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Abstract 
 
The purpose of this thesis is to describe and analyse some of the possibilities and problems 
associated with the current and future Internet GIS. The term Internet GIS is here defined as 
geographical information (GI) services made available via the Internet. 
 
This thesis is based on studies such as a municipality’s comprehensive plan presented on the 
Internet and uncertainty in analysis result. In these studies it is shown that: 
 
• New citizen categories are reached if plans are presented also via the Internet. 
• New categories of users create an increased demand on presentation methods. E.g. to be 

able to assess uncertainty in an analysis result Monte Carlo simulation can be a useful tool. 
 
The future Internet GIS is dependent of the evolution in many different fields, such as 
component-based program development, distributed systems, new hardware platforms, new 
types of services, standardisation etc. In this thesis some of the basic and emerging Internet 
related technologies are described. Current trends and are pointed out and exemplified. 
Previous studies are described and put into relation from different aspects with the growing 
area of Internet GIS. The terminology b2b (business-to-business), b2c (business-to-consumer) 
and g2c (government-to-citizen) from the e-business area are used to categorise different areas 
of use of Internet GIS. 
 
Among other conclusions that can be drawn in this thesis are for example that the 
development of GIS products in general is changing from having been technology-driven to 
becoming user-driven. Today’s Internet GIS is mostly oriented towards map presentation. The 
future Internet GIS will most probably contain increased functionality, e.g. analysis capabilities. 
New types of mobile hardware platforms will probably create a demand for new types of GI 
services on the Internet, e.g. based on the current location of the user. Internet GIS within all 
the sectors b2b, b2c and g2c will most probably continue to grow in the future. When a wide 
variety of users and their hardware platforms access GI services on the Internet, important 
questions about data quality management, semantic interoperability and perception must be 
asked. 
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Sammanfattning 
 
Syftet med denna avhandling är att beskriva och analysera några av de möjligheter och 
problem relaterat till nuvarande och framtida Internet GIS. Termen Internet GIS definieras 
här som geografiska informationstjänster via Internet. 
 
Avhandlingen baseras bland annat på studier rörande översiktsplaner på Internet och osäkerhet 
i analysresultat. Här visas bland annat att: 
 
• Nya medborgargrupper nås om man väljer att publicera planer även på Internet. 
• Nya användarkategorier ställer ökade krav på presentationsmetoderna. För att exempelvis 

bedöma osäkerhet i analysresultat kan med fördel Monte Carlo simulering användas. 
 
Framtidens Internet GIS är beroende av utvecklingen inom många olika områden, som till 
exempel komponentbaserad programutveckling, distribuerade system, nya 
hårdvaruplattformar, nya typer av tjänster, standardisering etc. I denna avhandling beskrivs 
några av de grundläggande och kommande Internetrelaterade teknikerna. Nuvarande trender 
uppmärksammas och exemplifieras. Tidigare utförda studier beskrivs och sätts ur olika aspekter 
i relation till det växande området Internet GIS. Termer som b2b (business-to-business), b2c 
(business-to-consumer) och g2c (government-to-citizen) från e-handelsområdet används för att 
kategorisera olika användningsområden för Internet GIS. 
 
Bland övriga slutsatser som dras i denna avhandling kan nämnas att utvecklingen av GIS 
programvaror i allmänhet svänger från att ha varit teknikstyrd till att bli användarstyrd. Dagens 
Internet GIS är mestadels orienterat mot kartpresentation. Framtidens Internet GIS kommer 
med stor sannolikhet att innehålla utökad funktionalitet, t ex möjligheter till geografisk analys. 
Nya typer av hårdvaruplattformar kommer troligen att skapa en efterfrågan av nya typer av 
tjänster, t ex tjänster baserade på användarens aktuella position. Internet GIS inom de olika 
områdena b2b, b2c och g2c kommer med stor sannolikhet att fortsätta att växa i framtiden. 
När många olika typer av användare och deras hårdvaruplattformar ges möjlighet att nå 
geografiska informationstjänster på Internet så måste viktiga frågor ställas som rör hantering av 
datakvalitet, semantisk interoperabilitet och perception. 
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1 Introduction 

1.1 Background 
The use of and the need for different kinds of information in today’s world are steadily 
increasing. Nowadays we often assume quick and easy access to a wide range of information. 
Information has become an essential part of our daily lives, much like we have come to 
depend on the availability of other infrastructures in society such as for example water and 
electricity. The information however must be useful (of sufficient quality, reliable and up-to-
date etc) and supplied in such a way that we easily can find and access the information. Already 
today there exists a large amount of useful information and there is a need to find efficient 
ways of handling and distributing information so that the users of it do not “drown” while 
trying to use it. 
 
New demands on how information is made available and handled are some of the reasons for 
the growth and continual development of supplying information via networks such as the 
Internet. A growing number of private persons and organisations depend on information and a 
variety of services available on the Internet. Networks have become a fundamental part of 
today’s information flows. 
 
It is a fact that in most types of information there is a geographic component. It has been 
estimated that about 75 percent of all data handled within a municipal administration and 
county administrative board has a geographic element, such as an address or a geographic co-
ordinate (Svenska kommunförbundet et. al, 1997). The use of geographic references has 
shown to be one effective way of handling the growing amount of information in our society. 
However, the use of geographic references in turn creates demands on the handling and the 
presentation of geographical data, e.g. to ensure interoperability and to avoid semantic 
problems. 
 
The demands on availability of information and easy accessibility have created a need for 
flexible information flows. As already mentioned the Internet has played an important role in 
this. The needed flexibility in providing and presenting information has in turn created a need 
for faster application development, partly due to increasingly short-lived applications. The 
need for faster application development has forced the evolution of tools and theories in 
application development. In the beginning application development was the same as building 
monolithic systems from scratch. The ideas of structuring and reusing programming code in 
similar applications have during the years moved from the invention of subroutines, the use of 
program modules and object oriented programming towards component-based program 
development. This new approach gives the possibility for interoperability between different 
hardware, software and database resources on the Internet, making so-called distributed 
computing possible. 

1.2 Aim and purpose 
The purpose of this thesis is to describe and analyse some of the possibilities and problems 
associated with the current and future Internet GIS. The term Internet GIS is here defined as 
geographical information (GI) services made available via the Internet. 
 
To achieve a common knowledgebase for the readers before entering the discussions in 
chapter 5, the fundamental technologies that the Internet is based on are described in chapter 
2. Internet GIS and closely related concepts are defined and the current Internet GIS status is 
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described in chapter 3. The use of GI in Internet related technologies are exemplified and 
categorised according to a business model in chapter 4. 
 
The goal of this thesis is to enable the readers to assess the possibilities and problems of new 
emerging Internet related technologies and understand questions like: 
 
• What are the current trends in basic and emerging technologies (such as e.g. software 

engineering) that may help us in solving problems and to develop new types of Internet 
GIS? 

• Which new types of Internet GIS can we anticipate in the future? 
• Which GI related research questions have to be solved? 

1.3 Delimitations 
In chapter 2 (basic and emerging technologies) only the most common network protocols used 
on the Internet, TCP/IP, is described and compared to the international standard OSI model 
for protocol layering in network communication. 
 
Internet GIS has a broad area of use and emphasis has been put in describing many different 
techniques and aspects related to Internet GIS rather than concentrating on a single technique 
or aspect. 
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2 Basic and emerging technologies 
The purpose of this chapter is to describe some of the technologies that the Internet is based 
on. 
 
It is important to understand that the Internet as we know it today is a result of developments 
in many different technologies. Comer (1995) describes the development of Internet 
technology in three stages: 
 
• The development of signal processing before the 1960s that made it possible to send data 

digitally as bits. 
• The development of packet switching technologies and local area networks around mid 

1960s. 
• From approximately mid 1970s the emphasis centred on network architecture, protocol-

layering models, data transport services and the client-server interaction paradigm. 
 
Analogue data is continuous while digital data is discrete, see figure 1. Analogue data can 
embrace unlimited and continuous values. Binary digital data used by computers can only 
represent the numbers 0 and 1, also called bits. 
 
 
 
 
 
 
 
 

Figure 1 Example of analogue and digital data representation. 

 
To avoid some of the problems that can occur when sending data digitally over networks, data 
is grouped in so called packets and sent via stations in the computer network along the best 
route available between the sender and the receiver. This way of sending data in a network is 
known as packet switching. 
 
In the beginning of using networks to communicate information it was important that 
everyone used the same network technology and network protocols. Also their applications, 
e.g. mailing systems, had to use the same application protocols to be able to communicate with 
each other. If someone wanted to use an improved network or application protocol, everyone 
involved in the communication process would have had to change to the new protocol. A 
solution to this problem was the new approach in the beginning of the 1970s to define and 
develop a layered set of protocols so that applications could communicate with each other 
regardless of the underlying network technology and operating systems where those 
applications are run. This also made it easier to use hardware and software from different 
vendors. There is a standard describing a layered network communication called the Open 
Systems Interconnection (OSI) model developed by the International Organization for 
Standardization (ISO). However the OSI model is for different reasons not always rigorously 
followed in every existing layered network protocol stack, e.g. TCP/IP. 
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2.1 Networks 
Networks are the foundation for interactions on the Internet. A computer network may be 
defined as a group of computers and other devices connected together (Microsoft, 1997). The 
Internet can be described as a global collection of individual networks owned by public and 
private organisations. Intranets are private networks for internal use in an organisation. 
Intranets use Internet technology but are protected by a firewall and is accessible only to 
people who are members of the organisation. Extranets are expanded Intranets that are 
partially accessible to authorised outsiders, e.g. business partners (Webopedia, 2000). 
 
Communication between different computers and other devices via a network is a complex 
operation. Many different problems can appear that have to be solved, e.g.: 
 
• The network resources must be shared between many computers, i.e. how is it possible to 

send data via the network and avoid data collisions? 
• What happens if the data that has been sent never reaches the destination, e.g. due to 

electrical disturbances in the network or even a broken network? 
• What happens if the receiving computer on the network is not ready to receive data or not 

even started? 
 
Different protocols for network communication have been developed to solve these types of 
problems. The goal of network protocols is interoperability, i.e. the ability of programs on 
different computers and network systems to communicate reliably and efficiently. 

2.2 Communication protocols on the Internet 
A protocol can be described as an agreement on how communication is going to be 
performed, a sort of language that makes communication possible. There are many different 
protocols involved in different levels in communication via the Internet. The devices used to 
exchange data on the network determine the protocols used. There are protocols for low level 
communication between modems, e.g. V.90, other higher protocols for file transfer between 
computers, FTP, etc. Several protocols that work together are called a protocol stack. TCP/IP 
is an example of a protocol stack. 

2.3 The OSI model 
The International Organization for Standardization (ISO) has decided a set of specifications 
that describes an architecture for connecting different devices (ISO, 2000). These specifications 
are called the OSI (Open Systems Interconnection) model. The OSI model is a guideline for 
creating communication protocols. It provides a description of how network hardware and 
software work together in a layered solution. The advantage with the layer architecture is that 
each layer has limited responsibilities and that each layer only communicates with adjacent 
layers. For each layer a set of functions are defined and it is decided how communication is to 
be done between the layers. This solution with separated layers allows replacement of devices 
in one layer without affecting devices in other layers. 
 
The OSI model is a hierarchical division of communication functions into seven different 
layers, se table 1. 
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Table 1 The seven layers in the OSI model. 

 
7. Application layer 
Programs that use network resources, such as file transfer, database 
access and e-mail, are found in this layer. 
6. Presentation layer 
In this layer formatting of data, data compression and encryption is 
done. 
5. Session layer 
The session layer establishes and maintains data communication 
sessions between a sending and receiving computer. 
4. Transport layer 
The transport layer provides a reliable or an unreliable delivery of data 
between sending and receiving computer. 
3. Network layer 
This layer handles delivery of packets containing data and routes the 
packets in the network. 
2. Data Link layer 
This layer packages bits from the physical layer into packets and also 
performs error checking. 
1. Physical layer 
Transmission of bits over the network cable (or other medium) is 
handled in this layer. 

 
The layers 7-4 are not dependent of the type of network being used. These layers only 
manage higher-level assignments in the communication, e.g. managing whole files. Layers that 
handle basic assignments as sending electrical signals on to the network cable is said to be lower 
level layers (Microsoft, 1997), se figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 The seven layers in the OSI model. 

 
Before data is passed from one layer to another layer it is broken down into small separate 
pieces of data, generally called packets. A packet is a unit of data transmitted as a whole from 
one device to another on a network. The size of the packet depends on the network being 
used. At each layer the protocols add some additional information to the packet, which is 
needed to transmit the packet across the network. At the receiving computer the packet passes 
through layers in the reverse order. Protocols at each layer reads the information on the 
packet, strips it away and passes the packet up to the next layer. All packets have the basic 
components: source and destination address, instructions, data and error checking information. 
Each packet has three sections, see figure 3 (Microsoft, 1997): 
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• A header, which contains an alert signal, clock information, source and destination address. 
• The actual data that is to be sent over the network. 
• A trailer that contains an error-checking component. 
 
 
 
 
 
 
 
 

Figure 3 The content of a data packet sent over a network. 

2.4 The TCP/IP protocol 
TCP/IP is an acronym for Transmission Control Protocol and Internet Protocol and defines 
how data is structured and sent between different devices on the Internet. The name TCP/IP 
is a bit confusing because it is in fact a set of protocols that work together, a protocol stack, 
named after the two most important protocols in the stack, namely TCP and IP. 
 
The TCP/IP protocol stack has evolved over a period of approximately 30 years and is 
constantly evolving to meet changing requirements. New protocols are being added and 
existing changed. TCP/IP is an open standard, i.e. no organisation owns the rights for the 
protocols instead they are free to use. Improvements of old TCP/IP protocols and suggestion 
for new ones are done through the so-called RFC documents. RFC (Request for Comments) 
is the name of the documentation containing descriptions and explanations to the TCP/IP 
protocols (preliminary versions of RFC are called Internet drafts). RFC documents can be 
short or long, cover broad concepts or details, be a standard or only proposals for new 
protocols. The RFC documents are numbered sequentially. A lower number of a RFC 
document means an early document (Comer, 1995). The RFC documents are available to 
download from different locations on the Internet. The availability of information about the 
TCP/IP protocols has had much to do with their current widespread use and development. 
Information about the standardising process of TCP/IP can be read in RFC document 
RFC1602. 
 
As mentioned earlier the TCP/IP protocol does not rigorously follow the OSI model in all 
details. TCP/IP is not intended to ignore the international standard. The development of the 
protocols has some times evolved differently because the existing standard did not satisfy the 
needs. A comparison between the OSI 7-layer reference model and the TCP/IP 5-layer 
model can be seen in figure 4. 

 
Header 

Data 

Trailer 
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Figure 4 Comparison between the OSI model and the TCP/IP protocol model. 

 
The data that are passed through the TCP/IP stack is sometimes called differently depending 
on between what layers data are passed. The data is called messages between the application and 
transport layer, packets between the transport and network layer, datagrams between the 
network and the link layer, frames between the link layer and onto the physical network, see 
figure 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 Message, packet, datagram, frame in TCP/IP (Comer, 1995). 

2.4.1 The application layer in the TCP/IP stack 
Programs that use TCP/IP to communicate directly accesses protocols in the application layer. 
Examples of programs using protocols in the application layer are e-mail programs, web 
browsers, and file transfer programs. Some of the protocols found in the application layer are 
SMTP and POP for e-mail, FTP for file transfer, Telnet for remote login on other computers 
and HTTP for retrieving material from the WWW. 

2.4.2 The transport layer in the TCP/IP stack 
The transport layer moves data between programs on the same computer or between 
programs on different computers. The transport layer protocols are TCP (Transmission 
Control Protocol) and UDP (User Datagram Protocol). 
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TCP provides a connection-oriented service that makes it possible to create and maintain a 
connection to a remote computer. UDP provides a connectionless service, i.e. UDP do not 
establish a connection. TCP provides a reliable data flow transmissions. If some part of the data 
is disappeared on the way the TCP protocol will send the missing data again. UDP provides an 
unreliable data packet transmissions. Applications using UDP have to provide their own end-
to-end flow control, i.e. in the application layer. Usually UDP is used by applications that 
need a fast transport mechanism. 
 
To separate different programs on the same computer that are using the TCP/IP protocol the 
transport layer uses different port numbers. The port number is chosen differently depending 
on whether the program is a client or server process. 

2.4.3 The network layer in the TCP/IP stack 
The network layer is also called the internet layer or the internetwork layer. In order for many 
computers to transmit data effectively and simultaneously via a network, data is handled in 
pieces called datagrams. The network layer works only with datagrams of a limited size and 
one at a time, an e-mail might consist of hundreds of datagrams. The network layer shields the 
higher layers from the physical network architecture below it. 
 
The most important protocol in the network layer is IP (Internet Protocol). IP is used for 
moving data in the network and provides a routing function that ensures that data will be 
correctly delivered to their destinations. 
 
Other important protocols in the network layer are the ICMP (Internet Control Message 
Protocol) for handling control messages, ARP (Address Resolution Protocol) and RARP 
(Reverse Address Resolution Protocol) to convert IP addresses to hardware addresses (often 
Ethernet addresses) and vice versa. 

