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Abstract
The Internet is gaining a wider popular appeal among communities in the Middle East, and UAE is with the trend, drawing more users from lower educational backgrounds and entering more homes and offices. The ratio of Internet users in the UAE to the total population has increased from 0.1 percent in 1995 to 8.4 percent in 2000. The UAE has the largest number of mobile phone users in the Middle East with an average annual increase of 60 percent. The ratio of mobile users to total population has increased from 0.3 percent in 1983 to 35.6 percent in 1999. The objective of the paper is to map the overall picture of information society development in the UAE and its impact on online and mobile GIS. The paper reviews the current situation of the Internet and mobile phones in the UAE and the potential future applications of web-based-GIS and mobile business solutions. Examples of real study cases from UAE are given.
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1. Introduction
GIS is a computerized information system that is designed to store, manipulate, retrieve, analyze, and display spatially referenced data. In 1964, Canada has started the first GIS program under the direction of Roger Tomlinson “Father of GIS”, consequently many countries followed. During1980s and 1990s many governmental departments and private companies have introduce GIS in their business. The reduction in cost of hardware and software from one side and the improvement of their performance from other side has played a greater role in the spreading of GIS worldwide. With the improvement of the Internet in late 1990s and early 2000 many companies have shifted their business to e-commerce with a flavor of geographic nature (G-commerce).

It is noted that, about eighty percent of urban decisions made by state and local governments involve a spatial component either directly or implicitly, demanding a process based on geographical data (Laurini and Thompson, 1992). For this, GIS offers a potentially valuable platform for spatial analysis, such as feature extraction, proximity searches, map overlay, map algebra, and statistical analysis (Fotheringham and Rogerson, 1994). GIS robustness is illustrated best by a diverse variety applications such as space/time cluster analysis, spatial trends, location of facilities, optimizing delivery of goods and services, predicting risk, exposure assessment, identifying at-risk populations and defining corrective interventions, image classification, spatial reasoning and cognition, spatial multimedia, animation, and visualization. The application of GIS in the United Arab Emirates is noticed in various departments, for example, municipalities, health, telecommunication, water, electricity, oil, agriculture, and real estate. 
Diffusion of GIS worldwide is very clear from its revenues. In 1995 GIS revenues hit $563 million a 13.7 percent increase compared to 1994  (GIS World, 1995). Although it is difficult to obtain accurate figures for the size of the GIS market, however, Daratech estimates that in 2000 the worldwide GIS market was $6.9 billion, of which $1.05 billion was core software (Longley et al., 2001). 

A typical GIS cost break down and GIS benefits allocation are shown in Table 1.The ratio of costing and benefits may differ from an organization to other depending on the number of hardware, software, personnel, and quantity of data needed.

 It has to be acknowledged that the initial setup cost of GIS may be high, but in the long run the benefits are huge. Sometimes the benefits of GIS may be in a form of asset value, strategic benefits, and human development (United Nations, 1997). Generally speaking the wide spread of GIS application may be due to its ability (advantages) to: 
· Minimize time (maps produce by computers are faster than by manual methods).

· Improve accuracy (errors due to human are minimized). 

· Manage data more efficiently (finding maps through digital search is faster).

· Improve cost/benefit ratio (Table 1).

2. Objectives

The objectives of this article are:

1. To review the principles of online (web-based) and mobile GIS.
2. To map the overall picture of information society development in the UAE and its     impact on online and mobile GIS.
3. Web-based GIS

Although it has been around for 30 years, only since 1995 has the Internet emerged as a potentially dominant force in global communications (Plewe, 1997). The revenues from Internet access business (hardware, software, services) has been estimated to exceeded $4 billion annually (GIS World, 1995). Web-based GIS or distributed geographic information is a service that deals with the use of Internet technology to give people access to geographic information in a variety of forms, including maps, images, multimedia, analysis operations, and reports. In addition to that, all Internet options such as electronic mail, browsing, downloading, distance learning, and video conferencing can be integrated with Web-based GIS.

