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Abstract:   The development of Germany’s Geographical Data Infrastructure 
(GDI) is mainly influenced by two aspects: The federal structure of 
Germany and the close integration of public and private sectors from 
the beginning. These two aspects make the German GDI a special 
case within the general e-Government strategy of the country, which 
has central and decentral components. The development started in the 
State of North-Rhine Westfalia in 1999, strictly using and also 
influencing the rules and standards of ISO and OGC. The data 
background is the State’s coverage with basic geo-data following the 
nation-wide standards for the cadastre and for topographical mapping, 
completed by a lot of different data sets from different application 
fields provided by public offices and private data providers. The 
development of the GDI NRW is self-organized by about 130 
participating public and private German institutions co-operating in 
Special Interest Groups, Task Forces and Testbeds. A public-private-
partnership institution called Center for Geoinformation (CeGi) has 
been founded as a private company, co-ordinating all the activities of 
the GDI initiative. Recently Germany has decided to set up a nation-
wide, decentralized solution called GDI-DE, organized by the federal 
level, all States and the municipalities. In addition, the German GDI 
initiative is deeply involved in the development of the upcoming 
European SDI called INSPIRE. A first step is the integration of the 
GDI NRW with the NSDI of the Netherlands in a cross-border 
project. Examples of application fields are water management, traffic 
and transport, tourism and disaster management. 

 
1. GDI NRW 

Realizing geoinformation as a basic economic good, North-Rhine 
Westphalia has begun to set up a Geodata Infrastructure – the GDI NRW. 
Oriented to international examples, this project shall be based upon the 
relevant international norms and industrial standards. It is intended to activate 
and stimulate the market for geodata in NRW with the help of this initiative. 
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To guarantee an organized development of GDI NRW, a permanent 
decision-body has been appointed by the Minister President’s office. This 
“GI-Committee NRW” (Committee for Geoinformation in North-Rhine 
Westphalia) designs strategies for the creation of GDI, judges incoming 
project proposals referring to GDI, and gives advice to the Minister 
President’s office concerning all questions about geoinformation. Members 
of the committee are representatives from all NRW ministries being 
concerned with geographical information. 

The goal of the GDI NRW on the state level and the cadastre-based 
project GEOBASIS.NRW on the local level is to stimulate the 
geoinformation market which is only at 15 percent of its potential. GDI NRW 
will provide the users, including private industry, access to available public 
and private spatial data holdings over a homogenous infrastructure easily 
available over the internet. Currently legal regulations are revised in NRW in 
order to give the legal reference frame for GDI NRW. The following goals 
are formulated: 

1. Reference data of cadastre and national mapping are the official public 
reference sources to be used by all state authorities. 

2. These reference data should be easily accessible to the general public and 
all possible user groups. 

3. The access to public data sets is only limited if defined privacy 
information (for example information about the names of the owners of 
property) is concerned.  

From the technical point of view this homogeneous infrastructure on the 
state level is identical to the local GEOBASIS .NRW approach, both 
focusing on interoperability. 
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Figure 1: Interoperability - technical approach to GDI NRW and GEOBASIS.NRW 

 
To insure interoperability, both GDI NRW and GEOBASIS.NRW will be 

based on a common reference model. All participating institutions (state 
agencies, private GIS-companies, universities, GIS-users) have agreed on a 
common manifesto to apply uniform standards fixed in the reference model 
and based on international standards. 

About 10 software development projects have been co-funded by public 
money providing the basic components of an interoperable solution for our 
GDI, strictly following the available OGC standards. First results could be 
demonstrated at the INTERGEO 2001 exhibition and congress in Cologne 
(“Testbed I”), further results at the INTERGEO 2002 in Frankfurt (“Testbed 
II”). The GDI NRW development is supported by market studies giving 
recommendations for further activities to activate the geographic information 
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market in NRW and Germany. Special attention is given to the development 
of fruitful public-private partnership solutions in this field. One outcome is 
the foundation of the Terramapserver company in Dortmund supported by the 
State of NRW and the companies of Microsoft and Intergraph, providing 
combined public and private geographic data to the geographic information 
market. 

 
2. Center for Geoinformation CeGi  

The CeGi Center for Geoinformation based in Dortmund is a 
communication and coordination platform for the development of innovative 
spatial information applications for the economy, science and public 
authorities. 

The goals of CeGi GmbH are to communicate general fields of utilisation 
as well as the potential activity of geo-based products and applications and, 
furthermore, to identify application needs of respective branches. As a 
nationally operating communication and coordination platform for innovative 
spatial information applications CeGi GmbH forms an interface between 
users and developers.  

The goals of CeGi GmbH find support through a number of shareholders 
who represent all value added sectors of the spatial information branch. 
Along with the State of NRW, as major shareholder of CeGi, it is represented 
by small and well-known companies of the international GIS-software 
industry as well as by medium-sized service providers and solution offices. 

Through market analyses and the development of market strategies 
dependent upon them, CeGi can identify business segments of a spatial data 
market and aim to stimulate it. CeGi’s neutrality allows it to consult different 
market players of particular branches and thus to arrange relevant measures.  

In addition to the elaboration of concepts for spatial data certification, 
personal qualification, spatial information services and information transfer, 
CeGi GmbH offers consulting and project support for innovative practical 
appliances in the GI-Trendscouting field. 

3. X-BORDER NL-NRW 
A significant number of SDI’s are currently under development 

worldwide – on all levels from local to global. While this is very 
encouraging, there are a number of risks associated with these fast-paced, but 
parallel developments. To name just a few: 
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 Different SDI’s (or even different players within an SDI) have a 
conflicting understanding of what an SDI is; 

 incompatible and conflicting technical solutions or content; 
 incompatible organisational structures and rules. 

 
As this was realised very early during the development of GDI NRW, 

more and more activities deal with linking GDI NRW components to 
offerings from its neighbouring regions (both inside and outside of 
Germany). 

Since several years, co-operation between The Netherlands (NL) and 
NRW relating to geo-information has been intensified. Four workshops were 
organised (Düsseldorf 2001, Arnhem 2002, Münster 2003, Cologne 2003) 
which improved cross-border networking on an expert level. A regional SDI 
(RSDI) workshop, held at the Joint Research Centre (Ispra) at the beginning 
of 2003 made  clear that concrete demand for cross-border SDI co-operation 
exists. The region of NRW, The Netherlands and Belgium has proved to be 
an ideal test area for a cross-border INSPIRE pilot, with its more than 20 
million inhabitants sharing cross-border problems. From the user’s point of 
view, the main application areas of disaster management, spatial planning, 
nature & recreation and traffic & transport need to be considered. A future 
regional cross-border SDI should focus on these application areas and should 
be set up in an incremental process: starting with mapping and cataloguing 
services which provide access to topographic base data, continuing with 
specific processing services and the provision of geo-information services 
which accommodate specific user groups. The parties involved on both sides 
of the border realise that it is necessary to demonstrate the value of cross-
border co-operation and to show that open and standardised techniques for 
interoperable GI services are already available. In addition, agreements on 
common policies and institutional arrangements will facilitate the availability 
and accessibility of geo-information across administrative borders and 
jurisdictions. 

In spring 2003, a preliminary cross-border study was started, to explore 
the feasibility and the potentials of NL-NRW SDI. This study focuses on 
three subtopics.  

The investigation of the benefits of cross-border co-operation will be 
documented in a market study for the NL-NRW border region. The main aim 
of this is to gather prospective users of a common cross-border RSDI and to 
disclose their individual requirements with respect to geo-information. 
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The second investigation will deal with organisational issues of a future 
cross-border SDI. The main aim is to deliver an organisational structure that 
is capable of achieving a sustainable development of the cross-border SDI. 
Here it is of great importance to incorporate the prospective users in order to 
develop an RSDI that really matches the needs of the users. 

The third investigation deals with technological issues of the cross-border 
SDI. The main goal is to deliver a test prototype that provides a seamless and 
frictionless search and visualisation of geo-information for the border region. 
Hence, this prototype can be used to realise the scenario as described in the 
introduction. The following section will detail the design and the components 
of this prototype.   

4. GDI-DE 
The NRW GDI activities are integrated in nation-wide initiatives with the 

aim to generate a 
German Geographic Information Infrastructure together with the other 

German States and the 
federal government. One initiative has been started by the AdV, the 

Working Committee of the German States in the fields of Surveying and 
Mapping. Several inter-states projects are running, e.g. setting up a 
decentralized meta-information system solution and cross-border solutions on 
real-estate valuation and inter-state traffic management. A second initiative 
called GDI-DE has been set up by IMAGI, the inter-ministerial committee on 
geo-information of the federal government, starting with the integration of all 
federal geo-data by a meta-information system and the establishment of a 
central geo-data portal of the federal government. 

5. E-GOVERNMENT INTEGRATION 
The GDI development in Germany has been recognized as a main part of 

the German e-Government strategy. Therefore, on the national level it has 
been integrated in the so-called “Germany-Online” initiative started end of 
2003 by the German Chancellor and the Minister Presidents of the States, a 
joint initiative of the federal level, the States and the municipalities. It’s aim 
is to provide all suitable public services on an online-basis until 2008. The 
structure of the initiative is shown in figure 2. The control is given to the 
State Secretaries responsible for e-Government of the federal Ministry of 
Interior and the respective State Ministries. Geoinformation has been 
assigned to the first pillar (Sevice Portfolio) but, because of it’s nature being 
integrated in all aspects, there are connections to the other pillars, too. The 
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first GI projects will be presented during the upcoming INTERGEO 2004 in 
Stuttgart. Leadership is given to the Surveying and Mapping Agency of 
NRW. 
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Figure 2: German-Online structure 
 

There is a further national e-Government initiative in Germany called 
D21, an initiative driven by the German Industry supporting the government 
in the transformation process from the industrial society to the information 
society. Since a few years GI is part of this initiative. The main outcome were 
two remarkable high-level conferences in Bonn and Hannover, especially 
with the aim of activating the awareness of GI on the potential GI users side.  

But, e-Government is not only a national of State oriented matter. More 
and more initiatives are being started on regional and local level, which bring 
the GDI in Germany to live. Most of these activities are joint activities of 
public and private actors, setting up value adding chains between both. The 
public institutions have recognized that it is impossible for them to serve all 
the needs of end users, reduce therefore themselves to their public tasks as 
defined by law, and provide their data as rough data to private value adding 
companies. This way seems to become a successful one. 
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ABSTRACT 
Since the establishment of the Ministry of Communication & Information 
Technology (MCIT) in October 1999 and the launching of E-Government program in 
July 2001, the Egyptian Government has commited utalize technology in various 
fields of life specially the economic and social fields. 
 

In 2003, EISI-Government was announced by President Hosni Mubarak during the 
world summit on Information Technology held in Geneva. EISI-Government is 
considered a major milestone for Egypt to bridge the digital divide and further impact 
on the Egyptian Information Society.  
 

This paper discusses the egyptian experminent in the E-Government and E-business. 
It also highlight the vision, objective & polices which are being implemented in 
addition to the program's technical and organizational implementation framework; it 
will also discuss the main obstacles and challenges facing the fast implementation. 
 

It will also elaborate the essential legal and regulatory aspects of the electronic 
signature, privacy issues, security and electronic document handling and exchange.   
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1. INTRODUCTION 
 The United Arab Emirates (UAE) is one of the developing countries that is 
undergoing a fast development in its infrastructure. As a natural result of this 
fast growth, huge amounts of information became available in the 
departments and organizations that emerged from this development. Much of 
the geo-spatial data is scattered across a large number of organizations, 
largely in the public sector, following different standards and is not 
sufficiently integrated and networked to make it really useful to a large 
community of users. 
 

This decade will witness rapid and large-scale investment in 
communications technology as the country moves to exploit the full potential 
of the information age. The community has created national infrastructures 
for health, education, transportation, communications and a wide range of 
other economic and social needs. Accessing that information, especially 
geographic information, is one of the most critical elements in decision 
making for economic and social development, which needs to be considered. 

 

National Spatial Data Infrastructure (NSDI) has emerged as a way to 
establish interoperability throughout a country. NSDI would cut down data 
production costs while improving spatial data access and use in a country. To 
achieve this, an NSDI connects all the parties that somehow use or produce 
spatial data via a computer network. Electronic (e-) government has been 
anticipated as a solution to the problems of traditional governments, such as 
decreasing revenues, high costs, poor quality of services, and corruption 
[World Bank, 2002]. In the UAE, the traditional governments have similar 
problems mainly, due to the lack of interoperability within and among 
government agencies. Although these problems have been determined for a 
municipality, they are also valid for government-to-citizens (G2C), 
government-to-business enterprises (G2B), and government to government 
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(G2G) in the country. This paper will explore the issues that might hamper 
NSDI implementation. 

 

The main aims of this paper are to explain the current status of NSDI and 
its future directions and to encourage input to the debate on the nature of the 
NSDI, as approached by the government, from all members of the spatial 
data community, while highlighting the main factors of successful 
implementation of NSDI.  

 

2. DEFINITION OF NSDI 
NSDI encompasses the technology, policies, standards, human resources 

and legal frameworks necessary to acquire, process, store, disseminate, and 
enhance the utilization of geospatial data for specific groups of potential 
users. (Kate Lance 2001).  

 

In its wider scope, the infrastructure also includes the cultural, 
environmental, economic, political, legal, and educational values                
and institutions that support, facilitate, and shape its character, including the 
forms in which spatial data are represented and utilized throughout society. 

3. CONCEPTUAL PARTS OF NSDI 

 

 Figure 1:  Adapted from U.S. (FGDC) scheme, Kate Lance 2002. 
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 An SDI comprises standards, geo-data, metadata, catalogue and 
partnerships. The institutional framework defines the important policies, legal 
and administrative support. The majority of the specialists in the world 
believe that the main conceptual elements of NSDI are: [Figure. 1]. 
 

3.1  INSTITUTIONAL FRAMEWORK 
The framework is a collaborative community based effort to create a 

widely available source of basic geographic data. It provides the most 
common data themes that the geographic data users need, as well as an 
environment to support the development, maintenance and usage of this data. 
Local, regional, state and federal government organizations and private 
companies see the framework as a way to share resources, improve 
communications, and increase efficiency of spatial data usage. 

 

3.2  FOUNDATION DATA (GEO DATA) 
Fundamental Geospatial datasets usually consist of three spatial data layers: 

(1) geodetic control, (2) digital elevation model (DEM) and digital 
orthoimages. (NRC, 1995). 

 

3.3  METADATA 
 Metadata (defined as data about data) describes existing data holdings, 
allowing a data user outside an agency or organization to access, search, and 
use geographic data. Metadata helps people to know that certain data exists; 
how, when, or why the data was produced; and where the data exists and it 
also provides information on the quality of the data. For example, when 
making important land-management decisions, it is helpful to know where to 
find the needed geographic data. An international metadata standard became 
available in 2002.  
 

3.4  DATA STANDARDS  
Spatial data infrastructures cannot function without standards. Standards 

are specifications and documented practices applied to spatial data formats, 
data compression and decompression formats, data transmission formats, 
metadata formats, and computer interfaces that allow people to easily interact 
within the system.  
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3.5  CLEARINGHOUSES 
Clearinghouses collect and structure the information about the available 

geospatial data. Clearinghouses (or catalog) allow government agencies, non-
profit organizations, and commercial participants worldwide to make their 
geographic data searchable and accessible through the Internet. A clearing 
house carries the potential to reduce duplication of effort in collecting and 
distributing digital spatial (and non-spatial) data. 

 

Clearinghouses serve three principal functions: (a) they provide an Internet-
based graphical user interface helping users search for geographic data with 
standardized metadata, (b) they allow access to raw digital data and allow 
standardized access to geographic data through file-transfer-protocol 
directories and online data streaming services, (c) users may access data and 
process geographic information to make maps over the Internet. 

 

3.6  PARTNERSHIPS  
Partnerships bind spatial data infrastructures together at all scales. Groups 

and government agencies enter into partnerships means safely sharing 
geographic data. These partnerships form a basis for many spatial data 
infrastructures. The partnership concept could be extended worldwide 
through GSDI. 

 

3.7  COOPERATION 
The success of NSDI is dependent on the cooperation between different 

agencies of a Federal Government, local governments and the private sector, 
especially utilities.  This cooperation and collaboration needs to take place on 
a number of levels including data standards development, spatial database 
building, development of geospatial data archives, and development of an 
interoperable geospatial data portal.  These standards which are based on 
collaborative, interoperable spatial data and related data archives also need to 
be sized and managed to support the performance requirements of its 
intended user's organizations.  Cooperation and transparency in sharing and 
exchanging spatial data is one of the main principles for creating a problem 
solving associated NSDI. 
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4. WHERE NSDI IS NEEDED? 
There are many situations where a consistent national dataset is required. 

For example: 
• Population Census: The regular national population census recording 

needs an up-to-date, consistent map base for delineating statistical 
collection units, their nationality and distribution. 

• Defense: To support national security activities, defense agencies need to 
build comprehensive and consistent spatially oriented national databases.  

• Emergency Services: Emergencies and natural disasters have no respect 
for jurisdictional boundaries. It is important that all the emergency 
services are operating on the same, consistent and homogenous data 
across their entire area of operation. 

• Vehicle Tracking: The emergence of vehicle tracking systems is 
creating a demand for nationally consistent, regularly maintained digital 
road network data, upon which system providers can base their         
value-added network. 

• Environmental Management: Whilst there is an absolute need for 
large-scale data for environmental management, there is also a demand 
for data at the regional level, which often requires data to be assembled 
from several jurisdictions. Integration of these data is easier if the data 
from various sources is consistent and conforms to common standards 
with little regard to the needs of other potential users. This narrow focus, 
whilst understandable, leads to inefficiencies and duplication of effort. 
Thus, no resources should be wasted on such duplicated efforts. 

5. THE COST OF NSDI 
How do we think of the revenue when an NSDI is implemented? Or in 

other words, what exactly is the cost we are aiming at when we talk of an 
NSDI? This is a serious question that involves many points of 
implementation and standards. The use of spatial data as an integral 
component of NSDI has not fully reached its potential in government 
business processes. A constraint in the wider use of spatial databases has 
been the high cost of building and maintenance. Many of the data required 
for NSDI falls either in the domain of local or national subjects. Therefore, if 
one is aiming at a common clearing room for all, one needs to coordinate the 
level of participation and commitment in both data and finance 
considerations, before one brings together such data. 
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6. WHAT IS THE UAE SDI? 
The UAE SDI is a national initiative to provide better access for all 

potential users in the UAE to essential spatial data. It aims to ensure that 
users of spatial data will be able to acquire consistent datasets to meet their 
requirements, even though the data is collected and maintained by different 
authorities.  

 

The UAE SDI will provide the institutional and technical framework to 
ensure the required national consistency, content and coverage of key spatial 
data to meet national needs. Within this framework, spatial data can be 
recognized and managed as a key national resource, and the development of 
common standards is facilitated for the efficient collection, storage, 
distribution and usage of the data.  

7. THE AIM AND THE IMPORTANCE OF 
THE UAE SDI 

Government departments and other organizations are often asked for quick 
responses to natural disasters, industrial accidents, environmental crises, and 
national security alerts. Much of the information needed to make sound 
decisions in such cases is based on geography. There is constant pressure to 
make wise decisions in a more cost-effective and efficient manner. Accurate 
and current geospatial data is critical to these decisions. The principal 
objective in developing SDI is to achieve better outcomes for the specific 
level through improved economic, social and environment decision-making 
recognizing that the cost, quality and semantic of spatial data are critical in 
the application of the technology.  

 

Moreover, the NSDI would bring about standardization to the total process 
of format conversion, access and interoperability. The NSDI should have the 
authority to mandate contributing agencies and to commit their spatial data 
holdings to the NSDI. It must also have the authority to bring about newer 
data generation, build relationships among organizations to support the 
continuing development of the NSDI and to increase the awareness and 
understanding of the vision, concepts, and benefits of the NSDI. 

 

There are many other objectives that are to be considered in developing an 
SDI: 
• Producing standardized fundamental spatial datasets to avoid unnecessary 

duplication of cost in developing and maintaining this data. 
• Making easy access to this data, to enable integration of other application 

specific data by all users. 
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8. NATIONAL SPATIAL DATA COMMITTEE 
In the context of a spatial data infrastructure, UAE SDI identifies 

fundamental datasets as being datasets that are critical to more than one 
agency, thus establishing a requirement for coordination of priorities and 
agreement on standards and classifications therefore indicating the need for 
an infrastructure. In practice, the UAE SDI will most likely comprise a 
distributed network of databases with each database managed by a custodian, 
perhaps at the jurisdictional level, with the expertise and incentive to 
maintain the database to the required standard. The custodian would be 
obliged to undertake certain agreed responsibilities. Thus, processes should 
join efforts to satisfy the user needs with more accurate data. This 
necessitates the role of a coordinating body at the national level for data 
generation and concurrency according to national standards and also to 
promote better inter-agency relationships between participating agencies. 
Therefore, a National Spatial Data Committee for the UAE (U.A.E NSDC) is 
urgently needed. The Committee must be headed by a decision-making 
capacity with sufficient knowledge of geospatial information technologies 
and practices such as a high-ranking official at the level of Government 
Under-Secretary with enough authority and adequate awareness of geospatial 
science. 

 

The chairman of the Committee, being a Government Under-secretary, will 
have direct access to the ministers in the cabinet to facilitate prompt approval 
for the decisions and regulations. The committee should be made up of 
decision makers and leaders of geospatial data potential agencies. [Figure 2] 

 

The NSDC, amongst a number of activities, will produce custodianship 
guidelines, promote the publication of metadata by producer agencies and 
develop the spatial data sharing policy. 

Ministers 

Chairman 
National Spatial committee  

 

 
 

Member Member Member 
Decision maker for Agency 2 Decision maker for Agency 3Decision maker for Agency 1

  

Figure 2:  Adapted from (Saleh,2003). 
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9. FACTORS FOR A SUCCESSFUL NSDI 
Large spatial and non-spatial data is available in local and federal 

government organizations, most of which agree to the concept and principles 
of coordination and the idea of NSDI. Above all, many of elements have an 
impact on a successful implementation of NSDI, such as: 

9.1  NATIONAL TOPOGRAPHIC DATABASE     
(NTDB) 

The National Topographic Database (NTDB), being created by Military 
Survey Department (MSD) using photogra.mmetric and field surveying 
methods of resolution, better than 25000 scales. The database covers the 
entire country. Transportation networks, hydrology features, vegetation, 
urban features, landforms and relief contours are the major themes covered 
by the NTDB, making it an excellent base for many Geographic Information 
Systems (GIS) and desktop mapping applications. The NTDB is continuously 
updated. The work is carried out on a regional basis, and information on such 
matters as roads is updated annually, while a more comprehensive review 
takes place about every 5 years. The data is available in various formats 
including: shape file, DGN and DXF. National coverage of aerial 
photographs and satellite images of different resolutions is also maintained. 
This NTDB should serve as a foundation for other agencies' applications. 

 

9.2  NATIONAL GEODETIC NETWORK 
Of particular interest with a NSDI is the key role of a reference system. The 

geographic reference system, or geodetic datum, is a fundamental standard to 
enable integration of spatial data. The availability of Global Positioning 
System (GPS) technology has greatly improved geodetic knowledge at the 
national, regional and global levels, enabling computation of a precise 
geocentric datum. Within a spatial data infrastructure, the two key 
requirements are for the fundamental data to be stored on a single accurate 
national reference system, and for the relationship between the national and 
geocentric reference systems to be well defined, if they are not the same. As 
well, there are future benefits if the datum is internationally compatible. The 
work being done by MSD to implement a new geodetic datum, the 
Geocentric Datum of the UAE will satisfy this requirement. MSD has also 
accomplished building the geoid model of the country that would able 
accurate and unified vertical reference throughout the country. 
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9.3  MSD TECHNICAL STANDARDS 
Exchange data formats are crucial, as different organizations have adopted 

differing formats for the creation of organizational spatial data. The success 
of the NSDI will depend upon the adoption of exchange formats easily 
understood by agencies. Technical standards define the technical 
characteristics of the fundamental datasets. There is no doubt that consistent 
standards are required for data models, metadata, transfer and interoperability 
of storage and analysis software. With reference to The National 
Topographic Database (NTDB) framework of the UAE, MSD is compiling a 
metadata profile based on these standards. Documentation is available 
outlining the product features, standards, specifications, metadata, and data 
dictionary. 

 

9.4  POTENTIAL PARTNERS 
With respect to spatial data, government agencies in the UAE are growing 

at varying degrees, there is a significant difference in the amount and quality 
of development achieved between and among individual agencies. Town 
planning departments, local municipalities, oil national companies, federal 
and local environment agencies and other utilities departments have gathered 
a great amount of data. On the other hand, several public and private 
organizations have collected analyzed, updated and distributed spatial data.  
This valuable data can be brought into a uniformed datum where it would 
bridge the gap of information needed among many users.  

 

9.5  NON SPATIAL DATA 
Non-spatial data of the planning, statistical, economic, education, and 

social departments can easily be tagged to geographic location and linked to 
the spatial features to become a part of the NSDI. 

 

9.6  TELECOMMUNICATIONS INFRASTRUCTURE 
The accumulation of data and information without the ability to access, 

process, and disseminate serves a little purpose. SDIs depend on efficient 
telecommunication infrastructure. The UAE has a modern 
telecommunications infrastructure, especially compared to other countries in 
the region.   It has frequently been referred to as the "most wired" state in the 
Middle East. Etisalat (service provider) is a provider of advanced 
communications solutions, with key offerings including fixed-line and 
mobile telephony, internet, e-commerce, cable television services, and 
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provides related solutions and services, including data center and data 
clearing. Therefore, an NSDI would stand on a strong foundation. 

 

9.7  E-GOVERNMENT 
An NSDI is a very important component of E-government. Actually, NSDI 

and E-government sound the same. The difference in the naming is because 
the term “NSDI” had been coined long before the “E-government”. The other 
difference is the type of data they deal with; NSDI deals with spatial data 
whereas E-government deals with every type of data including spatial data. In 
other words, a functional NSDI will be a very important component of E-
government. E-government is not ‘old government’ plus the Internet [CEUC, 
2003], E-government means a transformation from traditional to “electronic”, 
which would make government-to-citizens G2C, G2B, and G2G interactions 
more friendly, convenient, transparent, and inexpensive. This can only be 
achieved through the interoperability infrastructure. 

 

9.8  E-GOVERNMENT IN THE UAE 
We live in an increasingly interconnected society, where the Internet is 

making tremendous improvements in efficiency and customer service. In this 
context, the UAE Federal Government set up a steering committee, under a 
cabinet resolution (1/631/2001) to provide the road map of E-government. 
This committee which is facilitated by the Ministry of Finance and Industry, 
is intended as a tool to re-invent and reform the current “management” of the 
government. At the local government level, Dubai has taken a lead in the 
region in deploying E-government applications and is among the first 
governments in the world to provide such integrated services to its citizens. 
Dubai was the only city from the Arab world to make the top 20 survey list, 
according to a Rutgers University survey (www.Dubai.ae ). 

 

10. BENEFITS OF NSDI 
The urgent need is to encapsulate the national holdings of spatial data in 

digital format so that a national repository of the map information is 
available. The digital infrastructure would also enable greater sharing and 
better access to high quality spatial data and would also improve the well-
being of our communities. Responsible stewardship of our natural resources 
for sustainable development depends on making sound scientific information 
available to local decision makers, of which spatial information would be a 
major element.  

 

http://www.dubai.ae/
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Most significantly, the UAE SDI will help achieve better outcomes for the 
UAE through better economic, social and environmental decision-making. 
An NSDI provides an environment for consultation with the user community 
to determine specifications, standards and priorities for fundamental datasets, 
thus avoiding unnecessary duplication. From a users’ perspective, the 
primary benefit of the NSDI will be the availability of complete and 
consistent datasets that can be integrated with their own data to meet their 
specific needs, yielding efficiencies and cost savings to the whole 
community. 

 

The abilities to publish and find geospatial data and services and to 
determine their relevance to specific applications are critical skills in a 
knowledge-driven economy. The use of GIS technology is spreading, and 
along with it the demands for more and better geospatial data. 

11. THE ROLE OF PARTNERS 
11.1 THE ROLE OF MSD IN THE NSDI 

MSD could play an important role in addition to its coordination approach 
towards spatial data on the national level. By taking the initiative to create a 
clearinghouse, offering some data themes from its maintained NTDB such as 
road network, coast line, relief as major components of the NSDI framework, 
develop metadata specifications (FGDC could be adopted with slight 
modifications), develop conversion routines to exchange different format 
structure among potential producer/user agencies. 

12. THE ROLE OF PARTNERS 
12.1  LOCAL LEVEL 

The role of local government within a spatial data infrastructure is the same 
as with the provision of other common, consistent national infrastructures, 
upon which a variety of government, private sector and community activities 
can take place. It is seen to be the role of government to set up infrastructure 
for the community to use and for industry to provide value added services to 
the infrastructure. The underlying philosophy supporting the role of 
government with spatial data is that fundamental spatial data is a national 
resource that must be managed in the national interest. 
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12.2  FEDERAL LEVEL 
A spatial data infrastructure for UAE NSDI has national importance and in 

the absence of a federal coordinating body, the MSD has taken a lead role at 
the federal level to ensure a coordinated approach to the collection, 
maintenance and distribution of spatial data across the country. Consideration 
is being given to establish the National Spatial Data Committee (NSDC) 
which has membership from federal and local governments and potential 
producer/user agencies with an interest in spatial data.  

12.3  ROLE OF THE PRIVATE SECTOR 
It is believed that the private sector may be unaware of the term NSDI.  

They often initially acquire data from another company in the private sector 
that may or may not provide information about the NSDI, such as utilities 
and resource extraction companies.  Private sector introduction to the NSDI 
is often by accident rather than by design.  Therefore, government agencies 
should work side-by-side with the private sector to develop a robust spatial 
information industry. These issues require partnerships between these sectors 
and their communities of interest. Private sector, the other major partner will 
have a major role to play in contributing to the design, implementation and 
operations of NSDI. Not only as task-contracts for implementing NSDI and 
software development, these will have to rise to the challenge of "pooling 
resources" to make NSDI a reality. The private sector will also be a major 
benefactor of NSDI for its own contribution to development and growth of 
businesses and also by generating information commerce. Some private 
sector firms may want to publish links to value added services that use 
geospatial data within the NSDI, which may also be value added, to perform 
analytic tasks for their customers. 

13. CONCLUSION 
One main aim of this paper is to encourage the views of the potential 

spatial data community including the government and the private sector to 
have adequate awareness of spatial data in the development of the NSDI. In 
the national interest, the objective in implementing a spatial data 
infrastructure is to efficiently provide the fundamental spatial data needed to 
support economic, social and environmental decision making. In the absence 
of national coordination, MSD has taken a lead role at the national level to 
ensure a coordinated approach to the collection, maintenance and distribution 
of spatial data. However, without Federal level institutional arrangements 
such as National Spatial Data Committee (NSDC) to produce custodianship 
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guidelines, it will not be possible for the UAE to implement the NSDI. In this 
respect, a current NSDI armed with a modern telecommunications 
infrastructure can put the country in a leading position in utilizing national 
assets. Much has been accomplished in recent years to further the 
implementation of E-government, but there is still much to be done to 
achieve the vision of an NSDI, particularly in the important areas of policy 
and standards for spatial data infrastructure. 

14. REFERENCES 
[1] A Yeh, GIS in developing nations, INT. J. Geographic information 

systems, 1991, Vol. 5, No.1.3. 
[2] The Delta-X project, ISPRS commission II symposium, June, 1994, 

Ottawa CANADA. 
[3] ALIC, Australian Land Information Council. Part 1, Belconnen ACT, 

1988. 
[4] Al Romaithi Khalifa, Institutional issues in developing GIS for the 

UAE, ITC. 1994, The Netherlands.  
[5] Al Romaithi Khalifa, MSD and Geospatial data, Middle East and 

North Africa ESRI Conference, Dobai UAE 1995. 
[6] Al Romaithi Khalifa(1997) Non-Technical Aspects Hampering 

Implementation of GIS in developing countries, GISlGPS conference, 
Doha Qatar. 

[7] Aniruddha, Roy (2003), ESRI India (NIIT-GIS Ltd.), GIM 
International Magazine, March 2003, Volume 17, pages 30-33. 

[8] ANZLIC (1996b) Report on Survey of Land and Geographic 
Information Systems Research and Development Needs, Canberra, 
Australia,65pp. 

[9] ANZLIC (1996c) Land Information Management Training Needs 
Analysis, National Report, Canberra, Australia, 61pp. 

[10] Baker, G.J. and Irwin, R.J. (1996) A Geographic Information 
Framework for Managing our Nation, Proceedings of Mapping 
Sciences ‘96, Canberra, September. 

[11] Clarke, A.L. (1994) Developing a National and Regional Geographic 
Data Infrastructure, 13th United Nations Regional Cartographic 
Conference for Asia and the Pacific, Beijing, May, 14 pp. 

[12] Charlene Morrison and Dr. m. Allam, a federal perspective of GIS 
activities in Canada, GIS/LIS, 1990, Vol. 2. 

[13] Clifford A. Kottman, Intergraph Corporation, November 1992. 
[14] CGDI (2001). Canadian Geospatial Data Infrastructure (CGDI), 

version 1, CGDI Architecture Working Group, December 2001. 



18                                                Part one: GIS Applications in E-government 

 

[15] CGDI (2004). Canadian Geospatial Data Infrastructure Web site, 
http://www.geoconnections.org/. 

[16] Kate Lance 2001, CODI-Geo, Sept. 2001U.S. Geological Survey 
National Mapping Division EROS Data Center.  

[17] G.F.Hice, Managing information systems evolution, Cap Gemini 
Publishing. Rijswijk, Netherlands. 

[18] Kate Lance 2002, GASSIA, Sioux Falls, May 2002 Geological Survey 
National Mapping Division EROS Data Center. 

[19] MSC (1993). Toward a coordinated spatial data infrastructure for the 
Nation, Mapping Science Committee, National Academy Press, 
Washington, DC. 

[20] NRC, 1995. A data foundation for the National Spatial Data 
Infrastructure, Washington DC. National Academy Press.  

[21] Saleh Saad.(2003), SALEH SAAD ALHUBAIL ,FRAMEWORK 
DATA MODELING for the Proposed NSDI of United Arab Emirates. 
2003. 

[22] World Bank (2002). E-government handbook for developing countries, 
Center for Democracy and Technology, World Bank. 

http://www.geoconnections.org/


    

3 
 
E-CONVEYANCING USING PUBLIC 
KEY INFRASTRUCTURES IN THE 
NETHERLANDS 
 

peter.stolk@kadaster.nl Peter A. Stolk 
Netherlands Cadastre and Land Registry Agency. 

SUMMARY 
The Kadastre in the Netherlands has as a legal task to maintain Public Registers on 
real estate. Transactions in real estate take place by means of notaries, who make up 
deeds of every transaction. Before any transaction, they check the current situation at 
the Kadaster, after signing the deed they send it immediately to the Kadaster, in order 
to update the Public Register. Since the 19th century, this is done with deeds on 
paper. At the end of the 20th century, we have started thinking about sending deeds in 
digital form. Because it should have legal status, it should be signed documents. So 
we have set up a mail based system with a public key infrastructure behind it. 
Together with the organization of notaries, we have built an application for this. At 
this moment, we are changing the Kadaster Act so that it is allowed to use this 
system. In the meantime, we have developed a more advanced system, in which 
presenters of deeds do not have to build their own application. They can use a web 
application that gives you all the ingredients for e-conveyancing. 

1. INTRODUCTION 
 The Kadaster organization is operating in the market of real estate. When a 
house is for sale, and you are interested, you can go to a real estate agent. He 
or she operates as a broker between seller and potential buyer. When the 
seller and the buyer agree on the selling price, the house is sold. The 
conveyance of property must be established by a notarial deed. 
 

Before conveyance, the notary inquires the Public Register to look up if the 
seller is really the owner. That Public Register is maintained by the Kadaster 
since 1832. We have an agreement that notaries inquire this register on every 
transaction in real estate (houses, apartments, parcels). After signing the deed 
of conveyance, the notary sends a copy of the deed to the Kadaster, so that 
the Public Register can be updated. In the 19th century a deed was provided 
with sealing-wax. Nowadays we are using the original paper of the KNB, 
holding a watermark. For over 150 years, conveyance of real estate takes 
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place based on deeds written or printed on paper. The same story holds for 
mortgages and seizures. We have a so-called 'deeds-based system'.  

 

2. CURRENT PROCESS 
Deeds are arriving via the Dutch postal service. Notaries are sending an 

original deed and a copy on a special form. Special forms, provided by the 
Kadaster, reserve a special location for our unique identification. It consists 
of a part and a number. In each part, we put at most 200 pages. Every deed 
consists of 1 of more pages. At the moment they are on average 10 pages 
long. Within a part, we are giving number in ascending order until we exceed 
200 pages; then we start with a new part. This system was introduced in 1832 
and it still has its place in our administration of today. 

 

The content of a deed is processed in our database. Afterwards, we put the 
deed in our Public Register that is bindings of about 200 pages. For security, 
the content is also filmed on 16 mm film. The durability of these films is 
extremely high. KODAK gives a guarantee for hundred years or more. 

 

 We are sending the notary a proof of receipt. This proof is always sent by 
fax.  

3. STARTING ELECTRONIC CONVEYANCING 
At the end of the 20th century some people have thought: isn’t it easier to 

send the Kadaster a copy of a deed by electronic mail? Isn’t our current 
process somewhat archaic? So we have formed a task force named ELAN. 
The task force has started its activities in 1997. In 1998 we have reached an 
agreement between the Kadaster and the organization of notaries in the 
Netherlands (KNB). 

 

Reason: for the benefit of a more efficient traffic in real estate, it is desired 
to deliver notarial deeds at the Kadaster in electronic form. To realize this, we 
must agree on protocols, hashing techniques and key management. 
The stated agreements are: 
• We will use the intranet of the KNB. 
• Until receipt at the Kadaster, the KNB is responsible for integrity of a 

message. 
• After receipt at the Kadaster, the Kadaster is responsible for integrity. 
• Integrity and authenticity are reached by use of hashing techniques and 

digital signatures. 
• Digital deeds will still be filmed for durability reasons. 
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4. FUNCTIONALITY OF THE SYSTEM: 
MESSAGES BETWEEN NOTARIES AND 
KADASTER 
 

 
 

An incoming message from a notary at the Kadaster can contain four 
different types of requests, combinations are allowed: 
• A request for Registration Deed (RRD). 
• A request for Registration Correction (RRC). 
• A request for Renewed Registration (RRR). 
• A request for Cancellation (RCA). 

 

The most common request will be a Request for Registration of a Deed. 
In the case where the Kadaster has asked the notary for correction, after the 
check on formal requirements by Kadaster, the notary can send a Request for 
Registration Correction. 
 

In the situation where the Kadaster cannot register a deed because of 
juridical issues, a notary can send a request for Cancellation. After changing 
the content of the deed, he must do a new request for registration deed. In 
very rare cases, notaries do not agree with the opinion of the Kadaster on 
juridical issues. Then we go to court. If the judge thinks the Kadaster is 
wrong, the notary can send a request for renewed registration. 

 

After reception of a request from the notary, Kadaster can reply with one of 
the following messages: 
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• Message of Disapproval (MDA). 
• Message of Non-mentioned Parts (MNP). 
• Proof of Receipt (PREC) for RRD, RRC and RRR. 
• Proof of Cancellation (PC). 
• Denial of Request for Cancellation (DRCA). 
 

A Message of Disapproval is only sent in case of disapproval of the 
complete incoming message (request). It has been agreed with the KNB that 
this case will always be related to a phone call. A Message of Non-mentioned 
Parts is only sent in case the incoming message contains too many files; this 
means files are related to the request which is not mentioned in requests. 

 

A Proof of Receipt will always be sent. These proofs contain already the 
reserved unique identification or a reason of disapproval. In the seldom case 
of a Renewed Request, we are sending the Proof of Receipt in analogous 
form. When the Kadaster disapproves a Request for Cancellation, it sends a 
denial of it. This is only done when the notary had not sent his request for 
cancellation within the valid response time. 

 

After reviewing requirements for registration and processing: 
• Proof of Registration (PREG). 
• Request for Correction (RC). 
• Information of Non-Registration (INR). 
• Message of Refusal (MR). 

 

A proof of Registration is sent after Registration of a Request or 
Correction. A Request for Correction is sent when correction is needed. This 
will always be preceded by a telephone call. An Information of Non-
Registration is sent when the Kadaster could not register the deed or 
correction because of juridical issues. It will always be preceded by a 
telephone call. 

 

After an information of Non-Registration, the notary has a certain term 
for reaction (by sending a Request for Cancellation). After exceeding this 
term, the Kadaster sends a Message of Refusal. 

 

5. CONSTRUCTION OF MESSAGES 
Incoming messages from notary and replies to those messages by Kadaster 

are composed as follows: 
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• Forms, this means a request for Registration Deed (RRD), a request for 

Registration Correction (RRC), a request for Renewed Registration (RRR) 
or a request for Cancellation (RCA). Those forms are in eXtensible Markup 
Language (XML). Names of annexed files, e.g. file-names of deeds and 
maps are mentioned in these forms. Furthermore this form contains the 
name of the local cadastral branch office where the request presented on 
the form will be processed. XML has as an important advantage above 
EDI, (an earlier format) you have more flexibility in changing the XML 
definition, because you do not have to change simultaneously. When using 
EDI, both sender and receiver had to implement changes at the same time. 
When using XML, this is no longer the case. 

• Deeds, annexes, evidences and maps should be in Portable Document 
Format (PDF), this is an important choice. Notaries are using many 
different text processors, and of course Kadaster is not in the position to 
change this. This means many different formats have to be managed: e.g.: 
WordPerfect; several versions of Word etc. For this reason, all files are 
standardized on PDF. For almost every text processor, tools are available to 
convert documents to this standard; even systems like AutoCAD can 
convert maps to this standard. Another important advantage is that there is 
a free program, Adobe Acrobat Reader, which can be used to view PDF 
documents. 

• In some cases maps are annexed to the deeds, this is optional. Maps could 
be sent by notary to represent agreements on parcel subdivision or to 
describe apartments in flat buildings (condominiums). About 1% of 
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incoming deeds contains maps.  Big files could be compressed to ZIP 
format. 
 

6. DIGITAL SIGNATURES 
A digital signature is attached or logically related to an electronic 

document.  Such a signature is more sophisticated then a scan of a document 
with a normal signature. A digital signature is: 
• Related in a unique way to the person who signed the electronic document. 
• Allows for the identification of the person who signed the electronic 

document. 
• Is created with tools that can be controlled by the person who signed the 

document. 
• Is related to the data concerned in such way that each modification 

afterwards in those data can be identified. 
• Based on a qualified certificate. 
All these topics are discussed in the following sections. 
 

7. PUBLIC KEY CRYPTOGRAPHY 
Digital signatures are based on two ingredients. The first one of this is 

public key cryptography. With this kind of cryptography, everyone who 
might possibly want to communicate uses a key pair, which consists of a 
public key and a private key. These keys are mathematically related, but the 
private key cannot be discovered from the public key. The principle of the 
system is: what is encrypted by use of the private key can only be decrypted 
by the public key. There is only one algorithm that is in wide acceptance 
today: this is called RSA, named after its inventors Rivest, Shamir and 
Adelman. The system works quite simple. A key pair is mathematically 
generated. Messages encrypted with a private key can only be decrypted by 
the corresponding public key, and messages encrypted with the public key 
could only be decrypted by using the private key. The private key must be 
kept secret; the public key can be spread over the world. The longer the key 
the better is the security. For our system, we are currently using keys of 1024 
bits. 

8. HASHING TECHNIQUES 
The second ingredients for digital signatures are hashing algorithms. 

Because the use of public key cryptography is computationally expensive, in 



E-conveyancing using Public Key Infrastructures…                                   
  

25 

 

fact we do not encrypt whole messages or documents. There are algorithms 
that will reduce documents to a small representation based on the data, a hash 
value or digest. Hashing techniques are used to distill information contained 
in a file into a single large number, typically between 128 and 256 bits in 
length. The best techniques combine these mathematical properties: 
• Every bit of  the message digest function is influenced by every bit of the 

function’s input. 
• If any given bit of the function’s input is changed, every output bit has a 

50% chance of changing. 
• Given an input file and its corresponding message, it should be 

computationally infeasible to find another file with the same message 
digest. 
 
Because these digests are small, it takes much less time to encrypt the hash 

value with a public key algorithm. Very known hashing algorithms are 
Message Digest 5 (MD5) or Secure Hashing Algorithm 1 (SHA-1). MD5 is 
developed by Ronald Rivest. It produces a 128 bit digest. SHA-1is developed 
by the NSA. It produces a 160 bit digest. 

 

Reasons for using hashing techniques: 
• Much faster than traditional symmetric key cryptographic functions. 
• No patent restrictions on any message digest function currently in use. 
• No export restrictions. 

 

Message digest functions are the basis of most digital signatures. Instead of 
signing the entire document, most digital signature standards simply sign a 
message digest of the document. 

 

When we present this in a schema, it looks like this: 
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9. DISTRIBUTION OF PUBLIC KEYS 
Without some way to tie a person to a key pair, the digital signature is 

useless. We have to find a party that will state that a private key belongs to 
you. For this reason, we are using Trusted Third Parties (TTP). They do so by 
issuing a certificate that holds the public key and some data to identify a 
person. For this reason, we are mostly speaking of Certificate Service 
Providers. A Certificate Service Provider (CSP) is an independent and 
reliable third party that generates electronic key pairs and publishes 
electronic certificates in which it is declared that a public key is related to a 
person (X509v3 format is used for this purpose). Of course, the holder of the 
key is obliged to identify him or her self (passport, etc) to the CSP. Every 
body can check the certificate with the original CSP. For this reason, the CSP 
has to maintain which keys are still valid and which keys have been revoked: 
the issuer of the key (the CSP) has a Certificate Revocation List (CRL). At 
this moment, in the Netherlands we have to important parties operating as 
CSP: DigiNotar and PinkRoccade. 

 

10. HOW DOES E-CONVEYANCING WORK? 
Sending an electronic document (deed, etc) can be organized as follows 

now: Notary A signs an electronic deed with his or her private key. The 
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application for e-conveyancing does compute a hash value of the deed; this 
hash is encrypted with his private key. 

The receiver of the electronic document, the Kadaster, can verify with the 
related public key (which is included in the certificate attached to the 
document) if this document is unchanged (computed hash is equal to the 
decrypted hash) and if it has been sent by the holder of the private key 
(whose credentials are in the certificate). This sounds complex, but after 
installation of the required software, this can be done easily. 

 

11. SMARTCARD OR CRYPTOSERVER? 
When you go to a Certificate Service Provider to generate a key pair for 

you, the CSP will put your private key on a smartcard. So a smartcard 
belongs to a person. Every notary has to sign individually each deed he is 
sending to the Kadaster. For that reason, his computer is equipped with a 
smart card reader. He can enter his smartcard to digitally sign the deed. 

 

All those digital deeds are sent to a central point of the Kadaster. The 
Kadaster is also sending signed messages: proofs of receipt, proofs of 
registration etc. It should be quite clear that the chief registrar is not signing 
every individual message with his smartcard. Instead of this, we are using a 
cryptoserver. That is some special hardware (developed by IBM) that signs 
every message. This hardware is tamper-free, so when someone tries to open 
it to retrieve the private key kept in the crypto-server, it flushes its own 
content. 

12. APPLICATION DEVELOPMENT FOR 
PRESENTERS OF DEEDS 

The system we developed has an ICT infrastructure of two parts. The 
sending party has developed an application to send digitally signed deeds to 
the Kadaster, we have developed a system to receive these messages, check 
them automatically and put the deeds in our workflow management system.  

 

Presenters of deeds can build their own application. For this reason, we 
have published the exchange protocol in an annex to the Kadaster Act. 

 

In fact, we have some other parties that present deeds to us in order to 
update the Public Register. These are bailiffs (sending seizures), 
municipalities, provinces, etc. In fact, these parties will not send enough 
deeds each year to make it sensible to invest in a special application for this 
purpose. For that reason, the Kadaster is thinking about presenting a web 
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application for this. There are some problems with this: how do you permit a 
web application to get access to the local file system (where the deeds are) 
and how do you get access to a smartcard reader? To investigate the 
possibilities, we have developed a very simple web application. It is bases on 
Java Webstart technology. Java Webstart is a free environment to run Java 
programs, which at first run, ask explicit permission for access of the file 
system and the USB port (to use the smartcard reader). For the smartcard 
reader, we are using a special library, PKCS#11. This together makes up an 
application which will be demonstrated at the seminar. 

 
 

 
 

13. CLEAR SIGNING OR OPAQUE SIGNING 

 

The demo application has two options for signing: clear signing and opaque 
signing. With clear signing, the encrypted hash value is put in a separate file. 
When you use it, the document and the signature are separate attachments in 
a mail message. You can read the document without checking the signature. 
With opaque signing, the encrypted hash value is mingled with the content of 
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the document. The result is an unreadable file. This use of signing is not 
meant for data encipherment (with binary viewers you can still read the 
content), but is a way to directly connect the document and the belonging 
signature. 
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ABSTRACT 
One-stop government refers to the integration of public services from a citizen’s 
point of view. Currently, the realization of online one-stop government portal in 
Western Europe and in the US is in an infant state, however more advanced in the 
US. E-government project recognizes that online one-stop government can only 
realize its full potential if supported by an integrated, open and extensible platform. 
In evaluating ongoing projects worldwide to realize transaction services in many     
E-government initiatives, this paper identifies the essential elements of an 
infrastructure for e-government process portal and discusses how the findings could 
be generalized for socio-economic and political foundations in Egypt. We propose an 
E-government Enterprise Architecture Framework (e-EAF.) We also propose 
architecture for Real Estate Service Portal in Egypt as a profile of e-EAF. 