2.4.4 The link layer in the TCP/IP stack 
The link layer is also called the data-link layer or network interface layer. The link layer is the 
lowest layer in the TCP/IP hierarchy and the interface to the actual network hardware. The 
link layer is responsible for the physical transportation of data over the network. Here we find 
for example the network card, the part of the computer that sends electrical signals onto the 
network cable and the network card’s driver. A driver is the only program that communicates 
directly with the hardware. All communication must pass the driver and this prevents from 
problem like two programs trying to communicate with the hardware at the same time. 
 
The type of network that is being used decides the protocols used in the link layer. The 
Ethernet network is the most common type of network when dealing with TCP/IP networks. 
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Figure 6 shows examples of protocols found in the TCP/IP protocol stack. 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 Different protocols in the TCP/IP protocol stack. 

2.5 Different hardware devices on the Internet 
In a larger network and with many connected networks there is a need to enhance the signals 
that are used to send data and to limit the data traffic on the individual networks. 
Interconnecting the networks at different layer levels with different hardware devices is a way 
of solving these problems. 
 
A repeater is a hardware device that copies and amplifies electrical signals from one cable to 
another, se figure 7. The repeater makes it possible for the signal to travel longer distances and 
still be correctly received. A repeater uses protocols found in the physical layer in the OSI 
model. 
 
 
 
 
 
 

Figure 7 Repeaters connects cables and amplifies the signal (Microsoft, 1997). 

 
A bridge interconnects smaller networks at the data link layer of the OSI model. The bridge 
replicates packets and forwards them to the next network. Bridges can be used to bridge over 
geographical distances and to reduce the load of a network by dividing it into two parts, so 
called filtrating bridges. An advantage of a bridge compared to a repeater is that the bridge 
does not transfer electrical noise as it replicates the content of the data packets and not the 
actual signal. 
 
Routers have the same function as bridges but are more advanced. A router interconnects 
networks at the network layer in the OSI model and route packets between them. Routers are 
able to select the best transmission paths and optimal packet sizes. A basic routing function is 
implemented in the IP protocol, but dedicated routers may provide more sophisticated routing 
functions (Comer, 1995). A router has as many IP addresses as the number of networks that it 
is connected to. The protocol ICMP in the network layer is used to optimise which router the 
user’s computer should use. If the network on the other side of the router cannot handle data 
packets as large as the source computer sends, then the router compensates this by breaking the 
data into smaller packets. 
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A gateway interconnects networks at higher layers than bridges or routers. A gateway is usually 
used to connect networks that are logically and/or physically different. The gateway takes the 
packet from the sending network, breaks down the packet and repackages it based on the 
protocol stack that are used in the receiving network. There are different types of gateways but 
usually they perform protocol conversion all the way up to the application layer of the OSI 
model (Microsoft, 1997). 
 
Figure 8 shows in what OSI layers different hardware devices operate. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8 Repeater, bridge, router and the layers in the OSI model that they use 
(Microsoft, 1997). 

2.6 Different types of Internet addresses 
There are many different types of addresses used on the Internet. Some of these addresses are: 
 
• Ethernet addresses to identify network cards. 
• IP addresses and host names to identify hosts on the Internet. 
• E-mail addresses to identify electronic mailboxes. 
• URL addresses to identify resources on the Internet and Intranets. 
 
Ethernet is a network solution that most TCP/IP networks are based on. Every network card 
in an Ethernet network has a unique Ethernet address, given when manufactured. Most users 
never see or have to know their Ethernet address. An Ethernet address consists of 48 data bits. 
 
The IP address is better known than the Ethernet addresses among the users. IP addresses are 
used to identify different hosts connected to a TCP/IP network. An IP address consists of a 
network portion and a host portion, this system makes routing on the Internet efficient. Only 
Ethernet networks use Ethernet addresses and without the common TCP/IP addressing system 
communication with other kinds of networks such as Token Ring, etc would not be possible. 
 
The IP addresses consist of 32 data bits, zeros and ones. Usually this address is presented as 
groups of 4 with each 8 bits of data (8 bits are also called 1 byte) and expressed as integers with 
the base 10. This gives the possibility to create 256 different numbers (0-255). As an example 
a group of 8 bits 00000101 in binary format is expressed as 5 in decimal format. 
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An example of an IP address expressed in this way is 130.240.5.111, see figure 9. 
 
 
 
 
 

Figure 9 A 32 bit IP address written as four decimal integers. 

 
It is easier for people to remember names than numbers and therefore an additional system 
with host names is used in the application layer to complement the IP addresses. With this 
system the numbers in the IP address 130.240.5.111 can be substituted with the host name 
gitpc2.sb.luth.se. The network layer in the TCP/IP stack only understands IP addresses, so 
host names must be translated to the corresponding IP address. This is done with the help of 
DNS (Domain Name Service) servers on the Internet. The DNS servers contain databases of 
host names and their corresponding IP addresses (FitzGerald et al., 1999). Finally to be able to 
actually send data to the right host the data link layer address, e.g. the Ethernet address in an 
Ethernet network, must be used. 
 
The IP address consists of a network number, also called net id, and a computer number, also 
called host id, see figure 10. Routers connecting networks use the network number to decide 
which network the packets are going to be sent to. Computers within the network use the 
computer number to decide which packets on the network that belongs to them. 
 
 
 
 
 
 

Figure 10 An example of a network IP address. 

 
The e-mail address consists of a username and a domain name, separated by the @-sign 
(pronounced at). This type of e-mail address is called a SMTP address. The structure and an 
example of an e-mail address can be seen in figure 11. SMTP is an acronym for Simple Mail 
Transfer Protocol and is used for sending e-mail. There are other protocols used for receiving 
e-mail, e.g. POP (Post Office Protocol) or IMAP (Internet Message Access Protocol). On 
Intranets other kinds of e-mail protocols can be found. 
 
 
 
 
 

Figure 11 Structure of an e-mail address used on the Internet and an example. 
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Another address is the URL (Uniform Resource Locator) that is used to find different kinds of 
resources on the Internet. The URL address can be used to retrieve information stored in web 
pages on a web server, files on an ftp server etc. The general structure of an URL address and 
examples can be seen in figure 12. 
 
 
 
 
 
 

Figure 12 Structure of an URL address and examples based on the HTTP and FTP 
protocol. 

2.7 Different types of network hierarchies 
Networks can be divided into different groups based on the: 
 
• Owner of the network. 
• Geographic extension of the network. 
• Network topology (the networks logical structure). 
• Network protocol used. 
• Size of the network considering the number of connected computers. 
• Type of data transfer (communication) in the network. 
• Underlying data transfer medium in the network. 
 
The owner of the network can either be a private or a public organisation. Internet consists of 
both private and public networks. 
 
There are three common hierarchical divisions used according to geographical extension of the 
network: 
 
• LAN -     Local Area Network. 
• MAN -     Metropolitan Area Network. 
• WAN -     Wide Area Network. 
 
LANs are local networks used for example in an office. MANs are used within a larger city. 
WANs are larger networks that spans larger distances, e.g. between cities and connecting 
MANs. PAN (Personal Area Network) is a fourth network concept that is a bit of a curiosity. 
PAN uses the natural electrical conductivity of the human body to transmit electronic data 
between individuals. This technology can be used for example to exchange an electronic 
business card during a handshake (IBM, 2000). 
 
The networks logical structure can be designed differently. Four main topology types exist: 
bus-, star-, ring- and mesh-based topology (Hedemalm, 1998 and FitzGerald et al., 1999). The 
type of network topology is dependent of the network protocol being used. The most 
common LAN protocols used today are Ethernets. The most common Ethernet protocol uses 
bus topology but there are also Ethernet protocols based on star topology. Token Ring 
protocols uses networks with ring or star topology. Mesh-based topology is used for networks 
that span larger geographical distances. There are also network topologies that are 
combinations of the basic topologies in figure 13, e.g. star bus and star ring network topology.
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Figure 13 Different types of network topologies. 

 
There are five classes of Internet addresses. The use of the first three classes A, B and C is a 
way of categorising the size of networks, i.e. it refers to the number of computers that can be 
connected to a particular network. The number of computer addresses available on the 
different network classes is decided by the structure of the Internet addresses. A class A 
network is a very large computer network where almost 17 million (224) computers can have 
their own network addresses. A class B network is a large network with approximately 65 000 
(218) computer addresses. A class C network is a smaller network with almost 250 (28) 
computer addresses. 
 
Figure 14 shows the structure of a class C network. The first three numbers in the IP address 
can be in the interval of 192-223 in a class C network. The first 2 of the 32 bits are always 1 1 
for a class C network. 
 
 
 
 
 
 
 
 

Figure 14 A class C network. 

 

 

Bus-based  
topology 

Mesh-based 
topology 

Ring-based 
topology 

Star-based 
topology 

 

 

22 bits 

N e t w o r k   n u m b e r Computer number 

8 bits 

1 1 

8 bits 8 bits 
 

8 bits 
 

8 bits 
 

28 = 256 computer 
addresses possible on 
a class C network  



 

 14

In a class B network the first three numbers in the IP address can be in the interval of 128-
191, see figure 15. The first 2 bits of the 32 in the IP address are always 1 0 in a class B 
network. 
 
 
 
 
 
 
 
 

Figure 15 A class B network. 

 
In a class A network the first three numbers in the IP address can be in the interval of 0-126, 
see figure 16. The first bit of the 32 in the IP address is always 0 in a class A network. 
 
 
 
 
 
 
 
 

Figure 16 A class A network. 

 
Luleå University of Technology’s DNS server has for example the IP address 130.240.19.2 
and hence it belongs to the large class B network. 
 
Not all possible addresses can be found in the different classes A, B and C. There are other 
classes called D and E and other reserved addresses that are used for special purposes, often to 
achieve efficiency of different aspects in a network. For example the address 127.0.0.0 (also 
called local host address) is reserved to test TCP/IP locally on a computer. Some addresses in 
the A, B and C classes are also reserved for special purposes. A computer number with all 0 is 
never given to an individual host, instead it is used to refer to an entire network. The 
computer number with all 1 is used to send data to all hosts in a network at the same time. 
This address is also called a directed broadcast address. Comer (1995) is a good starting point to 
read more about different types of uses of IP addresses. Figure 17 shows the possible addresses 
in the three network class categories A, B and C. 
 
 
 
 
 
 

Figure 17 Addresses in different types of networks (Comer, 1995). 
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(circuit) between two points. A telephone systems network is an example of a circuit-switched 
network. In a packet-switched network, usually used by computers, the traffic on the network 
consists of small pieces of data that are generally called packets. Circuit-switched 
communication is said to be connection-oriented while packet-switched communication is 
said to be connectionless (Comer, 1995). 
 
The underlying data transmission medium can be either based on electricity or light waves in 
cables, radio waves or light waves in the air. 

2.8 Distributed computing through software components 
The early computer programs were constructed as isolated stand-alone systems, sometimes 
referred to as monolithic systems, containing all necessary capabilities for presentation, data 
processing and data retrieving. The successor to the monolithic system became the client-
server approach. Today there is a new paradigm shift happening from the traditional client-
server technology towards so-called multi-tier distributed applications. 
 
The computer on the network that is called client or server depends on which computer that 
takes the initiative to transfer information. Clients are requesters of some service and servers 
are suppliers of some service. The traditional client-server applications often use a “fat” client 
with data processing and presentation capabilities, e.g. a web browser, and a server function to 
store and retrieve data, e.g. a web server. In the multi-tier distributed applications there could 
be a “user-tier” with a GUI (Graphical User Interface) communicating with a “middle-tier” 
for processing and retrieving data from a “server-tier” containing a DBMS (DataBase 
Management System) and databases. A multi-tier application can be a distributed application 
with different tiers (more than three) running on different computers. See figure 18 for an 
overview of the evolution of constructing computer programs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 18 A monolithic system, client-server system and a multi-tier distributed system. 
 
So what has driven this evolution in programming applications? Three important factors in an 
application development are flexibility, speed, and quality (Hartman, 1997). Rapid change in 
today’s information management has lead to increasingly short-lived applications. Due to the 
demands on flexibility in the information management and constant development of enhanced 
and new applications to handle the information there is a need for a faster application 
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development. It is also important to ensure a high quality and reliability when developing 
applications. This need for flexibility, speed and quality has forced the evolution of 
programming theories and tools. In the beginning application development was the same as 
building monolithic applications from scratch. At that time it was difficult to reuse previously 
developed programming code and thus large and complicated applications took a long time to 
develop. The ideas of structuring and reusing programming code in similar applications have 
during the years moved from the invention of subroutines, program modules and the object-
oriented model towards component-based program development. 
 
The object-oriented model for program development was an important step towards the goals 
of flexibility, speed and quality, because it enabled: 
 
• Reuse of existing programming code. 
• Faster program development. 
• Less expensive program development. 
• Reduced complexity in the program development. 
• Higher quality and reliability in developed programs. 
 
The object-oriented model still has some serious limitations. The traditional objects are bound 
to their specified environment such as programming language, compiler, operating system, 
hardware and sometimes the vendor of the objects. 
 
An extension from the traditional object is the component or also called “distributed object”, 
“software component”, or “componentware” (Hartman, 1997). The difference between an 
object and a component is that the component is independent of software and hardware and 
can therefore be easily exchanged with for example a component from other component 
vendor or even be distributed on different computers. To become a component the object is 
expanded with a so-called object bus, see figure 19, that supplies two important things, an 
interface and an infrastructure to the object. The interface tells the user of the object, i.e. the 
programmer or other components, what the object is capable of and how one asks the object 
to perform actions. The infrastructure supplies the programmer or other component with 
means to communicate with objects/components located on the same or on different 
computers. 
 
 
 
Figure 19 Object + object bus = component. 
 
The object buses enhance the objects through interfaces and infrastructure. This may create an 
illusion that all components on the network act as if they were located on the same computer. 
It makes it possible to talk to any resource on the network without worrying about the 
underlying protocol stacks or transport medium. The object bus acts as a request broker 
between objects, it helps objects to establish and carry out communication between each 
other. Object buses are designed so that the objects can be used in different environments such 
as programming language, operating system, and hardware and create independence of vendor. 
An object bus is also known as an ORB (Object Request Broker) or a “middleware” or an 
“enabling technology”. 
 
Instead of having all the necessary components for an application located at the same computer 
they could be distributed on different computers. Components, networks and the Internet 
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have made so-called distributed computing possible. Today there are no single existing 
standard for how components should communicate with distributed components in different 
environments, but there are competing proposals of how this should be done. There are today 
at least four different and competing object buses to achieve distributed computing (Buehler 
et. al, 1998): 
 
• COM (Common Object Model) and DCOM (Distributed Common Object Model) from 

Microsoft. 
• CORBA (Common Object Request Broker Architecture) from OMG (Object 

Management Group). 
• Java’s RMI (Remote Method Invocation) from Sun Microsystem’s JavaSoft division. 
• DCE (Distributed Computing Environment) from OSF (Open Software Foundation). 
 
COM, DCOM and CORBA are the two dominant models for creating components today. 
(D)COM and CORBA are specifications for an object bus/ORB. COM gives the 
infrastructure between components on the same computer while DCOM gives the 
infrastructure between components that can be distributed on different computers. COM and 
DCOM can only be used to communicate with components in a Microsoft environment. 
Microsoft’s ActiveX control is an example of a component based on (D)COM. 
 
CORBA is independent of platform for the components. Compared to COM CORBA does 
not specify how the objects should work only how they should interact with each other. 
 
Java has its own ORB called RMI. RMI is used for Java-to-Java communication. If RMI is to 
be used with remote objects developed in another language than Java then it has to be done 
through a Java extension located at the remote object. Sun’s JavaBean is an example of a 
component based on RMI. 
 
ActiveX controls can be developed in any programming languages but only be executed on a 
Windows platform. JavaBeans can be developed only in Java but can run on any platform. 
 
DCE is a technology that has existed since the beginning of the 1990s and is a bit older than 
CORBA. Unlike CORBA DCE was not developed based on the object-oriented model. 
 
Together with the object bus (based on for example CORBA, DCOM, RMI or DCE) the 
object becomes a component that other components can communicate with, see figure 20. 
This creates a way of sharing resources also distributed on the Internet. There are so called 
inter-ORBs that create interoperability between ORBs from different vendors, e.g. a DCE-
CORBA bridge (Borland, 2000). 
 
 
 
 
 
 
 
 
 
 
Figure 20 Component = Object + Object bus (ORB). 
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2.9 Geographical positioning services 
Geographical positioning services for different areas of use are a growing market. Analysts 
forecast that the global market for positioning services will exceed 10 billions Euro before 
2005 (GEOEurope, 2000). 
 
There are many factors that drive the development of the today’s and the future positioning 
services. Some of them are: 
 
• Demand for new types of information services that are based on geographic position. 
• The need for different companies to cut costs and to become more effective. 
• Improved customer satisfaction in various services. 
 
Positioning services can be use in different areas such as: 
 
• Personal services. 
• Public transports. 
• Transport of goods. 
 
Positioning services can be applied for individual persons, cars, buses, trains, boats, planes etc. 
Personal services that will have benefit of geographic positioning are for example services for 
people who need to know where they are at the moment and where to go to reach certain 
services such as the nearest petrol station. Many other areas of use for personal services can be 
thought of, e.g. the possibility to track lost Alzheimer patients or parents keeping track of their 
children. 
 
Public transports such as city buses, trains, subways etc can use geographic positioning to 
present the current position and estimate arrival times. Information of this kind may help to 
increase safety, reliability, service and satisfaction of public transports and in that way increase 
the number of users of public transports. 
 
