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Preface

Premises and objectives

This book explains how geospatial data can be visualized and analysed, and
shows the background against which the provision and visualization of
geospatial information takes place. It provides awareness of the web both as
a spatial data source and as a means for distributing the results of visualizing
this spatial information. As such the contents of this book have changed over
time, in order to reflect IT developments: in the preface of the second edi-
tion, written at the beginning of 2002, we signalled the emergence of the
World Wide Web as a prime geo-information source and dissemination
medium. Consequently we changed the focus of the book, and that proved to
be a good move since the position of the web has strengthened and stabilized
itself. It also stimulated a more integrative approach to problem solving with
geo-information (GIScience). Another development stimulated by the web
was the increased use of Spatial Data Infrastructures, for sharing national
and global geodata with the professional and general public (under the motto
‘collect once, use many times’). But the largest impact since the second edi-
tion of the book was published in 2002 probably has been the advent of
online mapping systems like Google Earth/Maps and Microsoft Virtual
Earth. It is their worldwide detailed coverage and the ability for users to add
their own data that form the success factors of these products and that
addicted so many people to maps.

The objective of the first edition (1996) of this book was to provide suffi-
cient relevant knowledge of cartography for GIS users for the production and
use of effective visualizations of geospatial information. The further develop-
ment of the Internet since 1996 has boosted the possibilities for interaction and
for querying the databases behind the maps presented there. The number of
databases available via the web has increased dramatically and so has the abil-
ity to interact with them (query, process, etc.) online. Maps have acquired an
important interface function in this new cyberspace geo-information distribu-
tion environment. If map-making with GIS mainly involved geo-professionals,
the World Wide Web potentially allows everyone having access to this new
medium to create maps.

The focus of the second edition changed into the provision of sufficient rel-
evant knowledge of cartography/geovisualization concepts and techniques to
those accessing the World Wide Web for the production and use of effective vi-
sualizations of geospatial information. Since the World Wide Web is highly in-
teractive, and since it allows one to integrate data files, and to link distributed
databases, this makes maps suitable instruments for exploring these databases.
In this third edition we have restructured the content so that it reflects the new
status of the web from the start and especially in the main theoretical chapters
of the book
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Preface ix

Book history and acknowledgments

Much of the design processes advocated in this book are still based on the in-
spiration provided by Jacques Bertin’s book Semiology of Graphics (1983). He
wrote the original French version in 1967 in order to improve the printed maps
he was confronted with in the media. The media have changed, and the web is
our new medium now, but the basic cartographic design rules still apply in the
new interactive visualization of geospatial data for the World Wide Web.

The first, 1996, edition of this book was developed from a textbook
(Cartography: Design, Production and Use of Maps) for cartography students
in the Netherlands, published by Delft University Press in 1993. Since then a
Polish edition has been published (1998) and a second edition of the Dutch ver-
sion (1999). Each of these editions influenced the subsequent editions in other
languages; a Russian translation was published in 2005, followed by an
Indonesian translation in 2007; a digital Japanese edition is planned as well. An
inexpensive English edition for the South East Asian market is already in its
second printing. The illustrations in these books were produced by practical
cartographers from Delft and Utrecht Universities; the illustrations of the pres-
ent edition have been based on them but have been re-processed and updated
by Wim Feringa of ITC, the International Institute for GeoInformation Science
and Earth Observation in Enschede, the Netherlands.

Though the book has many references to developments outside the European
Union, most of the cartographic examples refer to Maastricht, the municipality
where the treaties were signed in 1992 that led to the introduction of the euro
a decade later. The colour illustrations have a more international outlook.
In order not to break the line of thought in the text overmuch, some coloured
illustrations in the colour sections have also been rendered in black and white
in their proper place in the text.

Structure

The book has three distinctive parts. The first five chapters offer the context
and basics of maps. The second three (Chapters 6, 7 and 8) each deal with the
components of geospatial data: location, attribute and time. The last three
chapters deal with ‘maps at work’ and demonstrate how maps can assist in
problem solving and decision making. These parts are structured as follows:
we first discuss in Chapter 1 the place of the map and mapping in the geo-
information environment (GIS, GIScience, and the geospatial data infrastruc-
ture, of which the World Wide Web forms an ever more important part). Then
we show how data are collected (Chapter 2) and present the concepts that are
valid in mapping and GIScience (Chapters 3 and 4), Chapter 5 deals with the
necessary analysis of geospatial data prior to their visualization and also offers
some basics of map production.

Location is the focus of Chapter 6. It deals with the characteristics of the
base map (reference system, projection, relief portrayal and generalization).
Chapter 7 shows the visualization options of attribute data (thematic map
types). Chapter 8 discusses the temporal component of geospatial data. From
Chapter 9 onwards the subject matter becomes more advanced: at work with
maps and atlases (Chapter 9), at work with maps in a highly interactive geovi-
sualization environment (Chapter 10), and finally in Chapter 11 at work with
maps for decision-making in a wider context.
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Updating and access

As we have rewritten the text in order to accommodate new generations of web
browsers, we also use the prime function of the web to keep this book up to
date. Apart from the web, every chapter has its section on books for further
reading, while all the references to printed literature are grouped together at the
back.

From a society that was used to having free access to printed maps we have
evolved to a society used to having free access to geospatial data and maps on
the World Wide Web. Everyone can process and visualize the geospatial data
available there and put the resulting maps on the World Wide Web in turn –
there is no quality standard against which the material is checked first, before
incorporation is permitted, which is acceptable because the very impact of the
web stems from the fact that it is a free medium. But geo-professionals – and
cartographers belong to this group – have the responsibility of convincing as
many as possible to keep the tenets of good and responsible design while visu-
alizing the geospatial data, in order to support the process of spatial decision-
making; this refers to a large part of all the cybernetic processes. The decisions
based on visualized geospatial data are only as good as the data and the visual-
izations themselves.

Menno-Jan Kraak
Ferjan Ormeling

July 2009

x Preface
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1.1 The map as an interface

Maps are used to visualize geospatial data, that is data
that refer to the location or the attributes of objects or
phenomena located on Earth. Maps help their users to
better understand geospatial relationships. From maps,
information on distances, directions and area sizes can
be retrieved, patterns revealed, and relations understood
and quantified. Since the 1980s, developments in digital
geospatial data handling have gained momentum. Conse-
quently, the environment in which maps are used has
changed considerably for most users. With the computer
came on-screen maps. Through these maps, the database
from which they are generated can be queried, and some
basic analytical functionality can now be accessed
through menus or legends. In the 1980s these software
packages that allowed for queries and analyses of
geospatial data became known as geographical informa-
tion systems (GIS). As their functionality matured, their
application spread to all disciplines working with
geospatial data. GIS introduced the integration of
geospatial data from different kinds of sources. Its func-
tionality offers the ability to manipulate, analyse and vi-
sualize the combined data. Its users can link their
application-based models to the data contained in the
systems, and try to find answers to questions like ‘Which
is the most suitable location to start a new branch of a su-
permarket chain?’ or ‘What effect will this plan, or possi-
bly its alternative, have on the surrounding area?’

Maps are no longer only the final products they used
to be. The paper map functioned, and functions, as a
medium for storage and presentation of geospatial data.
The introduction of on-screen maps and their correspon-
ding databases resulted in a split between these func-
tions. To cartographers it brought the availability of
database technology and computer graphics techniques
that resulted in new and alternative presentation options
such as three-dimensional and animated maps. Geospa-
tial analysis often begins with maps; maps support judg-

ing intermediate analysis results, as well as presenting
final results. In other words, maps play a major role in
the process of geospatial analysis.

The rise of Internet brought the next revolution in
mapping. Access to interactive maps is no longer limited
to professionals. Products such as Google Maps/Earth
even allow people to add their own data to the maps and
share it with others in a mouse click. The IT related de-
velopments have resulted in a convergence of the differ-
ent disciplines working with geo-information. GIS is
integrated in the workflow of geo-related problem solv-
ing. The disciplines studying related methods and tech-
niques have converged under the header of Geographical
Information Science (GIScience). Scientists in this field
do research on GIS (e.g. study principles on which GIS is
based) and with GIS (e.g. study how GIS can be used in
scientific applications – Goodchild, 1992).

The above development also led to spatial data infra-
structures (SDI). Next to a technical setting a GDI com-
prises a set of agreements and arrangements to access,
integrate, and use geo-information. These new infra-
structures for accessing geospatial data are being devel-
oped all over the world in order to allow access to the
geospatial data files created and maintained in order to
monitor the population, resources and environment spa-
tial aspects of our modern societies. Access to the data
needed requires complex querying procedures that are
simplified when using maps to pinpoint the areas and
themes for which data are needed (Figure 1.1).

In a GIScience environment, visualization is applied
in four different situations. First, visualization can be
used to explore, for instance in order to play with un-
known data. In several applications, such as those deal-
ing with remote sensing data, there are abundant
(temporal) data available. Questions such as ‘What is the
nature of the data set?’ or ‘Which of those data sets re-
veals patterns related to the current problem studied?’
have to be answered before the data can actually be used
in a geospatial analysis operation. Second, visualization
is applied in analysis, for instance in order to manipulate

CHAPTER  1 Geographical Information Science
and maps
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2 Geographical Information Science and maps

known data. In a planning environment the nature of two
separate data sets can be fully understood (e.g. the
groundwater level and the possible location of a new
road), but their relationship cannot. A geospatial analysis
operation, such as overlay, can combine both data sets to
determine their possible geospatial relationship. The re-
sult of the overlay operation could, when necessary, be
used to adapt the plans. Third, maps are used to synthe-
size the results of the analysis. Fourth, visualization is
applied to present or communicate the new geospatial
knowledge. The results of geospatial analysis operations
can be displayed in well-designed maps easily under-
stood by a wide audience. The cartographic discipline of-
fers design rules to do so. As the fourth objective of
visualization, we have already mentioned the easier ac-
cess to the data files behind the maps.

Considering these four different fields of visualization
in GIScience (exploration, analysis, synthesizing and
presentation), it can be noticed that the tools for presen-
tation are the most highly developed (Robinson et al.,
1995). While producing maps to communicate geospatial
information, cartographic rules and guidelines (together
called ‘cartographic grammar’, based on the nature of
the data and the communication objectives, are available
to make the maps effective. However, as these rules are
not part of the mapping software, it allows users to produce
their own maps even when they are unaware of carto-
graphic grammar. In other words, there is no guarantee
that the maps will be effective. These cartographic rules
could also be applied in the analysis phase, but the neces-
sity to do so would be less strong here. When cartogra-
phers and analysts discuss this matter, the second group

would always claim ‘Who cares about mapping rules, as
long as one understands one’s own maps?’ And because
the analysts knew their own data they probably would un-
derstand their own maps, but when showing their maps
to others communication problems would start. In a data
exploration environment it is likely that the user does not
know the exact nature of the data and therefore might not
be able to apply the relevant cartographic rules.

At this moment the terms ‘private visual thinking’ and
‘public visual communication’ should be introduced
(DiBiase, 1990). Private visual thinking refers to the situa-
tion where users explore and analyse their own data, and
public visual communication refers to the situation where
users present their results in the form of maps to a wider
audience. The first describes the exploration circumstances
and the second presentation circumstances. Analyses can
be found somewhere in the middle along a line between the
two. This becomes more evident when it is realized that pri-
vate versus public map use (i.e. maps tailored to an individ-
ual versus those designed for a wide audience) is just one
of the axes of the so-called map use cube, first introduced
by MacEachren (1994a). Along the two other axes the rev-
elation of the unknown versus the presentation of the
known, respectively high versus low user-interaction, are
plotted. This is shown in Figure 1.2.

Most chapters in this book concentrate on maps that
should communicate geospatial information (the lower
left front corner of the cube). However, recent develop-
ments in cartography and other disciplines handling
geospatial data not only require a new line of thought,
they also create one. This can be illustrated by plotting
the evolutionary stages of the development of electronic
atlases in the cube along the diagonal from the corner
‘wide audience, presenting knowns, and low interaction’
towards the corner ‘private use, presenting unknowns,
and high interaction’ (Figure 1.2b). Possibilities for inter-
action are boosted by the advent of the Internet and its
potential for querying the databases behind the maps pre-
sented there. Early electronic atlases were, in effect, se-
quential slide shows, but today’s electronic atlases have
high interactive multimedia mapping capabilities, and
allow users to combine their own data with atlas data.
Each category of map use in the Figure 1.2 cube asks for
its own visualization approach. New cartographic tools
and rules have to be found for these approaches. They are
probably not as restrictive as traditional cartographic
rules, but on the other hand not as free as the technology
allows either.

The demand for sophisticated geospatial data presen-
tation is further stimulated by developments in scientific
and information visualization, multimedia, virtual reality
and exploratory data analysis. In each of these external
developments influencing GIScience and maps it would
appear that from a technical point of view, there are
almost no barriers left. The user is confronted with a

reality

spatial data infrastructure

Road selection

Name
Length
Width
Last covered
Responsible

Road selection

Name
Length
Width
Last covered
Responsible

Figure 1.1 The interface role of maps in the spatial data infra-
structure. Here the system answers a query regarding the length
of a clicked object
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Geospatial data 3

screen with multiple windows displaying text, maps, and
even video images supported by sound. Important ques-
tions remain. Can we manage all the information that
reaches us? What will be the impact of these develop-
ments on the map in its function to explore, analyse and
present geospatial data? This book tries to provide an
overview of the role that maps will play both today and in
the near future in the world of geospatial data handling.
There is an enormous amount of geospatial data out
there, on the Internet, useful for any kind of geospatial
research, waiting to be harnessed, made accessible and
structured by being visualized as maps.

1.2 Geospatial data

Geographical information is different from other infor-
mation in that the data, as a special characteristic, refer to
objects or phenomena with a specific location in space
and therefore have a spatial address. Because of this spe-
cial characteristic the locations of the objects or phenom-
ena can be visualized, and these visualizations – called
maps – are the key to their further study. Figure 1.4
shows how objects from the real world that can be local-
ized in space (like houses, roads, fields, or mountains)
can be abstracted from the real world as a digital land-
scape model (DLM), according to some predetermined
criteria, and stored in geographical information systems

(as points, lines, areas or volumes) and later, after being
converted into a digital cartographic model (DCM), rep-
resented on maps (with dots, dashes and patches) and in-
tegrated in people’s ideas about space. When stored in a
database these geospatial data are usually divided into
locational data, attribute data, and temporal data. The
first refers to the geometrical aspects (position and
dimensions) of the phenomenon one has (geometric)
information about, and the second refers to other, non-
geometrical characteristics. The temporal data refer to
the moment in time for which both the geometric and at-
tribute data are valid. These three aspects are linked to
the elementary questions Where?, What?, and When?
(see Figure 1.3a), and define the nature of an object
(Figure 1.3b). An object’s location, attribute or time can
have multiple characteristics, such as different coordi-
nate systems, multiple variables and even different kinds
of time (Figure 1.3c). Apart from these three questions
one might also ask Why? or How? Answering these last
two questions requires further analysis of the data. It
might require more attention from one of the data’s com-
ponents, resulting in a perspective from what could be
called location space, attribute space or time space
(Figure 1.3a). Chapters 6, 7 and 8 will respectively deal
with questions related to these three spaces.

The stored geospatial data on a specific study area is
called its DLM. Of course, it is an abstraction: selected
characteristics have been measured or assessed and incor-
porated in this DLM. As soon as this DLM is considered

Figure 1.2 The map use cube (adapted from MacEachren and Taylor, 1994): (a) the four main situations to visualize data in a GIS, to
(1) present, to (2) synthesize, to (3) analyse and to (4) explore; (b) the evolution of the electronic atlas since 1987 plotted in the map
use cube
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4 Geographical Information Science and maps

suitable for communication to other persons, and has to be
produced in hardcopy form, this model has to be converted
into a Digital Cartographic Model (DCM), which consists
of series of instructions to the printer or screen, to produce
dots, dashes or patches, in different sizes, colours, etc., for
multiplication and distribution (Figure 1.4). Finally, users
of the mapped information will view it and process it into
their cognitive map, the mental construct of space they
will base their decisions on.

For data to qualify for the tag ‘geometric data’or ‘geo-
referenced data’, information about their location would
be required. This can be geographical or reference grid
coordinates, code numbers that refer to statistical areas,
topological terms (e.g. A is in between B and C), or nom-
inal terms, as in street addresses and post codes. The
geospatial nature of the objects can be expressed in their
shapes, with which one represents objects from the real
world. There is a basic subdivision into point-, line-,
area- or volumetrically shaped objects (see Figure 1.5),
and this can be further subdivided into, for instance,
elongated, triangular, irregular or convex-shaped objects.
In a sense, this is scale- or resolution-dependent, as a
populated settlement will be rendered by a point in a
national context and as a built-up area in a municipal
context.

Whether the objects or phenomena from the real world
are abstracted as discrete or continuous is very important
for subsequent storage and mapping procedures. Discrete

objects can be bordered on all sides, and the coordi-
nates of these borderlines can be made explicit. These
can either be the locations of tactile objects (houses,
streams, etc.) or of predetermined areas (states, enu-
meration areas or distribution areas). Continuous rep-
resentations are abstractions of those phenomena that
are considered to change non-incrementally in value.
They can be tactile or measurable (like precipitation
data or gravity field data) or be based on models (like
isochrones).

For later visualization procedures it is essential that
the nature of the attribute information be established.
These attributes can refer to visible characteristics (e.g.
deciduous trees) and invisible characteristics (e.g. tem-
perature). When attempting to define these attribute val-
ues of objects, one usually tries to measure or categorize
them, and then it will appear that these characteristics are
either qualitative or quantitative. One may distinguish a
number of measurement scales on which the values for
these characteristics can be assessed:

● Nominal scale: attribute values are different in nature,
without one aspect being more important than another
(e.g. different languages).

● Ordinal scale: attribute values are different from each
other, but there is one single way to order them, as
some are more important/intense than others (e.g.
warm, mild, cold).

what?
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Figure 1.3 The characteristics of geospatial data: (a) its components location, attribute and time, and their related elementary
questions where, what and when; (b) the object view; (c) detailed characteristics of the data components
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Figure 1.4 The nature of geospatial data: from reality (a), via model construction and selection to a digital landscape model (b), fol-
lowed by selection and construction of a cartographic representation towards a digital cartographic model (c), presented as a map
(d), which results in the user’s cognitive map (e)
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● Interval scale: attribute values are different, can be or-
dered and the distance between individual measure-
ments can be determined. Temperature is a good
example: because the respective zero-points of their
measurement scales have been selected at random, it is
impossible to say that for instance a temperature of
64°F is twice 32°F. This is plain when the values are
converted into Celsius and become 18°C and 0°C
respectively.

● Ratio scale: attribute values are different, and can be
ordered. Distances between individual measurements
can be determined, and these individual measurements
can be related to each other. If, for instance, the
per capita income in Sri Lanka is $300 per annum and
in Bangladesh $150, then one can say that the amount
in the former is twice the value of that in the latter.

All the geospatial data will be subject to changes over
time: the attribute information on an object can change
over time (such as the composition of the population of
an area), and even the object’s location itself may change
(for instance, the continental drift). The data’s time stamp
is seen as the third major component, next to geometry
and attribute values. Especially these days the interest in
the data’s temporal component increases because of the
expanded number of time series available and the wish to
analyse processes over time instead of during a single
time slice.

One is only able to study or analyse or interpret
geospatial data after the data have been visualized,

that is, after the application of the cartographic grammar
to render these objects and their relationships. Here,
symbols and signs are used, i.e. dots, dashes and patches,
and these can vary in size, shape, texture, colour, grey
value and orientation (see Chapter 5). These signs are
linked to the objects or relationships they represent, and
by doing so one is able to convey geospatial relationships
between point, line, area or volumetric objects, in a num-
ber of dimensions, to the map user.

If only one dimension is available, then geospatial data
can be related, for instance, to their distance from a cen-
tral market, or from a point of origin – represented as a
straight line. Two-dimensional representation with these
dots, dashes and patches will result in a planimetric map,
and Figure 1.6a, showing a contour map of a hill in the
south of the Netherlands, is a good example. In order to
have a true three-dimensional representation, a physical
model of this hill could be produced from cardboard, or a
virtual model could be created, which, by rotating it, or
through anaglyphs, using red and green glasses, could be
seen from all sides on a monitor screen. By drawing the
model in perspective, and using a hidden-lines algorithm,
this 3D aspect could be simulated (represented in Fig-
ure 1.6b). The current description of this type of render-
ing is ‘2.5 dimensional’, because it is a projection of 3D
reality on a 2D plane but still give the map user a three-
dimensional impression. Maps with hill shading (see
Figure 6.29 and 6.30) are another example of this.

If one adds the time dimension, the representation will
become four-dimensional (Figure 1.6c), when, through

Figure 1.5 The representation of geographic objects in a (digital) environment as (a) points, (b) lines, (c) areas and (d) volumes
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Figure 1.6 The dimensionality of geographic objects: 1D (inset map) and (a) 2D; (b) 3D; (c) 4D/time. In 1.6c part of the hill has been
excavated since 1950

juxtaposition of two states of this object, for instance in
1950 and 1990 respectively, the change in its geometry or
attributes during the intervening period can be ascertained.

Through their visualization in maps, the geospatial re-
lationships of objects can be made visible. These geospa-
tial relationships will usually refer to relations to some
specific location on the Earth’s surface, or can be
those of objects to one another, and these relations can
have many forms. Primary geospatial relationships are
those between objects and their location on Earth, or be-
tween these objects and their attributes, such as the type

of vegetation occurring at that location, or the type of
road classification. By visualizing object categories from
a data file (e.g. car factory locations or stream networks,
or fields used for horticulture), relations between the ele-
ments for an object category will be made clear, and one
will be able to perceive patterns or geospatial trends. By
combining geometric and attribute data, one would be
able to perceive how the locations of elements from dif-
ferent object categories might influence each other.

Next to these primary relationships it is possible to
perceive secondary types: relations of objects to linear or
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area reference units, such as that of inhabitants to surface
area, or the number of cars to the length of the highway
network, or the relative amount of horticulture in all agri-
cultural areas. One could go further and introduce other
dimensions (like height or time), so that tertiary or even
higher-order relationships would emerge.

1.3 Geographic information systems

For most disciplines working with geospatial data, one of
the first uses of the computer was to create an inventory
of discipline-dependent data. In this period cartographers
worked to build a database from which they could pro-
duce the maps that were previously created manually. In
the next phase spatial analysis of the collected data was
emphasized. Forestry scientists, for instance, would
apply statistical methods to map attribute data. For car-
tographers this meant the possibility of creating different
derived products from the existing database. Nowadays,
problems are approached in an interdisciplinary way. In
physical planning processes or in environmental impact
studies, data from many different fields are needed. This
need led to the development of GIS. Cartographic knowl-
edge is used in GIS to create proper visualizations. GIS
offers the possibility of integration of geospatial data sets
from different kinds of sources, such as surveys, remote
sensing, statistical databases and recycled paper maps.
Its functionality allows one to manipulate these data, or
to set up geospatial analysis operations in conjunction
with application-based models, and they allow for the vi-
sualisation of the data at any time during this process.
The core functionality of a GIS is provided by those dis-
ciplines like geography, geodesy and cartography that are

used to work with spatial data. To this core, functionality
from database technology and computer graphics is
added. Currently GIS is used in virtually all disciplines
that require geospatial data to execute their tasks or solve
their problems.

Why is GIS unique? Because it is able to combine
geospatial and non-geospatial data from different data
sources in a geospatial analysis operation in order to an-
swer all kinds of questions. The fact that those questions
can be answered is quite remarkable if one realizes that
geographic phenomena are almost never homogeneously
distributed. And added to this observation one can add a
quote from Tobler (1970) who said: ‘all things are re-
lated, but nearby things are more related than distant
things’. What type of questions can be answered by a
GIS (Figure 1.7)?

● What is there ...? Identification: by pointing at a loca-
tion on a map, a name, or any other information stored
on the object, is returned. This could also be done
without maps, by providing the coordinates, but this
would be far less effective and efficient.

