receive their spatial data; | expect that if thevas a robust system, it would
never have allowed such behaviour. What is appateris that one should
request spatial data needed by his organisatioough official channels, and
should not stoop to inappropriate behavid(gopu-23).

8.9.4 Barriers to Collaboration

The views of the organisations regarding barriersdllaboration, which were rated by

importance are illustrated in figure 8.38. Respogdp the statement “Data sets exchanged
are not of same quality or value”, eight responsl¢nought this to be very important as an
obstacle, and another 10 judged it important. Fespondents did not feel it was important

nor that it was unimportant, yet two judged it sounimportant.

Regarding spatial data standards, 16 consideredthiese were very important as an
obstacle to collaboration, and seven viewed thermmasrtant. However, one respondent

thought they were not important.
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Intellectual property. Copyright
resictions
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Search and access to needed daca
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Figure 8.38 Barriers to Collaboration between the SpatiaData Organisations

The absence of trust or goodwill was viewed as gy Vmportant obstacle by nine
respondents, and another nine thought this wampartant obstacle to collaboration. While
one respondent did not think that absent trusodgvill was important, yet five rated it to

be neither important nor not important.
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The absence of management or political supporhasbatacle to collaboration was viewed
as a very important by 11 respondents and impoltaranother 11 respondents. While one

respondent was neutral in response (neither), aother one thought it was not important.

Six respondents judged data cost and price tovmyaimportant obstacle to data exchange
and sharing, while 12 thought it was only an impottobstacle. five respondents did not
think this was either important or otherwise, yae @espondent felt it was not important as

an obstacle to collaboration.

Regarding searching and accessing data, 12 resmptsnaere of the opinion that this was a
very important obstacle to collaboration. Moreovkt, others considered that it was an
important obstacle. At the same time, one respadntih it was neither important nor

unimportant.

The restrictions, imposed by intellectual propeights and copyright, were also seen as
very important obstacles to collaboration basedsbaring and exchanging data by 12
respondents. In addition, seven respondents regjatickese as an important obstacle.
However, three respondents differed, in that twepomdents did not consider these
restrictions as very important, as did one responhdéio judged they were not important in

this context. Two respondents held that these weitber important nor unimportant.

Thirteen respondents expressed their view thateption of privacy in data was a very
important obstacle to collaboration; also six resfemts felt this was important. Three
respondents expressed a neutral “neither”, white ¢dansidered these were “not important”

as a batrrier to collaboration in data sharing amthange.

The cost of reaching agreement was seen by nipemdents to be “very important”, and 12
felt this was “important” as an obstacle to datargty and exchange. one respondent
thought it was “not important”, and two others félt was “neither” important nor

unimportant to collaboration efforts between spatiia organisations.

Infrastructure comprising networks, IT, and comneatibn was seen as a “very important”
barrier by 13 respondents, while seven responaeysfelt it was “important”. On the other
hand, two respondents felt it was “not importantidaanother two judged it “neither”

important nor unimportant to inter-organisationallaboration in spatial data.

The barriers to collaboration were discussed in ititerviews with the 72 individuals

representing the different government, private @ectand academic spatial data
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organisations. All the interviewees agreed thatréason for the lack of collaboration in the
exchange of spatial data between the differentdsodi the Kingdom of Saudi Arabia can be

assigned to the following factors:

The lack of knowledge and awareness among decisiomakers with regard to the benefits
and need for collaboration in spatial data exchdregeseen the various bodies was one of

the obstacles highlighted by the interviewees:

"The reason in my view for the absence of collaiamatetween bodies with
respect to the exchange of spatial data is the latkawareness, and
knowledge of the advantages and benefits of sutdhbosation among
decision-makers, and in the majority of bodies ithgalvith spatial data in
the Kingdom of Saudi Arabiggopu-16).

Conflicting policies and legislationwas another factor that was raised. It was notethéy
interviewees that on several occasions, differasdids were employing legislation and
executive decisions that had been superseded [®rsotb exercise powers that led to

duplication. This situation was explained by ariviewee:

"During the phases of development of the bodies ingrin the area of

spatial data, many official decisions were issugihg them wide powers in
the area of spatial data. Other more recent offidecisions did not indicate
that the old decisions had been rescinded, whicbenthose heading the
organisations depend on the old decisions to witheir powers in dealing

with spatial data, resulting in duplication in sjpatdata projects with other
bodies working in the same afggopu-04).

The absence of a coordinating body with authority eross Saudi spatial data
organisations was part of the problem facing development of afée spatial data
collaboration, which would remedy the situationgemat in KSA. It was recognised that such
a body would require its mandate and authority éopbovided by the government. This

obstacle was outlined by one of the interviewees:

"There is no official body overseeing coordinatioih efforts among the
bodies, in terms of collaborating in spatial data,one that would adopt a
collaborative initiative in the exchange of spatddta, and work towards
making such an initiative effective at nationalgion, and city level within
the Kingdom. For the record, all the currently eixig initiatives from some
bodies may be considered to be spontaneous, arel lmre been officially
recognised to datggou-09).