Positioning of goods offer a number of new services for the transport company and their 
customers. A transport company can achieve a higher control of the goods, offer information 
to the customers and increase the safety for the driver and the customer. Through logistics and 
geographic positioning reduced delivery times, improved economy in transports can be 
achieved. 
 
Positioning of people and vehicles can be done in different ways. The two increasingly 
common ways of positioning are through GPS (Global Positioning System) and mobile phone 
systems. The first of May 2000 the US Military removed the selective availability on the GPS. 
This means that, depending on the GPS receiver and other factors, the accuracy in the 
positioning is now better than 20 meters in 95% of the calculated positions. The infrastructure 
of mobile phone base stations that transmits and receives signals from the mobile phones makes 
it possible to position individual mobile phones. The accuracy in positioning mobile phones 
depends on factors such as the closeness between the base stations, the functionality of the base 
station and the used mobile phone system (GSM, UMTS etc). For GSM the accuracy is about 
35 km down to 75 meters and for the future UMTS system the accuracy may be as high as 5 
meters (GEOEurope, 2000). 
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2.10 New emerging Internet related technologies 
The development of the Internet and the convergence of telecommunication and data 
communication have lead to the possibilities for many new types of applications. Technologies 
such as GSM and its coming successors GPRS and UMTS, Bluetooth, WAP, XML etc creates 
possibilities such as a mobile Internet, i.e. to access information and services on the Internet 
from various locations and under various circumstances. 

2.10.1 XML (eXtensible Markup Language) 
XML (eXtensible Markup Language) is a so-called meta-language, a set of rules used to create 
document-formatting languages for different application areas (W3C, 2000). Examples of 
application oriented description languages based on XML are WML (Wireless Markup 
Language) for WAP services, GML (Geography Markup Language) for handling geographical 
data for both geometry and attributes. 
 
XML in turn is a subset of SGML (Standard Generalized Markup Language). SGML is the 
parent language to both HTML (HyperText Markup Language) used on the WWW and 
XML. SGML, HTML, XML etc all use so called tags to describe how the contents of a 
document should be interpreted and presented. Figure 21 shows an overview of how some of 
the different description languages relate to each other. 
 
 
 
 
 
 
 
 
 
 
 
Figure 21 The relations between different markup languages used on the Internet. 
 
The reason why SGML itself is not used on the Internet is that SGML is a complex language 
and was developed before the actual breakthrough of the Internet. 

2.10.2 WAP (Wireless Application Protocol) 
WAP (Wireless Application Protocol) is a protocol that enables wireless (mobile) systems to 
access documents written in the document-formatting language WML (Wireless Markup 
Language) published on the Internet. Examples of wireless systems are cellular phones, pagers, 
hand held PDAs (Personal Digital Assistants) etc. To be able to present the documents the 
WAP device must have a so-called WML micro browser to interpret and present WML, just 
like there is a need for a web browser to interpret and present HTML and other data formats. 
WMLScript can be used to extend the functionality of the WML documents. WMLScript is a 
client side micro browser script that has similarities to JavaScript used by web browsers. 
WMLScript is adjusted to the WAP environment and has limited capabilities compared to 
JavaScript (Hillborg, 1999 and WAP Forum, 2000). 
 
WML documents are also called decks. Each deck contains one or more cards. Each deck 
begins with the tag <wml> and each card begins with the tag <card>. The tag <card> in 
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WML is similar to the tag <a name> in HTML that defines an anchor so that a link can point 
to a place in the same document/deck or in another document/deck. 
 
WML follows the rules set by XML and is thereby an application of XML. WAP is based on 
existing Internet protocol standards but have optimised them to work better under the 
constraints of the wireless environment. Via the Internet service provider (ISP) the WAP 
device is given a temporary IP address during each session connected to the Internet (WAP 
Forum, 2000). The procedure is similar to the use of a modem and an ISP to access 
information on the WWW. WAP Forum is the international organisation for development of 
the WAP technology. 

2.10.3 Multicasting 
Multicast, broadcast and unicast are different ways of transmitting information on a network. 
Not all networks support the different methods of transmitting information. Multicast is a 
relatively new method to transport data over a network to many receivers at the same time. 
One way of explaining the multicast method is by comparing the different transmitting 
methods multicast, broadcast and unicast. The black dots in the figures 22 to 24 represent 
hardware devices in a network (routers etc). 
 

The broadcast method, figure 22, means that 
data is transmitted to everyone in the 
network. This is effective from the 
transmitter’s viewpoint as the data is only 
transmitted once. Looking at the use of the 
network this method is ineffective, because 
data is transmitted in the whole network even 
where there are no receivers. In other words 
it uses network resources inefficiently and 
may cause network overload. 
 
 
 
 
 

 
Figure 22 The broadcast method. 
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Often there is a wish to transfer information 
between selected points in a network and in 
this case the unicast method is useful. The 
unicast method for data transfer works fine for 
one or a limited number of receivers in the 
network but is ineffective when there are 
many receivers. For each new receiver the 
transmitter has to send a new set of the data 
on to the network. This can cause overload 
and delays in the network. Figure 23 shows 
the unicast principle: three copies of the same 
data D has to be sent from the transmitter to 
the three receivers #1, #2 and #3. This is the 
most common method to transfer information 
in a network. 
 
 

 
The multicast method combines the benefits 
from the broadcast and the unicast methods. 
At a given time only one copy of the data is 
sent from the transmitter and reaches only the 
specified receivers #1, #2 and #3. This 
method saves data space on the network. 
Figure 24 shows the multicast principle: one 
copy of the data D is sent to the tree receivers 
#1, #2 and #3. 
 
 
 
 
 
 

 
Figure 24 The multicast method. 
 
Those computers that want to participate in a multicast-session have to send a message to the 
sending computer or devices handling routing of multicast messages on the network. Each 
multicast group is given a temporary and unique multicast address, a class D IP address, see 
figure 25. The sending computer and other devices along the way uses the TCP/IP protocol 
IGMP (Internet Group Management Control) in the network layer to route the multicast 
packets to the computers that have joined that particular multicast group. Not all types of 
networks can handle the multicast method for transferring data. (FitzGerald et al., 1999). 
 
 
 
 

Figure 25 The class D IP address that is used for multicast sessions (Comer, 1995). 
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Figure 23 The unicast method. 
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2.10.4 ASP (Application Service Provider) 
An Application Service Provider (ASP) provides and manages services to organisations and 
private persons via the Internet. ASPs may be commercial or not-for-profit companies or 
government organizations. ASPs are a way for many organisations to outsource some or a large 
part of their need for information technology. A main advantage with ASPs is that the users 
will always have access to the latest version of needed service and does not have to worry 
about maintenance. It is estimated that the market for ASPs will increase dramatically during 
the coming years (ASP Industry Consortium, 2000 and Affärsvärlden, 2000). 
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3 Internet GIS 
To be able to define, describe and exemplify Internet GIS in various aspects some related 
concepts have to be defined. Below are definitions of IT (Information Technology), GIT 
(Geographic Information Technology), IS (Information System), GIS (Geographic 
Information Science/Service/System), etc. 

3.1 Definitions 
The concept IT (Information Technology) is in itself a collection of concepts. According to 
the Nationalencyklopedin (1992) IT means “technologies for collection, storage, processing, 
communication and presentation of data in different forms”. Specifically what is included in 
IT changes with time, because new needs and requirements appear which in turn leads to 
development of new products and services. 
 
Geographic IT, or GIT, is the part of IT that deals with geographically related information. 
Geomatics and Geoinformatics are concepts usually used with the same meaning as 
Geographic IT. Today some geographic information communities see Geomatics and 
Geoinformatics as older names of Geographic IT. Geographic IT in turn deals with many 
established geographically related sciences and technologies such as e.g. (Goodchild, 1997): 
 
• Remote Sensing. 
• Photogrammetry. 
• Geodesy, terrestrial and satellite-based. 
• Geographic Information System. 
• Cartography. 
• Cognitive psychology. 
• Spatial statistics. 
 
An information system (IS) may be defined as a system, created and used by people, which 
objective is to inform people about something (Goldkuhl, 1980). Using this definition, an 
information system focuses on communication between people. The concept IS consists of 
data, hardware, software and users. A geographic information system (GIS) is an IS that 
communicates geographic information. 
 
Most often people associate GIS as an acronym for Geographic Information System. But GIS 
can also be an acronym for Geographic Information Science, Geographic Information Service 
or other Geographic Information related concepts. 
 
When talking about GIS as a tool then a Geographic Information System is meant. The term 
Geographic Information System is a fuzzy concept as a result of its spread in different areas of 
use. There are a number of definitions of what a GIS means and includes. One reason why it 
can be difficult to agree on a single definition for GIS is the existence of all various kinds of 
GIS, each made for different purposes and for different types of decision-making. In the past 
and today, GIS is used by a heterogeneous group of individuals and organisations for a wide 
variety of applications. Inevitably this means that there are many different definitions of GIS. 
In 1991 Maquire presented eleven selected definitions of GIS during the years. Some of them 
are: 
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• A system for capturing, storing, checking, manipulating, analysing and displaying data 
which are spatially referenced to the Earth (DoE, 1987). 

• Any manual or computer-based set of procedures used to store and manipulate 
geographically referenced data (Aronoff, 1989). 

• A special case of information systems where the database consists of observations on 
spatially distributed features, activities, or events, which are definable in space as points, 
lines, or areas. A GIS manipulates data about these points, lines, and areas to retrieve data 
for ad hoc queries and analysis (Dueker, 1979). 

• A form of MIS (Management Information System) that allows map display of general 
information (Devine et al., 1986). 

 
Maquire (1991) concludes that the only way to define GIS is to look at what is common in 
different definitions of GIS. One common element in different definitions of GIS is that it is 
closely related to information systems in general but has the focus on spatial entities and 
relationships and organises the information by using the geography. Three main views of GIS 
exists in the eleven GIS definitions (Maquire, 1991): 
 
• The map. 
• The database. 
• The spatial analysis. 
 
When talking about the science behind the tools for handling geographic information then 
Geographic Information Science is meant. Geographic Information Science hereby includes 
the science behind the technology Geographic Information System, that is the study and 
theory behind the concepts of Geographic Information System. Sometimes the term 
GIScience is also used for short of Geographic Information Science. 
 
Internet GIS can be seen as an augmentation of the ordinary GIS in the sense that the Internet 
is used to distribute GIS. As with the term GIS there are a number of various definitions of 
Internet GIS. In 1997 Peng gave following definition of Internet GIS: 
 
• Internet GIS is a network-centric GIS tool that uses Internet as a major means to access 

and transmit distributed data and analysis tool modules, and to conduct analysis and 
visualization. 

 
This exemplified definition of Internet GIS has some limitations. There are in fact no 
restrictions for analysis tool modules and data used in an Internet GIS to be either centralised 
or distributed. Internet GIS can furthermore also have possibilities for data acquisition. Today 
there are no restrictions for making software modules available via the Internet that would 
have the same functionalities as traditional stationary GIS programs. 
 
Today it can be noted that professionals in the GI business, e.g. software developers etc, often 
do not use the term GIS as in Geographic Information System because it may give an 
impression of an isolated area of use. The trend is to incorporate GI into mainstream IS. 
Geographical Information Services is a concept that can be used to describe various kinds of 
centralised or distributed services dealing with geographic information that may be 
incorporated into traditional use of information. From now on in this text GIS used in the 
context Internet GIS is used as an acronym for Geographical Information Services. 
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A definition of Internet GIS to be used throughout the rest of this thesis is: 
 
• An Internet GIS is a set of Internet-based GI services. GI services consist of various 

combinations of resources such as data, tools for data acquisition, preparation, storage, 
retrieval, analysis, distribution and presentation. 

3.2 Current status of Internet GIS 
The purpose of this chapter is to describe and give a background to the technique that is used 
in Internet GIS today. It can be concluded that today’s Internet GIS is mostly oriented 
towards map presentation, i.e. it is mainly used for simple map display. Processed map data are 
made available on map servers that handle both the presentation and the distribution of the 
map data. More seldom there are Internet GIS solutions that supports data acquisition, 
preparation, storage and analysis of data apart from presenting and distributing maps. 
Comparing the development in the traditional GIS area one can assume that these mentioned 
steps in data handling would find their way also into Internet GIS in the near future. If the 
development of Internet GIS follows the traditional GIS area development then analysis 
functionality would be next in line to be implemented in Internet GIS. 
 
There are different techniques for distributing and presenting map data in Internet GIS that 
can be categorised in different ways. 

3.2.1 Static and dynamic maps on the Internet 
Maps on the Internet can either be static or dynamic maps. 
 
Static maps have the same field of use as ordinary paper maps, i.e. presentation of static 
information. An extension of the static maps on the Internet is to link them with hypertext 
links to other documents that have some geographic connection the source document 
(=linked maps). 
 
The technique behind the dynamic maps is that there is a connection between the map and 
one or several databases. Through interactive queries to the database a dynamic map is 
achieved. That is, the user decides the geographical extent, the content of the map etc. 
 
Web mapping is the concept of displaying maps in a web browser that are generated 
dynamically by a map server. Geographic information is stored at the server side and displayed 
at the client side, see figure 26. 
 

Web server

ServerClient

Internet

Web browser

Map
server

 
 

Figure 26 Interactive maps on the Internet are often multi-tier applications. 
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3.2.2 Fat and thin clients on the Internet 
The notion fat and thin clients depicts where the main map processing occurs. Either the main 
processing is done at the client (fat client) or at the server (thin client). 
 
Fat clients means that the functionality in large exists on the users computer, the client. If the 
web browser is going to be able to handle more advanced operations on geographical data 
then an additional program is needed. This additional program can be a plug-in to the web 
browser, a Java-applet or an ActiveX component. On the server side there would be one or 
several databases responding to queries from the client, but the actual map processing is done 
at the (fat) client. Once a plug-in to the web browser is downloaded and installed the main 
map processing is performed at the client and not by repeated communication with the server. 
This may speed up the map handling. 
 
A thin client in this context does not offer any advanced functionality for map processing. 
Thin clients merely accept generated raster images from the server. Each time the user wants 
to make a change in the map a request is sent to the server to create a new map to be sent to 
the thin client. 

3.2.3 Data formats used for maps on the Internet 
The generated maps on the server-side can be transferred to the client either in different 
bitmap or vector formats. 
 
The most common browsers can handle various bitmap formats, e.g. GIF or JPEG, but they 
usually do not support vector format. Additional programs running together with the browser, 
e.g. Java-applets, ActiveX components or plug-ins must be used to handle the vector data in 
the browser. 
 
There are advantages and disadvantages with use of the two different data formats. The vector 
approach requires more computer power, installation efforts and an initial transfer of the data. 
Java-applets, ActiveX components or plug-ins for vector data take some time to be installed. 
Downloading of large databases in vector format also takes time. Bitmaps are usually displayed 
without any extra installation effort in an ordinary web browser. However each time the map 
changes a new bitmap image must be regenerated on the server and transferred to the client. 
There are methods for both vector and raster formats that enables combination of layers from 
different sources (Gehrels, 2000). The Open GIS Consortium (OGC) has developed 
specifications to support this (OGC, 2000). 

3.3 Discussion of Internet GIS 
As mentioned earlier it is the analysis capabilities that have provided the growth of traditional 
GIS during the 1990s. Today Internet GIS is mainly used for map display. Analysis capabilities 
are usually missing and here is probably a great potential for growth of Internet GIS during the 
coming years. 
 
Probably there will be an increased market for ASPs in the Internet GIS area. ASPs can offer 
Internet GIS to organisations and private persons that do not have the possibility to develop or 
maintain a GI service on the Internet of some kind themselves. 
 
It can be noted that the development in GIS in the past often has been technology-driven 
instead of user-driven. Technology-driven development of GIS products means that new GIS 
products have appeared on the market and users have tried them and found out ways of using 
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them to create new solutions and results. A user-driven approach means that software products 
are developed to solve problems that the users have. Due to an increasingly wider user 
representation for GI related services the demand for specialised capabilities in GIS software 
have emerged. The trend is thus moving from the technology-driven to user-driven 
development of GIS products. 
 
Component-based software development has made the user-driven development of GIS 
products easier for the software developers. It has also created easier solutions for distributed 
GI services. 
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4 GI in Internet related technologies 
The purpose of this chapter is to exemplify and describe the possibilities that GI offers different 
Internet services. The possibilities can be used as motivation when developing future 
technologies and Internet services. The problems related to the use of Internet GIS in different 
business areas can be used when structuring a research program. 
 
In e-business, i.e. doing business online on the Internet, manufactures, suppliers and 
consumers interact. When talking about e-business some concepts such as b2b (business-to-
business) and b2c (business-to-consumer) appear. These concepts and similar can be applied to 
categorise different types of Internet GIS, i.e. making a business-driven analysis of Internet 
GIS. 
 
Traditional b2b transactions are estimated between 7 - 10 times the number of b2c 
transactions. Estimates of the annual b2b transactions during year 2000 are approximately 900 
Billion US$ and the value of b2c transactions approximately 80 Billion US$ (OMG, 1999). 
Figure 27 shows an estimate of the future amount of b2b transactions (Affärsvärlden, 2000). 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 27 The expected amount of the total yearly b2b transaction the coming years. 