● Where is ...? Location: this question results in one or
more locations that adhere to the criteria of the ques-
tion’s conditions. This could be a set of coordinates or
a map that shows the location of a specific object, or
all buildings in use by a certain company.

● What has changed since ...? Trends: this question in-
cludes geospatial data’s temporal component. A question
related to urban growth could result in a map showing
those neighbourhoods built between 1950 and 1990.

● What is the best route between ...? Optimal path:
based on a network of paths (e.g. roads or a sewage
system), answers to such queries for the shortest or
cheapest route are provided.

Figure 1.7 Typical GIS questions answered by maps such as those used to identify, to locate, or to find geospatial patterns
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Figure 1.8 View on GIS: its characteristics and relation to visualization

● What relation exists between ...? Patterns: questions
like this are more complex and often involve several
data sets. Answers could, for instance, reveal the rela-
tionship between the local microclimate and location
of factories and the social structure of surrounding
neighbourhoods.

● What if ...? Models: these questions are related to
planning and forecasting activities. An example is:
what will be the need to adapt the local public trans-
port network and its capacity when a new neighbour-
hood is built north of the town?

Of course, one does not only query a GIS; one also
uses it interactively, for instance in physical planning
procedure, through manipulation of designs, etc.

GIS development was stimulated by individual fields
such as forestry, defence, cadastre, utilities and regional
planning (see Chapter 4). Since they all have different
backgrounds and different needs, the functionality of the
software GIS initially used was different as well. It ranged
from statistical analysis packages to computer-aided de-
sign packages. Functionality was added and each of these
groups started to call their software a GIS package. This
resulted in different meanings for the same term. Next to
GIS, literature offers wordings such as land information
systems, geo-base information systems, natural resources
information systems and geo-data systems (Aronoff,
1989; Bernhardsen, 1992; Longley et al., 2005).

The multidisciplinary background of GIS led to a mul-
titude of definitions. In general they can be split into two

groups: those with a technological perspective and those
with an institutional/organizational perspective. An ex-
ample of the first is the definition by Burrough (1998):
‘a powerful set of tools for collecting, storing, retrieving
at will, transforming and displaying spatial data from the
real world’. An example of the second is that of Cowen
(1988), ‘a decision support system involving the interac-
tion of geospatially referenced data in a problem-solving
environment’. So it is the potential combination of differ-
ent data sets that is paramount. A working definition for
this book is derived from a combination of the two
above: a GIS is a computer-assisted information system
to collect, store, manipulate and display spatial data
within the context of an organization, with the purpose of
functioning as a decision support system.

In order to manipulate geospatial data, to procure added
value, a GIS consists of software, hardware, geospatial
data and people (the organization). These components
communicate via a set of procedures. In Figure 1.8, which
summarizes the view of GIS adopted in this book, the cen-
tral schemes present the GIS components: the problem-
solving production line (from exploration to presentation),
the potential for geospatial analysis (with application-
based models) and integrating geospatial datasets, the
unique and basic ingredients of the system. The outer shell
renders the organization in which GIS functions. The con-
figuration of the scheme stresses the need for a proper user
interface and management of the system.

Each organization will require a GIS with emphasis
on a specific set of functions, depending on its task.
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In general, functions are needed for data input and en-
coding (e.g. digitizing, data validation and structuring
options), data manipulation (e.g. data structure and geo-
metric conversions, generalization and classification op-
tions), data retrieval (e.g. selection, spatial and statistical
analysis options), data presentation (mainly graphical
display options) and integrated data management.

For the purpose of this book, also written for GIS ana-
lysts who have to learn to use the methods, cartography
will be regarded as an essential support for nearly all as-
pects of handling geographical information for the fol-
lowing reasons:

● maps are a direct and interactive interface to GISs, a
sort of graphical user interface with a geospatial
dimension;

● maps can be used as visual indexes to phenomena or
objects that are contained in the information systems;

● maps, as forms of visualization, can help in both the
visual exploration of data sets (also the discovery of
patterns and correlations) and in the visual communi-
cation of the results of the data set exploration in GISs;

● in the output phase, the interactive design software of
desktop cartography is superior to the output functions
of current GISs.

These should be enough reasons for cartography to have
an important place in GIS, but there are more reasons, if
one looks at the context in which GISs are being used:
they are aimed at decision support, and as this regards
decisions about geographical objects, it should be visual
decision support, in order to take into account the
geospatial dimension as well. In order to correctly use
these visual decision support aids (the maps visualized
on the computer screen or the hard copy output of these
systems), the users should adhere to proper map use
strategies (see Chapter 11). This ability to work with
maps and to correctly analyse and interpret them is one
very important aspect of GIS use. Strangely enough, not
one GIS manual gives any clarification in this field, as-
suming that all GIS users are aware of the ins and outs of
map use.

But there is another important decision support aspect
to the information that is processed in and presented by a
GIS: data quality. GISs are very good in combining data
sets; notwithstanding the fact that these data sets might
refer to different survey dates, different degrees of
geospatial resolution, or might even be conceptually
unfit for combination, the software combines them and
present the results. Cartographers, in compiling maps,
have worked with different data sets for centuries, and
have some experience in the transformations that are
necessary in order to combine data sets with different
resolution, projection, reference system, geoids and
dates of survey. They have developed transformations

and modelling procedures (such as generalization) that
take account of these differences and will allow for real
data integration. They have developed documentation
techniques that will describe all relevant data characteris-
tics (metadata) necessary for proper integration to take
place. They have also lobbied for decades to standardize
these documentation techniques so that the data sets can
be easily exchanged (Figure 1.9). So much of the
methodology for the determination of data quality is po-
tentially available for GIS users from cartography.
Finally, cartographers have strived to have access to
geospatial data improved, as is the object of improving
the spatial data infrastructure (see Section 1.5).

As to the assessment of data quality, this can be de-
fined, as was shown in the preceding section, as a meas-
ure of the suitability of data for specific applications. So
one can, for instance, determine the precision x to which
objects (such as parcels) in a data set have been localized,
as well as the probability p with which these objects have
been correctly classified or categorized (e.g. regarding
their land cover). Now the GIS will allow the combina-
tion of this land cover information (e.g. surveyed in
1990) with precipitation information (e.g. surveyed for
the period 1930–60, for five points in the area, and inter-
polated for all other locations), with a planimetric accu-
racy y of the rain gauge locations and a representativity
factor z1–5 of these measurements for their surrounding
areas. Well, what will be the value of correlations be-
tween precipitation data and land cover data, taking into

Figure 1.9 Visual decision support for spatio-temporal data han-
dling. Keywords in the GIS cartography approach are map use
strategies (how people make decisions based on maps), public
access (how people can work with the information), visual deci-
sion support (what the quality of the information is), and formal-
ization (building expert systems) (based on Kraak, Müller and
Ormeling, 1995)
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Figure 1.10 Geospatial information and meta-information: (a) distribution of urban areas over a part of the western Netherlands;
(b) probability map for the classification ‘urban’ (from Hootsmans and van der Wel, 1993)

account these accuracy, probability and representativity
values? Until recently these have been disregarded in
GISs, but in a mature GIS that really functions as a deci-
sion support system, these values should be indicated, to
properly inform the decision-maker.

Figure 1.10 shows the classification of remote sens-
ing imagery of urban areas in a part of the western
Netherlands (near The Hague); the image on the left is a
classification based on spectral qualities, the image on
the right is a probability map for the classification
‘urban’. It takes into account the potential confusion
with related spectral signatures. The probability of a
pixel being correctly classified as ‘urban’, and not as
‘hothouse’ or industrial complex or beach or bare soil,
can be computed, and visualized probability values for
correct classifications like these should form an essen-
tial element of the decision-making process which
takes place everywhere where geospatial information is
involved.

So GIS users can be provided with essential tools in
all phases of collecting, processing and analysing
geospatial data, and communicating it to decision-
makers. Those GIS users able to use maps are provided
with the infrastructure for a correct decision-making
procedure, and with the necessary information (meta-
information) on the quality of the data contained in
those maps.

1.4 Geospatial analysis operations

Geospatial analysis operations are the unique processes
GIS has to offer to the geospatial data handling commu-
nity. However, its principles have been known since the
1950s from fields like quantitative and statistical geogra-
phy (Hägerstrand, 1967). This section will explain
the principles of these operations, illustrated with a sim-
ple example that demonstrates the strength of GIS and
the prominent role maps can play (Figure 1.11).

The first example deals with an issue in the
Netherlands municipality of Maastricht. The first step in
a geospatial analysis operation should be the definition
of its objective and the conditions to adhere to. These
conditions can include specific restrictions and con-
straints. In the Maastricht case the municipal authorities
wanted to know how the municipal forests had developed
between 1950 and 1990. They wanted to have a map indi-
cating obliterated, unchanged and new forests, as well as
a table with the size of the forest parcels. One of the rea-
sons for this analysis was to check whether a large pri-
vate company in the municipality had adhered to the
conditions agreed upon. The company had a concession
to excavate marl in a quarry in the south of the munici-
pality, but it had to plant new trees in those areas that had
been affected by its operations.
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The second step in an analysis is to prepare the geospa-
tial data. Usually not all data are available in a format that
fits the requirements of the geospatial analysis. Some
data have still to be collected in the field, other data must
be bought from external sources or brought in from other
municipal departments, while there is a fair chance some
of the data are available on paper maps or in tables only.
When available digitally, they could still be in a different
coordinate system. Other problems that are likely to occur
are the data being available on a different aggregation
level or the density of coordinates in one set being too low
to be compared with another data set; an example of the
former problem is statistics being available at a neigh-
bourhood level instead of at a street block level. The main
GIS task at this stage is to make sure all data can be inte-
grated and formatted so that they will be fit for use.

To answer its query, Maastricht municipality needed
data on land use from both 1950 and 1990 to extract in-
formation on the forest parcels. The 1990 data were ob-
tained from a database that contained data from the
topographic map 1:25000. The 1990 municipal boundary
was taken from the large-scale map database available.
However, it was too detailed to be used in conjunction
with the 1990 topographic map data. It had to be
generalized first. The 1950 data were not available in a
digital form. The original topographic map had to be or-
dered from the municipal archives, and had to be con-
verted into digital form. An interesting problem that
occurred during the conversion was that part of the area

for which the data were needed, within the 1990 munici-
pal boundary, was not within the municipal boundaries
on the 1950 map, because the area of Maastricht munici-
pality had been enlarged considerably since, as can be seen
in Plate 1. The generalized 1990 boundary was used as a
digitizing mask to extract the correct information from
the 1950 map (see Plate 1). The same 1990 boundary was
used to select the land use data from the 1990 topo-
graphic map database. This database contained, in sev-
eral layers, all the data of a topographic map sheet that
covers a large area in the southern part of the Nether-
lands. From it, only data related to Maastricht were
needed. Working with the whole database would slow
down the execution of the operation because of the large
amount of data.

The third step in the operation was the actual execu-
tion of the geospatial analysis. Most packages have all
kinds of operations available, which somehow operate on
the geometric and non-geometric component of the data.
In general, one distinguishes three major types of
geospatial analysis operations: overlay and buffer opera-
tions, network operations, and surface operations. The
first category often combines several data sets based on
certain criteria; the second category uses an infrastruc-
ture network to find optimal paths, while the third
category determines all kind of (terrain) surface charac-
teristics. Most packages allow the combination of these
operations. The Maastricht case was limited to a simple
overlay operation. The data sets from 1950 and 1990
were combined, which revealed those forest parcels un-
changed, those removed and the new ones. Figure 1.12
demonstrates this process. From the 1950 and 1990 land
use data sets the forests were selected to create two new
data sets, forests 1950 and 1990. It was those two sets
that were combined in the overlay operation. This calcu-
lated all possible intersections between the 1950 and
1990 forest parcels. In this process all attributes were in-
herited and saved in the final data set. Based on these at-
tributes, the map in Figure 1.12(e) could be drawn. The
command ‘draw all forest parcels with an attribute year
1950 and not year 1990’ would result in all the parcels
obliterated since 1950 being drawn.

The statistical analysis of the results is the step after
the geospatial analysis. It is executed to fulfil the
conditions set when the objective was determined. When,
in the Maastricht case, one criterion would have been
that the municipality is only interested in those parcels
over a certain area or perimeter or when, in addition, it
would like to know the average size of the new parcels,
some basic statistics could be applied here. In complex
geospatial analysis operations it would be likely that
more sophisticated statistical methods are needed. The
next step in the analysis was the evaluation and interpre-
tation of the results. In general, when executing a
geospatial analysis one has certain expectations when

Figure 1.11 Spatial analysis: (a) conceptual approach; (b) Maas-
tricht case
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Figure 1.12 An overlay operation: (a) and (b) show the basic land use data from 1950 and 1990; (c) and (d) show the selected for-
est parcels from 1950 and 1990; (e) shows the overlay result: removed, unchanged and new forest parcels

there is some familiarity with the data. If the map re-
vealed large new forest parcels in the city centre it would
be safe to conclude that something went wrong. If this
were the case one would have to correct certain steps in
the analysis or refine analysis conditions.

Looking at the result in the map in Figure 1.12(e),
everything seems to be right. However, if one takes a
closer look at the result it can be seen that the result is not
quite perfect. Figure 1.13 shows why. It reveals lots of
small polygons indicating change. However, if the en-
largement in the same figure, together with the two map
details, are analysed (Figure 1.13b–d) it is obvious that in
reality nothing has changed at all, although the GIS oper-
ation created 11 new polygons. These polygons are
called sliver polygons. A comparison of the basic statis-
tics of the resultant data set with the original data set
would have caused suspicion as well. The original data
sets have 32 and 36 polygons respectively, while the new

data set has 100 mainly small polygons. The main reason
for their occurrence is that the same feature in both the
1950 and 1990 data sets has a different geometry. The
digitizing of the 1950 and the 1990 maps was not per-
formed by the same operator. Even if it had been the
same operator, it would have been unlikely that the same
points would have been selected during both digitizing
sessions. For a problem like this most GIS software of-
fers simple solutions. One can delete all polygons with a
size smaller than a certain threshold or calculate an aver-
age polygon boundary. Both approaches have disadvan-
tages. But if the sliver polygons are not removed and the
results are used in future geospatial analysis, the errors
will propagate into the future results, and the database
might grow unnecessarily.

During the collection of geospatial information many
types of error can be made: errors in measuring,
classifying or categorizing data, localization errors,
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mistakes in data entry, etc. When these data are not di-
rectly incorporated into a GIS during the collection
process, but are, for instance, mapped first because the
new technology had not been applied yet, then other kinds
of error will emerge. Among these are generalization er-
rors or misrepresentations due to data amalgamation, re-
production errors and errors due to deformation of the
printing paper. When these map data are subsequently dig-
itized or scanned for input into the database, these errors
are at least duplicated in it, but more probably the digitiz-
ing process itself will be another source of error as the
Maastricht case demonstrates. At this moment, it is not
quite clear, however, how these errors (for error and their
propagation, see Fisher, 1999; Goodchild and Gopal,
1989) may affect the geospatial analysis results, i.e.
whether they would lead to uncertainties in the results of
analysis operations that would exceed some critical level.
Not only are there errors in the input values; errors can
also be caused by analysis operations themselves and by
the application-based models used. Examples are geospa-
tial computational modelling techniques that forecast
groundwater flow or polluted air diffusion and try to
approximate reality but might in fact ‘misrepresent’ it. The
combination of input error and these geospatial modelling

techniques might lead to other error types. It is therefore
very important to make sure that the data quality (i.e. suit-
ability for specific applications – its fitness for use) is suf-
ficient before basing decisions on maps that represent the
results of geospatial operations executed on these data.

The results of a geospatial analysis operation are often
presented in a report with maps, diagrams and tables to
emphasize certain points or illustrate the conclusions.
Most GIS packages do have a basic cartographic func-
tionality to create the graphics. However, dedicated desk-
top packages have a more extended cartographic
functionality and are better suited to producing the final
maps. An example of these are the maps created by the
municipality of Maastricht to illustrate its final report on
the development of municipal forests. Some of these are
shown in Figure 1.14. Included is a qualitative map that
shows forest developments as well as a shaded relief map
with the forest development map draped over it to show
relations with the terrain surface. Chapters 5 and 7 dis-
cuss the characteristics of most existing map types.

It would be possible to execute the geospatial analysis
discussed above without maps. For instance one could ask
for the area of forest stands in both years, compare them
and answer the question without ever visualizing them.

Figure 1.13 Overlay results and sliver polygons: (a) the forest parcels; (b) a detail: from 1 to 12 polygons; (c) and (d) the original 1950
and the original 1990 parcels (sheets 62A and 69B respectively; courtesy Kadaster)
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Figure 1.14 Presenting the results: (a) a qualitative display of forest developments in Maastricht; (b) relation between forest develop-
ments and the terrain

But by doing so, one would deny oneself the opportunity
of obtaining additional information from the process, as
any geospatial trends or patterns in the answer may never
come to light. The same size of forest stands in both years
would not necessarily mean that they were at the same lo-
cation. The information transfer without maps (e.g.
through tables) would be more cumbersome as well. For
instance an increase is not necessarily due to the activities
of the company active in the marl quarry, while the map
would give a clear answer. It would be wise to apply the
‘cartographic method’, that is to visualize the geospatial
relationships between the objects using abstraction tech-
niques and the transformation based on the graphical
grammar explained in Chapter 5; in other words, to map it.
Observing the geospatial connections, relationships and
patterns is only possible through the abstracting capacity
of maps. As an example, another practical case study will
be elaborated, showing the role that maps can play.

This case deals with the location of the TGV or high-
speed train in the Netherlands ‘Randstad’ area. It was
decided in 1994 to extend the Paris–Brussels TGV link
to Amsterdam. Consequently, as the existing rail links
are already overburdened with traffic, and as extra

foundations must be constructed because of its high
speed, a new route for the rail link has to be selected,
though the ‘Green Heart’ of the Randstad area, i.e. the
non-urbanized centre of the urban agglomeration in the
western Netherlands. The proposed route should spare
the environment as much as possible (nesting birds
should be disturbed as little as possible, and there should
be no polluting influence on groundwater or on vegeta-
tion). Moreover, no valuable geoscientific monuments
should be affected.

An environmental information system (EIS) built for
the Netherlands was therefore consulted. This EIS con-
tains data on soils, groundwater, vegetation and fauna
and even on rare geological outcrops (geoscientific mon-
uments). These data have been collected for the EIS on a
grid-cell basis. For each grid cell (1 � 1 sq km), domi-
nant soil types (by putting the grid over a soil map), dom-
inant vegetation types, the number of different vegetation
types found per grid cell and the total number of vegeta-
tion type units, the types of wild animals that occurred,
etc., were ascertained. Because of the fact that this infor-
mation was stored in the EIS, the effect of the proposed
routes could be easily estimated. In order to select the
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Figure 1.15 The location of the TGV or high-speed train in the western part of the Netherlands: (a) alternative routes; (b) susceptibility to
water-table lowering; (c) susceptibility of mammals to habitat fragmentation; (d) susceptibility of birds to traffic intensification

best route from a number of alternatives (Figure 1.15a),
the susceptibility of the soils to water-table lowering
(Figure 1.15b), the susceptibility of mammals to frag-
mentation of their habitat (Figure 1.15c) and the effects
of disturbances and pollution on bird life (Figure 1.15d)
for all the affected grid cells was determined. Subse-
quently the computer was used to calculate how many of

these grid cells would be affected, and to what degree, for
every proposed route. In other words, one could use the
computer to define the sum of the environmental values,
which, because of the construction of the TGV along the
various routes, would be affected or nullified. This cre-
ated the opportunity to select the route that would create
the least damage.
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Digital maps are used outside of GIS as well, as will
be discussed in Chapter 9 and 10. Electronic atlases are
one example. Also called electronic atlas information
systems, their function is less one of information pro-
cessing than of answering specific questions, providing
the support to integrate the answers in the mental map of
the atlas user. This requires specific scenarios for a grad-
ual immersion of the user into the new information envi-
ronment. These atlas information systems can be
extended to contain drawings, photographs, text and
sound, and so become multimedia systems.

GISs are not yet well enough equipped to handle mul-
titemporal information, and it is here that animated car-
tography comes in. Animation techniques are being
developed that show the geospatial effects of develop-
ments at every stage. This presents extra potential for
analysis, and is one of the avenues for advanced data ex-
ploration that will, in the future, also be available in a
GIS. The potential for analysis is already greatly
enhanced by the possibilities of applying GIS processing
on the web to all the data that have currently been made
available there through the spatial data infrastructures
(SDI) that have been constructed all over the world.

1.5 The spatial data infrastructure and maps

Companies and government departments at different levels
(municipal, provincial/county, state, or national) create and
use information, for inventorying objects they administer
or manage, for monitoring the state of the environment, or
crime, for forecasting the weather, sales or schooling
needs, or for reacting quickly to emergencies. In executing
their day-to-day task they offer part of this information to
others and often need data from other organisations as well.
Location is often the glue to link the different data sets.

Now this location component (street addresses, post
codes or ZIP codes, geographical coordinates or other
geographical reference systems) allows one to combine
the data from various information systems on the basis of
common locations: it would be possible to link items
from different files with the same postal address or coor-
dinates. These possible linkages provide an enormous
added value; but it would only be possible to realize this
added value when a number of conditions have been met.
Not only do the programs or packages used for the infor-
mation systems have to be compatible, but the structure
of the files as well. When it comes to coordinate-based
files, from which for instance maps of the phenomena
could be created, then joint ellipsoids and projection sys-
tems would be a necessity as well. Similar resolution is a
prerequisite and preferably the data should be surveyed
in a similar timeframe as well. There seems to be little
point in combining population data from the 1990 census
with sales data from a 1999 sales drive.

The stimulus for spatial infrastructures originates
from the above need to exchange data smoothly and
is based on the motto ‘collect once, use many times’.
A GDI can be defined as (Groot and McLaughlin,
2000) ‘A set of institutional, technical and economical
arrangements, to enhance the availability (access and
use) for correct, up-to-date, fit-for-purpose and inte-
grated geo-information, timely and at an affordable
price, with the goals to support decision-making
processes related to countries’ sustainable develop-
ment’. In Europe the GDI implementation is guided
by the EU INSPIRE initiative which, based on legisla-
tion, will implement the GDI concept throughout
the European Union (http://inspire.jrc.ec.europa.eu/).
In their guidelines INSPIRE emphasizes several basic
principles:

● Data stewardship and data security, meaning e.g. that
data should be collected once and maintained at the
level where this can be done most effectively.

● Following this are conditions of data accessibility, and
data interoperability: it must be possible to combine
seamlessly spatial data from different sources and
share it between many users and applications.

● Reusability and data synchronization are necessary: it
must be possible for spatial data collected at one level
to be shared between all different levels, e.g. detailed
for those performing exhaustive investigations, but
more general for strategic purposes.

● Data availability, e.g. spatial data needed for good gov-
ernance at all levels should be abundant and widely
available under conditions that do not restrain its ex-
tensive use.

● Data discoverability, data validity and data rights. In
this context it means that it must be easy to discover
which spatial data is available that fits the needs for a
particular use and under what conditions it can be ac-
quired and used. By nature an atlas has several relevant
facilities for data discovery, such as an index for geo-
graphical names, a topical index, and index maps.

● Data usability: this means that spatial data must be-
come easy to understand and interpret because it can
be visualized within the appropriate context and can be
selected in a user-friendly way.

INSPIRE follows the standards established by the
Open Geospatial Consortium (OGC – http://www.
opengeospatial.org/). This is a non-profit, international,
voluntary consensus standards organization that is lead-
ing the development of standards for geospatial and
location-based services and has companies, government
agencies and universities as members. The standards and
protocols describe interfaces and encodings that allow
so-called geoservices to operate. This means that data
providers can offer their products in a standard way.
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In order to enable data users to find out whether data
sets from different sources can be combined at all, clear-
inghouses are being set up. Such clearinghouses provide
metadata on data files. Metadata (‘data on data’) refers to
information on the quality, timeframe, accuracy, fitness
for use, lineage and completeness of the data and on the
way the data have been collected. The major function of
metadata is that it allows us to check whether specific
data are available, suitable and accessible. One of the
possible functions of a clearinghouse is to check whether
spatial data are not collected more than once, by different
government institutions, for example. If data sets are
found, the Open Geospatial standards guarantee the data
can be used.