The rapid development of distributed geographic information has closely followed the development of the Web. First maps distributed through Internet were produced in 1993 by Xerox and Virtual Tourist (http://www.vtourist.com/webmap). In 1994 and the years followed many governmental departments and private companies introduced Web-GIS services. Together with the use of the Internet, GIS could be further developed to allow many more people to have access to GIS functionality and to enhance planning and decision-making (Chang, 1997). This means that the functions of traditional GIS packages are made available

to anyone with access to the Internet free of charge (e.g. Digital Atlases). 
As the need to expand the access to spatial information for participatory kinds of activity and personal use increases, more and more researchers are recognizing the need for Web-GIS (Nyerges and Barndt, 1997).

Introduction of Web-GIS has improved customer service, increase employee efficiency and inform the community at large (Harder, 1998). Putting GIS data online needs understanding of the methodologies, skills, standards, and metadata (Bossomaier and Green, 2001). For example, design of maps must be based on cartographic principles (map contents, color, text, symbols) and user interface (site content, easiness, attractiveness) (Kraak, 2000).

4. Forms of Web-based GIS

In Web-based GIS (Figure 1) users can use a Web browser to navigate maps and do basic spatial queries such as optimum location of shopping facilities in the area. Currently, there are five forms of Web-GIS applications (Plewe, 1997):

4.1  Graphic snapshots of pre-generated maps

A graphic snapshot of pre-generated images (scanned) or map by GIS software is the easiest way to put a map image (JPG, GIF, TIF, etc.) on the Web. However, raster formats such as GIF have limited resolution and do not allow pan, zoom, or interactive use (see for example  http://www.uaeinteract.com/). 
4.2  Spatial database catalogs and libraries 
Original spatial data (raw or processed) can be put on the Internet and users can download the files (actual data), but generally cannot browse them directly in their Web browser (need for purchase of GIS software). Advantages of this online GIS include access to raw data for further processing and analysis.

4.3 Map generators 

Map generators use a Web-based browser form to create custom maps on the demand of users (requests). Disadvantages include lack of access to the raw spatial data, typically slow speed, and limited predefined user choices.
4.4  Dynamic map browsers
Dynamic map browsers provide access to very large spatial databases and allow users to browse, display, query, retrieve, and update maps online. This method is most commonly used in Web-GIS applications (Figure 1). However, users can get wonderful map images (e.g. JPG) from hundreds of Web-GIS sites, but they can't combine them in a GIS to solve a problem (see alternatives for using spatial database catalogs).

4.5  Real-time maps and images 

Instead of providing real-time browsing of a static map, a real-time map is generated from sensor data such live video cameras (Webcams) and satellite based imaging. However, this technology is expensive to implement.

All five technologies discussed above can serve maps and images on the Web and may be useful for decision-making. For example, a scenario for locating a new factory can be forward in a form of a map simultaneously to different decision makers staying at different locations and their feedback can be used to generate a new location online. Dynamic map browsers have better supports for programming GIS functions, therefore, it has been used widely to implement Web-GIS.

Various Web-based GIS software is available in the market with different functionality and price (Table 2). For any dynamic online GIS, the following software must be included: 
· Map Server (Table 2). 
· Web server extension (Netscape Server or Microsoft Internet Server-IIS).

· Web clients such as standard Web browsers that support HTML and Java (e.g.                                             Microsoft Internet Explorer or Netscape Navigator).

5. Internet in the UAE  
The Internet is gaining a wider popular appeal among communities in the Middle East, and UAE is with the trend, drawing more users from lower educational backgrounds and entering more homes and offices. Emirates Telecommunications Corporation (Etisalat) has launched Internet services in the UAE since 1995.