4.1 Business-to-business (b2b) 
EDI (Electronic Data Interchange) is a technique that has been used for several years. EDI can 
be said to be the ancestor of the b2b implementations that are seen today. EDI can be defined 
as direct computer-to-computer transfer of business information. The advantages of using EDI 
are for example reduced paper consumption, eliminating data entry errors and speeding up 
transfer of business information. An important factor for EDI’s success during the 1990s was 
that there were standardised formats for transferring information, e.g. the worldwide used 
United Nations’ standard UN/EDIFACT. Today EDI have some increasing limitations, such 
as not being developed for use on the Internet and being relatively time consuming to 
maintain and thereby also expensive. Solutions for today’s b2b are often developed based on 
the protocol HTTP and the document-formatting language XML. 
 
Does GI have a role to play in b2b implementations? Examples of b2b implementations on the 
Internet where GI is used can be found in: 
 
• The public sector. 
• The transportation sector. 
• The distance-based education. 
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The traditional area of use for GI is dominated by the public sector. Within the public sector 
there are many different areas of use. It has been estimated that about 75 percent of all data 
handled within a municipal administration and county administrative board has a geographic 
element, such as an address or a geographic co-ordinate (Svenska kommunförbundet et. al, 
1997). Internet GIS could probably increase the efficiency of handling geographic information 
within different parts of the public sector, e.g. between the municipal administration and 
county administrative board. Changing the structure for how geographic information is used 
within the public sector is a relatively slow process. Political decisions are needed or 
agreements between different administrations or individual users. 
 
In the transportation sector there are benefits in using the GI mainly in b2b implementations. 
Information can be supplied between co-operating transportation companies and used for 
logistic purposes such as transport planning and management. For example if a certain 
transport has room for additional goods and is travelling trough a city where transportation 
services are needed then the goods could be pick up. This would improve the efficiency and 
economy for transportation companies, which hopefully also enables lower prices for the 
customers. 
 
GIS education via the Internet might be categorised as a b2b or b2c depending on viewpoint. 
The increasingly widespread use of GIS in different areas encourages companies and people to 
learn GIS. There is an increasing demand for GIS education on different levels. GIS education 
at universities and educational companies all over the world is growing rapidly. Distance-based 
education via the Internet is becoming increasingly common. A new type of distance-based 
education is also appearing, i.e. the possibility for students to take Internet-based courses at 
other universities. There are still unsolved problems relating to how the universities can 
guarantee that the supposed students are taking the course and also how the financial part is 
going to be solved, i.e. how should the money be transferred between the different 
universities. 
 
In Sweden there is an ongoing national education project in GIS for municipalities and the 
county administrative boards called StrateGIS (StrateGIS, 2000). Material for the education is 
made available on the Internet, but is also traditional education methods are used. 
Internationally UNIGIS is an example of a worldwide network of educational institutions, 
offering distance-based education in GIS partly via the Internet (UNIGIS, 2000). The 
software company ESRI offer Internet-based GIS education for their software via their so-
called Virtual Campus. Some introductory courses are free of charge, while others need to be 
bought. Each course is divided into modules. Each module contains concepts, examples, 
exercises, and exams. Most courses on the Virtual Campus consist of six related modules and 
the cost for a course is usually $100. A module requires 2-4 hours to complete and a course 
average is about 20 hours (ESRI, 2000). 

4.2 Business-to-consumer (b2c) 
A successful b2c Internet implementation is when the Internet offers obvious advantages. 
Examples of b2b implementations on the Internet are: 
 
• Stock trade on the Internet. 
• Bookstores on the Internet. 
• Auctions on the Internet. 
• Co-buying on the Internet. 
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Stock trade on the Internet offer for example an increased availability, up-to-date information, 
data mining and quick response in trades for the customers (Nettrade, 2000). Bookstores on 
the Internet offer the possibility to search for books and also to buy at a lower price compared 
to traditional bookstores (Bol, 2000). Auctions on the Internet offer the possibility to buy 
different products to a lower cost (Bidlet, 2000). Co-buying on the Internet offers the 
possibility for people, who want to buy the same product, to go directly to the supplier or 
manufacturer and ask for a lower price than would be possible for a single buyer 
(LetsBuyIt.com, 2000). 
 
It can be concluded that b2c implementations on the Internet that have limited advantages 
compared to the traditional implementations also have limited success on the Internet. 
 
Can the use of GI give new dimensions and advantages to some of the traditional b2c 
implementations? Some examples where GI have proven to enhance the traditional b2c 
implementations are: 
 
• The Yellow Pages on the Internet. 
• Real estate agents on the Internet. 
• Car dealers on the Internet. 
• Surveillance services for security, fire etc. 
• Different types of mobile and wireless services. 
 
The Internet-based Yellow Pages (Swedish: Gulasidorna) uses Internet GIS to help the user to 
find and locate different services (Gulasidorna, 2000). The use of map in this service can be of 
a great help when trying to find the geographical location of the service. This GI service is an 
advantage to both the customers and the companies. 
 
Most real estate agents that are represented on the Internet use Internet GIS to present the 
location of the real estate object (Bovision, 2000 and Hemnet, 2000). In the future more 
detailed information about the real estate object could be presented to the customer via an 
Internet GIS. Important factors for the customer could be e.g. the closeness to day nursery, 
schools, library, public bath and other municipal services. Also factors such as the sound level 
from nearby roads or factories, discharges of different kinds etc would probably be of interest 
to the customer. This type of information could be produced through analysis in an Internet 
GIS, e.g. by an ASP, and may help the customer to find the proper home for his or her needs. 
These proposed future Internet GIS may increase the number of clients to the real estate 
agents. These GI services would hence be an advantage to both the customers and the real 
estate business. Today there is an Internet GIS available to help people find out about the 
pricing of all the houses that have been sold in Sweden during the last twelve months. 
Information of individual houses can be found in the Internet GIS Huspriset (Huspriset, 
2000). 
 
Similar to real estate agents there are car dealers represented on the Internet. Professional car 
dealers and private persons can register information about the car(s) that they want to sell at an 
ASP for car dealers. The customer can then search for a certain car model, manufacturing year, 
equipment, a geographic area of interest, distance to car dealer etc (Bytbil, 2000 and Gula 
Bilen, 2000). Some ASPs for car dealers offer the customer a map that depicts the location of 
the car dealer for a certain car of interest, e.g. Bytbil (2000). 
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Real-time GIS can be used for surveillance and security applications. A real-time GIS security 
application can present information in a map such as fire alarm, burglar alarm, movement 
activities and offer remote control of devices, such as for example video cameras (AC&C Inc, 
2000). Real-time GIS presented via the Internet might be a solution that may appeal to 
customers who for instance would like to check up on their remote holiday home. 
 
The use of wireless techniques are relatively new way of distributing Internet services. WAP 
(Wireless Application Protocol) services have contributed with an increased freedom for the 
user to access Internet services. Services that earlier had to be made with the help of a PC can 
now be done via a WAP telephone. In Italy there is a service called GeoW@P through which 
the mobile phone users access information about streets and roads. This is a service that may 
help people, domestics and tourists, to find their way around in a town (GeoW@P, 2000). In 
Sweden there is a similar service provided by Yachtposition (Yachtposition, 2000). 
Yachtposition’s WAP-based GI service on the Internet is intended for boatpeople that need 
information about for example the nearest petrol station. Based on the current coordinates 
information about the nearest petrol station is returned to the user, se figure 28. 
 

------------------- 
Shell - Sandhamn 
Phone:+46857153242 
Bearing:95 
Distance:26,8 
Description: Sandhamns Sjöstation: Shell, Gasol, Fresh water 
------------------- 

Figure 28 Yachposition’s WAP service. 

 
Another example of a WAP-based Internet GIS is the Dutch “Waar is …” (Where is …). 
“Waar is...” is a service available for subscribers to download maps of every listed address in 
the Netherlands. The maps can be panned and zoomed (GeoPlace, 2000), se figure 29. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 29 Example of a map presented in a WAP phone. 
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WAP-based Internet GIS could be called a Mobile Internet GIS. Mobile Internet GIS is made 
possible by the separate technologies Internet, mobile telephony, and GIS, see figure 30. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 30 Mobile Internet GIS is made possible by the Internet, GIS and Mobile 
telephony. 

4.3 Government-to-citizen (g2c) 
Similar to the concepts b2b and b2c the concept g2c (government-to-citizen) might be used 
when describing information exchange between government (state, county administrative 
board, county council, municipalities) and the citizens. New services can be developed to 
enhance the g2c information exchange. The goal is to find effective ways for the government 
to deliver information to the citizens. The goal is also to find effective ways for the 
government to collect information from the citizens. This can be done through interactive 
forms, e.g. when voting etc. 
 
Can the use of GI give new dimensions and advantages to some of the traditional g2c 
implementations? Some examples where GI have proven to enhance the traditional 
implementations are in: 
 
• The comprehensive plan for a municipality presented on the Internet. 
• Geographically searchable information from the county administrative board made 

available to municipalities and citizens. 
• Flood analysis, with estimated uncertainty presented visually. 
• Real-time information, e.g. traffic and earthquake reports. 
 
In g2c implementations the traditional use and handling of maps can be made more effective. 
Presenting the comprehensive plan of the municipality on Internet is a new complement to 
the traditional presentation of the municipal comprehensive plan. An example of a 
municipality that have made their comprehensive plan available on the Internet is Övertorneå 
in northern Sweden (Paper II). In this case Internet GIS is used to orientate within the 
municipality and to retrieve different types of descriptive material of areas and proposed 
decisions for the future by the municipal authorities. 
 
The county administrative board of Norrbotten in northern Sweden has implemented a g2c 
service called InternetDokument. InternetDokument is another example of a information 
distribution services that uses Internet GIS to search and retrieve documents (text, images, 
video-clips, geographical datasets). The user can subscribe for new documents that fulfil the 
users criteria on geographic extent and chosen attributes. Whenever a new document appears 
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in the database that matches the user’s criteria an e-mail is sent to inform the user (Stridsman 
et al., 2000). 
 
Other types of GI services that may be interesting for the government to offer the citizens via 
the Internet are ready-made geographical analyses of different kinds, e.g. flood analysis (Paper 
III). 
 
Two examples of real-time Internet GIS within the g2c area are: 
 
• Traffic reports. 
• Earthquake reports. 
 
The Swedish National Road Administration (SNRA) has a web-based service showing real-
time information in text and maps about the situation on the Swedish major roads. The 
information supplied on the web is the state of the road during winter, accidents, roadwork, 
resting places, carrying capacity of the road, time table for ferries, temperature on the road and 
in the air, precipitation and average wind speed. The SNRA’s traffic information centrals 
continuously update the information on the web (SNRA, 2000). 
 
The United States Geological Survey’s (USGS) have a map on the Internet of recent 
earthquakes in California. The map shows earthquakes that have occurred during the last hour, 
day and week and also the magnitude of the earthquakes (USGS, 2000). 
 
Table 2 shows some examples of existing real-time Internet GIS. 
 

Table 2 Examples of GI services on the Internet showing real-time information. 

 
Location Description of the service 
Athens, Greece 
 
http://frida.transport.civil.ntua.gr/map/ 

Map showing real-time traffic congestion on different roads. 
 
Traffic data is collected every 90 seconds. 

Athens, Greece 
 
http://www.transport.civil.ntua.gr/map/vcmap.htm 

Map showing real-time traffic volume on different roads. 
 
Traffic data is collected every 90 seconds. 

Athens, Greece 
 
http://frida.transport.civil.ntua.gr/map/route.html 

Map offering real-time route analysis of how far one can get 
in 15 minutes. 
 
Traffic data is collected every 90 seconds. 

Boston, USA 
 
http://www.smartraveler.com/scripts/bosmap.asp?city=bos&cityname=Boston 

A map with links to route specific real-time traffic information 
such as congestion, traffic accidents and estimated travel 
times. 

Chicago, USA 
 
http://www.ai.eecs.uic.edu/GCM/CongestionMap.html 
 
Java-version of the map: 
http://www.ai.eecs.uic.edu/GCM/chicagoland-java.html 

Map showing real-time traffic information, congestions and 
road constructions. 
 
Traffic data is collected every 60 seconds. Creating maps to 
be presented on the Internet takes 5 to 10 minutes. 

Copenhagen, Denmark 
 
http://www.vd.dk/scripts/www/Dokument-Frame.asp?Dok=trim/homer.html 

Map showing real-time traffic volume in an automatically 
updating Java-application. 

Huston, USA 
 
http://traffic.tamu.edu/traffic.html 

Map showing real-time traffic information about average 
vehicle speed and estimates travel times along specific 
routes. 

Paris, France 
 
http://www.sytadin.tm.fr/ 

Map showing real-time traffic information about average 
vehicle speed. 

California, USA 
 
http://quake.wr.usgs.gov/recenteqs/ 

Map showing recent earthquakes in California. The map 
presents earthquakes that have occurred during the last 
hour, day and week and also presents the magnitude of the 
earthquake with symbol size. 

http://frida.transport.civil.ntua.gr/map/
http://www.transport.civil.ntua.gr/map/vcmap.htm
http://frida.transport.civil.ntua.gr/map/route.html
http://www.smartraveler.com/scripts/bosmap.asp?city=bos&cityname=Boston
http://www.ai.eecs.uic.edu/GCM/CongestionMap.html
http://www.ai.eecs.uic.edu/GCM/chicagoland-java.html
http://www.vd.dk/scripts/www/Dokument-Frame.asp?Dok=trim/homer.html
http://traffic.tamu.edu/traffic.html
http://www.sytadin.tm.fr/
http://quake.wr.usgs.gov/recenteqs/
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4.4 Discussion of GI in Internet related technologies and business analysis 
A business-driven analysis of Internet GIS is a way to categorise the varieties of available and 
future Internet GIS. 
 
Today there are some application service providers (ASPs) that offer Internet GIS to for 
example shops and real estate agents. ASPs will probably have an important role to play in the 
future to provide Internet GIS within the b2b, b2c and g2c areas. So far the most ASP activity 
of providing Internet GIS have been in the b2b area, but there are also examples in the b2c, 
e.g. Mobile Internet GIS via WAP. 
 
There may occur some problems when making Internet GIS available to the public in services 
like the Yellow pages, comprehensive plans, real estate agents etc. Depending on the 
complexity in the user interface in the Internet GIS tools there may be problems for users that 
are not familiar with handling maps. However Internet GIS provided by real estate agents and 
the Yellow pages on the Internet today are not so advanced. The users only have the 
possibility to change the geographical extent, i.e. to change the scale (zoom in and zoom out) 
and the centre location (pan). Regarding comprehensive plans on the Internet the users often 
have the possibility to change the content of the map and use the map to retrieve documents 
related to areas in the map. Experiences have shown that this may cause problems and 
misunderstandings for the users (Paper II). 
 
As an attempt of trying to predict the potential of the future GI services on the Internet some 
business related questions could be asked: 
 
• What does the consumers want to buy via the Internet in the nearest future? 
• How will e-business affect the traditional retail dealers? 
 
According to a recent forecast made by IDG (2000) about the e-business there are few retail 
areas that will have more than 10% of the total sale via the Internet up until 2005. Some areas 
however will have a higher increase, e.g. the retail area for computer software is estimated to 
have approximately 44% of the total sale via the Internet in year 2005. Other areas that will 
have a sale that is approximately 10% or more via the Internet in 2005 are books, music, 
video, pc hardware such as computers, printers, modems etc, see figure 31. The total sales of 
travels via the Internet will increase from 1.2% in 2000 to 7.3% in 2005 but the total value in 
sales of travels via the Internet will grow from 2.3 billions EUR from 2000 to 17.6 billions 
EUR (IDG, 2000). 
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Figure 31 Estimated total sales via the Internet in different areas during the years 2000 to 
2005 (IDG, 2000). 

 
Selling travels via the Internet could benefit from the use of different GI services, e.g. to locate 
travel destinations. 
 
It is not currently investigated, what the potential is for GI services on the Internet during the 
years to come. The products to be sold, e.g. data and processing services, are suitable for 
deliveries over the Internet. Thus the distribution problems observed in other commercial 
fields are not present for GI services. As a result, the conclusion is that Internet GIS provides 
good business opportunities. 
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5 Problems and possibilities with Internet GIS 
The purpose of this thesis is to point out problems and possibilities with Internet GIS, now 
and in the future. Questions that are stated in the introduction are: 
 
• What are the current trends in basic and emerging technologies that may help us in solving 

problems and to develop new types of Internet GIS? 
• Which new types of Internet GIS can we anticipate in the future? 
• Which GI related research questions have to be solved? 
 
Previous studies and experiences are described in chapter 5.1, current trends in basic and 
emerging technologies in 5.2, new types of GI services in 5.3 and GI related research questions 
in 5.4. 

5.1 Previous studies 
Problems and possibilities with Internet GIS have been observed in previous studies. Paper I 
considers mainly distance-based GIS education via the Internet. Paper II deals mainly with 
the use of Internet to present municipal comprehensive plans. Paper III considers mainly 
estimation and visualisation of uncertainty in geographic analysis. 

5.1.1 Distance-based GIS education via the Internet 
The increasingly widespread use of GIS in different areas encourages companies and people to 
learn GIS. There is an increasing demand for GIS education on different levels. GIS education 
at universities and educational companies all over the world is growing rapidly. It can be noted 
that distance-based education via the Internet is becoming increasingly common. 
 