1. E-GOVERNMENT DEFINITION AND 
GOALS 

 The term E-government is generally agreed to derive from electronic 
government. E-government introduces applications to support various 
dimensions and ramifications of government.  
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E-government has the following general service areas: 
• The Delivery of Public Services, where there is an online, Internet based, 

or electronic aspect to the delivery of the services 
• The Conduct of Government Business where the activities of those 

involved in the process of government itself (such as legislators and the 
legislative process) where some electronic or online aspect is under 
consideration. 
 

 It would be easy to make the mistake of assuming that E-government was 
all about "online government" or "Internet based government". Many            
non-internets based "electronic government" issues exist which appear under 
the E-government heading. Similarly, it would also be an error to imagine 
that all Internet-related E-government is about government websites. Non-
Internet aspects of E-government include: 
• Telephone and telecommunications issues in a government context, 

including:  
The provision of government services by telephone (such as in 
call centers). 
The use of fax in the provision of government services and the 
conduct of government business. 

• The use of mobile phone (and PDA) based communications 
technology (such as SMS, GPRS, WiFi, and Bluetooth) in the 
provision of government services and the conduct of government 
business. 

• Surveillance systems, CCTV, tracking systems, RFID, biometric 
identification, road traffic management and regulatory enforcement. 

• Identity cards and smart cards. 
• TV and radio-based delivery of government services through 

announcement and guidance. 
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 Figure 1: E-government Portal overview 

 

E-government provides many opportunities to improve the quality service 
to the citizen. Citizens should be able to get service or information in minutes 
or hours, versus today’s standard of days, weeks or even months. Citizens, 
businesses and state and local governments should be able to file required 
reports without having to hire accountants and lawyers. Government 
employees should be able to do their work as easily, efficiently and 
effectively as their counterparts in the commercial world. An effective 
strategy will result in significant improvements in the federal government, 
including:  
• Simplifying delivery of services to citizens.  
• Eliminating layers of government management.  

usinesses, other levels of government 
• Making it possible for citizens, b

and federal employees to easily find information and get service from 
the federal government. 

• Simplifying agencies' business processes and reducing costs through 
integrating and eliminating redundant systems. 

• Enabling achievement of the other elements of the President’s 
Management Agenda. 

• Streamlining government operations to guarantee rapid response to 
citizen needs.  

 



 34                                                Part One: GIS Application in E-government 

 

2. E-GOV PORTAL REQUIREMENTS FOR 
EGYPT 

E-government service portals focus on three citizen-centered groups, each 
providing opportunities to transform delivery of services, Figure 1.  
• Individuals/Citizens: Government-to-Citizens (G2C); Build easy to 

find, easy to use, one-stop points-of-service that make it easy for 
citizens to access high-quality government services.  

• Businesses: Government-to-Business (G2B); Reduce government’s 
burden on businesses by eliminating redundant collection of data and 
better leveraging E-business technologies for communication.  

• Intergovernmental: Government-to-Government (G2G); Make it easier 
for states and localities to meet reporting requirements and participate 
as full partners with the federal government in citizen services, while 
enabling better performance measurement, especially for grants. Other 
levels of government will see significant administrative savings and 
will be able to improve program delivery because more accurate data is 
available in a timely fashion. 

 
One-stop government has the potential to transform the interaction between 
the public sector and the citizens and business, Figure 1. As stated by the 
eEurope initiative “it can increase efficiency, cut costs, increase transparency 
and speed up standard administrative processes for citizens and business”. 
However, the realization of one-stop government in Egypt is a non-trivial 
exercise that must consider social, cultural, economic and political aspects. 
For example, most E-government initiatives state that enabling G2C through 
web services is of high priority. In Egypt, computer literacy and Internet 
connectivity per capita are by no means comparable to Europe and the US. 
On the other hand, the Egyptian private sector is at a relatively more 
advanced stage. Therefore, it is our recommendation to start one-stop            
E-government portal activities with high payoff services focused on G2B and 
G2G. Improving the way government and businesses conduct business 
together will indirectly enhance quality of life for citizens. The E-government 
requirements must address four key areas: 
• Government-wide structure, mandates, and strategy to support             

E-government success. 
• Egyptian E-government Enterprise Architecture Framework (e-EAF) 

that includes relevant technology standards, government enterprise 
architecture, information architecture, service architecture, and network 
architecture. (e-EAF will be discussed more in the subsequent section.) 
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• Application service framework, which includes business processes and 
workflows. 

• Associated social aspects and process models. 
 

3. THE EGYPTIAN E-EAF: A PROPOSAL 
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Figure 2: E-EAF technology stack  
 The Egyptian E-government enterprise architecture framework should be 
service oriented and web enabled. Web services provide a standard means of 
interoperating between different software applications, running on a variety 
of platforms and/or frameworks. e-EAF should provides a conceptual model 
and a context for understanding the Egyptian E-government services and the 
relationships between the components in the system.  
 

The architecture does not attempt to specify how Web services are 
implemented, and imposes no restriction on how Web services might be 
combined. The e-EAF describes both the minimal characteristics that are 
common to all E-government services, and a number of characteristics that 
are needed by many, but not all, E-government services.  
 

 Th is an interoperability architecture: it 
iden
requ
inte
Egy
wor
mon
e Web services architecture 

tifies those global elements of the global Web services network that are 
ired in order to ensure interoperability between Web services, hence the 

gration of government information systems, Figure 2. Perhaps the 
ptian government has an edge over developed countries in the western 
ld. In Egypt, a large number of government services do not have legacy 
olithic information systems where substantial investment is required to 
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upgrade the systems. Egypt can have a fresh start to build sophisticated 
interoperable E-government portal services without burden of legacy 
systems. This in fact greatly simplifies system integration with legacy 
systems phases, which are considered a costly aspect of E-government. 
 

Web services, in the general meaning of the term, are services offered via 
the Web. Figure 2, shows the technology stack of Web Services. In a typical 
Web services scenario, a business application sends a request to a service at a 
given URL using the SOAP protocol over HTTP. The service receives the 
request, processes it, and returns a response. An often-cited example of a 
Web service is that of a stock quote service, in which the request asks for the 
current price of a specified stock, and the response, gives the stock price. 
This is one of the simplest forms of a Web service in that the request is filled 
almost immediately, with the request and response being parts of the same 
method call. Another example could be a service that maps out an efficient 
route for the delivery of goods. In this case, a business sends a request 
containing the delivery destinations, which the service processes to determine 
the most cost-effective delivery route. The time it takes to return the response 
depends on the complexity of the routing, so the response will probably be 
sent as an operation that is separate from the request.  

 

 Figure 3 shows a proposed architecture for a nation-wide real estate 
service. The real estate agent services enable agents and buyers alike to 
search and locate properties on sale. The real estate services enable 
authorized users to search title registers, property tax records and other 
relevant information about the property of interest. The financial services are 
generally provided by the private sector. They provide online and phone 
support for mortgage applications. Financial services also can provide a 
grading system for applicants to determine their credit worth so that lenders 
can provide them custom loan offers.  
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Figure 3: Architecture for Real Estate service portal in Egypt  
 

The E-government portal can provide additional services to customers 
(businesses and citizens) which include zoning, planning, and maps. The 
portal will also serve as a one-stop first entry for customers.  

4.  APPLICATION OF E-EAF IN EGYPT 
In this section, we briefly describe e-EAF architecture for real estate 

services in Egypt. Egypt is currently witnessing an evolution in the real estate 
market. To ensure maximum benefits, such evolution must be coupled with 
an evolution in government, financial and real estate services.  

Figure 3 shows a proposed architecture for a nation-wide real estate 
service. The real estate agent services enable agents and buyers alike to 

eal estate services enable 
search and locate properties on sale. The r

authorized users to search title registers, property tax records and other 
relevant information about the property of interest. The financial services are 
generally provided by the private sector. They provide online and phone 
support for mortgage applications. Financial services also can provide a 
grading system for applicants to determine their credit worth so that lenders 
can provide them custom loan offers.  
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The eGOV portal can provide additional services to customers (businesses 
and citizens) which include zoning, planning, and maps. The portal will also 
serve as a one-stop first entry for customers. 

5. IMPACT ON GIS MARKET: GOING 
BEYOND THE TRADITIONAL BOUNDARIES 
OF ORGANIZATIONS 

As seen from the real estate application, private and public stakeholders 
must work beyond their boundaries and operate in a more tightly coupled 
mode, forming integrated ‘virtual’ enterprises, to seize business opportunity.  

A Virtual Enterprise (VE) is a temporary network of independent 
organisations (legally autonomous companies), that join functions with a 
particular objective. A VE is structured and managed in such a way that it is 
seen by third parties as an identifiable and complete organisation (one 
enterprise). The principles of the VE are: better customer satisfaction, 
reduced time-to-market and adaptation to changes in the surrounding 
environment.  

 
 

These principles are applied mainly with the aim of having a share in a 
wider global market. This approach provides an organization with enough 
flexibility to handle an uncertain changing environment. These enterprises 
are called “virtual” because of their temporary nature, seizing certain, often 
short-lived, business. The products and services provided by VEs are 
dependent on innovation and are strongly customer-based.  

 

Current developments in the industrial and service sectors are focusing on 
the concept of VE and in the issues that have to be addressed to achieve inter-
organizational integration. The development of an integrated platform that 
enables interoperability and inter-working of functional entities within 
heterogeneous environment is required to make such an enterprise feasible. 
Further, special computer-based tools are required to manage cross-
organizational information, processes, and workflows as well as the quality 
of services of such distributed enterprise [2], [3], [4], [5], [6]. 

5.1  NEW TRENDS IN GIS ADVANCES 
The implementation of these new ideas of virtual communities, 

collaborative work, etc. and integrating processes and information from 
different organizations, for the delivery of products or services based on 
common business understanding is an inevitable future characteristic of the 
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GIS market worldwide. These developments lead to several consequences, 
such as: 
• Collaborative work: it has become evident that satisfying the needs for a 

large variety of geo-spatial datasets and services, mostly in near-time 
mode, is beyond the capacity of a ‘single’ organisation. As organisation 
start to collaborate, they develop a need for new mechanisms, tools and 
ideas as to how to define, execute and manage collaborative processes, [6], 
[9]. 

• Interoperable, distributed GIS functionality, the growth of the Internet and 
the accompanying advances in communication technology are pushing the 
interoperability efforts to facilitate the sharing and distributing geodata. 
Furthermore, these technological advances are leading to the boom in Web 
mapping and Internet GIS. New GIS models emerge, based on the concept 
of unbundling functionalities in the current stand-alone systems to be 
delivered over the Internet, as independently developed, yet interoperable 
autonomous services, [2], [11]. 

• Web services: there exists increasing interest in Web Map Services, as 
commercially available ready to use services delivered across the Internet, 
and the on-going OGC developments of standards for such services and 
their access via standard, interoperable, interfaces, [12]. 

 

5.2  THE EMERGE OF ‘VIRTUAL’ MAPPING 
ORGANIZATION 

Geo-information and mapping organizations have been affected by 
economic and technical developments in the way they perform their job, 
creating new ways to do business, being partnership and collaboration an 
important business strategy. This is to satisfy the needs for varieties of       
geo-spatial data sets and services, mostly of large volumes and in near-time 
mode, and beyond the capacity of single organizations. The partnership 
collaboration can be improved by applying a new business paradigm: the 
virtual enterprise. By taking this approach, more tightly integration and 
communication is achieved through a common mission, strategy and use of 
ICT, with mechanisms to establish clear responsibilities improving the 
production relationships and thus improving success for the organizations. 
The virtual enterprise is a new business practice that is emerging, [9]. 

 

The operational model of such an enterprise is based on the concept of 
unbundling of the functionalities of current stand-alone systems in the 
traditional Geo-organizations, including mapping agencies, to make them 
available as independently developed, yet interoperable autonomous services. 
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These functionalities include processes from different data sources, processes 
to create databases and manage their access, processes for map visualization, 
GIS functionality for spatial data analysis, etc. Such services are essentially 
processes that run on Web services. Adding to these functionalities, the 
commercially available Internet-based services (Web Map Services), ready to 
use via standardized access interfaces and delivered across a wide area 
network; the OGC Application Service provider is an example [12]. 

 

An infrastructure, with institutional and technical arrangement will be 
required to support the networking and chaining of these functionalities and 
services to create customized solutions and achieve common business goals. 
Integration is not limited to data exchange capabilities, but also concern with 
the rest of the enterprise by connecting all necessary functions and 
heterogeneous functional entities: business processes, information systems, 
application packages, organization units, resources, etc. The infrastructure 
will manage information, processes, control and workflows across the 
boundaries of the participating organizations. Basic functionalities and 
services are processes that run on Web services, made accessible via 
standardized, interoperable, access interfaces, semantic unification must be 
assured to support data exchange and need to be registered in order to be 
located in a distributed environment; all these are the main requirements to 
utilize such an infrastructure. Further, special services will be developed to 
provide the option of combining and chaining of services (a kind of 
broker/mediator), also to manage inter-organizational workflows and manage 
the quality of services in such wider network of services, operating under 
different rules and constraints, [2], [6], [9]. 

5.3 THE CHANGING ROLE OF GEO-SPATIAL 
INFORMATION INFRASTRUCTURE: FROM 
DATA TO SERVICES DELIVERY 

Geo-information Data Infrastructure (GDI) provides access to geographical 
data by networking geo-information databases ruled by sharing mechanisms, 
defining technological as well as organizational aspects for the exchange of 
data.  

 

The role of the GDI is currently changing, from it being a simple data 
discovery and retrieval facility to become an integrated system suitable for 
the provision of customized information and services. For the sake of 
simplicity we use the term services to denote geo-information services. 
Normally developers address the issue of designing complex services by 
stringing together groups of functions in an ad-hoc manner. This approach 



The Design of specialized portal for the distribution ...                            41 

may satisfy a particular need but doing this separately for different services 
hampers reusability. Moreover, lack, of descriptions of the solutions obtained 
makes it hard to aggregate solutions to execute complex tasks. 
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Figure 4: Geoinformation Service Infrastructure 
 

From the ‘virtual enterprise’ perspective, a GDI is viewed as a mechanism 
that facilitates collaborative work, where it is possible to link autonomous, 
distributed, geo-information centers (data providers, value added service 
enablers, service providers and control units) to achieve business goals, 
[8],[9]. 

 

 Such a service-centred infrastructure has variously referred to as the Geog-
information Services Infrastructure (GSI). 
 

The objective of our research is therefore focusing on the development of 
mechanisms to describe, combine and manage independent collections of 
services. Here we introduce a concept that aims at facilitating the generation 
of sophisticated value-added services, (see Figure 4). The idea of the GSI is 
that elementary services can be described, accessed, combined and managed 
to deliver complex content. Within the GSI, a common method is used to 
describe elementary services and their interfaces, and then these services are 
made available for users to create service chains that perform complex geo-
processing tasks [6], [7], [9]. 

 

A GSI is a system from which specialized geo-information products and 
services can be obtained by exploiting the artifacts of an infrastructure of 
interconnected nodes that include, among others, data repositories, data 
brokers, service providers, service brokers and clients.  
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Large geo-processing tasks are achieved by combining or chaining artifacts 
located along the distributed nodes. Such combinations of artifacts provide 
diverse functionality that satisfies particular sets of requirements. Every 
artifact has an economic value; these artifacts are assembled to perform 
operations within the infrastructure, resulting in a specialized artifact that has 
a value equal or larger than the value of the artifacts used. This architectural 
approach can be regarded as a “value-added system”. By chaining these 
artifacts one can provide a service. A service is defined as behavior of value 
to the user, which is accessible or instantiated through interaction points. This 
behavior is exhibited through an appropriate combination of elementary 
artifacts. 

 

In order to bind multiple artifacts into a chain that accomplishes a large 
geo-processing task, a proper description of the participating artifacts is 
required. These descriptions focus on exposing the artifact's internal 
behavior, its intended effect and its interaction points or points of 
composition. These descriptions, which are presented as instances of well-
defined models, make it possible to interchange and reuse artifacts. We call 
these descriptions system metadata and they are stored and accessible 
through a service repository. 

 

The GSI system enables Geo-Service Providers (GSPs) to make use of each 
others functionality to supply a wide range of services and possibly to reach 
larger groups of users. Figure 4 illustrates the interactions that take place as 
GSP nodes provide services to their users. 
Users interact with the different GSP-nodes to request their specific services. 
Figure 4 shows these interactions as dashed-lines. GSP-nodes may make use 
of artifacts available in other GSP-nodes in order to realize a particular 
service. These interactions between GSP-nodes are shown in Figure 4 as 
solid lines running from Node to Node. All connections mentioned here are 
established through a network. 
 

6. THE GSI BROKER: IMPLEMENTATION OF 
E-EAF 

 In a virtual environment, with enterprises not knowing each other, there 
must be a mechanism to facilitate their cooperation. For that, the broker can 
be used. A broker in the VE context is the facilitating mechanism to find 
partners to cooperate with and to provide a complex product to fulfill a client 
demand. The GSI broker will serves as the mechanism supporting the 
searching for products by users, the selection of partners and the creation and 
control of the workflow [1], [5], [6]. 
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Table 1:  OGC service taxonomy 

 
Service Categories 
Human Interaction 

Information 
Management 

Workflow 
Processing 

Communication 
System Management 

 
Following the OCG service taxonomy categories (Table 1) [10], the broker 

will support the workflow with additional capabilities for control and 
management that can be placed into the System Management OGC categories 
[11]. The main components of the GSI architecture are the user (client), the 
broker and the GSI nodes, arranged in client/server architecture using Internet 
as the network environment (see Figure 5). The client (organization) is one of 
the GSP nodes, looking for partnership to fulfill a demand. The client defines 
the objective of the VE to be created, organizes and looks for partners.  
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Figure 5:  GSI Enterprise Conceptual Architecture. 

 
Client designs, implements, operate and owns of the service via the service 

broker, which will link the participating enterprises. 
 

The service broker supports the creation, execution, control and 
management of business virtual processes. It is composed of: 
• User Interface: gives access to the different services provided in the broker. 
• Search Engine: This service allows users to find the business services they 

need. To find individual products or services the search engine has access 
to the Workflow Services Catalogue. 

• Workflow Services Catalogue: in a virtual environment, enterprises 
advertise their services in this component. It should contain the business 
services definition (which includes simple services like data supply) and 
the workflow definition. This functionality can be inside or outside the 
broker and is represented by a dashed line. 

 

• Workflow definition tool: provides tools to define a virtual business 
process made up of building blocks from the workflow services catalogue 
(chaining enabler), which is feed by the enterprises participating in the GSI. 
The workflow definition tool creates a single definition of the virtual 
business process, facilitating its enactment. 
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• Workflow rule engine: the full virtual business process definition will be 
passed to the workflow rule engine for enactment and control of the 
execution. It communicates with the WFMS of the GSI nodes to trigger the 
activities when corresponding. However, the participating nodes not 
necessarily need to own a WFMS in which case the trigger to start the 
process is not automated. The enactment service of the workflow engine 
takes care of security mechanisms for data transmission over the network. 

• Administration and control tool: it is responsible for keeping track of the 
progress made in the execution of the virtual business process, provides 
status of all active components in the system and keeps a log history file 
with performance data like duration of the activities, that can be consulted 
by the membership organizations participating in the GSI via the user 
interface. 
 

7. CASE STUDY: IMPLEMENTATION OF  
    THE ‘VIRTUAL’ LAND AGENCY  
 The Egyptian Government has the need of a modern Land Information 
System (LIS) to improve Local Real Estate market and encourage foreign 
investments as some of the main reasons. The tasks and data needed for the 
LIS are distributed in three different organizations from the government:  
• The Egyptian Survey Authority in charge of the rural an urban parcel 

surveying 
• The Registration Estate Office: in charge of the parcel registration 
• The State Owned Land Office: in charge of managing the State-owned land 

and responsible for the development of land use scenarios for investors in 
real estate. 
 

A possible solution is to use the existing government agencies as nodes of a 
GSI system and the concepts of VE as outlined above. By linking them, their 
workflows and data, the three agencies behave as a ‘virtual’ Land 
Information Agency. 

 

 The participating agencies require a service orientation attitude, clear 
business process definitions, high commitment for collaboration and ICT 
infrastructure to create and maintain the LIS which will support the land 
market players and other organizations as it participates in the National GDI 
(NGDI). A prototype was developed at ITC, in the framework of the 
TMS/ESA Project for capacity building in the Egyptian Survey Authority, 
[14]. Figure 6 depicts the participating organizations and the services they 
provide in the ‘Virtual’ Land Agency. In addition to the above mentioned 
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organizations, is the Information and Communication Technology (ICT) 
supply information service which interact with the main users of the LIS. The 
other components which support services such as finance, user interface, etc. 
are left out as they are of the scope of this paper. 
 

The tool used for the agencies, or enterprises to interact with each other, is 
the GDI broker or, as we prefer to call it, the GSI broker, as in this 
infrastructure, not only data but services are to be provided. The service 
broker for the Virtual Lang Agency (Figure 7), supports the creation, 
execution, control and management of business virtual processes.  It is 
composed of the components explained in Section 5; the Workflow Service 
Catalogue, Workflow definition tool, Workflow rule engine and 
Administration and control tool. 
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Figure 6: Virtual Land Agency and its participating organizations 
 

 The proposed GSI broker is an Inter-workflow Management System based 
on the work of Hayami and Katsumata, [4] and the interoperability standards 
developed by the Workflow Management Coalition (WfMC), [1], with the 
main components of a regular WFMS: a process definition tool, a workflow 
engine and the administration and monitoring tool. Using the inter-workflow 
method, the process is defined in hierarchy. One top-level definition of the 
cooperative process is made in the Inter-workflow definition tool and internal 
process definitions are made in the enterprises. The communication can be 
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achieved using gateways as described in the WfMC Interoperability, [1]. A 
gateway is a mechanism that allows specific workflow products to move 
work between each other. 

8. CONCLUDING REMARKS 
 Implementing an E-government in Egypt or in any place on the planet is a 
non trivial task. We believe that technology is not the major key success 
factor. Instead, resistance to change, legislative, and public private 
partnerships are the key success factors. Once these key factors are in place, 
the more tangible technological aspects can be considered. One of the main 
premises of this paper is that it is only through public-private partnerships 
can we achieve E-government in Egypt. Government cannot do it all. We 
also postulated that G2B and G2G should be the initial focus for the Egyptian 
E-government. This is due to the fact that computer literacy and Internet 
connectivity are not widespread in the country on the per capita basis, and 
therefore the return on investment will not be realized. On the other hand, 
Egypt has a quiet advanced and relatively sophisticated private sector. 
 

In this paper we have introduced a proposal for the Egyptian e-EAF. We 
have also proposed a high level architecture for real state services in Egypt 
which can be offered using the Web and Internet as the network environment 
that can reach more customers at lower prices and taking advantage of the 
efforts and advances on existing GDI concept which will be improved to a 
Geo-information Service Infrastructure (GSI), that as its name suggest, can 
offer data plus services for all the geomatics players, including direct contact 
with customers and their requirements, all together in a virtual environment, 
composed of a collection of independent enterprises offering their core 
competences and joining together in a dynamic way to offer and produce 
complex products. 
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Figure 7: GSI broker conceptual architecture for the Virtual Land Agency. 

 

By using the concept of the virtual enterprise, the GSI has been outlined. 
Such an enterprise can extend its share in the ever-growing information mark 
by providing access to a variety of GIS services and to be a tool to support 
the generation of ’complex’ products/services. Such view will enhance the 
existing geo-spatial data infrastructure concept. The geo-information 
‘service’ infrastructure opens new business opportunities for service delivery, 
facilitating service search and execution, and increasing the interest of 
organizations to participate in geo-information infrastructure initiatives. It 
also provides huge entry opportunities for ’small niche players to enter the 
market with specific offering. However, these opportunities are limited by the 
availability of data/service repositories and catalogues in the market. 

 

E-EAF architecture that supports the GSI virtual enterprise has been 
defined, with special attention to the GSI broker, which will provide the 
services and functions required to link the clients and the enterprises data and 
processes. The client can be an individual looking for data as in the case of 
traditional GDI concept or it can be a geo-information production 
organization looking for partners to extend its production. The second client 
is the focus of the broker services. The GSI broker supports searching for 
services, definition, control and execution of workflows from different 
enterprises to supply a demand by using an inter-workflow management 
system. 
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The Inter-workflow management system is an appropriate tool to create 
and manage virtual enterprises supporting the design, integration, operation 
and control of processes which are provided as services by multiple 
enterprises. 
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ABSTRACT 
What is an Address? It is a location with spatial relation, all addresses have a relation 
to a parcel, but they do not have a relation to a building.  
A buildings address is an additional feature for an exact identification of a building, 
situated on an address, but not each building has to have an address (eg., agricultural 
stables). 
An Apartment Address is the additional features for an exact identification inside a 
building (important for the central residence register). 
Therefore you have to create the spatial relations, which has to be unambiguous, 
maintained, interpretable (locatable) and commonly known. 
The address model has four layers – the roads, the “simple” address, the building and 
the apartments (but these are not strictly regulated). 
The Address Register is the Austrian central address database, in which each address 
is stored with an unambiguous key (address code) and with standard attributes based 
on a clear standardized model of data maintenance. 
The top theme of all E-government applications is authenticity. Therefore each 
address is correctly updated by the only competent and responsible institution, the 
municipality. Each maintained address is available and centrally serviced via Web-
Services or ASP. 
The spatial reference is geocoded and spatial referenced with Geo Basic Data of the 
BEV - the DKM (Digital Cadastral Map), the DOP (Digital Orthophoto) and the OK 
50 (Austrian Topographic Map 1:50000). 
The address register is the authentic database for the public, the administration, the 
economy and for commercial use. 
The advantages of an Address Register - the municipality only to updates each 
address once. The register is the Austrian wide homogeneous (formal and in content) 
base for all federal administration processes, the census and for disaster- and risk 
management. This reduces costs through avoidance of redundant actualization and 
the storage of the address key instead of the whole address together with the 
company data. 
All these advantages are the base for addressing in E-Government. 
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ABSTRACT: 
All the facilities, utilities and necessities for daily life are accessible using the road 
network. The main aim of research is to make life easier by accessing and querying a 
rich and ever increasing urban resource inventory. In the current era, technology and 
telecommunication is appraised in every group of life. People travelling (walk/drive) 
on the road network do not have maps or computers to plug and retrieve geographic 
information but they do have smart mobiles and handhelds. Therefore an innovative 
and technology driven method for geographic information dissemination is to target 
the expanding mobile community (Mobile GIS). A Location based Geographic 
Information System (LBS) is developed in this design research that provides 
sumptuous network services to mobile users in a distributed computing environment. 
 
Keywords:  Mobile GIS, Location Based Services 

1. INTRODUCTION 
 The development of GIS has been highly influenced by the progress of 
Information Technology. The emerging usage of mobile technology, thrust in 
wireless communications leads to a new breed of GISystems. Realizing the 
increased usage of mobiles, wireless devices like Palmtops, PDAs, and smart 
cellular phones the GIS industry giants are shifting the paradigm towards a 
Mobile GIS. Mobile GIS refers to the use of GIS through mobile and wireless 
devices. This multidimensional research extends the idea of Mobile GIS by 
development of a robust and extensible Internet GIServices that provides 
location based services for any city or state. 
 

mailto:nawaz@gis.pu.edu.pk
mailto:farha@gis.pu.edu.pk
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2. MOBILE GIS 
Peng, Z. and Tsou, M. have identified these major components of a Mobile 

GIS. 
1. Position-determining components (PDEquipment) refer to components to 

determine the locations of the mobile devices in real time. They include 
hardware and software to identify and track the locations of mobile 
devices. These can be based on a cellular triangulation or GPS to 
discover position. 

2. Location information refers to content information about a geographic 
location. It includes reference information to a geographic location, such 
as a street fie or a boundary file, and specific information about a 
particular location, such as Yellow Pages information. 

3. Information processing service components concern the network 
processing or analysis services of geographic information, that is, how to 
provide the location information in a usable way to mobile users. 

4. Gateway services are middle-ware between the information processing 
components and the mobile devices. The purpose of the gateway service 
is to make the services provided by the server (e.g., application server 
and Web server) compatible with the mobile devices. 

5. Mobile GIS relies on the wireless network to transport information. 

6. Mobile GIS requires Internet enabled mobile devices. This means that the 
mobile devices have to be able to access and display Internet services. 
(Peng, Z.; Tsou, M., 2003). 
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Figure 1: Mobile GIS Architecture (Peng, Z., Tsou, M., 2003) 

3. THE NEW MOB GIS 
 Location Based Service is a hot application of Mobile GIS that compels to 
build a generic and extensible one. Peng. Z. and Tsou. M. describes the 
distributed Mobile GIS framework. The important components to develop as 
indicated in the architecture (Figure 1) are: 

3.1 MOB GISERVER 
 The internet based Mob GIServer provides shared resources such as 
databases or server side applications to multiple clients. It is the back end of 
the client/server model and fulfills client (irrespective of mobile) requests. 
The server receives the requests from the clients, processes them by Dynamic 
Data Exchange (DDE) with ArcView GIS 3.1 and sends the processed 
information back to the client by implementing a simple protocol. 
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3.2 MOB GISPATIAL AND ATTRIBUTE DATA 
Spatial and Attribute data is prepared in ESRI’s ArcView GIS 3.1. The 

only restrictions on data are: 
1. A GIS base layer on which multi-purpose GIS can be developed. 

2. The GIS data must have a road network. The better the data prepared, the 
more gathered dimensions will result in better multidimensional analysis.  

3. Different facility layers must be built that can be accessed via the 
network. 

3.3 NETWORK ANALYSIS/LOCATION CONTENT 
SERVICES 
 Kang-tsung Chang identifies the following applications of Network 
Analysis: Shortest Path Analysis, Closest Facility, Allocation, Location-
Allocation and Urban Transportation Planning. Network Analyst extension in 
ArcView GIS 3.1 is applicable to all identified areas as it provides the 
Shortest Path and Service Area Analysis (Chang, K.T., 2002). 

3.4 MOB GICLIENTS 
 The client refers to the presentation elements or the front-end component of 
the client/server system. The client software installed on different state of art 
mobile devices request the services of a server. The clients present the 
images, analysis results and data to the client devices. To reach a vast 
majority of PDAs, Pocket PC’s and smart phones the client layer is 
developed in Mobile VB by Appforge (Appforge Industrial Devices, 2004). 

3.5 WIRELESS COMPONENTS AND PDE’S 
 In Pakistan, General Packet Radio Service (GPRS 2.5 G) is available and 
the PDE is cut loose currently as it imposes restrictions on LBS audience. 
Mob GIS client users can pin point locations by adding hotspot.  
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Figure 2: Architecture of LBS 
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4. DEMONSTRATION 
 Mob GIS is tested on two sample repositories. Firstly data of Lahore city is 
prepared and secondly street level data of California state in samples of 
Network Analyst by ESRI is used. 

 

                        
                          (a)                                                                             (b) 
 

 
            (c)    
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(d)               (e) 

 

 
          (f) 
 

Figure 3: a) Hotspots are added to map for Shortest Path Analysis b) Shortest Path 
results are displayed c) Directions are retrieved d) Service Area Analysis on selected 
points or any layer can be performed e) Service Area is generated (f) Mob GIServer 

in middle right top corner, Arcview in middle and Mob GIClients on corners 
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5. BUSINESS CASE FOR LBS 
Consider James Bond in our story has to carry out an important mission of 
detonating a terrorist base. In normal circumstances, he will use GIS or maps 
to first plan the mission. He will analyze the costs of traveling on the 
network, the explosion area analysis, the closest facility in case of any 
mishap or some urgent requirement, …etc. 
 

 
Figure 4: (James Bond) 

 
Considering shortage of time and complexity of real world he could not 

prepare himself good enough. The result could be a failure of explosion area 
analysis on network. Or consider if the mobs chase him and he could not get 
to closest help station using shortest path. The worse of all during mission 
execution his colleague Natasha get injured and he has no information about 
the closest hospital location. 

Our Bond! Is left on fate even when he has the advanced GPS enabled 
wrist watch, the best mobile phone… 

Consider if James has Mob GIClient installed on his mobile phone. While 
he was on his way for mission execution he analyzed the Service Area that 
can be disrupted at various sites. Now he could use different points and have 
the shortest cost path with him.  

He executed the mission well but Natasha got shot. He open the flip of his 
handheld (Pocket PC, Palm, Nokia, Sony Ericsson etc.), queried the MobGIS 
for closest hospital from his current location and the shortest feasible path is 
the result. BINGO!! MISSION COMPLETED SUCESSFULLY and THE 
LADY IS ALSO SAVED. 
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6. CONCLUSION 
 The number of wireless service subscribers is expected to be 1.5 billion by 
2005, with 1.3 billion of those subscribing to wireless Internet services. 
Moreover, up to 43% of those subscribers are estimated to be interested in 
Mobile Location Services (MLS/LBS), and willing to pay an incremental fee. 
The service provider can generate money by different ways like Per month 
Service, Minutes of use, Wireless web usage fee etc. (MapInfo Mobile Location 
Services, 2004). Mob GIS reaches a wide audience (Appforge Industrial 
Devices, 2004) compared to its contemporaries but needs scalability. In 
future the service will be provided to people in Lahore and can be extended 
to other cities in Pakistan. A future development direction of these enhanced 
services is the inclusion of SMS, EMS and MMS. 
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ABSTRACT: 
The paper focuses on two technologies namely; satellite-based positioning systems 
and  spatial data handling systems, in terms of their uses and impact on the emerging 
LBS technology. Location-Based Services (LBS) services are introduced, LBS 
components are described and LBS type of services; namely pull, push and tracking 
services, are identified.  Next, LBS services are examined within the context of the 
current modernization of the Global Positioning System (GPS), the upcoming Global 
Navigation Satellite Systems (GNSS) and the current GIS capabilities. Furthermore, 
LBS positioning techniques, achievable accuracies and spatial data handling 
investigated.    Finally, the impact of GNSS and  GIS LBS are reviewed. Standards 
for utilizing GNSS and GIS within LBS are discussed, with specific focus on map 
standards, metadata standards and open GIS standards. 

1. INTRODUCTION 
Location-based services (LBS) are based on an innovative technology that 

provides information based on the geographic location of the user.  While 
LBS is a relatively new technology, it has already made its impact on 
individuals, businesses and governments worldwide. The instant availability 
of the physical location combined with location related-information is of 
significant value for all LBS users (Chan, 2003).  

 

There are many issues that need to be considered in relation to the 
synergetic Location Based Services (LBS) technology.  These issues span 
across business and technical domains.  This research focuses on the two 
mature technologies namely; satellite-based positioning systems and spatial 

mailto:moustafa_baraka@hotmail.com
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data handling systems; in relation to their use and impact on the emerging 
LBS technology.  

2. COMPONENTS OF LBS 
LBS is composed of three main components. The first component is the 

mobile positioning system, where the location of the mobile is determined; 
either by the mobile network or the mobile device, with varying accuracy as 
it will be explained later. The second component is the mobile 
telecommunication network, which is a gateway server that delivers 
communication services between the mobile device, and connects wirelessly 
the positioning system and the location-based service application. The third 
component is the location-based service application itself, which is an 
application server with access to a spatial database. These components 
communicate with each other using application programming interfaces 
(API) which integrate location-based services with the mobile 
telecommunication network and handles user query/request and information 
services response to the user (Radman, 2000).  

 

Location Based Services (LBS) are realized through the integration of 
wireless communications, positioning technologies and spatial data handling 
technologies. One of the current practical realizations of LBS is achieved 
through the integration of wireless Internet, the Global Positioning System 
(GPS) and Geographical Information Systems (GIS). Where GPS provides 
high accuracy position and GIS provides the location-based server the ability 
to use the user’s location in presence of GIS-based functions, such as storing, 
managing, spatial querying and analyses of spatial data.  

3. TYPES OF LBS SERVICE 
LBS involves two distinct activities; obtaining the user’s location and using 

the user’s location to provide a service. Based on these two activities, there 
are three basic types of LBS; pull, push and tracking (GSM Association, 
2002). 

 

In pull type service, the user location information in LBS is used as a filter 
to “pull” the position information from a service provider upon user 
command. For example; information about the nearest underground metro 
station. In push service type, the user location information in LBS is used as a 
trigger to “push” position based information, such as advertisements from 
nearby shopping stores sent to the mobile device of the user (Radman, 2002).  
In addition, user location information in LBS can be used to “track” the user 
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by a third party, hence providing capabilities for child security and asset 
monitoring.  

 

The three types of LBS services are further elaborated on based on a report 
by GSM Association (2002). The user, in the pull service initiates a 
request/query for services from the LBS. Hence LBS is granted instant access 
to the current user’s mobile device location. Based on the accessed location 
information, the user is provided with information regarding the request/ 
query. In push service, the user gives beforehand an service-specific or    
time-limited access permission to LBS to access the mobile device location 
information. Accordingly, LBS can initiate request/query for the mobile 
device location of a user within the proximity of the specific services or 
within the user-specified time limits. Then, the relevant solicited service-
specific information or unsolicited service(s) information (in case of         
time-extended access) based on the current location of the user by the LBS 
system. In tracking service; a third party, other than the LBS system or the 
user, initiates a request/query for locating cellular phone of carried by the 
user, or onboard a moving vehicle. In this service, similar to the pull or push 
service, the user must grant instant or beforehand conditional access to the 
mobile device based on user-defined list of third party groups. 

 

4. LOCATION POSITIONING TECHNIQUES 
IN LBS 

As the Global Positioning System (GPS) the predominant satellite-based 
positioning technique worldwide, location positioning techniques are 
currently categorized as (Diep et al, 2000); non-GPS mobile positioning 
techniques that depends  on  the mobile telecommunications system and GPS 
mobile positioning techniques that depends  on  the GPS. The most popular 
non-GPS and GPS positioning techniques for mobile positioning are: Cell of 
Origin, Time of Arrival, Enhanced Observed Time Difference and Assisted 
GPS. These are briefly presented next. 

 

In Cell of Origin (COO), the cell identification information is used within 
the mobile telecommunication network to identify the location of the user. 
This technique usually results in low positioning accuracy as it is dependent 
of the cell size. COO technique offers an accuracy level in the range of 300 m. 
in case of micro cells in urban areas up to several kilometers in case of rural 
areas. 

 

In the Time of Arrival (TOA) technique, the differences in the time of 
arrival of the signal from a mobile device to at least three base stations (BTS) 
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are used to calculate the location of that device. TOA technique offers an 
accuracy level of 150 m. Figure 1a gives a schematic presentation of TOA 
technique. 

 

Figure 1a: Schematic of TOA Technique 
 

In the Enhanced Observed Time Difference (E-OTD) technique the 
location of a mobile device is determined by Location Measurement Units 
(LMU). LMUs are distributed across area of coverage of the 
telecommunication network, where LMU provide accurate timing for 
positioning. A mobile device receives signals, from at least three base 
stations (BTS) of the telecommunication network and shares its information 
with LMUs. The time differences of arrival of the signal from BTS at the 
mobile device and at the LMU are calculated. The estimated location of the 
mobile device is determined based on the differences in time information. 
The E-OTD technique offers an accuracy level from 50 to 125m. Figure 1b 
gives a schematic presentation of E-OTD technique. 
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Figure 1b: Schematic of E-TOD Technique 

 

In the Assisted GPS (A-GPS) positioning technique, location information is 
provided by a GPS receiver embedded in the mobile device or a base station 
within the mobile telecommunication network or a combination of both.      
A-GPS enables superior location information in rural and sub-urban areas, 
furthermore, in presence of GPS and network technology integration, user 
location information is available in urban and indoor areas, where the signal 
is too weak to be acquired using standard signal tracking procedures by GPS 
receivers. The A-GPS technique offers an accuracy level from 10 m. Figure 
1c gives a schematic presentation of A-GPS technique. 
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Figure 1c: Schematic of A-GPS Technique 

5. GPS IN LBS 
It would be practically difficult to comprehensively enumerate the current 

and/or potential applications, the utilize the instant availability of position 
information from satellite-based positioning system within a society, in 
presence of GPS and other anticipated satellite-positioning systems. satellite-
based positioning systems However, in an effort to appreciate the extent and 
versatility of such applications, a number of position dependant applications 
are presented in two categories; professional and recreation applications 
(Rizos, 2000): 

Professional applications of position information currently include: • 
− Surveying and mapping. 
− GIS geocoding and georeferencing. 
− Monitoring structures. 
− Machine guidance and robotics. 
− Land navigation, maritime, aviation. 
− Vehicle tracking. 
− Fleet management. 
− Intelligent Transport Systems (ITS) in public transport. 
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• Recreation applications of position information currently include: 
− Personal navigations (e.g. driving, safari, hiking). 
− Sports (e.g. golf, fishing, and sailing). 
− Spectator sport (e.g. soccer, track-and-field). 
− Position-based advertising and marketing. 
− Location Based Services (LBS). 
− Personal safety and emergency assistance. 
− Tourism, museums, libraries, shopping malls. 

During the last two decades, a significant change occurred in the 
application areas utilizing positions. In a survey conducted for the European 
market during 1999 by The European Commission, Energy and Transport 
(2000), results showed that the majority of the needs for positioning are first 
in car navigation application, followed by augmentation, timing, fleet 
management, marine and air navigation, and surveying. In a succeeding 
survey projecting the needs for 2005, reported by Bou, (2003), results 
showed a change in the majority of the needs for positioning for mobile 
phones application for LBS, followed by car navigation, then surveying, 
leisure, augmentation, fleet management and aviation. Figure 2 shows the 
results for these two surveys respectively. 

 

                        Survey                                          2005 Survey 
Figure 2: European Market Survey Needs for Positioning 

6. IMPACT OF GNSS ON LBS 
Satellites have been used extensively for providing position information 

and time information during the last twenty years, with navigation 
(aeronautical, marine and land) being the primary area of application. Also, 
satellite-based position and time information is used telecommunication 
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applications providing accurate positioning of network base stations, time 
synchronizations and analyses of network service coverage. During that 
period of time, the American Global Positioning System (GPS) was the 
predominant system in use, with a lesser role played by the Russian Global 
Navigation Satellite System (GLONASS).  Table 1, adapted from Schwieger 
(2003), gives a summary of the current accuracy and applications in relation 
to different types of GPS receivers.  

Table 1: Status and Applications of GPS Receivers 

Receiver Used signal accuracy special 
features application 

Handheld 

code or phase-
smoothed 

code, single 
frequency 

1 to 10 m navigation 
features 

mass market 
LBS, 

navigation, 

GIS 
Phase-smoothed 

code, single 
frequency 

0.5 to 3 m 
geometric data 

during field 
work 

geo data 
acquisition 

for 
GIS 

Geodetic 
Code and phase, 
in general dual 

frequencies 

0.001 to 0.1 m 
 

Post-
processing 

software for 
high accuracies 

surveying, 
precise 

positioning 

 
By the advent of the 21st Century, Europe decided to capitalize on the 

rising demand for satellite-based position and time information, and further 
enhance the current capabilities of satellite-based systems in terms of quality 
and reliability. According to Rashad and Baraka (2004), during 2002 the 
Europe Union took the decision to contribute to satellite-based position and 
time information services by developing the GALILEO system. Hence, 
resulting in the potential realization of a Global Navigation Satellite System 
became to be known as the GNSS realized through the integration of GPS, 
GLONASS and GALILEO systems.  According to Wilson (2002), EGNOS 
(European Geostationary Navigation Overlay Service) is the first phase of 
GNSS European component of GNSS that is currently implemented. Baraka 
(2003) reported promising results for EGNOS position accuracy within 
Egypt. In presence of GNSS, LBS technology would be able to utilize a 
worldwide uninhibited availability of an integrated multi-satellite positioning 
and timing system, along with the relay of quality and reliability measures to 
LBS users worldwide.  

 

Furthermore, the current modernization  efforts of GPS aim at more 
rigorous elimination of ionosphere effects and provisions for  faster 
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resolution of the carrier cycle ambiguities to support real time position 
determination,  with possibility for performing positioning at low elevations 
angles and inside buildings (De Jong, 2002). Further more, De Jong  (2002) 
states that since GPS, GLONASS and GALILEO do not differ significantly 
from one other, an integrated position and timing service through GNSS,  
with a constellation of over 50 satellites, offering unprecedented accuracy 
and availability to LBS users.  

 

GNSS services are expected to be coordinated through digital data 
communications methods using satellite/ground radio communications and 
the internet in general. It is expected that GNSS will play a key role in 
supporting a powerful, integrated information management and control 
systems with a diverse range of applications, affecting many aspects of the 
national and regional economies worldwide (Australian GNSS Coordination 
Committee, 2002). According to Flament (2003) GALILEO will be the 
enabler for a wide variety of applications with GNSS not only in traditional 
domains but also in terrestrial applications, such as LBS that include 
combined satellite navigation, GIS and mobile communications. In presence 
of GNSS, LBS appear as the most promising market with high growth rates 
directed to mass production and consumers markets.  

 

7. GIS IN LBS 
In relation to spatial data handling and specifically from a GIS perspective, 

LBS do not involve many complex spatial analyses. However, LBS do 
require for quality services, a complete and accurate spatial database and 
database management system. The presence of GIS with in LBS would 
provide efficient access, management and analysis for spatial and attribute 
data required by LBS such as neighborhood boundaries, roads and land 
marks, etc. Furthermore, the GIS would provide LBS with spatial data in 
user-friendly graphical forms based on digital maps, satellite and aerial 
images and/or photographs of features (Diep et al, 2000). 

 

As a location-based server within LBS utilizes GIS, the functional 
realization of GIS within LBS can be summarized in the following:  

Providing and enhancing efficient spatial data handling capabilities to 
meet different user queries/requests. LBS incorporate standard GIS 
functions such as; data acquisition, compilation, storage, update, 
management, retrieval, display and analysis of data.  
Enabling LBS to efficiently handle and display information with 
varying complexity at the user mobile device such as maps and/or 
images, in vector format or raster format. 
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• Providing and maintaining a rigorous and well-defined spatial 
framework for referencing data, allowing for conversion of coordinates 
identifying user location among geodetic datum and map coordinate 
systems as users roam. 

8. GIS STANDARDS FOR LBS 
8.1  MAP STANDARDS 

Delivering and displaying map information to a user through a mobile 
device is an important aspect of LBS. Map standards for information 
delivered by LBS are influenced by the capabilities of the user mobile device 
(Diep et al, 2000).  Mobile devices such as cellular phones currently have 
rather limited memory capacity and processing capabilities. Hence, spatial 
information derived from maps could be limited to text, e.g. street names and 
street addresses for points of interest or turn-by-turn directions instructions. 
With more memory space available at the user mobile device such as PDAs, 
raster map images showing points of interests with shortest route highlighted 
and images of building facades and street scenes could be delivered by LBS.  

 

Moreover; restricted size of screen displays in mobile devices influence the 
level of map details, limiting map features that could be displayed. 

 

Map contents delivered at the user mobile device should as much as 
possible comply with cartographic standards. However, again this is 
conditional upon the presence of a mobile device with adequate memory and 
processing capabilities. The current and potentially developing 2.5 G and 3G 
mobile devices and the presence of adequate wireless Internet for speed of 
data transmission would provide the basis for handling map contents and 
information delivered at the mobile devices complying with map cartographic 
standards. 

 

 Furthermore, in order to handle data transfer over the wireless Internet and 
display over a variety of mobile devices, the mobile mapping standards 
should consider the use of Scaleable Vector Graphics (SVG) and Geography 
Markup Language (GML), as the data in these formats are delivered across 
the Internet via XML. Thus, providing standard markup languages that can be 
easily converted to mobile devices specific languages. 

8.2  STANDARDS 
While the presence of a GIS database is vital for LBS, the presence of the 

metadata as an integral component of GIS database is necessary for LBS to 
efficiently and timely function in terms of quickly browsing, accessing and 
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sending location-based information from the GIS spatial database to the user 
mobile device.  

 

Metadata should efficiently and promptly lead the LBS to the selection of 
the most relevant data each time a service is requested.  It should be 
emphasized that metadata should be continuously maintained and available to 
the components of LBS. The GIS industry has adopted several metadata 
standards, in considering these standards; one has to address both the spatial 
and temporal elements of the GIS database.  Temporal metadata should go 
beyond data versioning or time-stamp (Krug et al, 2003). Rather, metadata 
should describe the degree of permanence of the data or any cyclical trends. 

  
Metadata should describe all GIS database entities; an example of the 

standard sections of entities described by GIS metadata is given next in 
accordance to the Federal Geographic Data Committee standards (FGDC, 
1996): 

Identification Information.  
Data Quality Information.  
Spatial Data Organization Information.  
Spatial Reference Information.  
Entity and Attribute Information.  
Distribution Information.  
Metadata Reference Information.  

8.3  OPEN GIS STANDARDS 
The Open GIS Consortium (OGC), one of the organizations advising the 

GIS industry on standards, has recently presented an Open Location Service 
(OpenLS) initiative (Open Location Service, 2000). OGC OpenLS initiative 
provides a framework by categorizing the types of services that will be 
available to users of mobile devices through LBS. Furthermore, the OpenLS 
initiative would help in developing standards for interface for the location 
services as handled through mobile devices or the wireless Internet in a 
manner similar to HTTP protocols that enabled the growth of activity in the 
World Wide Web (www).  Furthermore, OpenLS calls for specifications in 
relation to request/query and access for the location of a mobile device 
according to the following guidelines:  

Reduction/limitation of multiplicity of positioning technologies to be 
deployed. 
Promotion of common methods and interfaces for standards-based 
positioning technologies (Cell-ID, E-OTD, and A-GPS).  
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Definition of common interfaces and methods between applications 
and the wireless networks irrespective of their underlying air interfaces 
and positioning technologies.  
Definition/adoption of common interfaces between applications and the 
different types of content engines and databases. 