 The reduction in Internet rates and computers has encouraged many users in the UAE to join the revolution and the ratio of Internet users to the total population has increased from 0.1 percent in 1995 to 8.4 percent in 2000 (Table 3). The ratio is considered high if compared with average ratio in the Arabic world (0.11 percent) and reasonable if compared with UK (12 percent), Germany (15 percent), and USA (27 percent). Recent study has also shown a general increase in the Internet subscribers in the UAE (29.9 percent) in comparison to other countries in the region, for example, Bahrain (18.7 percent), Qatar (12.8 percent), Kuwait (11.3 percent), Jordan (5 percent), and Egypt (1 percent) (Al Khaleej, 2002). The reason for penetration of the Internet to the UAE households is due to the high income of the people in the UAE (average annual income of $60,000). A study carried out in the US in 2000 by the Department of Commerce showed that households with annual incomes over $75,000 are 20 times more likely to have Internet access than others, the so-called digital divide (Longley et al., 2001).
The initiative taken by the UAE government for establishing a hub for Information Technology, e-commerce, e-government, and multi-media at Dubai City has played a greater role in the increase of Internet users and web sites registered within the UAE. 

6. Web-based GIS in the UAE

It is clear from the statistics above and the general trend of the Internet in the UAE, there is a great potential for Web-based GIS applications that integrated with education, e-commerce, sales and marketing, public database access, and recruitment. With electronic commerce (zero distance), GIS is becoming more important for delivery of services (address matching: postal code, street) to determine optimum routes. Within the UAE, the increase in the number of sites employing online GIS approaches is witnessed, for example, UAE University, UAE Interact, UAE Locator, Dubai Explorer, Space Imaging Middle East, and Ministry of Health.
6.1 Web-based remote sensing and GIS courses at the UAE University 

The number of students admitted to the UAE University has increased annually from 205 in 1977 to 3500 in 2000. Such increase means more faculty members, workers, and above all a demand for more classrooms, residential quarters, and recreational parks. Within the context of continuous demand to such resources, introduction of web-based courses in the teaching process will alleviate this problem in the long run. 

In 2001, the University has launched what is known as the Academic Computing Environment (ACE). The objective of the program is to provide access to resources in the University, for example, Student Information System (BANNER) and course management software (BLACKBOARD). A number of courses had already been uploaded to the web site of the University. Key to the success of online courses are faculty members, therefore, understanding of their perceptions to online courses is an important element for Internet-ization of any academic institute. A self-administered questionnaire was used to understand the perception of the faculty members in the UAE University to the web-based courses. 68 faculty members have participated in the survey, the number is almost equivalent to 10% of the total population of faculty members in the UAE University. 94% of respondents had agreed that introduction of Internet in teaching is useful. The result is expected since the majority of faculty members worldwide have realized the advantages of the Internet. The advantages include communication with students, improvement in effectiveness of teaching, exploration of new instructional techniques, and collaborations with other faculty members. Introduction of online remote sensing and GIS courses in the University had started since 2000 at (http://faculty.uaeu.ac.ae/~myagoub) and more courses are introduced subsequently under the BLACKBOARD environment. The site includes course outlines, hands out, power point presentations, and exercises related to remote sensing and GIS. The good economical situation in the UAE has played a greater role in customization of students with the Internet. 73% out of 150 students randomly surveyed have computers and connected to the Internet in their homes. This indicates that more time can be allocated for training on remote sensing and GIS software, writing of reports, and browsing the Internet. Access to online material in remote sensing and GIS is extremely useful, especially for students who are living far away from the University's library.
6.2 UAE Interact 
In its principle, UAE interact  (http://www.uaeinteract.com) provides map for the user, from which she/he can select a city (e.g. Abu Dhabi, Dubai), the system will then zoom to the city and gives detailed map for the selected city with roads and prominent historical and natural features. The system is based on static maps (pre-prepared image files), i.e. zooming and identifying options of features are limited.