There are different players in the area of GIS education that may satisfy different needs of GIS 
education, learning and training. The universities traditionally teach the concepts of GIS and 
educational companies focus their courses on the use and handling of specific GIS software and 
the solving of specific GI related problems, e.g. in marketing or forestry. 
 
Factors the affect the development of distance-based GIS education can be summarised in 
(Paper I): 
 
• The existing technology. 
• The pedagogy. 
• The economy. 
 
The technology used in distance-based GIS education offers the possibilities but also sets the 
limitations when designing a distance-based course. If the Internet is used as transport medium 
then the existing bandwidth and communication method, e.g. the use of multicasting, 
determines the type of educational material that can be used, e.g. real-time sound and images 
etc. 
 
During the recent years both the universities and the educational companies have begun to 
offer course material in GIS via the Internet. There are different solutions used when 
providing distance-based education via the Internet. Ordinary commercial web-mapping 
programs have shown not to be sophisticated enough to fulfil the needs in GIS education on 
the Internet (Paper I). In distance-based GIS education the students can get their practical 
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exercises with GIS software through (1) buying or receiving a free copy of the needed GIS 
software, (2) using the software in a existing GIS laboratory near their home or (3) accessing 
GIS software on a remote computer via the Internet. The option of accessing GIS software on 
a remote server is possibly the most appealing approach for both the students and the teacher. 
There are different solutions to the remote access, e.g. Citrix’s MetaFrame (Citrix, 2000) or 
Microsoft’s Netmeeting (Microsoft, 2000). 
 
The pedagogical development is important in the transition from traditional classroom and lab 
education to distance-based education. Other people’s experience and own practice are 
important in order to identify areas where teaching skills needs to be improved (Paper I). 
 
In teaching at university level there are demands in terms of reduced costs and increased 
number of students, as each student equals a sum of money for each earned educational credit. 
Providing distance-based education is a way of reducing costs, increase the number of students 
at the local university but it also offers a way to offer courses at other universities. Different 
universities could then specialise in different areas within GIS and still get a sufficient number 
of students to each course. However there are still many unsolved questions about an e-
commerce between different universities. 

5.1.2 The use of Internet to present municipal comprehensive plans 
It has been estimated that about 75 percent of all data handled within a municipal 
administration and county administrative board has a geographic element, such as an address or 
a geographic co-ordinate (Svenska kommunförbundet et. al, 1997). The use of geographic 
references is hence an effective way of handling and presenting that type of information. 
 
The Internet has shown to be a good complement to the traditional presentation of such as the 
municipal comprehensive plan. Without presentation on the Internet the citizens usually have 
to go to the municipal building or other central places to take part of the proposed or accepted 
comprehensive plan (Paper II). 
 
New target groups are reached by presenting a municipality’s comprehensive plan on the 
Internet (Paper II). Through Internet there are also good opportunities to further develop 
and enhance the citizens’ participation in the development of comprehensive plans. Besides 
showing the accepted comprehensive plan there is an opportunity to collect comments and 
opinions from the citizens about the comprehensive plan during the exhibition phase. 
However web-based surveys have shown to generate a low response and this indicates that 
methods for Internet-based surveys need to be improved (Paper II). 
 
The way the municipality’s comprehensive plan is presented is important. The user interface 
benefits from a design more like a conventional GIS program. Other factors such as the 
possibility to have an adaptable map size on the computer screen are also preferable. 
Presentation of the quality of the geographical information may also be considered. Factors 
like these must be considered so that the GI service easily can be used and the content not 
misunderstood or misused (Paper II and Paper III). 

5.1.3 Estimation and visualisation of uncertainty in geographic analysis 
An analysis result becomes rather uninteresting if the reliability of the result cannot be 
estimated and presented. An application area for geographic analysis in a society is risk analysis. 
Consideration of risk and preparedness is seen as an important part of a society’s planning. It 
can be noted that risk analysis is performed in many different areas today with the aim to 
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prevent and give a good preparedness in case of accidents, injuries and problems. In an 
emergency it is essential that the available information is reliable. At all analysis work it is 
therefore very important to estimate uncertainty in the result. 
 
Collected geographic information have many sources of errors, among others people, 
measuring instruments, analysis, presentation and interpretation. Analysis result based on 
different data sources can therefore contain an uncertainty that is difficult to assess. There is 
hence a need to estimate uncertainty in an analysis result. Without the uncertainty analysis 
there is an obvious risk that substantial investments produce a low value/cost ratio or risk 
being used incorrectly (Paper III). 
 
Furthermore it can be noticed that it is increasingly common that analysis results are presented 
as maps and made available on the Internet, an environment with many inexperienced map 
users. It has also begun to appear analysis tools for different application areas on the Internet. 
When analysis tools and results are made available to the public, it is important to present the 
quality/uncertainty of the result in such a way that everyone can determine if the result can be 
used for a particular decision-making or in further analyses (Paper III). 
 
Visualisation of uncertainty together with the analysis result can in a simple and clear way 
show the suitability of using the analysis result in a certain decision-making or in further 
analyses (Paper III). 

5.2 Current trends in basic and emerging technologies 
What are the current trends in basic and emerging technologies that may help us in solving 
problems and to develop new types of applications? 
 
A way to answer this question is to look at the current status, possibilities and problems in 
different areas such as: 
 
• Component-based program development. 
• Distributed systems and data. 
• New hardware platforms such as Personal Digital Assistants (PDAs). 
• Wireless Application Protocol (WAP). 
• Accessing the Internet with different techniques. 
• Increased data transmission speed on the Internet and in connection to the Internet. 
• The limited address space on the current Internet. 
• Geographical positioning services and location-based services. 
• Application Service Providers (ASPs). 
• E-business. 
• eXtensible Markup Language (XML). 
• Inexperienced map users on the Internet. 
• Standards within the GIS area for interoperability, semantics and quality. 

5.2.1 Component-based and distributed systems 
In GIS software engineering component-based program development is definitely in use. 
ESRI builds for example their new software products in ArcGIS 8 on components called 
ArcObjects. Different products within ArcGIS 8 are using different combinations of the 
approximately 1200 available ArcObjects components. A wider variety and a larger number of 
GIS users will through component-based programming have possibility to develop or 
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customise their own GIS software. This will help to develop new types of GIS software to 
solve more specialised GI related problems. This can be seen as a step in the change from the 
technology-driven to user-driven development of GIS products. 
 
Different vendors build their components in different ways. But as long as the communication 
between the user and the component or between components themselves are standardised, e.g. 
using common CORBA or (D)COM specifications, different components can be replaced by 
components from other vendors. Component-based program development can reduce 
development time, reduce costs, create more reliable programs etc. Components also support 
building distributed systems, which can be used to optimise performance. 
 
The evolution speed of Internet GIS is very high at the moment, much like it is in the area of 
information technology in general. Accessing geographic information is a key issue for 
successful GI services. There are some different examples how this can be done. Envicat is an 
example of a service to distribute geographical datasets with Internet GIS. It is a catalogue of 
geographical data. Envicat has a browse and search feature that is very similar to Windows 
Explorer and allows the user to search data in a structured way. It also consists of a Map 
Viewer where the user can visualise geographical data and a Shopping bag where the user can 
collect data for ordering (Satellus, 2000). ESRI’s ArcGIS 8 software products have the 
possibility to access distributed databases via the Internet in a similar manner as searching the 
hard drive on the computer where the GIS program is run. ESRI’s service Geography 
Network (Geography Network, 2000) is an example of a WWW portal to distributed 
geographical databases. It can be concluded that the use of the Internet to create distributed 
geographical databases that can be accessed seamlessly from stationary GIS software is a reality 
today. In other words the traditional GIS software is also being Internet enabled. 

5.2.2 New hardware platforms 
The new types of hardware platforms such as WAP phones, smartphones and Personal Digital 
Assistants (PDAs) are becoming more and more popular. A smartphone is a combination 
mobile phone and personal information manager. Examples of smartphones are Ericsson’s 
R380s and Nokia’s 9110i Communicator, see figure 32. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 32 Examples of smartphones. 
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The image format used by WAP is WBMP (Wireless BitMaP). WBMP is a binary raster image 
format and this creates limitations in the cartographic display. WAP is not the only existing 
solution of accessing data on the Internet from mobile phones. USA has not yet decided if 
they are going to use the WAP technique. In Japan cHTML (compact HTML) is used to 
access information and services on the Internet via mobile phones. 
 
Examples of PDAs are iPAQ from Compaq and Casio’s Cassiopeia, see figure 33. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 33 Examples of Personal Digital Assistants (PDAs). 

 
There are different ways of connecting to the Internet from a portable device such as for 
example a laptop PC, PDA or a smartphone. In the future different techniques will probably 
be used for accessing services on the Internet depending on the location and the circumstances. 
If the portable device is in a building with a LAN connected to the Internet then either a 
cable, infrared light or radio waves, e.g. Bluetooth, could be used to connect to the LAN. If 
the portable device is used in a car GSM or UMTS could be used to access the Internet. 
 
There are predictions that in the coming years there will be more PDAs sold than PCs. The 
possibilities to connect PDAs to mobile phones are becoming increasingly common. This 
solution is a competitor to the smartphones. PDAs have more memory, computing power and 
larger screen size than a smartphone. Figure 34 shows the PDA Visor with a mobile phone 
unit VisorPhone from Handspring. 
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Figure 34 Example of a Personal Digital Assistant extended with a mobile phone unit. 

5.2.3 The growth of the Internet 
The way Internet is growing is becoming a problem. The network protocol TCP/IP used on 
the Internet was not originally designed to handle a large number of networks with only a few 
computers attached to each network, which is the case today. Especially addresses to mid-sized 
networks (class B, with up to about 16 000 computers) are running out (Comer, 1995). A 
company with 500 computers cannot use a network class C (approximately 250 addresses). 
Instead they have to use a network class B (approximately 16 000 addresses). Many addresses 
will therefore remain unused within the network. A number of different techniques have been 
developed that solves this problem temporarily, e.g. to share a network number between 
several different physical networks. The current version of IP protocol, IPv4, is working with 
addresses containing 32 bits. The next generation of IP, IPv6 also called IP Next Generation 
or IPng, have a 128 bits long address field. With IPv6 there will sufficient of addresses in the 
foreseeable future. IPv6 is a backward compatible network protocol designed to work together 
with IPv4. Besides the increased address space in IPv6, it will also have enhanced possibilities 
as support for encryption, safety functions, enhanced routing, support for real-time 
applications, e.g. real-time video (Hinden, 1995). 
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Figure 35 shows the number of computers, with their own host name, connected to the 
Internet during the recent years. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 35 The number of computers connected to the Internet (ISC, 2000). 

5.3 New GI services 
Today and in the future the success of the Internet in different areas depends on the 
development in different technologies. Separate techniques that are combined can create new 
and useful services. An example of such fusion was put forward as a letter to the editor of the 
paper Ny Teknik. The writer of the letter suggests that by collecting information from sensors 
in newer car models, e.g. anti spin sensors, and send it via mobile phone to the National Road 
Administration (NRA) they would get access to a large amount of real-time information about 
the road condition all over the country. The state of the road can change quickly and locally, 
especially during winter. The collected real-time information could be automatically analysed 
by NRA and the result used to prevent road accidents and problems through a quick road 
actions and information via radio and Internet-based services to the road users (Ny Teknik, 
2000). 
 
The increasing number of PDA users will probably demand new types of services such as 
geographic positioning via GPS or MPS, geographically aided searches (nearest petrol station 
etc), route planning and the possibility to tailor-make personal information sites. Today a 
WAP phone only offers the possibility to handle small and simple maps. In the future PDAs or 
WAP phones with larger screens and possibility to handle colours and more advance image 
formats will increase the possibilities for Mobile Internet GIS. 
 
The amount of data that can be transmitted in a fixed amount of time, defined as the 
bandwidth, is increasing on the Internet and in different kinds of connections to the Internet. 
The third generation of mobile phone systems (3G) will offer the possibility of a bandwidth up 
to 2 Mbps. With a high bandwidth services that today need a powerful PC could be offered 
via PDAs or mobile phones. Advanced services compared with today could be made available 
in a Mobile Internet GIS. 

5.3.1 Geographical positioning services 
As mentioned earlier geographical positioning services for different areas of use is a growing 
market. There are forecasts that the global market for positioning services will exceed 10 
billions Euro before 2005 (GEOEurope, 2000). Services such as location-based information 
and billing would benefit from geographic positioning. Examples of location-based 
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information services could be found in traffic (navigation, assistance, safety etc) and in 
advertising. Location-based billing could be activated when a person enters a geographic area 
containing a certain service. 
 
Today there are some examples of Internet GIS with analysis functionality to perform route 
planning, i.e. tools to find the shortest or fasted way between for example two cities or 
addresses (ShellGeoStar, 2000 and Citynavigator, 2000). The result is presented in maps 
and/or in text. 
 
For safety enhancements the Federal Communications Commission in USA is implementing a 
positioning service for the emergency number 911 for mobile phones. By the 1 October 2001 
all new mobile phones have to be able to be positioned within 400 feet (approximately 120 
meters). The reason is to be able to dispatch the police or ambulance to the caller’s location. 
 
The Swedish company Ericsson have developed a mobile phone positioning system, called 
MPS (Mobile Positioning System). The MPS uses ordinary mobile phones. Ericsson offers 
components to be used when developing applications that use the geographical position of 
mobile phones (Ericsson, 2000). 
 
Positioning via mobile phones could in some areas of use probably effectively replace the need 
for a separate GPS receiver. Positioning via mobile phones also works inside buildings, which 
is not the case for GPS. In the future many mobile phones will probably have built in GPS 
receivers. The trend seems to be that mobile phones will be used to a large extent in the 
future to acquire geographic position to be used to access different types of services via the 
Internet. The possibility to determine a very accurate position with GPS or MPS in the future 
may however cause both known and unknown problems when the geographical background 
data available does not have the appropriate accuracy. 

5.3.2 Application service providers 
ASPs can offer Internet GIS to organisations and private persons that do not have the 
possibility to develop or maintain a GI service on the Internet of some kind themselves. The 
number of ASPs and services that they offer is growing. Examples of ASPs within b2b and b2c 
area of Internet GIS can be seen in table 3. These ASPs offer Internet GIS to for example 
shops and real estate agents.  
 

Table 3 Examples of Internet GIS Application Service Providers and their services. 

 
The application service provider The Internet GIS 
Cartesia 
 
http://www.cartesia.se 

Kartnålen 
 
http://www.sverigekartan.nu 

T-Kartor Sweden AB, Karthotellet 
 
http://www.t-kartor.se 

Karthotellet 
 
http://www.karthotellet.com 

Gulasidorna 
 
http://www.gulasidorna.se 

Gulasidorna 
 
http://www.gulasidorna.se 

 
The increasing number of new mobile hardware platforms such as WAP phones, smartphones 
and PDAs offers a potential for growth of Internet GIS during the coming years. When ASPs 
and developers begin to look at services for these new hardware platforms then the different 
limitations and advantages of the platforms must be considered. Limitations are for example 
size, screen resolution, screen colours, image format, bandwidth etc. Advantages are for 

http://www.cartesia.se
http://www.sverigekartan.nu
http://www.t-kartor.se
http://www.karthotellet.com
http://www.gulasidorna.se
http://www.gulasidorna.se
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example many users, the possible need to use different services frequently etc. Services that can 
be used often by many users and that are quick, easy and inexpensive to use are probably the 
kind of services that both the users and ASPs would benefit from. 

5.3.3 Net-based business 
Internet GIS benefits from the development in different areas such as Internet related 
technologies, component-based program development, distributed systems and e-business. 
 
The use of the concepts b2b, b2c etc adopted from the e-business is a way of structuring the 
current and future GI services on the Internet. As shown earlier b2c and b2c benefits from the 
use of Internet GIS. Today there are examples of ASPs that supplies Internet GIS to b2c 
companies. An important issue for these ASPs are probably an improved access and use of 
geographic information. Routines for net-based business between ASPs and data suppliers 
would probably be of benefit for the customers in the end, both in costs and in services. 
Instead of storing data locally there would be advantages for the ASPs in accessing data directly 
from the suppliers. By combining data from different specialised suppliers a greater variety of 
services could probably be offered by ASPs. Also between public authorities, such as the 
municipality and county administrative board it would be an advantage to access data directly 
from the responsible supplier. Similarly g2c solutions using geographic information and analysis 
results from it would be of benefit. 
 
Today there are successful GI implementations in as well b2b, b2c as g2c. There is at the 
moment no reason to give priority of any business model in the GI sector. We will probably 
see an increasing number of applications and services within all different types of GI business. 
What however seems to be apparent is the increased activity within the private sector. This in 
contrast to the traditional GI sector which the public authorities have dominated. Another 
notable change is the increased focus on private persons (b2c and g2c). Earlier the broad 
public’s main use of GI was through printed maps and the weather map on TV. These 
observations, in combination with technology changes, indicate that GI may play a very 
different role in the near future. 
 
Both in Internet GIS and in the e-commerce XML is used. For business oriented use of XML 
there is an organisation called ebXML (Electronic Business XML) that develops a technical 
framework and an application-oriented language based on XML to exchange electronic 
business data (ebXML, 2000). For Internet GIS the use of XML and the application-oriented 
language GML is used to achieve interoperability in data transfer between GIS software from 
different vendors. 
 