9. CONCLUSIONS 
LBS is expected to further benefit from satellite-based positioning 

techniques as GNSS develops.  For the time being, the role of GPS in LBS is 
expected to increase in view of current GPS modernization efforts. GIS will 
continue to play an important role in spatial data within LBS handling and 
providing LBS with efficient access, management and analysis for spatial 
data.  

 

The potentials of LBS and associated applications are limitless. The 
possibilities generated by the integration of telecommunication systems, 
spatial databases and positioning techniques cover uncountable daily 
activities that affect individuals, industries and even governments.  

Remarkable social values and alluring commercial opportunities are 
presented by LBS. These depend on communication of location across 
diverse technology platforms, application domains, classes of products, 
carrier networks and national regions. Users expect continuous, cost effective 
and customized location services, be it within one carrier network, or as 
mobile devices roam across carrier networks.  

 

There are still a number of issues not discussed within the scope of this 
paper. For example, issues in relating to; interoperability, market capacity 
and privacy issues were not discussed. This and many other issues are the 
present concern of LBS interested communities and warrant further 
investigations and explorations from interested researchers and readers.  
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ABSTRACT: 
This paper describes PMSView, a Geographic Information System (GIS) enabled, 
web-based, pavement management system, and its early implementation for the 
Washington State Department of Transportation (WSDOT) in the United States of 
America (USA).  PMSView is an Internet application that allows pavement related 
data to be accessed and analyzed from any geographic location through a 
straightforward navigation and display scheme on a web browser. This application 
uses spatial referencing and location-based services to provide users the ability to 
locate, examine, and analyze both individually selected highway sections and trends 
within the entire roadway network.  The system can be populated through a wide 
variety of electronic data sources, including spreadsheets, existing databases and 
mainframes, map-based spatial data, among others.  Users of PMSView can also 
interact directly with the data warehouse through the use of dynamically generated, 
Global Positioning System (GPS) based forms.   It also supports the use of 
multimedia, such as digital roadway images or video.  To illustrate a number of the 
features and capabilities of the system, this paper describes the WSDOT 
implementation of PMSView, which is currently available online at 
http://hotmix.ce.washington.edu/wspms. 
 
 
 

1. INTRODUCTION 

http://hotmix.ce.washington.edu/wspms
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PMSView is a GIS enabled web-based application that allows 
transportation related data to be integrated, accessed and analyzed from any 
geographic location through a straightforward navigation and display scheme 
on a web browser. To demonstrate the features and capabilities of PMSView, 
an early version has been developed in partnership with the Washington State 
Department of Transportation (WSDOT).  The WSDOT customized system, 
titled WebWSPMS, has been tailored specifically to WSDOT practices.  
Using this implementation as a case study, this paper explores PMSView’s 
key features and capabilities.  All figures and examples are actual screenshots 
from the system currently in use.  A public version of WebWSPMS is 
available online at http://hotmix.ce.washington.edu/wspms.  

  

2. BACKGROUND 
The American Association of State Highway and Transportation Officials 

(AASHTO) defines pavement management as “…the effective and efficient 
directing of the various activities involved in providing and sustaining 
pavements in a condition acceptable to the traveling public at the least life 
cycle cost (1). ”  Originally described as “a systems approach to pavement 
design”, the term “pavement management system (PMS)” came into popular 
use in the late 1960s and early 1970s to describe decision support tools for 
the entire range of activities involved in providing and maintaining 
pavements (2).  Hudson et al. (3) describe a “total pavement management 
system” as “…a coordinated set of activities, all directed toward achieving 
the best value possible for the available public funds in providing and 
operating smooth, safe, and economical pavements.” Haas and Hudson (4) 
expand on this by defining “activities” as those actions associated with 
pavement planning, design, construction, maintenance, evaluation and 
research.  

 

As they exist now, pavement management systems generally do not take 
full advantage of the data they collect.  Current systems are focused on 
determining pavement deterioration, performance forecasting, prioritization 
and optimization.  Although these are priority issues, additional in-depth 
analysis to uncover patterns and relationships among existing data, often 
referred to as “data mining”, has yet to be explored in detail.   

 

Further, pavement management systems are not, as a general rule, broadly 
accessible. They are typically highly customized for individual agencies and 
access is limited, intentionally or not, to select a few specialists within an 
agency.  Although these few have the greatest need for access, agencies and 
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ultimately the public would benefit if pavement management systems were 
accessible to more potential users. 

 

3. SYSTEM OVERVIEW 
PMSView is a web-based pavement management application that provides 

seamless navigation across transportation related data sources through the use 
of GIS. The system is designed using a client/server architecture which 
provides for easy updates and customized access to the data warehouse from 
any geographic location. All data is collected, processed, and warehoused on 
a series of servers, and provided to users through a web browser and internet 
connection as seen in Figure 1. The n-tier architecture of this web-application 
provides a fully scalable application that is easily customized, managed and 
deployed within an organization (5,6).  The following sections outline several 
key components to PMSView and provide a description of their function.   
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Figure 1:  A schematic of the data distribution scheme for PMS View. 

 

4. DATA COLLECTION 
To a large degree PMSView relies on the existing ability of an organization 

to collect data since the primary focus is the integration of such data in a GIS 
system.  PMSView can be populated through a wide variety of electronic data 
sources, including spreadsheets, existing PC-based and mainframe databases, 
map-based spatial data, among others.  PMSView also supports the use of 
multimedia, such as digital roadway images or video and can be integrated 
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into many legacy systems.  In combining large, sometimes disparate, data 
sets a method was needed to relate all of the data together such that one could 
easily reference all data about any given roadway section.  As a result much 
of the data that is collected through other applications must be spatially 
and/or temporally indexed during processing.     

 

4.1 DIGITAL FORMS 
To aid in the data collection process a digital form application has been 

created that allows users to interact directly with PMSView when collecting 
data.  These forms are filled out by users and then submitted electronically 
over the internet to an extended markup language (XML) data service that 
subsequently processes the data and updates the data warehouse.  The digital 
form application also allows users to interact directly with external devices 
such as a Global Positioning System (GPS) receiver or a digital camera.   

 

5. SPATIAL REFERENCING 
In order to perform spatial analysis and provide compelling maps and 

spatial interfaces, PMSView is capable of storing all data with a spatial 
reference.  Using a reference GIS based data layer that contains all linear 
referencing points on the highway network, users can spatially reference their 
data by specifying a location along a route (accumulated route miles or 
mileposts) or GPS coordinates.  A series of location based web services are 
then provided from the reference layer to allow data collection applications to 
interact with location.  For example, digital forms with GPS as described 
above interact with the location based services to auto complete entry fields 
in the location section of a form.   

 

This minimizes user interaction with the data and allows PMSView to 
maintain a consistent reference schema.  Once spatially referenced, the data 
warehouse can be accessed through both textual and map-based interfaces. 

 

6. QUERIES 
PMSView provides several methods for users to query the data warehouse; 

(1) a parameterized query, (2) a free-text search query, (3) a map based GIS 
based query, and (4) a Structured Query Language (SQL) or ad-hoc query 
builder.  Each of these query options allows users to extract the desired data 
from the data warehouse. 
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6.1  PARAMETER –BASED QUERY 
A parameter-based search allows selection of roadway segments based on 

user specified criteria.  This search method provides a simple interface where 
users can select one or more attributes from the database and specify a 
specific value or value range to return. 

 

6.2  FREE-TEXT QUERY 
This search option allows users to enter any character string into a search 

field, much like Google™, and then a search is performed on the active GIS 
layers in the warehouse.  This feature allows one to quickly locate roadway 
sections by specifying a nearby landmark or roadway specific feature.   

 

6.3  GIS SPATIAL QUERY 
The spatial search method enables users to use interactive GIS layers to 

spatially search for road sections.  The spatial search is capable of selecting 
features through zoom and pan functionality and geographic boundary 
conditions.  The user may also choose to add or remove GIS based data 
layers to the map, provided a spatial reference to the data was made during 
acquisition. 

 

6.4  STRUCTURED QUERY LANGUAGE OR AD-HOC 
QUERY 

A SQL statement builder allows users to create more complex ad hoc 
queries into the data warehouse.  Once the SQL statements are created, they 
are validated and executed via a web service managed by PMSView.  The 
SQL web service is also capable of being used by external applications that 
may require data that is stored within the data warehouse.  This tool gives 
PMSView the capability to directly link and share data with existing legacy 
applications.  

 

7. PRESENTATION 
PMSView provides a straightforward and intuitive interface for users to 

navigate through the data warehouse. This interface is critical in order for all 
users to work with an extremely large data set and select their required 
subsets of information without becoming perplexed. User interfaces are 
customizable allowing for different layout, coloring and data display based 
on user or agency preference. This flexibility makes PMSView a viable 
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solution for many different agencies and organizations that are responsible 
for managing, monitoring, or constructing pavements.  

 

PMSView utilizes a tab-based schema to navigate the underlying data 
warehouse. After selecting a roadway segment through one of the query 
methods, users are capable of drilling down to specific data sets by selecting 
a tab located in the center of the content pane, as seen in Figures 2 through 6.   
Clicking on any of the tabs will reveal a subset of pages as well as data 
associated with the current page. In addition, an overview map highlighting 
the selected roadway segment is provided to aid users in spatial reference 
(see Figures 2 through 6). This feature supplies the user with details about the 
location of the active segment with respect to other geographic features. 

 

8. GRAPHICS AND CHARTING 
PMSView allows users to dynamically generate plots and graphics based on 

data of their selection. Data used to construct the graphics come directly from 
the data warehouse and are also displayed below the graphics in tabular 
format. Virtually unlimited flexibility is available to the user to plot and 
graph parameters of their choosing from various drop down lists provided in 
the interface.  Several examples of the graphical and charting functions of 
WebWSPMS are illustrated by the following. 

 

8.1 PLOTS AND HISTOGRAMS  
The plotting function of PMSView supports a wide variety of plot types; 

some of the most common plot types are histogram, x-y scatter, line, curve, 
bar, area, range and pie charts. Plots can be predefined or dynamically 
generated depending on user selection. For example, WebWSPMS displays a 
projected performance plot for each roadway segment. This plot displays 
historical data, as well as projected performance curves for roughness (as 
measured by the International Roughness Index), rutting and overall 
pavement structural condition (PSC, an index based on cracking distresses) 
for the selected roadway segment (see Figure 2). In addition, the range over 
which the data is plotted can be customized. A graphic showing the average 
daily traffic for all of Interstate 5 (Figure 3) illustrates this feature. 
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Figure 2: WebWSPMS plot showing projected performance plot for Interstate 

90, mileposts 7.24-8.48.  PSC = measure of total cracking, PRC = rutting scale from 
100 (0 inches or 0 mm rutting) to 0 (0.70 inches or 17.8 mm), PPC /10 = 

International Roughness Index divided by 10 (in inches/mile). 
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Figure 3: WebWSPMS generated plot of average daily traffic (ADT) for 

Interstate 5, mileposts 0 to 276.56 (the entire state).   

9. SPATIAL ANALYSIS 
In order to perform complex spatial analysis, PMSView spatially enables all 

data it stores within the data warehouse. Locations can be provided through 
several mechanisms described earlier in this paper. PMSView is then capable 
of providing a map-based interface both for querying the system and for 
generating map based reports for analyzing the system. This feature broadens 
the audience capable of viewing and understanding the data associated with 
pavement management.   

 

Further, PMSView can link directly with existing desktop GIS applications 
over the Internet to provide live data to users at any Web-enabled location. 
This is extremely important as one cannot anticipate the desired usage for 
data from the system. For example, WSDOT links to WebWSPMS via an 
ESRI ArcView Web service, which provides the desktop mapping software 
used to perform GIS analysis and create customized reports. Figure 4 shows a 
screenshot of a customized map built from WebWSPMS. 
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Figure 4: Example of ArcMap™, a separate desktop GIS application, connecting to 
the WebWSPMS spatial service to display the pavement structural condition (PSC) 

by color for the entire state managed road network. 

10. ROADWAY VISUALIZATION 
PMSView can dynamically generate profile and plan view graphics for any 

selected roadway segment. With this tool users can quickly visualize an 
entire highway or a small segment. This data and combined graphic can be 
beneficial for not only pavement assessment, but also for pavement design 
and construction users. For example, a paving contractor could log on to 
WebWSPMS and view the cross-section and plan graphics as shown in 
Figure 5a and 5b to better assess a project area. These types of features can 
aid future design-build efforts. 
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Figure 5a: WebWSPMS graphics showing plan view of Interstate 90, MP 12.99 to 
15.45. 

 

 
 

Figure 5b: WebWSPMS graphics showing cross-section view of same section. 
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11. DIGITAL MEDIA 
PMSView is also capable of storing and archiving digital media that is 

associated with any given roadway network.  An increasing number of 
transportation agencies are using digital images collected using automated 
data collection vehicles for pavement condition rating and incorporating these 
digital images within PMSView makes them available to a wider audience 
which otherwise would have had very limited exposure.  This provides users 
with a visual display of the roadway to compare and contrast with any tabular 
data.  WSDOT currently employs this functionality to display digital images 
of every meter of their entire roadway network.  As seen in Figure 6, this 
gives users the ability to visually inspect and verify roadway and pavement 
characteristics from their desktop computer.  WebWSPMS displays multiple 
forward (windshield) and pavement surface images for each roadway 
segment.  These images, which come from an annual pavement condition 
survey, are used by WSDOT pavement staff to classify the type, severity and 
extent of pavement distress.   

 

 
 

Figure 6: WebWSPMS combined view of both windscreen and pavement images 
collected during an annual WSDOT survey.  These images are from U.S. Interstate 5, 

milepost 66.79. 
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12. DATA EXPORT 
PMSView includes an export mechanism that allows users to download 

snapshots of raw data to their personal computers for further manipulation in 
3rd party applications. This is a key feature in providing the user with a level 
of independence from PMSView since all uses of the data can not be 
anticipated. Currently, the data can be downloaded in several formats 
including delimited text files, XML files and spreadsheets. Further 
manipulation of data can be performed through the use of Extensible Style 
sheet Language Transformations (XSLT). 

 

13. CUSTOM INTEGRATED TOOLS 
PMSView is capable of accepting any number of custom tools or algorithms 

developed for a particular agency or organization.  These tools are 
customized to be displayed through the web, and are capable of using any 
data item already stored within the data warehouse.  The WSDOT version of 
PMSView includes several custom tools that allow WSDOT to (1) use 
roadway characteristic data to estimate required asphalt overlay thickness for 
any section of roadway, (2) generate a recommended asphalt binder type for 
use in hot mix asphalt (HMA) pavement based on location, climate, and 
traffic conditions, and (3) to provide a mechanism for feedback, via the 
Internet, from satellite offices on updated pavement surface conditions and 
maintenance treatments.   

 

PMSView can also be customized to provide integration into other 
applications. This can allow other pavement management and asset 
management software, such as Highway Development and Management 
(HDM-4) or the U.S.-based Highway Economic Requirements System 
(HERS), to directly interact with the PMSView data warehouse for running 
models or calibration. 

14. SECURITY 
During implementation, security and data access are an important 

consideration. In order to provide effective distribution of the data across the 
Internet, a security scheme was devised that allows for differing user levels 
within PMSView. The various user levels provide data owners with 
maximum control over how data items are provided to users. PMSView 
identifies users by examining their credentials through a login and password 
schema and then tailors the Web interface to reflect their data access levels.   
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For example, WSDOT employs four user levels in WebWSPMS:  (1) a user 
level for students, legislators and the general public with access to summary 
numbers and statistics, (2) a basic WSDOT user level for general employees 
and training seminars that includes some raw data, (3) a pavement specialist 
WSDOT user level with access to all engineering data, and (4) a site 
administrator user level responsible for maintaining all preceding user levels. 

15. IMPLEMENTATION 
PMSView is a multi-tiered application, with various technical requirements 

for implementation.  The data warehouse which establishes, maintains, and 
archives data was built using Microsoft SQL Server 2000, a commercial 
grade relational database server.  In order to establish the spatial indexes and 
store that information within the data warehouse, and perform analysis, a 
series of Environmental Systems Research Institute, Inc. (ESRI) software 
tools were employed.  Specifically, PMSView makes use of the ArcGIS, 
ArcIMS, and ArcSDE platforms to collect, process, analyze and display data 
spatially. The database server and associated spatial referencing system 
provide the back-end for PMSView.   

 

PMSView then uses a series of custom built Microsoft .NET middle tier 
components to form a data access layer and a business logic layer.  These two 
layers are responsible for interacting between the user and data warehouse, 
and enforcing security policies on the database.  These components expose 
much of the data access and logic of the database to the presentation layer.  
The presentation layer of PMSView is constructed to provide users with the 
rich user interfaces they encounter through a standard web browser.  These 
interfaces are dynamically generated web pages which were created using 
Microsoft’s ASP.NET framework and distributed by Microsoft’s Internet 
Information Server (IIS). 

 

By using a multi-tiered approach to development and implementation, 
users can leverage the data stored in PMSView into custom built components 
and applications. For WebWSPMS, WSDOT was able to integrate some 
existing systems, such as traffic counters and construction history 
mainframes into the PMSView architecture to provide access to more data 
sources. 
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16.  FUTURE 
The full development and implementation of PMSView will expose PMS-

related data to a much larger user group. In making the data readily available 
PMSView will inherently become more accurate as more individuals closer to 
the data collection process can easily review what was collected. This is an 
essential step in both maintaining accurate data, and increasing efficiency 
within an organization with respect to collecting and processing data.    

 

Beyond that, combining PMSView  with the “online tools for hot-mix 
asphalt monitoring” concept described by White et al. (7) can achieve the 
originally envisioned goals stated by PMS developers during the 1960s and 
1970s which is to fully integrate pavement design, materials, construction, 
maintenance, and performance data into one system.  Such a system, when 
integrated with the capabilities of PMSView will result in a robust asset 
management system. 

 

It is anticipated that as more organizations employ PMSView or similar 
techniques, the subject data will be used by a much wider audience.  This 
increased data availability can make all transportation system stakeholders 
better informed, facilitate more understanding at lower cost and promote 
innovation.  For example, contractors could use the system to assist in their 
proposals for design-build or pavement warranty projects while contracting 
agencies could monitor the design and construction of a project.   

 

17. CONCLUSIONS 
PMSView provides agencies, contractors, legislators, students, and the 

general public, a widely accessible and easily navigable portal to access 
transportation related data. With many practices and procedures for 
monitoring our roadway networks already in place, PMSView is capable of 
integrating with these legacy systems to provide a user-friendly integrated 
high-level view. Upon implementation, PMSView exposes pavement data to 
examination by more individuals, which would likely result in novel 
approaches to existing issues and new ways of using existing data.   

 

A key requirement to provide these integrated datasets is the use of a GIS 
reference network. As an increasing amount of data is collected, 
consideration must be placed on how the data may be used in the future.  
Continued efforts to correctly index and spatially reference data as it is 
collected are necessary to ensuring the data’s value throughout its lifetime.  
With respect to pavements, a lot of data may not prove valuable until years 
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after it was collected, thus a system such as PMSView which enables 
organizations to organize and maintain this information is critical.   

 

As illustrated in WebWSPMS, the WSDOT version of PMSView, current 
data sets are capable of being integrated spatially to provide a widely 
accessible and analyzable pavement data repository.  The full development 
and implementation of PMSView combined with a construction database as 
envisioned by White et al. (7) would achieve full integration of pavement 
design, construction, maintenance, and performance data into one system.   
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ABSTRACT: 
The Focus of this study is on informal urbanization of agricultural land and its effect 
on the groundwater pollution. In order to understand the process of informal 
urbanization on the city scale, a sample area, a locality, representing agricultural land 
being urbanized is selected as a case study. The GIS can play a key role in 
developing a dynamic resource evaluation model which be used to provide a 
resource overview for national land use planning.  El Mansouria pilot area is located 
west of Cairo, falls under Imbaba district and Oseem City in Giza Governorate. It is 
pounded by El Muhit drain from the east and El Mansouria canal from the west The 
population of the area is 65 000 person and the total area under irrigation is 15000 
feddan. The main source of irrigation in Mansouria area is surface water derived 
from El Mansouria canal. During peak water requirements, farmers, especially those 
located at the tail ends of tertiary canals; use groundwater or drains to supplement 
surface water deficits. The area mainly depends on groundwater for drinking, so 
there are two groundwater-drinking stations in the area. At El Manosouria, there is 
no drainage sewerage network exist, septic tanks (trenches) are commonly used to 
discharge sewage. Some of these septic tanks drain sewage water to the drains while 
others drain it to the closest cultivated land then to groundwater. 
The present paper presents an assessment of the groundwater pollution within the 
area. The assessment is based on analyzing more than 60 water samples from the 
local monitoring observed network in the area. The paper also proposes some 
measures for groundwater protection in the area. 
 
KEYWORD: Informal Settlement - Municipal – Agriculture- Pollution- 

Groundwate – Environment 
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1.  INTRODUCTION 
Egypt is-undergoing rapid urbanization. Urban dwellers increased from 

30% of the total population in 1947 to 44% in 1976.  Consequently, the 
nation is facing a serious problem: the loss of scarce agricultural land, which 
represents 4% of its total area. The government, in an effort to conserve 
agricultural land, passed a law prohibiting all construction on such land. In 
spite of that, settlements have continued to sprout and expand all around the 
cities, on agricultural land, as no other realistic alternative has been officially 
offered. 

The FOCUS of this study is on informal urbanization of agricultural land.  
The resulting settlements, though condemned as informal, have been 
supplying about 76% of all the housing produced in Cairo in the last 10 
years. The sturdy reinforced concrete dwellings built informally have become 
a fact the capital has to live with.  Their role in housing a substantial 
percentage of the population cannot be denied.  

To understand the complexities of the process of urbanization of 
agricultural land, it is studied on three levels: The national, to give an overall 
insight of the problem; The urban, to monitor its impact on a specific city; 
and the locality, to understand the mechanics of the process which when 
repeated on a large scale affect the city as a whole. 

On the national level the following factors affecting urbanization are 
reviewed. Population growth, lack of sufficient employment in the 
agricultural sector, attraction of rural dwellers to Cairo, and migration to 
urban areas. 

The implications of the national trend of urbanization are then investigated 
on the Urban Level, where the influx of migrants from rural areas is evident.  
In the case of Egypt, Cairo is most affected by rapid urbanization: 1000 new 
(4) migrants enter Cairo every day, about 60% of all migrants leaving rural 
areas are headed to the capital. The expansion of Cairo takes place mainly on 
agricultural land. More loss of such precious land is threatened; this fact is 
raising controversial reactions. 

In order to understand the process of informal urbanization on the city 
scale, a sample area, a locality, representing agricultural land being urbanized 
is selected as a case study.  A field study was conducted.  The locality is 
analyzed in two modes: the first, deals with the growth process, tracing the 
change from agricultural land to a built-up settlement; the second, 
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investigates the urbanization process in terms of reasons for buying and 
selling lots, social structure of the inhabitants, physical characteristics of the 
layout and the dwellings. 

2. CAIRO: URBAN GROWTH 
The repercussions of rapid urbanization in Egypt appear primarily in Cairo. 

The growth rate of Cairo is about 4%. This is a result of both natural growth 
2.1% and narration. The population increased from 0.67 to 3.3 million, 
(1907-1950) and nearly doubled by 1972. In 1977 the population was 
estimated to surpass 8 million and it is expected to reach 22 million by the 
year 2005. 

City expansion took place by means of three different sectors:  public, 
private and in formal sectors. Informal settlement, on the other hand, was 
sprouting all over Cairo particularly on agricultural land. Between 1973 and 
1978 about 76% of all construction around Cairo was built informally on 
agricultural land. Official figures stated a housing shortage of 1.5 million 
units in Egypt in 1975, most of which lacked in Cairo. This figure reflects the 
shortage in the official formal housing stock. Because of the criteria for 
standard housing in Egypt, the shortage appears dramatic.  In reality no one 
sleeps on the pavements and a large percentage of the population is housed in 
units provided in informal settlements. These were not accepted by the 
government. Lately, as a result of the enormous size of these settlements, 
they have been partially recognized and some are being upgraded. Figure 1-a 
represents the informal distribution in greater Cairo. 
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Figure 1 a: Informal settlement distribution in Greater Cairo 
 
 
  

Geographic information systems (GIS) are being used increasingly as 
decision support tools through out society in business, government, science, 
and academia.  GIS can play a key role in developing a dynamic resource 
evaluation model which be used to provide overview on the informal 
settlement. 
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3. SITE DESCRIPTION 
El Mansouria pilot area is located west of Cairo, falls under Imbaba district 

and Oseem City in Giza Governorate. It is pounded by El Muhit drain from 
the east and El Mansouria canal from the west as shown in Fig. (1-b). The 
population of the area is 65 000 person and the total area under irrigation is 
15000 feddan. El Mansouria area comprises Mansoura main village (the 
mother village), Abdel Samad village (satellite village) and 15 ezbas, or small 
private plots.  

The main source of irrigation in Mansouria area is surface water derived 
from El Mansouria canal. During peak water requirements, farmers, 
especially those located at the tail ends of tertiary canals; use groundwater or 
drains to supplement surface water deficits or to irrigate new lands. The 
annual extraction of groundwater for irrigation is approximately 11 millions 
m3/year, which is obtained from 150 private wells and the main open drain is 
El Mansouria drain, which ends to El Muhit main drain. 

 
 

 

 

 

 

 

 

 

 
 
 Figure 1 b: General layout of Mansouria pilot study 
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The area mainly depends on groundwater for drinking, so there are two 
groundwater-drinking stations in the area; The first pump station is located at 
the main town (El Mansouria) with a total capacity of 2 038 000 m3/year, 
while the other one is located in Abde El Salam village with total capacity 
509,500 m3/year, while the ezpas depends only on hand pumps. 

The groundwater station in Mansouria village consists of six wells with 
depths ranging from 45 to 60 m. groundwater is pumped 18 hours daily at a 
rate of 60 liters per second. No storage facility exists since the elevated tank 
is more than 10 years old, it is in disrepair, and is no longer used. 
Accordingly, water is not available during the night. Chlorine tanks are 
available at the station but they are not always used, indicating that water 
pumped to consumers is not always treated and may therefore be polluted, 
especially in the view of disrupted pumping in the pipes, which may result in 
adverse seepage from drainage water (water table) to the water distribution 
pipelines. The groundwater station has only 2300 connections within 
Mansouria village, leaving more than 65% of the inhabitants unserved. 
Hence, extensive reliance is made on hand pumps, a phenomenon that gives 
rise to the high rate of water pollution and its related diseases in the village. 
Abdel Samad village has only two wells covering a small proportion of the 
population. 

4. HYDROLOGY OF THE AREA 
Detailed hydrological investigations have been carried out on the pilot area 

to identify reasons behind groundwater pollution, its extended, and 
mechanisms.  Results of hydrological studied are processed in the form of 
maps reflecting    the geometry of the aquifer in terms of clay thickness and 
base of aquifer and groundwater (Fig. 2).  

 
• The aquifer thickness ranges from 40 to 60 m. it is semi-confined in the 

east becoming pheritic to the west where the clay silt member vanishes. 
The aquifer transitivity is 3575-4225 m2/day. The maximum thickness 
of the semi-confined clay member is about 7 m (along El Muhit drain). 

• The depth to groundwater varies from 0.5 m to 3 m below groundwater 
flow is northeast to southwest. 

• The depth to the water table varies greatly in space, with an average of 
0.7 to 1.5 m. This creates another component of flow from the water 
table to the groundwater (aquifer). 
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Figure 2:  Geological formation of the study area 

 

5. SOURCES OF POLLUTIONS 
5.1 AGRICULTURE POLLUTION 

In the area about 9000 feddan are cultivated consisting of the old reclaimed 
lands. Irrigation is based on both surface water and groundwater. 
Accordingly, the major source of pollution is a result of agricultural 
activities, which is also of diffuse type. 

5.2 FERTILIZER 
According to the prevailing cropping pattern in the area, the following rate 

of fertilizer is added as listed in Table (1). 
 

Table (1) Amount of fertilizer rate at El Mansuria area 

Crop Fertilizer (kg/feddan) 
Onion 125 super phosphate, and 50 urea 

Berseem 40 super phosphate, and 50 urea 

Faba Beans 200 super phosphate, and 150 nitrate 

Maize 40 super phosphate, and 120 urea 

Vegetables 120 natural fertilizer, and 100 urea 

 

 

Nitrogen is considered more dangerous due to its mobility with water, and 
urea transfers into nitrite resulting in another threat to the groundwater. Same 
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applies to organic fertilizers as a result of nitrification. On the other hand, 
phosphate is less dangerous due to its lower mobility. 

 
5.3 PESTICIDES 

The field investigations carried out in the area indicated that the most 
commonly used pesticides are as follows in Table (2): 

 
Table (2) Rate of applied pesticide 

Pesticide (%) Application rate /feddan Crop 
Malathion (57) 1-1.5 lit. Feba beans & 

vegetables 

Lannite (90) 300-350 gm. Bersem, & maize  

Demosweet 450 gm. Vegetable 

 
5.4 MUNICIPALE POLLUTION 

At El Manosouria, no drainage sewerage network exist septic tanks 
(trenches) are commonly used to discharge sewage. Some of these septic 
tanks drain sewage water to the drains while others drain it to the closest 
cultivated land. 

In addition El Mansouria is surrounded by two main agricultural drains (El 
Mouhit and El Libini) and another drain crossing the town. This last (El 
Mansouria drain) is not any more needed for the disposal of garbage and 
sewage wastes. This situation, under the prevailing hydrologic conditions, 
results in a continuous seepage from the drains to the results of groundwater 
samples analysis in the inhabitant area as well as near the drains.  

 
5.5 ANALYSIS OF DATA 

Groundwater sample has been taking to investigate the state of 
groundwater quality, extent and type of pollution, 20 samples have been 
collected from various location in the study area, from irrigation wells, hand 
pumps and deep wells. Samples from wells No. 3, 5, 7, 17, and 29 are from 
hand pump which represents shallow groundwater with depth equal to 15m. 
Wells No. 1, 4, 14 and 15 are production wells with average water depth 60 
m as deep groundwater. The others are irrigation wells with average water 
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depth equal to 22 m. Figure (3) represents the location of groundwater sample 
over the study area.  
 

 

 
 
 
 
 
 
 
 
 

 

 

 

Figure 3: Represents the location of groundwater sample over the study area. 

Collection, preservation and analysis of samples were performed according 
to APHA method (1989) 
• Field parameters: 

− pH, water temperature, (T ºC)   
• Laboratory parameters: 

− Electrical conductivity (EC), total dissolved solids (TDS), nitrate 
(NO3), nitrite (NO2), chloride (Cl), sulphate (SO4), bicarbonate 
(HCO3), calcium (Ca), magnesium (Mg), sodium (Na), potassium 
(K), Manganese (Mn), iron (Fe) and  Fecalcoli form. 

 
5.6    RESULTS AND DISCUSSIONS 
5.6.1 pH 

The pH values range from 7.15 to 7.73, with an average value of 7.48, 
which indicates safe water for drinking and irrigation. 
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5.6.2 Soluble salts 
The average electrical conductivity of the water samples is 0.648 dS/cm, 

and the total dissolved solid is ranged between 433 to 1170 ppm with an 
average value 408 ppm, Figure (4) represents a comparison between the 
WHO guideline for drinking and the TDS concentration in the groundwater.  
All the water samples are lying above the allowable which is 500 mg/l but 
still less than the maximum allowable which is 1500 mg/l.  
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Figure 4: Comparison between groundwater TDS and WHO guideline 

5.6.3 Cation and Anions 
The concentration of Anions (Cl, SO4 and HCO3) are measured and 

represented in Fig. (5 a, b and c) respectively; for the entire water sample 
from the groundwater the concentration of anions (Mg, Ca, Na and K) differs 
from one location to another as shown in Figure (6). The most dominant 
anions are bicarbonate. In general WHO limits for drinking water are not 
exceeded. 
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Figure 5: Concentration of Anions in groundwater samples compared with WHO 
guideline for drinking water 
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Figure 6: Concentration of Cations in groundwater samples compared with  

WHO guideline for drinking water 
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5.6.4 Nutrient 
Nitrate NO3 concentrations (Fig. 7) are ranged between 0.4 to 7.79 mg/l for 

all the measured water samples with average value 4.29 mg/l which is less 
than 50 mg/l the WHO limits for drinking water (<50 mg/l as NO3). 
Ammonia is largely present in the agriculture drainage water, being 
negligible in groundwater. This is due to nitrification in the unsaturated zone 
of the aquifer and plant absorption. The concentration of nitrites NO2 is found 
to be less than 0.2 mg/l for all the sites; this value is less than the WHO 
guideline (3 mg/l as NO2).  Also the wells which close to the El Manosouria  
have higher concentrations of NO3 than far from drains this is because the 
quality of drains which affect the groundwater quality 

Phosphate (PO4) concentration in groundwater quality is less than 0.2 mg/l 
for the entire water sample. However its value is still higher than the 
allowable (0.1ppm). This is due to the use of orthophosphates fertilizers in 
the area for long time and the mobility of phosphorous.  

 
5.6.5 Heavy metal  

The iron concentrations (Fe) for different site water sample is presented in 
Fig. (8). The (Fe) concentration is generally below the maximum allowable 
(<1.0 mg/l) for drinking water (groundwater source). However some water 
sample is found above the permissible (>1.0 mg/l), these samples were found 
at locations sites 2, 5, 7, 18, 19 and 31. The increase of ferrous iron can occur 
in solution at the sites of either reduction of ferric ox hydroxides or oxidation 
of ferrous sulfides. In the latter process the sulfur is attacked first and altered 
to sulfate, releasing the ferrous iron. Iron is present in organic wastes and in 
plant debris in soils and the activities in the biosphere may have a strong 
influence on the occurrence of iron in water. Microorganisms are commonly 
involved in process of oxidation and reduction of iron.  
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Figure 7: Concentration of Nitrate in groundwater samples compared with WHO 
guideline for drinking water 
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Figure 8: Concentration of Fe  in groundwater samples compared with WHO 
guideline for drinking water 
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5.6.6 Fecal coliform 
 Coliform (micro-biological pollution) is present in samples at locations 5, 
19, 29 and 31 with value more than 1000 CFU/100 ml. These indicate that 
these locations are badly affected by the municipal pollution due to the 
absence of sewerage network and the use of trench for sewage disposal. Also 
these wells are shallow wells.  The value  of fecal coilform in wells No. 2, 3, 
6, 7, 32 and 30 are ranged between 20 to 100 CFU/100 ml, which represent 
water samples in water depth of 22 m.  The water samples from the deep 
depth is found clear from the fecal coliform. 

14000
12000

/1
00

 m
l

10000
8000

Fe
ca

l c
ol

i f
or

m
 C

FU 6000
4000
2000

0
1 2 3 4 5 6 7 8 9 14 15 16 17 18 19 29 30 31 32 33

water samples

 Figure 9: Concentration of Fecal coliform i for groundwater samples 

6. CONCLUSION 
• The layouts of such informal settlements have several drawbacks as a 

result of their being unplanned. Upgrading is suggested to improve their 
situation. Further expansion of such settlements should be guided so as to 
avoid the problems that occurred in their existing counterparts parts.  
Land subdivision guidelines are recommended.  No intervention in the 
process of construction is advised. 

• GIS can play a good role in helping the decision makers in development 
such area. 
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• The chemical analysis reveled that it is the different components of pH, 
TDS, Cl, HCO3, SO4,Ca, Mg, Na, K,  NO3 are within the near the 
allowable drinking limit for WHO. 

• High quantity of fecal coliform is observed in shallow wells up to 15 m, 
lower quantity where found also in wells with depth 22 m.  The amount 
of fecal coliform quantity decreased as depth increased. This is due to the 
lack of sewerage system in the area. 

• A deeper wells must be used for drinking (more than 60 m) to avoid any 
pollution to groundwater. 

• Sewerage system must be implemented and to cover the area 
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ABSTRACT:  
This paper describes a decision support model made for assessing tourism 
development in Sharma El-Sheikh area, Sinai - Egypt. Different methodological 
approaches have been set to fulfill this task (GIS, Mental and Simulation Models). 
These tools have been linked and combined forming such spatial decision support 
system, where ecological and economic as well as social factors could have been 
conducted in one modeling decision system. 
A so called “Sharma Simulation Model” has been constructed by using system 
dynamics tradition. The use of GIS enables spatially explicit simulation modeling 
results for different proposed development scenarios. It, also, gives the possibility to 
delineate conflict areas and calculate the concrete share of different impact types due 
to anticipated tourism growth in Sharm. Such combination of GIS and System 
Dynamics form a dynamic decision support system, which  offers the possibility to 
guide and support decisions in local urban planning process by calculating and 
interpreting the consequences of each development scenario not only from the 
economic point of view but also integrated with ecological and social aspects as 
well. 
 
Such spatial decision support system represent a new generation of user oriented and 
interactive planning tool which might be compared to similar developments in the 
modeling of stakeholder participation processes for urban development in the US.  

 

 

 

 

 

mailto:elrefaie@yahoo.com


112                     Part Two: The State-of-the-Art GIS in Decision Making  

 

1. INTRODUCTION 
In the early 1970s tourism was considered a “smokeless industry” a largely 

dependent on using and developing the natural and cultural resources of a 
country as attractions for visitors. Tourism was also looked upon as a panacea 
for stimulating economic development due to its extensive contribution to 
foreign exchange earnings, generation of income, employment and 
government revenue. 

 According to recent statistics, the environmental impact of tourism 
development is of serious concern. In some popular destination, the natural 
attractions of the area have been damaged or destroyed due to overbuilding 
and irresponsible development overlooking different capacity thresholds of 
the area. The coastal tourist industry in Egypt is booming, and large expanses 
have been developed into beach resorts. The most intensively developed area, 
on the Gulf of Aqaba coast, is Sharm-el-Sheikh. Significant tourist 
development has also taken place at Dahab, Nuweiba and Taba. It has been 
reported that area such as Sharm-el-Sheikh has been developed and exploited 
beyond their ecological and social carrying capacities and is already showing 
signs of environmental degradation. Evidence of reef degradation due to 
tourism and other activities is clear even in areas such as the Ras Mohammad 
National Park (UNEP1997). The tourism and recreation industry is 
confronted with serious and difficult choices about its future.  

The decisions made now would for decades affect the environment, 
lifestyles and economic opportunity of residents in tourism destination areas. 
Many of these decisions are irreversible because once communities lose the 
character that makes them distinctive and attractive to nonresidents, they 
have lost their ability to vie for tourist-based income in an increasingly global 
and competitive marketplace. It is crucial to search for a balance between 
environment (compatibility) and economic growth (sustainable). Tourism is 
an important part of this dynamic and the demand for innovative forms of 
assessment is growing rapidly. 

This paper takes as its task to address the broad problem of tourism 
development consequences on eco system environment. It describes a 
computer simulation model, developed in the system dynamic tradition, 
which provides a means of estimating the impacts of various tourism 
development decisions on the eco-system existing in Sharm El-Sheikh 
coastal zone. However, the purpose of this study is not to identify optimal 
policies under a central scenario assumed to be correct rather than, it 
identifies the sources and consequences of the conflict, by using a dynamic 
decision support system, which offers the possibility to guide decisions in 
local urban planning. So those, decision makers may become aware of blind 
spots in current situation. 
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2. RESEARCH AREA 
Since 1982, the time at which Egypt regained her political control over 

Sinai, the development of the peninsula has become strategically essential. 
However, Sharm-el-Sheikh started to expand about five years later. The 
protected area to the south of the city at Ras Mohammed waited six years to 
be established as a National Park in 1989. Sharm is probably the best-known 
town of the southern Sinai, for the simple reason that it is the town that gave 
the Red Sea an international reputation as one of the world’s most 
extraordinary diving destinations. The coral reefs of Ras Mohammed, Tiran 
and the Aqaba coast, on which Sharm-el-Sheikh built its legendary 
reputation, are as dazzling as ever. Fig. (1) Shows the location of the research 
area. 

 
With growing promotional activities from the Government of Egypt (GOE) 

and increasing popularity of SCUBA diving in the area, the city’s shoreline 
came under pressure from international and national developers. 
Accordingly, between 1988 and 1992, the city council sold 100% of the 
coastline to developers (Salem S., 1993). The development started by Naama 
Bay (see Fig.(1)) because of the absence of fringing reef along its 1 km sandy 
beach as well as its close proximity to the airport. It was soon sealed with 
concrete and the urbanization boom continued along the coast 

Sharm 
Elshaik

Ras 
Mohamm
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Figure 1: Map of Sharm-el-Sheikh area including National Park Ras Mohammed 

 
When eco-system, especially coral-reefs, is of a leading factor for tourism 

attraction in a region as it is in Sharm-el-Sheikh and the booming 
construction activities expanding recklessly to accommodate the influx of 
tourism a degradation of this coral-reefs, in a long term period, may happen, 
which will affect passively the tourism attractiveness of the region on the 
coming future. Much of the research about diver-caused reef damage 
suggests there is a carrying capacity for dive sites, above which damage 
increases drastically. Research in the Red Sea and Caribbean suggests a 
threshold, which reefs can securely support of 5,000-6,000 dives per site per 
year. Recreational SCUBA diving causes damage to reefs at exponentially 
increasing rates as diving intensity increases (Hawkins & Roberts, 1997). 
Many sites around Sharm-el-Sheikh far exceed that threshold. Therefore, the 
description of the relationship between the economic development (increase 
of tourism) and the ecological impact (reef’s damage) is the central task of 
the modeling process. 
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3. RESEARCH OBJECTIVES 
Our specific objectives are twofold. First, we seek to structure an integrated 

model of Sharm-el-Sheikh where dynamic feedback relations of socio-
economic conditions and environmental impacts are simultaneously and 
consistently incorporated. Second, by using GIS, the interpretation of the 
consequences of different developing scenarios, resulting from such 
simulation model, would have been possible. This will explore and provide 
seeds for better decision and policy thought.  

4. METHODOLOGY  
The basic tool for geographical analysis is GIS, while being a powerful 

spatial analysis tool; it’s still frozen in time. GIS can’t be used for analyzing 
the economic, ecological and social sustainability (changing in time process). 
Changing in time process can be simulated using System Dynamics, 
(originated in the 1960s with the work of Jay Forrester and his colleagues in 
the Sloan School of Management at the Massachusetts Institute of 
Technology) where environmental, social and economic aspects can be 
generated as dynamic models for cause-effect analysis over time. System 
Dynamics is frozen in space system (non-spatial modeling). Multi-criteria 
Decision Analysis will be used to evaluate both spatial and non-spatial events 
based on the criterion values and the decision maker’s preferences with 
respect to a set of evaluation criteria. 
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Figure 2: proposed Spatial Decision Support System. 
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4.1 MODELING PROCESS 
Four modules; compose Sharm integrated model, have been created to 

simplify problem structure interpretation.  

Socio-economic Module

Marine Module

Terrestrial Module

Emissions Module

GIS

Population + tourists

Population + tourists

Environmental
Status

land uses
(Areas)

Stocks

Natural
constraints layers

Land-Uses

population
+ tourists

Waste water

Solid waste

 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 

The interrelations between Sharm dynamic modules and GIS are presented 

 

in Fig.(3) 

Figure 3 

 
.1.1 Terrestrial (Spatial) module:  
Using tourism demand-side approach the terrestrial module will be used 

escribing different land-use changes. For this five land-use classes have 
een differentiated: Tourism areas (resorts, hotels, camps etc.), Housing 
reas, Roads & Services, Waste treatment areas, and Desert & natural 
ndscape. 
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4.1.3 Emissions module:  
 

This module is dealing with the amount of waste emitted, either its hy
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Figure 6:  Marine Module 
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saline water, rejected from desalinate water stations, is waste water or solid 
aste. Sharm depends, mainly; on desalinate water stations to provide m
f the fresh water needed (El Tour water line supplies Sharm, only,
bout 2000 m3/day). 

4.1.4 Marine module:  
 

This module is designed, in this model, to calculate the amount, 
percentage, of coral-reefs, which are susceptible to damages by m
only, SCUBA diving activity in S a.  
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.2 SET-UP EVALUATION CRITERIA 
Sustainable tourism development criteria for the whole Sharm sector is 

lustrated in table 1 
Table 1- Sharm sustainability evaluation criteria 

4

il

Criteria Measuring Indicator 
Reefs stability Index (max: 5000 – 6000) Dive /site /year 

Desert conservation Less area used “buildings &  roads” = more 
conservation 

Tourist satisfaction max: 3.5 tourist/m of 
coast) 
Beach crowding index (

Market revenue (+) “More revenue = more development benefit 

Rate of salaries Min 40% of net hotel revenue 

Support of  existing 
infrastructure capacity 

Water supply (existing network capacity = 
28500 m3/day) 
Waste water (existing network capacity = 30000 
m3/day) 

Social stability Stability index (max: 3 tourist/Bedouin) 

4.3 SIMULATION PROCESS 
• The dynam  software has 

 used for model  tourism development 

• By using VENSIM, 
 cause  among module parameters. 

• Four Sharm stock-flow
imulation Model (SHASIMO) see Fig. 7 

 

 

 

ic simulation modeling language of VENSIM
been ing and simulating Sharm
behavior. 

stock-flow diagram has been constructed and 
-effect analysisfollowed by the

 modules have been aggregated to form what is 
called Sharm S
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Figure 7: Sharm Simulation Model (SHASIMO) 
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• To evaluate the consequences of a scenario, from sustainability point of 

 

view, an ssumed). Each 
scenario has effects on the socio-economic and ecological development 

 

• 
 been divided into six spatial 

acquire more tourism activities have been articulated by 

pment are 

n 
e 

areas of housing, tourism and services. 
The allocation of different land-uses, in Sharm area, is 
depending on the evaluation results of each sector’s potential 

evaluation criterion has been established (a

of Sharm El-Sheikh; these effects comprise the basic notion of the 
policy evaluation criteria 

To deduce the most preferable “suitable” areas in Sharm for future 
tourism development, Sharm area has
sectors; Nabq, Ras-Nasrani, Sheik-Coast, Naama, Elhadaba, and 
Elmayia. Carrying capacities of these areas are in difference. Sectors’ 
potentials to 
forming a suitability analysis, using GIS: 
− Sharm Sectors’ suitable areas for future develo

calculated by ArcView: Spatial Analyst. Fig.8 
− A topographic (1/150000) map, of Sharm sectors, has bee

ll thgenerated forming a base-map for Geo-referencing a
thematic data sets inferred from either suitability analysis or 
simulation process. 

− For each scenario an estimated land-use map has been 
generated according to the spatial data acquired from 
SHASIMO results; 

for future tourism development (the preferable development 
sectors ranking result)                    
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By introducing strength and weak points of each development scenario 
and initiating the preferable development sectors in Sharm,
com pment of Sharm El-Sheikh, 
could have depicted. 

Sharm El-Sheikh - Construction Suitability Analysis 
 

prehensive vision, of future develo

 

Nabq
 
 
 

 
 

• 
 a 

5. RESULTS OF SHARM SIMULATION          
85 - 2020  

More tourists cause more diving activities in Sharm diving sites which rise 
damage susceptibility o coral-reefs. To a certain limit of reefs degradation, 
tourists’ growth rate will start to decline according to the decrease of tourism 
demand which is affected by the eco-system situation of the area. If the 
development trend, in Sharm, sustain like the (85-2002) trend the area will 
face a severe problem concerning environmental and social aspects. Number 
of yearly tourists, for example, will start to decline by 2015 where 60% of 

 t

s 
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Sharm diving sites’ reefs are expected to be damaged and rooms’ occupancy 

 

rate, by 2020 is expected to decrease till it reaches 28%. Next (Fig. 9) shows 
such growth consequences. 

According to the land suitability analysis conducted by GIS for Sharm area, 
ax capacity of Sharm is about, 90000 rooms (60% of total suitable area). 
y 2005 this threshold is expected to be reached, Sharm tourism market 

curve will drop, at this point as seen in Fig.9, because no new rooms will be 
constructed; capital investment = 0.0, and rooms’ occupancy rate is of 
minimum; 14%. Then the curve will rise again according, only, to the 
tourists’ expenditures. This rising curve will reach its peck and start declining 
by 2015 where number of tourists starts decreasing owing to reefs damage.  
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Figure 9: Sharm Eco-system and Tourism Development 
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curve and affects positively the occupancy rate. . 



