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Summary 
 
Geographical information systems (GIS) emerged as far back as the 1960s to meet the 
requirements of more complex spatial analyses. Nowadays, GIS is increasingly part of 
mainstream Information and Communication Technology and almost invisibly present 
in our daily life.  
 
The unique approach of GIS to spatial data has been embraced by numerous disciplines 
that benefit from a standardized toolbox to process their data flows. The amount of data 
has increased dramatically over the past 30 years, mainly as a result of image data from 
space-borne satellites. GIS contributes strongly to the processing, storage and 
visualization of these data, such that the distinction between GIS and Image Processing 
Systems is slowly becoming artificial.  
 
With GIS, mankind has a tool to manage its surroundings and anticipate timely and 
natural as well as human processes such as floods and migration respectively. Advances 
in Internet technology help to bring spatial data to the individual by intelligent mapping 
applications based on GIS. In this way, geographical knowledge is shared and, it is to be 
hoped, awareness of our precious environment is intensified.   
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1. Introduction 
 
Driven by an ongoing willingness to understand our environment, mankind has put 
effort into mapping the world from the early beginning of human life. Knowing your 
“territory” is crucial for simply surviving and carrying on in a society that sometimes 
provides only limited conditions for a sustainable life style. The need for information 
about what is surrounding us is evident; it helps us to answer questions related to such 
issues as weather, crop growth, seismic activity and urban planning. All this data can be 
referred to as geographical data.Geographical data relate to meaningful data about 
earthbound objects, and therefore include a reference to position and topological 
connections in addition to attributes. In other words, they describe the place of an object 
in the geographical space by means of some coordinate system, its qualitative and 
quantitative appearances and the way in which it is linked with other objects in terms of 
adjacency, proximity and connectivity. Grimshaw expresses himself in concrete terms 
by defining the questions “where is it?”, “what is it?” and “what is its relationship to 
other spatial features?” respectively. Geographical data constitute the core of many 
decision-making strategies. Grimshaw quotes a study by Moloney et al. who states that 
90% of business data is geographical, or, more general, spatial. The availability of geo-
information is undoubtedly improving increasingly, and the dimensions of the 
accompanying data flow are so impressive that the notion of an information revolution 
is by no means exaggerated. Advancements in computer development have created the 
preconditions for the introduction of Geographical Information Systems (GIS), which 
have made both new and existing data sets accessible in a systematic way. Also, remote 
sensing techniques have really caused a flood of data that is likely to swell even more in 
the near future (see chapter Remote Sensing).  
 
2. Geographical Information Systems – a Definition 
 
Defining GIS is not an easy task to do as is apparent from the large number of divergent 
views spouted in literature. Chrisman refers to it as a complicated type of software 
covering the whole life cycle of geographical data, from data collection to interpretation 
and on. A better and more widely accepted definition of GIS is given by Burrough & 
McDonnell who consider GIS a complex of computer hardware and software embedded 
in a proper organizational context. The latter refers to such issues as training of staff and 
appropriate implementation of the system in the present workflow.  
 
As far as the software is concerned, Burrough & McDonnell distinguish the following 
five technical tasks (see figure 1): 

 
input  storage    manipulation   output   interaction 

 
 

Figure 1: Five main tasks of GIS software, schematically represented 



UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

GEOGRAPHY – Vol. II - Geographical Information Systems - Frans J.M. van der Wel 

 ©Encyclopedia of Life Support Systems(EOLSS)  

• Data input and data verification: The conversion of collected data into a suitable, 
digital format, for example by means of digitizers, scanners or keyboard. 
Moreover, it involves some kind of pre-processing, as data can be subjected to 
generalization or simple classification procedures.  

• Data storage and database management: Once passed the input stage, data are 
stored in a database according to a particular data structure and database structure. 

• Data manipulation: This involves all transformations being applied to the data. 
Berry uses the term “operations” whereas Abel prefers “transactions”. In general, a 
distinction can be made between analyses (spatial or not) and more trivial 
processing tasks like updating and simple error removal. 

• Data output and presentation: The data, processed or not, can be presented in a 
graphic or alphanumeric way, as hardcopy (e.g. a paper map) or softcopy (e.g. so-
called ephemeral output on a computer screen). 

• Interaction with a user: A user is able to communicate with the information 
system (“query input”) in order to extract information from the stored data. 

 
Marble & Peuquet give a well-chosen description of the functionality of a GIS, that 
summarizes the above-mentioned tasks: “... a GIS is designed to accept large volumes 
of spatial data, derived from a variety of sources, including remote sensors, and to 
efficiently store, retrieve, manipulate, analyze and display these data according to user-
defined specifications...” 
 