Component-based program development and distributed systems are techniques that are useful 
in the development of an Internet GIS. Component-based program development can reduce 
development time, reduce costs, create reliable programs etc. Adding additional functionality 
to existing applications also becomes easier, compared to non-component-based program 
development. Components also support building distributed systems, which can be used to 
optimise performances. 

5.3.4 Internet – an environment with many inexperienced map users 
A wide variety of users in many different situations use the same type of geographic 
information. If data is going to be shared between different types of users then common 
semantics needs to be established. E.g. different geographical information communities often 
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use the same name to different real world phenomena, or different names to the same real 
world phenomena, see figure 36. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 36 Semantic heterogeneity creates interoperability problems. 

 
Semantic heterogeneity creates interoperability problems (Bishr, 1998). Even though 
interoperability between two systems exists semantics may cause problems. For example it may 
not be difficult to make a telephone call to Japan (the interoperability between different 
countries telephone systems is OK) but problems may appear when someone picks up the 
phone and answers (the semantics between the users is not OK). Another example of a 
semantic interpretation problem, this time based on GI, can be terrain height. The land survey 
means the height of the ground even though there is a sky scrape on that location. What does 
the user of the data expect? Creating and using standards is a way of reducing interoperability 
and semantic problems (Östman, 2000). 
 
It can be noticed that it is increasingly common that analysis results are presented as maps and 
made available on the Internet, to inexperienced map users. The Swedish Meteorological and 
Hydrological Institute has for instance made maps of flood analysis public on the Internet 
(SMHI, 2000). It has also begun to appear analysis tools for different application areas on the 
Internet, e.g. a tool for municipalities to estimate travel times (allocation) for ambulance 
within the municipality (Metria, 2000). When analysis tools and results are made available to 
the public, it is important to present the quality of the result in such a way that every user can 
determine if the result can be used for a particular decision-making or be used in further 
analyses. 

5.4 Internet GIS related research questions 
Research in the GIS and Internet GIS area are important to be able to use all the possibilities 
that the technique offers and to do it in the best way. Questions that needs to be looked into 
further are for example: 
 
• What new demands of GI services will appear when the public is getting used to Internet 

GIS in e.g. the Yellow pages, comprehensive plans and real estate agents? 
• What new demands on GI services will appear when a large majority of the public is 

starting to use new hardware platforms such as WAP phones, smartphones and PDAs to 
access information and services on the Internet? 

 

Common semantics

Name 1 

Name 2

Real world phenomena 
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• What new demands on technology will appear when new types of GI services, e.g. 
location-based services, become more common. Where are the weaknesses or bottlenecks 
in the existing technology? 

 
A comparison might be made to the public’s interest in stocks and stock trade, when 
information about and trade with stocks have become easily accessible to the public via the 
Internet. Today’s existing Internet GIS may create an increased interest, understanding and use 
of GI services. 
 
Considering the fact that maps and tools for geographic analysis are becoming increasingly 
common on the Internet then there is a need to develop methods to minimise the risk of 
misunderstandings and misuses. On the Internet it is not possible to know who is looking at a 
map and what experience of interpreting maps that person has. It is therefore important to 
develop strategies to for example estimate and visualise uncertainty in geographic information 
and analysis results. 
 
Today’s WAP-based Internet GIS demands a new type of cartography due to the limited raster 
image format WBMP and small screens. Studies in human perception under those limitations 
will probably be needed. In general the following question can be asked “why does the 
presentation of information work or not, in terms of interpretation?” 
 
GI services on the Internet must be interoperable, e.g. if the user would like to combine 
geographic information from different data suppliers in a certain analysis. As people with 
different backgrounds start to use the same geographical information the need for 
harmonisation of semantics is noticed. 
 
As a conclusion Internet GIS related research questions can be found in the areas of: 
 
• Presentation of geographic information and analysis results on the Internet. 
• Internet GIS on the new types of hardware platforms. 
• Semantics, interoperability and data quality. 
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6 Conclusions 
Conclusions that can be drawn from this study are: 
 
• There is a change in the development of GIS products from having been technology-

driven to becoming user-driven. The use of component-based program development has 
been an important tool to achieve this. 
 

• Today’s Internet GIS is mostly oriented towards map presentation. The future Internet 
GIS will most certainly contain increased functionality compared to today’s Internet GIS. 
The next evolution step in Internet GIS will probably be into analysis capabilities. 
 

• With Internet GIS a much wider public in the sense of map awareness is reached. 
Geographic information and analyses results in Internet GIS must be presented in such a 
way that misunderstandings are minimised. 
 

• Categorising the current and the future Internet GIS according to a business model is a 
way of structuring different areas of use of Internet GIS. All three business models, b2b, 
b2c and g2c, seems to be useful to categorise GI services. 
 

• New types of hardware platforms, e.g. mobile devices such as smartphones, PDAs etc will 
most probably create a demand for new types of services where the map is used. Internet 
GIS in a wireless environment may be defined as Mobile Internet GIS. Mobile Internet 
GIS will most probably be an expanding area in the future. 
 

• Geographic positioning with GPS and MPS offers possibilities for new types of GI services 
on the Internet. The future will most probably offer a variety of different kinds of 
location-based services on the Internet that uses the current geographical position of the 
user. 
 

• For the new mobile hardware platforms the ASPs should probably strive to offer GI 
services that are quick, easy and inexpensive to use so that many users can use them often. 
 

• Interoperability on different levels and the use of common semantics are important to 
ensure increased functionality in GI services on the Internet. Standards are important tools 
to achieve interoperability and reduce semantic problems. 
 

• Important research issues in the near future are data quality management, semantic 
interoperability and perception studies for new hardware platforms. 
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Abstract 
 
The division of Geographic Information Technology at the Luleå University of Technology 
was established in 1993. Since then, GIS education’s on MSc and BSc levels have been built 
up. The education on a MSc level is given within the program of environmental engineering, 
while the BSc education is given within the GIS engineering program. Basic GIS courses are 
also given within the programs for system science and computer science. 
 
This paper deals mainly with the education given within the program of environmental 
engineering. For the MSc students specialising in GIS, 10 separate GIS courses are given. 
Compared with the more traditional education of land surveyors, the education in Luleå put 
less emphasis on surveying sciences. Instead we focus more on spatial analysis, software 
development and database technology. 
 
The paper consists of two parts. The first part describes our GIS curriculum, teaching methods 
and software used in the GIS lab. Several small projects are made in co-operation with local 
governments or private industry. By doing so, we take active participation in the regional 
development program. 
 
The second part of the paper concerns the needs for pedagogical development, primarly in the 
form suited for networkbased education.It is found that current versions of commersial 
software do not fulfill our needs for an easy implementation. Nevertheless, tests of 
networkbased education will be made in order to identify areas where teching skills needs to be 
improved. 
 



Introduction 
 
Norrbotten (Northern Bothnia) is the northest county in Sweden. It covers an area of 106000 
sq.km (which is around 3 times as large as the Netherlands) but has only a population of 
264000 inhabitants. The county has 14 municipalities, where 7 of them have less than 10000 
inhabitants. Luleå is the largest municipality with a population of around 71000 inhabitants. 
 
Due to the long distances within the sparsly populated county, GIS technology has at an early 
stage been recognised to be an important tool for regional development. In 1986, the first 
regional development program for GIS in Norrbotten was established. It was here recognised 
that one problems for the region was the lack of well educated GIS personel. As a consquence, 
the work on establishing GIS educations at different levels was intensified. 
 
In 1993, the division for Geographic Information Technology (GIT) was established at the 
Luleå University of Technology. The division was established together with the first 
professorship in Scandinavia in the subject. 
 
During the years, GIS education on a MSc level has been established in Luleå. In addition, GIS 
education on BSc level has also been established in Kiruna. GIS courses are also given to the 
programs for system science and computer science in Luleå. GI labs have been established as 
well in Luleå as in Kiruna. The UNIX-based workstations have gradually been removed and 
replaced by NT-based PC’s. 
 
Since several regional authorities now have a stable GIS development, the focus on regional 
development have shifted. As mentioned, there are many small municipalities within the 
county. As a consequence, the main efforts for the development of GIS in the region are now 
focussed on implementing GIS in smaller municipalities. The univeristy is here taken an active 
part, as well through individual courses as through diploma thesis (Östman, 1995). 
 
The purpose of this paper is to describe the current curriculum for GIS education at a MSc 
level in Luleå. The purpose is also to give more detailed decriptions of some more advanced 
GI courses and to discuss the current plans for Internet-based learning.  
 
A Curriculum for MSc in Geographic Information Technology 
 
The MSc studies at the technical faculty in Luleå are carried out within different programs. 
Each program corresponds to 180 weeks of study, the practical period to be added. The 
education in GIT is mainly located within the program for environmental engineering. The 
students are however free to select any course given at the university. But to achieve a degree 
in for instance environmental engineering, a predefined set of courses in environmental 
engineering has to be taken.  
 
There are three different subprograms within the program for environmental engineering, 
namely planning, environment protection and geographic information technology. The GIS-
related courses within the GIT subprogram are briefly decribed in figure 1. Each year around 
60 students are enrolled to the program of environmental engineering. In the fourth and fifth 
year, GIS courses are generally given to smaller classes consisting of around 10-25 students. 
 



Each course has the size of 4 points, which corresponds to 4 weeks of studies or 6 ETC 
credits. A full year of studies corresponds to 40 points. The whole program takes 5 years of 
full-time studies. Detailed descriptions of the courses may be achived via the home page of the 
University of Luleå. 
 
The first GI-related course (geodesy and geophysics, SBL110) is given in the second year. 
This course gives basic knowledge about the physics of the earth from a global to a local scale. 
The shape of the earth, map projections and coordinate systems are also treated. The major 
part of the course deals with methods to measure and describe the shape and the physics of the 
earth. 
 
Year 1

Year 5

Year 4

Year 3

Year 2

Diploma thesis

Basic general courses
Basic general courses

Basic courses in environmental engineering
Geodesy Basic environmental enginnering
GIT intro Programming

DatabasesSpatial Anal
Environm engineering
Environm engineering

Practical period
Realtime GIS GI Construct Interact Cart Photogram Env Eng

Geod Comp Cartography Remote Sens Spatial Db Env Eng

 
 
Figure 1. The subprogram for geographic information technology.  
 
In the third year of the studies, two GIS courses are given. In addition, students wishing to 
follow the GIT subprogram are recommended to also have courses in C programming and 
general database technology. 
 
The general course in GIT (SBG001) gives an introduction to the techniques of geographic 
information systems and its use in the community. Issues related to data acquisition, data 
modelling, spatial databases, spatial analysis and cartography are also covered briefly.  
 
At the end of the third year, the students have the possibility to read a course in spatial analysis 
(SBG003). This course treats spatial analysis more in detail and is primarly based on Tomlins 
map algebra (local, focal, incremental and zonal functions). Other subjects are decision support 
systems, interpolation (Kriging, TIN etc), descriptive modelling, prescriptive modelling and 
network analysis. The course have one major exercise, namely to design a landfill for industrial 
waste. The software used in this course is MGE from Intergraph.   
 
The first course in the fourth year is geodetic calculus (SBG006). It contains both field work 
(measurements with total station and GPS) as programming exercises. The latter are applied to 
problems related to map projections and coordinate transformations, least squares adjustments 
and error propagation. Applied programming is used in order to improve the programming 
skills of the students. 
 
The next course is cartographic visualisation (SBG004). The course treats basic cartographic 
rules, theories of visual variables, cartographic design, reprographic techniques, colour 
systems, colour synthesis, screening, simple map presentations on laser printers and laws and 
regulations. Earlier, the exercises in this course was run on UNIX workstations and the 



software was primarly intended for cartographic production. The software then being used was 
Map Publisher from Intergraph. But together with the shift to NT based software and the 
increasing interest for desktop mapping, the focus of the course has shifted from cartographic 
production to visualisation. The software currently used are OCAD (desktop mapping primarly 
for orienteering) and desktop publishing software. 
 
The third course in the fourth year is a course in remote sensing (SBG002). Here basic subjects 
such as spectral signature, satellites and sensors are covered together with methods for 
preprocessing and distribution, geometric referencing and image enhancement, classification 
and scanning. This is a classical remote sensing course and the exercises are based on ER 
Mapper software. 
 
The final course in the fourth year is geograhpic database technology (SBG005). Here 
advanced database issues such as transaction management, multi-user environments and 
embedded SQL/ODBC are treated as well as more specific geographical issues such as spatial 
query languages, design of spatial databases and spatial indexing. The exercises are currently 
mainly based on applied programming (Visual Basic). New products such as SDE from ESRI 
has been considered to be included in the course, but the NT versions have been considered to 
be too unstable and costly to implement. 
 
The fifth year starts with a course in geographic realtime systems (SBG007). The course 
includes subjects such as sensors (GPS, DGPS, Inertial Navigation Systems, environmental 
sensors, silicon based sensors), teletransmission (telecommunication, radio, satellite 
communication and mobitex) and hardware configuration of realtime systems. During the 
exercises, the students builds a prototype of a realtime system for navigation purposes. A GPS 
in the vehicle determines the position. Other sensors being used are for instance temperature 
sensors. The information is then transmitted to a home base using a cellular telephone. At the 
home base, the information is presented on a map, eventually together with alarms. The 
programming is made in Visual Basic. 
 
The next course is construction of GIS (SBG011). Here issues related to the access of spatial 
databases are covered together with methods for the design of integrated databases (GIS and 
administrative systems). Geocoding (adress matching) and rules for the documentation of 
systems are also included. The exercises are based on real cases. In alignment with the regional 
strategy, small applications for the municipal market are being developed and made available 
for the municipals free of charge. The development platform being used is based on Visual 
Basic from Microsoft and Map Objects from ESRI. 
 
The course in interactive cartography (SBG010) has received a considerable interest among 
our students as well as externally. This course provides the basic knowledge and theories for 
Web-based cartography, through issues like multimedia environments, Internetbased languages 
(HTML, Java etc), file formats (JPEG, GIF, MPEG, MIDI, CGM, PDF etc), audiovisual 
variables (sound and animation) including rules for their use and cartographic generalisation 
(selection, displacement, aggregation, transformation, simplification). The exercises in this 
course are also here based on real cases and in accordance with the regional strategy as 
described above. The exercises are performed using the Map Objects Internet Map Server 
platform from ESRI. 
 



The last course is a basic course in photogrammetry (SBG009). In addition to the fundamental 
principles of photogrammetry, the course also covers the new development in digital 
photogrammetry. Issues such as image scanning, image compression, image matching and 
digital orthophotos are covered in detail. The exercises are mainly based on applied 
programming in C. Some exercises are made at productional unit within the Land Survey. 
 
Although we put less emphasis on surveying courses, as compared to the education of land 
surveyors, the surveying courses are less popular among the students. The most popular 
courses are the ones where new technology is being used, for instance the courses in realtime 
GI systems and inteeractive cartography. The reason for this is that there is a less pronounced 
need for surveying skills. When looking for job opportunities, a solid background in compute 
science is however often requested.   
 
Networkbased education 
 
Luleå University of Technology has declared an ambition to provide 20% of the courses 
independent of time, place and teacher before year 2000. This is a challenge by itself. But in 
addition, the financial restrictions on university courses are also increasing. On top on that, it is 
anticipated that more students will be entering the university programs. As a consequence, 
students with lower gradings and less merits will be following the courses. To meet these new 
requirements, investments in pedagogical development has to be made. 
 
One part of a solution may be to use networkbased education. Along with the rapid growth of 
Internet, the possibilities for such education have increased considerable. But still much 
development work is to be done and experiences are to be made. In order to develop 
networkbased courses in GIS, some preliminary studies have been made. 
 
A course consists of several different parts, such as lectures, exercises, literature studies, 
project work, individual support, seminars, study visits, written reports and examinations. A 
single course may not cover all these parts, but a complete program usually do. This study 
mainly deals with issues related to the GIS exercises, but the effects on the other parts of a 
course are also considered. 
 
The exerecises in the GIT courses are basically of two different types. In some cases, 
commercial GIS software are used as tools, for instance in the courses in spatial analysis, 
remote sensing and cartographic visualisation. In other courses, the exercises are in the form of 
programming exercises, where different software development platforms are being used. 
 
In recent years, a large number of Webmapping products have been released by severeal 
vendors. The first question to answer is if our current exercises easily can be ported to these 
new Web-based mapping environments that are currently emerging. In this study, Web-
mapping software from four different vendors have been studied, namely ESRI, Intergraph, 
MapInfo and AutoCad. The study shows that only a limited number of exercises can easily be 
ported into the web-mapping environment. The current products are mainly aimed at viewing 
and quering functions. More advanced analytical capabilities such as tools for raster analysis, 
image processing and advanced cartography are in general lacking. Although ArcView IMS 
from ESRI have raster analysis capabilities, such a solution was currently rejected due to the 
implementation costs compared with its limited use in our education. 
 



In traditional networkbased education, conference systems plays a central role. Two such 
systems have been investigated, namely mStar by mArratech and NetMeeting by Microsoft. 
mStar is a product made by a research group at the University of Luleå and is currently being 
commersialised. The software have functions for transmission of sound and video, 
whiteboards, syncronised Webclients, chat, recording and replay of meetings/lectures etc. One 
of the strong features is the use of IP multicasting technology, which is used to optimise the 
traffic on the network, as compared with broadcast or unicast technologies. 
 