Fear of losing power and controlrelated to competition in this respect among bodias a
further obstacle that was identified through thieriviews. The concept of information as
power led to a fear of data sharing that wouldome way lead to loss of power or control.
The situation was summed up in the words of orerirgwee:
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"Among the majority of bodies, there is a policke#ping information, out
of fear that exchanging spatial data would resnlthiese bodies losing some
of their authorities and powers in terms of contwekr spatial data(popu-
10).

The lack of sufficient numbers of qualified profesmnals in the area was one of the
obstacles that contributed to creating an unsatsfi situation, in terms of spatial data
work in KSA. As such, a significant number of persavere employed in spatial data work,

with little or no qualifications in the area; inethvords of one interviewee:

"...believe me, the reason is the weak local exgeeréind the few specialists,
especially Saudi nationals in the area of spatiatad I, personally, have
inspected many of those sections dedicated to atpdtta in some

organisations, and was surprised to find no spestislin spatial data;

rather, there were persons who were not Univergitglified, and if they

were University graduates then the specialisatiohssome of them were
sometimes in humanities. While some of them haanpted to improve
themselves by attending courses in spatial 'dgta-12).

The absence of clear procedures to facilitate colb@ration and spatial data exchange
constitute an obstacle to achieving progress gmgbnsitive area. The process of spatial data
exchange is governed by specific rules that seoveegulate and organise it, at both

technical and institutional levels. As such onéhefinterviewees shed light on this:

"...up to now we do not have clear policies andrutdions for exchanging
spatial data that would compel all bodies to cobiedte in the exchange of
spatial datd (popu-03).

The weak technical infrastructure and its inadequacies in KSA were highlighted as oin

the obstacles to spatial data collaboration. Aerinéwee stated that:

"...the technological infrastructure that we haveehé the Kingdom of
Saudi Arabia for transferring and exchanging sphatata is weak (gopu-
24).

The lack of adequate protection and controls for di, typically the absence of secure
Web portals that would safeguard the data heldhey drganisations caused them to be
reluctant to disseminate their data. Hence, theeisd securing the process of spatial data
transfer was also mentioned among the obstaclasdiising the goal of exchange and

collaboration. One interviewee indicated:

"The organisations are worried that their holdingsspatial data would be
compromised by security breaches through the letermue to the absence
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of an electronic portal with software protectiorr feuch vital and highly
important information and datgao-08).

The lack of intellectual property protection was another factor that contributed to the
absence of an inclination to share spatial data lethto a real danger of abuse and misuse.

The situation was described by an interviewee:

"The fear that we have in our organisation is theusé of our spatial data
that is exchanged with other bodies, or that theata are transferred to

other bodies, because in Saudi [Arabia] we not hénee systems and laws
regarding [protection of] intellectual property rigs in spatial data, and the
necessary legislationgopu-11).

The lack of conformity in the area of standards andspecifications where interviewees
complained of the absence of State efforts to dhtce uniformity in this respect. The
existence of agreed common standards and spewfisais the foundation on which

collaboration and data sharing is establishechérvtew of one interviewee:

"If the State did not step in to resolve the lackafformity to standards and
specifications, as well as the difference in digitaferencing in the
databases of spatial data among the different tsodierking in the area of
spatial data, then this will be a key reason, itufe, for the inability to
collaborate with each other in exchanging spatiaial (ao-03).

The existence of erroneous dataroduced at significant public expense, as a reduthe
absence of qualified professionals working in tipatsl data area, in some bodies.
Therefore, this data cannot be placed beyond theatioof the body that commissioned or
produced it. So, these organisations refuse anyestg to share such data with others, but

without exposing themselves. As one intervieweenlesi:

"...some bodies hold spatial data that is not actyravhich has cost them
huge amounts of money. The reason for this waalisence of specialists in
spatial data working in these bodies while suchjgots were underway.
Once those responsible find out the reality of ghertcomings in their
spatial data, they work very hard to prevent itsfeangé (popu-05).

The rapid promotion of, and turnover in specialistsbefore they can effect change, and
promote and sustain efforts to introduce collabonaédnd spatial data exchange was argued

as being a factor contributing to the current situa One interviewee stated:

"Some specialists in the area of spatial data wihery are promoted to the
position in which they are able to influence thoseharge to adopt the idea
of collaboration in exchanging spatial data withhet bodies, are then
promoted or move to another body, and the idesoti&looration goes with

them' (gopu-07).
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The absence of a strategic vision, and ineffectiveanagement was a contributing factor

to the spatial data situation in KSA. Accordingptee of the interviewees:

"It is quite sad that one of the factors that preéveallaboration in the
exchange of spatial data between the differentdmit the absence of a
comprehensive view to the development of solutamms the weak expertise
in managing work in relation to implementation ara$ponsibilitie$ (ao-
10).

The absence of the concept of collaboration withiteaching and training curricula in
academic and training bodies working in the spatith area. In this regard, one of the

interviewees pointed out that:

"It is quite strange the despite the existence afnieg materials, and

several courses in different universities, inséjtand centres specialising
in spatial data, they do not include the topic alea of encouraging

collaboration between bodies in exchanging spat&t’' (pou-01).