6.3 UAE Locator 
The UAE locator site (http://www.uaelocator.com) started in 2000, it contains more than 400,000 objects and addresses. The layers included boundary, roads, landmarks, buildings, land use, and images with a total data size of approximately 25 GB. The hardware and software that used to develop the system include Dell Poweredge - NT  and ArcIMS, respectively (BORIS, 2003). The site currently provides detail maps to two cities in the UAE (Abu Dhabi and Dubai). 
The site delivers detailed maps (generated according to user requests) that are generated by the map server for designated areas of interest and offers numerous interactive functions for residents and tourists. The mapping functions in the site have the capability of zoom in and out, pan, info, and hotlinks. The site is based on dynamic maps, i.e., zooming and identifying options of features are flexible and there is a database associated with the geographic features. The average number of visitors per month is  4800 (BORIS, 2003). The site is considered as the first Internet map server in the Middle East and it won the second place in the International ESRI map server contest in 2001. 
6.4 Dubai Explorer

A similar system (http://www.exploredubai.ae) to Dubai locator has been developed by the GIS center in Dubai municipality. The system is based on ESRI ArcIMS Internet mapping application and it provides more functions than Dubai locator. The added functions include ability to search by community (district), street number, and building number. The search is classified by the type of services needed, for example, locate an address, find a facility (bank, hotel, schools, etc.), or locate a parcel. The system provides not only map location of a facility, but also address, a photo of the facility, and what is near by capability. This helps the users to have more information about the facility they search for. The major advantages of the site are the ability to view (X, Y) coordinates of the searched facility, use of registered aerial photographs with the map, and support for Arabic language (Figure 2). 

With the use of GPS handheld receivers, the use of (X, Y) coordinates as a means of pinpointing a location is becoming commonplace. Therefore, if a user finds the coordinates of a facility, he can use a GPS receiver to identify its location easily. The site also provides a means for displaying maps according to user specified scale, and the user can measure distances and areas on the fly. 

Generally, aerial photographs and satellite images are better than maps for documentation of facts (Black, 2001), this is because of their rich content “One photograph expresses thousands of words”. While maps are abstract to reality and sometimes they might be generalized (omission of features). However, maps include annotations (names, directions) that do not exist in photographs. Therefore, it is necessary for many applications to use a combination of photographs and maps (photo-map). The use of aerial photograph and satellite images with maps enhances visualization and interpretation of features. In Dubai Explorer site, using MrSid compression and decompression software has made browsing of aerial photographs and satellite images faster.
The use of Arabic language as a means of communicating maps (Figure 2) and addresses attracts a large number of users who are not familiar with English. The system is better viewed with Microsoft Internet Explorer. The system generally integrates GIS and existing corporate database into a common application interface that has increased usability of information across Dubai Municipality. The site provide information to a wide audience, have easy navigation, incorporate different tools, and have flexibility for adding future services.

6.5 Space Imaging Middle East 

Space Imaging Middle East site (http://www.spaceimagingME.com) provides valuable information about satellite imageries in the UAE and the Middle East. Although the site does not provide direct GIS functions, the viewing options offered by the site for higher resolution and recent satellite imageries is considered a valuable input to GIS.

6.6 Ministry of Health

Most of the data contained in health information systems are spatial data, for example, catchments area of a health center, health district, location of hospitals, clinics, and pharmacies. The ministry of health in the UAE has an ambitious plan for establishing a Web-based-GIS Health Information System (Tele-medicine). The system will provide services to doctors as well as to public (location of hospitals and clinics online with roads as background). Concrete steps have been taken in Dubai for linking the health services with immigration department based on electronic government concept (Al Khaleej, 2001).
7. Factors affecting on Web-based GIS applications
Among the factors that generally affecting on GIS site are bandwidth and Web-GIS software. Bandwidth (Fiber Optic, ISDN, MODEM) is directly proportional to the amount of data transmitted or received per unit time. Moving maps, images, documents and data to flow through a single network interface at a higher speed and capacity can reduces the cost of communications considerably. What is not so easy is to deliver mapping that is aesthetically pleasing. This is linked to speed of delivery, so the wider the bandwidth, the more detail can be downloaded in an acceptable time. Due to bandwidth limitation, currently most data providers have so far concentrated on street-level mapping and simple queries.