NetMeeting is a free software from Microsoft, which has somewhat limited functionality as 
compared to mStar. It has however one feature which is of great interest, namely the 
possibility of software sharing. This means that a student can be given the right to have remote 
control over a computer at the university. This computer may for instance be a server at a GIS 
laboratory, equipped with suitable software and data for the exercise. Software and data can 
however not be copied to the client, without necessary actions at the server side. 
 
In our first survey of the software market, no suitable software was found for networkbased 
education in GIT. But technology moves fast, probably much faster than our pedagogical skills 
are developing. Having identified our teaching skills as one of the bottlenecks, it seems natural 
to improve our teaching capabilities in a networkbased environment as soon as possible. 
 
To improve our teaching skills and our courses, the major pedagogical problems have to be 
identified. The next step in our development is then to perform test, where two lectures and 
two exercises are given by using Microsoft NetMeeting. Although we have selected a simple 
technical solution, we expect some technical problems. Earlier studies in orther fields have 
shown that the main problems in networkbased learning are mainly of technical nature 
combined with the unexperience of the teachers with computers. Although we expect technical 
problems, of more interest for us are the teaching experiences. A questionnaire will be made 
and evaluated, in order to identify the problems associated with networkbased education. 
 
Conclusions 
 
The conclusions can be summarised as follows. 
 
1. The first goal for the GIT division at Luleå University of Technology was to establish GIS 
education at a MSc level. This goal have been achieved within the time frame and with 
sufficient quality. The next step is to meet new demands in terms of reduced costs, increased 
number of students and ambitions to provide education on long distances. 
 
2. Considering the new requirements on university courses, strong emphasis have to be put on 
pedagogical development. Networkbased teaching seems to be an appropriate path to follow. 
 
3. Current Web-mapping software are not suitable for our type of education. But the main 
bottleneck for pedagogical development is probably within the development of our own 
teaching skills. As a consequence, tests of networkbased education is being performed by using 
software for Internet conferences. 
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Abstract. The intention of this work is to point out possibilities and problems 
when making municipal comprehensive plans available on the Internet through 
interactive maps. An Internet application has been built. Statistics were 
generated to get a general view over the visitors of the Internet application. 
Also a web-based survey was carried out in connection with the Internet 
application. 

Following conclusions have been made from the work: 

i. Internet is a good complement to the traditional presentation of the 
municipal comprehensive plan. The Comprehensive Plan of Övertorneå on 
the Internet had during the test period more than 1500 visitors, which is a 
high number for such a plan. But the survey also showed that the majority 
of these visitors probably did not live in Övertorneå municipality. 

ii. By making a comprehensive plan available on the Internet new target 
groups are reached. How many these are is difficult to estimate due to a 
low number of received survey answers. 

iii. The web-based survey had an overall response of about 3%. This is a low 
figure, which result in uncertainty in conclusions based on the survey. The 
low response in the web-based survey indicates that methods for Internet 
based surveys need to be improved. 

iv. The users of the Internet application expressed their appreciation. 
However, the need of some improvements were also pointed out, e.g. the 
user interface would benefit from a design more like a conventional GIS 
program. The possibility to have an adaptable map size on the computer 
screen was also mentioned. 
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Introduction 

Background 

Information technology (IT) is fundamentally changing the world. This new 
technology enables exchange of information independently of time and place. Every 
day more and more people have the possibility to use the Internet to search for, 
retrieve and distribute information. It is also getting more and more difficult for 
different organisations to make themselves heard in the increasing roar of information 
through traditional communication channels. At the same time as the available 
information multiplies the individual possibility to select and disregard information 
increases. This information competition means that communication of information 
has to be made on the users terms. 

 
According to the Swedish law, municipalities must keep the comprehensive plan 

accessible to the public. There is also a wish from the municipality to find new 
methods to ease the understanding and accessibility of the comprehensive plan for the 
public. As a complement to presenting the comprehensive plan in the city hall it is 
now possible to present the comprehensive plan on the Internet as a digital document 
and/or an interactive map. 

 
About 75% of all information handled within the municipalities can be 

geographically related (Svenska kommunförbundet et. al, 1997). Searching and 
analysing information through maps and geographical information systems (GIS) is a 
powerful way to make information visible that otherwise would be difficult to access. 
Today it is getting common that municipalities create the comprehensive plan in 
digital format. Updating information is made easier when the material is stored in 
digital format compared to analogue format. A comprehensive plan in digital format 
can also be reused for other purposes. 

Purpose and aim 

The purpose with this work was to study the usefulness of interactive 
comprehensive plans presented on the Internet. Questions that are studied are: 

 
• Is Internet a good way of presenting comprehensive plans? 
• Do we reach new target groups through the media Internet? 
• Are there possibilities to increase citizen co-operation? 

 
The aim of the work was to achieve following results: 
 

• experiences on how to exhibit comprehensive plans through the media Internet, 
in a good and effective way 
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• a list with problems and a list with possibilities based on the technique being 
tested 

• an understanding of the visitors’ opinion about the comprehensive plan on the 
Internet 

• identification of important issues for further research 
 
To be able to accomplish this work an interactive comprehensive plan on the 

Internet was developed. Statistics were generated to get a general view over the 
visitors of the Internet application. Also a web-based survey was carried out in 
connection with the Internet application. 

The comprehensive plan 

According to Swedish law every municipality in Sweden must have a 
comprehensive plan that is up to date and embraces the whole area of the 
municipality. The comprehensive plan must give a detailed description of the public 
interests and the municipality’s priority among them in guidance to subsequent 
decisions. The plan describes perspicuously the conditions for further development, at 
first hand during the next ten years and the need for protective measures. How 
comprehensive plans are handled is regulated in the law. The creation and updating of 
a Swedish comprehensive plan is through consultation – account of consultation – 
exhibition – acceptance. 

The Internet, www and maps 

The development of the Internet and the www has brought three important 
changes/improvements to the traditional geographical information systems (GIS), 
namely: 

 
(1) access to data 
(2) transfer of data and 
(3) access to GIS analytical tools. 

 
Through the Internet data can be located and transferred. New Internet techniques 

can improve the accessibility to GIS tools through www. The Internet users can reach 
GIS software that is located on or in connection to a web server. Through the Internet 
it is possible to work interactively with geographic information in a web browser 
without owning or having the GIS programs locally installed, see figure 1. 
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Figure 1 The Internet is built on the client-server technology. 

 
The user through some sort of dialog decides the content of an interactive map. 

The mediation of such a map through the Internet means that the user through a web 
browser (e.g. Netscape Navigator or Microsoft Internet Explorer) selects an area 
and/or a theme that the user has an interest in. The technique behind the interactive 
maps is that there exist a connection between the map and one or many databases. 
Through interactive queries against the database a dynamic map is generated, i.e. the 
user decides what type of information the map should contain. 

A Comprehensive Plan of Övertorneå on the Internet 

Functionality and design in the Comprehensive Plan of Övertorneå on the 
Internet 

The Comprehensive Plan of Övertorneå on the Internet consists of three main 
parts: 
 
• introduction 
• map application 
• survey 

 
The user can anytime switch between the three main parts, see figures 2 – 5. 
 
In the introduction part the user can read about the comprehensive plan of 

Övertorneå and about comprehensive plans in general. In this part it is also possible to 
download a copy of the traditional comprehensive plan of Övertorneå as a digital 
document in the format PDF (Portable Document Format). 

 
The map application offers the opportunity to create interactive maps with content 

from the comprehensive plan. The user can select the map content by marking what 
existing themes (settlement, agriculture, forestry etc) that should be shown on the 
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map. The user also selects the current function when making a “click in the map” with 
the mouse pointer by marking one of the buttons in the top of the map application, se 
figure 3. Besides functions to zoom in and out and panning in the map the user can 
select the function ‘identify surface’. This function gives the user the opportunity to 
point at a surface in the map and get a separate web browser window with a 
description of the particular area and the recommendations of future use of the area, 
se figure 4. The map application has furthermore a simple map legend and shows the 
current scale of the map. 

 
The survey is a dynamically generated web page with a questionnaire. 
 

     
Figure 2 Introduction.     Figure 3 Map application. 

 

     
Figure 4 Area description.     Figure 5 Survey. 

The survey 

The purpose of carrying out a survey in connection with the map application was to 
look into problems and possibilities when presenting comprehensive plans on the 
Internet through interactive maps. 

 
The type of survey that was most suitable in this work was a www-based survey, 

adjacent to the map application. The survey consisted of a web page with 20 
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questions, 17 of them single-choice and the other three to be answered in writing. The 
survey was divided in four parts, namely: 

 
• Information about the person who completes the survey 
• Questions about the functionality and use of the Comprehensive Plan of 

Övertorneå on the Internet 
• Questions about the cartographic design of the Comprehensive Plan of 

Övertorneå on the Internet 
• Others, i.e. free comments from the users 

 
The survey answers during the period 15th of May 1998 to the 12th of October 

1998, i.e. five months, were analysed. A total of 42 persons took part in the survey. 
The statistics shows that approximately 3% of the visitors of the Internet application 
A Comprehensive plan of Övertorneå on the Internet took the time to complete the 
web-based survey during this period. This low response rate must be considered when 
evaluating the results presented below. 

Information about the persons who completed the survey 

In the survey a number of questions are asked to get an overview of the visitor’s 
background. The questions concern where the user lives, what sex and age group the 
user belongs to, where the user is connected to the Internet, how the user came to 
know about the Internet application and the user’s knowledge about comprehensive 
plans. From the survey answers following conclusions can be made: 

 
• 12% of the persons who have completed the survey lives in Övertorneå 

municipality 
• 60% of the persons who have completed the survey lives in Norrbotten county 
 
• Most of the people (74%) who answered the survey were testing the Internet 

application at their work 
• The majority (40%) of the people who answered the survey was in the age 

interval 30 to 44 years old 
• Somewhat more men (60%) than women (40%) answered the questions in the 

survey 
 

• 71% of the users who completed the survey knows that the municipality creates 
and regularly updates the comprehensive plan 

• 76% have seen a comprehensive plan before 
• 76% know the purpose of a comprehensive plan 
• The reason why the users looked at the Internet application were in most cases 

curiosity 
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• Everyone who looked at the Comprehensive Plan of Övertorneå on the Internet 
and did not live in Övertorneå would like to see that their municipality had their 
comprehensive plan available on the Internet as an interactive map 

• Most of the users who completed the survey were hinted to the web site 

Questions about the functionality and use of the comprehensive plan 

In this part of the survey, questions were asked about the functionality and use of 
the Comprehensive Plan of Övertorneå on the Internet. Was the information in the 
comprehensive plan considered to be of interest? Was some important function 
missing? Were the response times to download the maps acceptable? 

 
Everyone who completed the survey considered the information in the 

comprehensive plan to be of interest. The comparison between the traditional 
comprehensive plan (in the form of a downloadable Pdf-document) and the interactive 
map application is not significant since most of the survey answers were completed 
before the Pdf-document was available at the web site. 

 
Regarding the question if the Comprehensive Plan of Övertorneå on the Internet 

was missing any important functions, following things was asked for: 
 

• further development of the map application’s functionality. The use of a Java-
based or ActiveX-based interface for the map application, to get a more 
traditional GIS environment 

• the possibility to specify fixed map scales 
• a text-based search tool 
• the possibility to search geographical extent through the national map sheet 

system 
• explanation of used terms in the map application (e.g. what is a panning?) 
• adaptation of the cartography in the map to suit colour-blind users, the use of 

hatches instead of colours to describe different themes in the map 
 

The majority of the users (88%) who completed the survey considered the response 
times to download maps to be acceptable. 

Questions about the cartographic design of the comprehensive plan 

The questions in this part of the survey investigate how the colour choice in the 
map was perceived, the maps readability on the computer screen and when printed out 
on paper. 
 

The majority was satisfied with the choice of colours in the map. The map’s 
readability on the computer screen and when printed out on paper was considered 
acceptable or better. Some of the users were however critical to the choice of colours 
in the map and the map’s readability, see the figures 6 and 7. 
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Figure 6 Satisfied with the choice    Figure 7 The map’s readability 
of colours in the map?   on the computer screen. 

Only nine out of the 42 users who completed the survey tried to print out a 
generated map from the Comprehensive Plan of Övertorneå on the Internet. The 
majority of these nine users considered the result to be acceptable or better, see figure 8. 

 
 
 
 
 
 
 
 
 
 

Figure 8  The readability of the printed map. 

Results 

The experiences from the development of the Comprehensive Plan of Övertorneå 
on the Internet and the survey can be summarised in a list with problems and a list 
with possibilities. 

Problems 

During the development of the Comprehensive Plan of Övertorneå on the Internet 
following problems were discovered: 

 
• it takes time to develop own Internet applications 
• time consuming maintenance of own Internet applications 
• limitations in presentation possibilities on the Internet depending on what web 

browser is being used 
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• limitations in the user interface, it is difficult to imitate a traditional GIS 
environment through a web browser 

• assignments that demand computer power, e.g. working with high resolution 
satellite images, becomes time consuming i.e. results in longer response times 
when downloading maps containing satellite imagery 

• how should the cartography be designed in maps presented on the Internet? 
• how should the cartography be designed in maps to be printed out from the 

Internet? 
 
Besides the above list of problems there were many programming problems to be 

solved during the development of the Comprehensive Plan of Övertorneå on the 
Internet. 

 
The survey pointed out following problems: 
 

• the users of the Comprehensive Plan of Övertorneå on the Internet did not always 
understand how the map application worked, e.g. functions for zooming, panning 
and identifying areas 

• the function to get an area descriptions only works in newer versions of Netscape 
Navigator and Microsoft Internet Explorer that are capable of handling JavaScript 

Possibilities 

During the development of the Comprehensive Plan of Övertorneå on the Internet a 
number of possibilities appeared: 

 
• www makes it is possible to create a map-based information retrieval systems 

that everyone  with access to the Internet and a web browser can use 
• the comprehensive plan can be complemented with multimedia, such as photos, 

sound and video clips 
• it becomes easier for the public to utilise the information 
• presenting a comprehensive plan on the Internet offers the possibility to collect 

opinions and comments from the public in connection to the comprehensive plan 
 
The statistics over the visitors points out following possibility: 
 

• a large number of visitors of the Comprehensive Plan of Övertorneå on the 
Internet shows that there is a potential to reach the public when giving access to 
comprehensive plans on the Internet 

 
The survey showed following possibility: 
 

• everyone that completed the survey and did not live in Övertorneå would like to 
see that their municipality had their comprehensive plan available on the Internet 
as an interactive map. Positive comments from the users implies that presenting 
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comprehensive plans on the Internet is a good complement to the traditional way 
of presenting comprehensive plans 

Are new target groups reached with this way of presenting a comprehensive 
plan? 

One of the goals with the survey was to see if new target groups were reached by 
presenting the comprehensive plan on the Internet. With new target groups is meant 
groups of people who have not earlier been in contact with a municipality’s 
comprehensive plan. What groups that are reached is affected by the existence and 
placement of hypertext links leading to the comprehensive plan. 

 
From the survey answers it can be concluded that about 30% (12 persons) do not 

know that the municipalities create and regularly update a comprehensive plan. 67% 
of these people (8 persons) have not seen a comprehensive plan before. Of these 
people almost everyone (88%, 7 persons) would like to see a similar interactive map 
showing their municipality’s comprehensive plan. 

 
It can be confirmed that by presenting a municipality’s comprehensive plan on the 

Internet in the form of an interactive map new target groups are reached that have not 
before seen or known about the existence of comprehensive plans. One hypothesis 
that existed in the beginning of this work was that more young people would be 
interested to look at the comprehensive plan if it was on the Internet. This hypothesis 
can not be confirmed with the help of the survey. 

Further research questions 

Further research questions that this work has pointed out: 
 

• how can and should the municipality present their comprehensive plan to 
increase the accessibility? 

• what can be done to ease the public’s understanding of the comprehensive plan? 
• how does the municipality in the best way collect opinions and comments from 

the citizens about the comprehensive plan presented on the Internet? 
• how is such a gathering of opinions and comments formalised if it is done 

through the Internet? 
• there is a need to develop cartographic “rules” or guidelines for presenting maps 

on the Internet and maps that are to be printed out from the Internet 
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Discussion 

Effects of a digital comprehensive plan on the Internet 

To present a comprehensive plan as an interactive map on the Internet is a viable 
complement to today’s traditional presentation of the comprehensive plan. 
Comprehensive plans on the Internet increases the citizens’ possibility to access 
information about the future plans of the municipality. The different administrative 
divisions within the municipality are given an easy and quick way to access up to date 
information from the comprehensive plan. 

 
The interactivity that can be achieved through presenting a comprehensive plan as 

an interactive map is an important factor that can be used to increase the public’s 
interest and understanding about and for comprehensive plans. A comprehensive plan 
presented on the Internet can be complemented with a large amount of additional 
information, such as text, pictures, sound and video clips. It becomes easier for the 
users to utilise the information. 

 
Presenting the comprehensive plan as an interactive map on the Internet during the 

exhibition phase would give the possibility to an extensive participation by the 
citizens. Later the accepted comprehensive plan can be presented in the same 
interactive map application. Through better information handling it would be possible 
to create better decision support, increase the citizens’ participation and thus make 
possible a lasting planning of society. 