For many years the World Wide Web (WWW) has been
the medium to acquire and disseminate geospatial data. As
witnessed by the rise of Internet many more people have
become involved in mapping since the emergence of the
web. Today’s WWW-induced revolution has even further
increased the number of people involved in making maps.
Should map making via GIS still involve geo-profession-
als? The WWW includes potentially everyone having ac-
cess to this new medium to create maps. This has led to
potential situations where the organizations offering maps
via the Internet will never know what their map products
will look like, because the mapmakers on the other end
have so many interactive symbolization options.

In the process of acquiring and disseminating geospatial
data maps are often used to represent the data. Maps can
disclose or reveal geospatial patterns and help to increase
insight in geospatial relationships. However, a specific de-
sign approach is required because of the nature of the
WWW (see Chapter 5), especially since the WWW is
highly interactive and users expect maps to be clickable.

This interactivity and the possibility to use the WWW to
link distributed databases also makes web maps good in-
struments to explore the different databases.

Maps can play different roles too (see Figure 1.16).
They can function as an interface to other (geo-)informa-
tion in cyberspace or can guide the surfer navigating the
WWW. In providing access by clicking objects, the map
will bring the surfer to other web pages, which again can
contain maps, photographs or text. In this respect the
map could play a prominent role in a country’s spatial
data infrastructure as being part of a search machine. In
its role of guiding the surfer through parts of cyberspace
maps are used as a metaphor to keep track of paths
through, for instance, a single website.

Why is the WWW an interesting medium for maps?
The answer is that information on the web is virtually
platform-independent. Also many users can be reached at
minimal costs and it is easy to update the maps fre-
quently, although this last argument is only valid when
the data provider is geared for it. Furthermore the WWW
allows for a dynamic and interactive dissemination of
geospatial data. This results in new mapping techniques
as well as new possibilities for uses not seen before with
traditional printed maps and most on-screen maps.

A true revolution was caused in 2005 by the introduc-
tion of the programmes Google Earth and Google maps.
For everyone with Internet access these programmes were
made available and could display satellite data and maps
for free on a level of detail that was not heard of before.
With an interface that is very intuitive in its operation
people could visit any location on Earth. Google Earth
even allows three-dimensional flight through the land-
scape and cities. Not only could one visit places but it
was also possible to add one’s own data like photographs,

Figure 1.16 Maps used on the web as index to other (geo-) information, as part of a search engine, and preview of geospatial data
offered
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gps-tracks and even maps to the Google environments to
share these with others. This new but already very popu-
lar development was coined ‘neogeography’ by Turner
(2006). Plate 2 shows how Google Maps accommodates
the sharing of collected photos and other information. In
Plate 3 it can be seen how users can drape their own maps
on top of the Google Earth terrain and imagery data.
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2.1 The need to know acquisition methods

In geographical information systems it is usual for many
files to have been combined in order to boost the poten-
tial for analysis of the geospatial data. In an ideal situa-
tion, all the data combined have been collected,
identified and measured on the same date, with the same
geospatial resolution, according to identical procedures,
and consecutively entered into the GIS using the same
method. It is only then that the users would be sure of an
adequate quality of the results of the analytical opera-
tions for which the files are being combined.

The reality is nowhere near this ideal: data are col-
lected at different moments, are valid for different spans
of time, have a different geospatial resolution; some
might be collected in the field while others were taken
from existing maps that were generalized to an unknown
degree. Some files might have been entered after they
have been made compatible using some rubber-sheeting
technique; others have been subjected to numerical trans-
formations from other projections. Some might be based
on random samples, others on complete surveys. If it is
numerical data collected at regular sample points, some
might have been interpolated on the basis of linear, oth-
ers on the basis of geometric types of progression.

So at least the potential situation exists that the data,
when compatible at face view, might not warrant the con-
clusions drawn from their analysis. It could be the case
that the analyst or the GIS user in general should be
warned about the results, for instance that these should
be interpreted with care. Traditional topographic maps
included documentation, such as reliability diagrams,
to show that navigation in certain areas on the basis of
the map would be hazardous, as the producer could guar-
antee neither the accuracy nor the completeness of the
data. In the more complex world of GIS one needs 
numerical aids to be informed about the quality of the
data files in order to be able to decide on the validity of
analysis results.

It should be kept in mind that in all these cases one is
collecting coordinates with which to describe locations
of objects, with attributes the nature of which is deter-
mined either at the same time (such as during terrestrial
topographic surveys) or later, in a laboratory (as is the
case, e.g. for soil surveys), or through field checking (as
is the case for remotely sensed data).

The various geospatial data acquisition methods used
in GIScience can be divided into the following types (see
also Figure 2.1):

● Terrestrial surveys Large-scale topographic data can
be acquired through terrestrial surveys. Increasingly,
such surveys immediately lead to digital files that can
be imported into a GIS. When surveying new exten-
sions for telephone companies’ or cable companies’
networks that dispose over digital files of their net-
works, surveyors would use the new ‘total’ stations
with which the survey data are immediately edited and
transformed into files that are extensions of existing
files, and can be added to these main files at will.

● Photogrammetrical surveys From aerial photographs
object coordinates can be determined in digital stereo-
plotters, and imported directly into information sys-
tems. The attribute information required could be
determined either through interpretation or through
field checking.

A new form of data gathering from airplanes is laser al-
timetry. For the construction of terrain models airplanes
are equipped with GPS receivers (see below) that allow
the path of the aircraft to be determined to within 10 cm,
and a laser range finder, which allows for distance
measurements with up to 1 cm theoretical precision. If
the airplane’s location is known (through GPS) as well
as the time interval between the time the laser pulses
were emitted by the Laser Range Finder, reflected and
returned again, the position and height of the terrain
points that reflected the laser pulses can be ascertained

CHAPTER  2 Data acquisition
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with an actual accuracy that depends on the flying
height and terrain characteristics (such as vegetation).
Typical operational airborne surveys will have accuracy
values of � 20 cm.

● Satellite data Satellites have been built that contain
scanners with sensors susceptible to radiation emitted
or reflected by the Earth’s surface. These scanners op-
erate in such a way that the sensors measure radiation
sequentially from patches or grid cells along paths per-
pendicular to the line of flight. These radiation data are
later put in their proper geospatial relationship and by
doing so, a map is simulated. Here, the data accuracy
also depends on a number of correction techniques,
both for the radiation values and for the geometric ac-
curacy. After these corrections the data frequently have
to be resampled in order to fit specific grids, or to be
comparable with other data sets. By being collected for
grid cells (with for instance 20 � 20 or 30 � 30 m res-
olution) the data are generalized from the start.

● GPS data A special set of satellite data is provided
by the Global Positioning System, which, on the basis
of 24 satellites, is able to pinpoint one’s position three-
dimensionally with an accuracy of some centimetres.
These GPS recordings are used to increase the accu-
racy of existing georeferencing methods, or can be
used directly in data surveys; they can be used for both
point and linear surveying. The data are recorded on
the basis of a global reference system, which can be
transformed to local reference systems.

● Digitizing or scanning analogue maps Digitizing
refers to the conversion of analogue images into digital
representation. Initially this was done manually, by
registering with a cursor sequences of characteristic
points belonging to lines on a map. Through this action
the coordinates of the positions touched were recorded
digitally. Nowadays this conversion is mostly effectu-
ated through scanning: this works as in a fax machine:
optical records of the existence of specific colours at
specific positions on a sheet are transformed into files
with information on positions with attributes (hue or
colour value). If digitizing or scanning could be effec-
tuated with 100% correctness, the results would still
depend on the accuracy of the original maps.

● Using existing boundary files Commercially available
boundary files (digital geometric descriptions of ad-
ministrative units) can be acquired for applications that
occur more frequently or for a larger number of uses:
topographical files, files for car navigation, boundary
files to be used in conjunction with statistical data
(such as for marketing applications). For these existing
files it is essential that they are compatible with one’s
software, and therefore are based on the same stan-
dards as used by the buyer.

● Socio-economic statistical files National statistical
services are increasingly publishing their (census) data
on DVD, with the appropriate software to query the
files, or even to visualize them in map form (cf. Atlas
de France). These files are mostly presented in standard
formats that make them compatible with most current

Figure 2.1 Various types of data acquisition method: (a) surveying; (b) enquiries and statistics; (c) photogrammetry; (d) remote sens-
ing; (e) digitizing maps; (f) census data
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mapping packages. One of the items contained in these
socio-economic data files is the standard area code that
relates the data to the appropriate areas for which they
have been collected. This link between data and area
should also be preserved when entering the data into
other packages. It is through these code links that these
packages will know what data to link to specific areas.

● (Geo)physical data files Earth scientists have been
producing data files since the late 1980s, and were
among the first to make them available to the public at
large. It was to provide base maps for these global
physical data files that the Digital Chart of the World
(see below) was first conceived.

● Environmental data files The Encyclopedia of
Global Change is one of the examples of collections of
base data that can be used for environmental purposes.
Other examples are the Crop Growth Monitoring Sys-
tem for Europe, based on soil and climate data that will
produce agricultural forecasts with specific climato-
logical input. The output of these programs can often
be imported into statistical programs, in order to com-
pare the forecasts with current production statistics.

Before they are entered into the GIS, data from these
sources are stored in different ways: some in the form of
paper maps, some in the form of files: commercially pro-
duced files well protected by copyright (such as boundary
files) and published on CD, remote sensing files, socio-
economic, environmental or (geo)physical files, files of
oceanographic surveys, photogrammetrically plotted
data, or GPS data can be distributed on DVD, but are
mainly available via download through the Geodata infra-
structure. Nowadays, files with geospatial data can also
be acquired through the Internet or the World Wide Web.

It is in relation to the various types of storage or procur-
ing of geospatial data that one discerns between analogue
maps and various types of virtual maps (after Moellering,
1983). Virtual maps of the first type can be seen, not
touched: these are the maps made visible on monitor
screens. Virtual maps that are not visible but tangible are
the ones that can be procured on DVD. These are dubbed
virtual maps type 2. The third type of virtual maps is nei-
ther visible nor tangible and can be procured through
Internet, such as the maps from the National Atlas of
Canada (see also Chapter 9). As soon as one has searched
them on the Internet, they can be viewed on a monitor
screen (type 1), or printed as analogue maps (Figure 2.2).

2.2 Vector file characteristics

Though actual file structures will be dealt with in
Section 2.5, Sections 2.2 and 2.3 will focus on other as-
pects of files used as base maps (boundary files) for GIS

maps that are commercially available. Before doing so,
vector files and raster files have to be differentiated. In
vector files, lines or boundaries between areas are de-
fined by a series of point locations and their connecting
links; in raster files, boundaries, or any other relevant
background information, are defined as strings of picture
elements (pixels) in regular grids that have been acti-
vated with specific values (see Figure 2.3).

To use these vector files as geographical reference
frames for the geospatial information one wants to visu-
alize on a monitor screen, they have to be loaded into a
computer. When doing so, one has to take account of the
following aspects: resolution (the relation between the
area as represented by a pixel and the same area in real-
ity; see Section 2.3), digital scale and the possibility of
separating the files into different categories.

Vector files, to be used as boundaries, are produced by
scanning maps (see Section 2.4). This procedure con-
cerns maps of a specific scale – of course, once the infor-
mation is digitally available (through digitizing) scale
seems to become less important an issue, as it will be
possible to zoom in or out and thus change the scale at
will. But whenever the scale is increased beyond the
original scale, the ensuing image will look poor and
coarse, and cannot be used further for precise referenc-
ing. This is because the original map that was digitized
will have been subjected to generalization (see Sec-
tion 6.4). Apart from decreasing the scale, the projection
of the map can be changed easily; as soon as the proper
transformation formula from one projection to another
has been determined, the digitized data can be displayed
in any other projection system.

Figure 2.2 Analogue and virtual maps (after Moellering, 1983)
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Figure 2.3 Representation of a line (a) in vector format (b) or raster format (c)

The Digital Chart of the World (DCW), also called
VMap0 (a data file containing all the linear elements
(coastlines, rivers, contour lines, state boundaries, major
roads and railways and cities)) was produced mainly by
the US military mapping agency NGA in 1990 from Op-
erational Navigation Charts (ONC) at the scale 1:1 mil-
lion. These ONC charts are ultimately based in most
cases on topographic maps 1:50 000 or 1:250 000, pro-
duced from aerial photographs. Both in producing the
1:50 000 maps from the photographs and in producing
the 1:1 million charts from the 1:50 000 maps, general-
ization has been applied with its ensuing simplification,
exaggeration, displacement and selection (see Chapter 6
for generalization). Objects that would still be retained at
a scale 1:100 000 or 1:250 000 are omitted on the scale
1:1 million. So when the Digital Chart of the World is
zoomed in on, and enlarged to a scale 1:100 000, it would
not show all objects one would expect on this scale.

It would be otherwise if large objects and minor ob-
jects were stored in different layers or files and could be
activated whenever a specific threshold scale value was
passed: by zooming in beyond the scale 1:250 000, minor
rivers could be activated and be made visible, etc. So it is
important that (boundary) vector files have their objects
stored in at least as many layers from which a selection
can be made for display. An example of such a subdivi-
sion of objects into categories would be:

● hydrography: (a) major rivers, lakes; (b) minor rivers,
lakes;

● territorial boundaries: (a) national boundaries; 
(b) state/provincial boundaries; (c) county boundaries;

● coastlines: (a) coastlines and major islands; (b) minor
islands;

● administrative names: (a) names of countries; (b) names
of states/provinces; (c) names of counties/departments.

The various administrative areas should be supplied with
the codes assigned to them, for the purpose of being able to
match them to the statistical files (see Section 2.1).

Increasingly, DCW is exchanged for Global Map, an
initiative led since 1996 by Japan, to make available

topographic files on a country basis with a similar reso-
lution as DCW but more recent data and a more exten-
sive thematic coverage (see also Section 6.6.2). These
geographic data sets are composed of the following the-
matic layers: elevation, vegetation, land-cover, land-use,
transportation, drainage systems, boundaries and popula-
tion centres. The major reason to develop this global data
set was to enable the monitoring of changes in the global
environment to be monitored (see also Figure 2.6).

Other examples of vector files are EuroGeographics’
EuroBoundary Map files and the Electronic Chart Dis-
play and Information System (ECDIS). EuroGeograph-
ics, which unites the national mapping agencies of
Europe, produced in 1995 the Eurostat boundary file,
which contained the national boundaries of all European
country members of EuroGeographics (Turkey included),
and the first-, second- and third-order administrative
boundaries. For France, e.g., this means boundaries for
regions, départements and cantons (groupings of munici-
palities). The names and codes of these administrative
areas have been added as well. Since then, it has been su-
perseded by SABE, the Seamless Administrative Bound-
aries of Europe with Euro Boundary Map files at scales
1:100 000 and 1:1 million (see Section 6.6.3).

Member states of the International Hydrographic
Organization are now developing regional databases for
ECDIS (using a Digital Data Transfer Standard (S-57),
with a common object code and exchange format 
(DX-90)). Though preference is given to the production
of regional databases covering all the routes used by in-
ternational shipping, this will take time. Such data has
not been generally available worldwide before 2002. In
the meantime, hydrographic chart raster files, like the
one developed by the United Kingdom, will be used.

2.3 Raster file characteristics

In a scanner as well as in a fax machine, optical records of
the existence of specific dots, dashes or patches in black
and white or colour at specific positions are transformed
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into files with information on positions with attributes.
As the registration of these dots, dashes and patches
takes place along regular parallel scanning paths, in in-
cremental temporal steps, the output of these files con-
sists of regular grids, built up from picture elements
(pixels), each representing specific attributes (see
Figure 2.3c). The higher the resolution of the scanning
device (and its price), the smaller the pixels will be, and
the more detail of the original image will be rendered.

To revert to the case at the end of Section 2.2, existing
hydrographic charts are now being scanned and put on
DVDs, to provide charts in a form that can already be used
in electronic chart display systems, in order to bridge the
gap before they will be made available in vector format.
The first to do so was the British Hydrographic Office,
with its ARCS package. ARCS (Admiralty Raster Chart
Service) consists of DVD files produced by scanning ex-
isting charts, with an update option that allows one to
combine data from weekly DVD notices to mariners with
the original raster chart to produce new charts on screen
that are fully corrected. See Figure 2.4.

The resulting charts when displayed on the monitor
screen can be overlaid with radar images and also visual-
ize the ship’s position as well as data on its course, speed
and planned track. The electronic navigation systems
using ARCS DVDs will allow for the selection of the
area to be viewed, allow for zooming in or out and for
adding or omitting a number of additional data layers.
When the information contents of a paper map are avail-
able on different films that can be scanned separately, the
raster file can consist of different layers – in this case

with contour lines, names, buoys, bathymetric colours,
etc. that can be activated either separately or together.

Apart from updating, the raster image itself cannot be
queried or otherwise electronically analysed – it forms a
backdrop picture against which geospatial processes can
be visualized. Important aspects of these backdrop raster
files are the same as for the vector files: the scales at
which they have been scanned and the existence of infor-
mation in different layers.

Another example of such a raster file is the raster ver-
sion of the topographic map of the Netherlands at the
scale 1:25 000. This ‘Top25raster’ file is sold, per map
sheet, on DVD or on-line, and contains all the informa-
tion of the paper topographic map. It is for products like
this one that the resolution is important: scanners (see
Section 2.4) register with a specific number of dots per
inch, indicating the smallest areal units for which infor-
mation is being determined. A resolution of 250 dpi (dots
per inch), for example, refers to the fact that areas with a
size of 0.01 mm2 are represented independently. See
Plate 4. Equally important as the geometrical resolution
is the radiometric one. It refers to the number of colours
that can be differentiated between by the scanner and to
its display capabilities as well.

In contrast to vector files, transforming raster files to
other projections is very difficult. Coordinate systems with
which the images are overlaid cannot easily be changed for
other systems. Additionally, the pixel is the basic unit of the
image structure and it might not be relevant as a reference
unit for the theme mapped. A pixel is a representation of
the smallest area electromagnetic radiation is collected
from individually. The larger these areas, the less informa-
tion there will be to store and the easier it will be to handle
the resultant files. On the other hand, the smaller these
areas on the Earth’s surface, the more accurately the result-
ing raster image will model the original data.

Satellite imagery is made available as raster files. Res-
olution here is not a function of the scanner measurement
device’s size but of the sensor’s field of view: by collect-
ing the radiation within a specific angle and from a spe-
cific distance from the Earth, the sensor registers and
measures radiation from a specific patch of the Earth’s
surface. The size of this patch, the dominant radiation of
which is being registered, will determine the usefulness
of the imagery for constituting a model of the objects
whose radiation values are being registered. These ele-
ment areas on Earth, represented as pixels on the satellite
imagery, have decreased in size since the first civil satel-
lites began sending their information to the Earth in the
1970s: Landsat registered 80 � 80 m squares first and
later (Landsat Thematic Mapper) 30 � 30 m squares;
SPOT in 1986 20 � 20 m and even 10 � 10 m for its
‘panchromatic’ applications. In 2002 a SPOT satellite
with 5 � 5 m resolution and in 1999 the Ikonos satellite
with 1 m resolution imagery, from Space Imaging,

Figure 2.4 Detail from a raster image generated by ARCS (Admi-
ralty Raster Chart Service) at twice the scanning scale (courtesy
of Hydrographic Office)
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became available. Over the years new satellites have in-
creased their resolution or the number of bands (hyper-
spectral data). For instance, in 2001 Quickbird was
launched, providing images with a resolution of 61–72
cm, followed in 2008 by the GeoEye-1 satellite, providing
images with a ground resolution of 41 cm for panchro-
matic applications and a 1.65-metre resolution for multi-
spectral applications. India plans to launch in 2012 its
Cartosat 3 with a 30 cm resolution. The 1999-launched
Japanese Aster satellite with a resolution between 16 and
90 m provides free multispectral images, well suited for
environmental change detection.

When one compares raster files with vector files, the lat-
ter have a greater overall resolution. This is because in the
raster technology the input device provides the information
divided into discrete pieces (‘pixels’) with a finite size.
When the pixels are large, much information is lost. On the
other hand this grid structure of satellite and scanned im-
ages allows for analytical operations that are much easier
and much less time-consuming than is valid for vector im-
ages. It also provides for relatively easy combination with
other files, as well as for a multitude of image processing
possibilities. As raster technology is also behind the moni-
tor screens, vector images are simulated in reality on these
screens, being built up from activated raster cells.

2.4 Deriving data from existing maps

The technical procedures for deriving data from existing
maps will be described in Chapter 5. In this section the re-
quirements that existing maps have to answer to, in order
to be suitable sources for digital files, will be indicated. In
particular it is documentary aspects that are important
here. Such a plethora of paper maps has been produced
that finding the proper one can sometimes be extremely
difficult. Furthermore, the organization and aims will be
covered, while the principles of the hardware used will be
described. The data to be derived from existing maps are
complex in the sense that they have both locations and
(other) attributes. So as a first requirement these locations
and attributes should be unambiguous on the source doc-
uments: the definitions used or implied in the map legend
should be clear and consistent, the period of time during
which the data were gathered should be mentioned (in
order to be copied and stored somewhere in the digital
files as well). The data quality aspect is as important, and
will be covered in the next section.

2.4.1 Finding the proper map: documentation

Finding the proper map will depend on the selection of a
map of the proper area, the proper theme and the proper
time period in which the data have been collected. Most

map libraries will contain map descriptions in their cata-
logues that refer to the area and theme of a map, and also
have data on the map’s date of publication. They will
rarely have information in the catalogue files on the time
period in which the data for the maps have been col-
lected, i.e. of the period for which the map is valid. For
topographical maps this is usually two years before the
map has been published; for thematic maps this might
take longer. A good indication of the timeframe of inter-
national map products, be they in paper or in digital
form, is provided by the Digital Chart of the World, re-
leased in 1992. As this file has been digitized from ONC
charts at the scale 1:1 million, Figure 2.5 shows the sur-
vey timeframe of the map sheets, indicating those areas
in which the digital information was based on maps pub-
lished prior to 1970 and those areas based on maps
published after 1980. The maps can be downloaded
from http://www.maproom.psu.edu/dcw/ which is from
Pennsylvania State University. Its content is split over
several layers, such as international boundaries and
coastlines, land use, roads, railroads and hydrography.
Each layer is split over several sublayers. For instance,
railroads are split into single-and double-track lines. Ac-
cess to the data is available through a place names index,
index maps, or by giving a position in longitude and lati-
tude. These data are topologically structured and made
available in formats compatible with ESRI’s ARC-GIS
among other popular GIS software.

As indicated above, currently (2009) the Global Map
initiative, coordinated by the International Steering
Committee for the Global Map (ISCGM) is producing a
new global data set at the scale 1:1 million, from newly
produced or updated base maps. It might take another
decade however, before it is available for the whole
world. (See coverage map (Figure 2.6).)

2.4.2 Preparation

Finding out about the way in which locations have been
indicated on the paper map is essential, as this will be a
guide to the manner in which the information to be digi-
tized or scanned will have to be transformed in order to
fit in one’s GIS. When preparing an existing map for
scanning, the method according to which the data are
geospatially referenced should be taken account of. This
georeferencing (providing a geospatial address) can have
been done by using either geographical coordinates, grid
coordinates or no coordinates at all. In the latter case, the
map cannot be further fitted into or integrated with exist-
ing files, unless by rubber sheeting (see Section 6.3).
While using geographical coordinates the Earth is re-
garded as a sphere; while using grid coordinates, the area
represented is regarded as a flat plane (see Section 6.1).
The UTM grid coordinate system combines the latter
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two in a sense, as it consists of a number of planes that
together cover the Earth (see Section 6.2).