In the UAE, Etisalat  (http://www.etisalat.co.ae) has taken a series of initiatives to address bandwidth issue, for example, introduction of Asynchronous Transfer Mode (ATM), Integrated Services Digital Network (ISDN), and Al Shamil High Speed Internet Service (with speed up to ten times faster than dial up Internet). On the other hand, UAE is involved in Fiber Optic Link Around The Globe (FLAG) and Fiber Optic Gulf (FOG), which are designed mainly to enhance communication needs (bandwidth) of the future.
Software packages for building and viewing spatially enabled Web sites differ in supported formats (vector data, images, HTML, Java Applet) and suitability for new or experienced geo-spatial data users (Culpepper, 1999). 

Generally, the factors that affect on Web-based GIS applications can be summarized into:

· Server and map server capabilities (speed, storage, and memory of the server).

· Types of services provided (simple query, analysis, streamlining of data).

· Information contained (vector, raster, multimedia). 
· Number of visitors (traffic volume, image files generated by the server).

· Security issues (public data can be saved in Map Server while important data can be saved within INTRANET and not INTERNET environment).

It is noticed that in most Web-based GIS sites it is difficult to fulfill “What You See Is What You Get ‘WYSIWYG’-wizzy wig” formula, but What You See Is More or Less What You Get- wizzy- molly-wig. This is due to the difference in the setting of servers and clients’ screens (resolution, color, size). To design a good Web-GIS site, one needs to know traffic and demographic information (customer feed back, Frequently Asked Questions-FAQ). 

8. Web-based GIS sites ratings
Key factors included in evaluating Web-based GIS sites are:

· Adherence to Web and GIS standards such as Hyper Text Markup Language (HTML), Geography Markup Language (GML), Open GIS Consortium, "de jure", and "de facto" spatial standards (Hecht, 2000). 

· Performance: average amount of time to display a page [Fast -transfer rates of 50 kbps or higher, average (28.8 kbps), slow (14.4 kbps dial-up modem)]. 

· Number of visits-hits: reflects how a site rates with reference to the number of unique visits (e.g. Top 100, 1000,10,000).

· Links, information content, graphics, applets, colors, and errors.  

In many situations, a Web-GIS site is evaluated through the number of visitors as a main indicator. For example, TerraServer (http://www.terraserver.com) gets 3 million hits a day, Map-quest (http://www.mapquest.com) claims 8 million visitors per month, and National Geographic's Map Machine site (http://www.mapmachine.com/) claims 10 million requests per month (Hecht, 2000). 

9. UAE Web-based GIS sites ratings
Five web-based GIS sites in the UAE (Table 4) were evaluated based on their adherence to web-GIS standards, content (maps, attribute, aerial photographs, satellite images), performance (speed), interface (graphics, applets, colors), number of visitors, and language support (Table 4). The test had been carried out on PC Pentium III  computer (Memory 128 MB, Hard Disk 15 GB) using Microsoft Internet Explorer version 5.0 under Microsoft Windows 1998. The best-rated site is Dubai Explorer (Table 4). 

10. Mobile Mapping

Mobile mapping deals with the display of maps on mobile devices (Figure 3). Other areas of mobile GIS applications include Automatic Vehicle Location (AVL) system. Mobile devices include mobile phone (e.g. Nokia 9110), pocket computer (e.g. HP Jornada 545), or Personal Digital Assistant (PDA) (e.g. Sony Cassiopeia EM-500). Among these devices, mobile phone telecommunications is one of the most successful technologies of this century. It is a rapidly -developing technology as is evident from the number of subscribers worldwide. It is estimated that by the end of the year 2002, 50 percent of the total workforce will be mobile, and total wireless Internet users will surpass wired users (Koeppel, 2001).

The UAE has the largest number of mobile phone users in the Middle East with an average annual increase of 60 percent (Table 5). The ratio of mobile users to total population has increased from 0.3 percent in 1983 to 35.6 percent in 1999 (Table 5). This may be due to low subscription charges, reduction in price of mobile phones, huge demand for mobiles in business and social works, and high income. Comparing population with Internet access (Table 3) with those who have mobiles (Table 5), it is clear that there is a rapid development in the mobile market. Such development is witnessed in many countries around the globe, for example, in Finland "information society" (Finland, 2000).