 

 

Sharm Development Scenarios- 2020 

Table 2 (Results of SHASIMO 2020 for Sharm development 

Indicator 
Scenario SCUBA 

Divers 
Hotel 

Owners 
Tourism 
Investors 

Business 
Extremes 

 
 

    

Terrestrial 
(Spatial)      

Yearly Tourists  3,750000 3,700000 6,972000 3,70

scenarios) 

Threshold Comments 
   

  

0000   (Tourist) 

s (2003)
room
ption
 dem
nsta

Rooms (room)  44760 44760 59711 92002   Room  =
35808  

 

arly
 = 
002
lity

Date of Max. 
Occupancy  2017 

(98%) 
2015 
(76%) 

2013 
(80%) 

2016 
(36.5%)   

Assum : Ye  
tourism and
21% co nt -2  

Tourism new 
Area (acre)  4536 4536 7801 14851  106 3 GIS Land suitabi  

analysis 0

8

0

0

Housing new 
Area (acre)  278 614 800 1204  73  Planed for 20017- in 

Sharm sector 
Roads & Services 
new Area (acre)  2493 2493 3490 5327  30 0 Planed for 20017- in 

Sharm sector  

Total new areas 
(acre)  4517 4996 9521 19000  150 0 GIS Land suitability 

analysis 
         



 

 

 
Social         
Beach crowding 
(tourist/m of coast)  2.8 1.8 3.5 1.8  Max. 3.5 4 stars resorts 

Social Index  1.5 1 1.8 1  Max. 3 (Tourist / Resident) 
Ecological         
Desert & natural 
landscaping  65% 64% 52% 29%  (+)  

No. Of 
Dives/site/year  51800 46000 6000 46600  Max. 6000  

Exp. Reefs’ damages 
in d-Sites  74% 85% 12% 86%  Max. 12%  

Economic         

Rates of Salaries  37% 54% 46% 80%  Min. 40%  
Total Market 
Revenue  1943 1251 2355 1251  (+) (Million $/year) 

         
Emissions         
Water Needs 
(m³/day)  68000 72000 105000 105000  28500 Max. Capacity of 

existing network 
Waste Water 
(m³/day)  54800 58100 84400 84600 

 
30000 Max. Capacity of 

existing network 
Solid Waste  59000 55000 85000 74100   (Ton/day) 
Bio-Oxidation 
Ponds' Area (acre)  493 523 760 761 

 
70 Present, 2003, 

allocated ponds' area
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6. SCENARIOS’ EVALUATION RESULTS 
Sharm trend should not be left to continue as present. By 2020, Sharm 

Marine Eco-sy  (Coral Reefs) will face severe dam ge problems in diving 
areas and rooms’ occupation will reach extrem present 
developmen nd co
stress. Alth h the welfare 
distribution of such
sustainable econom .

Opening new diving sites and rising up diving fee are not quiet enough 
measures to secure marine eco-system  rm Owners 
scenarios. Restricted    number of dives per site pe essential to be 
added to such measures to sustain diving areas’ reefs stability condition. 

All presented scenarios commonly contribute shrinking desert and natural 
lands ing areas in Sharm. 

According to all scenarios, water network; supply and waste drainage, shall 
be under severe stress. By network 
capacity be exp e  a  f  t  t ur es its existing 
capacity     

s that is no optimal policy, from such previous stakeholders’ 
scenarios, to be chosen as a strategy for Sharm future development. Each 
scenario has its own pros and cons. Nevertheless since the very beginning it 
has been asserted that Sharm ing to 
s  p r or op al development policy but to elucidate and compare 
the im proposed scenarios so as to help decision 
m ng awa f d n e tu . 
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7

ep is made that already offers a good tool to, at least, 
sk

n of 
th

ossible.  

an interpretation for the land suitability analysis and others 
ex

rve of economic 
revenue will reach its peck and start declining by 2015 where number of 

urist starts decreasing owing to the excess of natural damages. See Fig 10. 

 

. RESEARCH RESULTS 
Using such dynamic decision support system the description of important 

economic, ecological and social relationships in the tourism industry of 
Sharm-el-Sheikh is possible. Due to a lack of data and/or knowledge, not all 
components could have been based on exact scientific information. 
Nevertheless, a first st

etch future developments under certain assumptions.  
Only the application of a system dynamics, modeling approach, allowed for 

the structuring of the extremely complex intertwining existing between 
social, economic and environmental aspects. Additionally, the combinatio

e non-spatial modeling system with the GIS made a spatially explicit 
relation to the Sharm region p

In Sharm Decision Support System building the model; SHASIMO, was 
central task of the study and command essentially all resources. Spatial 
problems have been studied on parallel tracks using GIS, with one track 
developing 

amining sensitive areas in greater depth; accessibility and pollution.  
SHASIMO depicts explicitly the behavior of sustainability aspects of 

tourism phenomenon in Sharm. More tourists cause more diving activities 
which rise damage susceptibility to coral-reefs. To a certain limit of reefs 
degradation, tourists’ growth rate will start to decline according to the 
decrease of tourism demand which is affected by the eco-system situation of 
the area (marine and natural landscaping). The rising cu

to



130 Part Two: The State-of-the-Art GIS in Decision Making  

 

 
6 M tourist
100 Dmnl

4,000 million $
100 Dmnl

0
0
0
0

4 4 4
4

4

4

3

3 3

2

2

1

1

1

1

15 2020

Yearly tourist
Diving Dmnl
Total f million $
"Deser Dmnl

tourist
Dmnl
million $
Dmnl

4

4 4 4

3 3 3 3
3

3

3

2 2 2 2 2 2
2

2

2

1 1 1 1
1

1

1

1985 1990 1995 2000 2005 2010 20
Time (Year)

 Tourists : Basic Model (85-2002 Trend) 1 1 1 1 1 1
 Sites Damages : Basic Model (85-2002 Trend) 2 2 2 2 2 2
oreign expenditures : Basic Model (85-2002 Trend) 3 3 3 3
t & natural landscaping" : Basic Model (85-2002 Trend) 4 4 4 4

Figure 10 

 Decision Support System seems to be complex in its degree of detail 
in its scope. It has shown an ability to be a smart system

 in Sharm. This makes it valuable for comparing the im
t policies proposed (scenarios). 

Major features of System Dynamics and GIS constitute the 
t System of Sharm are presented and discussed in table 3. 

- Summary of systems’ features forming Sharm Decision Support Syst
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Time
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Software used Vensim V. 5.1 Arcview V. 3.2 

Precision of data 
required  Quite precise Precise 

Dealing with 
Uncertainty Not possible Possible 

Ease of use  
 (For planners) Difficult Easy 

Type of Interpretation Graphs Maps 
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GIS WEB MAP GEO-MARKETING 
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UNDER INTRANET PLATFORM 
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imad.jouda@otalgerie.com Imad Jouda 
Geo-Marketing & GIS application Supervisor 

ABSTRACT 
The main target of GIS Web Map project is to provide all Departments especially 
Customer Operations with  geographical Information support through an interactive 
& Dynamic interface allowing access to different information such as Coverage Info, 
Coverage status, POS & Djezzy’s services Centers Location, customers complaints 
& wishes Areas, BTS Location, roll out plan etc.. 

Also providing the technical department with all GSM Network troubles, with 
maximum of type, location precision, and according to customer wishes, to improve 
the quality of the network in certain location.  

All this information will be issued taken into consideration the different level of 
rights Access.  

This intranet interface has as mainly objective to answer on line for all the 
requirements related to our principal client for those applications which is Customer 
Operations department. 

PS: To have a clear visibility for Customer Operations’ requirements, please let have 
a see on the second document attached on my e-mail. 
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1. INTRODUCTION 
 In order to achieve this project and to insure availability of all supports & 
also needed GIS support which concern all departments. 
 
 We have created a work shop as Geo-marketing committee which will be 
in charge to: 
• Express all issues & needed GIS support related to the project. 
• To dispose all required means to succeed the project. 
• Follow up the progression of the project. 
• The concerned departments are: 

– Geomarketing as The owner of project. 
– Technical department. 
– IT Departments. 
– Sales and Distribution. 
– Customers Operations. 

2. IMPLEMENTATION PHASES 

2.1 MIGRATION OF DATABASE FROM 
MICROSOFT ACCESS TO ORACLE 

• The Geo-marketing Database must be converted for many reasons. 
• The size of Database increases with time and the treatments become  
    increasingly slow. 
• For reason of compatibility with IT databases. 
• Implementation of data on the Intranet.  
• Implementation of GIS interfaces on the Intranet.  

2.2 PRODUCTION OF DIGITAL MAPS 
 Algeria counts 48 wilayes, only 15 of them their digital maps are available 
in our system GIS, because for the remaining wilayas their respective maps 
are not produced by the concerned institution, so the production of GIS 
Digital Maps From satellite Imagery was imperative for some important 
wilayas such as:  

• Greater Algiers, Blida, Boumerdes, Skikda and  Tipaza. 
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 As first step our GIS interface will cover 20 wilayas of Algeria which 
represent the most important wilayas of the country in terms of GSM market 
potential. 
• We required GIS digital maps to be produced for the extensions of the city 

of Greater Algiers in Algeria. 
 

 

2.3 IMPLEMENTATION OF GIS INTERFACE ON 
THE INTRANET 

 Setting-up an interactive interface on the intranet mainly for the Customers 
care (Call Center) including the following: 
Algeria map with wilayas, communes, Coverage information, POS location, 
CDS location, Sites Location with coverage details, Black spot & correction 
date estimation, customer complaints & wishes, roll out, Hot spots Areas, 
etc…. 

2.4 REQUIRED MEANS TO ACHIEVE THE 
PROJECT 

• Hardware Means: 
– Dedicated server powerful enough (Processor, memory and Hard Disk). 
– Backup drive system. 
– 02 GPS compatible with WGS84 (Geodetic datum). 
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•  Software Means: 
– Intergraph Geomedia. 
– Intergraph GeoMedia Web Map (2 Map Servers License).  
– Oracle Database Already converted. 

 

• Training: 
– The Training concern mainly Geomarketing and IT staff (Geomedia Web 

Map) and Secondly COPS, Sales and Marketing. 
 

2.5 DATABASE ADMINISTRATION AND ACCESS 
RIGHTS 

 The access to different Intra GIS Interface require several levels of access 
According to their importance, Needed information required by any 
department and hierarchical position of each user. 

– The access organization must be fixed by the Geomarketing committee 
agreed with top management. 

– The Intra GIS Database must be protected from all hacking or intrusion 
action. 

– The Database administrator is the only to be able to adjust all security 
properties. 

 

2.6 TRAINING REQUIREMENT 
 The Training concern mainly Geo-marketing and IT staff (Geo-media Web 
Map) and Secondly COPS, Sales and Marketing. 
It will include the following points: 
• Geo-media web Map (Setting up, programming, the maintenance of 

database). 
– Programming aspects under Geo-media (developing of mini-application). 
– Digitizing maps (methodologies, calibration, adjustments). 

 

2.7 GEO-MEDIA WEB MAP SOLUTIONS 
 The most valuable asset enterprise owns is its information. The challenge is 
to make that information quickly and easily available to employees and 
customers so they can use it to be more productive. 
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 Geo-Media Web Map, Intergraph’s Web-based map visualization and 
analysis tool, provides real-time links to geospatial data warehouses. Its 
revolutionary technology maximizes the value of the geographic information 
by publishing it on the Intranet or Internet providing top management, 
employees and customer services, fast and easy access to our geospatial data. 
Query a database and see information described in a map. Click on a map 
feature or area and see selected database information about that particular 
map feature – you can access and analyze data anywhere, anytime. 
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3. DEMONSTRATION 
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Technical Support 

Troubles investigation on Web Map Application 

Troubleshooting correction 
Planning  

4. ADVANTAGES OF WEB MAP SOLUTIONS 
• Get full value from investment.  
• Access information – anytime, anywhere.  
• Take advantage of powerful technology.  
• Build on current assets.  
• Free data with open standards. 
• Increase communication and productivity.  
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5. SCALABILITY 
 GeoMedia WebMap was designed to be scalable so users can grow their 
systems without rebuilding them. Customers can link as many GIS, CAD, 
digital mapping, and database systems to GeoMedia WebMap as they wish. 
And GeoMedia WebMap can be configured to allow as many users to access 
the datasets as is desired, accommodating viewing commands and analysis 
queries from thousands of simultaneous users. 
 

6. CONCLUSION 
 This system will improve the quality of services of GSM operator with 
making increasingly the customers quality requirements also getting 
continually feedback from them and take in charge quickly all customers 
demands in term of coverage, quality of calls, capacity of network and 
optimize for them the location of commercial infrastructures which must be 
the very nearest possible to customers. 
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ABSTRACT 
The transition of irrigation water to municipal and industrial water usage has impacts 
that need to be considered. As water is diverted from large areas covered with crops 
to urban use, the usage patterns may be different. Water converted to urban use is 
typically more expensive because it is treated. Actual urban water demand needs to 
be quantified, such that choices can be made concerning allocation of water to 
agriculture, landscapes, or other uses. With high demand of water and limited 
supplies, it is essential that property owners and municipalities find new ways to 
conserve water while maintaining healthy landscapes.  
 

Multi-spectral airborne digital images were collected over the urban/rural fringe in 
suburban of the City of Layton, Utah, USA. The aerial images were rectified to 
ground coordinates, mosaiced, calibrated, classified and then imported into a (GIS) 
environment. Irrigated landscaped areas were extracted by overlaying parcel 
boundary layers on the classified image. A most recent research results have shown a 
great potential for using high-resolution airborne multi-spectral imagery to obtain the 
urban landscaped area (Farag et al., 1999). The results have also shown the capability 
of estimating landscape water demand for individual houses or groups of houses and 
neighborhoods using high resolution remotely sensed input in a GIS environment 
combined with evapotranspiration (ETo) and water billing data ((Farag et al., 2000). 
 

Given the above results which are predicting the total landscape areas and then 
estimating excess water, the main focus of this paper on the development of a GIS 
based model that overlays the lot boundary parcels GIS layer on the classified image 
to estimate farm and landscape areas and consequently the water demand. This is 
based on the estimation of lawn vegetation areas including grass, trees and shrubs 
areas. It is also based on using reference evapotranspiration (ETo) to calculate water 
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demand to maintain the trees, shrubs and agricultural crops. The GIS-based model 
was developed using ARCVIEW GIS software/Avenue programming language. 

The developed user interface for the GIS-based model will allow easy access to the 
GIS database and will estimate the landscape water use in a friendly, flexible and 
easy-to-update way. The developed interface is tested successfully on the suburban 
area for the City of West Jordan, Utah, an independent dataset, to estimate the excess 
water for the subdivisions. It is important to mention that the developed interface has 
a dynamic database so that it can work with different item names in different 
databases. This allows use with databases of different cities without extra 
programming.                                     

1. INTRODUCTION 
 Competition for scarce water supplies in the rapidly urbanizing Western 
United States has increased due to population growth that requires water for 
indoor potable consumption, sanitary use, and amenity landscape irrigation. 
Since there are progressively fewer new sources of water to supply these 
urbanizing areas, water managers must use different strategies for obtaining 
enough water to meet growth demands.  The most likely strategies are water 
reallocation from agriculture, as urban water uses have a higher value (Folk-
Williams, et al. 1985; Saliba and Bush, 1987), and urban water conservation 
(Carr and Crammond, 1995). 
   

 The partitioning of urban water use between indoor and outdoor landscape 
use presents different challenges for quantifying potential conservation.  
Indoor use is readily quantified, but how much it can be reduced is not. By 
contrast, outdoor landscape water use has not been readily quantified, but the 
amount of conservable water can be readily known by comparing irrigation 
usage to a given area of land to the estimated water needs. Estimated water 
needs are determined from local potential evapotranspiration rate (ETo), as a 
function of air temperature, wind speed, humidity, and incoming and solar 
radiation that drive evaporation, and a correction factor based on plant type 
(Allen et al., 1994) and is expressed in depth units. Actual water use is 
determined from billing data obtained from water agencies and is measured 
in volumetric units. To be able to compare estimated needs to actual usage, 
they need to be expressed in common units. 

   

 The area receiving irrigation water is necessary for the conversion from 
agricultural to urban areas.  The large areas typical in agriculture make 
determining irrigated area relatively easy. The fragmentation of landscape 
areas, diversity of water users, and wide variety of sizes, from parking strips 
to golf courses, creates a challenge in determining the sizes of irrigated 
landscaped areas. Hand measurement is impractical on a large scale, and 
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diversity of plant types used in landscapes makes area determination from 
conventional black and white or color aerial images difficult, and satellite 
images have too low resolution.  
 

 High-resolution airborne multi-spectral imagery has the potential for 
obtaining irrigated landscaped areas for use in determining conservable 
water. Images can be taken over a large area with high resolution, and 
different vegetation types can be classified based on the spectral properties. A 
ground-rectified and classified aerial image can then be imported into a 
geographical information systems (GIS) environment and irrigated 
landscaped areas extracted for individual water users. The extracted areas are 
then used as an input in a GIS environment combined with 
evapotranspiration (ETo) to estimate the water use. Comparison between the 
estimated and the actual water use obtained from the city is conducted to 
define the conservable amount of water. This methodology could be useful 
for water agencies in determining potentially conservable water on both an 
aggregate and an individual basis.   

 

 However, performing water use analysis using spreadsheet software is time 
consuming and does not support spatial distributed data that GIS capable of. 
So, there is a vital need for an effective and practical way to perform water 
use analysis. The main objective of this paper is the description of the 
developed GIS based model and its application on the City of Layton as well 
as the verification on West Jordan City. The most important purpose of 
developing this interface is to make the analysis of landscape water use by a 
water agency more efficient when the water analysis needs to be achieved. 
 

2. METHODS 
2.1  STUDY AREAS 
 The city of Layton used as a study area to develop and test the study 
objectives. The study area is located in the City of Layton, Utah. The study 
area was a section of the city that encompasses residential, commercial, 
industrial and agricultural areas covering an area about 1698 hectares or 17 
square kilometers. 
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2.2  RESEARCH METHODOLOGY  

 

 
 

 

 
 

Figure 1:  Multi-spectral image for the City of Layton Utah for season 2000 
 

Multispectral airborne digital images were collected over agricultural and 
urban landscaped areas in and around the city of Layton, Utah, on August 
1998 and August 2000, using the new Utah State University digital imaging 
system. Imagery over the agricultural and urban areas has been acquired at a 
1-m pixel resolution. The images were corrected for lenses vignetting effects 
and geometric radial distortion using the same calibration techniques 
developed by Neale and Crowther (1994) and Sundararaman, et al. (1997) for 
the airborne multi-spectral images. The spectral images were then be 
registered into 3-band images and rectified individually to digital 7.5 minutes 
orthophotos quads (1:24,000) with 1-m pixel resolution using the Universal 
Transfers Mercator (UTM) projection and a root mean square error < 1 m. 
The rectified images were mosaiced along the flight lines into image strips of 
6 - 10 images each.  The strips then were joined together into a large image 
mosaic covering the entire agricultural-urban area. The final image was       
re-projected to the State Plane coordinate system to match the GIS data 
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provided by the city of Layton. Figure (1) shows the developed multi-spectral 
image for the City of Layton, Utah for season 2000. 

 

 
 

 
 

Figure 2:  The GIS Parcels laye erlays on 
The Classified Image for th dy 

Area in Layton, Utah

 The 3-band images were calibrated, in terms reflectance, using the same 
calibration techniques developed by Crosby, l. (1999) for the airborne 
multi-spectral digital images. The calibrated im s were classified using the 
supervised classification method. Spectral si ures were extracted from 
Layton image to represent the classes of interes ield trips to the agricultural 
and urban areas within the city of Layton wer rried out to collect ground 
truth information for the acquired image. For u n areas, the trained classes 
were grass (vigorously growing grass, sparse g s, and stressed grass), trees 
and shrubs, roofs of different materials, concr asphalt, bare soil, shadow, 
water and meadow. The landscape areas consi d for this study were good 
grass, sparse grass, stressed grass, and tree d shrubs. The GIS layer 
overlaid on top of the classified images and t xtraction of the vegetation 
areas was carried out using the Tabulated Ar
GIS software.  

2.3  GIS DATA DESCRIPTIONS A
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into subdivisions or neighborhood areas and each subdivision had a name or 
route number. The GIS layers were in a local, proprietary projection system 
and thus it was re-projected to the Utah State Plane projection system to 
match the projection of the multi-spectral high-resolution image allowing the 
GIS parcels layer to be overlaid on top of the GRID format of the image and 
the analysis of areas to be conducted. The water billing database file, that 
obtained from the city, was connected to the GIS database using the tax 
identification number as a common item. The agricultural crop areas were 
obtained from the raster attribute table of classified image. Figure (2) shows 
GIS parcels layer overlays on the classified image for the study area in 
Layton, Utah. 
 

2.4 ESTIMATION OF EXCESS LANDSCAPE     
IRRIGATION WATER 

 The volume of estimated landscape water needs for each parcel with a 
water meter was calculated as follows: 
 

iL
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y

L
oLt EAETKVol /**

1 1
∑∑
= =

=
    (1) 

 

Where: 

VOLt = total monthly volume (L3). 

ETo  = daily reference evapotranspiration.  

AL = Area of each landscape vegetation type for all lots (in hectare). 

KL = Landscape water use coefficient for each vegetation type. 

Ei  = irrigation system efficiency  

x = the number of days in a month 

y = the number landscape vegetation types 
 

 In this equation, the area of each landscape vegetation type AL for each 
subdivision was derived from the classified image in a GIS environment, 
using “Analysis Tabulated Areas” method in the ARCVIEW GIS software. 
ETo was calculated from a local weather station using the UN-FAO 56 
Penman-Monteith equation. Weather data for the period (1997 - 2001) to 
calculate ETo were obtained from the Kaysville weather station, located a 
few kilometers north of Layton, and operated by Utah State University. This 
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weather data was collected for the same time periods that the actual water use 
by residential and commercial areas was collected. The weather data includes 
the day of the year, year, maximum and the minimum temperature, wind 
speed, precipitation, relative humidity and solar radiation.  

 

 The crop coefficient KL is the correction for plant type; the values of KL 
used were 0.8 for good and stressed grass, 0.5 for trees and shrubs and 0.4 for 
the shaded grass directly underneath the trees. These values of Kc were 
obtained based on previous studies and researches that were done by 
(Kjelgren, R. and M. T. 1997) and these values of Kc’s were accounted for 
poor design and maintenance of irrigation system. Ei is the efficiency, in this 
instance describes the uniformity of application. Ei is a measures of how 
uniformly irrigation water is applied and is used to increase the estimated 
water needs to ensure the entire irrigated area receives sufficient water. The 
Ei value of 0.85 may be somewhat high and anecdotal observation suggested 
that it may be lower, around 0.6 - 0.7. The excess landscape irrigation water 
is the difference between the estimated water use using equation (1) and the 
actual water use from the water billing data excluding the baseline water use 
(domestic water use). 

 

3. DEVELOPMENT OF GIS APPLICATION 
3.1 REASONS FOR DEVELOPING THE INTERFACE 
 The purpose of the developed user interface is to allow easy access to the 
GIS database and to estimate the landscape water use in a friendly, flexible 
and easy-to-update way. The developed interface allows the user to select any 
subdivision from the list of the available subdivisions and run the water 
demand analysis. It also allows the user to select a specific area of interest 
within the subdivision to perform the analysis for a specific time period. The 
interface also allows the user to make queries about the parcels that consume 
excessive amounts of water in the same neighborhood area, and can visually 
locate those houses. It helps the decision makers to extract information about 
landscape vegetation areas and the excess water use in any neighborhood area 
or a specific parcel to target for conservation measures. The system identifies 
those parcels using their tax identification and addresses that can be extracted 
from the GIS database managed by the interface. 

 

 The software produces charts and reports about the excess water conditions 
of any study area. With this interface, a shape file will be created at the end 
of each analysis process to show the behavior of each parcel along the 
different time periods. The interface can help in constructing the frequency 
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distribution graphs of the fraction water users against the water depth or 
against the applied or excess amount of water. 
 The most important purpose of developing this interface was to make the 
analysis of landscape water use by a water agency more efficient when the 
water analysis needs to be achieved. Performing the water analysis using 
spreadsheet software is time consuming and does not support spatial 
distributed data that GIS capable of.  It is important to mention that the 
developed interface has a dynamic database so it can work with different item 
names in different databases. This allows use with databases of different 
cities without extra programming.  
 

3.2 GIS INTERFACE ASSUMPTIONS, DESIGN, AND 
IMPLEMENTATION 

The main assumptions regarding the data are as following: 
 

3.2.1 Assumptions for the Parcels 
• Must have the subdivision field. 
• Must have a field that is a unique identifier for each parcel (tax id). 

 

3.2.2 Assumptions for the Water Billing Data 
•  Should work with (.dbf) or (.txt) files. 
• Must have starting, ending and water use fields for each time period, 

for example, starting in April will be represented by the field 
“Start04”, ending in June will be represented by the field “End06”, 
and the water consumption from April to June will be represented by 
the field “Consump4_6”. The dates must have the format xx/xx/xxxx 
where the first xx is for the month, the second xx for the day and the 
last xxxx for the year. 

• The unique identifier field in the database file should be in the same 
format as in the GIS parcels layers. In other words, if the “Tax_id” 
field is a “String” in the database file, it should be a “String” also in 
the GIS layer so that both files could be joined easily using the 
common field “Tax_id”. 

• The actual values of the water use must be in thousands of gallons, 
conversions to cubic meter are available in the interface. 

 

3.2.3 Assumption for Evapotranspiration (ET) Tables: 
• The evapotranspiration (ET) tables by year are (.dbf) or (.txt). The 

tables must include the fields: month, day, and daily amount of (ET) 
the study year as (MO, DAY, ETXX) where XX represent the last 
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two digits of the year. For years 2000 and 2001, it will be ET00 and 
ET01. 

 
3.2.4 GIS Interface Design 
The flow chart for the developed interface is shown in Figure 3. 
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area in a subdivision called "Vae View" in the City of Layton. However, the 
interface was tested or verified on the City of West Jordan. The steps carried 
out on the selected area within Layton City are: 
• Open a new ARCVIEW session and add the spatial analyst 

extension. 
• Add the actual water use tables, these should be titled layton_parcels 

XX.dbf or any other city name in the ARCVIEW project. The XX 
indicates the two digits representation of the year. Also note that 
there are no capitals in the title of the tables. 

• Add the ET table (for example evap.dbf). 
• Add the GIS layer of the parcels as a shape file to a view.  The name 

of the shape file does not matter. 
• Add the classified image used in estimating the vegetation areas and 

the water use as a grid format.  The name of the grid does not matter. 
• With the view (the one with the shape file in it) active, the user will 

select the “Water Analysis” main menu shown in Fig. 4. The “Water 
Analysis” main menu contains two sub-menus: 1) Select subdivision 
and 2) Select available time frame for analysis. 

 
 

 
 

Figure 4: The Main Menu of the Developed 

 

 

 
 
 

 

 When the user selects the first step “Select subdivision”, a popup menu will 
ask the user to select the field that represents the subdivisions item name 
called “subdivision” in case of Layton. Figure (5) shows the selection of the 
"Subdivision" Field.  
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Figure 5:  shows the selection of the "Subdivision" Field. 
 

 

 

Figure 6:  A subset of the selected subdivision  
 

Once the user selects the subdivision item, then a list of all available 
subdivisions names in the study area will appear and the user will be 
prompted to select one subdivision. Other questions will appear asking if the 
user would like to select a subset of the selected subdivision as shown in Fig. 
(6) Or the user prefers to run the analysis on the entire subdivision. 
 

• The second step is to select available time frame for analysis. Once 
the user selects this option to run the analysis on the subdivision 
selected in the first step, the user is prompted to select the field that 
uniquely identifies the parcels, in our case it is the field “Tax_id”. This 
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field name might change from city to city; some cities may use the name of 
the field as “parcel_id”. 

 
 

 

Good Grass" field  
 
 

• Th lect the field that represents the 
veg e). When the user selects the field 
(cl to prompt the user to select the 
fie s individually (good grass, sparse 
gra  shrubs). When the user finishes 
sel face will extract the area of each 
veg dary using the analysis tabulated 
are cluding the (tax_id) field and the 
cor ass. Figure (7) shows selection of 
the

 

• Th  user to select the table that 
inc data including the month, day, 
an 8) shows the selection of (ETo) 
tab
the
site
wa
wil
sta
as 
Figure 7:  Selection of the   " 

en the user will be prompted to se
etation classes in the grid (class_nam

ass_name), other menus will appear 
lds that represent each vegetation clas
ss, stressed grass, and then trees and
ecting the vegetation classes, the inter
etation class under each parcel boun
a method. A table will be created in
responding area of each vegetation cl
 "Grass Field". 

e next question will prompt the
ludes the evapotranpiration (ETo) 

d the year to be examined. Figure (

le and the field "Month". Then the user should decide whether to run 
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ter billing data to be examined for the same selected year. Next, the user 
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shown in Figures (9) & (10). 
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Figure 8: Selection of "ET table" and the field "month" 
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Figure 9: Selection of water billing data and the base
 
 
 
 
 

• The program will calculate the estimated water dema
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“Classified Field.” When the analysis is run many times using different 
time period on the same area, it would be easy to monitor the behaviors of 
each single parcel along the different periods. 

 

 
 

   
 

Figure 10:  Selection of the "Starting" and "Ending" date fields 
 

• At the end, the user will be asked whether to create a chart from the results 
table or not, and finally the user will be asked if it is required to do another 
analysis for specific time.  
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Figure 11:  Summary Table and C rt 
ha
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Figure 12:  Summary results table, Charts, and Grad
file 
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3.3 VERIFICATION OF THE DEVELOPED 
INTERFACE ON THE CITY OF WEST JORDAN  

 This section discusses the verification or testing the developed menu 
interface on other cities. The interface was tested on the City of West Jordan 
in season 2000. Since the water billing system in West Jordan is on monthly 
basis for all the zones, a random residential sample (2222 out of 14295 
parcels, or about 16%) was selected to represent the whole city on which to 
test the developed interface. The parcels shape file of the random sample 
overlays on the grid used in the analysis for season 2000 as shown in Fig. 
(13). The interface was applied to West Jordan commercial areas where 295 
commercial parcels were examined. 
 

 
 

 
Figure 13:  A Random Sample was tested in West Jordan City 

 

 In case of West Jordan City, the field that represents the subdivisions 
names was “Zone” instead of “Subdivision” in case of Layton, and the 
common field that was used to join the database tables was “Account” 
instead of “tax_id” in case of Layton. One (.txt) file called 
“wjordan_parcels2000.txt” that has the monthly billing data was used to run 
the analysis on the random sample. The same evapotranspiration (ETo) table 
“evap_table5.dbf” that includes the five years of the ET data was used, and 
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the analysis was run on the whole sample for each individual month from 
April to October for season 2000.  Figure (14) shows the final results for the 
random residential sample in West Jordan city using the developed interface.  
As shown, the results table includes the “Account” for each parcel, the actual 
water use, the estimated water use, and the difference. The output difference 
for each parcel was divided by the corresponding landscape area to get the 
depth of excess water. 
 

  
 

 
Figure 14: The final results for the random residential samp in West Jordan city

4. RESULTS AND DISCUSSION  
 Applying the developed interface on the study are in Layton City, the 
following results were obtained for five seasons 19 7 - 2001. Table (1) 
shows a summary of the percentage of different types o landscape vegetation 
areas and the average parcel lot size for all the select  subdivisions in the 
study region in Layton city during the 1997 – 1999 an 2000 – 2001 seasons 
respectively. 
le 

a 
9
f 
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d 
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Table 1 Percentage of different types of landscape vegetation areas in the study region in 
Layton city 

 

Landscape Vegetation Type   Seasons 1997 - 1999   Seasons 2000 - 2001
  Ave. Max. Min. St. Dev. Ave. Max. Min. St. Dev.

% Good Grass 18 48 10 8 17 34 7 7 
% Sparse Grass 16 31 1 8 10 32 5 5 

% Stressed Grass 8 21 2 4 13 24 1 5 
% Shaded Grass 7 11 1 3 20 40 2 9 

% Trees and Shrubs 17 30 3 7 8 15 1 3 
Average Lot Size (m2) 820 1028 551 94 824 1162 563 105 

Average Total Landscape Area 
 (m2) 548 686 333 102 565 881 330 114 

% Landscape Area 67 79 34 10 68 94 50 9 
 

 Comparing the 1997 – 1999 and 2000 – 2001 seasons, it can be seen that 
the measured landscaped areas and the parcels sizes were consistent, but 
percentage of landscape area did vary somewhat. 

 

 Table (2) summarizes the results of the excess water for urban landscape 
areas throughout all the examined five seasons. The data indicates that the 
2000 season resulted in the highest consumption for all the subdivisions. The 
main reason for this high consumption of landscape irrigation water is that 
2000 was a hot dry summer. 

 

Table 2 Parcels Above and Below Estimated Demand for the Analyzed Five Seasons 
1997 – 2001 

 

Total # of Volume of % of parcels Below % of parcels 
Above 

% Parcels 
that 

Examined Excess Irrigation the estimated the estimated account for Year

Parcels (m3) Demand Demand 50% excess 
1997 1034 100167 32.4 67.6 12 
1998 1865 147538 40.6 59.4 11 
1999 2149 131976 45.8 54.2 10 
2000 2862 310520 33.9 66.1 13 
2001 2859 158703 62.6 37.4 9 

 

 Because of a seasonal water shortage in the Salt Lake City region in 2001, 
the Water Department of the city of Layton conducted an awareness 
campaign to educate the public on saving landscape irrigation water through 
“Slow the Flow” campaign sponsored by Jordan Valley Water Conservancy 
District. The decrease in total and excess irrigation water use can be partly 
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attributed to that effort. It is also found that through the five studied seasons 
(1997 – 2001), for the entire population there is about from 9% - 13% of the 
parcels accounted for 50% of the total excess water. 

 

 Verifying the developed interface on West Jordan City shows significant 
results.  The total actual water used for the entire residential selected random 
sample is 735,511 m3, the estimated water needs are 337,332 m3 and excess 
water use was 398,179 m3 for the period from 04/30/2000 to 10/23/2000.  

 

 The total water for commercial parcels was 1,529,754 m3, estimated water 
demand was 308,754 m3 and excess water use was 1,221,000 m3 for the 
period from 04/22/2000 to 10/22/2000. It is important to mention that, for 
approximately the same time period, the amount of water used by the 295 
commercial areas was slightly more than double (2.08 times) the amount of 
water use by 2,222 residential parcels. Also, the amount of excess water from 
the 295 commercial areas is over three times (3.07) the amount of excess 
water from the 2,222 residential parcels. These data indicate that the 
commercial water users are not particularly efficient in irrigating their 
landscape.   

 

5. CONCLUSIONS AND RECOMMENDATIONS 
 Understanding urban water demand and landscape irrigation in particular is 
important such that choices can be made concerning the allocation of water 
between agricultural and urban uses. With so much water being used on 
lawns, gardens, and shade trees, landscape irrigation becomes an obvious 
target for saving water without surrounding the house with gravel or turning 
the yard into a concrete slab. So, landscape irrigation needs to be managed 
more efficiently.   

 

 The developed menu interface allowed easy access to the GIS database for 
Layton City and helped to extract the different types of landscape vegetation 
areas as well as to estimate the landscape water use in a friendly, flexible, and 
easy-to-update way. The menu interface allowed the user to select any 
subdivision from the list of the available subdivisions and run the water 
demand analysis for it in an easy and simple way. The interface also allowed 
the user to make queries about the parcels that consume excessive amounts of 
water in the same neighborhood area, and can visually locate those houses. It 
helps the decision makers to extract information about landscape vegetation 
areas and the excess water use in any neighborhood area or a specific parcel 
to target for conservation education. The system identifies those parcels using 
their tax identification and addresses that can be extracted from the GIS 
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database managed by the interface. The most important purpose of 
developing this interface was to save a lot of time when the water analysis 
needs to be achieved. The developed interface has a dynamic database so that 
it can work with different item names in different databases. This allows use 
with databases of different cities without extra programming. 
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1. INTRODUCTION 
 One of the desirable elements of the spatial data infrastructure is the 
information represented on the conventional base-maps or contents of most 
geospatial databases. In order to be qualified as an essential component of the 
National Spatial Data Infrastructure (NSDI), these data sets should be 
consistent, re-usable, current, complete, accurate, and provide a sufficient 
base for geo-referenced data sets [Lucet, 2001]. Such data sets are generally 
referred to as framework, fundamental, foundation, core, or base data sets 
[Nichols et al., 1999]. 

 No consistent terminology and concepts that are internationally acceptable 
exist to address the data sets, despite the numerous efforts at standardization. 
As a result, various expressions and notions prevail. In the United States, the 
Mapping Science Committee (MSC) classifies these data sets as ‘framework’ 
data sets [Tosta, 1997]. The Canadian geospatial community prefers the term 
‘framework data’ to depict such data sets [CGDI Working Group, 2001, p 5]. 
In Australia, the data sets are ‘fundamental’ data sets and the ‘core data’ are 
considered the National Topographic Database (NTDB) and cadastral 
database of Australian New Zealand Land Information Center (ANZLIC) 
[Baker, 1995]. As in Canada, the ‘core data’ is considered a subset of the 
fundamental data set. In the U.K., the NTDB, Land and Property Information, 
and the Socio-economic data are considered to be ‘core data’ and framework 
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data are created by spatially linking these core databases [Nansen et al., 
1996]. 

 Even though there is a variance in this issue, framework data remains as the 
most important component of the NSDI initiatives around the world. 
Therefore, the process of establishing framework data is the crucial issue in 
any such initiative. For this purpose, identification of the most commonly 
used data sets becomes significant. In the United Arab Emirates (U.A.E.), 
this was achieved through an analysis of the results of the survey conducted 
by the author. The procedures adopted for the purpose will be the subject of 
discussion in the first few sections of this paper. Moreover, the terminologies 
and concepts of framework data that are most suitable to the U.A.E. 
environment will be discussed here.  

 To qualify for the national framework, however, the most commonly used 
data sets should be generated using the common geo-referenced system and 
be in compliance with common national standards.  Therefore, the remaining 
sections of this paper will focus on these two issues.  

2. CONCEPTS AND DEFINITIONS OF 
FRAMEWORK DATA SETS 

 Framework data sets are very specific geospatial data themes that are linked 
through a common geo-referencing system. Various thematic data sets, 
maintained by several agencies, could easily be spatially related to these data 
sets [Nichols, et al., 1999, p. 15]. Generally, framework data set provides a 
common base for representing thematic information [Lucet, 2001, p. 15, 
www.gsdi.org]. As a result; ‘at any rate, framework data sets provide the 
thematic geographic framework of the country’ [Groot, 1997]. The themes 
that are normally used for the purpose are transportation networks, utility 
networks, settlements, terrain elevation, hydrography, administrative 
boundaries, parcel boundaries, geographic names, postal addresses, etc. 
[Lucet, 2001]. The features found in these data sets are the key to associating 
external data to the real world.  
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2.1. DATA FRAMEWORK  
 The framework is to facilitate the availability and accessibility of the 
framework data sets and to provide an environment that is conducive to the 
creation and use of these data sets. The Framework provides content 
specifications, technology, procedures, and strategies for the creation of such 
specific data sets. Moreover, framework also provides organizational 
arrangements and the business practices that promote the use and the 
maintenance of these data sets at the national level [Lucet, 2001].  

 The advantage of a framework is that the existing data sets that are for local 
use exclusively could be made to fit into the framework by modifying its 
contents according to framework specifications. The process facilitates the 
sharing and exchange of such data sets. Therefore, the framework becomes   
‘a common means of information exchange and value adding’ [Lucet, 2001].  

3. COMMONLY USED GEOSPATIAL DATA 
SETS IN THE U.A.E.  

 One pre-requisite of any NSDI implementation is the identification and 
consolidation of geospatial data themes that are commonly used by the 
various agencies in the country. To achieve this in the U.A.E.., an extensive 
survey was conducted. Using the survey results, most commonly used data 
sets were identified.  The geospatial data sets along with the percentage of 
use are illustrated in Figure (1). The maximum utilization of the data sets was 
the selection criterion. Accordingly, the data sets with more than 50 percent 
of utilization were chosen as the most commonly used ones. 

 Providing these data sets with common spatial reference would facilitate the 
vertical and horizontal integration of various agency-specific thematic data 
sets. These data sets could further then become an essential component of the 
proposed NSDI model of the U.A.E. These data sets are listed with their 
contents in the succeeding section.  
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Figure 1: 

Commonly used geospatial data in the U.A.E. with its percentage of use 
[Prepared by the author based on information received from the survey] 

 

The contents of the commonly used geospatial data sets in the U.A.E. are 
illustrated as follows:  

– Transportation: the transportation theme will include roads center 
lines, bridges, tunnels, culverts, and parking areas. 

– Physical features include all buildings and built up areas. 

– Hydrography: the hydrographic data sets include sounding points, 
bottom features, coastlines, shallow water areas, water wells, 
streams, lakes, dams, and canals. 

– Hypsography: the hypsography theme includes DTM data, spot 
height, contour lines, ridgelines, cliffs, faults, and valley lines. 

– Geodetic: the geodetic theme includes horizontal and vertical survey 
control points in second and third order, benchmarks points. 

– Utility: the utility theme includes electrical power lines, electric 
poles, telephone lines, pipelines, tanks, manholes, and service 
corridors. 

– Cadastral: the cadastral theme includes parcels and associated 
boundary lines and survey corner points. 
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– Land cover: the land cover theme includes bare land areas, 
agriculture areas, natural vegetation areas, and parks. 

– Boundary: the boundary theme includes international boundary lines, 
national boundary lines, administrative areas, and boundary points. 

– Geo-referenced images: the geo-referenced images include         
ortho-images and satellite photos. 

4. FRAMEWORK DATA SETS FOR THE 
U.A.E.  

 To qualify as framework data, the geospatial data sets that are identified as 
the most commonly used should be acquired and maintained within the 
organizational arrangements and should conform to the technical standards 
[Baker, 1995]. Therefore the geospatial data sets that are identified and listed 
in section 3 would form framework data set for the U.A.E., provided it is 
generated and maintained within the organizational arrangements and are 
complies with geospatial data standards for the U.A.E. 

 The institutional context, within which these data sets are created and 
maintained, will not be discussed in this paper. The technical standards that 
are required to make these data suitable for the framework are discussed in 
the next section.  

5. GEOSPATIAL DATA STANDARDS FOR 
THE U.A.E. 

 Geospatial data standards are a pre-requisite for achieving a collaborative 
build-up of common data sets [Masser, 1998]. Moreover, if applied 
effectively, the standards will smooth the efficient utilization and 
maintenance of the NSDI [Croswell, 2000]. Therefore, the creation and 
implementation of the geospatial data standards is an essential constituent of 
the NSDI program. The standards for metadata and the framework data 
content of the U.S. Federal Geographic Data Committee (FGDC) are widely 
used in such initiatives. However, to have a global reach for such standards, 
many international standards organizations are in the process of defining 
standards.  Most notable among them are the International Standards 
Organization (ISO), for geographic information standard TC 211, and the 
European Committee of Standards technical committee for geographic 
information specifications, CEN TC 287, on GIS data in Europe [Tom, 
1998]. 
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 As the national mapping agency, U.A.E. Military Survey Department 
(MSD) is involved in the creation of geospatial data standards that are 
acceptable at the national level. Towards achieving this, the U.A.E. MSD has 
already developed a national catalogue for geospatial data features with geo-
coding and classification schemes. The features that are listed in the 
catalogue will be the content of U.A.E. national topographic database, which 
is under construction and expected to be completed by the end of 2005. The 
creation of the U.A.E. National Geodetic Network (NGN) is the other project 
the U.A.E. MSD has projected to complete by the end of 2004. 

 It is anticipated that the standards adopted by the U.A.E. MSD for the 
execution of these projects, in harmony with international practices, will 
emerge as national geospatial standards. 

 Many computing standards, such as Hardware and Physical Connection 
Standards, Network Communication and Management Standards, Operating 
System Software Standards, User Interface Standards, Data Format 
Standards, Programming and Application Development Standards, User 
Define Standards, impact the implementation of the U.A.E. NSDI [Croswell, 
2000]. Addressing all the above-mentioned standards is beyond the scope of 
this paper. Only the standards that have a direct effect on the design and 
implementation of the U.A.E. framework data set will be addressed here.  

5.1 THE COMMON GEO-REFERENCE SYSTEM FOR 
THE U.A.E.  

 The common reference system is one of the fundamental elements for the 
consistent and easy integration process of different geospatial data sets 
[Hofman, et al., 2000]. In the U.A.E.., however, because of the absence of the 
coordinated activities, different systems are used to geo-reference the spatial 
data, as illustrated in Table 1.  

 

 The Clarke 1880 based datum is used as a common geo-reference for the 
spatial data of the jurisdictional area of Abu Dhabi emirate, covering 80 % of 
the whole of the U.A.E. The U.A.E. National Geodetic Network was also 
established based on the same reference. The Dubai emirate uses the WGS 84 
based geo-reference system. Though this emirate is the other major geospatial 
data activity center of the U.A.E.., it covers only 20% of the country. 
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Table 1:  Most commonly used geospatial data reference systems in the U.A.E. 

 

The 
Emirate 

Reference 
Ellipsoid 

Projection 
System 

 

Zone   
Horizontal 

Datum 
Vertical 
Datum 

Abu Dhabi 
(West and 
Mid 
Region) 

Clarke 
1880 UTM 39-40 Nahrwan Ras 

Ghumays 

Abu Dhabi 
(East 
Region) 

Clarke 
1880 UTM 40 Nahrwan Ras 

Ghumays 

Dubai WGS 84 DLTM 40 ITRF 95 Rashid 
Port 

Sharjah WGS 84 UTM 40 Bp5-ITRF 
93 

Sharjah – 
TDP 

Ajman Clarke 
1880 UTM 40 Nahrwan Ras 

Ghumays 

Al 
Fujairah WGS 84 UTM 40 WGS 84 Fujairah 

Port 

Ras Al 
Khaimah 

Clarke 
1880 UTM 40 Nahrwan Ras 

Ghumays 

Umm Al 
Quwain NA NA NA NA NA 

 Since the geospatial data pertaining to 80% of the U.A.E. area is geo-
referenced based on the Clarke 1880 reference ellipsoid, it could be 
concluded that most of the geospatial data contents listed in section 3, are 
generated and maintained based on this reference system only.  

 A study conducted by the survey section of Dubai municipality of the 
U.A.E.., however, shows that the existing geodetic network based on Clarke 
1880 ellipsoid is not suitable for geo-referencing the geospatial data that 
requires better accuracy satisfying the needs of the majority of data users in 
the country [Al-Zaffin, 1997]. The study finds that the existing reference 
system based on Clarke 1880 gives a maximum distortion of about 9 meters, 
a value inappropriate for most of geospatial data applications. In search of an 
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accurate referencing system as part of the study, Dubai municipality 
concluded that the International Terrestrial Reference Frame (ITRF) is best 
suited for establishing the geodetic framework for the U.A.E. 

 The ITRF is based on International Terrestrial Reference System (ITRS), 
established jointly by the International Earth Rotation Service (IERS) and the 
International Association of Geodesy (IAG), using 1980 Geodetic Reference 
System ellipsoid (GRS80) as the reference ellipsoid. For providing the better 
coverage for coordinate measurements for the ITRS, the International GPS 
Service for Geodynamics ((IGSG) maintains a network of permanent Global 
Positioning Satellite (GPS) tracking stations across the world. These stations 
can be used as reference sites for the individual countries geo-referencing 
framework. The ITRF is a geocentric system with accuracy of ± 5cm and 
ideally suited for the geospatial data accuracy requirements of wide variety of 
spatial data users in the U.A.E. [Al-Zaffin, 1997]. 

 Most data producers in the country, including the nodal mapping agency 
MSD, is planning for new control network that provides better accuracy and 
reliability satisfying the requirements of geographic information projects. For 
the purpose, the better option for the U.A.E. is the ITRF based reference 
system as it assures the required accuracy and reliability. Moreover, best 
results are already available in the country from the experiences of 
establishing the ITRF based reference system for Dubai emirate. These 
reasons are compelling the author in recommending the ITRF based common 
geo-reference system for the U.A.E. The required parameters for the 
proposed system is as listed in the table 2. 

Table 2: The  parameters of the common geo-reference system for the U.A.E. 

Reference 
Ellipsoid 

Projection 
System 

 

Zone 
Horizontal 
Datum Vertical Datum 

WGS 84 UTM 39-40 ITRF Ras Ghumays 

  

 Moving to the proposed reference system, obviously, involve overheads to 
the agencies that are already under the mapping budget constraints. MSD, as 
the nodal mapping agency responsible for maintaining the national geodetic 
network, have to go for a challenging task of reestablishing the entire 
network based on the ITRF, similar to the exercise done by the Dubai 
emirate. The task requires field exercises that demand more resource 
mobilization. Subsequently existing data needs to be transformed into 
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proposed reference systems. The transformation process, however, could be 
carried out using the automated procedures. 

 Individual agencies may have the option of preserving data for internal use, 
in the old reference system. They, however, have to ensure the availability of 
data identified from them as the framework data, in the proposed reference 
system.  

 After establishing the network, mandate should be fixed to create all the 
new data based on the projected reference system. This will facilitate the 
availability of the complete data sets in the new reference within a given time 
frame. Appropriate policies need to be created to ensure the implementation 
of these strategies, so that all the concerned parties generate and maintain the 
data based on the ITRF.  

5.2 GEOSPATIAL DATA CODING AND 
CLASSIFICATION 

 Geospatial data classification and subsequent geo-coding would facilitate 
an easy exchange of data across the platforms. Therefore, for promoting 
smooth access to huge amount of geospatial data that are already available, 
the ‘designers and users of geospatial data should adhere to accepted coding 
and classification standards within their own organization, as well as 
standards established by government and professional groups at national 
and international level’ [Croswell, 2000, p. 75]. Regrettably, in the U.A.E.., 
there is no formal geo-coding and classification system to help the users, at 
national level, to identify the geospatial features uniformly.  