If, for example, a file digitized at scale 1:250 000 of
Northwest Europe has to be extended or updated, topo-
graphic maps 1:50 000 of the Netherlands have to be dig-
itized. This means that all coordinates implied in the file
produced when digitizing the map will have to be trans-
formed from the Stereographic Azimuthal projection in

which the maps of the Netherlands are rendered to the
Universal Transverse Mercator projection of the 1:250 000
file. Digital files are scale-less in principle, but their reso-
lution is still governed by the scale at which the data
have been digitized. Now, in order not to have discrepan-
cies in the resolution, for the data from these maps of the
Netherlands to fit in the new 1:250 000 Northwest Europe
file, they have to be generalized as well (see Figure 2.7).

Figure 2.5 Period of survey index sheet of the ONC 1:1 million map series used for producing the files of the Digital Chart of the World

Data available Data for verification Developing data Considering joining 
the project

Not participating in 
the project

Figure 2.6 Participation in the Global Map programme in 2009
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2.4.3 Digitizing

As indicated in Section 2.1, digitizing refers to the con-
version of analogue images into digital representation.
The main means of converting analogue into digital data
are scanners. Before scanners were used, manual digitiz-
ers were employed, consisting of a tablet in which wires
were embedded, located along Cartesian axes. A cursor
was linked to the tablet and, when a cursor button was
pushed somewhere on the tablet, the electrical charge
generated was picked up by those wires directly under-
neath in the tablet, and the wires activated would then
provide their specific codes as x and y coordinates. Addi-
tional buttons on the cursor would allow one to join at-
tribute information to the locational information. For
entering topological information (information about log-
ical relationships between geospatial objects, such as
about relative positions, adjacency and connectivity)
such as stating whether a node belongs to a specific line,
or is the beginning or end point of a line or is located
somewhere in between, specific areas (called a menu) on
the digitizing tablet could be activated and used as legend
boxes: by pressing these areas by hand or button, the link
between the digitized location and specific attribute in-
formation was forged and entered into the computer
memory.

This hardware is hardly used any more, but it still
serves well in order to discuss what the main characteris-
tics are that one should want to hold on to during this
process of converting geospatial information from ana-
logue to computer-readable form. It is to preserve the
relationships that were visualized on the map. This
means, for example, as shown in Figure 2.8, that:

● existing links between points on the map should be
retained in the digital file,

● parallel lines should remain parallel,
● relative locations should be preserved,

● absolute locations (as expressed in coordinates) should
be preserved,

● adjacency should be preserved, and
● lines that merely touch each other should not intersect

each other, etc.

Many digital files in current use have still been based on
manual digitizing, and this might have resulted in the
kind of mistakes as described above. These are avoided

Figure 2.7 Conversion of an analogue map into a digital file

Figure 2.8 Potential errors as a result of manual digitizing
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by using scanners (see Figure 2.9a). The operating prin-
ciple of high-resolution scanners can be that of a rotating
drum to which a paper map has been attached. While ro-
tating, a sensor will scan the map in narrow (e.g. 0.1 mm
wide) contiguous bands, and will register the light inten-
sity – or colour value – of small squares (0.01 mm2).
These light measurements are then transformed to digital
values, and can be digitally represented on screen, thus
reconstituting the scanned original. By splicing the sig-
nal picked up by the sensor over measurement devices
susceptible to red, green or blue light, the original
colours can be reconstituted.

The working principle of low-to-medium resolution
table scanners used in desktop environments is that of reg-
istering the characteristics of an image on a page, put face-
down on an A4 or A3 tablet, line by line (Figure 2.9b). All
data points or pixels on a line are registered sequentially
before moving to the next line. It subdivides images into
discrete data points of which the sensor measures their
light value or colour value. In this way an analogue map is
turned into a description consisting of geospatial ad-
dresses (grid cells) and their characteristics (light values).

This is the easy part of scanning. After scanning, there is
still the operation to make sense of the scanned data, and to
change it back into a vector file, if necessary. If possible, it is
not the printed maps themselves that are scanned, but the
original colour separates prepared for the map’s reproduction.
On these, there is already a separation of functions that
should then be further edited. On scans from the separates
to be printed in blue one should indicate whether lines refer
to rivers, coastlines or lake shores; codes can be added
to the rivers that should indicate their importance; this is

relevant should the scanned image subsequently be gener-
alized and represented on a smaller scale.

The currently (2009) optimal procedure is considered
on-screen digitizing. It is a combination of scanning and
digitizing. For this procedure the map as a whole is
scanned first and displayed and enlarged on a monitor
screen. The lines to be scanned can be highlighted, and
the operators will then follow/trace and enter with the
cursor the relevant lines or point locations on the screen.
The parts of the lines entered will be displayed in a dif-
ferent colour; the image can switch between that of the
scanned map, partly digitized, and that of the digitized
information only, allowing the operator to better check
the consistency of work done (see Figure 2.10).

original

Flatbed scanner principle

lamp
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mirrors

lens
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mirrormirror

lightsource
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Drum scanner Flatbed scanner

optical
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r g b

computer
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Figure 2.9 Working principle of a scanner

Figure 2.10 On-screen or/Heads-up digitizing
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2.5 Working with digital data

2.5.1 Modelling the world

Producing today’s maps without digital cartographic
models is almost unthinkable. As explained in Chapter 1,
digital cartographic models are derived from digital
landscape models (Figure 1.4). It is the content and
structure of these models which determines the possibil-
ities for querying the data, and for defining a digital car-
tographic model needed to draw maps as required. The
content of the digital landscape model itself is defined by
selections from reality. Obviously reality as experienced
outside cannot be incorporated in a model as a whole.
Selectivity is necessary to keep the model workable. In
the framework of an application one will try to process as
many aspects of phenomena as possible. The model’s
complexity depends on the nature of the application and
the intended manipulation in the GIS database or the
maps required.

How an application influences the contents of a digi-
tal landscape model can be illustrated when considering
the road concept. To an environmentalist and a traffic
manager a road seems to be the same object. However,
the two viewpoints may differ considerably. An envi-
ronmentalist will look at the road as a barrier to wildlife
migration patterns. From this perspective he or she wants
to know its width, how busy it is, the width of the verge,
whether there are any crash barriers, and the level of
noise pollution, etc. A traffic manager will look at
the road from a safety and transport perspective. Ques-
tions he or she will have are related to the capacity of
the road, the number of accidents, traffic lights, fly-
overs, etc.

Figure 2.11 depicts the modelling process. The illus-
tration is a broadening of Figure 1.4. The steps in the
modelling process correspond with the approach sug-
gested by Peuquet (1984). Next to reality, where geo-
graphic objects and their characteristics can be found,
she distinguishes a data model, a data structure, and a
storage structure. For each application, selections are
made which adhere to conditions defined in a data
model. This data model is a conceptualization of reality
without conventions or restrictions regarding its imple-
mentation. It contains a defined set of geographic ob-
jects and their relationships. In the illustration the data
model comprises the six districts of Cumbria (Figure
2.11a). To be able to work with the data they have to be
structured, which is the next step in the modelling
process. In GIS this implies the representation of the
data model in a vector or raster data structure as illus-
trated in Figure 2.11(b). In a vector data structure the
data are organized according to the objects. Geometric
characteristics of the data are represented by sets of co-

ordinates, which, in the map image, are connected by
lines (the vectors). Labels link the attributes to the
geometry. In a raster data structure data are organized
on the basis of a geospatial address. The geometry is
represented by the location of grid cells. The address of
the cells links the attributes.

The choice of a suitable data structure should be de-
termined by the application. However, in practice one is
restricted to the data structure implemented in commer-
cial software packages. Still, when judging the data
structure one should at least consider points such as
completeness, efficiency, lineage, versatility and func-
tionality. Completeness refers to the possibility of rep-
resenting all selected data, efficiency refers to data
accessibility, lineage refers to the way in which the data
were collected, and versatility refers to the possibility
of adapting the structure to new circumstances. Func-
tionality refers to the operations that can be executed
with the data; in other words, to the kind of query that
can be answered by the structure. The query level will
define the structure’s suitability for certain tasks. This
is illustrated in Figure 2.11(c) by the three examples of
some possible vector data structures in relation to its
cartographic use. Map I represents just the individual
lines, map II represents the areas as well, and in map
III, lines, areas and topology (i.e. mutual relationships)
are also known to the system. If one would like to have
a simple map with just the outline of the districts, all
three data structures will function. If the map to be
drawn is based on the request ‘draw only the largest and
smallest area’, the structure represented in map I will
fail. However, the structure represented by map II will
also fail when the request would be ‘draw only those
areas bounded by district C’. The type of request will,
for raster and vector structures, influence the response
times.

The nature of the data to be represented will strongly
influence the choice between vector or raster data
structures. If one is active in the field of utilities the
vector approach seems an obvious choice, because of
the type of objects one is dealing with (e.g. pipes, net-
works). Whenever the organization depends on remote
sensing data, a raster data structure is advisable, be-
cause it is suitable for both interpreted and non-
interpreted data. It should also be realized that a vector
data structure is only suitable for data that have been
interpreted fully.

2.5.2 Vector approach

The vector structure is one of the oldest structures in
use. This is partly because the vector approach is close
to the traditional cartographic drafting techniques. Look
at an analogue map and it is possible to ‘see’ lines
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Figure 2.11 Organizing geospatial data: (a) selections from reality are based on a data model; (b) the selected data are often struc-
tured in a vector or raster format (digital landscape model); (c) the nature of the data structure defines the query level; and (d) deter-
mines what maps can be drawn (digital cartographic model)
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constructed from nodes and arcs. Another reason is the
limited computer technology available at that time. The
small computer memories were unable to deal with
the vast amount of data involved with raster structures,
while vector data structures are relatively small. The

basic unit of the vector data structure is the geographic
object. Several kinds of vector data structure exist. For
an extensive elaboration on these structures, see Laurini
and Thompson (1992). Figure 2.12 illustrates two of
these structures.

Figure 2.12 Vector data structures: (a) a spaghetti structure; (b) topology; (c) a geo-relational structure
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A non-topological or spaghetti data structure is the
simplest type of vector structure. All objects are
defined as single items. As can be seen in Figure 2.12(a),
the line between points 6 and 7 is defined by a set of co-
ordinates (x6, y6) and (x7, y7), and is labelled 37. How-
ever, the data structure does not include any reference
to other objects, such as lines 38 and 34, which are con-
nected to line 37. No reference is made to the areas
bounded by line 37. It is similar to map I in
Figure 2.11(c), and it does not refer to any geospatial
relationships between the objects defined in the struc-
ture. It is unable to answer questions that are not related
to drawing its content. Checking its consistency can
only be done visually. This approach was introduced at
the beginning of the 1970s.

More advanced are those vector data structures that
contain topology. Topology defines the mutual relations
between geospatial objects and can be used to check
consistency among point, line and area objects, or help
in finding answers to more complex queries. Topology
can also be described as the highest level of generaliza-
tion possible. Graphically this can result in different im-
ages of the same area, as can be seen in Figure 2.12(b).
Area C in Figure 2.12(b) I has its ‘natural’ boundaries.
In II and III these boundaries have been strongly gener-
alized, but relations between area C and its neighbours
are still valid. One of the first vector data structures that
included topology was DIME. This Dual Independent
Map Encoding system was developed by the US Bureau
of the Census to deal with census data. An important
difference to the spaghetti structure is the incorporation
of geospatial relationships between the objects regis-
tered by the structure. In the 1980s the Bureau of the
Census replaced DIME with the more advanced TIGER
system (Marx, 1990).

More complex and advanced is the georelational data
structure. As well as topology, it includes links to a data-
base system containing attribute data. This results in an
efficient and flexible structure, and can be found in many
of today’s GISs, among them ArcGIS Figure 2.12(c)
shows the principles of this approach. The basic unit is
the line segment. From each segment the beginning and
end points (the ‘from’ node and the ‘to’ node respec-
tively) are known. Those two points give direction to the
segment and make it possible to define a left and a right
area. In Figure 2.12(c) the line labelled 17 has point 8 as
a begin node and point 6 as an end node. The left and
right areas are OUT and A respectively. When applicable,
the number of points between both nodes is registered.
The segment labels can be used as pointers to refer to
other tables with information on points, areas or attrib-
utes. They function as a link to the database as well. The
georelational data structure allows for flexible search op-
erations, for area aggregation, for linking attribute data
and for consistency checking.

2.5.3 Raster approach

Since 1990 the use of raster data structures has in-
creased. Although it is difficult to code during input, the
speed of the scanner, as well as that of output equipment
such as laser and electrostatic plotters, offers advantages.
Physical storage is simple and stored data are easily ac-
cessible. A wealth of processing techniques is available
from the remote sensing and image processing disci-
plines. In the GIS environment this has led to the devel-
opment of raster modelling techniques (Tomlin, 1990).

In the raster approach, geospatial units function as basic
reference units, instead of as geographic objects (as is the
case with the vector data structure). Squares are most com-
mon (Samet, 1989) since manipulations with squares are
easily performed by the hardware (e.g. pixel on a screen or
paper). Figure 2.13(a) shows how a geographic feature is
registered in a simple raster structure. The grey squares
define Cumbria, and the white squares the area outside
Cumbria. Introducing more grey values allows for the reg-
istration of more different objects (for instance, different
grey values for each of Cumbria’s districts). However, it is
not possible to register more than one attribute for each
square. If there is a need to have more attributes, which oc-
curs especially in a GIS environment, one has to store more
raster layers. The size of the squares (the resolution) will
define how well a raster structure can represent geographic
reality. A small size will give a better representation, but
will result in a very large data set. Sometimes the data
source defines the resolution. An example is the resolution
of the satellite’s scanner, which sets conditions for data col-
lected by remote sensing techniques.

Another advantage of the square above a triangle or a
hexagon is that it can be split into subunits of the same
shape and orientation (Figure 2.13b). The quadtree data
structure is based on this approach and is used in GIS
packages. Considering the quadtree, the whole map is
seen as a square and is subdivided into four smaller
squares (see A, B, C and D in Figure 2.13c). Splitting the
squares continues until each single square has a homoge-
neous content. In practice this goes down to six or seven
levels. The example in Figure 2.13(c) is four levels deep.
The tree below the map image shows how it is done.
Each solid circle represents Cumbria, and each open cir-
cle the area outside Cumbria. When no branches leave a
circle, it is considered homogeneous (black or white).
Several variations on this basic approach exist.

2.5.4 Hybrid use of the database

Both raster and vector data structures are used via data-
base management systems. A database management
system often has one of the following structures:
hierarchical, network or relational (Figure 2.14). The
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Figure 2.13 Raster data structures: (a) normal; (b) quadtree; (c) basic raster types

first has a fixed tree-like structure, and questions can
only be asked along the tree’s branches, as can be seen in
Figure 2.14(a). Here Cumbria is divided into districts,
each of which is further subdivided into wards. Because
of its fixed structure it has relatively short response times

to queries. It is applied mainly in those information sys-
tems with management tasks. Here the nature of the
questions is known beforehand.

When a more flexible approach is needed during the
query process, a network structure can be used. As
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Figure 2.14 Database management systems: (a) a hierarchical structure allows for fixed queries along the tree’s branches; (b) a net-
work structure offers greater flexibility and allows a combination of items on the same level; (c) relational structures are most flexible,
and allow any kind of question on the data stored in related tables
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Figure 2.14(b) demonstrates, this structure is not limited
to queries along branches. Database elements of the
same level, such as the districts in the figure, can be
combined in the query. These databases can be found at
utility companies. However, as with hierarchical data-
bases, the type of question is fixed at the moment one
defines the database structure.

A relational database structure is even more flexible. It
can handle any kind of query, and is very useful in an en-
vironment with unpredictable and constantly changing
queries. However, it is often slower than the other two
database structures. Figure 2.14(c) gives an example. In
the GIS database the geometry of Cumbria’s districts is
stored in a table. The relational database principle allows
one to link this information with any other table when a
common variable is available. In the figure this is the dis-
trict’s name and its statistical identifier. The links be-
tween the different tables allow one to ask complex
questions. Some vendors offer an integrated solution.
Examples are ESRI with its ArcSDE (Spatial Data En-
gine), which acts as a gateway between ArcGIS software
and other database systems. Also vendors of ‘generic’
databases have geospatially enabled their databases. Ex-
amples are Oracle’s Geospatial and IBM’s DB2 spatial
extender. Also popular are the Opensource databases
such as MySQL and PostgreSQL.

2.6 Control and accuracy

The advent of GIS has accelerated and simplified the
process of information extraction and communication.
Combining or even integrating various data sets was
made possible on a large scale. The ease with which op-
erations can be effected provides a danger as well, as
technical possibilities will also allow for irrelevant or in-
consistent data integration. On the other hand the new
storage potential provided by new PCs will allow one to
store the original data and not the derived or aggregated
data. Figure 2.15 provides an example of the difference
between using original and aggregated data. Here, popu-
lation distribution data (visualized as a dot map, showing
locations of specific numbers of inhabitants) and popula-
tion density data (visualized as a choropleth map, show-
ing densities for enumeration areas) are both used as a
starting point for an analysis of the average distance the
inhabitants of a region have to walk in order to reach
specific municipal facilities. Therefore, both data sets are
combined with data on the average travelling time (here
expressed as an isochrone map). If the data set visualized
by the map at the lower left is used, a distinctly different
image is provided when compared to the image which
results from starting with the data set visualized at the

Figure 2.15 Results of data integration. If the aggregated data set is used (bottom), the densities of the population able to reach the
facilities within a specific time will be visualized differently as compared with the map based on distribution data (after Hootsmans and
van der Wel, 1992)
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upper left. If decisions about siting new facilities are
based on either of these maps, the decision-maker should
be able to ascertain the quality of both maps.

The end product of every type of data integration will
inevitably have a certain degree of uncertainty, because
of mistakes in the original data and because of the data
processing. The result will only be fit for use when a
certain level of reliability is reached. That is why the
user has to be presented with information on the quality
of the original data and of the various processing steps.
Users might either depend on the data, in which the end
product quality is determined by the available data, or
the user might require end products of a specific quality,
which will determine the data quality of the original
data to be collected and of the processing methods to be
followed.

Traditionally in cartography the quality of the origi-
nal data was expressed in the form of reliability dia-
grams. These consisted of statements that described the
manner in which the data for specific parts of the area
mapped had been collected, and did not differentiate
within these parts (see Figure 2.17b). Thematic equiva-
lents of these topographic procedures were statements
like: ‘soil samples have been taken for every hectare’;
‘map unit boundaries should be accurate within ± 100 m’.
But for correct decision support data quality informa-
tion is not only needed on an overall level; local/
regional deviations from the overall accuracy have to be
provided as well. Overall accuracy of information will
serve to relativize the importance of data sets for deci-
sion making, while local anomalies in accuracy will be
used to restrict the decision-making process to specific
areas.

In the literature (DCDSTF, 1988) the following
aspects of data quality or accuracy are differentiated: lin-
eage, positional accuracy, attribute accuracy, logical con-
sistency and completeness. Lineage will indicate when
the data have been collected, and what kinds of process-
ing they have been subjected to. Logical consistency will
only refer to data sets as a whole, while the other aspects
might deviate locally. This will allow one to visualize
their geospatial variation in map form.

In satellite data various land cover categories or
classes can be differentiated on the basis of the spectral
characteristics of the radiation measured from their pix-
els and from field checking them in the terrain (training).
On the basis of a number of trained categories, for every
element (pixel) of a satellite data set a probability vector
can be determined, defining the probability of this pixel
being assigned to each of the categories discerned. The
category with the highest probability value will be se-
lected finally for representation.

So far, so good. But one can imagine that it will mean
a big difference to the user, whether the highest probabil-
ity value (called maximum likelihood) of a pixel to be

assigned to the ‘bare rock’ category is 0.9 (probability
vectors vary between 0 and 1) or 0.3 (the second likeli-
hood being 0.28). In the latter case, the certainty of as-
signing this pixel to ‘bare rock’ is much lower than in the
case of it being 0.9 (see also Figure 1.10).

Uncertainty information can be visualized in one of
the following map forms:

● probability images, such as maps of the maximum
likelihood, maps of the second likelihood, etc.;

● maps of the difference between maximum and second
likelihood;

● maps of likelihoods for each category discerned.

Apart from being visualized, it can also be rendered by
sound: shrill sounds generated when moving a cursor
over a less certain area might for instance indicate low
data quality.

A measure for uncertainty or ambiguity could be the
confusion index, in which the maximum likelihood is
compared to the second likelihood:

Confusion = 1 – (mmax – m2)

Small differences between mmax and m2 will lead to
high values for confusion, which can also vary between
0 and 1.

If classes cannot be sharply defined, it is conceivable
that objects have not only a specific certainty (possibil-
ity) to belong to one category, but also another certainty
(possibility) to belong to other classes/categories as
well. This is expressed by the fuzziness index, which
compares possibilities (these can vary from 0 (not mem-
ber of a category) to 1 (member of a category) to
Boolean possibilities, which can only take values of 0 or
1, as in Boolean logic the objects are defined in an ei-
ther/or way, leading to crisp boundaries between objects.
So if a location – because of overlap between category
or class definitions – may be assigned to different cate-
gories, in a situation where it is not imperative that it be
assigned to one class only, possibility vectors can be
determined.

In Figure 2.16 maps are shown in which only the un-
certainty zone of the class boundary is visualized for dif-
ferent uncertainty threshold values as an alternative to
conventional ‘crisp’ boundaries.

Next to probability and possibility factors, certainty
factors are assigned on a more arbitrary basis, i.e. by
experts who estimate the validity of data, and express
these values also on a scale from 0 to 1. All the differ-
ent methods of representation can be expressed as
shown in Figure 2.17. It is the ideal that it would
be possible to ask for information as contained in
Figure 2.17, to toggle it with the visualized data them-
selves, in order to allow for proper decision-making on
the basis of the data.
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Figure 2.16 Uncertainty zones of boundary values, in which the overlap between class definitions is expressed as grey tones in the
map (after Hootsmans and van der Wel, 1993)
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Figure 2.17 Examples of the visualization of meta-information (from Hootsmans and van der Wel, 1992)
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3.1 Maps are unique

It is not possible to get an overview of an area in any way
other than by consulting a map. A map places geospatial
data, i.e. data about objects or phenomena of which one
knows their location on the Earth, in their correct relation-
ship to one another. A map can be considered as a geospatial
information system that answers many questions concern-
ing the area depicted: the distances between points, the posi-
tions of points in respect of each other, the size of areas, or
the nature of distribution patterns. The answers can be read
off directly from the map image most of the time, without
the need for a keyboard or the loading up of some files.

Theoretically geographic information systems would be
able to work out conclusions to problems set to them with-
out maps, just on the basis of geospatial information in dig-
ital form, which can have been collected as such (though in
most cases it would have been digitized from a map). But
performing such a task would be questionable in practice,
as without maps one would hardly be able to formulate the
relevant geospatial problems that can be set to a computer.

The term ‘map’ is used in many areas of science as a
synonym for a model of what it represents, a model that
enables one to perceive the structure of the phenomenon
represented. Thus mapping is more than just rendering; it
is also getting to know the phenomenon which is to be
mapped. By ‘cartographic method’ one understands the
method of representing a phenomenon or an area in such
a way that the geospatial relationships between its ob-
jects and its geospatial structure will be visualized. When
representing geospatial information in map form one has
to limit oneself, on account of the available space, to the
essentials, among which is the information’s structure.

One of the most important moments for cartography was
when the first satellite pictures became available. This cre-
ated the opportunity to check whether the mapping activi-
ties of previous centuries, and especially the generalization
from large-scale detailed maps to small-scale overview
maps of larger areas, had been done in the right way. Com-
parison of those first Apollo-satellite photographs with

existing maps generally showed a great deal of agreement,
which proved the correctness of the applied techniques.

A second important moment for cartography was the
introduction of the computer. Initially (in the period
1960–1980) the computer was used to automate existing
mapping tasks such as calculation of projections and the
plotting of the grid or graticule on the map. It proved to
be feasible to map an area according to different projec-
tions, based on the combination of the same digital file
with different transformation parameters. Gradually, car-
tographers also came to realize the potential for analysis
inherent in the digital (digitized) data which computers
offered. It then became clear that with the aid of the com-
puter one would be able to do calculations with the digi-
tized map data and that one could have the computer
determine the distances, areas and volumes much more
precisely than could be done by using paper maps.