3. History of GIS 

 
 

Figure 2: Example of a line printer map produced by the SYMAP system 
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Already as far back as the 1960s geographical information systems were being 
developed as a means to facilitate the traditional manual cartographic procedures of 
overlaying and visualization. One famous example is SYMAP from the United States 
which was rooted within the academic world. The maps that were produced were 
produced by a simple line printer and cartographically considered unacceptable, but the 
system was one of the first attempts to make the mapmaking process easier and faster 
(see figure 2).  
 
In fact, one can state that GIS has its roots in North America, in which academic 
institutes and governmental agencies contributed to the concepts that underlie the 
current generation of GIS systems. The real commercial milestone, however, was only 
in the 1980s when computer technology had evolved sufficiently to become affordable 
for a growing group of users. Environmental Systems Research Institute (ESRI) 
launched its Arc/Info software in 1981 and in 2001 it released the next generation of 
GIS systems known as ArcGIS. The history of this market leader is exemplary for the 
speed with which the field has evolved since the early 1980s. ESRI held its first user 
conference in 1981 hosting 18 people; nowadays it attracts well over 9,000 participants 
from all over the world!  
 
The technological shift in the 1980s and 1990s brought GIS closer to the user. Personal 
computers and a focus on Microsoft's Windows operating system were responsible for a 
high level of acceptance of these information systems. A generation of “desktop GIS” 
characterizes the last decennium: ESRI’s Arcview, Geomedia from Intergraph 
Corporation and MapInfo Professional are among the most widely used packages.  
 
GIS is primarily concerned with data acquisition and data processing techniques, and its 
advent has enabled the integrated use of data from different sources. Imagine how in the 
early days a land suitability map was produced: different maps revealing soil 
information, height and slope data, hydrology, etc., would have been projected on 
transparencies and overlaid on a light table. Areas that met certain requirements were 
outlined manually, a cumbersome and time-consuming piece of work! By automating 
this process, multiple layers of data can be combined and queried according to some 
user-defined statement. The awareness that GIS could help to work efficiently through 
large geographical data sets in order to explore possible spatial relationships opened 
doors to an enormous group of people using GIS and developing applications for it. 
Recently, network technology – especially the Internet – has added another argument 
for using a GIS: sharing spatial data has become easy and within the reach of numerous 
non-experienced users that benefit from user-friendly, standardized tools like 
geographical information systems. According to Burrough & McDonnell, an estimated 
93 000 sites worldwide had a GIS installation in 1995.  
 
4. The Relevance of Metadata 
 
In his paper The Digital Earth: Understanding our planet in the Twenty-First Century, 
former vice-president Al Gore of the United States referred in 1998 to the huge amount 
of georeferenced data that is available to our community (Al Gore's "the digital Earth" 
speech). He also stressed the fact that only a small part of this data is actually used. 
Now that we have the disposal of technologies to collect (remote sensing) and process 
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(GIS, image processing) these data almost instantaneously, the data flow is apparently 
too unstructured to be of immediate use.  
 
At this point metadata, or data about data, enter the stage because they describe the 
considered data not only for reasons of storage but also for retrieval. If we know the 
specifications and the fitness for use of the data, we are provided with handles that help 
us to decide whether or not data are useful. If additional data are made available for the 
description of data sets, according to a number of quality components, the resulting 
increase of data consciousness is expected to contribute to better decisions. In the 
literature, these quality components are generally considered a subset of metadata and 
placed in one of the following categories according to Moellering’s classification for the 
National Committee on Digital Cartographic Data Standards (NCDCDS): 
• lineage – describes the “pedigree” of a data set, including information about 

source, age and level of processing; 
• attribute accuracy – refers to the correctness of a non-spatial characteristic that 

has been assigned to an object; 
• positional accuracy – indicates the extent to which the location and height of an 

object have been correctly represented; 
• completeness  - describes the relationship between objects represented in a data 

set and “…the abstract universe of all objects…”, which is dependent on a specific 
context and real world model; 

• logical consistency – deals with the data set itself as it focuses on the validity of 
object representations, both from a geometric and thematic point of view, and the 
relationships between these objects. 

These quality components have been adopted by the International Cartographic 
Association (ICA) as the ingredients of quality reports which are in turn part of de jure 
spatial data standards. The European Committee for Standardisation (CEN) has 
published its guidelines for the description of spatial data while the US Content 
Standard for Digital Geospatial Metadata of the Federal Geographical Data Committee 
(FGDC) legally prescribes the standardized documentation of spatial data.  
 
Within the context of GIS, the work of the OpenGIS Consortium is worth mentioning 
(http://www.opengis.org). Industry, academics and governmental organizations co-
operate in order to define open interface specifications to advance the unbounded 
exchange of geographical data, at least as far as technology is concerned. Their ideas on 
metadata are inspired by the work of ISO's Technical Committee 211. As with all 
standards, it might take some time before a crystallized standard appears! 
 
- 
- 
- 
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