Necessary conditions for a comprehensive plan on the Internet today 

What are the necessary conditions for the municipalities to present their 
comprehensive plans on the Internet? Some of the obstacles that exist when 
presenting comprehensive plans on the Internet could be categorised in: 

 
• Technical 
• Economical 
• The right to use geographic information 
• Competence/knowledge 
• Interest for Internet and maps 

 
A municipal administration must have access to equipment, such as web server etc 

and software to be able to create and maintain map applications on the Internet. 
 
Today’s existing software to present interactive maps on the Internet are still very 

expensive. Additional costs for use and presentation of geographic information, 
pictures and text material might arise. 
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The development of interactive maps on the Internet is rapid. Today there is often a 
lack of competence in the municipal administration to develop and/or maintain 
interactive maps on the Internet. 

 
To be able to make comprehensive plans available as interactive maps on the 

Internet there has to be an interest at the municipal administration to use GIS on the 
Internet as a medium to present comprehensive plans to the citizens. 

The survey at the Comprehensive Plan of Övertorneå on the Internet 

Since the number of submitted survey answers was relatively few, a total of 42, the 
possibilities to make conclusions from them are relatively limited. Most of the users 
who have completed the survey say that they have been hinted about the web site. 
Only 3% of the visitors at the Comprehensive Plan of Övertorneå on the Internet took 
their time to answer the survey and because of the low response the submitted 
answers might not be representative for the visitors. A conclusion of the low number 
of answers in the survey is that methods for surveys on the Internet must be further 
developed. 

 
Regarding the question about why the visitors looked at the Comprehensive Plan of 

Övertorneå on the Internet most of the users answered that they were curious. A 
conclusion based on the low number of users from Övertorneå is that most of the 
users were interested of the technique to present information rather than the 
information itself. It would have been interesting if more people from Övertorneå 
would have submitted survey answers since they probably have more knowledge 
about Övertorneå than people of other municipalities and probably more interested of 
the content of the comprehensive plan instead of the technique of presenting it. 
 

From the part of free comments in the survey it can be concluded that some people 
thought that the map was to small and some people thought that it was to big. This 
depends on the size and resolution of the users’ computer screen. Enhanced technique 
to present maps on the Internet is therefore needed. 
 

More than one user gave positive remarks about the Comprehensive Plan of 
Övertorneå on the Internet and I make the conclusion that this work was a step in the 
right direction to develop methods of presenting comprehensive plans on the Internet. 

The future 

The technique and existing software for presenting geographic information on the 
Internet is currently developing in an accelerating pace. To give a vision of the future 
development of interactive maps on the Internet is of course not easy, but some things 
that can be assumed to happen is: 
 
• cheaper software when market for Internet GIS increases 
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• a greater variation of software, adapted for different uses of maps on the Internet 
• new software for distribution of geographic information that are easy to use and 

contains more ready functions and tools than today 
• component-based software to be able to tailor-make powerful GIS applications 
 

Today we see the start of more and more information being presented on the 
Internet, e.g. in the form of interactive comprehensive plans. The next natural step in 
this direction is not only to present information but also to collect opinions from the 
citizens via Internet. How this is going to be done needs to be studied further. 

Conclusions 

The conclusions that can be drawn from this work are limited, due to the low 
response rate of the survey. Otherwise following conclusions can also be drawn: 
 
• Internet is a good complement to the traditional presentation of the municipal 

comprehensive plan. Without presentation on the Internet the citizens usually 
have to go to the municipal building or other central places to take part of the 
proposed or accepted comprehensive plan. 

• New target groups are reached by presenting a municipality’s comprehensive 
plan on the Internet. From the survey it can be understood that 29% of the users 
who responded to the survey did not know that the municipal administration 
creates and regularly updates a comprehensive plan. Considering the low number 
of submitted answers this figure might in the reality be higher. It is fair to believe 
that the users who answered the survey have some personal interest in 
comprehensive plans or techniques to present them. People with own experience 
of comprehensive plans may therefore be over-represented in this survey. 

• Through Internet there are good opportunities to further develop and enhance the 
citizens’ participation in the development of comprehensive plans. Besides 
showing the accepted comprehensive plan there is an opportunity to collect 
comments and opinions from the citizens about the comprehensive plan during 
the exhibition phase. 
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Abstract. Today risk analysis is performed in many different areas 
with the aim to prevent and give a good preparedness in case of 
accidents, injuries and problems. Consideration of risk and 
preparedness is seen as an important part of a society’s planning. In 
an emergency it is essential that the available information is reliable. 
At all analysis work it is therefore very important to estimate 
uncertainty in the result. Furthermore it can be noticed that it is 
increasingly common that analysis results are presented as maps and 
made available on the Internet, an environment with many 
inexperienced map users. It has also begun to appear analysis tools for 
different application areas on the Internet. When analysis tools and 
results are made available to the public, it is important to present the 
quality/uncertainty of the result in such a way that everyone can 
determine if the result can be used for a particular decision making or 
in further analyses. AAAAAAAAAAAAAAAAAAAAAAAAAAAA 
 
The aim of this study is to show how uncertainty in terrain models is 
propagated in analyses, here exemplified with flood analysis. 
Statistical analysis based on Monte Carlo simulation has been used to 
estimate uncertainty in flood analysis. 



1.   Introduction 

Today risk analysis is performed in many different areas with the aim to prevent 
and give a good preparedness in case of accidents, injuries and problems. 
Consideration of risk and preparedness is seen as an important part of a society’s 
planning. In an emergency it is essential that the available information is reliable. At 
all analysis work it is therefore very important to estimate uncertainty in the result. 
Furthermore it can be noticed that it is increasingly common that analysis results are 
presented as maps and made available on the Internet, an environment with many 
inexperienced map users. An example of flood analysis made public as maps on the 
Internet is the Swedish Meteorological and Hydrological Institutes work for the 
Swedish Rescue Services Agency (SMHI, 2000). It has also begun to appear analysis 
tools for different application areas on the Internet, e.g. a tool for municipalities to 
estimate travel times (allocation) for ambulance within the municipality (Metria, 
2000). When analysis tools and results are made available to the public, it is important 
to present the quality of the result in such a way that everyone can determine if the 
result can be used for a particular decision making or in further analyses. 

 
The aim of this study is to show how uncertainty in terrain models is propagated in 

analyses, here exemplified with flood analysis. Statistical analysis based on Monte 
Carlo simulation has been used to estimate uncertainty in flood analysis. 

 
The goal of this study is to answer questions like: 
 

• How reliable is a flood analysis based on the Swedish national 50-meters grid of 
heights? 

• Is it only errors in the elevation model that affect the uncertainty in flood 
analysis? 

• Is estimation of uncertainty in flood analysis needed? 
 
In this work only a fixed increased water level has been used in the flood analysis, 

hence the results presented here cannot directly be applied to e.g. the flood analysis 
being done by SMHI. 

 
This article is based on a work carried out at LINFO-centralen, a regional GIS 

association in the most northern county of Sweden (Lundberg, 2000). 



2.   Estimation of uncertainty in analysis result 

The figures 1 and 2 show the result of two flood analysis based on a 20- and 50-
meters grid containing height values. The darker areas in figure 1 and 2 represent 
flooded areas at an increased water level of three meters. We have produced some 
results, but what uncertainty is hidden in these flood analyses? 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Flooded areas based on a    Figure 2 Flooded areas based on a 
20-meters grid of heights.   50-meters grid of heights. 

 
The sources of uncertainty in analysis results could shortly be summarised in the 

following list: 
 

• The world and the geography are constantly changing with the time. 
• People and measuring instruments are never completely faultless. 
• The collecting and sampling methods contribute largely to the result. 
• The analysis and presentation part can introduce new errors. 

 
The quality of an elevation model can be expressed as a standard error. In some 

cases it is the standard error of the measured points and in other cases it is the 
standard error of new height values created from the measured points through 
interpolation. From the user’s point of view the uncertainty in the analysis result is of 
a greater interest, but may not be that easily accessible. 

2.1   Monte Carlo simulation 

There are different methods to estimate the uncertainty in an analysis result. One 
way is to study the error propagation. The method that has been used to study the 
uncertainty in this application, flood analysis, is Monte Carlo simulation. This method 
has as its aim to generate random values with certain statistical properties (e.g. a 
normal distribution). These generated random values are then used to create different 
scenarios, that in turn are used to draw conclusions about the uncertainty of the 
analysis result. The name of the method, Monte Carlo simulation, appeared in mid 

  



1940 and implies game of chance and randomness. Today Monte Carlo simulation is 
a commonly accepted method to do statistical simulations. 

 
A program using Monte Carlo simulation to generate geographically correlated 

error estimations with a certain standard error has been developed at Luleå University 
of Technology (Östman, 1993). This program was used to create simulated random 
errors, that later were subtracted from the elevation model that was used in the flood 
analysis. The generated errors are spatially correlated to reflect the errors that can 
arise when an elevation model is produced photogrammetrically. The errors are 
presumed to be a composite from following stages in the production of an elevation 
model: 

 
1. The photogrammetrical absolute orientation. 
2. The measurement. 
3. The interpolation. 

 
The error contribution from the photogrammetrical absolute orientation applies to 

analytical stereo instruments. The operator conducting the measurement affects error 
in the measurement. Error in the elevation model due to interpolation between the 
measured points is dependent of the distance between the measured points. 

2.2   Data used and the work progress 

A test area in Sunderbyn, a suburb to the city of Luleå, was chosen to study 
uncertainty in flood analysis. Two flood analyses were performed with 20- and 50-
meters grids containing heights. Both flood analyses were based on an increased 
water level of three meters in the river Luleälven. 

 
The investigation of uncertainty in flood analysis was delimited to a smaller area 

due to time-consuming analyses. The test area in Sunderbyn was suitable to study 
because of the flat terrain that makes Sunderbyn especially exposed if Luleälven’s 
water level would rise. At the flood analyses no consideration was given to additional 
occurrences such as possible erosion, ice dam ups, ability to high water saturation of 
the land surrounding the river etc. Events like these can cause local differences in 
flooded areas, but are not accounted for in this work. 

 
Luleå municipality supplied a 20-meters grid containing height values over 

Sunderbyn, figure 3. According to Luleå municipality this elevation model has an 
expected standard error (not statistically tested) of 0.10-0.25 meters in the measured 
points. The height information was collected photogrammetrically from photos taken 
from the flying altitude of 800 meters (Eriksson, 1999). Over the same area as the 20-
meters grid a 50-meters grid was extracted from the Swedish national digital elevation 
model (DEM), GSD Höjdatabanken. The national 50-meters grid DEM strive to attain 
a standard error of 2.5 meters (National Land Survey et. al, 1999). 



Monte Carlo simulation was used to create 2*20 different raster files containing 
random error estimates for the two different elevation models, figure 4. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 The test area in Sunderbyn.    Figure 4 Raster image (1 of 20) 
      with generated errors  
      to the height model with 
      20-meters grid. 

 
The 2*20 generated raster files containing Monte Carlo simulated errors have 

accordingly to the assumptions the standard errors 0.25 and 2.5 meters. Furthermore 
the errors are supposed to be approximately normally distributed around the average 
value 0 meter, figure 5 and 6. Deviation from this normal distribution is due to the 
spatial correlation in the errors. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5 Generated errors (1 of 20)    Figure 6            Generated errors (1 of 20) 

for the 20-meters grid with a               for the 50-meters grid with a 
standard error of 0.25 meters.              standard error of 2.5 meters. 

 
Each generated raster file with errors, 20 for each of the two DEMs, was subtracted 

from their own copy of the original DEM. This created 2*20 different DEMs that 
were used to create flood analyses. 

 
By comparing how often a pixel in the 20 analyses becomes flooded an estimate of 

the uncertainty in the original flood analysis is achieved. For example if a pixel 
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becomes flooded in 19 cases out of 20 then the pixel is estimated to be flooded with a 
probability of 95% when the current elevation model is used for flood analysis. 

2.3   The results 

The estimations of uncertainty in the two flood analyses are presented in figure 7 
and 8. The lightness of the pixels indicates the uncertainty in the classification as 
flooded area. The lighter the more uncertain. It can be noted that the closer to the 
three meters level above the original river level the more uncertain becomes the 
classification of flooded areas. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 7 Uncertainty in flood analysis    Figure 8          Uncertainty in flood analysis 
based on a 20-meters grid             based on a 50-meters grid 
with the standard error of             with the standard error of 
0.25 meters.              2.5 meters. 

 
One of the purposes with this work was to study the uncertainty in flood analysis 

performed with the Swedish national DEM. By comparing the flood analysis based on 
the original DEM and the its uncertainty analysis it is possible to form an initial 
opinion of about this, figure 9. The lighter pixel the more uncertain is the 
classification as a flooded area. 

  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9 Flood analysis based on the 50-meters grid and its uncertainty analysis. 
 
Flood analyses based on the Swedish national DEM with a 50-meters grid and an 

increased water level of up to three meters is thus very uncertain if a standard error of 
2.5 meters is taken into consideration. 

 
Another purpose of this work was to investigate if quality or uncertainty 

estimations are required for flood analyses. This was done by comparing the original 
flood analysis with the areas classified as flooded in at least 95% of the cases in the 
uncertainty analysis. From the result it is possible to form an opinion about both the 
uncertainty in the flood analysis and also the need of uncertainty analyses. The lighter 
areas in figure 10 and 11 indicate an uncertain classification as a flooded area. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 10 Areas that will be flooded    Figure 11         Areas that will be flooded 
at 95% certainty according             at 95% certainty according 
to the uncertainty analysis             to the uncertainty analysis 
for the 20-meters grid.             for the 50-meters grid. 

 

  



1. How good is the flood analysis based on the 20-meters grid? 
In the investigated area of 790 ha (7 898 800 m2), 245 ha (2 447 200 m2) was 

flooded at an increased water level of 3 meters. The Monte Carlo simulation showed 
that 15% (370 800 m2) of these 245 ha had a reliability of less than 95%. Furthermore 
the simulations showed that 16 ha (159 200 m2) outside the flooded area had a risk of 
more than 5% of being flooded. 

 
2. How good is the flood analysis based on the 50-meters grid? 

In the investigated area of 781 ha (7 812 500 m2), 237 ha (2 367 500 m2) was 
flooded at an increased water level of 3 meters. The Monte Carlo simulation showed 
that 92 % (2 180 000 m2) of these 237 ha had a reliability of less than 95%. 
Furthermore the simulations showed that 231 ha (2 312 500 m2) outside the flooded 
area had a risk of more than 5% of being flooded. 

 
The need for quality estimation/uncertainty analysis is not only dependent of the 

standard error in the used DEM. 
 

3. How is the uncertainty in the flood analysis affected if the terrain is two times 
steeper than the investigated area in Sunderbyn? 

By multiplying the 50-meters grid with a factor 2 a new steeper terrain is created 
on which flood analysis and uncertainty analysis were performed. It can be noted that 
even though the 50-meters grid is multiplied with a factor 2 it does not create an 
extremely steep terrain because the original terrain was rather flat. The results show 
that the uncertainty inside and outside the flooded area is not noticeably affected with 
a steeper terrain. 

 
4. How is the uncertainty in flood analysis affected by the magnitude of increased 

water level? 
Flood analyses for increased water levels of 3 and 6 meters and accompanying 

uncertainty analyses were performed. The results show that the uncertainty inside and 
outside the flooded area decreases with an increased water level. A flood analysis 
based on 3 meters increased water level is more uncertain than an increased water 
level of 6 meters. 

 
The uncertainty in flood analysis is thus dependent of: 
 

• The accuracy in the elevation model used in the flood analysis. 
• The studied increase of water level in the flood analysis. 



3.   Discussion 

Why is it important to estimate and present uncertainty in risk analyses such as 
flood analysis? Considering the fact that maps and tools for geographical analysis are 
becoming increasingly common on the Internet then there is a need to develop 
methods to minimise the risk of misunderstandings and misuses. On the Internet it is 
not possible to know who is looking at a map and what experience of interpreting 
maps that person has. Different ways of presenting uncertainty in the result together 
with the result is therefore desired. One way of presenting an analysis result and its 
uncertainty at the same time is through a bivariate map. A bivariate map presents two 
types of variables in the same area, e.g. the flooded areas and the uncertainty in the 
flood areas. This type of map is less common which may result in difficulties to 
interpret the information for people with limited map experience. 

4.   Conclusions 

An analysis result becomes rather uninteresting if the reliability of the result cannot 
be estimated and presented. This work has shown the need to estimate uncertainty in 
an analysis result. Without the uncertainty analysis there is an obvious risk that 
substantial investments produce a low value/cost ratio or risk being used incorrectly. 

 
The conclusions from the work can be summarised as follows. 
 

1. Collected geographical information have many sources of errors, among others 
people, measuring instruments, analysis, presentation and interpretation. Analysis 
result based on different data sources can therefore contain an uncertainty that is 
difficult to assess. 

 
2. Flood analysis with 3 meters increased water level performed with the Swedish 

national 50 meters grid elevation model is very uncertain if a root mean square of 
2.5 meters is considered. 

 
3. Visualisation of uncertainty together with the analysis result can in a simple and 

clear way show the suitability of using the analysis result in a certain decision 
making or in further analyses. 

 
4. If uncertainty in analysis result is to be estimated and presented visually on a 

more regular basis then tools of assistance are needed. 
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