 The U.A.E. MSD has initiated a project for classifying and encoding the 
topographic features that are identified to be included in the U.A.E. NTDB. 
As a result, a detailed features catalogue has been created for the country. A 
very comprehensive data dictionary, entitled ‘the U.A.E. National 
Topographic Database – Data Dictionary’, has also been developed 
explaining all these features with proper codes, geometric representations, 
and data models showing the entity relationships. 

5.3 GEOSPATIAL METADATA 
 Since the framework data are gathered from different sources, maintaining 
the proper information about the geospatial contents, quality, models, 
formats, source and lineage are extremely important [Croswell, 2000]. 
Internationally, many organizations are involved in the implementation of 
metadata content, storage and maintenance standards. In the U.A.E., 
however, because of the absence of such data documentation, as per the 
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survey the author conducted found that 71% of the agencies have difficulty in 
acquiring the details and availability of the huge amount of geospatial data 
sets that are maintained by the various agencies in the country. As observed 
by Al-Romaithi [1994], the absence of metadata is one of the factors that 
encouraged management to go for autonomy in the organizational 
functioning, thus impeding the flexible information flow in the country.  

 

 The U.A.E. MSD has taken a lead in the process, however, by developing 
metadata content standard for the country based on the ‘Content Standard for 
Geospatial Metadata’ developed by the U.S. FGDC. The popularity and the 
wide acceptance of the U.S. FGDC standards [Croswell, 2000] was the 
rationale behind this approach. Probably, this is the same reason many other 
countries also have adopted this standard for their own use.  

5.4 GEOSPATIAL DATA FORMAT STANDARDS 
FOR THE U.A.E. 

 In the U.A.E., quite often geospatial data producers maintain their data in 
very rigid vendor-specific formats making these data unavailable to others. 
The potential benefit of making these data accessible to others and the 
availability of easy-to-use data translators is changing this attitude. Though 
limited at the time of writing, certain initiatives are taking place in the 
country to exchange data among the agencies. 
 

 There is a need for common standards for all levels of geospatial data 
activity. The standards need a common foundation at the local, national and 
international level to ensure its compatibility between different geospatial 
data products, services and applications. This necessitates the development of 
common geospatial data standards in harmony with the international best 
practices. The Internal Standard Organization (ISO) Technical Committee on 
Geographic Information / Geomatics (ISO/TC211) suite of standards is 
accepted by many countries, including Canada and the U.S., for defining 
rules and standardized schemata for the definition and description of 
geospatial data and its management. ISO/TC211 focus on every aspect of 
geomatics that defines rules for application schema, cataloguing, encoding, 
portrayal, etc. However, for any specific application, only portion of the 
TC211 standard will only be required and is applied through set of profiles 
[http://www.iso.ch/iso/en/ISOOnline.openerpage]. 
 

http://www.iso.ch/iso/en/ISOOnline.openerpage
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 In Canada, Canadian Geospatial Data Infrastructure (CGDI) Architecture 
Working Group (CAWG) develops national geospatial data profiles and 
product specifications based on ISO/TC211 suites of standards through set of 
profiles 
[http://www.geoconnections.org/english/geospatial/geospatial_standards_link
s.html]. Therefore, adopting such international practices for the U.A.E.. 
would definitely save time and effort especially in the absence of any strong 
initiatives for developing or implementing such standards at the national 
level. 

By the time this approach has been initiated and has matured, the data 
producers should be maintaining the data sets in commonly accepted generic 
data formats. In the absence of national standards for the data transfer, more 
meaningful data translators that process spatial data independent of source 
and destination formats would facilitate meaningful data access and 
exchange. One such product available in the market is the ‘Feature 
Manipulation Engine (FME) produced by Safe Software Inc [2001]. The 
process would help in creating a data exchange and access culture in the 
country. The data exchange standards that could be encouraged for use 
among the data producing agencies and that are supported by many GIS 
software vendors are listed in Table 3.  

Table3: Vector data standards that are encouraged for use in the country data 
formats for vector data. 

Format Description 

IGES  Interactive Graphic Exchange Standard 

ISIF Vector graphic data exchange format developed by Intergraph 

DXF Developed by Auto Desk 

DLG Exchange of Topographic data developed by United States 
Geological Survey (USGS) 

SHP Shape file format of ArcView® Desktop GIS package from 
ESRI 

GEN Generated ASCII file of ArcInfo® GIS software of ESRI 
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 In the case of images in raster formats, many industry standard formats are 
available. TIFF, JPEG, and GIF are the most popular among such standards. 
JPEG in particular is most commonly used to exchange and access raster 
images on the Internet. 

6. CONCLUSION 
 The concept of a framework data set based on international practices and 
suitable to the U.A.E. environment has been addressed in this paper. As          
a requirement of the U.A.E. NSDI implementation, very commonly used        
geo-data sets were identified among U.A.E. users based on the maximum 
utilization of the data sets. In order to fit these data sets into the framework, 
compliance with common data standards and the geo-reference is essential.  

 Accordingly, a reference system was identified to act as a common         
geo-reference system for the country. Analysis shows that it could be 
achieved very easily as most of the geo-spatial data have a common base.  

 To smooth the process and further maintain these data sets, the framework 
should conform to the envisaged geospatial data standards for the U.A.E. It is 
expected that the entire process of framework creation that has been 
explained here, will put a strong foundation for the U.A.E. NSDI initiative. 
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ABSTRACT  
Since the beginning of the 90s, several initiatives have taken place in the Egyptian 
Survey Authority, ESA, to modernize its production facilities, work procedures and 
upgrade its resources. A number of international donors contributed to these 
initiatives. A strategic plan was set in the year 1994, where the establishment of ESA 
‘Land Information System’ is the main target. Several working programs initiated in 
order to implement the strategic plan, also to operate on cost recovery bases. 
 

While good progress has been made in transferring the technology and improving 
productivity, ESA is seriously behind in the area of technical management and 
supervision. Many mid-managers and supervisors need training in the management 
and optimization of technical operations and quality, as well as on the effective use 
of information technology. This situation is similar in many mapping organizations 
in developing countries. The development of the capabilities of managers and 
supervisors is now recognized as the most important problem in ESA, in order to 
achieve sustainability of the modernization program and to ensure the effective use 
of the investments made. 
 

Such required training is however outside the scope of the standard education 
programs in Egyptian universities and technical institutes.  
This paper will address these training programs in some details, and its impact on the 
functioning of ESA.  
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1. The Egyptian Survey Authority (ESA) 
Background 

 The Egyptian Survey Authority (ESA) is currently the only governmental 
organization responsible for the coverage of the entire territories in Egypt 
with base topographic maps of several scales. ESA has also the responsibility 
to the support of the national cadastre and land registration scheme, in 
cooperation of the Real Estate Office in the Ministry of Justice.  
 

 ESA was established in the 1879, as a department in the Ministry of 
Finance, with the objective to track the land ownership for tax collection. In 
1898, Captain Lyons established the Survey Department with additional 
mapping tasks; one of the oldest mapping organizations outside Europe. In 
1971, it was renamed the Egyptian Survey Authority under the Ministry of 
Water & Public Resources. ESA celebrated its 100th anniversary in May 
1999. In the year 2001, ESA was asked by the Government of Egypt to adapt 
cost recovery policy, without violating its national mandate, and to be 
completely self supported by the end of the year 2005. ESA is also expected 
to play a key role in the development of the National Geo-spatial 
Infrastructure in Egypt. 

2. CHALLENGES AND SHORTCOMINGS IN 
ESA 

 There is daily evidence that ESA, like many national mapping 
organizations in developing countries, is facing many challenges, such as: 

Challenges Concerning the Running of Its Business: 
• Mandatory services are behind schedule and the respond to the evolving 

GIS market is slow; consequently user’s dissatisfaction. 
• The lack of government funds for the completion of map coverage and the 

cadastre registration of land. 
• No clear government regulation concerning the implementation of cost 

recovery, the freedom for downsizing (ESA employs more than 10,000 
staff, only 5% of them are university graduates), as well as the freedom to 
set pricing policy based on actual costs. 
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• The lack of marketing skills to generate revenues and to face the threat of 
new competitors who are encouraged by the present of cheap technology, 
easy access to row material and have a flexible approach to adapt to the 
changing requirements of GIS users. 

Challenges concerning the management of information: 
• The lack of ‘well structured’ Information System, based on database 

technology, as no financial/human capacity to build. 
• No mechanism (and associate standards and regulations) to provide direct 

access to geo-information available in other related organizations. 
 

Challenges concerning the management of technical operations and quality of 
services: 
• Lack of flexible production methodologies for the production of up-to-date 

maps/information and diverse products, just-on-time, and tailored to 
customer needs. 

• The lack of skills in effective use of digital technology, and modern 
concepts for technical operations management. 

• The lack of sound methodology and the supporting systems to manage 
quality of services, performance of technical operations and workflows, 
costs and resources. 

3. THE MODERNIZATION PROGRAM IN 
ESA 

3.1. MODERNIZATION ACTIVITIES: 
 The Government of Egypt and a number of international donors invested 
more than US$ 50 million in the past 15 years for the technical 
modernization of ESA. Examples of such international aid projects are:  
• The Finnish Projects in the 80th and the 90th, with the objective to 

complete the map coverage in areas outside the Nile Valley. 
• The German Project in the early 90th, with the objective to develop            

a cadastre System in the Province of Aswan. 
• The USAID technical Aids Project in the early 90th, with the objective to 

modernize the topographic & cadastral mapping systems in ESA, including 
the upgrading and modernization of resources and the establishment of 
production procedures, conducted in several pilot projects for mapping and 
cadastre land registration. 
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• The French Project in the year 2000, with the objective to introduce remote 
sensing techniques for topographic mapping in desert areas. 

• The Finish Project in the year 2002, with the objective to develop 
methodology for the establishment of cadastre information system in the 
Province of El-Behara. 

• The Dutch Project in the years 2000 – 2004, with the objective to support 
capacity building in ESA. This project is the main topic of this paper. 

 

 This modernization is now entering its tenth year and has provided up-to-
date equipment, technical training and production support in a number of 
pilot areas. The modernization program is supported by the development of 
Strategic Plan in 1994 for the completion of map coverage and the land 
registers. Several projects were initiated, in the framework of the 
implementation of the Strategic Plan, to finalize the registration of ownership 
and cadastre maps in rural areas (first priority), to be followed by similar 
projects in urban areas in cooperation with the Local Authorities in the 
various cities in Egypt. 
 

 Since then, ESA is now focusing on key improvement actions to speed up 
the implementation of the Strategic Plain. In the following, we mention only 
those actions, which will have impact on capacity building and the required 
staff training: 

3.2. AREAS OF FOCUS FOR IMPROVEMENT 
• ESA is on the process of change to operate on economic bases, without 

violating its national commitment. ESA will continue to support map 
coverage and the registration of land and the provision of basic land 
information as required for good governance in all administrative levels in 
Egypt. Such change is part of the Egyptian Government policy to change 
most of government organizations offering (almost) free services to operate 
on ‘cost-recovery’ bases, as a step toward complete privatization. Of some 
of these organizations. 

• ESA is revising its management style and the way of conducting business. 
The objective is to optimize the use of resources, improve the quality of 
services and maximize revenue. Several options will be setup to maximize 
the role of information technology in improving the responsiveness of ESA 
to market change. This needs the diversity of products and services 
according to market demands, the re-engineering of its production 
workflow to improve operations management, the establishment of Land 
Information System and introduction of a quality management system in all 
sectors and management levels. An ‘activity based costing ABC’ models 
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will be developed for the various services and products in order to help 
ESA to link the ‘spending’ with the ‘achievement’ of the various sectors, as 
well as to set its ‘pricing policy’ and the bases for achieving ‘cost-
recovery’.  

• ESA will establish its Land Information System, to support cadastre 
services and topographic mapping as well as the generation of value-added 
products. The system is composed of several databases, distributed in the 
various locations in ESA, the Head Quarter, the Topographic Sector, the 
Provinces as well as the District Cadastre Offices. The system will be 
integrated, both conceptually and physically, to insure data integrity and 
data sharing. The various institutional aspects that are relevant to the 
development of such a system are under investigation, such as information 
policy and copy rights, standards, business domains to be supported, costs 
and prices, upgrading of IT resources and human skills, etc. The decision 
on the contents of these databases (type and size of data) will be made 
according to demands. The same principle will be applied on the 
completion of the map coverage and publication of the various map scales. 
As a step towards the creation of such a system, several projects will be 
initiated very soon in the Provincial Offices to convert existing data sources 
(cadastre maps and documents) into digital form and store them in 
databases; the objective is to complete ‘El-Sagel El-Aeny’, the national 
cadastre. Some of these projects will be conducted in co-operation with 
foreign companies  

• The modernization of the various supporting services for the management 
of finance, personnel, stores, sales, resources, project planning and 
management, secretarial work, etc. is a complementary part to this 
development to support strategic planning and organizational management.  

• ESA is aiming to be the focal point for the development of the National 
Geo-spatial Information Infrastructure in Egypt. 

3.3. THE IMPACT ON THE APPROACH FOR 
CAPACITY BUILDING AND THE TRAINING OF 
STAFF 

 As a result of the considerable increase in technological and technical 
capabilities at ESA, the quantity of work that can be processed has increased. 
This increase in output needs to be met by a similar improvement in quality 
and output of the specialized line managers and supervisors required to 
manage the modernized production processes. While good progress has been 
made in transferring the technology and improving productivity, ESA is 
seriously behind in the area of technical management and supervision. Many 
mid-managers, who are expected to play an important role in ESA 
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modernization program, need an adequate training in the management and 
optimization of technical operations and quality, as well as on the effective 
use of information technology. 
 

 The development of the capabilities of managers and supervisors is now 
recognized as the most important problem in ESA, in order to achieve 
sustainability of the modernization program and to ensure the effective use of 
the investments made. The ESA Management has made its solution his first 
priority. The Ministry of Public Works and Water Resources, under which 
ESA exists, and with which a very large segment of the Netherlands’ bilateral 
development co-operation program is being executed, has provided its full 
support for the priorities of ESA. 

4. INFORMATION TECHNOLOGY CENTER 
IN ESA: 

4.1  IT CENTER OBJECTIVES: 
i.Improve Information Management 

1. Improve information management in both the departmental as well as 
the ESA levels. 

2. Design concepts of ESA Integrated Information Services and the 
supporting Information Center. 

 
ii.Improve access to Nation-wide Geo-information 

1. Create a utility to support the access to data hosted in nation-wide GIS 
systems, avoiding the costly process of collecting them.  

2. Play a key role in the establishment of Egypt National Geo-spatial Data 
Infrastructure, NSDI. 

 
iii.Business Process Re-engineering, BPR, in ESA 

1. Improvement actions are required in the various departments 
(concerning the provision of data and services) to insure the 
sustainability of ESA services and role in the Civil Society. 

2. Applying the Business Process Re-engineering BPR concept and apply 
modern concepts in managing operations, quality, resources and 
projects and workflows, at both the ESA and Departmental levels. 
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iv.Collaborative work: 
1. Create a framework for collaborative work between the various 

departments in the ESA to provide large, mostly on-line, services that 
are beyond the capacity of ‘single’ departments. 

2. Provide the information platform to integrate different data sets and to 
‘chain’ activities conducted by different departments. 

3. Working towards the ‘Virtual Enterprise’ Concept. 

4.2  THE ESTABLISHMENT OF THE ESA        
INTEGRATED INFORMATION SERVICES 

Topo. 1  1  Prov.O Dist.Geo. Surv. Valu. PPM G. Train. 

 
 
 Support ESA in  I.Direct making decisions  

and  manage  
 Link with External

Body  
Link with the Gov server ESA Information  

And Egyptian servers Center  to support (to exchange data) (ESA_ IC) 

 
 Client Services  

 Front Door 

 
Clients requesting  Clients requesting  Services from 

Individual  
Service from ESA 

 (Integrating depts) 

 
 
• Creating a platform for integrating all information services in the ESA. 
• All data archives (Databases) in the individual departments will be hosted 

centrally in one place, in the ESA Information Centre, ESA_IC. 
• All departments, the ESA decision making body, as well as external 

bodies (the ESA clients) will access the data hosted in the Centre. 
• ESA_IC will manage, organize access, implement updates and secure 

data in the hosted databases. 
• All data specification concerning the identification of relevant land 

entities and the relationship between them, their schematic structure and 
description in computer environment ( i.e., data modeling) in different 
departments are harmonized 
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• The Centre will support the forming of views (i.e. providing data set in a 
specific data structure) on the stored data sets when requested by the 
various departments. 

• The Centre will provide the capability to ‘federate’ the different data sets 
(and associate databases) to form integrated view on related data, 
supporting the formation of integrated, global, services.   

• The Centre will provide the capability to chain data and activities from 
the different departments to formulate bigger services (Global Services), 
that providing a platform for collaborative work between the 
departments. 

• The Centre will act as a ‘broker’ between the ESA and related 
organizations and clients, providing one entry point (Front Door Portal) 
to request services (either departmental or global services), also to link 
the ESA with the Government Server (at the Cabinet Level) and the 
Egypt National Geo-spatial Infrastructure.  

• The Centre will set Information Policy in the ESA and control the 
purchasing of new computers and software. 

5. URBAN CADASTRE SYSTEM IN EGYPT 
5.1  ESA URBAN CADASTRAL VISION  
• Establishment of multipurpose cadastre system.  
• Establishment of quality system. 
• Looking for partnership. 
• Create an efficient land and property markets. 
• Development of effective land use.   

5.2  NEEDS TO ACHIEVE ESA VISION 
 IT is clear that there is a shortcoming in ESA approach for development of 
multi-purpose Land Information System, this problems could be addressed as 
follow: 
• Large Scale Maps: Is the key theme for a multi-purpose land 

information system. 
• Partnership: The formation of cooperative ventures between the 

authority and other government bodies. 
• Database: One of the prompted is No cadastral database. 
• Ownership: Most of ownership arrangements are defined by law. 
• Multipurpose LIS: There is a shortage of multipurpose land information 

system. 
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5.3  PROPOSED SYSTEM 
 Appropriate and reliable urban management are among the most important 
factors of economic development because: 
Towns are the places where concentration processes, economic evolution and 
behavioral changes happen. 
 Methods adopted in urban development projects can be based on major 
elements of the development process such as: 
• Institutional arrangements and public commitment that create stability, 

confidence and economic incentives. 
• Investment in human capital to enhances skills, knowledge and 

adaptability. 
• Goals and motivation that initiate behaviors favorable to innovation and 

entrepreneurship. 

5.4  THE IMPORTANCE OF URBAN CADASTRE 
SYSTEM TO SUPPORT THE ECONOMIC NEEDS 
OF A COUNTRY 

 Several scientific publications in the field of Land administration have 
established that the land is the source of wealth. When governments attempt 
to develop trusted systems of land tenure and land transfer, they are in fact 
trying to create the tools to make the realization of that wealth possible. Trust 
among citizens, business and government is the foundation of the economic 
well-being. Where confidence is lacking in land tenure, no investment will be 
risked, no improvement will be made, no economic or social benefit will be 
achieved and disputes will arise. 
 
 Appropriate land administration/cadastral systems introduce land 
registration procedures that facilitate the regularization of informal 
settlements and simplify the land transactions, thus developing a land market. 
These formal property systems convert land property into capital by 
describing and organizing the most economically and socially useful aspects 
about real estates, preserving this information in recording systems and 
embodying them in a title. 
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5.5  ESA APPROACH 
 Creation of Urban  cadastral information System 
View points of the system: 
 
 
 Enterprise

 
Policy

Function Data Engineering 

 

 Technology

Approach I: Business  Perspective:  
Main Objective of U.I.S 
• Guarantee of ownership and security of tenure. 
• Implementation of an equitable and efficient land taxation system.  
• By identifying landowner and providing better information on the 

performance of   land market. 
• Reduce land disputes. 
• Provide security for credit. Certainty of ownership and knowledge of all 

the rights that exist in the land should provide confidence for banks and 
financial organizations to provide funds. 

• Bases for support sustainable development and improve urban planning 
infrastructure.  

• Introducing charges for LAS services which can finance ESA revenue 
• Support any applications, which required a large-scale map like 

navigation, communication, Environment.  
• Base for LIS to support Municipalities, Land markets and organizational 

bodies. 
• Protect State lands. In Egypt the land that is held by the State for the 

benefit of the community is poorly documented.  
• Produce statistical data. Both long-term strategic planning and short-term 

operational management require data in support of decision-making. 
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• Utilities management. Utilities management is more or less successfully 
implemented in Egypt. Utility companies have a good overview of 
owners of buildings and apartments. 

• Better quality of housing. Good registration of apartments and 
condominiums is a condition for maintenance of the ‘common parts’ of 
these buildings. 

• Foreign investments. Foreign investments can be stimulated if the 
investor can rely on the object- and ownership data in the registrations. 
As already stated above this is not the case in this moment, this is a 
lacking condition for foreign investments. 

Approach II: Function Perspective  
• Specification for data content: the required resolution 1:5000 or 1: 1000 

and 1:500. 
• The Quality of the products.  
• Specification for function to make services. 

Approach III: Data Perspective  
 Information Entities, D.B/Electronic archives, Dataflow from acquisition to 
D.B to generate services and diverse products to customer, data 
consistency/standard. 

5.6  GDI SYSTEM ARCHITECTURE 
 
 
 ESA

 
 Tax 

Dept
Real state 

Dep
 
          Extraction, synchronization, Integration  

              Pattern, matching and identification 

Metadata 
 Business 

l Broker 
 

 

CitizeOwnershipLand 
Valuation

Utilities 

 
BankPrivate Urban 

planning
Municipa

lity

 Clearing house
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6. EGYPTIAN CADASTRAL INFORMATION 
MANAGEMENT (ECIM) “FINNISH 
PROJECT” 

 The 3-year Project started in March 2002. The overall objectives 
of”Egyptian Cadastral Information Management” (ECIM) project are to 
contribute to better security in land ownership and transaction and a more 
sustainable management of the nation’s land resources. The project’s purpose 
is improvement of land information system for cadastral services (i.e. ESA 
internal system) and its links to land registration and land taxation. This in 
turn, aims at reducing poverty. As proved in a number of countries around the 
world, an efficient and fully used formal real property system containing 
information of all properties is a cornerstone for the society to be able to 
make use of the wealth and values, which are hidden in real properties. 
 ECIM Project’s task

 
Request data

 Cadastral services 
(technical preparation of 

registration requests) ESACadastral data (C.I.F.)REPD 
 Registration data 

(Form 39) 
Maps

Registration 
data (Form 39) Taxation data 

(Mukalafa)
 RETD Land tax 

collection

 Legal registration of land ownership 

THE MAIN OUTPUTS OF ECIM: 
• An integrated and unified Cadastral System, which can be spread 

nationwide has been developed and installed in one governorate. 
• A system for conversion of existing manual and digital data has been 

developed, installed and tested in one governorate. 
• A training program for the staff operating the new IT-system has been 

developed and tested in one governorate. 
• A proposal for the improvement of the cadastral procedures and 

organization in ESA to accommodate the new cadastral system has been 
elaborated and approved.  
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• A framework agreement with REPD and RETD has been elaborated 
• A proposal for the renewal of partly damaged maps has been elaborated. 
• The project has been efficiently managed and its findings disseminated. 

ECIM achievements by August 2004 
1. Cadastral System: 

ECIM has purchased, installed and tested the cadastral software system. 
After competitive bidding in spring 2003 

Unified Cadastral Database and automated updating procedures 
One of the main outputs of ECIM Project is the Unified Cadastral Database 
(UCD), which combines the map data with the attributes, such as ownership, 
and which is designed to cater for the end user needs: continuous and 
automatic updating through day-to-day cadastral work, senior management 
monitoring, and printing out of different map outputs, reports and statistics.  
2.  Data conversion: 

Parallel with the development of the new cadastral system, the conversion 
of existing digital and analogue maps and registers 

3.  Training: 
The training program for the staff to operate and further develop the system 

started 8th of November 03 and finished 7th of April 04. On-the-job training 
started from that, with assistance of the appointed local Training adviser. 

4.  ESA’s instructions: 
In order to clarify more existing cadastral legislation, procedures and data, 

ECIM Project conducted a baseline study during October 2003 to February 
2004 in the randomly chosen villages El-Manshya, El-Ebrahemia and 
Trabamba in Damanhour District of Beheira province. The villages are a part 
of the ECIM project pilot area and covered by the Title Registration System. 

5.  Co-operation between ESA, REPD and RETD: 
For development of framework agreement with REPD and RETD, the ECIM 
Project has prepared a thorough report, “Development of Egypt’s real 
property system”, about the current problems and future solutions regarding 
information exchange and the three interfaces between ESA and REPD in the 
title registration process. The report was approved 10th of January by the 
Executive Board and delivered to the Chairman of ESA. It includes a number 
of examples with possible improvements. 
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6.  Renewal of partly damaged maps: 
A proposal for the renewal of partly damaged maps has not been elaborated. 
The activity was decided by Supervisory Board in June 2003 to be postponed 
to the possible extension phase of the project. 

 

7. REFERENCES 
[1] ESA (1995),’The General Survey Authority’s Strategic Plan’. Egyptian 

Survey Authority, Orman, Giza. 
 
 

 
 



 
ITI ROLE IN CAPACITY BUILDING 
AND EDUCATION TO SUPPORT THE 
SUSTAINABILTY OF GIS SERVICES.  
 

ABSTRACT 
Since its existence in 1993, ITI ensured its pace keeping with the-state-of- the-art 
technology advances. As stated by “Peter J. Stokes, Eduventures.com, 1999", 
“Social, technological, and economic drivers are transforming education around the 
world. As globalization encompasses local economies like never before, the 
development of a skilled workforce becomes a genuinely international concern. And 
as human capital becomes the chief source of economic value, education and training 
become lifelong endeavors for the vast majority of workers.” 
 
Stemming from this statement, and knowing the ITI’s role as a leader and one of the 
mentors of the latest IT advancements in Egypt and globally, ITI does not only 
consider monitoring the market needs, but also devotes great efforts towards 
forecasting the expectations of next decades in the light of the current technological 
advancements.  
 
These expectations imply a paradigm shift in the learning process that should be 
considered as early as possible and hence; facilitate coping with the needs of the next 
generations who will spend most of their formative years in the IT world. 
 
This paper addresses the ITI experience concerning the 9-month professional 
program specially the GIS Track as well as its external cooperation with different 
Foreign Universities to obtain the Master degree.  
 The GIS Track is mainly divided into theoretical and practical courses. The 
theoretical courses handles the basics up to the advanced concepts of GIS, to 
get the student more familiar with the GIS Science, while the practical ones, 
namely GIS packages, is handled through the physical labs in ITI to obtain 
the appropriate setup. 
Finally, applying E-Learning of GIS increases the number of GIS specialists 
that could not be achieved in the light of the limited resources and physical 
locations; ITI expects the increasing growth of online students not only 
through VITI site but also via other online training providers, however; by 
this time, quality will be the differentiating factor among all of the coming 
competitors.   
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1. ITI EXPERIENCE IN E-LEARNING 
 Due to the fact that the number of applicants exceeds the institute’s 
available resources and in order to satisfy the needs of the IT working force 
that wishes to be always updated with the new IT knowledge off the working 
hours, ITI decided to publish its programs on the Internet to meet those 
requirements and to reach out more beneficiaries at their convenient time and 
place. The thought materialized early 1998 in one of the graduation projects 
of the 9th intake of ITI professional training program. The idea was created 
by a group of four trainees; they made their first prototype of “Global 
Campus”. There were lots of trials afterwards and by the end of 1999 this 
project reappeared again and finally delivered its first course in Java 
programming. A year later, the development team introduced its first 
Arabized course version to Arabic speaking students who are seeking 
software knowledge. It is still an ongoing process to include many other 
courses in both languages. 
 

 Now after 5 years of continuous development, enhancement, and online 
teaching, VITI has become a leading project in Egypt and in the Middle East, 
set for spreading IT knowledge, and enhancing the training process with 
state-of-the-art technologies. 

 

 VITI mission is to become the E-learning hub for the Arab Region, through 
providing fully interactive E-learning course modules and IT programs that 
satisfies trainees' expectations. 

 

VITI Objectives can be summarized as follows: 
• To overcome space, time, and distance limitations in order to be able to 

reach a wider society of beneficiaries.  
• To target the Arabic-speaking students in the region through IT courses in 

Arabic language. 
• To open new channels for ITI course delivery. 
• To build a solid base for distance learning in order to be ready for further 

enhancement and integration when required. 

2. VITI PRODUCTS AND SERVICES 
 The VITI project serves a large number of people and introduces IT 
knowledge to the Arabic speaking population in its own native language. 
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 VITI courses are offered by qualified instructors. This stature of Excellency 
has been mandated in order to ensure the quality of the program. Not only 
does the program help to increase the mere number of IT specialists in Egypt, 
the Arab region, and in the rest of the world, but also to enhance the caliber 
of such specialists. 
 
 Moreover, various techniques, e.g., notes, assignments, FAQ pages, 
glossary, quizzes, …etc., have been used to ensure the highest education and 
training for VITI students. To overcome the shortcomings of distant 
education, video conference has been implemented in order to be used for 
distant students. 
 
 In order to meet students’ needs, VITI offers a variety of IT courses in 
different topics, with different languages and as different deliveries. Users 
can personalize their training packages according to their convince. 
 
 The main ITI product is the Online Diploma; VITI is now offering the ITI 
diploma online for 3 of its tracks in Multimedia, Java and system 
development. Upon completing the diploma, students are in entitled to 
complete their Master degree in one of the ITI Partner Universities like 
Nottingham or Sunderland universities. Not all online IT students’ want 
complete tracks; some of them need to be specialized in a certain IT field, 
like Multimedia 3D modeling and animation.  
 
 The third type of VITI deliveries is separate courses, where students can 
enroll in a specified course from over 80 different IT courses. All courses are 
available 24 hrs, 7days/week with all the notes, examples, in addition to 
many other educational aids that simulate real instructed lectures at the ITI. 
VITI also offers other distant learning deliveries as printed Handouts and 
Computer based training media through commercial CDs. 
 

 Internationally, the project was one of the 10 finalist projects in the 
Stockholm Challenge Award 2001. Creativity and innovation and the desire 
to stimulate and share knowledge are some of the qualities in The Stockholm 
Challenge participants.  
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3. ITI STRATEGY TOWARDS E-GIS  
 Being one of the oldest platforms in ITI, GIS training producing 
professional cadres always has been in the focus of our interest and support.  
Through the past 10 years, ITI was the main provider of highly qualified staff 
for most of GIS companies in Egypt and in the region. Nevertheless, the 
demand was always ahead of implementation. This was one of the main 
reasons for going electronic and plan to include GIS programs and courses on 
the VITI site. 

 The following list describes the published GIS tracks on VITI. It is 
designed to meet the needs of different levels of GIS domain contributors 
like, decision makers, project managers, system analysts, researchers and GIS 
specialists. It provides them with a comprehensive package of training 
courses which covers the conceptual and practical GIS knowledge. It is also 
customized upon their applications and business domains.   

Four tracks are currently published as follows: 

• GIS Fundamentals Track: 
– GIS Fundamentals. 
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– Remote Sensing. 
– Spatial Data Modeling. 

• Spatial Data Acquisition Track: 
– GIS Fundamentals. 
– Global Positioning System. 
– Auto CAD. 
– Spatial Data Automation and Digitizing. 

• GIS Analysis and Design: 
– GIS Fundamentals. 
– GIS Modeling Basics. 
– Cartography and Visualization. 

• GIS Applications Track: 
– GIS Fundamentals. 
– GIS Web Applications. 
– Spatial Decision Support System. 
 

 
 
 

4. HANDLING GIS COURSES 
 GIS course is mainly divided into theoretical and practical courses. The 
theoretical courses handles the basics up to the advanced concepts of GIS, to 
get the student more familiar with the GIS Science, these courses are now 
published on the VITI website. While the practical ones, namely GIS 
packages, due to its unique nature and relatively high cost, it is better handled 
through the physical sessions in ITI to obtain the appropriate setup. 
 The Evaluation Process varies according to the course nature; theoretical 
courses are usually followed by a written exam or a report delivery, while 
practical ones are evaluated by projects or assignments to test the student’s 
skills in handling and customizing the GIS software. The evaluation process 
usually produces the same stress as traditional tests; the only difference is 
that the students always know their accumulated scores that they will need to 
review. 
 Virtual students have communications tools such as: chats, forums, 
questions, E-mail, works, self evaluation scores, and evaluation tests which 
make the learning process more effective and interesting. 
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 Basically, students get the best of both worlds. Web-based learning is 
easily accessible and allows students to work at their own pace. Live lab 
instruction provides students with the hands-on practice that they need.  
 Finally, applying E-Learning of GIS increases the number of GIS 
specialists that could not be achieved in the light of the limited resources and 
physical locations; ITI expects the increasing growth of online students not 
only through VITI site but also via other online training providers, however; 
by this time, quality will be the differentiating factor among all of the coming 
competitors.   
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1. INTRODUCTION 
 E-Government is widely interested as a technological mode for 
provision services online. While services provision is a main task of 
planning authorities and related agencies and organizations, e-government 
is the shared systems they all use for such task.  GIS is one of the essential 
tool for most agencies and authorities especially those dealing with urban 
planning.  It is well known as super handler system for spatial data, in 
terms of accuracy of entry, manipulating, analysis, and presentation. It is 
also save a lot of time and efforts regarding to traditional manual 
procedures of such process of planning. GIS as a location based system is 
the main system that e-government should be based on too especially 
when data can not related to services and utilities on city land.  In Al-
Madinah new established e-government, most potential components are 
afforded for e government spatial databases.  Despite that numbering and 
post coding for the whole city haven’t been finished yet, digital maps can 
be used as base of location reference for shared databases.  Publics can 
use their location reference of plot or residential unit as user id for official 
access for data on lines or dealing with their own affaires with e-
government for urban neighborhood planning task. This paper discusses 
three issues as seen in title. It is summarized as follow. 
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2. E-GOVERNMENT 
 E-government is defined as provision of governmental services and 
utilities through electronic and communication technologic means for 
better efficient and efficiency and equity with application of e-business 
technology and strategies in governmental firms. (Minister 1999), 
(Corporation 1994 - 2003), and (Council 2000).  

 My definition is: The administrative authorities, agencies, 
organizations, firms, and bodies in both public sectors, services and 
utilities related private sector, those using technology and its applications 
all together and authorized by lows and power to manage, control, direct; 
and regulate electronically civil life within cities, and its amenities for 
citizen to have all their affaires related to services and utilities by applying 
online, and have their right to share in decision-making by life 
participating in each policies and regulation they may interested or 
influenced by. (Oxford 2004). 

 It is an electronic system that shared by government’s firms and 
organizations using. 

 Shared- database for managing civic affaires for town, city or in some 
cases for country for development process worldwide.  It is the future 
promising technology to manage and shape our life and growth in 
reforming the public service institutions for better one for next generation.  
Thus Wilson states in the new challenge saying: 

“We will not suffer the future, we will shape it, we will 
not simply grow, we will manage our growth, We will 
not passively experience change, We will make change.  
But to shape our future, We need a new vision of 
government.” 

(Gaebler,1993). 

 In Saudi Arabia, local government of Al-Madinah announced that 
project of e-government will be established while most potentials 
components are adopted in most services and infrastructure agencies, 
organizations, deputies, institutions, and firms in both public and private 
sectors.  Single and may duplicated data effort is the general form of such 
firms. Thus, electronic services are exist and running smooth in some 
services. Contract was done with SISCO Systems to establish 
infrastructures of e-government. A team of twelve members was allocated 
for developing supervising process of implementation. Team’s general 
tasks are as follows: 
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1. Preparation of plans and task those cosponsor establishment of e-
government project for Al-Madinah County for a full electronic 
communications between governments (G2G), government and citizens 
(G2C), governments and business companies (G2B), services and 
citizens (B2C) (EXAMPLE IS PAYING SERVICES BILLS VIA 
CHASH MACHINES), and implementing electronic efficiency (IEE). 

2. Propose technical essential measures from establishment of local data 
base networks in all governments' bodies to be able for electronic 
actions with others bodies, companies, and citizens.  Moreover, 
establish high standards of fast communication between governments, 
institutions, and banks for construct infrastructure capable for exchange 
huge information with multi purposes services such as e-health, e-trade, 
and e-learning. 

3. Build up a unified electronic gate for all local government bodies and 
other services. 

Moreover, members of team deal with following specific tasks: 

• Evaluate electronic readiness stage of the project. 

• Conduct minor technical training workshops to increase knowledge of 
information technology and electronic government (IT & E-GOV), and 
set recommendations as technical support. 

• Do contract with specialized consultant for e-gov. project, for required 
technical support, and set out technical standards for integration of all 
project’s parts.  Follow up project technical progress in terms of 
networks and programs for evaluate stages of project study and evaluate 
proposed alternatives and service quality of governments bodies, and 
more to mechanized procedures including databases, systems, 
processes, and archiving with smart systems those are able to act with 
citizen in simple way. 

 Such tasks are great but achievements are still limited.  Limitations are 
because of the small size of team that working for such huge projects.  
Such project requires at least triple times of this size in each organization, 
institution, body, firm, agent, and authority.  Of course, training for such 
quality in term information technology requires huge fund to pay for 
higher qualified staff.  Electronic system is also very capable for stuff 
management and control for time of work, steps of procedures been 
followed (Holmes 2001). 
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• Stage of the project: 
 The website is called ‘My City: the Electronic Gate for Al-Madinah Al-
Monawarah’, and its link is ‘http: //www.almadinah.gov.sa/’. It is simple 
at the moment with basic links to separate websites of other 
governmental, business, and private sectors. The remarkable thing in most 
websites from Al-Madinah that they are share same information in 
separate databases.  Examples of such thing are historic information about 
the city and about its importance exist in many websites. But regarding 
Al-Madinah E-GOV website is still under construction in most parts. 
Nevertheless, it is like others website has news part, while I think it 
shouldn’t. Such news should be classified and should be in separate 
websites, for examples news about agriculture should be in the website of 
agriculture and so. E-GOV web site should have only services and useful 
information that most citizens need, and looking for.  Examples are 
nearest hospitals, health centers, clubs, shops, vacant dwelling for sale or 
to let, and nearest schools. Others services and utilities are now already 
done in terms of such information are the most paying bills using cash 
machines, or using internet.  Coordination was mostly with banks. Most 
people in Al-Madinah now are familiar with this way of payment. But 
more than this and co-operation between most governmental, business and 
publics should be to make such project grow and achieve its goals and 
benefits.  Not all of data in databases should be shared in such projects. 
Privacy should be considered in some parts for security reason.  Personal 
data should not be shared and should remains secure in data bases those 
are only planning issues. One of the main challenges is the involvement of 
citizens in decision making via e-government.  Participation is a part of a 
reform era from top-down model of decision making process to down-
upside one(Stedman 2001). Another good step in the web site is the single 
questionnaire about the way of dealing with personal business with 
government either, personal attendance query, send contracted to do it, or 
electronically. The result of course very positive, 93% prefer electronic 
method. It is because most of respondents are qualified to use internet and 
familiar with information technology, but what about the rest groups of 
citizens. Thus, evaluation needs e-research about exact samples those 
represent all Al-Madinah citizens. Shared databases between 
governmental, infrastructure organizations, and companies is best way for 
integration for better research, analysis, facts, and generalizing statements 
for future reform.  Though, such query should not be at this stage but after 
reaching fact that says most of Al-Madinah residents use pc and internet. 
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• E-Gov future framework: 
In near future, Al-Madinah Government looks forward with a reform 

strategy. Local County is a first step for that as Prince Migrin bin Abdul-
Aziz Al-Saud states that local countries can draw their own policies and 
regulations with their own authorities (Government 2003).  He states that 
e-gov is the end of central administrative procedures, and citizens can 
finish their business via internet. Thus, he commanded to offer e-mail and 
internet services for 400,000 students in Al-Madinah for free. He looks 
forward that E-GOV would be a tool for a centric role of authorities, and 
a process to reduce complicated procedures those publics face. Moreover, 
it is a transport tool for those who live in town and far form administrative 
main civic centers of the region. To deal with their affaires through 
internet (now it is hard to get this aim in Saudi towns villages because 
lack for computing education outside urban cities (Literacy of Information 
Technology). But new business for some people those may do offices to 
deal with local residents in such with same as private towns and villages 
e-points similar to internet cafes by contacting local governmental of main 
city through the electronic gate of Al-Madinah (Government 2004). 
Project frame work is as seen in the website   (www.almadinah.gov.sa). 
Huge efforts are running by government and advisory consultant for 
developing it and construction.  But is seems till now it is working and 
based on only MIS (Management Information Systems), in term of 
dealing with services that client or citizen may request by fill in 
application form via internet to get service ready. MIS are systems to deal 
with management but not the best in term of analysis and location based 
system. Thus, GIS data base is needed especially in government matters 
those related to citizens. 

3. WHY GIS? 
 While naming and numbering haven’t been finished yet, location based 
system (coordinates system) are the priority to be the based system for 
shared database of such e- government.  GIS applications are seen limited 
in few firms, partially in some, but they are well applied in others.   
Municipality of Al-Madinah is an example for professional applications.  
Digital maps are fully stored and manipulated in its systems.  Employees 
are well trained for using GIS softwares.  Consultants been shared in 
projects to apply GIS in some case studies for municipal affaires.  GIS 
databases are the most capable to relate most electronic profiles to 
locations (Dwelling units).  For security reason is it also very effective 
systems in allocating exact location that any threat massages been sent 

http://www.almadinah.gov.sa/
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electronically from.  For safety reason it is also still the best in allocation 
location of fire or accidents those calls came from.  Fire, ambulance, and 
police cars can be guided using GIS and GPS for the shortest route to 
reach accident and hospital locations to reduce time for fast emergency 
system. In term of business view, allocation the nearest hotels for Prophet 
Mosque, is an example. The nearest car rent to resident area.  
Nevertheless, GIS measure the distance between location and destination.  
For example, it says what distance between the airport and hotels.  Any 
other extra information for attracting customers for hotels can be added to 
its location in GIS map such as done by (Koshak 2004). Nevertheless, 
consumer researches are now based on e-business and location based 
systems (GIS). Reservation systems of traveling, and accommodation 
(Hotels, and furnished apartments) are now running for those interest in 
visiting Al-Madinah from abroad. An example of this is ‘Summer Umrah’ 
website.  Such website would recommended to have same system of 
Web-GIS that been used by Koshak. 

 Thus, GIS databases are the most important components of e-
government construction framework. They should be basic ones in Al-
Madinah case study. Digital maps are essential for participatory use of 
geo-information for government for future local planning in a reform 
approach that decision-making is a process of down up form. This means 
public citizens can share planning through geo-systems (GIS) by entering 
their information related to their locations of Housing unit, applying and 
dealing with any amenity affaires such as services (education, health, 
employment, etc), and utilities (permits for building, water, electricity, 
telephone, etc). Nevertheless, all such requirements need systems those 
deals with high quality services, building services, social inclusion, 
planning, integrations, management, development, information systems, 
and information technology. Tow major authorities those participate for e-
government in UK are The national Land Information Service, and The 
National Land and Property Gazetteer (Williams 2003). McCall states that 
GIS databases can answer question of ‘what, when, where, and how far’. 
But questions of why could be answered by MIS those mostly needed for 
social contacts with e-gov (McCall 2003).  Nevertheless, he states that 
more significance of GIS in spatial terms is neighborhood and local 
planning levels. Layering capability of GIS is the most powerful for 
multi-mapping. Layers in GIS can be presented by various forms 
regarding to multi social and environmental issues. Moreover, they can be 
combined in multi query and presented in new layer. Operational matters 
are also extra capabilities of GIS. Integration with citizen’s views, data, 
consumer demands, social needs, and employment will fill in and build up 
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better databases and increase knowledge for publics about new 
technology as tools for modern contacts. 

Thus, location is an important element in such system.  Consequently, 
GIS is the effective tool for good government in term of development in 
terms of transparency, accountability, and equity. 

4. GIS AND E-GOVERNMENT FOR 
PLANNING POLICIES AND 
REGULATIONS 

 Nevertheless, GIS can be used for local planning for future projects, 
measures forecast, and policy setting.  E-government project in Al-
Madinah is the first one in Saudi, and if it is succeeded it will be applied 
in all over the rest cities. 

 One issue of e-government for local planning is shown as an example 
for how GIS based and shared database and can be used for allocation of 
future’s housing measures regarding socioeconomic database.  Research 
can be made using Web-GIS technology that relates data via internet to 
spatial data regarding to digital maps and plot based databases.  Analysis 
would be carried by planner in local government with integrated co-
operation with related agencies and organizations.  Results then should be 
considered in planning regulations as citizen’s participation in forming 
such building regulations regarding their needs and socio-economic 
characteristics.  Database in Central Computing system in Municipality of 
Al-Madinah is plot’s based.  Tenure records, land-uses, digital and photo 
data, and text data are integrated and programmed (Al-Madinah 2000). 

 Plot is a unit that property locates on.  It has boundaries and physical 
and social contents.  Citizens live within these plots and within 
neighborhood plan.  Each plan has its building policies and regulations.  
Most of regulations and policies were set centrally from Ministry of 
Municipal and Rural Affaires.  Such regulations were generalized all over 
Saudi Cities with neglect of localities of each city in terms of such 
important measures those people live in and neglect their needs.  Decision 
making were in from top-down process.  Thus, plot sizes and building 
regulations don’t fit all local people.  The results are consequently: 

• Large sizes of plots are very expensive majority of citizens to buy and 
build.   
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• Most of under high income group still live in housing as tenants and 
lack tenure of the space they live in 

• New neighborhoods are un-serviced regarding high demands for 
infrastructure provision 

• Urban vacant lands are common and fragmented city causes losing 
unity. 

 Thus, this paper proposes methodology and solutions for e-government 
in Al-Madinah in term of Neighborhood planning using GIS based system 
for new model of participatory planning system that does respect publics 
as decision makers.  E-government as Prince Migrin states that it is ends 
bureaucracy and centrality to reform of new and good governance with 
smart tools (GIS and E-Gov) for promising future.  Process of decision 
making will be in form bottom-up ward to let citizens participate in their 
own affaires.  Building regulations those affect their life, should be 
revised regarding to their social-economic characteristics, their needs, and 
capabilities.  Multimedia and web-GIS is able to sum up citizens views 
and voices for decision makers, in fast way, regarding to layers of 
information, and time.   Web presentation, technical chat rooms, and 
forum may be held on-line.  If this, implemented and complete, then we 
will not suffer the future, we will shape it for ourselves. 

5. CONCLUSION 
 While E-Government is widespread as promising IT applications for 
telecommunications between governments, business, and citizens, it is a 
hope for equity, transparency, and participatory system for planning the 
future.  Al-Madinah local government has lunched E-Government as the 
first project in Saudi Arabia.  Potentials exists in Al-Madinah 
governments firms and services authorities.  Fragmented efforts in 
separate websites are very clear.  Similarity of information exists in many 
websites with no integration for what user really need and lack.  Service 
and shopping online are still very basic limited.  The best are the 
electronic bill payment for services such as electricity, telephone, and 
banks via internet or through cash machines.  Huge efforts and funds are 
essentials, and self fund for such project is not enough. 

GIS technology as location based systems should be main part of data 
bases those e-government and others firms integrated their efforts 
regarding to share data for future planning.  Shared GIS databases enable 
governments and related firms for better research (self entry data 
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collection, analysis with co-operation, participatory process of decision 
making, and setting local regulations and policies those fit citizens needs. 
    This paper is not to evaluate e-government project of Al-Madinah, but 
rather it is to give attention to GIS capabilities as location based system 
that can implement better applications.  Moreover, Al-Madinah local 
governments firms such as Amanat Al-Madinah, has already applied GIS 
for municipal affaires.  With co-operation and integration data and 
information between maximum firms, authorities, and companies, E-
government project can stand on solid base of IT to provide services, 
amenities, and needs those are citizens are currently lacking.  
Nevertheless, GIS based e-government may shape future of the city and 
people live in with safe, secure, economic, social, and cultural life. 
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1. INTRODUCTION 
During the last two decades, urban planning has been influenced by a 

stronger competition between cities for diverse kinds of institutional and 
economic activities; by more socio-economic differentiation and spatial 
separation of urban population including increased levels of social unrest, 
crime, unemployment and homelessness; and by a growing concern for urban 
revitalization, building conservation, landscape preservation and sustainable 
development. 

 The concept of sustainable development of the communities extends the 
planning function to consider the means of ensuring that development meets 
the needs of the present without compromising the ability of the resource 
base to meet the needs of future generations. Sustainable development has 
been defined as improving the quality of human life while living within the 
carrying capacity of supporting ecosystems. This requires that simultaneous 
progress would be made along each of several different dimensions.  

Due to the complexity of the planning process and the sustainability 
issues, and the dynamic, interrelated nature of the components of cities, and 
which are not easy to understand, a number of tools and interpretations have 
to be used in order to facilitate and support the process of decision making 
and urban planning.  
 

Geographic Information Systems is one of the most used tools to support 
community planning and to enhance the importance of sustainability 
principles in the planning process.  

mailto:jiji_karen@hotmail.com
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The main objective of this paper is to present the idea of community 
sustainability and to clarify the different efforts made to accommodate the 
use of GIS into the planning tasks and sustainability issues. 

This will happen through the presentation of the idea of planning support 
system (PSS) which realize the target of visualization and communication of 
the planning targets through the use of GIS applications.  

2. AN OVERVIEW OF COMMUNITY 
SUSTAINABILITY 

 Community Sustainability means that an area is designed, built and 
operated in a way that uses energy and natural resources efficiently and 
equitably, for both present and future generations of humans and other 
species. 