Inefficient working practices and lack of expertisein project implementation in spatial

data bodies was another factor. This was highlijbiethe interviewees; one opined:

"In my view, the lack of efficiency of many of tbenpanies that undertake
implementation of spatial data projects in the Klogh of Saudi Arabia, is

considered a key reason for the sad situation teatface in the absence of
collaboration between bodies working in the aregpmdtial datd (gopu-21).

8.9.5 Benefits of Inter-organisational Collaboration

The benefits of inter-organisational collaboratianspatial data are summarised in figure
8.39. As can be seen, 15 respondents considereadntitahing and checking resulting in
better quality data was a “very important” benefispatial data exchange. Nine respondents

thought this was an “important” benefit.

As a benefit of collaboration, reduced duplicatafneffort and resources was seen by 19
respondents as a very important benefit of collatimn. Another five respondents agreed,

but only that it was an “important” benefit.

Savings and cost reductions were highlighted byeEpondents as very important benefits
of collaboration. Eight respondents felt these wamgortant, while one respondent thought
it was neither.

Eleven respondents thought it was very importamd, eight judged it was important, when
asked their opinion of whether a single source @fified data was a benefit for their
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organisation resulting from collaboration. On thhen hand, four respondents indicated it

was neither important nor otherwise, while oneifeitas not important.

Eight respondents felt that the benefit of less aleais for data from others was a very
important benefit of collaboration. 10 other respams judged this was important as a
benefit of spatial data exchange in a collaboratitmwever, six respondents chose “neither”

important nor the opposite.

Better service to rate payers as a benefit of boft@ion in spatial data was rated as very
important by 10 respondents, important by anotBeahd neither by four.

Improved decision making was rated as very impotgnl7 respondents, important by six,
and neither by one, as a beneficial outcome ofiapddta exchange between organisations

in collaborative relationships.

Lproved decision making

Better service to rate
pavers

Less deanands for data by

B Very Inportant
others

EImportant

Singlesource of verified ONeither

dlata ONot Inportant

ENot Very Imp ortamt

Reduced cost & savings

Reduced duplication in
effort andresources

Better quality data
{the sugh et ching and
cheeking)

[3 z 4 @ 5 14 12 14 16 19 20
Responses
Keebonese

Figure 8.39 Benefits of Inter-organisational Collaborationbetween the Spatial Data

Organisations

With respect to questions on inter-organisationallaboration, all 72 interviewees

representing different government, private se@od academic institutions working in the
area of spatial data responded. All the interviesassgreed that all the bodies working in the
area of spatial data would benefit, if collabomatiwould occur between them. However,
there was the belief among interviewees that theigonent had to play a proactive role in

making this happen. This was clearly explained iy imterviewee:

"If it were to happen that all the bodies in the ¢gdom of Saudi Arabia
working in the area of spatial data would collabt@amongst themselves at
national, or local level, they would save effortdamoney, and prevent
duplication through coordinating amongst themseliesall spatial data
projects; they would, as a result, gain higher aaty in their spatial data,
which would help decision-makers formulate moreusaie decisions. If it
were to happen that some of these bodies thinkhlesgtwould not benefit in
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the short-term from this collaboration, | am sumat if they were to reflect,
they would find that they would benefit a lot i thedium to long-term.
However, all this must come from the convictiorihat level of the higher
legislative echelons in the Kingdom, because ¥ thiere to be convinced of
it, they would establish the required regulatorychmism for this, and
would form a committee that would follow up thegass of implementing
such a systeir(ao-11).

8.10 Discussion

It became clear from the data collected using thestionnaire and semi-structured
interview, that the quantitative and qualitativéedaupported each other, and had achieved
the objectives in revealing the situation, accuyaaed in detail, with respect to spatial data
in KSA. This facilitated determining those areasvinich there are shortcomings, in terms of

the collaboration between the different spatiahdaidies.

The data highlighted that the majority of spatialadbodies in KSA are government bodies;
these are considered by many as responsible fozurent situation, given their ability to
influence the State’s decision-makers, and to en#dgislation establishing a system to
prevent duplication between the different bodiesking in the area of spatial data. The
research also revealed that private sector bodiek ® attract specialists in the area of
spatial data working in government bodies by offgrattractive pay and benefits packages,
and denying the public sector from their experfidee private sector has a vested interest in
maintaining the staus quo in government bodiesnsyng that they are at a disadvantage
in terms of their skills pool. The resulting widesad duplication in spatial data projects is

financially rewarding to private sector bodies ilwaal in implementing such projects.

Academic bodies are also responsible in that tiseyoaspread awareness and educate those
taking their courses or degree programmes in ditta, on the importance of collaboration

in spatial data in all projects, and in clarifyitig best means to prevent duplication.

The study also noted that the majority of spatethdoodies work at national level, which
increases project duplication, due to the large aféhe country, leading to scattered efforts
and difficulty in controlling many spatial data prots distributed across the different

regions of the Kingdom.