As soon as a link was made between these cartographic
(boundary) files and statistic files it also becomes possi-
ble to evoke numbers of inhabitants, average income data
or agrarian production figures and combine them digi-
tally with the cartographic files in map form; the same
could be done for the relation between certain socio-
economic and physical phenomena and topography. This
has developed into cartographic information systems,
which operate similarly to the geographic information sys-
tems defined in Chapter 1, but are more geared to visualiza-
tion than to analytical functions. We must continue to
realize that it is the abstracting capacity of the map that al-
lows us to observe geospatial connections, patterns or struc-
tures; this also applies when looking at the screen of a GIS.

Maps are nowadays regarded as a form of scientific vi-
sualization (see Figure 3.1), and indeed they existed before
visualization developed into a distinct field. Its objective is
analysing information about relationships graphically,
whereas cartography aims at conveying geospatial rela-
tionships. Visualization consists of graphics (with which
symbols and lines are indicated) and geometry, which
refers to their relative positions. In cartography these rela-
tive positions are usually defined on the basis of a geospatial

CHAPTER  3 Map characteristics
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Figure 3.1 Relation between scientific visualization, information
visualization and cartography

grid – Cartesian or geographical – which refers these loca-
tions to real positions on the Earth’s surface. The emphasis
in scientific visualization (Hearnshaw and Unwin, 1994)
is more on its analytical power (‘explorative analysis’)
than on its communicative aspects: it is primarily directed
at discovery and understanding. In cartography equal em-
phasis can be placed on analysis and communication. In-
formation visualization has similar objectives for
non-geographic data (Keim et al., 2005).

An example of the difference between the analytical
and communicative aspects of cartography is shown in
Figure 3.2. Here, on the right, the distribution of the pre-
cipitation classes has been visualized, and this has been
done correctly, as it is possible to see in one glance the
distribution of every class in relation to all other classes.
But getting an idea of the distribution of the various pre-
cipitation classes is not the same as conveying to the
reader a proper idea of the distribution of the phenome-
non ‘precipitation’ itself. If it is the communication ob-
jective to show the effect of a particular thunderstorm
over the Netherlands, then one would want to perceive
the geospatial trends, the increases and decreases in its
effects over the area, and that is something different from
providing an idea of the location of the various precipita-
tion classes. The wrong graphic variables have been cho-
sen to answer that objective in Figure 3.2(b). It is in
Figure 3.2(a) that correct graphic variables have been se-
lected, so that the increase of grey values is proportional
to the increase in precipitation values, which makes the
map fit for communication objectives, as it portrays the
phenomenon as a whole. Figure 3.2(b) is only fit for
analysis, independent of the phenomenon. This would be
acceptable in a data exploration environment, where the
user is in command of the display time and would be able
to adjust the class boundaries at will.

One of the most important aspects of exploratory
analysis in cartography is the change of perspective that is
provided through transformations. In cartography, these
transformations are effected by deviating from traditional
map projections, by deviating from Euclidean geometry
by representing other than geographic distances and
areas, by deviating from real life by exaggerating the val-
ues or measurement data to be represented (as happens,
for example, in 3D models, where the vertical scale might
be ten times the horizontal scale), by separating local
from regional trends, so as to make the latter stand out, or
by experimenting with class boundaries and the hues or
grey values assigned to them. Other ways of changing
perspective are by deviating from traditional geographic
map frames (through scrolling in electronic maps), by
changing the orientation of maps (by not having the north
at the top) as well as their timeframes (by monitoring) so
that the effects of a random survey activity or of a random
data gathering activity are offset.

3.2 Definitions of cartography

The meaning of the term ‘cartography’ has changed fun-
damentally since 1960. Before this time cartography was
generally defined as ‘manufacturing maps’. The change in
the definition has originated from the fact that the subject
has been put in the field of communication sciences and
by the advent of the computer. Under the influence of the
former cartography nowadays is seen as ‘the conveying of
geospatial information by means of maps’. This results in
the view that not only the manufacturing of maps but also
their use is regarded as belonging to the field of cartogra-
phy. And it is indeed evident that only by investigating the
use of maps and the processing of the mapped information

Figure 3.2 Distribution of rainfall in the Netherlands: example of
map designs geared to either (a) data communication, or (b) data
analysis objectives
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by their beholders is it possible to check whether the infor-
mation in the maps was represented in the best way.

The unsatisfactory aspect in the definition above of ‘the
conveying of geospatial data by means of maps’ is that the
concept ‘map’ has not yet been defined. The elements that
belong in a definition of maps are geospatial information,
graphic representation, scale and symbols. A possible def-
inition of a map runs as follows: ‘a graphic model of the
geospatial aspects of reality’. According to French cartog-
raphers the map is ‘a conventional image, mostly on a
plane, of concrete or abstract phenomena which can be lo-
cated in space’. By ‘conventional’ it is meant that one
works with conventions, such as the fact that the sea is rep-
resented in blue, that the north is at the top of the map, or
that some graded series of circles denotes settlements with
increasing population numbers. By ‘image’ the graphic
character of a map is stressed. But not all maps are printed
on a sheet of paper: relief models and globes are also con-
sidered to be maps. It is, of course, also possible to map
phenomena that are not physically tangible, such as politi-
cal preferences or language borders. And it is obvious that
it must be possible to locate the phenomena in space.

Under the influence of the rise of the computer and ge-
ographic information systems in the field of mapping,
new definitions of cartography have gradually emerged:
‘the information transfer that is centered about a spatial
data base which can be considered in itself a multifac-
eted model of geographic reality. Such a spatial data
base then serves as the central core of an entire sequence

of cartographic processes, receiving various data inputs
and dispersing various types of information products’
(Guptill and Starr, 1984).

Taylor (1991) defines cartography as ‘the organisation,
presentation, communication and utilisation of geoinfor-
mation in graphic, digital or tactile form. It can include all
stages from data preparation to end use in the creation of
maps and related spatial information products’. For this
book we will define cartography as: making accessible spa-
tial data, emphasizing its visualization and enabling inter-
action with it, aimed at dealing with geospatial issues.
Taylor’s definition still requires ‘map’ to be defined, and
therefore the map definition by Board (1990) is quoted: ‘a
representation or abstraction of geographic reality. A tool
for presenting geographic information in a way that is vi-
sual, digital or tactile’. In the current strategic plan of the
International Cartographic Association [http://cartography.
tuwien.ac.at/ica/index.php/TheAssociation/Strategic-plan] the
map is defined as: ‘A symbolised representation of a geo-
graphical reality, representing selected features and char-
acteristics, resulting from the creative effort of its author’s
execution of choices, and designed for use when spatial re-
lationships are of primary relevance’.

The usefulness of a map depends not only on its con-
tents but also on its scale. The map scale is the ratio be-
tween a distance on a map and the corresponding
distance in the terrain. There are several possibilities to
indicate the map scale, as can be seen in Figure 3.3. Next
to a verbal description (such as one inch to the mile), a

Figure 3.3 Large- and small-scale maps: (a) detail of the base map of Maastricht at a scale of 1:1000 (courtesy municipality of
Maastricht); (b) Maastricht at a scale of 1:500 000
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representative fraction (like 1:1000) or a graphic repre-
sentation can be used. The representative fraction in
Figure 3.3(a) means that 1 cm on the map corresponds to
1000 cm (10 m) in the terrain. The scale bar in 
Figure 3.3(b) represents a distance of 10 km. When the
representative fraction is small, a map is considered to
have a large scale. Figure 3.3(a) shows a large-scale map
of the city centre of Maastricht, scale 1:1000. The map
reveals many details on the level of individual houses.
Figure 3.3(b) is a detail from a small-scale map with a
scale of 1:500 000. Again, the map displays some data on
Maastricht. Here the whole urban area of the city is
shown as a small polygon, however.

Confusion exists about the concepts large scale and
small scale. In everyday linguistic usage, small scale is
linked with small areas; in mapping this is used in the re-
verse sense: small scales in cartography are linked with
large areas that are represented on a small map area (see
Figure 3.3b). A large scale in cartography is connected
with a small area, about which detailed data are pre-
sented on a relatively large map area (see Figure 3.3a).
Technically the linguistic usage in cartography is correct:
a large scale is represented as a fraction which has a rela-
tively small figure in the denominator: a smaller scale
represents a smaller value, thus a bigger figure in the
denominator.

In Figure 3.4 the effect of changes in scale is demon-
strated. When scales are changed, generalization be-
comes necessary, as not all the information from
large-scale maps can be incorporated in small-scale
maps in a legible way. In socio-economic thematic maps
this generalization usually takes the form of aggregation:
smaller enumeration units are taken together to form
larger units. In Figure 3.4 the election wards/polling dis-
tricts in the large-scale map are grouped together to form
municipalities in the middle-scaled map of the Nether-
lands. This aggregation has a direct effect on the data, in
this case the Labour Party vote percentage: as the figures
are counted for larger areas, excessive local scores are
averaged, and differences become less notable. In the
small-scale map these differences are still visible be-
cause the economic regions are groupings of municipali-
ties on the basis of common economic characteristics
(e.g. agricultural vs. industrial regions, with the ensuing
political preferences). If the last grouping had been ef-
fectuated according to nodal regions (groups of munici-
palities oriented on the same large towns) then these
differences would have been even less outspoken.

Traditionally, the main division of maps is between
topographic and thematic maps. Topographic maps sup-
ply a general image of the Earth’s surface: roads, rivers,
houses, often the nature of the vegetation, the relief and
the names of the various mapped objects (see Plate 5).
Thematic maps represent the distribution of one particu-
lar phenomenon. In order to illustrate this distribution

properly every thematic map, as a basis, needs topo-
graphic information; often this would be provided by a
thinned-out version of a topographic map. In Plate 5 one
can find a detail of a soil map as an example. Such a map
is only usable if one could perceive, with the help of this
base map, where the types of soil which have been differ-
entiated can be found.

A thematic map would also emerge, if one aspect of
the topographic map – such as motorways or windmills –
is especially highlighted, so that the other data categories
on the map could be perceived as ground. An example of
this is presented in Plate 6.

In a digital environment the differentiation between
topographic maps and thematic maps grows less rele-
vant, as both map types consist of a number of layers – a
topographic map would be a combination of separate
road and railway layers, a settlement layer, hydrography,
a contour lines layer, a geographical names layer and a
land cover layer. Each of these would be a thematic map
in itself; a combination of these layers in which each data
category had the same visual weight would be a topo-
graphic map. When one category is graphically empha-
sized or highlighted, and the others thereby relegated the
status of ground, then it would again change into a the-
matic map.

The topographic base of a thematic map can even be
far more schematic than an excerpt from a topographic
map. In the representation of socio-economic phenom-
ena, the data are gathered for enumeration areas instead
of at individual locations (as would be the case for phys-
ical phenomena), the boundary files are usually strongly
generalized, so as to distract from the map theme as little
as possible. An example is shown in Figure 3.5. In
Figure 3.5 the base map only consists of national bound-
aries and coastlines. Such a presentation (the combina-
tion of thematic data (Figure 3.5b) plus schematic base
map (Figure 3.5a) leads to a clear map image
(Figure 3.5c) – which can only then be interpreted and
memorized correctly when the map user also recognizes
the area. To arrange for this recognition it may be neces-
sary to add the names of the (most important) enumera-
tion units.

People form for themselves a mental model of reality.
For example, after living in a village for some time one
would operate, while transversing the village for one’s
daily chores, on the basis of this mental construct, which
operates like a virtual map (see Figure 3.6); when some-
one else asks for directions, one would consult this men-
tal construct in order to provide an answer. Answering
the request could also be done by drawing a sketch map,
a ‘mental map’ which is a permanent print-out from our
mental construct of reality, designed for answering a
specific request for directions from and to random loca-
tions. Such a mental construct (we could also call it a
cognitive map) can be generated not only from one’s
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Figure 3.4 Thematic maps and the influence of scale on socio-economic phenomena: the percentage of Labour votes in part of the
Netherlands (a) Utrecht’s voting districts; (b) neighbourhoods; (c) municipalities; (d) regions

contact with reality but also through consulting a proper,
tangible paper map (a ‘permanent map’, or hardcopy
map in computer talk). When one is an experienced map
user, one would be able to grasp the essential informa-
tion from a paper map and store this in one’s mind. This
process can also take place from a map displayed tem-
porarily on a monitor screen (a ‘temporal map’, which is
visible but not tangible). This temporal map can have
been generated from a geospatial database stored in the

computer, from which a specific selection has been
made in order to answer specific requirements or objec-
tives. This geospatial database, which can also be used
to produce other maps, functions as a virtual map there-
fore, in the same way as different sketch maps can be
produced from one’s mental perception of reality (see
also Figure 2.2).

Maps can be said to show three dimensions of the phe-
nomena represented: the nature or the value of the
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objects and their location. The location is defined at the
hand of the x- and y-coordinates; the nature or value is
considered as the z-coordinate. It is one of the tasks of
cartography to have the z-coordinate stand out suffi-
ciently to provide map readers an adequate vision of the
mapped area’s relief.

3.3 The cartographic communication process

In Section 3.2 cartography is described as ‘the conveying
of geospatial data by means of maps’. In order to illus-
trate this, a model of cartographic information transfer is
presented in Figure 3.7.

The starting point of the cartographic communication
process is the data or the information (I), usually col-
lected by third parties (geodesists, photogrammetrists,
geographers, statisticians). When producing a map, one
has to study this information, as one will have to get ac-
quainted with its characteristics as well as with the pur-
pose of the information transfer in order to be able to
represent the information correctly in map format. Often
the resulting map will not contain every particle of infor-
mation with which the mapper was supplied; generaliza-
tions or classifications may have been applied in order to
present a clearer picture of the phenomenon.

The map user or map reader who sets eyes upon the
map will derive certain information from it. The infor-
mation derived (I�) will, however, never completely over-
lap or coincide with the original information (I) as during

the communication process data may have fallen out or
been left out on purpose, or because mistakes may have
been made. Those that produced the map may have inter-
preted the original information incorrectly; and even if
they did interpret it in the right way, then they may still
have made errors in the process of mapping, when repre-
senting the information. The map reader may read out the
data in the wrong way, or may draw the wrong conclu-
sions from the right data. Thus there are ample possibili-
ties for the derived information not to coincide
completely with the original information.

Cartography aims for the elimination of these various
sources of errors, and for the provision of a correct
transfer of the data, by means of such a graphic presen-
tation that the map reader is able to draw the correct
conclusions. A feed-back of I� to I in Figure 3.7 is neces-
sary, because in this way the map producer is able to
check the effect of the cartographic products and, de-
pending on the evaluation, may adjust the image of the
map. During the process of evaluation, moreover, one
keeps on learning about the depicted phenomenon:
whether the correct structures have been transferred,
whether the most relevant characteristics have been se-
lected, and whether the most recent quantitative data
have been represented; therefore the cartographic repre-
sentation is also a cognitive process: one has to get to
the essence of a geospatial phenomenon if it is to be rep-
resented adequately.

Of course, in principle, maps show us the situation of
the Earth’s surface; by viewing a map we visualize the
Earth’s surface, and we try to match this mental vision
with the real world. The overlap referred to earlier should
also apply to the real world but this overlap can never be
complete: there will always be a time gap between the
moment the data were gathered or surveyed and the mo-
ment they were made available to the users. In some
cases – as in recent military conflicts – it may only take a
couple of hours before the data are made available, but
even then this time-gap may be crucial as the very planes
stationed on a photographed airfield or tanks on the
ground may have left the area in the meantime.

The cartographic information process, as presented in
this book, thus starts with the recording. The traditional,
cartographic ‘recorder’ is the topographer, who surveys
the terrain for the sake of the production of the topo-
graphic map, who describes functions, distinguishes road
categories, collects geographical names, measures the lo-
cation of new objects, etc. The topographer’s work has al-
ready been referred to in Chapter 2, and the results of this
work will be discussed in Chapter 6.

Topographers (together with geodesists) supply
mainly the x- and y-coordinates of the geospatial infor-
mation; the z-coordinates are defined (with the exception
of altitudinal data) by others – by census-takers who
collect information by means of socio-economic

Figure 3.5 Compilation of a thematic map
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Figure 3.6 Examples of permanent, virtual, temporal and mental maps

questionnaires, by soil scientists who take samples of the
soil or by traffic enumerators, etc. Since 1930 the aerial
photograph, as a data source, has held a very important
place, while since 1970 the satellite image has also
become increasingly important.

From all these sources, traditional and new, a lot of
information is directed at the cartographer or map pro-
ducer, most of it not in the right shape for cartographic
presentation. Thus some kind of (cartographic) process-
ing is necessary first. The elaboration of the survey data,
in many cases, takes the shape of a classification. Indi-
vidual characteristics of observations are then replacedFigure 3.7 Model of the cartographic communication process
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Figure 3.8 Examples of choices during the visualization process

by group characteristics. Thereby the quantity of informa-
tion decreases, and the map resulting from this becomes
better ordered. Other ways of elaboration are the correla-
tion with other data, the expression of the degree of con-
formity or difference in the distribution of different data
sets, or the comparison of absolute enumeration data
taken at different times for the same area, in order to be
able to show the development in the intervening periods.

The design of maps is mainly concerned with making
choices: the choice of mapping method, the choice of
graphic variables (such as differences in size, value,
grain, colour, direction and shape, see Chapter 5) to be
used. In Figure 3.8 a number of selection moments are
shown, which play a role in the design of maps, as well as
the cartographic results of these choices. Here the devel-
opment of the population of the Netherlands in the pe-
riod 1990–2000 is the concern. The first choice that has
to be made is the one between map and diagram. Should
the diagram be selected, then the opportunity to show re-
lations to other geospatial phenomena is lost. Even if a
geospatial component is introduced which shows the

developments in the various regions separately, it is still
far more difficult to draw geospatial conclusions from
this complex image than in the case where the same in-
formation had been mapped. Of course, there are various
possibilities for the design of a diagram: e.g. a line dia-
gram or histogram, a representation with index values or
a logarithmic presentation. Some possibilities are shown
in Figure 3.8. Should a map be selected, then one first
has to select the aggregation level on which the informa-
tion has to be depicted: on the level of statistic enumera-
tion areas, municipalities or even higher-order areas. The
resolution (level of geospatial discrimination) at which
the information is presented depends on the space which
is available for the map and the goals of the map author.
On the level of local enumeration areas or municipalities
one would be able to show the local trends, concentra-
tions and dispersions. On the basis of aggregations of
municipalities or on county level only regional patterns
can be shown.

After the selection of the aggregation level of the data
a choice can be made between an absolute or relative
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representation. The results of both choices may be con-
tradictory: a map of the absolute unemployment in the
Netherlands shows a concentration in the central Rand-
stad area, whereas the unemployment problem seems to
lie in the marginal areas in the south, east and north of
the Netherlands, when judging from the image of the rel-
ative unemployment (Plate 7). Selection of either ab-
solute or relative representation also implies the selection
of a specific cartographic method that is for proportional
symbol maps or choropleth maps, respectively. The same
information could also be presented as an isoline map, a
grid map or a cartogram (a map with diagrams). This will
also depend on the ulterior motive or objective of the
communication process.

Supposing data are available relating to the participa-
tion of a city’s inhabitants in public transport, and that it
is known through questionnaires or otherwise how many
passengers were transported over each stretch of the bus
routes between bus stops, where the passengers boarded
and descended again, and where they came from and
went to. Similar data have been collected for a number of
major cities. If one wanted to show the existing geospa-
tial relationships between the inhabitants, then the move-
ments by public transport from each part of the city
could be shown through sets of arrows. If the transport

authorities were more interested in the routes followed
by the inhabitants to get to their destinations, these could
be plotted, and the frequency with which they were used
could be shown by proportional widths (not indicated in
Figure 3.9). By comparing origins and destinations of all
the trips recorded in the questionnaires, the places where
people changed buses could be traced and a hierarchy
could be portrayed, showing these bus stops with circles
proportional to the number of changes.

Accessibility of the public transport network could be
shown by portraying the number of bus stops per regular
area unit. The data could be aggregated for the various
wards the city would be divided into, showing the volumes
of passengers travelling between the major wards by pro-
portional arrows. By comparing the destinations of the pas-
sengers from each city ward with the public transport
timetable, the average travelling time could be determined,
and portrayed through isochrones. The degree of participa-
tion of city inhabitants in the public transport, computed ei-
ther as a percentage of all inhabitants, or as the number of
people travelling by bus per areal unit, could be expressed
three-dimensionally. So depending on the actual aims or
objectives, the database built up from the questionnaires
could be used for the production of quite different types of
maps, each conveying the answers to different questions.

Figure 3.9 Visualized results of changes in definition of attribute data from a public transport database
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The possibilities for its distribution and the available
financial resources determine whether the map will be
made available on the web or reproduced, in black and
white or in colour. In the latter case, it might have to be
very much generalized because it is printed on poor qual-
ity (newsprint). The manner of distribution, the way in
which it will be documented for search engines or the
management in libraries will determine who will see the
map, and who will therefore be able to use it. The role of
publishers or webmasters is essential here, as it is usually
they who are able to control the distribution, through as-
signing specific prices to the cartographic products,
through adding ISBNs to the maps, through the use of
their distribution outlets and channels, through market-
ing campaigns, through the distribution of review copies
to cartographic journals or by providing links to the web-
sites where they occur. The map’s potential for use will
also be determined by the skills of the users and their
foreknowledge about the theme that is mapped out. Of
course, the first requirement here is that map user and
map producer speak the same graphical language, that
they use a common set of symbols or associations, so
that the signs in the map are understood by the map
users, and so that they can communicate. The addition of
legends is another essential aspect of map documentation
and it is not always automatically generated, not even in
the newest GISs.

Map use is also the subfield where cartographers do
research on the map’s effectiveness. There are currently
two different views on improving cartographic commu-
nication: one is to improve map-reading expertise by
user training and the other consists of improving the
maps. Both routes of course have to be followed simulta-
neously. In many countries (cf. Great Britain with its
map-use standards) high school students during geogra-
phy lessons are confronted with standard tasks they
should be able to perform with the help of maps in spe-
cific grades (e.g. between the ages of 13 and 16 pupils
should normally be able to correlate information on two
or more thematic maps in an atlas such as on relief and
vegetation).

The other route, towards improved maps, has been
boosted by the computer. It has not only allowed map
makers to experiment freely with map design options; it
has also allowed them to customize maps, i.e. to adapt
them to specific requirements. A good example is the hy-
drographic chart. These are rather complex documents,
as they have to cater for many different types of map use.
They do contain information about shipping hazards,
depths (isobaths, soundings, wrecks, and reefs), currents,
tides, navigational lights and buoys. They contain several
grids for locating purposes (geographical coordinates,
Decca grids), boundaries, one-way shipping lanes in
densely navigated waters, warnings, munitions dumping
areas, and drilling platforms, and also contain information

on the nature of the underwater sediments, etc. When
navigating one never needs all this information at the
same time, and some of the information categories one
never needs. See Plate 8

Now that electronic charts are emerging, with all these
information categories on layers, only those layers that
are needed for specific purposes can be visualized on the
monitor screen, thereby avoiding the clutter of symbols
on paper charts. If a ship draws only 3 m, then all the
depth information beyond the 3 m isobath can be omit-
ted. During daylight information would not be needed on
navigational lights, while at night one would only need
information on the location of those buoys that also had
lights. So the map could be adapted and displayed on the
monitor screen to the specific navigational requirement
of a specific time and place.

In order to check a map’s effectiveness in conveying
geospatial information, test subjects are asked to perform
tasks on the basis of the map. When testing out various
versions of a town plan test subjects could for instance be
asked to locate addresses, to describe the shortest route
from one address to another, or to describe the optimal
link through public transport between two locations. The
use of maps with the same informational contents but
with different contrasting colours, type sizes, degree of
generalization or grid reference systems might result in
different performances regarding the time it took to an-
swer these test questions correctly.