 Making a community sustainable means integrating economic 
development, community development and environmental protection. This 
cannot be achieved without the direct involvement of local government. 
Building sustainable communities requires a proactive, localized and highly 
participatory approach that depends upon the unique role and capabilities of 
local government. 

2.1. DEFINITION OF COMMUNITY 
SUSTAINABILITY 

Community sustainability can be identified by the action of:  

1. Recognizing that growth occurs within some limits and is ultimately 
limited by the carrying capacity of the environment. 

2. Valuing cultural diversity.  

3. Having respect for other life forms and supports biodiversity;  

4. Employing ecological decision-making (e.g., integration of 
environmental criteria into all municipal government, business and 
personal decision-making processes).  

1
5. Making decisions and plans in a balanced, open and flexible manner 

that includes the perspectives from the social, health, economic and 
environmental sectors of the community.  

 

6. Making best use of local efforts and resources (nurtures solutions at 
the local level).  
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7. Using renewable and reliable sources of energy. 

8. Minimizing harm to the natural environment;  

9. Fostering activities which use materials in continuous cycles.  

10. Not compromising the sustainability of other communities (a 
geographic perspective).  

11. Not compromising the sustainability of future generations by its 
activities (a temporal perspective). 

 Therefore, It can be deduced that Community Sustainability is based upon 
four main elements which interact and work together: Economic, Social, 
Environmental and administrative elements. Sustainability is a combined 
result of considering and interacting all these elements together and the 
respect of all their requirements. 

2.2. ELEMENTS OF COMMUNITY 
SUSTAINABILITY 

2.2.1 Social Elements 
 Community social elements are all those related to people’s life and well 
being. They can range from the population number, age, and kind of residents 
of a community, till the indexes of community safety, service accessibility, 
living standards and public participation. The main social elements that have 
to be identified for community sustainability are as follows: 

• Population information: Growth rates, migration, and social structure. 

• Education information: Children’s, post-secondary and adult education, 
schools and training information. 

• Public Health information: Access to health care, cost of services, health 
care for children, rate of drug use and mortality/birth rates. 

• Public safety information: Accidents, crime and violence rates. 

• Society information: Social services for children and connectivity 
between social members. 

• Civic Engagement: The percent of voters and volunteers in the 
community.   

• Arts: The number of tickets sales for performing arts and the number of art 
lounges in a community. 



216                                                                             Poster Show 

 

2.2.2 Economical Elements 
 Community economical elements are all those related to the community 
economy, activities and income. They can range from the employment rates 
(jobs/housing), employment density, till the indexes of attractiveness to 
business, and the financial flexibility. The main Economical elements that 
have to be identified for community sustainability are as follows: 

• Business Information: The Job Quality and Quantity such as Percent of 
companies developing new products or services, new business starts, 
Number of building permits issued, Manufacturing productivity, Percent of 
organizations that have adopted sustainable development goals. 

• Financial Information: such as Agriculture value added as a percent of 
gross sales, Value of industrial and commercial property, Value of 
residential and business properties. 

• Business Vitality: The improvement percentage of business in a 
community, and the number of offices, industrial and retail spaces available 
for lease or rent in a community.  

• Targeted Industries: The number of jobs provided in key industries in a 
community. 

• Employment Information: Long-term unemployment, manufacturing 
wage and salary jobs as a percent of total jobs, Unemployment rate, 
Agricultural employment, Net job growth, Job growth among new 
businesses. 

• Standard of Living and Income Information: Percent of jobs that pay a 
livable wage for a family of two, Income distribution, Hours of labor 
required to meet basic needs, People living below the poverty line, Personal 
income per capita, and average wage. 

• Housing Affordability: It is the percentage of households that can afford 
to own or rent a median priced house or apartment or rental unit. 

 

2.2.3 Environmental Elements 
 Community Environmental elements are those elements representing the 
state or condition of the environment and trends related to specific 
components or processes that affect it in the community. They can range 
from information about the air, water, land, flora and fauna, till the 
information about risks of damages to specific ecosystems, environmental 
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condition, and environmental health. The main environmental elements that 
have to be identified for community sustainability are as follows: 

• Resource Use Information: Energy use, materials use, water use, waste 
water use. 

• Sink information: Recycling operations, solid waste management, waste 
disposal and cumulative effects information. 

• Environmental elements information: Air quality, water quality, land 
quality, underground water quality, and biodiversity quality. 

• Open Space and agriculture: The percent of open space and agricultural 
land versus the developed areas.  

• Mobility: The ability of people to get from one place to another efficiently, 
such as the percent of commuters traveling alone to and from work by 
automobile, and the number of bus trips. 3

• Natural Community: The number and kind of local birds, animals and 
fish. 

2.2.4 Physical and Administrative Elements  
 Community physical and administrative elements are all those elements 
related to the physical, administrative and governmental side in the 
community. The main Physical and Administrative elements that have to be 
identified for community sustainability are as follows: 

• Housing Information: Availability, condition, and cost. 

• Recreation Information: Accessibility, cost, and land use distribution. 

• Activities Information: Industries, Trade, and Cultural activities. 

• Transportation Information: Public transit information, vehicles, traffic 
facilities, availability and cost. 

• Spatial Relations: The efficient use of space and the interrelationship 
between activities and their effect. 

• Administrative and Governmental Information: Administrative 
structure, connectivity, public engagement and the role of the government 
in the community development either financially or politically.  
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3. THE USE OF GIS IN SUPPORTING 
COMMUNITY SUSTAINABILITY 

3.1  DEFINITION OF GIS (GEOGRAPHIC 
INFORMATION SYSTEM) 

 GIS stands for Geographic Information System. A GIS is a computerized 
system that helps in maintaining data about geographic space. It can be 
defined as a computerized system that facilitates the phases of data entry, 
data analysis, and data presentation especially in cases when the data dealt 
with are geo-referenced. 
 

 It can also be defined as a computer technology that combines a computer’s 
capability to print maps with its capability to organize and retain large 
amounts of data and quickly perform complex calculations. 

3.2  THE CONCEPT OF PSS (PLANNING SUPPORT 
SYSTEMS) 

 Planning Support Systems can be considered as an appropriate model for 
combining a range of computer-based methods and models into an integrated 
system that can support the planning function. They are variously referred to 
as spatial decision support systems. Planning Support Systems are 
characterized by coupling analytic tools and computer simulation models 
with visual displays. 

A PSS cannot consist of a GIS alone. It must also include the full range of 
planners’ traditional tools for urban and regional economic and demographic 
analysis and forecasting, environmental modeling, transportation planning 
and predicting future development and land-use patterns. It must also include 
other technologies. 

 In the next section, A PSS tool and a Community Planning methodology 
will be presented in order to define their capabilities, shortcomings and the 
way they can work together to support community sustainability.  

4
4. THE “INDEX” PLANNING SUPPORT 

SYSTEM 
4.2  A DEFINITION OF THE SYSTEM 
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 “INDEX” is a planning support system based on a GIS that estimates the 
potential impacts of community land-use and design decisions. 

 It is centered on a set of indicators that are used to assess current 
community conditions, evaluate alternative courses of action, and monitor 
changes over time. 

4.3  “INDEX” METHODOLOGY AND ROLE IN 
CALCULATING COMMUNITY INDICATORS 

 The community planning process and the role of “INDEX” tool to support 
it can be presented as follows: 
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 As shown in the precedent figure, each stage of the community planning 
process is supported by an operation executed by the “INDEX” tool. These 
operations are the different modules of the “INDEX” tool. 

 INDEX is structured as a framework containing the following 
modules and features: 

 
Study Areas 

• Region 
• Communities 
• Neighborhoods 

Cases 
• Actual conditions 
• Proposed changes 

Studies 
• Static/dynamic 
• Parcel/area based 

Elements 

Land Use 
Transportation 
Environment 
Infrastructure 

Create Score Compare Visualize 

Set-Up & 
Data Base

 

I 

III

Technical User
Interactive 
Public

Indicators 
Numerically
Indicators Spatially

To baseline
To alternatives
To goals

VI

Drawings 
Video 
Photography 
3D 
 

IV

Figure 2:  INDEX modules
V
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It is used to visually communicate proposals and 
outcomes to stakeholders. They can be through a 3D 
model, video display or photos and Internet links to 
other relevant resources.  

Visualization Tools 
and Internet Links 

It compares cases using charting and mapping to 
communicate between cases.  

Case Comparison 

It scores cases with indicators selected by the user. It 
provides also an option to weight the importance of 
indicators relative to one another.  

Scoring, Rating and 
Waiting of 
Indicators

It contains the database used to support indicator 
calculations. It is organized relative to the elements 
found in community plans: Land Use, Housing, 
Employment, Recreation, Environment, 
Transportation, and Infrastructure.

Indicators 
Calculation 
(Elements)

It creates planning scenarios or cases. It may describe 
real or proposed conditions of a study area “Base 
case”, and “alternative cases” to describe different 
concepts of the modification.  

Case Description

It provides a Geographic and topical hierarchy and 
accessing software runs. The application scales range 
from region to community and neighborhood. 

Set-Up & Database 
(Areas and Studies)
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  This process is based on defining a number of indicators that varies 
relative to the type and scale of the project. “INDEX” contains   a pre-defined 
number of indicators that are categorized as follows: 

• Demographics. 
• Land Use. 
• Housing. 
• Employment.  
• Recreation. 
• Environment (conservation). 
• Travel (transportation). 
• Infrastructure. 
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• Each project is assigned with a number of indicators relevant to the interest 
of the project and to its nature and they are generally flexible. 

• A scoring and weighting criteria is applied on the indicators in order to 
define the most important to the development goal.  

• Indicators scores shows what the strengths and weakness are and indicator 
maps show where they are. 

• A comparison is made between alternatives relative to the assigned goals 
defined within the indicators and a preferred alternative is chosen and 
evaluated relative to the main goals. 

  

4.4  Its functionality 
 In general three application methods can be done by the use of INDEX 
software: 

1.Long-range alternative analysis (creating plans): 
• Select Study Area. 
• Select applicable indicators. 
• Create existing conditions case. 
• Score base case with indicators. 
• Public review. 
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• Stakeholder weighting of indicators and rating of indicators scores. 
• Create alternative scenarios. 
• Score alternative cases with indicators. 
• Continued iterations of scenario refinement and public review. 
• Find the strongest alternative. 
• Save adopted scores for implementation monitoring. 

2.Current development proposal evaluation (implementing plans): 
• Acquire base case proposal in GIS form. 
• Express adopted goals as desired indicator scores. 

8• Score base case indicators and prepare staff report. 
• Evaluate development proposals by scoring for consistency with goals. 
• Present to decision maker and iterate to final action. 

3.Periodic progress reporting (achieving plans): 
• Retrieve benchmark indicator scores.  
• Incorporate changes in the built and natural environments. 
• Update indicator scores. 
• Produce change report. 

 

“Index” can be applied in many areas of specialization: 
1.  Growth Management. 
2.  Land Use / Transportation Planning. 
3.  Neighborhood  Redevelopment / Infill. 
4.  Transit station Area / Corridor planning. 
5.  Environmental Protection. 
6.  Economic Development. 
7.  Energy Efficiency. 
8.  Air quality and Climate change. 
9.  Community Impact Analysis. 
10. Neighborhood land-user planning. 
11. Land-Use-based energy planning. 
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4.5  “INDEX” SHORTCOMINGS AND LIMITATIONS 
1.  It is less powerful than other urban models in predictive dynamic analysis, 

and it intends mainly the static time scale application and has only the 
function to use a simple gravity method of spatial growth. 

2.  From the sustainability point of view, it doesn’t consider all the 
community sustainability elements, but it needs to be modified in order to 
consider all the needed social, environmental, economical, physical and 
administrative elements to support community sustainability. 

3.  It is an evaluation tool for alternatives but it does not help directly in 
directing the alternatives.  

5. THE “PLACE3S” METHOD FOR 
COMMUNITY PLANNING 

5.1  A DEFINITION OF THE METHOD 
 PLACE3S is an acronym that stands for Planning for Community Energy, 
Economic and Environmental Sustainability. 

 It is a land use and urban design method created specifically to help 
communities understand how their growth and development decisions can 
contribute to improve sustainability. PLACE3S can help communities 
assemble the data and perform the analysis needed to find and to maintain the 
complex balance that will lead to sustainability. In essence, PLACE3S 
enables communities to use energy as a yardstick to measure the 
sustainability of their urban design and growth management plans. 
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5.2  THE PLACE3S PLANNING PROCESS AND ITS 
ROLE IN MEASURING ENERGY 
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 Figure 3 shows the information needed for the PLACE3S approach as 
layers in a geographic information system (GIS), emphasizing the 
relationship between urban geography and energy efficiency. Using a GIS 
will streamline a PLACE3S study and produce maps that effectively 
communicate results to the public and decision-makers. GIS can be 
coordinated with the computer-aided design (CAD) work of land developers 
and engineers, who often prepare relevant materials.  

 In projects in which computer help is appropriate, hardware and software 
requirements are not extensive. If a community or region operates a GIS, it 
possesses a system it can adapt to make PLACE3S calculations. In locations 
without a GIS, a personal computer and spreadsheet software can tabulate 
data, which are then transferred to drawings. A CAD system can also 
automate this approach.   

 Software has been developed specifically for PLACES assessments. This 
software called INDEX; is available from Criterion Inc in Portland, Oregon 
for site or program-specific applications only. Its use requires Arc View from 
ESRI Inc., and a 486 PC (or Mac) with 16 MB of RAM. Operation may 
require up to 100 MB of hard drive space depending on the study size. 
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Figure3:  Information Needed For PLACE 3S Study  
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MEASURING ENERGY 
The energy sectors that PLACE3S measures include:   

• Transportation:  
How much gasoline, diesel, and alternative fuels do cars, trucks, and transit 
vehicles use? Transportation energy usually accounts for 40 to 50 percent 
of total energy use annually.   

• Residential/Commercial/Industrial:  
How much electricity, natural gas, and other fuels are needed to heat, cool, 
light and run building appliances and equipment? PLACE3S also tabulates 
the energy embodied in the manufacturing and transport of construction 
materials. The residential sector is normally 20 to 30 percent of total 
community energy use. Commercial and industrial sectors often account 
for 20 to 25 percent.   

• Infrastructure: 
How much electricity do streets lights, traffic signals, and water and sewer 
systems use? PLACE3S also measures energy embodied in the construction 
of streets and utility systems. Community infrastructure normally amounts 
to 5 to 10 percent of total community energy use. 

• Energy production:  
How much energy do local renewable energy resources (e.g., solar, wind, 
and geothermal) produce and how much comes from high efficiency 
technologies (e.g., cogeneration and district heating/cooling)? These types 
of production can make communities more self-sufficient and can extend 
the life and efficiency of electric and natural gas distribution grids. 

5.3 ITS FUNCTIONALITY 
 The PLACE3S approach to urban planning uses energy accounting to 
evaluate the efficiency with which we use our land, design our 
neighborhoods to provide housing and jobs, manage our transportation 
systems, operate our buildings and public infrastructures, site energy 
facilities, and use other resources. It provides maps and focused data to 
educate the public and decision makers about the effects of their choices on 
their community. The outcome is a well-informed, included public process 
that balances community values and integrates environmental, economic and 
social goals. 

 The use of PLACE3S in a community planning process will provide 
information about the long-term energy, environmental, and economic 
implications of plans to help communities discover ways to increase 
sustainability.    
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By carefully integrating energy use and generation policies into long-
term growth and development planning, a community can promote local 
sustainable development which ensure that community development not only 
enhances the local economy, but also the local environment and quality of 
life. 

 Common community planning issues today are population growth, 
competition for business, limited infrastructure, and declining quality of life. 
How a community responds to these issues will determine if it becomes more 
or less sustainable in the future. 

Because of energy's pervasive influence in a community, creating a 
comprehensive plan for the efficient use of electricity, natural gas, gasoline, 
and other fuels is a good strategy for simultaneously accomplishing other 
community goals, including:   

• Affordable housing: Lower home energy and gasoline bills can improve 
eligibility for home financing or renting.   

• Less traffic congestion and better mobility: Easy and safe access to 
transit and mixing land uses reduces auto use, traffic congestion and 
gasoline consumption.   

• Improved air quality and reduced greenhouse gas emissions: Fewer 
automobile trips and more efficient houses and businesses result in 
significantly lower air pollutant and greenhouse gas emissions, especially 
carbon dioxide (CO2).   

• Reduced cost to provide public services: Compact development reduces 
the length of water, sewer, natural gas, and electric lines saving 
construction, operation and maintenance dollars.   

• Open space and agricultural land preservation: Efficient development 
of compact regions and cities reduces sprawl.   

• Increased personal and business income: Energy savings become 
disposable income for individuals and working capital for businesses.   

• Job retention and creation: Reduced commercial and industrial energy 
costs and reinvestment of savings can help to protect existing jobs and may 
create new jobs.   
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5.4     PLACE3S SHORTCOMINGS 
 It considers the energy and therefore the environmental issue as the main 
element to judge the sustainability, while it is essential to consider not only 
the environmental issue but the rest of the community sustainability 
elements. 

6. THE NEEDED ACTIONS FOR THE 
SUPPORT OF COMMUNITY 
SUSTAINABILITY. 

 The two presented methods are adopting different tools to assess the degree 
of realization of the community sustainability. 

 The first is using different indicators while the second is considering the 
energy saving and efficiency use as the main indicator of community 
sustainability as it sees that this will affect all other forms of life. 

 In order to support community sustainability, a combined tool has to be 
created in order to consider respectively the environmental, economical, 
social and administrative factors. This tool can be a combination of many 
existing modules respecting separately one of those factors. This combination 
may result in final community decisions based on all environmental, 
economical, social and administrative factors, realizing therefore the 
community sustainability.  

 Thus relative to the presented tools in this paper, “INDEX” has to be 
modified in a more dynamic way or combined with another dynamic urban 
model. In addition, it needs to be based on more analytical data than 
descriptive and forecasted.  
 

“PLACE3S” needs to be adjusted and tested in the light of other 
environmental, economical, social and administrative indicators and not only 
on the base of energy, in order to ensure that its results agree with the results 
based on other sustainability factors.  

 

 

13
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ABSTRACT    
Geographical Information Systems (GIS) are not restricted to the conventional view 
of geography, i.e. people and places on the Earth's surface. Hidden geographies lie 
everywhere and a GIS is the perfect tool to take on voyages of discovery. GIS lets 
users visualize and analyze information in new ways, revealing previously hidden 
relationships, patterns, and trends. 

The benefits of outsourcing the organizations management, development and other 
Services to GIS appeared in many things, Shorter Development Cycle, Development 
on time and within budget, Greater Efficiencies and Economies of Scale, Savings on 
cost of Benefits and Administration and this Allows greater focus on Core Business. 

This paper discusses the required key success criteria for maximizing the 
introduction of GIS inside the different organizations. A framework for analyzing 
GIS success criteria in an organization is further presented, with explicit focus on a 
number of GIS solutions applied in the Arab World. Conclusions and future work are 
finally summarized with special attention to lessons learnt. 
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1. INTRODUCTION 
Geographical Information Systems (GIS) are systems with main quest of 

capturing, managing, analyzing and representing spatial information. Their 
value lies in being able to process data through time and space relative to 
location. Due to the importance of location information, one can discover the 
huge contribution GIS can provide. Geography is involved in all forms of 
human activities, whether you are a fast food company looking to open up a 
new restaurant, a geologist seeks a pot of black gold, a stock broker shopping 
for new investment opportunities, or an architect designing a new house, and 
recently e-governments which consists in its majority on spatially based 
services and operations. 

However, all the promising benefits expected from GIS did not provide 
the likely warm greetings to the new comer in corporate organizations. One 
of the difficulties for the introduction of GIS is in interoperability. Although 
of the valuable addition of the spatial perspective to the current information 
available on the existing information system, the question on how to integrate 
GIS with other information systems in an organization remains unanswered. 
As a matter of fact, the explanation of even the most precious benefit of using 
GIS will be useless if is not clear how to harvest this benefit. And the healthy 
introduction of GIS in organizations is a main question. What that means to 
forward looking enterprises is a return on investment (ROI) of almost 4 to 1 
in most cases within a few years. Why? Because when an enterprise is 
spatially enabled, then all of the current data that exists within IT can be used 
in a spatial manner extending the value of the data – while providing new 
services and increased efficiencies [2]. 

The rest of the paper explains the benefits of introducing GIS into variant 
organizations in ROI manner. Section 2 examines all previous efforts on the 
effects of enhancing organizations with GIS. Section 3 analyzes the main 
factors that affect applying GIS and the degree of acceptability among 
organizations. A major contribution of this paper is presented through a 
proposed framework for analyzing GIS success criteria in an organization. 
Section 4 examines a number of unique GIS case studies executed in the 
Arab World. Conclusions resulting from Section 4 are finally presented in 
Section 5, with a planned vision on future work. 
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2. BACKGROUND 
 The topic of exploring benefits of practically applying GIS in organizations 
has been addressed in a number of research papers. Most of these papers took 
the form of practitioners’ reports, due to the practical nature of the subject 
under study.  Steven W. Uhrick and Daniel H. Feinberg demonstrated their 
experience in building a GIS and integrating it with utility information 
systems for the Broward County, Florida, Office of Environmental Services 
(OES) [1]. OES has developed a water and wastewater master plan. As part 
of the master planning effort, OES is implementing a geographic information 
system to automate mapping and data management operations and to develop 
automated links between the GIS, an existing infrastructure database, and 
hydraulic models. The introduction of GIS in OES was planned to provide 
with rich benefits by helping apply the following goals: 

• Set performance goals for the retail water and wastewater infrastructure 
and then compare existing facilities to those goals to determine where 
improvements are needed.  

• Set performance goals for operational practices and then compare existing 
practices to those goals to determine where improvements are needed;  

• Forecast new infrastructure needed to serve future customers.  
• Construct new hydraulic models of the water distribution system and model 

the wastewater collection system for the first time.  
• Integrate several independent information systems in use within OES. 
• Convert the OES’ 350 water and wastewater system maps from paper to 

GIS format.  
 The research demonstrates that The GIS implementation and system 
integration required a carefully planned database design, custom application 
development, and significant organizational changes. One major constraint 
was that no modification was to be made to the existing CASS WORKS 
inventory database structure during the GIS database design phase. This 
decision was made not because of limitations of the infrastructure inventory 
database and related software application (both of which can be customized), 
but rather as a preference of OES management [1]. As a result, all integration 
modifications were conducted on the side of GIS, which is probably the 
typical situation of embedding GIS in any organization. Several carefully 
planned steps must be taken to successfully implement a GIS and to integrate 
the GIS with other information systems including infrastructure inventory 
databases and hydraulic models. A final conclusion of the study states that 
through a properly-developed database design, data can be efficiently 
migrated between independent information systems. Custom application 
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development allows GIS users to access data stored in a comprehensive 
database structure with a minimal amount of effort. Additional applications 
are being developed to ensure synchronization between the different 
databases and engineering/planning applications. 

 An interesting research titled “Weaving GIS into IT: One Plus One Equals 
Three” explains the GIS added value is incorporated with more than technical 
issues. As Jeff Thurston wrote, the leap from IT focused to include GIS or 
geo-spatial services is not made easily. It requires upper management 
understand and appreciate that one-plus-one will equal three. Where 
difficulties are encountered is when an organization does not appreciate that 
GIS offer unique capabilities and instead they integrate them into the IT 
environment but still have not pursued ‘geo-enabling’ their employees – one 
has to also think spatially to acquire the benefits. The net result of integrating 
GIS with IT is that it will present some bold, new and challenging 
opportunities about the way that company’s and organizations do business – 
their workflows will be changed markedly. That then requires that those 
organizations identify workflow change as an outcome as part of the 
integration process. Therefore it is much more then simply moving data from 
GIS into the mainstream IT environment [2]. 

3. GIS: SHOW ME THE BENEFITS  
 The conclusion that can apparently be shown is the amount of benefits (or 
ROI) resulting from GIS is heavily dependent on planning the “right” 
introduction of GIS in an organization. Technical, management, and other 
problems may appear, which in consequence, can drive GIS from delivering 
the target value. 

 To successfully plan for the GIS introduction, a proposed framework is 
presented. The framework explains any GIS as a complete solution which has 
three main factors: 

• People: 

People are a main factor in any new information system. Without the 
proper training planned awareness, and setting expectations, people may 
endanger the success of GIS. 

• Process: 

A clear and comprehensive process which describes the different roles 
associated with GIS and the specifications of these roles is a focal point in 
a successful GIS solution. GIS processes usually incorporates introduction 
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of new positions in an organization, and causes collateral changes on the 
organization’s management and culture. 

• Tools: 

 As discussed in Section 2, GIS in its tool part (computerized system) 
comprises necessary considerations to be taken for reaching a final 
successful GIS. Interoperability between GIS and other IS, is one of the 
major problems that must be handled effectively. 

 The proposed framework also suggests that the successful establishment 
of GIS is highly related to staging the introduction of the solution in a 
number of improvement cycles, having each cycle set in terms of goals and 
percentage of improvement. Figure (1) demonstrates the framework cycles.  

 

 … Cycle 1 Cycle 2 Cycle n

 

 

    
 … 
 

 

 

 
Figure 1:  A Proposed Framework for Applying GIS in an Organization 

3.1 PEOPLE 
 As any new Information System, GIS when introduced to an organization 
is faced with a number of obstacles from the people who are using it, and 
such obstacles are not subject to any kind of technical resolution. Peopled 
involved with GIS have two major issues that requires assistance as part of 
GIS solution: 
• Building Capacity: by providing the necessary training and hands-on 

support to maximize the usage of the available GIS facilities. 
• Managing Cultural Change: which is the hardest issue related to people. 

Where difficulties are encountered is when an organization does not 
appreciate that GIS offer unique capabilities and instead they integrate 
them into the IT environment but still have not pursued ‘geo-enabling’ their 
employees – one has to also think spatially to acquire the benefits [2]. 
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A valuable study conducted by Kreamer [6] classified organizations that use 
GIS technologies as follows: 
• Skill state: The information systems department controls information 

technology and the distribution and use of software and hardware. If an 
organization is in this state, GIS is likely to be centralized in the information 
systems or technology department, and other users may see that it as too 
technical and somewhat isolated from their daily work. 

• Strategic state: In this kind of organization information technology 
decisions are centralized at high decision-making levels, and the principal 
goal of information technology is to support the work of top-level 
management. In that type of organization GIS may be centralized in a unit 
that reports directly to top management and other potential users may feel 
somewhat left out of the process and benefits. 

• Service state: A condition that has multiple units that provide different 
types of services to varied client groups. They all have very different needs 
for a GIS. Implementation of GIS in an organization in either the skill or 
strategic set is a simpler process than if the organization is in the service 
state, as most are. 

• Mixed state: This is an organization that cannot quite fit into any of the 
previous three categories. Parts may work like a service state organization 
and others like the strategic state, and the IT/IS department may feel that it 
controls a skill state organization. Huxhold and Levinsohn [6] make an 
interesting conclusion for an organization in this state: hold off 
implementing an enterprise GIS until they can figure out what kind of 
organization they are. 

3.2 PROCESS 
 Along with building capacity of people, providing clear process for driving 
a GIS solution though the organization is a vital factor. A clear process 
should describe who is doing what, when, and how to reach a certain goal 
[11]. Having this process will enable an organization’s members to 
understand their roles of using and maintaining GIS, with documented 
strategies and techniques on performing GIS related activities. The 
formulation a process also helps to institutionalize the skills and capabilities 
required for effective GIS. 
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3.3 TOOLS 
 The tools part is the core part of a GIS solution. It is the implemented 
system where technical issues like the system’s functions are the focal point. 
In addition to the quality of GIS as an independent system, the 
interoperability of GIS consist a vital criterion to the success of GIS. Both the 
integration of GIS with other systems and the integration of the different GIS 
vendor technologies are classified in the scope of interoperability problem. 
Toward the resolution of interoperability, the OpenGIS Consortium (OGC) 
has developed and initiated test-beds and technical specifications which 
would enable higher levels of connection between brands while recognizing 
the schema’s unique to each. That would result in any type of spatial data 
being able to be transferred to any other computer regardless of proprietary 
operating system and software. The efforts of OGC show great promise and 
have resulted in several major industry manufacturers and suppliers 
becoming involved in and supporting OGC compliance [2]. OpenGIS also 
identifies GIS data models as the main factor of interoperability.  

4. CASE STUDIES 
 As many organizations in all areas of the public and private sectors have 
implemented GIS, a collective knowledge and experience has developed 
concerning approaches for successfully handling the organization and 
staffing issues of a GIS. Much of this can be found in the form of anecdotal 
information, case studies or individual project descriptions. From all of this 
information, certain models, methodologies and approaches can be culled and 
examined.  

4.1 BANKS USING GIS TO SUPPORT MARKETING 
 In finance and marketing field .Banks are using Geographical Information 
Systems for plotting the following: 
• New branches locations. 
• ATM locations. 
• Customer demographic data (residence, age, income level) for each product 

of the bank. 
• Geographical area served by the bank for each branch. 
• Market share for bank activities. 
• Branches performance. 
• Volume and traffic patterns of business activities. 
• Strength and weaknesses against competition. 
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 GIS is used in this case to support marketing efforts by allowing the 
decision maker to model the business activities. GIS can perform what if 
analysis for the market changes. What if a competitor opens a new branch? 
What if we close a branch? What if u put a new ATM in such place?  

 With GIS every record or digital object has an identified geographical 
location. The maps consolidate pages of analysis. In USA representative 
pioneering banks are first Florida banks (Tampa, Florida), Marion Bank 
(Philadelphia, Pennsylvania), and NJB financial (Princeton, New jersey) [7]. 

 

4.2 THE CENTRAL AGENCY FOR PUBLIC 
MOBILIZATION AND STATISTICS -EGYPT 
(CAPMAS) 

 CAPMAS has a Geographic information systems (GIS ) center that help 
many organization to use the geographical information system in its 
management and work. 
4.2.1 Objectives Of The GIS Center: 
• Drawing the basic digital maps at Egypt governorates level at 1:5000 scale 

with all required codes.  
• Participating in censuses , statistics and surveys conducted by CAPMAS 

through providing the required maps and GIS  
• Setting up the statistical geographic information systems to unite censuses 

data and various statistics with the administrative divisions.  
• Setting up provincial geographic information bases in governorates' 

branches to assist decision makers there.  
• Setting up GIS applications through providing access key for the bodies 

seeking the service.  
• Meeting the needs of institutions, universities, and research organizations 

in training field and research implementation.  
• Offering advices and technical support to the governmental entities and the 

private sector concerning setting up their own GIS units.  
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4.2.2 CAPMAS GIS Center Projects 
1.  Connection Call center; GIS system providing services about querying any 

services and providing Information about nearest services to somewhere 
via phone call, with cooperation with a private company. 

2.  Censuses project; with cooperation with CEDEJ to build a geographical 
statistical system for producing censuses according to managerial 
distribution and produce it on a CD. 

3.  GIS System for Emergency; the center cooperate with the agencies that 
work with emergency in the Ministry of interior and Armed Forces to 
develop GIS systems to serve its objectives. 

4.  GIS for Sell taxes; the center has developed a GIS system too serve the 
agency of sell taxes with all its branches in all fields to improve its work 
and its performance for fulfilling customers needs. 

5.  GIS database for base maps; the center developed the GIA database for all 
the base maps for the whole country , maintain it, continually update it with 
new services and activities to fulfill customer's needs according to the 
national and international standards of coding and categorizing the 
activities. 

6.  Statistical databases; linking the statistical databases of population and 
housing and economic organizations with the geographical databases in all 
different distributions of managerial boundaries, and use it in planning and 
decision making operation. 

 

 Those are some of the center activities, that help not only the organization 
it self but also many organization to apply geographical information systems 
in its work and utilizing the use of this technology in our daily life [9]. 

4.3 GROSS CAIRO UTILITY DATA CENTER –
EGYPT (GCUDC) 

4.3.1 Idea Of Establishment 
 Since the digging works of the underground Metro, the contractors had 
faced great obstacles concerning the inability to find utility maps determined 
the accurate location of these utilities. Egypt at this time didn't posses such 
technology of utility detection. So the idea of establishing a utility data center 
becomes a must. 

 Greater Cairo Utility Data Center was established on 1988,to  be the 
Service Authority which has the mission of detection  works for all the 
underground utilities in Cairo in order to  protect the infrastructure which is 
estimated by 29 Milliard  Egyptian Pound. The Official Inauguration of UDC 
by the Prime Minister was on 13/3/1991. 
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4.3.2 GCUDC Services 

• Detecting underground utilities and mapping it in digital form and on paper 
(hard copy) to any scale.  

• Following up the construction of underground utilities giving instantaneous 
information about the utilities in the route of the project.  

• Using the GIS techniques to establish a big scientific Data Base about   the 
underground utilities by special GIS programs.  

• Producing Cadastral and topographic maps to any area using survey 
oriented programs such as SDR map 

• Establishing, observing, computing and adjusting Ground Control points 
Networks by ground surveying or by GPS techniques.  

• Making Grid leveling and calculating Cut and Fill earth work.  
• Transforming Hard copy maps to a digital form by scanners or   digitizers. 

4.3.3 GCUDC Strategies 

• Establishing a scientific database for the utilities network in Cairo.  
• Accurate Survey for utilities network.  
• Protecting Utilities Investments.  
• Providing city planners & decision-makers and consultants with accurate 

data for utilities projects and basic construction  
• Forbidden random digging and cooperation with contractors and utilities' 

organizations to work without any damage.  
• Co-ordination between all utilities organizations.  
• Establishing Survey Network and connecting it with A.R.E Survey 

Network. 
 

4.3.4 Main projects by GCUDC  

• Survey works using GPS for all Egyptian Airports and producing detailed 
cadastral maps for 18 airports.  

• Telephone cabins for public service all over Greater Cairo.  
• Underground Metro (Shoubra El Khema - Ramsis).  
• 6th October Bridge and its extension.  
• Bus and Car stop stations. 
• Rain drainage accesses.  
• Al Azhar tunnels.  
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• Central Control Net for connecting power supply station 66K.V (Optical 
Fibers) Projects of Sewage Authority & CWO.  

• Cooperation with other governorates to establish other Utility Data Centers.  
• Providing the clients with any assistance for their house connections along 

24h/day.  
• Survey work and detection for Arabian Organization for Industries.  
• Participating in preparing Data Base for Historical Cairo Program and 

Basic Construction Program.  
• Survey work and detection for the project of (A million Tree) Heliopolis 

Services Development Association [10].  
  

5. CONCLUSIONS AND FUTURE WORK 
 This paper presented a discussion on the benefits of enhancing 
organizations with Geographical Information Systems from Return on 
Investment perception. A detailed discussion was made on the key success 
criteria that must be provided in order to gain the real value out of GIS. A 
proposed framework was presented then to best apply these success criteria. 
This framework was basically inspired from the lessons learnt from previous 
implementations of GIS solutions, taking into consideration software 
engineering best practices for building Software Systems. 

 We hope that the paper provides a reasonable start for GIS planners who 
estimate GIS projects. Future work will further elaborate on the proposed 
framework and target specific recommendations concerning people, process, 
and tools for establishing GIS solutions and solving all problem areas 
incorporated. 
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1. BACKGROUND 
For long time the authorities and companies were concentrating on 

building  GIS system to solve their problems, answer questions related to the  
spatial locations, and to be a tool for the Decision support system (DSS) . 

When we talk about GIS we should mention Qatar success story which 
started on 1990. They established CGIS to be as national surveying authority 
for Qatar and steering committee to make polices legislation, and standards. 
But Qatar didn’t build the GIS as separated inland but it unified the standards 
to be used all over Qatar. This is a promotion to GIS to reach SDI level (see 
appendix: 1 for Qatar case in GIS). 

Since people always think in better way of sharing , they started to build 
SDI ( Spatial Data Infrastructure) to promote the sharing between parties on 
the level of foundation data (spatial data) and framework data ( themes or 
application data). The necessity of SDI is to maximize the sharing between 
parties to reduce the duplication of data processing, to support the country 
with the geographic information infrastructure (gas, telephone, electricity, 
etc.) which mean to serve everybody in the Egyptian people. (See appendix 3 
SDI definition, hierarchy, success stories, major steps and necessity). In the 
appendix there are steps for implementing SDI in any country written by    
Dr. Alan Stevens. 
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But when talking about building SDI in Egypt we should think of 
standards, what type of standards we need? And who should set the 
standards. When comes to the implementation phase we should study the 
implementation requirement for building SDI. (See appendix1 for steps for 
building SDI). 

2. INTRODUCTION 
 It's the time to think how we will build our Egyptian Data Infrastructure 
(ESDI). There are more than 60 countries all over the world build or in its 
way to build their National SDI. Besides three regional SDI in Europe, Asia, 
pacific and America. SDI is a need in the Electronic government (E-gov.) 
because the E-gov. can't automate some services without foundation data 
(spatial data). Building need requirement to be done and has responsibility to 
know who do what? There are also barriers will face build ESDI and we 
should know how to overcome them. 

 Egyptian Survey Authority has a role in building ESDI. It is responsible for 
providing the foundation data (spatial data) for the parties in the E-gov. and 
in the same time introduces other services as a part of E-gov. 

 If we realized this need for ESDI, then we have to dream about the Arab 
world Spatial Data Infrastructure (AWSDI). 
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3. SDI AND THE E-GOV IN EGYPT 
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To introduce services to the public in the Egyptian street, we should 

know the services most needed. And when we can get this information we 
should list them according to priorities. In the next part will discuss this 
issue. 

4. WHAT THE EGYPTIAN CITIZEN NEED 
FROM THE E-GOV? 

     This question should be asked while working setting up the frame of the 
e-gov. services. Let’s see what unites states did to get a survey about this 
“Governments in the U.S. are using a variety of methods to find out what 
citizens want from e-government services. These efforts are being conducted 
in a variety of ways, with different levels of formality and statistical 
reliability. A few are professionally designed public opinion surveys with 
random selection of respondents and formal statistical analyses. Others are 
informal efforts that ask citizens who visit state Web sites what they think 
about e-government services. Another kind of effort invites people to attend 
events where they discuss their needs and opinions. The professional and 
informal surveys tend to offer respondents a fixed list of potential e-
government services, and the same choices tend to be included from place to 
place. In response to these surveys, driver's licenses and voter registration 
usually top the list of desired e-services. The discussion method offers 
greater opportunity, to explore ideas from different points of view and in 
more depth ,therefore tend to generate longer lists of potential e-services that 
are tied to life events or areas of economic activity” written by Meghan E. 
Cook, Center for Technology in Government, USA. 

 Since this is the logic way to think, so before we start build the E-gov, we 
need to ask some questions?  Why we need the electronic government and 
what services most needed by citizens. In order to get answers we have to 
make a survey. Whom  to ask? If we need good results express everybody in 
the Egyptian people are we going to ask 70 millions persons of course not? 
So we should be careful when choosing a selective sample to express all 
people. 
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5. REQUIREMENT FOR IMPLEMENTING 
SDI  IN EGYPT  

 To build SDI in Egypt we need to go through five steps as Dr. Alan 
recipe: 
 

5.1  SDI  DATA 
 First we have to collect the two types of data. The foundation data (spatial 
data at reasonable scale to serve as a base for the framework data (thematic). 
many authorities and companies in Egypt has a set of existing data and some 
need to process their data. but there is a lot of effort will be done on this field 
the data gathered from different sources so it will need to harmonize it and 
flitter it and other processing to be ready for use. This is applicable for the 
spatial and thematic data. And we have to take in consideration that the new 
data processing should be according the same standards. To avoid the 
problems mentioned before. 

 The spatial data is vital for some services to be a base for the thematic data. 
Like the post services. The spatial locations for the post offices need a spatial 
database.. The telephone services as well need it for the spatial location of the 
centrals, the telephone cables and so on. But some services don't not need it 
like the statistics data about the population census. Unless you relate it to 
spatial location and talk about the population density. Then you need spatial 
data. 

5.2  SDI  STANDARD 
 The existing spatial data will suffer from mismatching due to different data 
standards used and the frame work data will need standards for exchange. 
There are also the industrial standards for software/hardware. But what kind 
of standards we should follow? There are standards like ISO with its different 
series. Others are also FGDC standards. Let's talk about the spatial data 
standards first, Since Egyptian Survey Authority is working in the field of the 
spatial data for more than 100 years ago, so it has standards could be 
followed in this field. And there are three choices, either to adapt ESA 
standards with the ISO like different countries did (as Japan) and producing a 
new standards In the mid way between the Egyptian and ISO or just to follow 
the ESA standards as local standards.  
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 Or follow the ISO/FGDC standards as it is. The reasonable choice here is 
the first one to avoid repeating data production. We should also mention the 
metadata standards. Every body on the E- gov. should put their metadata with 
the same standards. This will make it easy for the user to get the search result 
for any type of information with the same criteria. To be easy for the 
industrial standards. The company who introduce technology 
(software/hardware) had discussions leaded to use common standards 
between them to make it easy to read the data from any software by another 
without loss of data. This we call interoperability. The same we can say on 
the hardware company. Once we finish with data and standards we have to 
think about the available tool to be used to build ESDI. 

5.3  SDI TOOL 
 Are the tools available now in the geoinformation technology market 
helping in this topic? The answer is YES. The software/ hardware companies 
now are aware of the need to build SDI towards the electronic government. 
The Software Company which produces geo software added new modules to 
their software for internet use. They test it by customer and enhanced it to fit 
for flexible use over the net. Like “Map Guide” from AUTODESK, “Arc 
IMS” from ESRI, “Dynamic Atlas” from SKE. This software provide 
publishing, extracting, analyzing, and manipulating data over internet which 
help the people to get their services/requests in short and with efficiency 
without going to the door of the organization and follow the routines to get 
their service /request. 

 Actually the geoinformation technology market In Egypt is strong and has 
the ability to help in building ESDI. 

5.4  SDI METADATA 
 The metadata is very important for all type of data. The users who search 
over net for information get so many results. He/she choose the best 
description about the data needed. But in Egypt not many company or 
authority care to make this for their product/services. But it will be a must. 

5.5  SDI POLICES AND LEGISLATIONS 
 Since everyone in the Egyptian street will access the in formation. The 
government should make policies for data transfer, data exchange, data 
access, data security, and data prices. This will be stabilize the information 
society in Egypt and make ESDI strong and supported by the Egyptian street, 
and the service maker.  
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5.6  SDI CLEARINGHOUSES 
 Every company and authority either has or thinking to make clearing 
house. This CH will be the window for their market. Nowadays ESA is 
building its clearing house which will contain Metadata about their 
products/services.  The other parties in the E-gov can make also their 
clearinghouse. With a search engine the user can search any type of 
information among the whole parties to get the information. Some 
clearinghouses can be linked to each other. This already exists in Egypt in the 
sector of news, and newspaper. Ahram website, Akhbar website, and all are 
linked to each other. But the geoinformation sector still need a lot of efforts 
like many other sectors. 

6. THE RESPONSIBILITY OF BUILDING 
ESDI  

 Like any other work, we should know who will do what? Who will gather 
information about the data available and data needed to be done?? Who will 
put the policies and legislation? Who will put the standards?  

 For the policies and legislations the government should take care of it. Its 
own role to set of polices and legislation. There should be a committee from 
all organization to get information about the framework (thematic data)  
available and data needed to be done and to take care also for setting 
standards for data exchange between parties in the E-gov. regards the 
thematic data ( framework data).   For the spatial data (foundation data), and 
it's standards and prices,  ESA should take care of it .Since it's the 
organization working in the field for more than 100year and a lot of effort 
done in this field and  has the specialists on map making, ESA also finished 
their metadata catalogues about their products and services. It has standards 
for data sources, data processing. And it published it in the Egyptian code 
made by the ministry of irrigation. 

7. BARRIERS FOR BUILDING THE 
EGYPTIAN SDI 

 Usually, new systems face resistances and barriers. SDI like any other new 
things is facing barriers. The most important barriers are the data security, the 
standards, and the technologies in some cases but it's not a barrier in our case 
here, but to force people to work according to the same standards. Many 
questions will be asked which standards, yours or mine?  
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 To overcome the barrier of standards, since ESA has the experience of 
100'year and has published standards and their product is protected by law 
and the public decisions. We can use ESA standards or even make like Japan 
when it come to the mid way between their standards and ISO standards.  

 Other barrier, of the data security, that everybody is afraid to share for 
certain reasons. Some of them are not reasonable like losing the control on 
the data which mean the prestige and domination. And some reasons are logic 
like data protection form loss or hacking. We have to redefine the meaning of 
data security to them. And to tell and teach them that the technology provides 
the tools to protect data from hacking or losing when it shared in the E-gov 
parties. Even if there is 10% risk in this case of security, it shouldn't stop us 
from sharing or publish data over net. But of course in some cases we should 
take care of the security issues and classify the type of data could be shared 
and the type couldn't be. 

8. THE ROLE OF ESA IN E-GOV. 
 Since we are talking about the GIS and SDI, we have to talk about 
Egyptian Survey Authority (ESA). ESA is governmental organization 
responsible of the cadastre services, topographic services and maintain the 
geodetic network in Egypt, besides other services. ESA has own standards 
for all steps in producing maps. It also has all the assets of the maps which 
produced by it or by other organizations, so all geospatial data is in its own 
warehouse. From this place it should be the start of introducing the geospatial 
services over the internet, which should be built on the Egyptian SDI.  ESA is 
responsible for making the foundation data (spatial data) for all the service 
producers in the E- Gov. Taking in consideration that not all services will 
need this foundation data. In the same time ESA will be also service 
producer. 
 

8.1 ESA  SERVICES AND PRODUCTS 
 ESA is responsible for produce, update and disseminate the geographic 
information in Egypt. This information includes: topographic services, 
cadastral service, geodetic services, printing services, orthophoto and photo 
maps, administrative boundaries, and the most relative service to the E-gov 
topic here is the base map or the foundation data. These types of services 
serve other organizations like agriculture to plot their frame work data (theme 
data) over it. (See figure 2). 
 
 



The Role of ESA in building the Egyptian Spatial Data ….              255 

Base map 
(Foundatio
n data for 

SDI) 

 
…….. 

Admin 
bound. 

Services 

Atlases/ 
thematic 

maps 

 
Geodetic 
service 

 
Printing 
services 

 
Topographi

c services 

 
Cadastral 
services 

Linked to the 
gov parties- E 

-o the ELinked t
gov for polices & 

legislation 

 
ESA 

 
Orthophoto
/sat/maps 

 
 

Figure 2  
 It illustrates the services ESA produce. So ESA will make the foundation 
data for the E-gov parties and in the same time will introduces others services 
to the society in Egypt through the E-gov. 
 

 Regarding to the foundation data issue, we have to notice that not all the 
organization sharing in the E- gov will need foundation data (spatial data) 
from ESA. The data/services so some of them don’t depend on the spatial 
data. See Figure 2 . 

8.2 ESA METADATA 
 ESA produced their metadata for the topographic maps with its different 
scales from 1: 000 000 to 1: 1000. This metadata contains the imagery date, 
the producti  data, and the size of the maps in the field and on the paper, the 
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paper maps. There is also the digital catalogue which gives information about 
all digital maps covered by the topographic sector or the cadastral sector. The 
topographic and digital catalogue is available at ESA shop. 
 

8.3   ESA CLEARINGHOUSE 
 Nowadays ESA is building its own clearing house to publish their metadata 
over it. This is the first step in introducing their market for the services and 
products over the clearing house. This clearing house will be linked to the 
other clearinghouses in her E-gov and also as a node in the Egyptian SDI. 

9. COPYRIGHT 
 This is an important issue for the parties who will share with their data in 
ESDI or will introduce services in the electronic government. The 
government should take care of protect this products/services by copy right 
law. Few months ago ESA map was protected by the law of copyright. Its 
map is treated now as any other certified product, it has number and protected 
by law. 

10. ECOMMENDATIONS 
10.1 SDI IN EGYPT: 
 Every organization need to be a part of the E-gov and to share in building 
ESDI should start to Identify: 
• What is the data available and what is the data needed to be processed? 
• What services/products it will introduce on their clearinghouse? 
• What is the sharable part of data with others? 
• What standards they follow( all type of standards)? 
• How they will find a budget? 
 

 The government also should establish polices legislation for data transfer, 
data exchange, data access, data security, and data prices. The government 
also should financially, as example: Services like the "Elsegel- El Ainee" to 
be automated over ESA clearinghouse, the government should supply ESA 
with a fund to be able to finish it.  

10.2 SDI IN ARAB COUNTRIES  
 Unfortunately, I didn’t find any effort done in the Arab country towards 
SDI. And sometime when you discuss with someone these issues will say this 
is difficult to achieve while the political circumstances like what we all know 
now. But I say NO. The Arab countries may take time to overcome the 
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barriers prevents from being in a union at the political level. But what we 
can’t in the political level what we can achieve in the SDI level. I know that the 
political level should support the SDI in order to be success, but I think they can 
differentiate between the vision in the political level and the information level.  
For the time, there is work in the field of the infrastructure between some 
countries in the Arab world. Like road network between Egypt, Libya, and 
Jordan. Or the gas line between Egypt and Jordan. This is the start point of SDI 
between Arab countries. If we could reach the level of making SDI among the 
Arab world in the field of road network or gas network this will be great success. 
Then we can say that we have our Arab SDI (AWSDI) like the INSPIRE in 
Europe. This will be a great success for the Arab countries regardless they have 
the same vision in the political level or not. See Fig (3).  
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 Someone will say this is a dream, I say YES and NO. No because some of the 
projects of road and gas between Egypt and Jordan are real and Yes because 
completing it among all countries could be a dream. But if we start dream today 
we will achieve tomorrow. And like we talk about democracy in the political 
level, we can also talk about democracy in the spatial data level. This is what has 
been said by Preetha Pulusani President Intergraph aping and Geo spatial 
solutions. (Is SDI the spatial voice of democracy? YES, when it is developed 
according to the common goal of data sharing, based on open standards. 
However, continued action and perseverance by the geospatial community is 
absolute requirement in order to make this a reality). 
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11. QUESTIONS TO BE ASKED 
 E-gov will play an important role in the Egyptian street. It will facilitate the 
services and make it available at the people hands. But the question here: 
• Is the new way of introducing the services will suit all different level of 

educations? 
• Will it affect the prices of the services?  
• Does the new way will be efficient and effective? 
• Such questions should be answered by the people who are responsible of 

building the E-GOV. 
 