It was also found that the majority of bodies apthtproducers and users of spatial data, and
that each organisation is keen to produce diffespatial data, almost on a competition
basis. Government bodies especially, are able eqatdly to secure the required funding
from the government to implement projects duplimgtihe effort of others, owing to the

lack of awareness and understanding by State deeaisakers of the problem, which they
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could resolve by issuing legislation and policyeégulate work in the spatial data area, and
prevent duplication occurring in these projects.rébwer, designating a coordinating body
to oversee these projects at national level woutitept public funds. The existence of
generous funding, especially in government bodiase led to holdings of spatial data in
these bodies in both raster and vector formatgeasaled by the data. This also led to
duplication among these bodies, in that each badycbomplete freedom in dealing with the
different spatial data themes according to thelonse standards and specifications, which

would achieve their own interests.

In this work, data showed that large organisatisnfer duplication between different
departments working with spatial data, due to #uk lof a system to unify efforts, and the
wish of each department to keep its spatial datastdf, considering it to be among its

achievements, and not wanting other departmerglare in this achievement.

It is worthwhile to point out that some organisaiawith long experience in the spatial data
domain have mature leaders, who may not beliewmliaborating with other bodies in the
area of spatial data, relying instead on past ékexdecisions to provide their organisations

with powers to undertake spatial data projectsdbaticate the work of the other bodies.

This research also highlighted the lack of suffitispatial data specialists in the majority of
government bodies. Moreover, the majority of theseking with spatial data come from

other specialisations that do not serve the spdbash area; even though the number of
employees in recent years has increased, theisituatperpetuated by the lack of proper
selection of qualified personnel to work in spatata. In addition, some organisations do
not seek to improve the knowledge and competeneenployees in the area of spatial data,
for instance, by providing them with opportunitiesattend specialist courses, or participate

in spatial data conferences and seminars, whathbeiKingdom, or abroad.

The survey also highlightd that departments orsumibrking in the spatial data area
preferred to remain independent, or to be linkegatly to the principal authority in the
organisation, so that the person in charge is aofatiee importance of their work, and may

resolve any obstacles in their path.
The data also revealed that the majority of spatah producer bodies have created spatial

data for the majority of regions that are withieithjurisdiction, according to their own, in-

house, standards and specifications, and that #reagpdated as needed.
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The weak infrastructure relating to spatial datasfer networks in the Kingdom of Saudi

Arabia, and the absence of robust protection progithat prevent data being compromised,
in the view of many spatial data producers, hadeelach body to develop and use its own
intranet to transfer spatial data between the iffedepartments of that body; the aim being

to maintain the secrecy and security of the spdttd they hold.

The lack of policies protecting intellectual proyerights residing in spatial data of

producer bodies, have led to reluctance and feangrmmany of these bodies to authorise
access for other organisations to their spatied.détothers wished to receive spatial data,
then this would be done through official requestels presented by the applicant body,
which would be studied by the producer bodies, #@ndpproval is secured, then the

applicant body would have to sign undertakings ab use the spatial data for any other
purpose than the one requested, and that the dathl wot be handed over to any other
body, regardless of the circumstances, in ord@ratect intellectual property rights. In this

work, it was found that questions of secrecy otigpdata and file size dictated the method
of delivery to those bodies that request it, eithyee-mail, download link, CD-ROM, DVD,

or otherwise.

The lack of a system regulating the relationshipveen bodies producing spatial data
among themselves, and with user organisationsoléldet appearance of a role for personal
relations with high officials in the government s} especially, in influencing the process
of obtaining spatial data from such government &sdin contrast, the relationship of

private sector bodies producing spatial data witieis was dictated by material profit, and

payment for the value of spatial data requested.

Spatial data user bodies preferred receiving dpddia from government bodies, due to the
lower cost compared to private sector bodies. Hawespatial data provided by private
sector bodies, by contracts and commercial agreismerre delivered in accordance with
the specifications and standards dictated by tHeéawever, spatial data requested from
government bodies was in accordance with the stdadmd specifications of these bodies.
Moreover, they could only obtain such data afteyng process, beginning with the sending
of official request letters, then convincing théiaéls in those government bodies of their
need for that spatial data, and then after apprdkealy would have to sign specific forms
related to protecting the rights of these goverrrbedies, in that use would be restricted to
the purpose for which it was requested, and thatotld not be transferred to any other
body.
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The data showed that spatial data user bodiesciaipgovernment bodies, preferred not to
cooperate with others and share in the costs dfaspiata. This was justified by saying that
each body had its own in-house standards and gzewhs, and that the State provided the
funds, while there was no system obliging them @ihers to collaborate. This led to annual
spending of millions of Saudi Riyals by each orgation in spatial data projects without

coordination with others.

Each of these bodies was also found to implemenbwn applications of spatial data
according to their own perspective, without coopegawith other bodies in producing
common applications. As a result, there are moae ten base maps for some cities in the
Kingdom. These were produced by different bodiekiciv claimed that their map was

correct, while the others were not.

This research also showed that all spatial dataarganisations worked to consolidate their
relationships with all the spatial data producedibs, whether public or private, at local,

national, or international level, in order to disiéy sources of spatial data.

It also appeared that the majority of bodies waykim the area of spatial data were using
their own in-house standards and specificationgréfore, the claim by some bodies that
their spatial data met international standards apecifications was incorrect, as was
expressed by interviewees; on inspection, in-hostsadards and specifications were

discovered.