The communication revolution has an immense impact on GIS. This is due to the integration of Global Positioning System (GPS), mobile phone, and Wireless Application Protocol (WAP) for Location Business Services (LBS). It is forecasted that by 2003, one billion people worldwide will use a Web-enabled mobile devices (Yankeegroup, 2003). An estimated 80 million of those devices will be equipped with location capabilities (Brikin et al., 1996) (Table 6 and Figure 3). 

A key question in mobile mapping is: how to access geographic-based information (e.g. location of a bank) anywhere and at any time? GPS subsystems, wireless network (cellular technologies), or some hybrid of the two methods can determine a device's location (track human, animal, or fleet). The device then can report the location to a server, and the server can run user queries against a database of "things nearby" or "things ahead on the road," such as restaurants, stores, hotels, and auto services. Automatic Vehicle Location (AVL) system provides fleet-tracking software that integrated with GPS and displays vehicle location and status on a digital map display. For example, all vehicles can be monitored from a server that simultaneously communicates with multiple clients or computer-aided dispatch systems. Safety concerns is addressed by integrating voice-activated technology so drivers can keep their eyes on the road, and not on paper maps or printed directions. Ericsson estimates that by 2003, 25 percent of all cars will be online (http://www.ericsson.com).

10.1 Benefits and problems of mapping with mobile devices

The benefits of using mobile devices for GIS applications include their transportability, compact size, light weight, and low cost. In the past, there is a need for a telephone, notebook computer, radio, video player, camera, and diary. Now all-in-one compact and transportable mobile device. For example, Nokia 9210 communicator mobile phone is equipped with built-in WWW browser, phone, fax, Short Message Services (SMS), capability to view and edit Windows document (word, spreadsheet and Power Point files), video player, and digital camera. The device has a light weight (244 grams) and low cost ($ 600). However, mobile devices have some limitations with respect to GIS applications, for example: 

· Memory size: Graphic data (maps) needs large memory, however, most mobile devices have limited memory (e.g. Nokia 9110 has 16 MB memory).

· Screen size and resolution: Screen size of mobile devices is not suitable for mapping, because maps need large screens for better visualization. For example, Sony Cassiopeia EM-500 has 240x320 screen resolution that is only suitable for Short Message Services (SMS) (Figure 3).

· Battery life: If the objective is mobility then the question of how long the battery operates is becoming crucial. Most batteries nowadays operate for few hours to few days based on usage and type. The trend is promising for an increased lifetime for batteries.

11. Example of mobile mapping in the UAE

Using of mobile mapping is noticed in various sectors in the UAE such as in buildings construction, data collection, and surveying departments. Different mobile mapping software is used such as ArcPad and Onsite. The most common is the ArcPad from ESRI (Table 7).

Two examples that demonstrate the application of mobile mapping in the UAE are in 

Dubai Police Fleet-tracking System and Dubai Municipality's Planning, Surveying, and Roads Sections.

11.1 Dubai Police Fleet-tracking System

The Police Department in Dubai has adopted a fleet and accident tracking system to monitor accidents as well as police officers. The system is based on digital maps and satellite imageries integrated with GPS, tracking software, and a network of video cameras distributed around Dubai. Vehicle locations and status of traffic are transmitted to a Central Operational Room and displayed on a digital map. The advantages of the system are in its efficient and quick response to traffic jam problems, identification of accidents, and generation of a quick route map to aid in emergency. The system also provides a checking for police officers on duty, how? Every police officer’s vehicle is equipped with a GPS receiver that transmits its location (X,Y,Z) every few minutes to the Central Operational Room. In case, for example, a police officer drop to a restaurant and stay for longer time, the position of the vehicle (X,Y,Z) will be displayed as static in the Central Operational Room. The Central Operational Room officer will notify the police officer through telephone that his/her car is in static position (i.e. not patrolling all the time) and the police officer must give justifications for that. The problem associated with system is that sometimes there is mismatching between the vehicle’s location (X,Y,Z) and digital map displayed at the Central Operational Room. This may be due to errors associated with GPS receivers, especially in urban areas where there are a high-rise buildings (blockage of signals and multi-path errors).