12. CONCLUSION 
 Building the Egyptian Spatial Data Infrastructure is a necessity to achieve 
the goal of the electronic Government. In order to achieve this we need 
sincere efforts and people work to change the rigid thinking. If the sharing 
concept spread in our environment and if and security issues solved. We can 
do a lot towards building ESDI. Usually the work itself doesn't take much 
time in the implementation phase but changing minds take so much time. 
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14. APPENDIX: 1 (QATAR CASE IN GIS) 

14.1 QATAR AS A SUCCESS STORY IN GIS 
If we talked about GIS in Egypt as Arab country, we have to mention 

Qatar success story in the field of GIS and to know the success factors helped 
in setting it up. But we have to recognize that Qatar’s GIS is not a separate 
inland, but it built on the share concept on the specifications and standards. 
They built the concepts and maximized the sharing importance between 
organizations before they build the systems. also they distributed the 
responsibility of the data production, marinating, and sharing.(like we 
mentioned before Dr. Alan sentence” everyone can play….) They haves A 
National GIS Steering Committee consisting of top government executives 
from different government agencies and a Center for GIS (CGIS) were 
created by a Cabinet decision in 1990. 
 

14.2  ROLE OF THE STEERING COMMITTEE  
 The National GIS Steering committee oversees the development of GIS in 
Qatar, ensuring that all GIS standards are compatible and in harmony. The 
committee reports to National Committee for Coordination of Government 
Services which in turn reports to the Cabinet chaired by HH the Emir. 
Furthermore, this committee has fostered cooperation between government 
departments and serves as a forum for discussing any GIS policy. It has the 
policy and technical responsibility to organize and formulate a GIS 
implementation strategy. 
 

14.3   ROLE OF CENTER OF GIS (CGIS) 
 The GIS network in the country is coordinated through Qatar's Center for 
GIS (CGIS), which is responsible for establishing and maintaining national 
standards and procedures for GIS implementations in the country. The Center 
is also the National mapping agency and thus responsible for development 
and maintenance of the country's on-line base map consisting of topographic 
data. The Center for GIS has responsibility for data administration, 
application programming plus training and support of the satellite GIS Units 
in each of the Ministry/Government/Semi- Government department in the 
Qatar GISnet. 
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15. APPENDIX 2  SDI DEFINITION, 
HIERARCHY, SUCCESS STORIES, 
MAJOR STEPS AND NECESSITY 

15.1  SDI DEFINITION, MAJOR STEPS AND 
NECESSITY 

 GIS when started was like building separate islands for every system or for 
every type of information. There was no communication between this islands 
which means that the repetition of producing data is very much expected. So 
the governments all over world started to think to link this islands each other 
with Spatial Data Infrastructure (SDI). The different GIS systems in the 
different fields share the base of this information which is the spatial data. So 
if they can unify one spatial database as a base for all this systems this will be 
the first step. Then the themes of the GIS systems could be shared also. As 
example; if the ministry of interior wants to build system for car navigation it 
will need the roads information and also the gas stations and other 
information. This type of information could be shared by more than one 
system, and this is the second step in sharing information. This share will 
safe off course a lot of time and effort. One spatial database serve the 
different infrastructure themes; electricity, the water pipe line, roads, 
telephones …etc. this spatial database should be available on the 
server/servers and to be customized with every application... different 
applications for different themes could be applied then. Many 
countries/unions  in the world  had good experience in building SDI but in 
Egypt and the Arab nations still the concept of SDI is not well recognized or 
realized as a necessity. 
 

 Let’s see what Dr. Alan R. Stevens is (International Program Coordinator 
Federal Geographic Data Committee (FGDC), Global Spatial Data 
Infrastructure (GSDI) Secretariat) mentions as major steps for building ESDI 
(Egyptian Spatial Data Infrastructure): 

1.  Inventory all data that is collected by all organizations and identify 
duplication and missing coverage.   
By all data, I mean every different form that you all deal with throughout 
Egypt: cadastral, topography, boundary, geodetic control, surface 
water, ground water, soils, geology, land cover, agriculture, forestry, 
and many different layers including social, economic, and related data and 
information such as health, demographics, famine, poverty, etc…. 
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2.  Identify and inventory the organizations responsible for collecting, 
processing, archiving, and distributing the different data types. 

3.  Identify which organization(s) is/are the best data steward for each type 
of data.  The goal here is ‘…to collect it once and use it many times.’ 

4. Identify institutional barriers to doing any of this and sharing data 
among the cooperators. 

5.  Identify and develop policy changes that are needed to facilitate SDI 
development. 

6. Identify and agree on base data (framework data).  
7. Develop metadata standards and begin to create metadata. 
8. Build a clearinghouse(s) for data discovery and delivery. 
9. And many other related tasks. 
 

 He well identifies the major steps for building the ESDI, and it’s clear that 
this task should be a national task has national support politically and 
financially too, besides the contribution and sincere welling to share and to 
work. It’s not a work without benefits, because usually the good, sincere 
work has a lot of revenues. And since this is a group task this means 
“….everyone can play….”…Dr. Alan Stevens. 
 

15.2 SDI HIERARCHY AND SUCCESS STORIES 
 “A country’s SDI is called a national spatial data infrastructure (NSDI) and 
regional Spatial Data Infrastructure (RSDI) comprises several NSDI's and /or 
several countries. The global Spatial Data Infrastructure (GSDI) in the final 
frontier and effort today to begin at local level will eventually cover the 
globe.” Preetha Pulusani....president Intergraph mapping ,and geospatial 
solutions. Since we have mentioned the hierarchy of the SDI, let’s see what 
happened in the world regarding this hierarchy. 

 Let’s see the success stories for different countries in the field of NSDI. 
There are more than 60 countries are working to develop their own NSDI’s, 
as example: 

• Australia has “Public Sector Mapping Agency (PSMA)” is self funded 
corporative government agency that has been extremely successful in 
building the core of the Australian SDI.  

• Catalonia, Spain has IDEC, a multi partner state initiative. It’s objectives 
to compile existing geospatial information data and generate metadata 
catalogs, making them accessible through an internet portal. 
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ABSTRACT  

Geographic Information Systems have been nearly applied in all fields including 
applications in solving urban problems; and since Internet now facilitates a wide 
range of several human activities, the number of people using Internet allover the 
world has been tremendously growing. 

GIS, Urban planning and Internet technology form the main components that can 
lead towards building public participation in urban planning and development. 

Since People are the most affected elements in the planning process, then the 
community should have the right to participate in the design of their own 
neighborhood taking into consideration some planning rules and sustainable 
development principles of the urban planners, in order to maintain the planning. 

Web based GIS can be further developed to allow public participation in planning 
decisions. Interested members of the community can navigate through their city and 
change in the planning of the city viewing the new plan while stating the reason for 
their change to be taken into consideration. GIS can also be used to enhance public 
participation and comprehension of the spatial aspects of planning problems and 
constrains. 

The major benefit of GIS is that it is used as a tool of visual communication between 
different concerned parties like planners, decision makers and community members. 

This interaction between community, GIS developers, planners and decision makers 
will naturally need time to build TRUST and mutual understanding. 

 

More involvement in the planning process can lead to more understanding and 
satisfaction of the planning in which the community has been an active participant. 

Tell me, I forget. 
Show me, I remember. 

mailto:mamahmud@iti-idsc.net.eg
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Involve me, I understand. 
(From Moore and Davis,1997). 

 

 
KEYWORDS   
GIS, Community, PPGIS, Urban planning, Web based. 
 

1. INTRODUCTION 
 Many communities have increased the number of public meetings, 
enhanced presentations and visual aids; however the public still has difficulty 
in understanding spatial relationships on maps. This may lead to frustration 
and miscommunication between planners and communities, which eventually 
will leads to mistrust. 

 Geographic Information Technology may be able to solve this 
miscommunication due to its user friendly interface in addition to the 
simplicity in dealing with it. 

 The Internet could be a promising media in this issue as it will provide each 
individual by the ability to express his views over the web without having to 
attend several meetings. 

‘The picture is worth a thousand words and direct involvement results 
in greater understanding of the experience’. 
 The web based PPGIS in urban planning consists mainly of the following 
components. 

 The Internet and the World Wide Web (WWW) has created many 
opportunities for those working in GIS and decision support research. 
Recently GIS applications on the web tend to vary in its nature from simple 
to complicated applications and spatial decision support systems are now 
published on the internet. 

 Community can be defined as people sharing common perspectives and 
experiences. They can be on the scale of neighborhood, village or town. For a 
long time, communities formalize themselves and create official 
organizations to negotiate with governmental organizations. Politicians 
therefore will have to respond to them as they represent a significant number 
of their community. In this way communities have the opportunity to achieve 
their individual goals. 

 Planners would need public participation and community organizations 
because community input is critical and essential. They would accept 
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solutions developed by the community as they tend to be reasonable, realistic 
and sustainable. 

 Public participation is important in community planning and can be 
practiced at different levels. This range may be a ladder in increasing 
participation (Figure 1). 

 
Public Participation in Final Decision 

 
Public Participation in Assessing in Risks and Recommending Solutions 

 
Public Participation in defining Interests, Actors, and Determining Agenda 

 
Public Right to Object 

 
Informing the Public 

 
Public Right to Know 

 
Figure 1:  The Citizen participation Ladder 

(Weidemann and Femers 1993) 
 

• The lowest step: Citizens are provided with some Information. 

• The Intermediate steps: graduate steps from passive participation to active 
and effective participation.  

• The Highest step: The public has a full voice in the final decision. 
 GIS can be an effective tool in assisting public to climb the participation 
ladder further as this technology can support creation and analysis of maps 
and hence share more data and power with the community. 
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2. TRADITIONAL PARTICIPATION  VERSUS 
WEB BASED PPGIS 

2.1 TRADITIONAL PUBLIC PARTICIPATION 
 Public participation is not introduced recently in the area of urban planning; 
on the contrary this idea was available long time ago but was implemented in 
quite a traditional way in the public meetings in an atmosphere which 
discourage the majority to participate in these meetings. Therefore the 
presented participation would not reflect the actual opinions as it does not 
represent the opinion of the local people who may resist expressing their 
viewpoints. 
 

 Another problem is that these meetings are still restricted within a certain 
limited physical space and can not include many participants and hence can 
be considered as sample and not public participation. 

2.2 Web based PPGIS Systems 
 Due to the diversity of approaches to PPGIS systems, to determining a 
precise definition of PPGIS is not an easy task. As a result there are several 
definitions that can describe the Public Participation GIS: 

• Design of Systems that empower public and individuals and encourage 
public participation in decision making using web based GIS. 

• Systems that enable communities to access GIS information. 
• Provisions for public input and interactions in GIS Decision making 

process with concomitant reduction in the enforced public passivity in 
decision making arising as a direct result of the technology itself. 

• Integration of the GIS with the Internet. 
 World Wide Web and GIS are considered potential technologies in public 
involvement and community participation and for better understanding of the 
potential benefits of PPGIS, a real decision-making program needs to be 
presented, live tested, and monitor public participation. 

Such systems should allow the participants to have the right to do the 
followings steps. 

1. Get acquainted with the problem. 
2. Explore the available alternatives/suggest solutions. 
3. Choose one or more alternative/solution. 
4. Evaluate the system and provide a feedback. 
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3. WHO WILL BENEFIT FROM PUBLIC 
PARTICIPATION GIS? 

 The potential numbers of people who can benefit from the web based 
PPGIS make these systems worthwhile as they can benefit whole 
communities in expressing their opinions and viewpoints and hence 
participate in the planning process which will lead to minimize future 
problems, which usually happens due to ignoring the public participation 
from the beginning of the planning process.   

    

 Communities, non governmental organizations and local authorities; they 
all can benefit from the web based public participation techniques. 

 

4. WEB BASED PUBLIC PARTICIPATION GIS 
ADVANTAGES 

 Web based public participation, in spite of its early stages, has been 
recently evolved in many countries; United Kingdom, United States of 
America, South Africa, Nepal, Ghana and many other countries and has 
proved several advantages including: 

1. The availability of the spatial data from any place and at any time. 
2. The physical space is not a restricted limitation anymore.  
3. More opportunities for people to participate. 
4. Public would feel more free to express their own opinion in an 

anonymous and non-confrontational environment. 
 

The Internet generates ‘a new public sphere supporting interaction, 
debate, new forms of democracy and ‘Cyber Cultures’ which feedback 
to support a renaissance in the social and cultural life of cities’ 
Graham (1996). 

 

 The Internet could also help to popularize the concept of public 
participation through various channels, in addition to the instant update of 
comments and public participation through the web and faster collection of 
results. 
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5. PROBLEMS ENCOUNTERED 
 As any new system, the on-line public participation systems shall further be 
tested in order to maintain it and reach its ultimate goal. 
 

 Some of the encountered problems will be related to the public use of a 
system which will need a lot of enhancement and maintenance in addition to 
the public involvement in the urban planning process which in terms requires 
some basic knowledge and experience in the planning process, regulations 
and their needs. 
 

 Meanwhile, as a result of several experience with the on-line PPGIS 
systems three main problems have been evolved which are; 
 

5.1 TRAINING REQUIREMENTS 
• Due to the General lack of familiarity with different kinds of technologies, 

many people specially the older ones are not quite acquainted with the 
computers or Internet, on the contrary of younger generations who are quite 
familiar with it.    

• Another problem that will need training is the interpretation of the maps as 
a lot of people are unable to communicate or understand maps which may 
leads to frustration and hence miscommunications with planners and lack 
of participation in decision making.  

 

5.2 ACCESS TO THE INTERNET 
 Although the number of people using the internet is tremendously growing, 
there is still a huge number of people who do not have a connection to the 
internet. This can be overcome by providing an internet connection in public 
places to encourage and facilitate public participation. 

 

5.3 LEGAL ISSUES 
 The legal issue is considered one of the most important issues as any 
system that is map based could potentially create complex copyright and 
legal problems such as: 
• The Copyright of the data. 
• Intellectual Property rights. 
• Legislative context of planning law. 
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Moreover, the cost of paying copyright could make the whole system 
extremely expensive. It could be solved through the use of encryption and 
coding software in order to transfer data in a format that can not allow 
importing of the spatial data.  
 

6. WEB BASED PPSIS CASE STUDIES 
6.1 UNITED KINGDOM 

In the village of Slaithwaite, Planning for Real (PfR) was developed in 
order to get people more involved in the process of planning decisions 
through interaction with large scale models for their community. 

Three dimensional models were constructed and participants were 
allowed to give their viewpoints by placing flags in addition to giving their 
comments at a certain location of the model. The results were then collected 
and were used as a feedback in the planning process. 
The main features of the PfR method: 
• Providing a large scale model, where participants can insert ideas and 

comments. 
• Providing a community opinion that can be used by the planners and 

authorities in the planning process. 
• Offering an open discussion to express suggestions and viewpoints. 
• Have the ability for input from all participants at any time. 
• Giving the community the possibility of taking decisions and leadership. 
• This system was called Virtual Slaithwaite 
    http://www.ccg.lecds.ac.uk/slaithwaite  

 
This on-line experience has proven some advantages such as: 
– The results can be collected faster. 
– Ability to customize and interact with the maps’ layers. 
– Availability of collecting feedbacks. 
– Ability to add new attribute data. 
– Creating user profile for participants. 

 

6.2   SOUTH AFRICA 
 The Mpumalanga Province is a transitional area between relatively cool 
and moist highveld plateau. Its environmental features combined with the 
history of colonial and forced removals and resulting peri-urbanization, have 
produced a landscape of extreme social and ecological variation. 
Its total population is 3000,000 of which 1/3 live in the urban area.   
 

http://www.ccg.lecds.ac.uk/slaithwaite
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 In a research regarding this province, some conceptual questions were 
developed which have been derived from the participants and reflect the 
ongoing interaction with a numerous community participants. 
The research questions seek to explore: 
1. Differential perspectives on land potential. 
2. Identifying perspective on socially appropriate and inappropriate land use. 
3. The politics and power relations that help shape natural resource access, 

ownership and use patterns. 
4. The identification of areas where land reform should take place. 

 

 The research methodology combines the construction of traditional GIS 
with the use of participatory methods. Socially differentiated local knowledge 
was concluded through participatory mental mapping experiments. 

 

 Participants’ viewpoints on these conceptual questions were recorded on 
paper maps. Pencils and colored markers were used to answer the previous 
questions. Each question has a particular color i.e. answers about the first 
question in black, while answers about the second in blue and so on. So that 
community maps were connected to the previous questions. The participants’ 
markers are established on a tracing paper over the base map. 

 

 The mental mapping includes 5-8 individuals and some participants are 
interviewed. 

 

 The research demonstrates the utility of GIS system for participatory of 
land reform planning. 

 

7 IMPLEMENTATION IN THE ARAB 
WORLD 

 Although the web based PPGIS system has been recently evolved in many 
different countries in the world, unfortunately it has not been evolved yet in 
the Arab world in any way. 
 

 Recently the Information Technology and the Decision Support systems 
has been evolved in the whole world and also in the Arab countries in a very 
clear way, presented in the transformation of most Arab governments to the 
e-government and the technology in all its innovative additions in all fields of 
life. 
 
 As a result, there must be a development in all fields of life due to the 
evolvement of technology. 
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 Internet connections and Geographic Information Systems are considered 
two of the main IT fields that have been greatly developed in the Arab 
Countries in the past 10 years and hence will lead to the implementation of 
the web based PPGIS in the Arab countries and it shall need studies and 
experiments in order to implement it in the most adequate way that are 
suitable to the Arab community. 

 

6.1 THE POSSIBILITY OF INTRODUCING THE 
WEB BASED PPGIS IN URBAN PLANNING IN 
THE ARAB COMMUNITY 

 The urban planning in the Arab Community has been always implemented 
through the co-operation of the planners and politicians without taking into 
consideration the individuals’ opinion. Most cases have proven their failure 
as the community usually tries to fulfil their needs which in terms results in 
unorganized actions and unplanned neighbourhoods. 

 

 The Web based PPGIS system has the ability to solve such problem, but it 
has to be introduced gradually in organized steps to the Arab community in 
order to accompany the technology revolution in the Arab world in addition 
to building the needed trust between  the community, planners and 
politicians. 

 

 Such systems need to be developed by the Arab themselves as they are the 
most people familiar with their needs, habits, culture and their urban context, 
and will be able to enhance and maintain the system by themselves in the 
future. 
 

 The system could be first introduced in the universities as it is considered 
one of the most highly educated communities and most properly connected to 
the State-of the-Art in the technology field and the ability to read and 
interpret maps and spatial data, and then will be introduced to the community 
in planned steps until the whole Arab community will have the opportunity to 
participate and give their own opinion in their neighbourhood planning.  

7.2 EXPECTED OBSTACLES IN THE ARAB 
COMMUNITY 

 Also the web based public participation using the GIS in urban planning 
seems a very promising technology and full of positive and advantages to the 
neighbourhood planning. There are some obstacles in the Arab region that 
could withdraw the process of implementing the system. Some of these 
problems are the followings; 
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1. The unavailability of the Internet connection to a huge number of people in 
the Arab community in addition to the lack of the technology culture. 

2. The resistance of some individuals to participate and express their opinion 
due to their passive attitude. 

3. Most people will not be able to deal or understand spatial data which will 
lead to miscommunication. 

4. The Urban tissue and context of most places will be quite hard to upgrade 
due to the existing complicated urban tissue. 

5. The possibility of miscommunication and mistrust between the community 
and the planners. 

8 CONCLUSIONS AND RECOMMENDATIONS 
 The technology has tackled nearly all fields of life and has become nearly 
impossible to ignore it as it has been involved in various fields. The Web 
based PPGIS system has proven its feasibility on the long run as it saves a lot 
of time and money used to be consumed in the past in unfeasible planning 
due to the lack of the most important element ‘Community’. 

 

 Although the Web based PPGIS system seems to be a complicated one, all 
experiments so far have proven that the simpler the system is, the more it 
succeeds.  

 

 The future trend allover the world has been walking towards the 
improvement of the urban panning process through an organized web based 
systems using a highly advanced technology combining between web and 
Geographic Information Systems in addition to the urban planning science. 

 

 This process is quite innovative and newly introduced to the community, so 
it has to be introduced step by step in addition to some training in the IT and 
urban planning field to make sure that the community will interact with it in a 
suitable manner. 
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• Denmark (KMS) Kort and Matrikelstyrelsen: National Survey and 
Cadastre in Denmark it implying open standards for topographic and 
cadastre data. More than 50 million features included in this work. 

• East midland, England combines ordinance survey data with area 
statistics to improve the public accessibility to information 

• India NSDI in India has been taking care from the high policy-making 
levels. 

• The Philippines they integrated what has been done in the frilled of 
geospatial data between the private sector and the governmental sector to 
build GII (Geospatial Information Infrastructure) using open standards in 
an interoperable application environment and dynamically publishing to the 
web 

• South Africa NMO is the national supplier of the digital topographic data. 
It is working to redefine its data model and content in the line with ISO and 
OGC standards and is implementing policies, legislation, and standards to 
reduce the duplication of effort and data replication. 

There are a lot of efforts also has been done in the field of (RSDI). 
– For Europe: Infrastructure for Spatial Information in Europe (INSPIRE). 
– For Asia: The Permanent Committee for GIS Infrastructure for Asia and 

the pacific (PCGIAP).  
– For USA: Permanent Committee for GIS Infrastructure of America. 
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ABSTRACT  

Geographical Information System (GIS) became a well established and beneficial 
technology in our daily life. Electronic Commerce has changed the view of utilizing 
technology for serving our needs and expands it to a new era. E-commerce involves 
making business transactions via telecommunication networks, primarily the Internet 
and extends to worlds of wireless networks and PDAs. Geographical Information 
System (GIS) is managing any kind of business information according to its location. 
The integration between the GIS and the E-commerce appears in many fields; one of 
the latest fields is Location commerce. Location commerce (L-Commerce) offering 
many relevant services, based on where you are located at any particular moment. 
This can be achieved by defining your position using any of positioning techniques. 
L-Commerce expands the traditional E-commerce into worlds of wireless networks 
and positioning technologies. The wide spread adoption of wireless and mobile 
networks and devices creates an opportunity not only to transact applications that had 
been possible only from PC, but also to conduct new applications online, moreover it 
expands the services to cell phones and Pocket PCS. Global positioning systems 
(GPS) -satellite based wireless system – enables users to find their location anywhere 
on earth. This paper is illustrating the concept of combining the two promising 
technologies of the future, Geographical Information Systems (GIS) and the 
Electronic commerce (E-commerce). The emphasis will focus on the Location 
Commerce (L-commerce) as an impact of E-commerce in GIS business. Proposed 
tools and techniques that apply for L-commerce are discussed. A case study is 
illustrated providing means of implementation to such an L-Commerce application 
where L-commerce will be an alternative to the traditional shopping. 

mailto:emelamir@hotmail.com
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1. INTRODUCTION 
 Electronic Commerce (E-commerce) E-commerce exchanging products, 
services, information, or money with the support of computers and networks; 
business conducted online.  

 Everything must happen somewhere; hence many services are location-
dependent. Unlike any other type of information handling tool, GIS can 
understand the concept of location. Geographical Information System (GIS) 
is managing business information of any kind according to where it is 
located. E-commerce provides merely benefits, starting from ability to reach 
millions of people anywhere and at any time, low cost, interactivity and much 
more. 

 The integration between the GIS and the E-commerce appears in many 
fields; Location Commerce (L-commerce), Mobile Commerce (M-
commerce), means of Location Based Services (LBS) and the establishing of 
the Geo- Market. L-commerce will renew all business services provided by 
the traditional means providing better chances for the customers, business 
and the market. 

 Geographical information systems are not restricted to the conventional 
view of geography i.e. that of people and places on the Earth's surface. 
Hidden geographies lie everywhere and a GIS is the perfect tool to take with 
you on voyages of discovery. 

 The computer revolution and the advent of cheap desktop computers have 
lead to an explosion in the use and availability of GIS.  

 GIS is a tool used by individuals and organizations, schools, governments, 
and businesses seeking innovative ways to solve their problems. 

 GIS allows the creation of map displays simply by pointing and clicking. 
GIS lets users visualize and analyze information in new ways, revealing 
previously hidden relationships, patterns, and trends. Business people in 
marketing, advertising, insurance, and retail are already using GIS to analyze 
markets, optimize media campaigns, pinpoint the best store locations, and 
model demographic spending patterns. 

 GIS technology can be used by any business and industry including 
banking/finance, consumer goods, direct marketing, health care, insurance, 
real estate, facility management, restaurant/fast food, retail, automotive, 
business associations, business services, database services, food/beverage, 
manufacturing, small business, and travel/tourism. 
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 Electronic commerce has arrived, compelling economists, politicians, 
lawyers, and bankers to rethink and reengineer work methods, policies, laws, 
and standards. 

 Geographic information systems (GIS) are helping to expand e-commerce 
sites by providing visualization tools, analytical applications and operational 
decision-support systems. The determination of positions on the surface of 
the Earth is the most important input into a GIS.  

 GPS is funded by and controlled by the U. S. Department of Defense 
(DOD). While there are many thousands of civil users of GPS world-wide, 
the system was designed for and is operated by the U. S. military. The 
location of a point (or a vehicle) is determined by measuring the distances to 
at least 4 GPS satellites, which are above the observer’s horizon. 

2. GIS COMBINES E-COMMERCE 
 GIS can understand the concept of location while E-commerce conduct 
business transactions regardless of where it is located. The combination of 
GIS and E-commerce results in many fields of applications and provides new 
technologies. 

 

Here we will discuss some of these applications. 
 

 

 

 

 

 

  
LBS 

M-commerce Geo 
Market 

L-commerce 
 

 

Figure1: GIS combines E-commerce 
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2.1 GEO MARKET 
If you wonder what the word market means, the answer is given many 

years ago by [Schmid 95] "Institutions or mechanisms serving the allocation 
of resources, which are required by demanding entities, are called a market". 

Business transactions in the electronic market are supported by IT 
systems which make them independent regarding time (e.g. daytime) and 
location. Furthermore, an electronic market offers the means of integrating 
electronic services of any kind. This creates a new dimension of products and 
interactions between the participants of the market (i.e., suppliers, brokers, 
consumers). [Senkler, Remke2001]. 

Geomarket is providing the mechanism for coordinating the supply and 
demand of the geographical information products. Within an electronic 
market, digital products and digital services are of particular interest because 
these are the only ones, which can be traded, entirely online. Digital services 
may be connected in value chains to form high-level information products. 
This creates a great variety of new products, accompanied by special 
demands regarding the interoperability of GI systems. 

2.2 LOCATION BASED SERVICES (LBS) 
 Geographical and spatial considerations are an important aspect of 
everyday life. For example, when people decide which movie to see or where 
to eat, they consider where they are located. The tendency to think in 
geographic terms makes location a natural foundation for delivering a variety 
of IT-services. Technology makes it possible for service and information 
providers to deliver location-sensitive information. 

 The purpose and character of LBS remains the same: employing accurate 
real-time position information of users to connect them to nearby  points  of  
interest (such as retail  businesses, public  facilities, or travel  destinations), to 
advise them of current conditions (such as traffic and weather), or to provide 
routing and tracking services. 

 Location Based Services (LBS) use location to deliver targeted applications 
to users at their moment of need [AutoDesk, 2000]. The applications for LBS 
are numerous. They include logistics, vehicle automation, real estate, field 
service, travel service. Progressive industry leaders are building solid 
foundations today to support well-conceived solutions for new location 
applications and value-added services.   
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2.3 MOBILE COMMERCE (M-COMMERCE) 
 Mobile commerce is an Electronic a transaction or information interaction 
conducted with a mobile device and mobile network. 

 Mobile commerce (M-commerce) is any transaction with a monetary value 
conducted via a mobile telecommunications network, or any E-commerce 
transaction in a wireless environment. [Koivumaki 2002]. 

 "There is a growing need for different mobile charges and payment 
methods. Content and service providers will require secure, versatile and cost 
efficient transaction capabilities and consumer convenient user experience. 
Mobile phones will be the ultimate digital wallets, used for a wide range of 
mobile transactions in remote, local and personal environments. As a mobile 
phone becomes a personal trusted device it can be used to reliably conduct 
transactions like banking trading, payment and ticketing "[Nokia 2002]. 

2.4 LOCATION COMMERCE (L-COMMERCE) 
 L-commerce can understand the location while conducting the business 
integrating benefits from GIS and E-commerce. L-commerce is delivering 
information about goods and services; based on the customer location. 

 Location commerce (L-commerce) represents a fledgling new market that 
embraces geo-spatial technology. 

 L-commerce does, however, introduce two location-specific challenges to 
traditional m-commerce real-time sensitivity and end-user privacy. To meet 
real-time demands, L-commerce will need powerful, responsive technology 
to pinpoint the location of wireless users for delivery of traditional marketing 
and advertisement messages. In addition, any location-based implementation 
needs to incorporate a way for subscribers to control when and with whom 
their location information is shared. 

 L-commerce also expands traditional E-commerce into areas such as 
wireless phones, PDAs, telemetry and asset tracking systems. In those areas, 
the location component of the transaction is specific to a vehicle or high-
value asset. 
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2.4.1.  Location-based commerce applications 
 Location-based commerce (L-commerce)—applications are specific to 
user's location. Global positioning systems—satellite-based wireless system 
enables user to find their location anywhere on earth Geographical 
information systems (GIS) and GPS on handsets emergency cell phone calls, 
Wireless carriers must provide a feature that allows them to identify the 
number and location of the user Telemetric integration of: 
• Wireless communications. 
• Vehicle monitoring systems. 
• Vehicle location devices. 
 

2.4.2. L-commerce Authentication, Security and Privacy Issues 
 "The commercialization of L-commerce applications and services has 
highlighted authentication, security and privacy as the biggest legal concerns 
for L-commerce [Jeang, 2001]. Consumer anxiety that surrounds these 
matters will require careful consideration and if not addressed adequately 
may become a barrier for trade. 
 

 Security for L-commerce transactions is needed to ensure that data passing 
between parties cannot be intercepted. For example, a credit card number 
seized while transmitting information to a provider’s service (known as 
packet sniffing) may remain undetected until regular statements are issued." 
[Millner, Hale2001]. 
 

 "The success of L-commerce applications is contingent on the absolute 
confidence that transactions cannot be fraudulently generated or altered, are 
legally binding, and that the confidentiality of private information is 
adequately protected" [VeriSign, 2001]. 
 

 L-commerce using Wireless Application Protocol enabled devices may be 
secured by Java scripts and wireless identity modules using Public Key 
Infrastructure (PKI). The security layer for WAP is the Wireless Transport 
Layer Security (WTLS) protocol, defined as part of the WAP Forum 
Specifications [WAP Forum, 2000]. WTLS Server Certificates are used to 
authenticate a server to the clients’ device and to provide a basis for 
establishing a key to encrypt a client-server session. Encryption techniques, 
such as PKI, have been developed to protect the transmitted information. 
Moreover, wireless devices being used for L-commerce services may be 
encoded with a unique identifier that can be linked to an individual, a 
telephone number, or location information. 
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 "Financial institutions may be the first to adopt e-signature technologies to 
be used routinely for wireless financial transactions [Jeang, 2001]. Where e-
signatures may be electronic sounds, symbols or a process that is attached to 
a contract or other record and executed by a person with the intent to sign the 
record." [Millner, Hale2001]. 

2.4.3. L-commerce and Economic  Rationalism 
 It is clear that there are fundamental differences between the operation of 
business on the Internet and in the real world. Indeed it would be surprising if 
this was not the case. Still there is a widespread expectation that business will 
operate on the Internet in the same way as it operates in the real world. 
Governments conduct expensive public relations campaigns designed to 
encourage corporations to "embrace e-commerce". While it is clear that new 
business opportunities exist on the Internet, governments and businesses, not 
already engaged in L-Commerce, tend to have a sketchy or erroneous 
understanding of the Internet (especially its culture) and the nature and 
potential of L-Commerce. [bumbary1998]. 

  It may be that the predominant ideology -Economic Rationalism -prevents 
or hinders a realistic understanding of the Internet and L-Commerce. While 
much of the infrastructure of the Internet was created by government 
initiatives, particularly in the United States, much of its practical 
development has largely been fashioned by its end users. It is the culture of 
these users which has largely shaped the Internet. Many early Internet users 
were scientists, programmers, academics, librarians, intellectuals, 
philosophers, political activists, utopians and artists; they were not 
representatives of corporations. In recent years, more individuals have joined 
and contributed to the development of this unique Internet world, making it a 
viable alternative to the real world (which may explain its fundamental 
popularity). Native Internet business and culture operates quite differently 
from real-world business and culture. 
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3. POSITIONING TECHNIQUES 
 The determination of positions on the surface of the Earth (the most 
important input into a GIS) is the main subject of applied Geodesy. In the 
past, terrestrial techniques have been used exclusively, supplying separately 
horizontal coordinates and height information. However, with today’s 
advances in electronics and computers, artificial satellites can provide three-
dimensional highly accurate positioning with (relatively) short field work at 
low cost. 

 The most promising of such systems is the Navigation Satellite Timing and 
Ranging (NAVSTAR) Global Positioning System (GPS). 

 The NAVSTAR GPS system is a passive, all-weather satellite-based radio 
navigation system, which is designed to provide precise three dimensional 
positions and velocity, as well as, time information on a continuous 
worldwide basis. [AMR H. ALI 2003]. 

3.1 GLOBAL POSITIONING SYSTEM (GPS) 
 The location of a point (or a vehicle) is determined by measuring the 
distances to at least 4 GPS satellites, which are above the observer’s horizon. 
Knowing the position of the satellites at the time of the measurements in a 
suitable reference system, the position of the user can be determined by 
solving a system of four equations with four unknowns (latitude, longitude, 
height and time). 
 

 GPS positioning can be performed in real-time (the original GPS concept) 
when the position results are available immediately, and post-processed when 
the results are available at a later time. GPS positioning can be static, which 
refers to stationary applications where the position of a point is determined, 
and kinematics' which refers to the applications where the trajectory (motion) 
of a point is determined. The coordinates of only one point are determined by 
absolute positioning (or point positioning) using a single receiver which 
measures pseudo ranges to four or more satellites since only pseudo ranges 
are unambiguous, regardless of the quality, the features and the cost of the 
receiver.  
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3.2 ASSISTED GLOBAL POSITIONING SYSTEM (A-
GPS) 

 Assisted Global Positioning System (A-GPS) technology is the most 
accurate location-based technology currently available, enabling a wireless 
network to pinpoint a user's location within 10 meters of the exact 
geographical location. This technology can position operators to enhance 
customer loyalty and drive new revenues through value-added services like 
fleet tracking and workforce management, and personal navigation, safety 
and security. 
 

3.3 GSM/GPRS TRI-BAND WITH GPS 
 Siemens mobile has developed the first tri-band module whose PC 
board integrates GSM/ GPRS components and a GPS receiver. The 
new module is especially suitable to perform tracking functions in 
applications such as fleet management, vehicle positioning, navigation, 
and emergency and location-based services. Its pre-configured 
functions and compact design make the module easy to incorporate in 
new applications. 

4. CASE STUDY: DOWN TOWN LOCATION 
COMMERCE APPLICATION 

 Location based commerce, also known as locations commerce                  
(L-commerce), delivers information about goods and services, based on 
where you or your mobile phone is located. [Turban et al 1998]. 

4.1 THE PROBLEM 
 The problem can be understood through the following scenario. Imagine 
yourself being a stranger in some place as a tourist, a commuter (and a 
commuter here means the one who travel regularly along distance between 
home and work or a daily task), inhabitant living in some place, Business 
man working in any field, manager of marketing at a company, public 
personality, a Decision maker or even a housewife fulfilling her homes needs. 
You will be in need of: 
• Guidance: as you may be in a loss and you do not know how to get out 

and know your path and you will waste your time asking people about your 
path and even after this you will not reach your target or you will be in a 
larger loss or even if you have reached it, this might have taken too much 
time.  
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• Discovering: as you may need to find a specific, nearest service around 
your place in an urgent situation. 

• Shopping: you love shopping and discount offers, sales, you do not want 
to miss any chance during your trip on the way.  

• Searching: you may need to search for a specific place, know if some 
service exists beside another service. 

• Making a decision: you may need to make some decision and need some 
information in the real time to be able to take the right decision. 

 Imagine if a freight company instantly knew when and where a parcel had 
been removed from a trailer, and, depending on the location of the parcel 
automatically triggered either an alarm or a billing transaction.  

 And much more of needs can be fulfilled; as long as mankind is living, the 
needs will not stop up to a limit, and technology will always change to fulfill 
such needs. 

4.2 OBJECTIVE 
 The objective from this application is to integrate the Geographical 
Information Systems facilities and telecommunications services along with 
E-commerce applications in order to present easy and quick service for 
customers to go towards Location commerce Applications.  

• Standby for urgent help.  
• Provide better services for customers. 
• Save customer's time. 
• Keep the customer updated with real time information. 
• Help decision makers. 
• Improve business performance. 
• Link information with reality. 
 

      The main idea is to determine the customer location using GPS unit 
embedded into a Pocket PC, providing the customer with up to the moment 
information, according to his needs, the customer can easily track his 
movement and benefit from services provided by the system. 

4.3 SOFTWARE AND TOOLS 
ArcPad 

 The software used to implement this Application is ArcPad 6.0.2 from Esri. 
ArcPad provides database access, mapping, GIS, and GPS integration to 
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users out in the field via handheld and mobile devices. Data collection with 
ArcPad is fast, easy and significantly improved with immediate data 
validation and availability. ArcPad is part of the enterprise GIS solution and 
is integrated with ArcGIS™. ArcPad also offers integration with an optional 
GPS or differential global positioning system (DGPS). With an optional GPS 
attached, ArcPad displays an individual's current position on the map in real 
time. Position coordinates are instantly available at the touch of a pen on the 
photo or map. [Esri2003]. 

4.4 APPLICATION DESCRIPTION 
- Study Area; Egypt, Cairo, Down Town 

 We took the area of Cairo down town as a sample for the application, 
Down Town area Includes Abdeen and Qasr El-Nile area, The aim behind 
choosing this Area is its Services Availability and its popularity. 
 Many Governmental organizations lay there, many Tourists visit it, to go to 
many places you have to start from this place. So the area is too rich which 
services that can well describe the application and show its effectiveness. 
Through the Application and what ArcPad 6 You can do the following: 
- Map Navigation: 
• Variable zoom and pan.  
• Fixed zoom.  
• Zoom to a specified layer or spatial bookmark.  
• Center on the current GPS position.  
• Zoom to the extent of all visible layers.  
• Pan to features selected by an attribute search, as you can see in figure (2). 

 
Figure 2: The user is able to navigate through the area and have closure look for 

the services available. 
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Feature Information 
• Along the map navigation you can also select any feature and get 

information about it. You can place a label for it and more options as listed 
below. 

• Identify features and display their associated attributes.  
• Display layers with scale dependencies.  
• Create a hyperlink to external files including photographs, documents, 

video, and sound recordings.  
• Measure distance, radius, and area on-screen with a touch of the map.  
• Calculate geographic statistics for selected features such as area and length. 
 

  
Figure 3: Getting Information About a feature 

 

• ArcPad allows you to create and edit spatial data using input from the 
mouse pointer, pen, or GPS. You can receive information about any 
attraction beside you, having information about it; you can also receive any 
notification about sales or discounts in some shops of your interest. 

• Electronic Commerce Transaction that was available through internet will 
now be transformed into Location commerce transactions.  
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   Figure 4: Getting GPS Information About feature 

 The information is received in the real time, telling you "you are here and 
you can buy this offer", or "this road is closed you can just turn on another 
road" and much more examples.  

 The service provider will feed you with the information according to your 
profile. Also you can pick what information to get, and what to ignore at this 
moment. Some of the functions provided by the L-Commerce applications 
are listed below: 

• Map viewing and navigation. 
• Address finding.  
• Point-to-point routing with maps or driving directions.  
• Searches for points of interest such as hotels, restaurants, …etc.  
• Access to detailed, neighborhood-level (weather, traffic, retail, …etc.) 

information.  
• Access to back-end corporate information sources. 
 Those kinds of L-commerce application are expected to change our daily 
life and the way we conduct business. We will hear soon about the new era of 
technology without a need to go anywhere to ask for information. 
Information will seek you and reach you wherever you are located.  
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5. CONCLUSION 
 To drive business, companies should consider geographic information 
system (GIS) technology for planning, analyzing, and developing the 
business. The GIS technology will provide many solutions for customers and 
users. Along with E-commerce transactions that were available through 
World Wide Web , with integration of GIS, those transactions will be 
conducted in its physical location. In these solutions, all data, both spatial and 
non-spatial, is managed and can be made available, specifically filtered by 
location, transmitted to mobile workers in the field via any wireless handheld 
device.  
 

 With extensive experience in precision positioning methodology in the 
wireless domain, surveying and mapping professionals are well placed to lead 
developments for new mobile spatial services, In particular, by defining 
specifications for accuracy, quality and data correctness. L-Commerce may 
advance into a consumer fashion accessory; however security and privacy 
issues will inhibit the widespread use, if they are not successfully resolved. 
The next few years will see the adoption of positioning technologies by 
operators, enterprises and portals. Assisting the successful management of 
Web information systems operations and business practices is critical as more 
and more businesses embrace this medium in their daily operations. 
Technology changes are faster than before and sciences integration will lead 
to new applications that were not available before. The electronic commerce 
and geographical information systems integrations will lead to more and 
more services that will reshape the business life. The success stories will 
come from applications that keep the location in mind. 

 

6. FUTURE WORK 
 Technology is changing rapidly, every second we have a new discovery or 
even a reuse of some technology, new applications, new ways of use, etc.    
Nobody can decide what to do tomorrow while assuming that technology 
remains stable and unchanging. My research work illustrates the integration 
of the Geographical Information Systems (GIS) and Electronic Commerce. It 
focuses on the generated technologies from this integration.  
 

 The research illustrates geo-Market, Location Based Services (LBS), 
Mobile Commerce (M-commerce), and discussed Location Commerce            
(L-commerce) in more detail, the proceeding work will go more deep with  
L-commerce providing a system engineering frame work for L-commerce, 
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describing the criteria needs to work with  it, and make it viable for wide 
spread number of customers. 
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ABSTRACT  
Geographic Precipitation constitutes the main variable in most water resources and 
hydrological applications. Examples of these applications include severe rainfall and 
flash flood forecasting, short and long term water resources planning and 
management, irrigation water demand assessment and crops-yield forecasting, 
studies of probable design storms and floods, land-atmospheric water budget studies, 
and management of urban drainage systems. In traditional water resources, rain-
gauges have been considered the main rainfall measuring device. A rain-gauge 
network, even a fairly dense one, can miss significant rainfall, especially rainfall 
associated with convective storms (i.e., thunderstorms). Another disadvantage of 
rain-gauge networks is that it is very costly to be used and be operated, to cover large 
areas with a high spatial resolution. Hence, the use of remotely sensed data (i.e., 
radar data and satellite data) to measure precipitation has emerged. Unlike rain-
gauges, the satellite sensor does not measure rainfall directly, rather, it senses both 
the visible and infra red (IR) energy emitted from clouds, which can be related 
indirectly to the precipitation rate. The advantage in the satellite usage is the high 
spatial resolution obtained and the large extent covered. Using remotely sensed data, 
hydrometeorologists aim to provide more accurate information on precipitation 
distribution in time and space as well as on where a rainfall event will hit and the 
amount of rain the area is likely to receive in advance. Accordingly, and due to the 
advance in the computer technology, the research on the satellite rainfall retrieval 

mailto:hydroshams@yahoo.ca
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techniques has recently started to progress from the manual techniques to more 
automatic techniques.  
 

This paper describes a GIS-based technique for the estimation and analysis of 
precipitation data using METEOSAT satellite images with spatial resolution of 
approximately 4.5 km and temporal resolution of 30 minutes. A GIS interface was 
developed to deal with the large amount of METEOSAT data. The spatial extent of 
this study covers all Egypt. Research is being conducted to generalize the technique 
to cover the entire Nile basin. The paper also presents the theories of the interface 
modules developed to pre-process, geo-reference, and analyze satellite data. In 
addition, the technical details of the developed GIS interface are described. The 
functionality of the GIS-technique and the developed GIS interface is demonstrated 
on the event causing the famous flash floods in Egypt on November 1994. 

 

Keywords 
 Satellite, Precipitation, GIS.  

1. INTRODUCTION 
 The use of Geographical Information Systems (GIS) was originally limited 
to the geographical field, in different applications such as the setup of multi-
dimension information, analysis, utility, and display. Nowadays, it has 
reached far beyond the limited concepts of graphics and providing support for 
other applications. For example, currently, GIS is used to provide powerful 
tools for storing, managing, analyzing, displaying, and modeling different 
spatiotemporal environmental processes.  

 

 Arc-View GIS is PC-based software that offers a user friendly interface and 
powerful functions for spatial operations. One of its extensions is the spatial 
analyst extension, which implements a large number of member functions 
(analysis requests) within the Grid class. These member functions provide 
different operations for the analysis of raster data. Examples of these 
operations are the local statistical operations, focal and zonal statistical 
operations, geometric and distance operations, and other global merging 
operations. 
 

 In addition to these built in capabilities, ArcView GIS maintains a powerful 
feature which is the ability to establish conversations with externally and 
dynamically linked libraries (DLLs). The main advantage of such DLLs is 
that they can extend the functionality of an application without recompiling 
the original executable, because the external modules in this case are 
dynamically linked to the application at run time (not the compiling time).  
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ArcView provides classes and requests that support loading and calling of 
procedures in these types of libraries. Also, there is a wide base of ArcView 
users around the world which facilitates the portability of any ArcView-based 
applications. The advantages described above makes ArcView GIS one of the 
favorable platforms for the researchers to study and model different point, 
areal, and especially continuous processes. 

 Rainfall patterns are examples of such continuous processes that can be 
analyzed in a GIS environment. Rainfall fields contain a complicated mixture 
of cloud structures which are developing and dissipating, come close to each 
other or go apart and, doing so, move across the catchments (Austin and 
Houze, 1972; Amorocho and Wu, 1977; Gupta and Waymyre, 1979; and 
others). Satellite images can provide different information concerning rainfall 
characteristics. The contribution of weather satellites to the description of the 
behavior of precipitation, a major part of the hydrological cycle, has been of a 
considerable interest over many years. The satellite data is important to the 
fields of meteorology and hydrology in measuring and forecasting 
precipitation as well as their corresponding uses in watershed modeling and 
flood forecasting. For those research scientists and engineers who have the 
opportunity to use satellite rainfall data, the difficulties of managing and 
processing the large amount of satellite data are problematic. This is also a 
reality for researchers who are trying to understand the aspects of the rainfall 
process as revealed by satellite. Hence, the aim of this study is to provide a 
flexible and suitable GIS-interface for handling satellite rainfall data. Another 
target of this study is to apply the developed interface to investigate the 
characteristics of rainfall as revealed by weather satellite images.  

2. THE RAINFALL SENSORS  
 Worldwide, there are three types of sensors that are being used for 
measuring the precipitation rate. These three sensors are the rain-gauges, the 
radar, and the weather satellites. As an introduction to this study, a brief 
description of each sensor follows: 

2.1  RAIN-GAUGES  
 Rain-gauges provide (direct) ground-based point measurements since they 
are positioned in space at certain points on the surface of the Earth and the 
measurements here are taken at their location. The commonly used type of 
rain-gauges is the tipping bucket rain-gauges. The tipping bucket (TB) 
gauges operate in a way that falling rain is collected into a fixed-size bucket 
that tips and drains when it is full. Records of the number of tips, along with 
information about their time of occurrence, can be used to estimate rainfall 
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accumulations and rates. The common recording strategy followed to collect 
the TB data works by recording the number of tips that occur during a 
specific period of time (e.g., number of tips every minute). The bucket size 
and how frequently the recording device takes the measurement determine 
the accuracy of the TB gauge. Several studies showed that TB gauge data are 
corrupted by both random and systematic errors (Sevruk and Lapin, 1993).  
These errors include losses due to wind, evaporation, and wetting. TB gauges 
may also suffer from mechanical and electrical problems, as they may 
occasionally fail to tip during an event. The chances of occurrence of these 
measurement errors increase in cases of high rainfall rates. Using quality 
control procedures, most of the errors mentioned above can be discovered in 
a dataset and eliminated. 

2.2  RADAR 
 Radar data is a ground-based measurement since the radar is located on the 
ground, though the measurement is taken at approximately 1.5 km high in the 
atmosphere. The principles of radar and the observation of weather 
phenomena were established in the 1940's. Since that time great strides have 
been made in improving equipment, signal and data processing and its 
interpretation.  