A further finding is that some bodies were not @ned about documenting their spatial
data using metadata, using their own in-house rathan international standards and
specifications. It was also shown that there i€ooperation between these organisations to

unify standards and specifications for metadatioitumenting spatial data.

The absence of legislation by the State to regalalaboration between the different bodies
working in the area of spatial data, and the ldck coordinating authority to supervise such
collaboration, has led each organisation to ha¥ee@ hand in choosing those software
systems needed for handling spatial data to prodpatial data according to any map scale,
and following whatever technical standards they §awhe authorised person deciding on

such matters is the head of each organisation.

Collaboration among the majority of bodies workimgthe area of spatial data in the
Kingdom of Saudi Arabia is restricted to the exdemf spatial data and technology, as

shown by the survey data; otherwise, each bodsess to make use of the spatial data and
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treat it in a way that achieves its interests atahg In the majority of cases, official
collaboration between bodies working in the areapztial data depended on contracts and
agreements between such bodies, in order to prhiecights of all parties. It was noted that
unofficial collaboration, for example through frashor relatives in a spatial data producer
bodies facilitates those linked to them to acquipatial data for their organisation from
these bodies quickly and easily; in some cased)aperreceiving more than what their
organisation needs. The reason is that there isyatem in the country to prevent such

behaviour, especially in the government sector.

This research also revealed that there are keyadbpst that lead to the absence of
collaboration between organisations working in #nea of spatial data in the Kingdom,
summarised as follows:

1. Absence of awareness and culture regarding thengatyes and benefits of exchanging
spatial data among decision-makers, and the mgjofitstakeholders working with
spatial data.

2. In the historical development of government orgatiims working in the area of spatial
data, a number of official decisions were issuesl iGadescribed previously in the
historical development of each organization), arftenvnew decisions were issued,
these did not cancel the effect of the prior deais; this provided the excuse to refer to
these in the duplication witnessed in spatial oadek.

3. Lack of an official body that supervises coordioatof efforts among all stakeholders,
towards cooperation in spatial data and sharingiclwlwould adopt an initiative
regarding cooperation and spatial data sharing,gividg impetus to this initiative at
national level, or a level of regions and citieshii the Kingdom. Currently, there are
initiatives from some bodies, but none have beé&oially recognized to date.

4. Among the majority of stakeholders there are pefiaf maintaining strict control over
information, for fear that exchange of spatial dat#l lead to loss of power and
influence through losing control over their spatiata.

5. Weakness in local expertise, and lack of sufficiexpperienced manpower, especially
among Saudi nationals, in the area of spatial data.

6. Absence of clear policies and directives for spatiata exchange that compel all
stakeholders to cooperate in the area of spatialatad spatial data sharing.

Weak technological infrastructure for transferrargl exchanging spatial data.
Fear of security breaches via the Internet, dubdabsence of an organised and secure
electronic portal for such sensitive informatiornl alata.

9. Fear of misuse of spatial data, or leaks to otmelesirable parties due to the lack of

systems and laws related to intellectual propertg, necessary legislation.
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10. Discrepancies among stakeholder systems, in tefnspecifications, standards, and
digital formats of the spatial data.

11. Some stakeholders hold spatial data that is ndicmritly precise, despite costing large
amounts of money, due to the lack of expertiseatial data within these organisations
at the time spatial data projects were implemen@rete the faulty data was identified
within these organisations, the management putolest on its sharing and exchange.

12. Lack of job stability in the personnel specialisinghe area.

13. Absence of a comprehensive view to develop solstiand weak expertise in managing
the work in terms of implementation and responisied.

14. Training material and courses exist at the differamversities, institutes, and centres
specialising in spatial data; but, these do nduihe the idea of cooperation regarding
exchange of spatial data.

15. A lack of expertise in the majority of companieattimplement spatial data projects in

the Kingdom.

All those interviewed, and those who respondecé&duestionnaires, in this research had
been positively affected (by their own admissiop}tis work. They had become convinced
of the benefits of collaboration between all thatgh data bodies in KSA. They all agreed
that this collaboration could be achieved if thgheir authorities in the State issued
legislation and policy regulating this collaboratibetween the different bodies working
with spatial data. In addition, establishment dfigher authority would allow coordination
between these different bodies to unify collaboeatefforts, and prevent duplication in

spatial data projects at national, region, or lgtsel in the Kingdom.

8.11 Summary

This chapter has presented the results of bottdelyvdistributed questionnaire survey to 24
organisations representing all the bodies workimgpatial data in KSA, and subsequent
semi-structured interviews of 72 key persons amdg. The data collected covered a range
of themes, including types of spatial organisatma sphere of operations, data types and
themes, standards and technical issues, and imganisational relationships and

collaboration. The results of analysis of the gitative questionnaire were supported by
qualitative data derived from the interviews. Thessults revealed the extent of the problem
in the spatial data domain in KSA representing #stacle to establishing an NSDI,

including lack of collaboration due to negative amgational cultures, technical obstacles
relating to need for unified spatial data and matadstandards and specifications, and
absence of legislation correcting the aforementigmants, as well as protecting intellectual

property and providing a system defining collabioraamong these bodies.
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The next chapter will describe the current stat&bf initiatives in KSA through detailed
data from secondary and primary sources, suchpastse documentation, and legislation, as
well as the questionnaires and in-depth semi-siradtinterviews, obtained in repeated field
visits and communication by telephone, and emadoaraging active participation of

interviewees.
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CHAPTER 9: CURRENT SDI INITIATIVES IN KSA