On the basis of map-use tests like these, the best possi-
ble design for answering specific tasks can be selected –
but here one not only has to take account of the functions
the map has to perform (see next sections) but also the
circumstances in which the geospatial information will
be used (constraints in space, lighting, etc.) and the con-
straints imposed by the target audience (age, school ex-
perience, etc.), which might result in a specific colour
selection, map complexity and appropriate wording of
the marginal information.

3.4 Map functions and map types

The most important function of maps is probably the
function of orientation or navigation. In any case, most
of the maps the general public comes across, with the ex-
ception of the weather chart, are produced to aid orienta-
tion and navigation (Plate 9). People use orientation
maps (road maps – on paper, in a navigation system, top-
ographical maps, charts) for getting from one place to
another along a selected/plotted route, and want to be
able to check against the map/chart whether they are still
‘on course’ during their trip.

Maps that are used for town planning take second place
to orientation maps, although it would be the other way
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Figure 3.10 Physical planning map (courtesy National Atlas of
the Netherlands, 1st edition)

around if it were the number of different maps and not the
total number of printed copies that was the criterion.
Town planning maps consist of maps that inventory the
present situation, maps that define development pro-
cesses, and maps that contain propositions for a future
situation, for instance future land use. Generally, alterna-
tives have been made for such plans as well, which are
offered to the public before the participation round. Up to
the moment that the plan (development plan or regional
plan) is codified in its ultimate form, hundreds of these
town planning maps would have been produced (Fig-
ure 3.10). Also directed towards the future are maps that
show forecasts: certain developments from the past are, on
the basis of the development pace that is to be expected,
extrapolated into the future. This applies to weather charts
but may also hold good for other forecast maps, such as
those that show the expected spread of insects or diseases.

Maps for management/storage or monitoring purposes
are generally large-scale maps that are manufactured
bearing in mind the management and maintenance of ob-
jects: e.g. roads, railways, forests, dykes, canals and air-
ports. In the Netherlands detailed management maps of
the sea-dykes used to be produced, with 1 m isohypses
(Figure 3.11). After every major storm the dykes would
be photographed again from the air, and these images
would be photogrammetrically processed and turned into
new maps, to be compared with the old ones in order to

ascertain whether the coastlines had been damaged by
sand or dunes being swept away. In those cases where
this was indeed the case, the sand would be replenished
as soon as possible.

For educational objectives special-purpose map mate-
rial has been produced since around 1750: school
atlases, wall maps (Plate 10) and workbooks, which
should provide the pupils with a geospatial frame of ref-
erence in order to understand national and worldwide
developments. These educational maps are subject to
more stringent generalization in order to provide for a
better legibility.

Another map function is codification, e.g. showing the
legal situation as it is, as for instance the situation of
property rights. In continental European countries and
indeed in an increasing number of countries worldwide,
cadastral maps are being produced that have this function
of codifying land ownership.

It is on these lines (orientation, town planning, fore-
casts, management, education and codification), that
maps are divided functionally into different groups. These
map functions should be discriminated from map types,
which are groups of maps that have received their shape
according to the similarity in the specific methods used,
such as the choropleth method or the isoline method.

Map categories are divisions to which maps with the
same theme are relegated; town plans, weather charts,
geological maps, population maps, language maps, etc.
From a map design or a map use point of view it is no use
to discuss these map categories separately, since for dif-
ferent map themes, identical design, representation or in-
terpretation problems may occur. So in Chapter 7 the
design problem will be the guideline of the discussion,
not the theme which is depicted. The division into map
categories as such is not of importance either for the

Figure 3.11 Management map (coastal protection map, the
Netherlands)
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discussion of the possibilities for the derivation of infor-
mation; in Chapter 11 this discussion will take place
along the lines of map types.
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4.1 Maps and the nature of GIS applications

To solve problems in the fields of earth and social sci-
ences, maps are often indispensable. Frequently, the
researcher will have questions related to the nature and
coverage of some particular phenomena. Finding answers
will involve questions concerning what map type to use
and which map scale to use. Map types and scales have
been covered in Chapter 3, and one might be inclined to
think that in a digital environment map scale is no longer
relevant, as it is possible to zoom in or out on the data at
will, once they have been digitized. This misconception
has to be countered here, as the scale at which geospatial
data have been collected or digitized does indeed matter.
Keywords here are clutter, resolution and being represen-
tative. When map data have been digitized at a specific
scale and then rendered on the monitor screen at a much
smaller scale, geospatial data on the map may be too
dense, so that the overview is lost. Particular objects with
a detailed character, such as coastlines, might appear as
a cluttered line when reduced to a smaller scale. On the
other hand, line elements that have been digitized at a
specific scale and are rendered much larger on the screen
may no longer be representative or characteristic, as
straight lines and sharp angles might be acceptable at a
small scale but will look unnatural at larger scales. More-
over, an increase in scale might lead to a map image with
too little topographic information. It is therefore wise
either to use boundary files that have been digitized in a
similar scale range as the one needed, or to generalize
existing files (for generalization, see Chapter 6).

4.2 Cadastre and utilities: use of large-scale maps

4.2.1 Cadastral maps in use

Land has been registered and mapped since ancient times
because it is vital to humankind. We all somehow depend

on land for our living. The cadastre, an information sys-
tem that uses the land parcel as the basic geographic unit
to register land ownership, was revived in continental
Europe by Napoleon, who used it to collect taxes. The
cadastral map plays an important role in this system,
since it shows boundaries that define the ownership
(Figure 4.1). Cadastral maps are large-scale maps nor-
mally at a scale between 1:1000 and 1:2000.  For orienta-
tion purposes, they sometimes include the outlines of
important buildings, next to legal boundaries. On paper
cadastral maps the parcels themselves are often num-
bered, and these numbers form the link to other compo-
nents of the cadastral information system. These could
be the registries of landowners or the original survey
data. In their digital, online version the parcels can be
queried via mouse-over in order to access this attribute
information.

The nature of the relationship between cadastral and
topographic objects differs, depending on the country’s
cadastral system. In some countries, such as Great
Britain, the general boundary system is in use. Here the
cadastral boundaries coincide with topographic objects;
in other words, the boundaries are visible in the terrain. In
the United States and the Netherlands it is not necessarily
the case that cadastral boundaries coincide with topo-
graphic objects. However, in the United States these
boundaries are marked in the land by pegs, while in the
Netherlands the original survey data have to be recon-
structed to localize cadastral boundaries in the terrain.

Cadastral maps have had many uses during the last
few centuries. Among these are land reclamation (in the
sixteenth century in the Netherlands), evaluation and
management of state land resources (in nineteenth-
century United States and Canada), land redistribution
and enclosure (in seventeenth-century England), colonial
settlement, land taxation and land consolidation. Nowa-
days, similar tasks are executed by what is called a multi-
purpose cadastre, a parcel-based land information system.
In this context Dale and McLaughlin (2000) provide an
extensive overview of land administration.

CHAPTER  4 GIS applications: which map to use?
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The process of rural land development is an example of
the manner in which the cadastral map is used in a GIS
environment (Figure 4.2). In some rural areas the need to
change the current historic pattern of land parcels arises
because the parcel pattern no longer fits modern agricul-
tural requirements or an economic approach to the use of
land. In a land reconsolidation procedure, land ownership
is a vital factor, but not the only factor. The land in the
project area will not be of the same quality throughout
and, because of this, reallocation based on ownership only
would not be fair. The reallocation is therefore executed
also on the basis of the land values. Land value is deter-
mined by combining the ownership data, the topography
and a soil map. In a GIS, the value map is created by an
overlay operation. The land value map is combined with a
physical planning map that shows the new layout of the
land (drainage system, road pattern, etc.). A model linked
to the GIS will then, in an interactive iterative process,
define the new parcels and ownership. The result will be
a new cadastral map and often – because of the new infra-
structure – a new topographic map as well.

4.2.2 Utility maps at work

The function of service area maps of utility companies
is to keep an accurate and up-to-date record of their

Figure 4.2 The cadastral map at work: its role in a land reconsolidation project. A land value map is constructed based on the cadas-
tral map, a topographic map and a soil map. In an iterative process the land value map is combined with a reallocation plan to create
the new cadastral map

Figure 4.1 Cadastral map of the Netherlands (1:1000): a detail
showing ownership boundaries, houses and parcel numbers, plus
the data (cadastral section, parcel number, size, transfer sum,
date of sale and registration) accessed by clicking this digital map
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infrastructure for maintenance and planning purposes.
Examples of utility networks are those of gas, water,
sewerage, electricity, telephone and cable television.
Next to geometric information related to the location and
depth of the pipes and cables, the maps register attribute
information such as a pipe diameter, construction mate-
rial, age and capacity. The types of maps needed are
large-scale maps, which would for instance be used by a
field engineer to locate a specific part of the network
plant for maintenance, and small-scale maps to plan
future demand.

The large-scale maps in use are often those supplied
by official mapping organizations. They are used as a
base on which to map the pipes and cables. When the
utility companies have to survey their own maps, they
show only selected topography. For instance, only the
distance from the front of a building is needed to locate
the cables or pipes under the pavement. Figure 4.3 shows
an example for water. The coding along the pipes refers
to their attributes. The location on the map is not exact.
However, to avoid digging in the wrong place, with the
possibility of damaging other cables or pipes, or even
finding no cables or pipes at all, survey data such as dis-
tances from buildings are included as well, as can be
seen in the detail in Figure 4.3. Maps of dense urban
areas can become very cluttered because of the high den-
sity of lines and text representing cables or pipes. In
these situations the cables and pipes are often found

above each other in a special ditch. In a GIS environment
a solution to these graphic problems is the application of
a layering technique. Although, in practice, the utility
companies can solve their automated mapping and facil-
ity management problems, it is very likely that a water
board will still need to consult an electricity company be-
fore starting to work in a particular area. Information is
exchanged, often via local authorities, to keep each other
informed on the whereabouts of cables and pipes. This
exchange is related not only to the location of the net-
work but also to the planning of works to avoid a street
being successively opened and closed by different utility
companies in a single month.

Schematically designed small-scale maps are used in
the planning process of utility companies. Such maps
contain only the network lines and selected attributes,
and are used to plan future extensions or to play a role in
emergency simulations. In the planning process, maps
with geological and soil data are also used to determine
the character of the subsurface for the underground pipes
and cables. A database with customer information is also
vital to the utility companies because it provides them
with knowledge on the nature of the customers’ connec-
tions as well as the addresses to which they should send
bills.

Figure 4.4 demonstrates the role of utility maps for
landlines in a telecommunication company’s GIS. The
monitoring system, tracking the status of the network,

Figure 4.3 A utility map 1:1000: water conduits and pipes

M04_KRAA2793_03_SE_C04.QXD  10/16/09  3:29 PM  Page 53



 

54 GIS applications: which map to use?

signals a problem in a certain circuit, which has damaged
a certain part of the network. On an overall scale the
system tries to reduce the damage by rerouting most of the
traffic along other paths of the network. Only local traffic
is affected now. Meanwhile, field engineers have located
the trouble and quickly produce a large-scale map that in-
cludes the necessary geometric and attribute information.
A call to the local authorities provides them with a map
that shows all other pipes and cables near the trouble spot.
From the database a material list is generated of those
components that may be needed to repair the damage.

4.3 Geospatial analysis in geography: use of 
small-scale maps

4.3.1 Socio-economic maps

Themes represented in socio-economic maps are often
derived from statistics related to topics such as census
data, infrastructure, housing, employment, trade and
agriculture. Figure 4.5 shows two examples. The map on
the left shows how absolute values (here fish catches in
Africa for 1970) are represented by proportionally sized
circles. Interesting to see in this map are the high values

for land-locked countries such as Chad and Uganda.
Studying the map in more detail reveals that those coun-
tries have large inland lakes (Lake Chad and Lake Victoria).
It is a good example of the need to add useful topo-
graphic information to thematic maps. It is necessary not
only for orientation, as mentioned in the first section of
this chapter, but also for a better understanding of the
map. Adding the rivers to the map of Africa would fur-
ther contribute to a better understanding of the theme.
The figure on the right shows a typical choropleth map
depicting the population density of East Africa. Examples
of socio-economic maps can be found throughout this
book. Chapter 7 gives in more detail the characteristics
of the different cartographic options available to map
socio-economic data. To interpret maps correctly and
retrieve relevant information from them is not always
easy, as can be seen by looking at the map displayed in
Figure 4.6. It shows the number of traffic accidents for
each municipality in the north of the Netherlands. An in-
surance company created it in order to help it decide on
regional differences in its rates. The data have been split
into two classes. Graphically this results in squares that
can have four sizes. The smallest square, for instance, is
drawn in those municipalities that counted between 1 and
100 accidents. When looking at the map one’s first im-
pression is that it is much more dangerous to drive in the

Figure 4.4 Utility maps at work; their role in maintenance and repair activities. Signalling a problem results in global (rerouting traffic)
and local action (preparing and executing repairs)
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Figure 4.5 Mapping statistics: (a) fish catches in Africa in 1970; (b) population density in East Africa in 1970

Figure 4.6 Socio-economic maps and GIS: road accidents in the Netherlands in 1990
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Figure 4.7 Land use inventory: (a) SPOT images; (b) derived land use and suitability map (courtesy CNES)

northeast than in the northwest since the map shows a
greater concentration of symbols in the northeast. To
base a rate increase on this visual impression would be
completely unjustified, however. There are two main rea-
sons for this. The first has to do with the number and size
of the municipalities. The northeast has smaller and
therefore more municipalities, each of which gets a sym-
bol. However, the number of accidents represented by
squares of the same size can differ considerably, as a
comparison between selected municipalities shows when
the original data are considered. When working in an in-
teractive GIS environment, the original data are usually
at hand. The user can point and click on the map to re-
trieve the data behind the map. It is also possible to
quickly create other views on the subject by combining
and visualizing other data or changing the class bound-
aries. The list on the left shows that, for each municipal-
ity, data on themes like the total length of roads, the
number of vehicles per kilometre road and the road acci-
dent toll per 1000 inhabitants are available. An account-
able decision on local differentiation in insurance rates
can only be made when all relevant and interrelated in-
formation is studied properly. To do so, insurance com-
panies will have formulas or models where each
parameter is given a weighting.

4.3.2 Environmental maps

Environmental maps are created to gain a better under-
standing of the Earth’s natural resources. Some of these
maps are inventories related to vegetation, soil, hydrol-
ogy, geology and forestry. Others are related to the use
and misuse of these resources, such as maps showing
water, air or soil pollution. Inventory mapping programmes
are often extensive and time-consuming, especially in
remote areas. To get up-to-date information on land use
for those areas through traditional fieldwork techniques
takes too long. Here the application of remote sensing
techniques can be very helpful. Figure 4.7 provides an
example. In a study for a rural development plan in the
Koundara area in Guinea, a SPOT image at a scale of
1:100 000 (Figure 4.7a) was used to execute an inventory
of farmland use and soil potential. It should identify the
current agricultural land use as well as constraints on
and potential of the remaining land. The resultant map
(Figure 4.7b) indicates the fallow land, the land currently
cultivated, the uncultivated but potential farmland, the
uncultivated but unsuitable land, and the forest areas. It is
an example of qualitative mapping.

For the urban area of Athens (Greece) a study has been
carried out to judge the magnitude of air pollution
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Figure 4.8 Air pollution in Athens, the carbon monoxide (CO) concentration on a specific date and time (Koussoulakou, 1990)

(Koussoulakou, 1990). The study resulted in an air diffu-
sion model which could be used to predict the effects of
different air pollution parameters. Maps and GIS played
an important role in the model, which was capable of
modelling a diversity of geospatial data. The model was
calibrated with real-world data in order to be able to use
it later to predict the level of air pollution under different
circumstances. Parameters in the model were related to
the topography (Athens is located in a bowl bounded by
mountains and the sea), meteorology (wind, temperature,
precipitation), urban conditions (land use, population,
traffic density), and sources of emissions (industries,
traffic, central heating). The individual parameters were
each mapped in separate analytical maps using different
thematic mapping techniques. The model itself, combin-
ing all parameters, resulted in several animated maps that
showed air pollution concentration developments above
the city during the day.

Figure 4.8 is an example of an environmental map,
displaying the concentration of carbon monoxide (CO) in
the area. The quantity of CO is shown by tints of grey.
Each represents a certain range of the data. The map

itself is a single frame from a cartographic animation that
shows the change in CO air pollution during 13 April
1985. The clock on the right shows the current time.
Below the map an interface allows the user to interact
with the animation, and move forwards and backwards
through time. More details regarding cartographic ani-
mations can be found in Chapter 8.

4.4 Geospatial, thematic and temporal
comparisons

While working with geospatial data in a GIS environ-
ment it is very likely that one will have to deal with three
basic query types: ‘Where?’, ‘What?’ and ‘When?’ (see
Figure 1.3). In a geospatial analysis operation the queries
will result in the manipulation of the geospatial data’s
geometric, attribute or temporal components, separately
or in combination. However, just looking at a map that
displays the data already allows one to evaluate how
certain phenomena vary in quantity or quality over the
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mapped area. Often one is not just interested in a single
phenomenon but in multiple phenomena. For some
aspects analysis operations are required, but sometimes
even a visual comparison will reveal interesting patterns
for further study. Geospatial, thematic and temporal
comparisons can be distinguished. A geospatial compari-
son means looking at different areas at the same scale, to
see if certain patterns correspond or differ. A thematic
comparison means looking at maps displaying different
themes of the same area to see if the geospatial distribution
of the themes is similar or different. Temporal compar-
isons are executed by studying views of the same area
and theme for different dates. The next subsections will
look at each of these comparisons in more detail.

4.4.1 Comparing geospatial data’s
geometry component

Comparing two different areas seems to be relatively
easy while focusing on a single theme, e.g. hydrology,
relief, settlements or road networks. However, to make a
sensible comparison the maps under study should have
been compiled according to the same methods. They
should have the same scale and the same level of general-
ization or adhere to the same classification methods. If
two areas are compared in order to get an impression of
the population density based on the settlement density,
both maps should show the same type of settlement.
They should both show those settlements with, for ex-
ample, more than 10 000 inhabitants. If one is comparing
the hydrological patterns in two river basins the individual
rivers should be on the same level of detail with respect
to generalization and level of branches.

In Figure 4.9 the deltas of the Rivers Rhine and
Scheldt (the Netherlands) and the Rivers Neuse and
Roanoke (North Carolina/Virginia) are shown. At first
glance both areas look quite different. When one
changes the orientation of the Neuse/Roanoke delta, this
view suddenly changes. The shapes of the coastlines
clearly have something in common. To ease the compar-
ison the names in both maps have been left out. The
links between the towns in the Neuse/Roanoke delta
seem to be there just to connect the harbour with the
hinterland. Links in the Rhine/Scheldt delta are more
regular. On the basis of the more numerous settlement
symbols, this area seems to be much more densely pop-
ulated. The hydrographic pattern in the Roanoke/Neuse
delta area is apparently much more of a barrier than in
the Rhine/Scheldt delta area. So simply by comparing a
map of an unknown area with one of a known area (pro-
duced to the same specifications) it is possible to learn
quite a lot about otherwise unfamiliar areas. However,
this is only possible when one has homogeneous geo-
graphic maps available. In the small-scale map range the

1:1 million Global Map  (V0) will be increasingly avail-
able, and where that is not yet the case the International
Map of the World (now also in digital form, produced up
to the 1980s) and the 1:2.5 million Karta Mira (pro-
duced in the 1970s) are available (see also Chapter 6).
Standardization of their legend and the uniform level of
generalization make these maps very suitable for small-
scale comparisons.

The comparison in Figure 4.10 is of a different nature.
To study the similarity between the estuary of the River
Thames near London and the Solent near Southampton
and Portsmouth, not only the orientation of the area has
been changed; both areas have been transformed into
simple geometric shapes as well. This example has been
adapted from Cole and King (1968). To study the indus-
trial development patterns of both areas (the docklands)
the orientation has been altered so that comparisons are
easier. The upstream regions of both rivers are now at
the north and the open sea at the south of both maps. For
the Thames this means a 90° rotation. In addition, the
Solent was also mirrored and its scale enlarged. To mini-
mize the influence of the shape of the riverbanks and
islands the data were further generalized, as can be seen
in Figure 4.10(c). Actually this type of generalization is
called schematization, because of its rigorous approach.
Comparing both schematic maps, it can be seen that the
main urban areas can be found upstream. The docklands
are to be found there as well. Both areas show oil refiner-
ies near to the open sea (large oil tankers), and a resort
area very close to the open sea.

4.4.2 Comparing the attribute components
of geospatial data

If two or more themes related to a particular area are
mapped according to the same method, it is possible to
compare the maps and judge similarities or differences.
However, not all mapping methods are easy to compare.
Choropleth maps are the most simple to compare, at least
as long as the administrative units are the same in both
maps. To be able to compare qualitative maps (e.g.
Figure 4.7b) they must be converted into, for instance,
isoline maps. Comparing isoline maps is a well-
established technique. A classical example is the study
by Robinson and Bryson (1957), who compared the pre-
cipitation and population density maps of America’s
Midwest. The importance of their study is partly due to
the fact that the authors considered the accuracy of the
information during the comparison. Comparing isoline
maps is executed by measuring and comparing values in
each map at the same location. Figure 4.13(c) shows an
example of this approach. Comparing maps with point
symbols can only give a rough idea of similarities or
differences.
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Figure 4.9 Geographic comparison: similarities between the Rhine Delta (right) and the Cape Hatteras area (left): (a) both areas north
oriented; (b) Cape Hatteras area rotated

The maps of southeast Britain in Figure 4.11, based on
census data, show the distributions of children and per-
sons over retirement age. Both age groups are mapped
relative to their average value for the whole country. On
average, children under 15 years of age make up 24% of
the population and those retired 16%. The distribution
of the children is closely linked to the distribution of
younger married couples. From the maps it can be seen
that they are concentrated in the suburban areas around
most large cities as well as in the new towns around

London. They are under-represented in the central
London area, along the coast, and in rural areas. The map
in Figure 4.11(b) is a mirror image of the children’s map.
The elderly people are obviously concentrated along the
coastline, especially in the south. People over retirement
age are over-represented in the central urban areas and
most rural areas as well. Some of these concentrations
are popular retirement areas, like the south coast, while
other concentrations, such as those in the rural areas, are
due to the younger people leaving these areas.
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Figure 4.10 Topological comparison looking at the Solent and the River Thames (after Cole and King, 1968): (a) both areas in correct
orientation and scale; (b) after manipulation of orientation and scale; (c) both areas after schematization

4.4.3 Comparing the temporal components
of geospatial data

Users of GIS are no longer satisfied with analyses of
snapshot data but would like to understand and analyse
whole processes. A common goal of this type of analysis
is to identify typical patterns in space over time. Change
can be visually represented in a single map. A well-
known example is the maps displaying the westward
movement of the centre of population of the United
States. It moved from Maryland (around 1800) into
Missouri (1990). The centre of population is calculated

by summing for each census the centre coordinates of all
counties, weighted by their population. The trend shows
the growing importance of the west coast population.
Understanding the temporal phenomena from a single
map will depend on the cartographic skills of both the
mapmaker and map user, since these maps tend to be rel-
atively complex. An alternative is the use of a series of
single maps, each representing a moment in time. Com-
paring these maps will give the user an idea of change
(see, for instance, the maps in Plate 1 and  Figures 4.12
and 4.13). The number of maps is limited since it is
difficult to follow long series of images. Another, relatively
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Figure 4.11 Thematic comparison of British population statistics: (a) distribution of children; (b) distribution of elderly people (cour-
tesy HMSO, People in Britain, A Census Atlas 1980)

new, alternative is the use of dynamic displays or anima-
tions. A well-known example is the animation shown dur-
ing the daily weather report on television presenting the
change in the atmosphere’s meteorological conditions.
The Athens map in Figure 4.8 is another example. Section
8.3 will explain more about cartographic animations.

Figure 4.12 shows how line patterns can be compared.
To be able to do so, change has to be emphasized. The
upper map in the figure is a representation of the Polish
railroads at the beginning of this century. The pattern
reveals the political boundaries at that time. The lower
map shows today’s railroad network, which is clearly
denser than the one in the upper map. However, to under-
stand the changes, a map showing the changes has to be
produced. From this map, which also includes the pre-
First World War boundaries between Austria–Hungary,
Germany and Russia, it can be understood that the rail-
roads added were built to erase the boundary pattern and
emphasize the importance of the new economic centre,
Warszawa.