 

 Most meteorological radars are pulsed radars. That is, electromagnetic 
waves at fixed preferred frequencies are transmitted from a directional 
antenna system into the atmosphere in a rapid succession of short pulses. The 
short bursts of electromagnetic energy are absorbed and scattered by any 
meteorological targets encountered. Between successive pulses, the receiver 
listens to any return of the wave. The strength of the returned power is 
directly related to the rainfall rate in the sampled volume (i.e., the rainfall 
target). The range (i.e., distance from the radar) of the sampled volume is 
determined from the time interval taken by the wave to go and arrive back to 
the receiver. The rainfall target is therefore uniquely defined in space by 
measurements of range, azimuth and elevation angles. A number of conical 
scans are performed according to the automatic scanning strategy of the radar 
antenna. After the number of conical scans is taken, the commercial radar 
rainfall product is produced. The radar rainfall product is a grid of 
geographical extent of approximately 480 km by 480 km and a spatial 
resolution of 1-4 km with the radar at the center of the grid. The time 
between two products (i.e., the temporal resolution of the radar products) is 
usually 10 minutes. 
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 Radar measurements suffer from some measuring errors. The measuring 
errors include: radar beam filling, non uniformity of vertical distribution of 
precipitation, attenuation by intervening precipitation, beam blocking , signal 
attenuation, electromagnetic interference, ground and other clutter, 
anomalous propagation, beam overshooting of precipitation, antenna 
accuracy, electronics stability, and processing accuracy. More details of radar 
observation of weather phenomena can be found in different references such 
as: Skolnik (1970) for engineering and equipment aspects; Sauvageot (1982), 
Battan (1981) and Collier (1989) for meteorological phenomena and 
applications; Atlas (1964, 1990) for general review; Rinehart (1991) for 
modern techniques; and Doviak and Zrnic (1993) for Doppler radar 
principles and applications. 

 It should be noted that weather radars are not available in Egypt and in 
almost all of the developed countries. 

2.3  WEATHER SATELLITE 
 Weather Satellite data is a space measurement since the sensor is located in 
space. There are two types of weather satellite: the polar orbiting satellites 
and the geostationary satellites. Figure (1) shows the locations of the two 
types of satellites with respect to the Earth. This study focuses on data from 
the geostationary weather satellites due to its higher spatial and temporal 
resolution as it will be shown later. However, the description of the two types 
of satellite is presented: 

 

• Polar Orbiting or Active Satellites: 
 In this type, the satellite is located at a height of approximately 250 km 
above earth and rotates in a polar orbit that passes through the north and 
south poles and crosses the equator each 12 hours. Only a strip around the 
ground track of the satellite can be viewed. The satellite’s sensor is similar 
to typical radar (active measurements, i.e., higher measuring accuracy). But 
the problem with this type of satellite is the poor spatial and temporal 
resolutions attained (30 km, and 12 hour). The poor spatial resolution arises 
due to the fact that the microwave beam width increases with the distance 
from the sensor. Accordingly, this type of satellite is not really useful from 
short-term applications and those applications requiring a high spatial 
resolution rainfall input.  
 

• Geostationary Satellites: 
 In this type, the satellite is located at a height of approximately 36000 km 
above the equator. The satellite rotates in an orbit parallel to the equator 
with a certain speed so that the satellite is always fixed (i.e., stationary) 
with respect to a point on the surface of the earth. This enables the 
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continuous monitoring of the same face of the earth which provides high 
temporal resolution (30 minutes in case of METEOSAT). The spatial 
resolution depends on the precision of the imager (1 km in case of the 
visible image and 4-7 km on case of the IR (infrared) image). 
 

 The images include three main channels: (1) visible, (2) IR, and (3) water 
vapor. The visible image is the equivalent of taking a black and white 
photo of the earth from space. The bright areas show where the sun is being 
reflected back into space as a result of clouds or snow cover. Clouds and 
snow show up white. The thicker the cloud, the brighter the white color. 
Land surfaces show up as gray and ocean surfaces nearly black. The major 
limitation to visible imagery is that it is only valid during daylight. The 
infrared image (IR) shows heat based radiation from the infrared spectrum. 
In other words, the warmer the surface, the more infrared radiation it emits. 
In a satellite IR image, cooler surfaces are bright and warmer surfaces are 
dark. Since the atmosphere cools as altitude increases, clouds would show 
up as bright areas and land surfaces as dark areas. In addition, low clouds 
will be grayer and higher clouds will show up more white. Tall 
thunderstorm clouds will show up as bright white. A large advantage of IR 
is that it is available twenty four hours a day. Currently, and worldwide, 
there are 8 geostationary satellites orbiting above the equator. Figure (2) 
shows the name of the satellites and their longitudes. 

 

      Geostationary Satellite data are relatively less accurate than radar data in 
terms of rainfall estimation accuracy (FMH, 1991) but cover a larger 
geographical extent than radar data. Both satellite data and radar are less 
accurate than the standard rain-gauge data in terms of the estimation 
accuracy but much better in terms of the spatial resolution and the 
geographical extent covered. However, recent studies on satellite retrieval 
methods have shown promising results with regard to the use of satellite IR 
data in estimating rainfall by itself (Grimes et. al., 1993; Vicente et. al., 
1998). It should be noted that satellite data are still limited operationally to 
quality control purposes. In NEXRAD (Next Radar Generation) system in 
the US, for example, satellite data are used to check no-rain areas in order 
to correct radars errors. If radar reports rainfall in areas where satellite 
images show no clouds, the rainfall cells in this area are corrected. 
However, with future research, there is a strong hope that satellite retrieval 
algorithms will be able to provide rainfall estimation from satellite data by 
itself. This will enable rainfall estimation in areas in which radar data are 
not accurate or not available (Egypt is an example), in addition to 
performing quality control on radar data in areas where radars are 
available. On the other hand satellite data can provide great help in terms of 
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tracking the motion of clouds, which can assist in forecasting rainfall 
motion, especially on a large scale. 

 

    In the following sections, the problem of the geostationary satellite 
observation of precipitation will be formulated, the format of the satellite 
data is described, and the description of the theories and technical details of 
the different components of the interface is explained. Egypt is presented as 
a case study to illustrate the functionality of the interface. 

3. PROBLEM FORMULATION 
 The main objective of this study is to develop a GIS-interface to deal with 
satellite rainfall data in terms of processing, displaying, and analysis. The 
GIS- interface is required to be able (a) to overcome the problem of the huge 
amount of images acquired which is difficult to store, process, and analyze, 
(b) to read and geo-reference satellite data and compare it with rain-gauge 
network data, (c) to estimate the kinematics of rainfall patterns such as the 
storm speed and direction and (d) to accumulate satellite derived rainfall 
depths.  

 Accordingly this study has four development objectives. These objectives 
are the development of the following GIS-based modules: 
• A projection module to geo-reference satellite data.  
• A loading module to load satellite data into ArcView GIS and to deal with 

the format and the difficulties of the huge amount of satellite data. 
• A rainfall rate conversion algorithm to convert from satellite units to 

rainfall rate units. 
• A tracking algorithm to track rainfall patterns. 
• A technique for accumulating rainfall depths. 
 

 The developed GIS interface is called the RAINSAT-GIS and incorporates 
all the above functions. The following section describes the structure of the 
interface and the theories of its components. The GIS environment used is 
Arc-View 3.x for portability reasons. Currently, the interface is being re-
coded to work under the Arc-GIS environment. 
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4. THE RAINSAT-GIS INTERFACE 
4.1  COORDINATE SYSTEMSAND PROJECTIONS 
 In order to properly reference the satellite data with respect to other 
geographical features as well as rain-gauge locations, both the geographical 
features and satellite data must be referenced in the same projection and must 
use the same coordinate system. The satellite image (raster or grided) data 
lies in a projection known as the Near-Vertical projection which is equivalent 
to taking a picture of the earth from space. In this paper, we call this 
projection: the Satellite projection. Hence, the satellite data can be said to 
exist in an equatorial plane tangential to the Earth at the ground projection 
point of the satellite (the origin). The ground projection point of the satellite 
is the intersection of the line joining the satellite location and the center of the 
Earth with the Earth’s surface. The x-axis of the satellite coordinate system is 
the tangential to the equator and the y axis is the tangential to the longitude of 
the satellite location (refer to Figure (3). Geographical features as well as 
rain-gauges are usually in geodetic coordinates (i.e., longitudes and latitudes) 
or in other projected systems. There are two solutions to this problem: (1) 
projecting the geographical features into the satellite equatorial plane and 
performing the analysis in this plane; or (2) projecting both satellite data and 
geographical features into another common projection system. 
 

 For the applications which require data from a single satellite (the most 
common case and the case of this study), the first solution is more 
convenient. This is because only one off-line projection operation is to be 
done to project geographical features into the satellite coordinate system. In 
this solution, satellite data will only go through a coordinate conversion 
(image-to-real world conversion) without projection which saves time and 
computations. In addition, the first solution also is more accurate because the 
projection of the satellite images (as in the case of the second solution) or 
grids alters the values of the cells (or pixels) due to the re-sampling effect. 
However, the re-sampling effect can be eliminated if the grid cells are treated 
as polygons which are computationally demanding. 

 

 For the above reasons, the first solution was considered, i.e., performing 
the analysis in satellite plane. The remaining question now is the selection of 
the planar projection method that should be used to project geographical 
features and rain-gauges onto the satellite plan. GIS software supports 
different oblique planner projections (for example: Sterographic, Gnomonic, 
Equidistant, and Lambert). All the above mentioned oblique planar 
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projections are supported only on a sphere (ArcDoc 7, 1994). On the other 
hand, coordinates of the geographical features or rain-gauge are generally 
geodetically based. The GIS methodology followed when converting from 
ellipsoid-based projections into sphere-based projections is done by 
interpreting the geodetic coordinates as geocentric ones. For points having 
maximum east/west distance from the origin, such methodology can 
introduce a considerable error in locating these points if their geodetic 
coordinates are interpreted as geocentric ones. A new ellipsoid-based 
projection method (the ESPP: “The Ellipsoid Satellite Planner Projection”) 
was developed for the accurate positioning of rain-gauges as well as other 
geographical features into the radar plane or vice versa. This method is based 
on the Earth-satellite direction which is the direction from the point being 
projected on the reference ellipsoid to the satellite location in space as the 
source of the projection rays as shown in Figure (4). The details and 
equations of the ESPP projection method can be found in Gad, M.A., 2004. 

 
  The dynamically linked library (Satproj.dll) is responsible for projecting 
the user selected shape files into the satellite equatorial plane. This library is 
independent of ArcView classes, i.e., it has its own read/write routines for 
handling shape files. Details of the shape file format can be found in an ESRI 
white paper 1998. Hence, this library is a stand alone application which can 
be linked to any other software which supports shape files binary format. The 
GPP inverse transformation is also included within the procedures of this 
library. The functions of Satproj.dll can be summarized in the following 
steps: 

1.  Get the satellite information from the user then save it in a data file called 
the satellite file (*.sat) in order to be used for subsequent projections. This 
information includes the satellite longitude, satellite height, and the 
coordinates of a set of some reference points from the image in both 
geodetic coordinates and pure image coordinates. 

2.  Open the original shape file “*.shp” and index file “*.shx” for binary read 
access. 

3.  Identify shape type (i.e., point, line, or polygon). 
4.  Create the new *.shp and *.shx files for output in binary write mode. 
5.  For each shape in the input shape file: 

a. Read the shape into a corresponding temporary shape object. 
b. Obtain shape vertices. 
c. Call the projection routine to project all vertices. 
d. Update vertices and bounding box of the shape object 
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e. Write the updated shape information into the output shape file. 
f.  Update the header of the shape file. 
g.  Destroy the shape object. 

6.  Copy the input DBF file as output DBF file and rename it to be consistent 
with the output *.shp and *.shx file names. 

7.  Close input/output shape and index files. 

 A calling script is required to call this library. In addition to the interaction 
with the user and with the library Satproj.dll, the calling script prompts for 
the required name and path of the output shape file and weather or not to add 
the projected shape file to the view which represents the radar satellite data 
plane. 

4.2  LOADING SATELLITE DATA 
 Geostationary satellite images are usually distributed in Graphics 
Interchange image format (GIF). However, this depends on the data provider. 
For example, the METEOSAT data used in the case study presented in this 
paper are in TIFF format. However, and for portability reasons the GIF 
capabilities are added to the module. The GIF is a standardization defining a 
mechanism for the storage and transmission of raster-based graphics 
information. Details on the GIF format can be found in CompuServe (1987). 
GIS does not support GIF image format. However, as far as the author’s 
knowledge, the ArcGIS has a GIF support but requires an additional usage 
license from ESRI (called the LZW compression license). Accordingly, the 
original GIF satellite images are decoded then encoded into JPEG format        
(Joint Photographic Experts Group) in the IS 10918-1 (ITU-T T.81) standard 
form that is supported by all GIS software. For more details on JPEG format 
refer to Hamilton (1992). Murray and vanRyper (1996) provided additional 
details on both GIF and JPEG formats. A GIF decoder and a JPEG encoder 
are used to convert the GIF satellite images into JPEG.  
 

 In a similar methodology to the previous section, a calling script and a 
dynamic link library is used to perform the GIF-to-JPEG conversion (if the 
original images are in GIF format) and to perform the loading of the images. 
The parameters required for the image-to-real world transformation to 
convert the image coordinates to real-world coordinates are obtained from the 
satellite file (*.sat) developed in the previous section. The time of the image 
is obtained from the file name of the image. Finally, the satellite images are 
loaded to ArcView GIS using ArcView’s image extensions and then 
converted to ESRI floating point grid format. 
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 The grids values range from 0 to 255. In this paper, these values are called 
Image Value (IV). Figure (5) shows a screenshot of the interface prompting 
the user to select the satellite images to be loaded. Figure (6) shows the 
satellite grids after loading into ArcView-GIS. 

 

4.3  CONVERSION FROM IV (IMAGE VALUE) TO 
RAINFALL RATE 

 As commonly agreed upon worldwide, a power law is usually used to 
convert from cloud brightness to rainfall rate. Hence, the interface 
incorporates a component to perform the conversion from IV (Image value) 
to rainfall rate using a power law in the form of: 

  )( IVBARainrate ×=
 

Where: 
 

Rainrate = The rainfall rate in mm/hr 
IV  = The Image Value (from 0 to 255) 
A,B  = Constants. 

A threshold (or cutoff value) is used to discriminate between rain and no rain 
areas. Grid cells having values under the cutoff value are assigned zero 
rainfall whereas those cells above the threshold value are assigned the value 
obtained from the power law. 
 

 When loading the satellite images in the interface, the user is prompted to 
select the data units that the satellite grids will use. If the user selects 
“Rainfall Rate” the interface prompts for the values of the two constants A 
and B to be used for conversion in addition to the cutoff value. The values of 
the two constants and the cutoff value are very crucial and must be obtained 
by performing calibration analysis using rain-gauge data sets and the 
corresponding satellite data sets. The case study presented later in this paper 
(Egypt case study) shows an example of such calibration analysis.  
 

4.4  TRACKING RAINFALL PATTERNS 

 

 One method to study the storm motion is called the Center of Gravity 
Technique. This is done by tracking the center of gravity of the rain area 
(Wilk, K. E., and Gray, K. C., 1970; Barclay, P.A, and Wilk, K.E., 1970; 
Zittel, W. D., 1976; Bellon, A., and Austin, G., 1976; Bjerkaas, et. al.., 1980; 
and others). If cloud systems or rainfall patterns can be delineated easily, then 
this procedure might be the simplest and most effective pattern-matching 
procedure. In the automatic operation of this technique, constrains are usually 
imposed to aid the matching procedure, such as the minimum and maximum 
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speed used to establish a search region for the next storm centroid to be 
marked as the same storm. However, problems usually arise because of the 
variable nature of rainfall (growth and decay) which affects the location of 
the center of gravity and may lead to ambiguities in the estimated storm 
characteristics. Other problems appear in cases of wide spread rainfall 
patterns which produce difficulties in isolating storm clusters. 
 

 Another method of estimating the kinematics of rainfall is by cross-
correlating a portion or the whole satellite domain with subsequent scans. 
This procedure has the advantage of taking into account the detailed shape of 
the rainfall pattern being tracked, and decreases the chances of mismatching 
patterns (Wilson, J. W., 1966; Zawadzki, I. I., 1973; Austin, G. L., and 
Bellon, A., 1974; Hill, F.F., et. Al., 1977; Collier, C.G, 1989; Li, L., et. al., 
1995; and others). If the rainfall patterns in the satellite image move together 
and there are no significant intensity or shape changes, this technique can be 
considered the most accurate and simplest matching technique.  
 
  The GIS module implements the two methods for estimating rainfall 
kinematics: (1) the cloud centroid technique, and (2) the cross-correlation 
technique.  

 

1.Cloud Centroid Method: 
 Because this version of the interface concentrates mainly on the offline 
applications of weather satellite data, it was decided to design this module to 
work in an interactive mode. The task of delineating separate storm areas is 
left to the user. This is done using the pointing devise. The user performs the 
following to complete a tracking session: (1) starting a new session, (2) 
activating a rainfall grid as the current grid, (3) delineation of the rainfall 
pattern under interest, (4) repeat steps 2 & 3 for all time steps required then 
finish the session to display the results of the tracking session and (5) save 
the tracking session in a text file if required. 
 

 Figure (7) shows the interactive non-modal dialog used for tracking storm 
centroid. As shown in the figure, a threshold can be applied to identify 
particular intensity zones. This module performs the following interactive 
actions: 
 

1. Obtain the polygon drawn by the user. 
2. Use the obtained polygon to clip the portion under interest from the whole 

satellite domain. 
3. Assign zero values to areas below the threshold value, performs a 2D 

center of mass for the clipped zone, and adds the x and y coordinates of the 
centroid to a global list. 
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4. Once the user clicks the finish button, the module calculates the velocity 
vector from the positions of each two consecutive centroids in the global 
list and displays the average velocity vector as well as its standard 
deviation. 

5. Upon clicking the save session button, the module saves a text file 
containing all details of the session including the coordinates of the 
centroid at the different times, the velocity vector at each time, and the final 
average and standard deviation of the velocity vector. 

 

2.Cross-Correlation Method: 
 This module allows correlating selected portion of the whole domain or the 
whole satellite domain with the corresponding subsequent grids. This module 
works by shifting the current clipped rainfall grid data by a variety of grid 
lengths and finding the optimum spatial shift corresponding to maximum 
correlation with the grid at the previous time. The correlation coefficient 
between two successive satellite grids is calculated using: 

ji
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jjii zzzz
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σσ
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∑ −−
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Where: 
 

N = number of grid cells in any of the two consecutive satellite grids. 
ρ  =  the correlation coefficient between two consecutive satellite grids. 
zi  =  the grid cell value in the first satellite grid . 
zj    = the corresponding grid cell value in the second satellite grid. (Note 

that if the first grid is shifted by the assumed velocity vector, the two 
grid cells i and j will coincide). 

zi  =  the average value of the rainfall field in the first satellite grid.  
zi  =  the average value of the rainfall field in the second satellite grid.  
σi  =  the standard deviation of the rainfall field in the first satellite grid. 
σj  =  the standard deviation of the rainfall field in the second satellite grid. 

 

 The results of this tracker are reported as the optimum spatial shift (∆xopt, 
∆yopt ) in x and y directions, respectively, as well as the corresponding 
velocity vector that maximize the correlation coefficient between the shifted 
copy of the current rainfall grid and the previous rainfall grid. This module 
runs automatically, i.e., the user can select satellite rainfall grids at different 
times and the module moves from one image to the next until it finishes all 
rainfall grids within the selected time period. Figure (8) shows a screen shot 
of the starting dialog of the cross-correlation tracker. Three options are 
available for performing the search for an optimum spatial shift: 
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1. The first option is to try all possible shifts in x and y which are within the 
constraints (the min and max speed entered in the dialog).  

2. The second option is faster than the first one. It performs the full search in 
the beginning then, it allows the module to focus search at the following 
time in a 90 degrees quadrant around the direction obtained in the previous 
step. 

3. The third option is the fastest search method which employs the principle 
of response surface analysis to perform the search only on the directions of 
maximum slope of the correlation surface, i.e., by climbing the short route 
on the correlation surface to the global maxima. In few cases, the search 
may result in local maxima instead of global maxima. This is currently 
being improved by adding the TABU search capabilities to the module in 
order to escape any local optima and converge finally to the global optima. 

4.5  ACCUMULATING RAINFALL DEPTHS 
 When the user chooses to load and convert satellite data to rainfall rate, the 
A, B, and cutoff parameters mush be pre specified. The application of a 
power relation produces instantaneous rainfall intensity maps (i.e., in units of 
mm/hr). In order to develop maps of rainfall accumulations (i.e., in units of 
depth or mm), a method for calculating rainfall depths is essential. The 
simplest method is the one employing the assumption of stationary rainfall 
intensity in space and during the sampling interval. However, the 
precipitation field moves at approximately constant speed and direction 
during the sampling interval. In addition, rainfall intensity changes during the 
sampling interval. The interface component responsible for accumulating 
rainfall depths implements three methods for calculating rainfall 
accumulations: (1) assuming no advection, i.e., no velocity vector; (2) taking 
the velocity vector into account and neglecting the effect of the 
growth/decay; and (3) taking the effects of both the velocity vector and the 
growth/decay of rainfall by assuming linear variation in the rainfall intensity. 
A brief description of these three methods follows: 

 

Method 1: 
In this method, rainfall field is assumed to remain stationary in space during 
the sampling interval (30-min). Accordingly, rainfall depths during each 
sampling interval are simply calculated by multiplying the rainfall rates by 
the sampling interval (30-min). Finally, the accumulation map during a 
certain accumulation period, or output interval (1 hr for example) is obtained 
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by adding the contributions from all sampling intervals included in the 
accumulation period. 
 
 

Method 2: 
 The rainfall field is assumed to move and spread into accumulations 
according to the velocity vector, i.e., rainfall field is not assumed to be 
stationary in space during the sampling interval. To account for this, the 
sampling interval (30 min) is divided into smaller sub-intervals of duration 
called the analysis step (1 min for example). At each sub-interval, the original 
satellite rainfall field is shifted according to the advection velocity vector and 
placed in the resulting grid cells. The accumulations during the sampling 
interval are the sum of the accumulations of the original field during one 
analysis step as well as all other accumulations during the intermediate sub-
intervals. Finally, the accumulation map during a certain accumulation period 
(1 hr for example) is obtained by adding the contributions from all sampling 
intervals maps, or in other words, the accumulations during all analysis steps 
or sub-intervals within the output interval. 
 
Method 3: 
 The theory of this method is similar to that of method-2 except that it 
allows the advected rainfall field to vary linearly in order to reach the final 
rainfall field at the end of the sampling interval. This is done by weighting 
(according to the time offset) a copy of the original rainfall field at the 
beginning of the sampling interval before shifting it to the proposed location. 

 Figure (9) shows a schematic diagram explaining the three accumulation 
methods. 

5. EGYPT AS A CASE STUDY 
 The Meteorological Authority in Egypt operates and maintains a network 
of approximately 112 rain-gauges scattered all over the country with higher 
concentration in the north and in the Nile valley.  

 Rain-gauge data from the National rain-gauge network as well as the 
corresponding METEOSAT-IR satellite images were collected during the 
severe event of November 1994. This event caused a heavy toll in both lives 
and property damage. Figure (10) shows the rain-gauge network used for 
analysis of the Nov. 1994 event.  

 It should be noted that the satellite data used are from the METEOSAT 
sector covering Egypt and parts of the Middle East (known as the 
METEOSAT D2 sector). The spatial resolution of the data (i.e., the cell size 
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is approximately 4439 meters and the satellite grids used are 458×532 rows 
by columns. 
 

5.1  CALIBRATION OF THE POWER LAW 
 A non-linear regression technique was developed to find the optimum 
parameters of the power law to be used. This technique was also coded as a 
component in the interface. It works by varying all the parameters in order to 
search for the parameters combination that minimizes an objective function. 
The objective function used here is the Root Mean Square Error (RMSE) 
between the rain-gauge estimated rainfall rates and the satellite estimated 
rainfall rates.  
 

2/1

1 1

2
),(),( ])(1[ ∑∑

=

=

=

=

−=
g sNi

i

Nj

j
jisjig

sg

II
NN

RMSE
 

Where: 
 

Ng  = The number of rain-gauges. 
Ns  = The number of radar scans. 
Ig (i,j)  = Rain-gauge rainfall intensity (mm/hr) at gauge i. 
Is (i,j)    =  Corresponding satellite rainfall intensity (mm/hr) from satellite 

grid j. 
 

 Accordingly, the technique assumes a parameter combination then 
calculates the RMSE from all available gauge-satellite pairs. The technique 
then assumes a different paranmeters combination then recalculates RMSE. 
After finishing all possible parameters combination, the optimum parameters 
are those corresponding to minimum RMSE. Using the data provided by the 
Egyptian Meteorological Authority, it was found that the optimum 
parameters for the power law are: 
 

A = 0.0075  B = 0.007  Cutoff = 150 
 

5.2  RAINFALL KINEMATICS AND ACCUMULATION 
OF RAINFALL DEPTHS 

 The interface modules for estimating rainfall kinematics and accumulating 
rainfall depths were applied on the event of November 1994. The kinematics 
component revealed an average velocity vector of a dominant West-to-East 
direction of an average speed of 80 km/hr in the first few hours of the event 
followed by a cyclonic rotation in the remaining hours. The velocity vectors 
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obtained were used as input to the accumulation module to develop 
accumulation maps.  
 

6. TECHNICAL DETAILS 
 An animation component is provided in the interface. This animation 
component has the advantage of animating storm motion in more than one 
view at the same time, hence allowing zooming to different scales. This 
provides a good tool especially when monitoring storm evolution at different 
scales at the same time. In addition, the animation module allows re zooming 
inside the same view while the animation is running. Another component is 
available for the purpose of re-delivering satellite data. The aim of this 
component is to reproduce sets of satellite data files clipped in a certain 
portion under the satellite coverage. 

A. INSTALLATION 
 This module is available in a setup file. The installation effect is 
summarized in the following: 
 

• All dynamic link libraries are extracted to 
“$AVHOME\AV_GIS30\ARCVIEW\BIN32\”. 

• The extension file “geosat.avx” is extracted to 
“$AVHOME\AV_GIS30\ARCVIEW\EXT32\”. 

• The directory C:\RAINSAT” is created and the executable files, legend 
files, documentation files, as well as the uninstall program are extracted 
inside this directory.  

 

 Where $AVHOME denotes ArcView installation directory. It should be 
noted that some of the dynamic link libraries used in this interface are 
provided also in separate executable versions in the installation package for 
separate usage from the DOS prompt. 

B. PERFORMANCE 
 The module handles different operations such as loading and writing data, 
projecting geographical features into the satellite plane and vice versa, 
accumulating rainfall depths, comparison with rain-gauge data, animating 
storm evolution on top of other geographical features, and estimating storm 
kinematics. In addition to the interface components developed in this study, 
we believe that the main advantage exists in bringing weather satellite data to 
the GIS environment in which different useful analysis requests are available. 
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In order to fully summarize the performance of the different components of 
the interface, the run time for some operations on PIII 600 Mhz (256 M.Ram) 
PC is shown in the following table: 
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7. SUMMARY AND FUTURE STUDIES  
 

  

Operation 
Average 

Run Time 
(Seconds) 

Written 
Using 

Loading one satellite file 0.5-1 

C++ 
and 

Avenue 

Projecting a polygon shape file (1000 records, 20 
vertices per polygon in average) 2-3 

C++ 
and 

Avenue 

Method-1 :No advection 2-3 Avenue 

Method-2: Advection (no G/D) 
using 10 sub-intervals. 10-15 Avenue 

Accumulating 
satellite 

depths in one 
sampling 
interval 

Method-3: Advection (taking G/D) 
using 10 sub-intervals. 15-20 Avenue 

Extracting Satellite data for one image at locations 
of 100 points. 1-2 Avenue 

Centroid Module 5-10 Avenue 

Search option-1 500-600 Avenue 

Search option-2 120-150 Avenue 

Storm 
Kinematics 
using the 

whole 
satellite 

domain for an 
intermediate 

sampling 
interval. 

Cross-
Correlation 

Module Search option-3 10-20 Avenue 

IEEE floating point Binary format 1-2 Avenue Extracting 
portion of one 

satellite 
image in a 
data file. ASCII space delimited format 2-3 Avenue 
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 A GIS multi-component interface was developed within the ArcView-GIS 
3.x environment for processing and analyzing weather satellite data. The 
module is capable  
(A) To read and geo-reference satellite data and compare it with rain-gauge 
network data  
(B) To estimate the kinematics of rainfall patterns such as the storm speed 
and direction  
(C) To accumulate satellite derived rainfall depths.  
 By bringing the spatial capabilities of GIS this module can accurately 
locate rainfall on the ground and can overlay the animated storm on different 
geographical features of the study area, making the exploration of the storm 
kinematic characteristics obtained from satellite data relatively simple.  A 
case study from Egypt is used to demonstrate the functionality of the 
interface. Satellite comparison with rain-gauge data revealed that the 
optimum values for the power law parameters A, B, and Cutoff that should 
be used in Egypt are 0.0027, 0.007, and 150 respectively.  

 Future improvements shall include additional calibration analysis using 
new data sets, preferably covering the entire Nile basin. Future upgrades of 
the interface shall include a real-time component for forecasting purposes. 
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9.  FIGURES 

 
 

 
 

Figure 1:  Locations of the polar orbiting satellites and the geostationary satellites 

with respect to the Earth. 
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Figure 2:  Geostationary satellites in Space Now 
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Figure 3: The satellite coordinate system 
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Figure 4:  The satellite projection methodology used in this study. 
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Figure 5:  A Screenshot of the interface prompting the user to select the satellite 

images to be loaded 
. 

 
 

Figure 6:  A screenshot of ArcView-GIS after loading the satellite data 
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Figure 7:   A screenshot of the C.G tracker 
 

 
 

Figure 8:  A screenshot of the cross-correlation tracker 
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Figure 9:  A schematic diagram showing the three methods used for accumulating 
satellite rainfall depths. 
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Figure 10: The Satellite grid at 199711041300 UTC. The Egyptian National Rain-
gauge network used in the calibration is shown as black dots. The projection of the 
figure is the MEESOSAT satellite projection developed in section 5.1. The satellite 
grid shows a developing cold front advancing from the west to east in addition to 

thunderstorm activities at the Red Sea region. The legend is in IV units. 
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POTENTIAL APPLICATION OF GIS AND 
REMOTE SENSING TECHNOLOGIES BY SRI 
 

hanyemam@sri-eg.com Hany Emam 
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ABSTRACT   
GIS and Remote Sensing are used in most of the twelve institutes comprising NWRC 
as tools for Water Resources management and development. 
Survey Research Institute mandate is to conduct researches to develop GIS and 
Remote Sensing techniques and to enhance its capabilities and accuracy including the 
development of GIS programs and developing map production from remote sensing 
to cope with the Egyptian environment.  Current projects in GIS and Remote Sensing 
applications in the Survey Research Institute are summarized as follows: 
1. Monitoring of lateral shift of the Nile. 
2. Production of topographic maps and digital elevation  models from different kinds 

of Satellite images. 
3. Remote Sensing application and utilization in areas with special topographic 

features. 
4. Establishing of integrated survey data base for GIS. 
5. Using the Remote Sensing to detect changes in Edko Lake in the North Coast. 
6. Establishing a GIS system for monitoring significant changes at sensitive zones 

during flood using satellite images. 
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1. MONITORING OF LATERAL SHIFT OF 
THE NILE. 

 Remote sensing change detection technique is utilized for erosion 
monitoring and variations assessment. Base maps developed by 
Photogrammetric techniques in 1991 are considered as the reference for the 
change detection process. Successive SPOT remote sensing images, acquired 
in various dates (1997 and 2000), are used in this research. These images are 
radio metrically and geometrically corrected using Erdas Imagine software 
and used for changes monitoring. The results show that more efforts are 
necessary to protect this region, as serious variations remarkably exist.  
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2. PRODUCTION OF TOPOGRAPHIC MAPS 
AND DIGITAL ELEVATION MODELS 
FROM DIFFERENT KINDS OF SATELLITE 
IMAGES 

 Production of detailed base maps for Alexandria using highest-resolution 
satellite Quickbird collecting 0.64-metre panchromatic and 2.4-metre multi-
spectral imagery. Production of detailed base maps scale for navigation 
system for Cairo using IKONOS the first commercial high-resolution satellite 
collecting 1-metre panchromatic and 4-metre multi-spectral imagery using 
field ground control points in Georefercing the images. Production of digital 
elevation model, for Cairo east, uses Ikonos1-metre panchromatic stereo pair. 
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3. REMOTE SENSING APPLICATION AND 
UTILIZATION IN AREAS WITH SPECIAL 
TOPOGRAPHIC FEATURES. 

 RI used different satellite images  to monitor the development of the most 
important national projects in Egypt which is developing the Southern area of 
the Western Desert by constructing a new valley project using Indian Remote 
Sensing Satellite IRS, which is  the most recent stereo-capable high 
resolution (5.8m) satellites product Digital Terrain Models (DTM)  and 
Topographic maps scale 1:25000 for Toshka region in the southern part of 
Egypt using a stereo panchromatic pair  form Indian Remote Sensing 
Satellite IRS-1D).  
 

 
 

4. TABLISHING OF INTEGRATED SURVEY 
DATA BASE FOR GIS 

 Studying sedimentation and erosion for Nile and Islands  and there effect 
on Nile navigation and agricultural areas so we can analysis sedimentation 
and erosion information and produce dynamic system by geographical 
information system. using a dynamic function in the GIS system study  
between different years using different sources of data geographic data 
(digital maps) were produced from different sources with different dates, 
such as hardcopy (paper) maps of Kinting 1978 and ESA 1991, and satellite 
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images of SPOT 1997 and 1997 and 1998. so can we can use the past records 
in prediction for the future. 
 

 Studying the environmental Impact of  pollution from factories  on 
different water resources (Nile basin Sea ) using, Attribute data, such as 
factory locations, their pollution effects on water quality, and fish production, 
collected from various sources, and then linking them  to the geographic 
database (digital maps). 
 

 Studying the Population number and average consumption per person from 
water and the effecting on agricultural areas and total consumption of water 
using a dynamic function in the GIS system. 
 

  
 Production of Digital numerical numeral map production for Nile and 
geographical information system design to study and compare with old data 
information surveying and new data information surveying to definite new Nile 
behaviors. 
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5. USE OF REMOTE SENSING TO DETECT 
CHANGES IN EDKO LAKE IN THE NORTH 
COAST 

Change detection in EDCO Lake  has been accomplished through a multi- 
faceted approach involving the collection and analysis of a variety of 
remotely-sensed data, field measurements and observations, and the analysis 
of historical maps and reports, leading to the development of a geographic 
information system (GIS). Integrating the results from these individual 
approaches has produced a detailed understanding these changes. The goal 
was accomplished by using SPOT images of four different years (1986, 1991, 
1997 and 2000), images of the same place. Ground survey using GPS 
techniques by ground survey field trip in year 2003 to check the accuracy of 
the data. 
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6. ESTABLISHING A GIS SYSTEM FOR 
MONITORING SIGNIFICANT CHANGES 
AT SENSITIVE ZONES DURING FLOOD 
USING SATELLITE IMAGES 

 Remote sensing satellite images can be used efficiently for monitoring and 
assessment of temporal variations of Nile River. Distinguished variations are 
discovered at certain sensitive zones around the Nile River during the 
flooding period. Flood monitoring changes at Nile River has been 
accomplished through a multi- faceted approach involving the collection and 
analysis of a variety of remotely-sensed data, field measurements and 
observations, and the analysis of historical maps and reports, leading to the 
development of a geographic information system (GIS). Integrating the 
results from these individual approaches has produced a detailed 
understanding of the flood. 
 
 

 

Nile 1998 

Nile 1997 
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ABSTRACT  
The term Public Private Partnerships sometimes referred to as PPP or P3 –                 
is becoming a common term used in various disciplines and applied technologies. It 
usually denotes collaboration models that present a great deal of diversity.               
Sub-contracting and out-sourcing are two common types. In these cases, government 
retains responsibility for a service that is totally or partially operated by the private 
sector. Another type, Public-Private Partnerships (PPP or P3), focus is on the sharing 
of resources, risks, and benefits across sectors.  
 

This paper tries to address the PPP from the Geographic Information System point of 
view. It outlines the major sub groups involved in GIS activities as well as the 
different items that need to be addressed. It also demonstrates the financial benefits 
and discusses briefly proposed models for this partnership particularly from the GIS 
data creation and data sharing concepts. As a starting effort, both the public and 
private sectors should jointly work towards producing an internet-based prototype 
spatial data clearing house that allows a metadata repository and search capability.  
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1. INTRODUCTION 
 GIS is a multi-facet tool which sees application in various field of activities 
ranging from engineering based application such as transportation to 
something as subjective as sales strategizing and business modeling. Also 
within a particular field of activity, say transportation, GIS may be used in 
the successful execution of various modules such feasibility analysis, design 
phase, map generation, data assimilation etc. This obviously says a lot about 
the shear power of GIS. However, in spite of a number of organizations 
making use of GIS, very few are using the GIS tool to its maximum potential. 
Though it may be too soon to contemplate the penetration of GIS and related 
fields in our system of working, however, a need is felt to review the extent 
of GIS usage within an organization. By this, we mean to lay emphasis on the 
GIS usage not even among the various departments of the organization but 
also by different hierarchy levels of the organization. 
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2. GIS PENETRATION 
 Consider the case of a highway development agency where the 
management is contended just by the use of GIS as a data representation tool. 
A few queries are generated to enable quick search for finding a particular 
crossing or bridge on the road. This too is done by a couple of engineers who 
act as a support staff to the highway project. That means in the entire 
organization only two people are acquainted with GIS and are responsible for 
the utilization of GIS and related technologies. This implies that GIS is 
highly underused and this technology is not exercised to its full potential.  

 
 This is largely due to the lack of participation of people from all levels to 
facilitate productive and comprehensive usage of GIS. The management has 
to become aware and truly realize the GIS capability to contribute in a 
Highway project at various levels and stages.  
 

3. MULTILEVEL FUNCTIONALITIES 
 The responsibility of a Highway Development Authority is to orchestrate 
the execution of highway projects in a systematic manner. This involves 
prioritizing the construction of highway stretches in the country, ensure 
proper design and construction as per national standards by coordinating with 
other organizations to enable the smooth execution and timely completion of 
the project. For the Highway Development Authority to perform this 
mammoth task it has to undertake extensive planning at various levels within 
the organization. 
  
 Firstly, there is the macro level planning, which prepares the holistic 
picture of highway development in the country. Top-level management 
consisting of a board of experts in fields of roads and related fields are 
involved in this level of planning. They are primarily concerned with the 
financial and practical feasibility of the projects. Thereafter exists, the       
mid-level management that is responsible for the highways present in their 
respective region. Their duties include prioritizing the projects in their region 
and preparing the schedule of projects in their regions. Finally, comes to the 
project level management, which is responsible for the project stretches 
present under them and plan the design and construction works in their 
project stretch.   
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4. GIS POSSIBILITIES 
 The functional responsibilities of the above are largely different; however, 
GIS can act as a common tool catering to the existing requirements at the 
various levels. This is primarily made possible due to the fact that data 
required for the planning purpose at different levels is interrelated. By using 
GIS, this data may be analyzed at different levels according to the work 
scope. The chart given below gives a picture of GIS usage at various levels in 
an organization. 
 

S/No 

GIS usage in 
Typical 
Functional 
Requirement 

Top Level 
Management

Mid Level 
Management 

Project Level 
Management 

1 
Macro Level 

Planning 
  - 

2 
Financial 

Management 
 - - 

3 
Project Level 

Planning 
-   

4 
Feasibility 
Analysis 

-  - 

5 
Design 

Parameters 
-   

6 Project Control -   

7 
Inventory 
Control 

-   

8 
Fleet 

Management 
-   

9 HR Planning   - 

10 
Disaster 

Mitigation 
   

11 Data -   
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S/No 

GIS usage in 
Typical 
Functional 
Requirement 

Top Level 
Management

Mid Level 
Management 

Project Level 
Management 

Assimilation 

12 

Roadside 
Development 

and Road 
Property 

Management 

-  - 

13 
Toll 

Management 
- -  

14 
Bridge 

Management 
- -  

15 
Environmental 
Concerns and 

Control 
  - 

16 

Document 
Management 
and Historical 

Data 

   

 

5. THE COMMON GIS MODEL 
 The common GIS model will have simple updateable database consisting 
of complete details of the highway and its related aspects in spatial and    
non-spatial format. This database will be made available in different user 
interfaces for different levels of planning. Using customized analysis tools, 
the user can derive relevant information specific to his needs without having 
to see unnecessary data. This system will be available on the internet and the 
intranet. The user will have to give a password to access the model according 
to which the corresponding user-interface will appear. Only authorized 
personnel can update the database. Since, the model will be on the net hence 
the database can be updated from any remote site in the country.  
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For this model to be effective, a comprehensive database of the highways has 
to be prepared. The database will contain road inventory characteristics 
(length, material, cost etc), road characteristics (Average Daily Traffic 
(ADT), maintenance schedule etc.) and other related information 
(demographic data of nearby areas, Contractors name, date of completion 
etc.). The model will rule out data redundancy so that the user finds it easy to 
obtain relevant analysis results. 

 

6. QUERY GENERATION 
 There are plentitude of queries possible in the system. The user according 
to his functional level and need, can perform various queries. 
• Top Level Management: 

Show:  
– Project stretches which are having IRR (Internal Rate of Return) greater 

than. 
– Zones where land acquisition costs are over. 
– Regions of existing legislation enforced. 
– Location of historical and religious sites. 

• Middle Level Management: 
  Show: 

– The stretches where there is maintenance due in the next one year. 
– Stretches with ADT greater than.  
– Locations of new project interns. 
– Flood submerged portions of highway. 

• Project Level Management 
 Show: 

– The road sections having concrete pavement. 
– The bridges having length more than 20 m. 
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7. BENEFITS 
 This GIS based model for multi level planning in Highway Development 
Organization will have the following advantages  
• Data redundancy is removed as all the data is in one place. 
• Reduction in error margin. 
• The user can easily get relevant information. 
• The result of the queries will be seen in a more effective geographic form. 
• Effective data security will be there as only authorized people can edit the 

database. 
• Data updating is easy as the model is Internet ready. 
 

8. CONCLUSION 
 The effective and comprehensive use of a GIS model containing details of 
highways, different user interfaces, user defined queries and customized 
results, the various levels of planning in a Highway Development Agency 
will surely begin to utilize GIS to its fullest potential.  
 

 This model will finally break the jinx of GIS being only a support tool and 
ensure its widespread use within the organization making it a truly            
multi-facet tool. 
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ABSTRACT  
The Tour Guide System (TGS) is a standalone application developed by Global 
Geobits (GGBE) and works on a laptop, pen computer or a PDA. The system 
combines different technologies including Geographic Information System (GIS), 
Global Positioning System (GPS), and Software tools. TGS guides users through the 
streets of any city and provides them with their location. It is a new facility that 
enables users to track instantly their location, store their route information and search 
for streets and nearest landmarks. 

TGS combines different utilities that enable normal users to use GIS maps and obtain 
GIS information from them in an easy and efficient way without the need for a strong 
background in using GIS applications.  

The system allows watching a tour track from source to destination graphically on 
GIS maps and statistically with full tracks information and reports. TGS provides 
users with full, selectable and statistical reports for the tour tracks that help users to 
analyze their tracks accurately and efficiently. TGS is viewed as the best guide on the 
road, since one never gets lost by following an old saved track in his way back to the 
starting point. 

TGS allows adding of GIS maps to maximize the benefit of the system covering wide 
range of users in different fields such as tourists, drivers, businessmen and field 
engineers. 

TGS allows adding of GIS maps to maximize the benefit of the system, covering 
OVERVIEW OF GEOGRAPHIC INFORMATION SYSTEMS (GIS). Geographic 
Information System (GIS) is the most advanced technology for data acquisition, 
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verification, compilation, storage, update, management, exchange, retrieval, 
processing, integration, analysis, and presentation. 
Geographic Information Systems encompass many components that are managed and 
controlled by GIS experts. GIS components are: Hardware, software, database, and 
applications. GIS hardware performs five main processing tasks, which are: data 
collection, data storing, data manipulation, presentation, and communication. GIS 
software which is general software systems or “tool kits” from which users may 
select components suited to their own specific applications. GIS database consists of 
two integrated components, the spatial database and the attribute database. It consists 
of many layers; each of them collects similar features types that share the same data 
fields. GIS applications are developed according to the user requirements to satisfy 
all needs and perform different functions and tasks. GIS is applied for various 
archiving, planning, management, dynamic and data mining applications. 
GIS Dynamic applications integrate various technologies including GIS, GPS, and 
software tools.  

1. SCOPE OF WORK 
 A proposed GIS-TGS is developed for a pilot case study area in Greater 
Cairo. A 1:5000 GIS database is developed for the pilot area. IKONOS 
satellite imagery is used for GIS database updating. Attribute data regarding 
roads network, and landmarks information are collected, and then a data 
model is established containing all spatial and attribute data of various layers. 

  IKONOS satellite imagery is radio metrically corrected for maximum 
discrimination of the required classes. Smoothing and noise removal 
techniques are utilized for enhancing the image.  Edge enhancement is 
applied for best discrimination of linear features. Then, geometric corrections 
are applied to compensate for systematic distortions and minimize random 
errors. GCP’s are collected from the produced GIS database. Then, they are 
used for image rectification and geo-referencing using Erdas Imagine 
software package. 

 GIS database layers are developed using ArcGIS 8.x software package 
including districts, Nile River, roads, railways, islands, buildings, as well as 
landmark. A strict Quality Control/Quality Assurance (QC/QA) procedure is 
applied for GIS data revision, including finding errors, locating missing data, 
and checking for proper features and layer presentation. Available GIS 
attribute data are numerous. The data model is carefully designed and tested 
to ensure fulfilling the projects objectives. A special user interface for data 
entry and editing is developed to make these processes user friendly.  
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 GIS data are updated for the pilot area. Then, a GIS application is 
developed for tour guide management including various databases, statistics, 
GIS, decisions support and expert system analysis functionality. 

2. DEVELOPMENT OF TOUR GUIDE 
SYSTEM (TGS) 

 A Tour Guide system is developed as a stand alone application to be used 
on a laptop, pen computer and /or a PDA. The system is carefully designed to 
satisfy the user requirements, Figure (1). 
The TGS system consists of four Modules: 
• Tracking Module. 
• Preview Saved Track Module. 
• Street Locator Module. 
• Land Mark Locator Module. 
 

 
Figure 1:  Main TGS Interface 
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2.1 TRACKING MODULE 
 This module uses GIS and GPS technologies to follow the tracks of users 
through their route and displays frequent information for the speed, 
coordinates, date, time and location (street and district names). The Tracking 
Module provides additional options such as: 

• Open and display a stored track offline or display the track in a dynamic 
mode, using the GPS from a tracking unit and show the track information 
(speed, distance, date, …etc). The track can be displayed in two modes, 
Fast Preview and Full Preview. 

• GIS Tools including viewing control, data retrieving and data query. 
• Save tracks to be displayed and analyzed in the future. 
• Report the trip form source to destination using different capabilities (All 

reports contain information for the street names, district, speed, date, time, 
distance …etc).  

 

 
 

Figure 2 Report Form 

Following are examples of system generated reports: 

1. Normal Report for the whole trip from source to destination. 
2. Speed Limit Report showing information regarding various trip segments 

where the speed exceeds the allowable speed. 
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3. Distance Limit Report showing information about the trip information after 

or before traveling a certain distance. 
4. District Limit Report showing the information about the trip within a 

selected district.  
5. Report of the number of stops according to the accuracy and tolerance of 

the GPS. Figure (3). 

 
 

Figure 3: Standard Report 
 

The Tracking Modules can also perform the following functions.  

• Display the path list of the segments part of the trip from source to 
destination by giving the street names consecutively. 

• Highlight any street in the path list on the GIS maps in a different color by 
clicking on the street name. Figure (4). 
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Figure 4:  Tracking Module form 

2.2  PREVIEW SAVED TRACK MODULE 
 This module uses the GIS technology to display maps and the saved tracks 
in the form of layers that can be enabled and disabled, and uses the GPS 
technology to guide the user through his way back along the saved track. 
Figure 5. 

 
 Figure 5: Saved Track Display 
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2.3  Street Locator Module: 
 This module uses the GIS digital maps and the GIS database to locate 
streets by choosing the district and street names from the database. The 
district and the street names are sorted alphabetically. The selected street is 
displayed on the digital maps in a different color. The selected street and 
district names are added to a search list for frequent reallocation. Figure (6). 
 

 
Figure 6:  Street Locator 

 

2.4  LANDMARK LOCATOR MODULE 
 This module uses the GIS digital maps and the GIS database to locate the 
landmarks within a certain distance of the user's location. The landmark 
classes are selected by marking the check box of the interested type of 
landmarks (e.g., hotels, hospitals, schools, clubs, etc). Different types of 
landmarks are located with different symbols and different colors. This 
module operates in two modes: 

1. Online mode: In this mode the GPS is dynamically connected giving 
the coordinates of the user location and frequently displays the located 
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landmark locations with their symbols on the digital maps and the 
located landmark and districts on a search list within the range of the 
indicated distance. 

2. Offline mode: In this mode, the GPS is disconnected and the user 
inserts a point on the digital maps and indicates the radius of the region 
of interest. The landmarks are displayed similar to the online mode. 

 
 By selecting the landmark names displayed in the search list, the selected 
landmark is highlighted on the Digital maps. Figure (7). 
 

 
 

Figure 7: Landmark Locators 
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