9.1 Introduction

The current state of SDI initiatives is presentedhis chapter, based on the information
from both secondary and primary sources of dataes@&hincluded relevant reports,
documentation, and legislation obtained from tladedtolder bodies’ personnel directly and
from their websites, as well as the questionnaireey and semi-structured interviews of
key persons and experts engaged with spatial d&A. Primary data was collected from
interviewees during repeated field visits, and wpdahrough continuing communication by
telephone, and the Saudi National Spatial Dataastfucture E-Group created by the
researcher with approval and participation of wiewees. Through these means, data
collection continued until the end of December 20Mferefore, the chapter will deal with
the state of current SDI initiatives in KSA. It wworth mentioning that barriers to

collaboration in KSA, as seen by stakeholders, \peeeented in Section 8.9.4 (pp.194-199).

9.2 Current SDI Initiatives

There are three current SDI initiatives in the KSA:
1. MOMRA SDlI initiative.
2. Ar Riyadh SDI initiative.
3. Saudi National SDI initiative.

9.2.1 MOMRA SDlI initiative

MOMRA supervises 16 MOMRA regional administratiatistributed around the regions of
the Kingdom, and 220 municipalities distributed agdhe different cities of the kingdom,

which are spread over the whole area of KSA.

Cabinet Decision No. 70 dated 22/4/1410AH (21 Ndveni989) defined the sphere of its
work with respect to spatial data, in undertakingdpiction and update of the detailed maps
for cities and villages in the Kingdom at all ssatgeater than 1:25,000, and preparing the

necessary plans within the scope of these scal®a Bouncil of Ministers, 1989).

Within the Ministry, there are many departmentst ttheal with spatial data, such as the
Deputy Ministry for Land and Survey, and the Dephtinistry for Urban Planning. Each
Deputy Ministry has implemented many spatial datggets, which exclusively served its
purposes, without coordinating with other bodieshbwithin the Ministry or even the

regional administrations and municipalities in tliéerent regions of the Kingdom.
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Furthermore, the MOMRA regional administrations éngpowers to implement spatial data
projects, in their own right, in the absence ofpacific department at the Ministry to
supervise these projects, and coordinate efforteefegional administrations as well as the
different bodies within the ministry. This resulted duplication in the implementation of
spatial data products, as well as differences ecifipations, terms, and scales for these

projects.

Studies were conducted by the Deputy Ministry fobdh Planning and the Deputy Ministry
for Land and Survey to investigate the situatiothimi the Ministry, and how it maps out
future directions, as well as looking at internaéibexperiences. It was concluded that it was
important to unify efforts, and coordinate projects prevent duplication, and help
municipalities and MOMRA regional administrationsify specifications and terms, while
maintaining strict coordination in the managemenspmatial data. This would be achieved
by creating a highly transparent framework througitich information exchange would take
place according to specific controls and powersalfto became apparent that it was
important for coordination to take place betwees mhinistry and related bodies, such as
other ministries, institutions, and sectors witterast in spatial data. For this purpose, and
after conducting studies and meetings with intéonat and local experts, the ministry
reached the conclusion that it was necessary tatera unified environment in the
management of spatial data, to coordinate activitbgganise data exchange, manage user
access, and assure data protection. Moreover, Wes@ need to establish specifications for
systems, data, and terms, and coordinate spatalpdajects and their priorities, including
building, and managing effective relationships batthin the Ministry and externally, in the
areas of GIS. As a result, MOMRA decided to develdplS centre, which would be given
responsibility for the previously mentioned taskence, each body, department, regional
administration, or municipality would continue da fasks, while the centre would carry the
burden for the specialist tasks related to managgnmordination, protection, training,
supporting and organising the priorities, as wedl astablishing specifications and

developing human resources.

9.2.1.1 MOMRA SDI initiative Goals

The goals of the MOMRA SDI initiative can be sumisad in the following:

e Providing a central data repository for both spadiad non-spatial data housed at the
Deputy Ministry for Urban Planning.

* Providing a central metadata repository for thdiapdata of the Ministry, which can be
accessed through the web-based GIS portal vianigtilaternet.

e Providing a browser (GeoWeb Explorer) on the Irgern
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Providing a GIS portal that catalogues all theigpand non-spatial data available from
the Ministry (figure 9.1).

Preparing centralised procedures for collectioeattnent, and storage of spatial and
non-spatial data, and facilitating access.

Developing standards and protocols for data shaimtjexchange between the different
bodies within the Ministry.

Providing an effective mechanism for search witprapriate spatial and cataloguing

capabilities.

Removing repetition and duplication in data storagesuch a way as to achieve
improvement and effectiveness in the use of thatdese.

Providing advanced server-based technology thatdumprove the effectiveness of the

system, and its performance.