Interest in the behaviour of glaciers under today’s en-
vironmental conditions led to the Greenland Ice Margin
Experiment (GIMEX; Roelfsema et al., 1995). Part of

this research project consists of monitoring change. One
of the glaciers that researchers focused upon was the
Leverett Glacier on Greenland’s east coast. By building
three digital elevation models based on aerial photo-
graphs from 1943, 1968 and 1985, glaciologists expected
to gain an impression of change in the volume and shape
of the glaciers. Some results are displayed in Figure
4.13. To compare the change in the extent of the glacier,
the glacier fronts in 1943, 1968 and 1985 can be com-
pared (Figure 4.13b). An impression of changes in shape
is given by the three perspective maps. By adding the
contour lines and the glacier margins, absolute compar-
isons are possible. The contour lines derived from the
digital elevation model can also be compared, as is
shown in Figure 4.13(c). A map displaying relief differ-
ences is calculated by adding both the 1968 and 1985
contour maps. Growth or decline could be suggested by
the use of different symbols. The maps in Figure 4.13
give an impression of change. In a GIS environment
with extensive surface modelling functionality, more
absolute values can be calculated. Other map products
derived from digital elevation models will be elaborated
in the next chapter.
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Figure 4.12 Temporal comparison of the development of the Polish railroads (after Grote Bosatlas, courtesy Wolters-Noordhoff): 
(a) railroads built before 1918; (b) railroads built after 1918; (c) current railroad network
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Figure 4.13 Decline and growth of the Leverett Glacier in Greenland (courtesy Roelfsema et al., 1995): (a) the changing glacier in a
perspective view; (b) the ice edges through time; (c) differences between the 1968 and 1985 ice cover

Further reading
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5.1 Introduction

In previous chapters we have seen that maps are geospa-
tial images that can influence people’s conception of
space. Maps have this influence partly because of con-
vention and partly because of the general characteristics
of the graphic cues used, either on paper or on the moni-
tor screen. Convention especially plays a role in topo-
graphic mapping: most of the symbols used on topographic
maps (see Chapter 6) have come down to us in a form
conditioned by eighteenth-century examples and we have
stuck to them ever since. Among these conventions are
the rendering of water by a blue colour, forests by a dark
green and built-up areas by a red, grey or pink colour. As-
sociation may have been at the root of this usage, but
may not be valid any more, and so it has changed into
convention. The convention of using specific symbols
on topographic maps originated in the example provided
by French topographic mapping practice in the eigh-
teenth century. This convention has been strengthened
by the fact that in the nineteenth century all topographic
maps were produced with the same objective, i.e. in-
fantry warfare.

The result, for topographic maps, is a large collection
of symbols – for buildings, infrastructure, terrain as-
pects, hydrography and administration – that has been
more or less standardized, and that works because it has
been standardized. It works moreover because people are
used to this kind of symbology on these kinds of maps; it
can be learned by those that use topographic maps.

There is an ever-increasing proportion of maps, how-
ever, that have nothing to do with descriptions of the 
terrain and its fixed assets, and instead have other objec-
tives: the thematic maps defined in Section 3.2. Here,
because of the ever-changing themes, and the ever-
changing aspects of reality that are visualized, one is not
governed by convention but is able to improve informa-
tion transfer by using the innate characteristics of the
variation in graphic characteristics (e.g. shape, colour,

size, texture) of the symbols we use. When we study map
symbols as such, i.e. not as a representation of the Earth’s
surface but as a set of dots, dashes and patches, we find
that it is this variation in graphical aspects which conveys
meaning to the map reader, like a sense of varying mag-
nitude or differences in nature. It was the French geo-
cartographer Bertin who placed the various sensations
created by the variations in graphical aspects in a logical
structure (Bertin, 1967, 1983).

Indeed, when one looks at Figure 5.1(a), one will per-
ceive a dark circle against a light background, but this
will not tell us much. Even when a legend is added to in-
dicate that the circle represents 40000 employees in an
automotive factory, this information seems to be a waste
of space, as it could have been expressed better in al-
phanumeric form. As there is no variation, there is no
frame of reference, no context. But as soon as this single
symbol is put into a geographic and data context, as in
Figure 5.1(b), this variation in graphical cues will imme-
diately render geospatial information more effectively
than an alphanumeric description could. Differences
in size are obvious and will be conceived automatically
as differences in number (of employees in automotive
factories). So a hierarchy will be perceived based on
these differences in number. As well as the hierarchy, a
pattern will be discerned, influenced by the relative dis-
tances between the various symbols.

So the differences in symbol size are an important
characteristic, conveying to the map reader the sensation
of differences in number – in our example here – to con-
vey some idea of the relative importance and distribution
of the automotive industry in an area. It is on these auto-
matic reactions to variations in graphical cues that the
graphical grammar is based (see Section 5.3).

So as the symbology of topographic (or ‘inventory’)
type maps covered in Chapter 6 is based more on conven-
tion than on this cartographical grammar, and as thematic,
communication-oriented maps (such as those discussed in
Chapter 7) are more based on this grammar, it is here, in
Chapter 5, that this grammar will be discussed. Following

CHAPTER  5 Map design and production
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the descriptions of data gathering techniques (Chapter 2)
and map functions (Section 3.4), here the characteristics of
the graphical signs will be explained. These perceptual
characteristics of the graphical signs will have to be
matched to the data characteristics analysed in Section 7.2
and the communication objectives (Section 7.4) in order to
satisfactorily portray the information requested.

5.2 Symbols to portray data related to points,
lines, areas and volumes

The data that have to be visualized will always refer to
objects or phenomena in reality. These can be heights
measured at specific points, traffic intensities measured
along a route network, numbers of inhabitants living in
an area, or the volume of a hill in thousands of cubic
metres. In Section 7.2 we refer to specific aspects of the
data; here we will show the graphical means we have at
our disposal to represent them.

In cartography we use dots, dashes and patches to repre-
sent the location and attribute data of point, line, area and
volume objects as in Figure 5.2. (One could mention here

that the definition of point, line and area objects, i.e. objects
that refer to point, line and area locations, is a matter of
scale: a line which represents a river would have to be ex-
changed for an area if the scale of the map would increase.
The built-up area of a settlement would be rendered by a dot
if the scale of the representation were to decrease enough.)
It seems to be obvious that point data are represented by
dots and that area data are represented by patches, but there
is more to it than that. Figure 5.3 provides an example of
various kinds of point data: equal-sized dots, each denoting
the same value (e.g. 10 inhabitants), dots that vary in size
and thus represent different quantities for specific point lo-
cations (as in Figure 5.2) but – and this is represented by the
addition of boundaries – these proportionally sized dots can
also refer to enumeration areas. In the latter case the dots
could be considered area symbols, even though each of
them is centred on a point location (e.g. the respective
area’s gravity point). Another application of dots for
rendering areal data is in a regular grid mode. The
value valid for an area can be assigned to the nodes in a
regular grid superimposed over the area (see Section 7.5.3, 
Figure 7.22).

Figure 5.4 presents some dashes used to express vari-
ous types of linear data: boundaries, roads and railways,
flow lines proportional to the numbers of passengers
transported, etc. Lines can also be used to represent areal
data, by using them as shading, but, as is the case for
point symbols, they must be combined in such a way that
they are perceived as patterns and not as individual points
or lines. Lines can also be used to indicate volumes (as in

a b

Figure 5.1 A map: (a) without information because of the lack of
context or reference; (b) with information due to its geographical
and thematic context

line

dash

dot
patch

point
area

Figure 5.2 Relation of dots, dashes and patches to the point,
line, area and volume objects which they can represent

Figure 5.3 Various types of dots that are used as point or area
symbols
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Figure 4.13c or 7.16c and d). In the same way a string of
dots representing a linear feature could be referred to as a
line symbol.

Figure 5.5 illustrates a number of patches used for rep-
resenting areal data: patches that suggest qualitative or
quantitative differences between the various areas con-
cerned. As said above, it is their repetition that leads us to
perceive the dots and dashes as area symbols. In all the
cases in Figure 5.5, within the boundaries of each area

the patterns are homogeneous. If patterns were not ho-
mogeneous, they could be used to indicate volumes: hill
shading would be a good example (see Figure 6.30).

5.3 Graphic variables

As in the example in Figure 5.1, it is the difference in
symbol size which map readers perceive as a difference
in numbers. In order to systematize the perceptual char-
acteristics available, we will list them here:

● difference in numbers and ratios
● difference in distance
● difference in order
● difference in quality.

When confronted with differences in (grey) value or light-
ness of tones, one will experience a sensation of
perceiving differences in distance: in the legend of Fig-
ure 5.6(a) the population density is rendered by grey tones
that have an increase which is perceived as regular: the dis-
tances between the classes are similar. That is why, for
most observers, the population density values rendered
would show a regular increase. This same difference in
population density value (i.e. the distance between succes-
sive values) can also be perceived from point symbols dif-
ferent in size that are applied as area symbols in grid-type
maps. These would have the added characteristic of also
allowing ratios to be perceived (this density is so-and-so
many times higher than that density; Figure 5.6(b).

Differences in order will be perceived from differ-
ences in symbol size, from differences in grey value or
lightness and from differences in texture (Figure 5.6c) as
well as from differences in colour saturation. Nominal or
qualitative differences will be perceived from differences
in colour hue, shape or orientation.

In order for the symbol differences to be perceived
as qualitative differences only, they must be perceived as
having similar values. If one colour were to be perceived

+
+
+
+
+
+
+
+
+
+
+
+
+

Figure 5.4 Various types of dashes that are used to symbolize
linear objects

Figure 5.5 Patches or patterns used to symbolize area objects
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Figure 5.6 Differences in population density rendered by differ-
ences in (a) grey value, (b) size and (c) grain
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as much darker than another, then ordered differences
would be experienced as well, the darker colour denoting
areas that would be both different and more important than
the lighter areas. In practice, darker colours can only be
used to represent qualitative information for small areas;
otherwise they would dominate the image too much. In
Figure 5.5 the two lower examples aim at showing differ-
ent qualities only, as do the patterns in Figure 7.32.

While discussing these perceptual characteristics of
the graphic cues, we encounter various basic differences
in the graphic character of the symbols we discern. All
the differences imaginable between symbols can be sum-
marized as being cases of six graphical variables. Bertin
(1983) discerns, as basic graphic variables (Plate 11):

● differences in (symbol) size
● differences in lightness or (colour) value (of the symbols)
● differences in (symbol) grain or texture
● difference in colour hue (of the symbols)
● difference in orientation (of the symbols)
● difference in (symbol) shape.

Figure 5.1 is one example of difference in symbol size –
but differences in line width or in areal symbols like pro-
portional dots in grid patterns (Figure 5.6b) also qualify
(the graphic variable ‘differences in size’ never refers to
the surface of the areas the symbols refer to!). Differ-
ences in (grey) value or lightness are shown in Fig-
ure 5.6(a) and also in colour Plate 12.

With differences in grain or texture, Bertin referred to
differences that emerge when a specific pattern is being
enlarged or reduced. The ratio between the areas that are
black and white respectively will remain the same during
this (photographic) process, but at the same time the
coarser the pattern, the higher it will be perceived in the
resulting hierarchy. Figure 5.6(c) shows a map using dif-
ferences in texture in order to generate an impression of
order among the categories discerned.

Differences in colour hue only work in providing a
suggestion of qualitative differences when they are per-
ceived as having similar lightness. Totally saturated
colours (i.e. when the whole area is only covered by ink
with one specific wavelength, so is not mixed with either
white, black or any other colour hue) have different light-
ness values. Plate 13 shows this.

Differences in orientation refer to patterns and not to the
line elements that form the base map. The lower left exam-
ple in Figure 5.5 shows such differences in orientation.
These can refer either to line patterns or to dot patterns.

Differences in shape can refer to differences in the
dots, in the lines, or in the patterns used for area symbols.
Again, shape differences as a graphic variable would
never refer to the shapes of the areas the various colours,
patterns or symbols refer to – they only refer to the sym-
bols themselves, as shown in the map legend.

After Bertin discerned these six graphic variables
(1983), some extra ones have been proposed. These
would be differences in colour saturation, in arrangement
and in focus. Differences in arrangement refer to the reg-
ularity or non-regularity of the distribution of symbols.
Focus refers to the clarity with which the symbols are
visible, and so to their definition on the plane. We will
not include arrangement and focus amongst the basic
graphic variables, because they can also be thought of as
aspects of definition or pattern of real-time objects.
Colour saturation (also called chroma) can be defined as
the percentage of the reflection of light from an object
composed of colour of a specific wavelength. The larger
the reflection percentage of the light with this wave-
length, the more saturated or brilliant the specific colour
will appear; therefore differences in colour saturation
would also be perceived as differences in order. The im-
portance of discerning these basic graphical variables
and the perceptual characteristics of the differences in
each of them is that they help map designers in selecting
those variables that provide a sensation which matches
the characteristics of the data or the communication
objectives. Figure 5.7 relates graphic variables and per-
ception characteristics to each other, and it is the key
illustration of this chapter. As can be seen, it also refers
to the dimensions of the sheet of paper or monitor screen
on which our maps are drawn.

These planar dimensions of the map also have percep-
tual characteristics: as one location is not equal to an-
other, space differentiates. Because of contiguity,
individual point objects can be grouped. If on the way
from A to C one has to pass B, there is a distinct order
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Figure 5.7 Relation of graphical variables to perceptual charac-
teristics (based on Bertin’s Semiology of Graphics, 1983)
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A–B–C, which cannot be changed. Distances or angles
measured on the ground have numerical connotations.

It would perhaps be expected that variations in size
and grey value would also be able to denote nominal dif-
ferences (Figure 5.7). They can, but at the same time they
have hierarchical connotations that dominate overall im-
pressions. That is why these fields have been left blank in
the matrix.

It is important not only that the correct impression is
gained but also that it is gained with a minimum of exer-
tion. Here we may introduce the concept of visual isolation
(which Bertin calls sélection), which indicates whether or
not all the relationships that can be perceived between the
various categories discerned on the map can be perceived
at a glance. Not all graphical variables work equally well in
this respect, depending partly on the number of categories
one wants to be differentiated on the map.

If it is nominal differences one is interested in, with
areal objects (patches) different in colour, eight classes is
the maximum that can be differentiated; if more than
eight classes are selected it will no longer be possible to
discern the distribution of each of them.

So, if five classes of linear objects are to be distin-
guished between at a glance, then size, colour hue, value
and texture are to be selected according to Figure 5.8. If
the data to be rendered were ordered, colour hue would not
qualify any more. If the pattern were dense, there would be
no place for lateral extensions, so size could be dis-
counted. Whether texture or grey value is used is left open
to one’s personal choice: they would be equally effective.

5.3.1 Visual hierarchy

The selection of the most suitable graphic variables and
processing them according to the proper mapping
method is still not enough from a map design point of
view. Legibility considerations would also play a role

here; legibility is also determined by contrast, graphical
density and angular differentiation.

The introduction of contrast is based on the assumption
that the map data will consist of a number of categories
that will each have a different role to play in the geospa-
tial message. The data analysis process (Section 7.2) will
result in the identification of more and less important data
categories. The examples in Figure 5.9 both show the
number of employees in the service industries in the
Netherlands. Figure 5.9(a) does so, but poorly. Although
the map does portray the numbers of employees per
province, it is the sea which is most conspicuous, fol-
lowed by the surrounding countries. Both the Netherlands
itself and the proportional circles score equally low in
their conspicuousness. The map in Figure 5.9(b) shows
how the information hierarchy (the sequence from most
to least important aspect of the data to be shown) should
be portrayed. It is the employees that should stand out
most, followed by the province they work in; the sur-
rounding areas should come last. One need not even dif-
ferentiate between the sea and the neighbouring states, as
they are equally unimportant to the map theme (unless we
expect the proximity of either of them to influence the
distribution of the employees in this sector).

5.3.2 The use of colour

There is more to colour in maps than its suitability for
distinguishing nominal categories. Amongst the aspects
of colour that are differentiated between are colour hue
(the dominant wavelength), colour saturation (the pro-
portion of the light reflected which consists of this par-
ticular wavelength; this can be diminished by adding
white or black or other colours), and the (grey) value or
lightness (the impression it would give when shown on a
black and white monitor). The number of different (grey)
values that can be discerned within one colour depends
on its hue: for yellow only three steps can be discerned,
while for red and blue six or seven can be distinguished.

Colour perception has psychological aspects, physio-
logical aspects, connotative/subjective and conventional
aspects. Amongst the physiological aspects it has been
noted that on small areas it is difficult to perceive
colours, and that between some colours more contrast
can be perceived than between others (so this combina-
tion could be used in order to improve acuity).

Saturation differences can be effectuated in practice
by adding black screens to the colour. This will often
look like a pollution (see Plate 15), but its effect is that a
colour scale (a number of classes differentiated on the
basis of variation in colour value) can be lengthened. The
figure in Plate 14 shows a colour scale which was length-
ened by adding saturation differences to it. Colour differ-
ences are also used in situations where deviations from a

Figure 5.8 Visual isolation: the number of categories that can be
perceived at a glance
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central situation are indicated. The simplest case would
be a binary map: showing those areas or points below or
above a central value or threshold value. As soon as one
would want to show gradations above and below this
threshold value, several solutions would be possible
(Plate 16, see also Brewer, 1994). As can be seen from
the resulting maps, it is easiest to find the area one lives
in in the binary map (Figure 5.10); general trends are
best seen from the non-diverging scales (Figure 5.11,
middle), and the coloured maps seem to perform better
than the non-coloured ones.

If it is individual values we would want to show, a sub-
division into different colours would be best. This is, in
fact, a default setting in some GIS programs, but, as can

be seen from the map in Plate 17, no geospatial trend is
visible from the map thus coloured in, contrary to a map
with value differences (Plate 18) or, to some degree, con-
ventional layer zone colours (Plate 19).

How do we get the same colours that are selected on
screen onto the final printed or plotted map (Brown and
Feringa, 2002)? The problem here is that the colours on
the monitor are additive colours – like those of all other
light sources (sun, neon lights, etc.). The colour hues we
see are perceptions of the particular wavelength radiation
from these sources. In Plate 23 one can see that the pri-
mary colours emitted from these sources are red, green
and blue. When there is an overlap between these pri-
mary colours’ wavelengths, the addition of them leads to

Figure 5.9 Graphical or visual hierarchy: (a) poor; (b) good (inspired by Dent, 2008)
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Figure 5.11 Legend of water hardness maps
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the perception of secondary additive colours: yellow, ma-
genta and cyan. And when all three primary colours are
added, this will lead to a sensation of white. The more
wavelengths added together, the brighter the image will be.

In contrast, printing or plotting inks, when applied to
paper, act like filters. Therefore, they are called subtrac-
tive colours. A paper sheet printed cyan will absorb the
red wavelengths and only reflect blue and green, which
together (Plate 23, subtractive colour scheme) will give us
the impression of cyan. One can see that it might be prob-
lematical to convert the additive colours from the monitor
into subtractive colours on a printed or plotted map.

Although the new LCD screens now work with con-
tinuous backlight and filters, the colours on the CRT
screens used to be the result of red, blue or green phos-
phor dots being activated by an electron beam. The more
electrons emitted, the more intense the light of the phos-
phor dots will be. When activated by the respective elec-
tron beam, a green dot will emit a green radiation; when
not activated, it will not radiate any colour. When one
perceives colours on the monitor screen, it is a result of
the differences in intensity of light emitted by green, red
or blue phosphor dots.

Printed onto paper, variations in colour will be the re-
sult of varying sizes of the dots printed in cyan, magenta,
yellow or black. The dots can be superimposed or they
can be printed next to each other, so that dots in various
colours are intermixed. In that case we call it dithering,
and this will result in the eye perceiving shapes in an av-
erage colour, which is less acute than when the dots are
overprinted.

In order to really get a good fit between screen and plot
colours it is wise to produce colour charts (Brown, 1982),
see also Plate 24. These are sheets with little squares of
different colours, resulting from different intensities from
yellow, magenta and cyan, with which the screen colours
(which are red-, blue- or green-based) can be matched.
The purpose of these colour charts is to judge in advance
what the colours on the screen will look like when printed.

Some colours (red, yellow) seem to come forward
from the paper they have been printed on; others (green
and blue) seem to retreat. This rather weak phenomenon
was once considered so important that the layer zones in
height representation were coloured according to this
phenomenon: blue-green for the area below sea level,
green and yellow for lowland and hills and brown
colours for mountains, with red for areas over 5000 m.
The effect was meant to be that those areas that appeared
to be nearest to the viewer were in fact those farthest
away from sea level. This effect, however, was impossi-
ble to measure then – but by the time this was realized
it had already been applied in school atlases and had
become so popular that it turned into a convention. The
Times Comprehensive Atlas of the World (2007) provides
a prime example of this convention.

5.4 Conceptual and design aspects of text 
on the map

By the phrase ‘text on the map’ we mean the text within
the map’s frame, and not the additional information
(title, legend, etc.) in the map’s margin. Text on the map
itself has the primary function of providing geospatial
addresses – by naming the various map objects (geo-
graphical names or toponyms are used for this purpose;
Kadmon, 2000). A secondary function would be to indi-
cate the nature of objects. On topographic maps terms
like ‘factory’, ‘cemetery’, ‘airfield’, etc. are used for that
purpose.

When compared with texts in books, texts in maps
have some special characteristics. Map texts consist of
individual words instead of sentences; the words are un-
familiar instead of familiar, and there might be larger
spacings in between the letters than is customary in book
texts. In contrast to book texts, names on maps do not
have to be horizontal, and they certainly are not neatly
placed in lines: there is a jumble of different styles and
sizes; the words refer to symbols instead of to each other
as is the case in book texts and – this is the worst aspect –
the texts on maps superimpose lines and patterns. For all
these reasons text on maps has some extra requirements.

They should be easily identifiable and legible; even if
larger interspaces apply. It should be possible for the let-
tering styles selected to be differentiated through differ-
ences in boldness and size. If these requirements can be
met, the next requirements for the selection of letter
types are as follows:

● they should be able to convey hierarchies (differentiat-
ing between more and less important objects or object
categories);

● they should be able to show nominal differences (be-
tween different data categories);

● it should be possible to use them for relating to both
point, line and area objects.

Let us look how aspects of lettering can be used to meet
these requirements. A hierarchy can be achieved in a
number of ways:

● variation of boldness
● variation in size
● variation in spacing
● variation of colour value
● variation between upper and lower case.

Nominal differences can be created by:

● variation in colour
● variation in style (shape)
● variation between roman script and italics.
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Figure 5.12 and Plate 21 illustrate these differences
and Figure 5.13 is an application of these differences.
Frequently, in order to result in a hierarchy, a combina-
tion of the above-mentioned variations is used, resulting
in, for instance, a series that goes from lower-case italics,
3 mm high, to bold roman upper-case letters, 10 mm
high, differentiating between settlements on the basis of
their numbers of inhabitants.

These nominal and hierarchical differences are impor-
tant because they help one in finding specific names on
the map. In the legend one will always be able to find out
how specific object category names are rendered on the
map. If one finds that a name belonging to a category
(e.g. a water name or hydronym, or a place name or the
name of a physical object such as a mountain) is dis-
played using a specific script type, one will know what
shape of name to search for on the map, so the time
needed to find this name on the map will be substantially
reduced. This is because only names given in this spe-
cific script type will be targeted visually.

For printed maps a requirement for map text would be
that it is visible without having to use a magnifying
glass; it should not be too thick (and risk obstructing map
detail) or too thin (and risk the danger of being lost in the
map detail). There should be good differentiation be-
tween the letters e and c, between o and u, and between u
and v, between 3 and 5 and 8, and between 1 and 7. Let-
tering should be resistant against zooming in or out to a
reasonable degree.