11.2 Dubai Municipality's Planning, Surveying, and Roads Sections
Dubai Municipality's Planning and Surveying Section has developed what is called the Dubai Virtual Reference System (DVRS), which works through satellites. At the start of a survey, the GPS receiver (the rover) calculates its position within few meters. A Global Mobile System data module is then used to transfer the user position to the central computer at the master control station. A valid correctional data, which defines the actual user position, will be calculated at the master station and then transferred to the user through GSM. The system helps surveyors, GIS/LIS professionals, engineers, scientists, emergency services, taxi firms, and others to position points at which GPS data have been collected. The system enables positioning accuracies that approach within one to five centimeters, both horizontally and vertically. Many government, academic, commercial and private organizations can benefit from the system.

The Dubai Municipality's Roads Section had selected companies to supply and implement location-based GIS technology for the creation of a Dynamic Integrated Navigation System (DINS) to provide real-time route and traffic information to commuters and travelers (Geoplace, 2003). The solution is based on the IntelliWhere(TM) LocationServer and Intergraph Mapping and Geospatial. The system in addition to the existing Intelligent Transport System (ITS) that uses sensors to monitor traffic on major arterial roads, will help in reducing traffic congestion and accidents.  The DINS will enable subscribers to:


· Receive real-time traffic updates via Short Message Service (SMS).

· Check the current status of traffic intensity via the Internet using a mobile phone, personal digital assistant (PDA) or desktop computer and obtain alternate route suggestions.

· Use an in-car navigation CD for turn-by-turn directions together with real-time traffic updates via the Traffic Message Channel (TMC) and Radio Data System (RDS) transmissions


Conclusion

Technological developments such as Internet, wireless communications, Global Positioning System (GPS), mobile devices and Web-phones are gaining momentum inside the Geographic Information System (GIS) community. The potential for public use of the Internet is vast. With the development of the Web-GIS, the functions of traditional GIS packages and spatial data are made available to anyone, with access to the Internet. Future trend of GIS applications are focusing on integration of GIS with tele-communication (Location Based Services). Such integration have a major impact on diverse fields, for example, tele-working, tele-medicine, and real time traffic data monitoring (video cameras + on line road maps). Providing access to GIS technology and applications in the form of services, allows many users to share expensive and rare resources, bringing the access price down to an affordable level and relieving the users from the need to have the resources locally available. 

Internet users to the total population in the UAE have increased from 0.1 percent in 1995 to 8.4 percent in 2000. On the other hand, the ratio of mobile users to total population has also increased from 0.3 percent in 1983 to 35.6 percent in 1999. The country is moving in the right direction of "Information society, network society". With the GIS applications noticed in various departments in the UAE, the general implication is that there is a great potential for online and mobile GIS.  

                           Table 1: GIS cost break down and benefits allocation.

	        GIS benefits allocation
	     GIS cost break down

	%
	
	%
	

	30
	Labor saving
	51
	Data conversion

	25
	Strategic benefits
	18
	Personnel and training

	20
	Asset value
	15
	Hardware and software

	15
	Growth impact
	10
	Application development

	5
	Update system
	5
	External support

	5
	Other
	1
	Other


                          Source: United Nations, 1997. 

                                    Table 2: Web-based GIS software.

	Web-GIS product
	Company site
	Price ($)

	Autodesk MapGuide

	http://www.autodesk.com

	9,990


	AV Internet Map Server

	http://www.esri.com

	10,500


	Geomedia Web Map

	http://www.intergraph.com

	10,000


	MapXtreme Java

	http://www.mapinfo.com

	24,495



                         Source:  PC Week, 1/4/1999.
                       Table 3: Increase in the number of Internet users in the UAE.
	% annual increase
	% of population with Internet
	Internet : Population
	Internet users
	Population
	Year

	
	0.1
	1:870
	2,503
	2,176,000
	1995

	300
	0.5
	1:222
	10,000
	2,216,000
	1996

	170
	1.2
	1:83
	27,000
	2,254,000
	1997

	146
	2.9
	1:35
	66,500
	2,293,000
	1998

	92
	5.5
	1:18
	128,000
	2,331,000
	1999

	56
	8.4
	1:12
	200,000
	2,369,000
	2000

	153
	Average
	
	
	
	


                Adapted from:

               Etisalat, 1999.