Providing a safe protection and appropriate medhnarior backup storage of the data
held at the ministry.

Preparing the key instructions and wrappers fordifferent data and content that may
be used by the Ministry in future.

Providing essential and continuous training to éngkersonnel at the Ministry to

maintain the spatial data infrastructure over tmaylterm.
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Figure 9.1 MOMRA SDI Portal
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9.2.1.2 MOMRA SDiI initiative Stages

1.

4,

The idea for this initiative came from the Deputynidtry for Urban Planning, after
which the Deputy Ministry for Land and Survey gatgebacking for the idea following
a series of meetings held throughout 2008. In tmesetings, the Deputy Ministry for
Urban Planning explained that the aim of the ititeawas not to take control of the
data held by other bodies in the Ministry, ratheziied to prevent duplication that was
occurring in spatial data projects among the diffiéragencies and administrations
within MOMRA.

By the end of 2008, the idea had been further dgeel, and all the agencies and
administrations in the Ministry were invited to eepentation of the proposal. Initially,
many of these agencies and administrations disapdrobut following several
meetings, and convincing the responsible persoriBarMinistry of the importance of
this initiative, the idea was approved by the Mmmis who issued a decision (the
researcher was unable to obtain a copy of this sta@nal decision or its reference
number), where the initiative would be implementady within the agencies and
administrations of the Ministry.

The implementation of this project began in 2008hwi

a. Design of a comprehensive spatial database at épat) Ministry for Urban
Planning, which allows the different administrasoand bodies within the
Ministry to access it, through a dedicated browmsegr the intranet/Internet.
This was flexible to allow the Ministry to later gand its scope to include the
other regional administrations and municipalitiasthe different regions and
cities of the Kingdom.

b. Designing and developing a Metadata Repositoryneoted to a GIS portal,
which would display both spatial and non-spatiahdavailable at the Ministry,
as well as links to others.

The project was almost complete by the end of 2B&0ing linked the spatial and non-
spatial data held in the majority of administrai@nd bodies at MOMRA, and with the
design of the GIS portal (figure 9.1) connectedatecomprehensive spatial database
housed at the Ministry, with the following functatrties:

a. Search of spatial data sources.

b. Displaying detailed spatial data, with the posgipibf use by those authorised
to do so.

Direct browsing and display of available live mappi

d. Creating and uploading descriptive metadata pantospatial data produced
by the different bodies.

e. Managing and updating user access authorisations.

f.  Managing and storing maps and search operatioratéarre-use.
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It is predicted by a number of those responsibletlie initiative at MOMRA that by
2011, the project will be expanded to include Ayarih regional administration, and

all the municipalities within its jurisdiction.

9.2.2 Ar Riyadh SDl initiative

This SDI initiative is distinct in that it is spéici in dealing with spatial data at the level of
Riyadh city; the concept had come from the High @uassion for the Development of Ar
Riyadh in 2006. The Commission presented is imvgato many of the bodies working in
the area of spatial data in Riyadh City, and irdviteem to participate in a pilot project to
implement the initiative, without any financial leén on them; moreover, each body would
maintain control over its spatial data. Howevetydive bodies agreed to participate:

The High Commission for the Development of Ar Rilyad

Riyadh City Municipality

Saudi Post

The Public Directorate for Water in Riyadh

o w0 b

Saudi Telecommunications Company

All the partners agreed that the pilot projecttfoe Riyadh SDI initiative would be applied
to the Rawdah district (figure 9.2). Contingenttba success of this pilot, the project would
be widened to all districts of the city, after abtag approval from the authority, i.e. the
Emir of Riyadh region. Moreover, this expansion Wdoinclude the remaining spatial data

bodies working in Riyadh.

9.2.2.1 Ar Riyadh SDlI initiative Goal

The initiative aimed at exchanging spatial datthatlevel of Riyadh city, such as road and
district names, house numbers, postal codes, catldsta and applications, the routing of
electricity, communications, and water lines, whiabuld achieve the following objectives:
1. Establish a partnership based on mutual benefitdesi the different bodies working in
the area of spatial data at the level of Riyadh cit
2. The direct exchange of information between bodlest depend on spatial data in
executing their work at the level of Riyadh city.
Updating spatial data from key sources continuoasly precisely.
Maintaining the integrity and security of the sphtiatabases held at the participating
bodies.
5. Preventing duplication, rationalising costs, andkivay within a system that specifies

the responsibility of each body.
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Figure 9.2 Ar Riyadh Districts

9.2.2.2 Ar Riyadh SDlI initiative Stages

The idea originated at the High Commission forBleeelopment of Ar Riyadh in 2006. The
Commission had noticed the prevalence of duplioatio spatial data projects among the
different bodies at the level of Riyadh city, whichd led to the existence of more than 10
base maps for the city in the hands of differerié®; each body considering its base map to
be correct, and that all the others were not s@alty 2007, the High Commission for the
Development of Ar Riyadh launched an SDI initiatfee Riyadh city, and implemented a
pilot project for this initiative; the Commissiorssumed the whole financial burden, and
guaranteed that each participating organisationldvowaintain control over its spatial data.
On this basis, it presented the idea to many boglagking in the spatial data domain at the
level of Riyadh city, in particular those bodiesattipossessed base maps of Riyadh city and
spatial databases. Agreement for participatiotiis pilot project came from four bodies, in
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addition to the High Commission for the DevelopmeinAr Riyadh. The phases of the pilot
project began in mid-2007, with the participatidn o
1. The High Commission for the Development of Ar Rilgad
Riyadh City Municipality
Saudi Post
The Public Directorate for Water in Riyadh

o~ D

Saudi Telecommunications Company

In the final quarter of 2007, the High Commissionthe Development of Ar Riyadh signed
an agreement with Galdes, the Canadian compaimypiement the pilot project for Riyadh
SDI, where it was agreed that work would be divided two phases, and the first phase of
the project comprised:

1. Advising the five bodies participating in the pijaoject of its objectives.

2. Field visits to collect data from the five bodies.

3. Determining the requirements.

4. Establishing the final document of requirementgnisig off and approval by the
implementing body (Galdes) and the contracting bkl High Commission for the
Development of Ar Riyadh).

5. Galdes would develop a website for the pilot proat the Internet through which
the participating bodies would be connected topilwe project in the future.

6. Establishing the final design.

7. Implementing and developing the system by programgmihe pilot project

applications at Galdes in Canada.

The second phase of the project comprised:

1. Supplying the necessary equipment and software.

2. Installing and commissioning the system at the Higbmmission for the
Development of Ar Riyadh.

3. Installing and commissioning the system at the rabloelies participating in the pilot
project.

4. Providing training on the system.
Operating and inspecting the system.

6. Providing support and maintenance.

At the end of 2007, Galdes began implementing pliaskthe pilot project, by presenting

all five participating bodies with the objectivektbe project. It also visited all the bodies,
and collected all the needed data. It then devel@peebsite for the project on the Internet
(figure 9.3), and gave a representative from eamthy bwith the authority to access and
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follow the different phases of the work on the pobj and to facilitate the exchange of
information between these five bodies in future20®8, Galdes finished the final design of
the system, and proceeded to implement and buddsytstem with programming for the

pilot project in the company offices in Canada.@efthe end of 2008, Galdes completed
the first phase of the pilot project. Work thenpgted before the second phase, due to
financial and administrative issues at the High @ussion for the Development of Ar

Riyadh. At the end of 2009, these administrativd financial issues were resolved at the
Commission, and Galdes was asked to proceed ireimiting the second phase of the

pilot project.

In 2010, Galdes supplied the equipment and softweamessary for the pilot project, and
installed a server at each of the five bodies giggting in the pilot project. The system was
then tested through the website on the Interngti@ 9.3). The persons responsible for the
system in the five bodies were then trained foeghveeks on the system. Galdes proceeded
to supervise operation of the system, and provalggbort and maintenance for six months
according to the conditions of the contract ui# €nd of 2010, where the final handover of

the project took place.

The High Commission for the Development of Ar Rilgaid currently at work presenting
what was achieved to the Emir of Riyadh regionmeke him aware of the results of the
pilot project, and secure guidance on the possibiif continuing to cover the remaining
districts of the city; in addition, connecting #llose bodies working in the spatial data area
at the level of Riyadh city to the system. The Higmmission for the Development of Ar
Riyadh aims to develop policies and legislationrégulate collaboration between the
different bodies working in the spatial data domatinhe level of Riyadh city, and will seek
to gain approval from the Emir of the region, sublat these regulatory policies and

legislation are obligatory on all bodies in Riyatity.
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Figure 9.3 Main page for Ar Riyadh SDI

215



9.2.2.3 Advantages of Ar Riyadh SDI System

The claimed advantages to the system are:
1. Establishing the system on open standards:
e The ability to link GML data to the different spatdatabases.
* The ability and ease of adding other bodies tcsttstem.
2. There is no need to change the GIS systems existithg participating bodies:
« Enabling participants to view any operation to upda change spatial data by the
producer of the spatial data.
e The participating bodies have the capability anthanity to rectify and amend their
own spatial data.
3. Facilitating exchange of spatial data between #régpating bodies:
* Augmenting and publishing spatial data automatcall
« The ease of adding spatial data or comments byoaayof the participating bodies
producing spatial data.
4. Establishing a continuous procedure for updatiradiapdata:
* Sending comments to the participating bodies, asganding to them rapidly.
» The system displays the time available for theiapdata producer to respond to

comments.

9.2.3 Saudi National SDI initiative

This initiative is distinguished from the previodw&o by being comprehensive and

concerned with spatial data in the custody oftakeholders in KSA.

The idea for this initiative came from KACST in 148+ (2000), which informed the royal
palace that it had established a centre for GlhexSpace Research Institute, with the aim
of cooperating and coordinating with the differstakeholders in building and establishing

a comprehensive national database for GIS in thgdom.

9.2.3.1 Historical background to the initiative

In 1421AH (2000), KACST established a GIS centrehat Space Research Institute. In
26/8/1421AH (23 November 2000), Royal Decree Nd/T725 approved the KACST
initiative, and directed that a committee be fornveder its supervision, with membership
of the influential stakeholders in GIS representad the Ministry of Defence and
Av