               U.S. Census Bureau, International Data Base.

               http://www.census.gov/cgi-bin/ipc/idbsum


Table 4: Comparison between UAE web-based GIS sites.

	Site*
	Adherence

 to Web-GIS standards
	Content
	Performance
	Interface

(graphics, applets, colors)
	Number 

of visitors


	Language

	1. UAE Interact


	P
	G
	G
	G
	N/A
	English

	2. UAE Locator 


	G
	G
	P
	F
	4800 per month
	English

	3. Dubai Explorer


	VG
	VG
	G
	VG
	N/A
	Arabic

 English



	4. Al Ain Planning Dept.


	P
	P
	VG
	G
	2896 since 2001
	Arabic

 English

	5. Space Imaging ME


	P
	F
	VG
	G
	N/A
	English


    P = Poor, F =  Fair, G = Good, VG = Very Good    N/A = Not Available
*Address of the sites

1. UAE Interact (http://www.uaeinteract.com/maps/et_map.asp)

2. UAE Locator (http://www.uaelocator.com)

3. Dubai Explorer (http://www.exploredubai.ae)

4. Al Ain Planning Department (http://www.alainplanning.gov.ae)

5. Space Imaging Middle East (http://www.spaceimagingME.com)

 Table 5: Mobile phones in the United Arab Emirates.
	% annual 

increase 
	% population with mobiles
	Mobile:

Population
	Number of mobile phones
	Population
	Year

	
	0.3
	1:337
	3,564
	1,201,000
	1983

	71
	0.8
	1:125
	11,191
	1,402,000
	1986

	47
	1.7
	1:59
	26,986
	1,603,000
	1989

	54
	3.4
	1:29
	70,516
	2,049,000
	1992

	27
	5.9
	1:17
	128,000
	2,176,000
	1995

	95
	21.5
	1:5
	492,000
	2,293,000
	1998

	69
	35.6
	1:3
	830,000
	2,331,000
	1999

	61
	Average
	
	
	
	


Adapted from:

Etisalat, 1999.

U.S. Census Bureau, International Data Base.

http://www.census.gov/cgi-bin/ipc/idbsum

    Table 6: GIS products supporting PDA and Pocket PCs (based on Windows CE).


	Web Site
	GIS product supporting PDA and Pocket PCs

	http://www.esri.com
	ArcPad

	http://www.sokkia.nl
	IMAP

	http://www.autodesk.com/onsite
	Onsite

	http://www.penmap.com
	PenMap CE

	http://www.posres.co.uk
	Pocket GIS

	http://www.surveysupplies.co.uk
	Pocket Fast Map

	http://www.tadpolerdi.com
	TadPole-RDI


                      Source: Graham, 2000.

    Table 7: ArcPad licenses in the UAE departments.

	Number of 

ArcPad licenses
	Department

	20
	Abu Dhabi Water & Electricity Authority

	1
	DEWA

	3
	Dubai Municipality

	5
	MAPS Geosystems

	3
	Military Survey Department

	2
	MobileWare

	1
	Nakheel

	1
	Sereniya Environmental Solutions

	1
	SEWA

	37
	Total


                      Source: Haitham, 2003.
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MapInfo MapXtreme 


Source: http://www.mapinfo.com 
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Figure 2: Online Arabic GIS (Dubai Explorer).


Source: http://www.exploredubai.ae 








Figure 3:  Examples of mobile GIS. 





AutoDesk OnSite 


Source: http://www.autodesk.com
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Figure 1: Principles of Web-based GIS.
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