Different objects on the map have different require-
ments: point objects such as cities are preferably named
by text that is placed slightly above or below the line the
object symbol is on, and preferably to its right. Linear
objects, such as rivers are, on paper maps, preferably
named by text that is parallel to and close to the lines,

and even follows their bends (this is something difficult
to achieve with current mapping software). In order to
relate to area objects, one would try to show the extent of
the object by covering its largest extension with its name,
which means both interspacing and, when this largest ex-
tension is not horizontal, tilted names. It is with these
techniques that an optimal relation between text and map
will emerge (see Figure 5.14).

Finally, in order to promote rapid identification, a
short note about map title and ‘vedette’. From the data
analysis procedure covered in Section 7.2, the invariant
aspect (the information aspect common to all map data
elements) will be deduced. This common aspect can be
expressed as the title of the map. It is customary to rep-
resent the most important aspects of the title (those
referring to area and theme) as prominent key words,
called ‘vedette’ in French (e.g. ‘Land cover in South
Sumatra in 1990’), and this will be displayed boldly on
the map. The complete title can be rendered less con-
spicuously underneath (e.g. ‘Land cover as interpreted
from SPOT imagery taken in the period 1990–92 of
Sumatra south of the 4th meridian’). This will help in
speedy identification.

5.5 Requirements for the cartographic component
of GIS packages

This section covers the transformation of the digital car-
tographic model discussed in Figures 1.4 and 2.11 into
the map, be it permanent or virtual (Figure 5.15). This
used to be a time-consuming aspect of cartography but
has now been reduced to mere button pushing when out-
put is required.
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Figure 5.12 Variation of map scripts in order to show hierarchical and/or nominal differences
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Figure 5.13 Type plate for a reference atlas map of the Netherlands, Belgium and Luxemburg (courtesy Wolters-Noordhoff)
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The functionality of software available for the produc-
tion of maps varies strongly. The larger GIS packages
have very extensive cartographic modules, with options
for map design and production, while others have limited
capacity to visualize GIS data. Smaller packages are often
more limited. If an organization has to select the (GIS)
software to produce maps, some specific aspects regard-
ing cartographic functionality have to be considered.
These reflect general use, design and output. The pack-
ages should be able to handle topographic and thematic
data. It would be useful if the topographic data could be
split over different layers. Depending on the map design,
the relevant layers can be switched on or off (examples
are layers with roads, boundaries and administrative
units). Packages should have the functionality to produce
thematic map types to deal with qualitative and quantita-
tive data (examples are choropleth and chorochromatic
maps). A link with a database is preferred, because it al-
lows one to use the same map design for different (tempo-
ral) data without too much effort (see Chapters 6 and 7).

The software should have (interactive) facilities to cre-
ate a legend, north arrow, scale bar and map title. Often
the legend is created by default, but users should have
the possibility of choosing their own symbology and
colours. For incorporating a scale bar and a north arrow
many packages have a symbol library available from
which the users can use the most appropriate representa-
tions. For titles and other texts many different fonts are
often available. Some packages are not able to display
any marginal information at all when dealing with Web
maps, because screens are relatively small. In these situ-
ations the user can sometimes access the marginal infor-
mation through pop-up menus. In other words, the
necessary information would be available on demand.
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5.5.1 Data manipulation

Options to change the coordinate system, to generalize
topography or to classify attribute data are needed. For
most GIS software this is no real problem, since these fa-
cilities are seen as generic GIS functions. However, gen-
eralization is often limited to a single line generalization
algorithm, and the possibility to classify attribute data
will depend on the database linked to the GIS package.
In those packages devoted to mapping only, data manip-
ulation facilities are often limited, and the user can, for
instance, choose between three data classification meth-
ods only (see also Section 7.3).

5.5.2 Output

Facilities to send maps to printers, to pdf-files, to pub-
lish on the web or even to personal digital assistants
should be available. Pdf-files i.e. Adobe portable docu-
ment files are a highly suitable way to distribute docu-
ments of any kind over the web or as standalone files as
they can be viewed with a free viewer. It should be pos-
sible to visualize the maps designed on any output
medium. Since printing presses can print only one
colour at a time for each printing plate, in order to
reproduce all possible colours one needs at least four
printing plates (for the primary colours and black; see
Section 5.3). The preparatory process that leads up to
these four printing plates is called colour separation.
When it comes to automatic colour separation only the
larger GIS packages and the generic desktop publishing
packages can handle this. However, today digital presses
exist that do not require printing plates. Some of the
larger GIS packages have dedicated modules for carto-
graphic production.

5.5.3 Graphical user interface

A big problem with most GIS-related software is their
user interface. If users agree upon one issue, it is the lack
of user friendliness of GIS-related software. If one real-
izes the enormous number of commands and options
available, this is not strange; however, the time when
only experts worked with this type of software has passed.
A graphical user interface (GUI) is nowadays regarded as
a minimum requirement, especially when interactive
map design has to be executed.

Some general questions to consider when opting for a
mapping package are related to the following issues:

● Quality. How is the functionality, as described by the
vendor, realized? Is it linked to cartographic theory? What
kind of output options (e.g. map types) are available?

● Usefulness. Does the package fit into your organiza-
tion’s computer environment (MS Windows, Mac-OS or
Linux)? Is it compatible with other available (GIS) soft-
ware packages (to allow for data exchange, for example).

● User friendliness. How easily will a new user be able
to work with it? What level of training is required?
What are the manuals like? How good is the support by
the vendor? How are errors reported and processed?

● Cost. How much has to be spent (initial cost and
maintenance)?

Tomorrow’s users of geographical information sys-
tems will require easily produced on-screen maps as a
direct and interactive interface to their geographic data,
which will allow them to search for spatial patterns. In
this process the on-screen map plays a key role as an in-
terface to the data, and it becomes central to spatial data
handling and analysis activities.

In order to serve as an example for the production proce-
dure of a statistical map, we take a population distribution
map of the United States for the year 2000. Based on the
available statistics per county and the county codes stored
in the GIS values are automatically assigned to their enu-
meration areas on the map. When applying a specific clas-
sification, the system computes which counties belong to a
specific class, and the system applies to that county on the
map the appropriate shading or colour tone. This is all rela-
tively easy and straightforward. It is only when we want to
adapt the design that problems emerge.

5.6 Map design and production

On-screen interactive design has been mentioned in the
previous section. The interactive design and production
functionality of most GIS software is limited when com-
pared with some graphical software packages. For in-
stance, positioning text in a GIS map is done through
input of its coordinates in a macro-file. When shown on
the screen, it might have to be moved a little up or down,
and in that case the user has to edit and run the macro
again. Sometimes label-placement routines are available
to assist. Graphics produced with software such as Corel-
Draw or Illustrator would allow the user to drag the text
to the correct position with the mouse, and even scale it
interactively. Also, the application of specific design and
construction functions available in graphic packages
gives the graphics a fresh and sophisticated look that is
missing or very difficult to realize in most maps created
with GIS software, even though these GISs do have ex-
tensive cartographic functionality. Figure 5.16 shows the
difference between a default GIS map (at the left) and the
sophisticated version produced from it, enhanced by a
graphical package. These packages, on the other hand,
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are only about graphics, and elementary options, such as
input of geographic boundaries, are often problematical,
although plugins (like MAPublisher) might give a graph-
ical package (like Adobe Illustrator) some GIS function-
ality. Most graphical packages offer libraries with maps,
just as they offer libraries with flags, animals, cars, air-
planes and other clipart symbols, and have many text or
symbol fonts available as well (see Figure 5.17 for some
examples). Even DVDs with cartographic clipart in dif-
ferent graphic formats are offered on the market. Such
maps are good if one needs just the outline of a country,
but are often of little use if one needs a proper base map.

Problems one can encounter in the production of a the-
matic map with a graphical package can be described by
referring again to our example of the United States’ pop-
ulation density on a county level. What options would be
available if the design has to adhere to a specific layout
including an organization’s house style? GIS packages
can produce such a map from their database, but not in
the layout required. How can graphical packages help?
Let us first consider the topographic base map. The easi-
est solution would be to export the base map from the
GIS package into the graphical package. This would re-
sult in a boundary file ready for use. However, when this
option is not available, a time-consuming process starts,
especially when only bitmaps are available. A bitmap
could be the result of scanning an appropriate paper map.

In this situation one has to apply on-screen digitizing
to create a vector map with over a thousand polygons
representing the individual US counties. Some graphical
packages have tracing options available, but often these
do not result in the required geometric accuracy. A spe-
cific problem is caused by internal boundaries. These
lines belong to two individual counties (polygons), and
have to be digitized twice, but the lines have to match
exactly otherwise the result will not be acceptable (see
also Figure 2.8). Some graphical package map libraries
provide vector line maps. From these, polygons have to
be created in order to be able to assign each county the
specific colour or pattern of the class it belongs to. When
the graphical package libraries contain polygons, the
maps are ready for use.

Adding thematic content to the map can be effected to-
gether with the conversion of the base map from the GIS
map, via for instance pdf-format. In all other options de-
scribed above it will be necessary to click each of more
than a thousand polygons to assign them their colour or
shading pattern. The graphical package functionality can
also be used to adapt the map layout to the layout typi-
cal of the organization (house style). Depending on the
design, this again could be time-consuming (see also
Figure 5.18). What if the final map has to be updated
because new census data have become available? With
most software this means clicking all enumeration areas
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Figure 5.16 Examples of (a) a standard GIS map and (b) a sophisticated DTP map
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that have changes again, because importing the map
from the GIS means going through the special design ef-
forts again. Some of the graphical packages have the fa-
cility to link with spreadsheets. From these spreadsheets,
which contain the attribute data, the maps can be updated
without much effort. To export data from the GIS into a
spreadsheet is no real problem. However, a link between
polygons and a location in the spreadsheet has to be es-
tablished. With an appropriate macro language this prob-
lem can be solved.

How can we enjoy the best of both worlds? A trend
gaining momentum is the ability within the environment
of a specific graphical user interface, to paste and copy
graphics from one application into another. In the near
future the desktop environment will be enhanced even
further. When dealing with a document including text,
graphs, tables and maps, clicking on a table will make

spreadsheet functionality available, clicking a map will
activate GIS or graphics software, and all changes can be
saved in the original document. This will be the strength
of the new desktop environment in which geographic
data can be as easily dealt with as today’s texts and ta-
bles. Some software packages from the same producer
have already solved this problem. Microsoft has a solu-
tion, although with not as many graphic design options
as one would wish, for the business geographics commu-
nity with its package MapPoint. It contains all kind of
prepared map data (administrative units, infrastructure
data, etc.) with statistical data to create all kinds of the-
matic maps. Users can easily add their own data via
spreadsheets.

The latter part of this section is organized according to
the scheme in Figure 5.18. It splits the map production
process into five distinct phases. The text will concentrate
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on the digital approach. The scheme does not pretend to
be the only possible or complete approach, but it presents
a valid generic method of map production. Other carto-
graphic textbooks, such as Keates (1993), Robinson et al.
(1995) and ICA’s Basic Cartography series (Anson and
Ormeling, 1995–2002) go into much more detail, espe-
cially regarding the conventional approach. The phases
distinguished in the scheme are setting the map objectives
and map specifications, collecting the data, creating the
map image and its production, and distributing the final
product.

The first phase is setting the map objectives: what area
and map theme should it visualise, and for which year,
and what should the map convey to the reader? The map
type, aggregation level and resolution have to be defined,
as well as the audience the map is intended for. In a tradi-
tional mapping environment a sketch map would have
been produced, to help this decision-making process.
Map design specifications have to be set as well: will the
map be in colour or black and white, and which font is to
be used for lettering the map?

In the second phase the data will have to be selected
from one or more (edited) digital landscape models and
statistical files. The selection will include topographic
base data and thematic content representing the results of
spatial analysis. This selection will have to be processed:
the topographic base data might be needed in a different
projection, only a specific part of the mapped area might
be needed, and it might have to be generalised and up-
dated. The thematic attribute data will have to be
processed as well, in order to have it answer the require-
ments set in phase 1. Ratios might have to be computed,

or densities, or trends might have to be assessed. And
the topographic and attribute data would have to be
linked as well. According to the map design specifica-
tions set in phase 1, the result of the data collected and
combined in phase 2 will then take form in phase 3. This
phase consists of the definition of the digital carto-
graphic model, which will contain all graphical attrib-
utes (such as line colour, shading patterns and text fonts)
of the geographic objects to be represented in the map.
A similar process takes place in the conventional envi-
ronment where the sketch map is populated with data
and converted to a map that includes the information
similar to a DCM. The layout of the maps represented by
DCMs is inspired by the contents of Sections 6.2 and 6.3
and Chapter 7. Produced digitally, the result of the DCM
will be visible on-screen. This medium has its limita-
tions in size, resolution or colour as there is no one to
one relationship between the image as displayed on
screen and printed on paper. The map image displayed
can be used to check if it matches the specifications.
Phases one, two and three might be part of an interactive
design process. During this process one deals with ques-
tions such as: do we have to include additional data or
should we delete some to keep the map legible and in-
formative? Is the line thickness correct? Are the place
names positioned correctly? If changes have to be made
one can return to phases one or two as the lines in
the scheme show. During this phase one cannot deter-
mine whether the colours of the symbols match harmo-
niously or contrast sufficiently. For that purpose some
calibration work would be needed beforehand.

The on-screen (web) map could even be the final prod-
uct. Maps produced in a GIS environment can be viewed
in that GIS application or exported (as a JPG for in-
stance). In the first case they would have additional capa-
bilities: not only could their production be effectuated
interactively but, more importantly, it is possible to keep
a link with the GIS database. The map can be queried and
so more in-depth or additional information can be ob-
tained by the viewer from the map. For instance, the real
value of an individual geographic unit in a classified
choropleth can be accessed. It is possible to select a
group of units and ask for statistics.

If one intends to keep the map image in digital format
only, one might store it as a bitmap, pdf-file or in any
other format. It can be made available on the World Wide
Web. Other options would be to incorporate the map in an
electronic atlas or in an animation or multimedia environ-
ment. If the digitally produced map is to be reproduced on
paper, conversion software and hardware have to be used
that transform the DCM into a tangible format.

From Figure 5.19 it can been seen that there are multi-
ple routes to create maps, either on paper or on screen.
And it should be realized that this scheme presents one
of the many other options possible. The starting point is

preparation
setting objectives and 
specifications

1

2

permanent/
temporal

data retrieval
DLM

production
phase

result

data collection and combination

3 creating the map image

4 adapting the map to the medium

5 final product distribution/ 
dissemination

sketch

define
DCM

pdf
distribution

Figure 5.18 Map production scheme: five production phases
can be distinguished, and for each of these digital and ana-
logue options are given. It is possible to switch from digital
to analogue and vice versa at almost any phase
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an assumed data store that provides the necessary data to
create the maps. Its data can be the result of spatial analy-
sis processes in a GIS like ArcGIS, or made available via
libraries (geo-files) or be available via direct real time
feed through sensors (SWE – Sensor Web Enablement).
These sensors could for instance be water gauges or me-
teorological stations.

With a GIS one can create maps, but often one re-
quires just a better design quality. If one wishes to opt for
a paper map it is possible to retrieve GIS files in shape or
DXF format in graphics software and improve the de-
sign. Use of a special GIS plug-in for graphics such as
Avenza’s MapPublisher editing in Adobe Illustrator, re-
sults in a two-way process and changes in the graphics
files will also occur in the original GIS database. Alter-
natively maps produced in a GIS are exported as pdf, tiff

or jpg files and imported in graphics software such as
Adobe’s Illustrator or Photoshop. Manipulation of the
graphic image is possible but there is no link to the orig-
inal database. The graphic software can create a final pdf
file, which can be sent for hardcopy output through a
plotter or printer, or be viewed on screen as an (interac-
tive) softcopy.

An other option to create on-screen maps in, for in-
stance, a web browser, is through use of a geoservice. As
a result of a request the map is sent to a web page. If addi-
tional information, such as route data, is required a WPS
(Web Processing Service) is called to calculate the route.
The result is sent to the web browser via a WMS (Web
Map Service). The Scalable Vector Graphics (SVG) for-
mat could be used here. The map can be designed accord-
ing to a style that is typical for an organization. The

data store

files

graphic
format

geoservices
map

export
WPS

(SVG)

WMS
map service 

data
service 

WFS
(vector)

WCS
(raster)

GML geotiff

DCM
(style formats)

WMCD
SLD 

softcopy
(WWW)

gis plugin

graphic
software 

pdf

hardcopy
(printer)

GIS geo-FILES SWE

Figure 5.19 Options to display permanent and virtual maps.
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information (one could say the DCM) is obtained via
style formats such as WMCD (Web Map context docu-
ments) or SLD (Style Layer Descriptions).

The geoservices could act as a data-providing service
with the intention of using the data in the user environ-
ment. This can go via a WFS (Web Feature Service),
which results in vector data described in GML (Geo-
graphic Mark-up Language) standard. The raster equiva-
lent is the WCS (Web Coverage Service) that generates,
for instance, geotiff files. In a further step these files
could be used as a basis for maps to be created.

Regarding the production of the hardcopy mentioned
in Figure 5.19 many different routes are possible that
result in displays on paper. The choice will depend on the
type of output needed, but in most cases Adobe Illustrator
will be the intermediary to define the task of the printers
or plotters. Software used to design maps will normally
translate its drawing commands into a special language.
The most common of these languages is PDF, developed
by Adobe. The Postscript code contained results in a
resolution-independent textual description (normally in
ASCII) of the map. A polygon, for instance, is described
by a list of coordinates and some codes that can provide
information on the polygon’s interior, line type and thick-
ness. Theoretically it should be possible, when using
PDF, to send the same map to devices with different out-
put qualities, as tags with different production com-
mands can be added to it. Those devices capable of
processing PDF will transform the Postscript code via a
raster image processor to a bitmap, which can be printed
on paper. The Postscript coded image can be viewed on
screen before it is produced on paper to check the result.
Among the (raster) output devices with Postscript drivers
are laser printers, electrostatic plotters, and ink-jet print-
ers, Laser printers work by an electro-photographic
process, either in black and white or in colour. Their res-
olution varies from 300 dots per inch (dpi) to 1200 dpi,
on paper up to A3 size. Electrostatic plotters are very fast
machines that can handle paper up to A0 size, and can
handle full colour. Ink-jet printers can also handle colour
and different sizes of paper.

With current technology the hardcopy devices men-
tioned above are less suitable to produce many copies of
the same map at reasonable prices. For this type of dupli-
cation, for instance to print topographic maps, one still
relies on a printing press. Here the digital method cur-
rently goes up to digital offset printing on demand. Since
a printing press can only print one colour at a time,
colour separation is necessary. Normally one separates
the colours of a map into four colours (see Plate 22). A
combination of the basic colours, cyan, magenta and yel-
low, with black added for crisper definition (CMYK), 
allows one to print any colour – see Plate 23).

Many graphical packages have the possibility for digital
colour separation as shown in Plate 22. Here the software

creates four files, one for each of the basic colours. For
each of the symbols used in the map the colours are
known, as well as the percentages of cyan, magenta, yel-
low or black used. If the forest in the map is represented by
a green polygon, and the shade of green is composed of
40% yellow and 30% cyan, this polygon is sent to both the
yellow and cyan files with a screen density of 40% and
30% respectively.

Conventional colour separation is much more com-
plex (see the four negatives in Plate 22), one for each of
the four basic colours (CMYK). On each of these nega-
tives only those lines remain which indeed must be
printed in that particular colour. The blue lines in the orig-
inal maps, representing the shorelines of a lake, are
removed from the yellow, magenta and black negative.
The green forest border, however, will remain on both
the cyan and yellow negatives since green is a combina-
tion of these two colours. The next step is to create for
each basic colour as many peel coats as necessary to cre-
ate masks, which are used to incorporate for instance a
30% screen (to produce lighter tints of the printing
colours). For each basic colour the masks are combined
onto a final film that is used for plate making. After the
printing plates have been made the presses can roll. See
Brown and Feringa (2002) for an extensive discussion
on colour and reproduction.

The last phase described in Figure 5.18 is that of distri-
bution or dissemination of the map, so that it reaches the
intended audience, in the hope it will be read and stored
as a temporal map and used for decision support.

5.7 Web map design

Sections 5.2 to 5.4 discussed the basics of map design.
These basics do not change because of the new web envi-
ronment, although it does offer interesting extra opportu-
nities, the most important of which is accessibility. The
web as a medium to display maps also has some disad-
vantages. When creating a web map one has to consider
the physical design, in both file and display size. The
first is important because people are not eager to wait for
long downloads, and the second because the use of
scrollbars to pan the map is also discouraged. Due to
these characteristics the design of web maps needs extra
attention. Just scanning paper maps or using default GIS
maps and putting them on the web is not a good proce-
dure, although in some situations there might be no alter-
native. Scanning historical maps and publishing them on
the web might be the only solution to make them avail-
able for a wider audience.

Well-designed web maps can be recognized, due to the
above constraints, as relatively ‘empty’. Every part or
element of the image visualised on screen should be
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legible. This should not be considered problematic, since
one can include lots of information behind the map
image or behind individual symbols. Access to this hid-
den information can be obtained for instance via mouse-
over techniques or by clicking map symbols. To stimulate
such an approach one has to make sure that the symbols
have an appearance that invites clicking them. Examples
can be found in Figure 5.20. In case of mouse-over tech-
niques the appearance of a symbol will change when
covered by the cursor, or textual information will appear
on the map. Clicking the symbol might open new win-
dows or activate other web pages.

Additional information could also become visible by
using a so-called texture filter. This ‘tool’ could have the
shape of a magnifying glass that is moved over the map.
The result can be multiple (see Figure 5.21). The content

of the looking glass could for instance be an enlarge-
ment of the map, either revealing more details of the
area covered or not. On the other hand it could also re-
sult in less detail being shown, allowing the viewer to
concentrate on particular map data, or in visualizing the
data in a particular way. Another option could be that the
map area under the lens changes into a satellite image or
thematic map.

The possibilities offered by the WWW have extended
the traditional cartographic variables as proposed by
Bertin (1967) and explained in Section 5.3. Web design
software enables the application of new variables, like
blur, focus and transparency, while shadow and shading
play a prominent role as well. Blur gives symbols a
fuzzy appearance and can for instance be applied to vi-
sualize uncertainty, while focus will introduce blinking

pictorial point symbols geometric point symbols (alpha) numerical point 
symbols

static maps:
view only

static maps:
inter-active

“conventional” line symbols web “art” line symbols flowline symbols

a

b

c

Figure 5.20 Web symbols: (a) area; (b) line; (c) point symbols
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zoom, same detail other visualization

more detail less detail

Figure 5.21 Examples of a texture filter in use on the web

symbols to attract attention, as through the filters in
Figure 5.21. Both transparency and shading/shadow can
be used to simulate a three-dimensional look. Trans-
parency can be seen as a kind of fogginess, by which
part of the map content is obscured or faded in favour of
other information. It can, for example, be applied to sub-
due the background in a map in order to enhance the
main theme in the foreground (for instance a drape of
geology over terrain features). In a three-dimensional
‘landscape’ environment it can also be used as a depth
cue. The use of shadow and shading increases the sense
of depth. Shading is commonly used to increase the con-
trast between ‘figure’ and ‘ground’ or, as in relief maps,
to create a three-dimensional terrain impression. Shadow,
also known as cast or drop shadow, can be applied to
give the symbols a three-dimensional look. In web maps
this three-dimensional feel of the symbols invites the
user to click on them in order to activate a hyperlink or

mouse-over effects. The visual effect of shadow is cast-
ing a shadow of the symbol on to the background.
Figure 5.22 and Plate 25 give some examples. The new
variables are applied a lot in many web maps but they
still have to be further researched effectively as, despite
all technological progress, it remains important to find
out whether the new representations and interfaces actu-
ally work.

Developments around the Internet have created the
possibility to disseminate three-dimensional virtual envi-
ronments via the WWW using VRML (Rhyne, 1999).
The use of this programming language allows one to dis-
play three-dimensional maps that can be looked at from
any viewpoint. VRML is a description standard of three-
dimensional worlds. Viewed in a web browser with the
correct plug-in VRML results in an interactive environ-
ment that allows viewers to manipulate the model in
three-dimensional space.
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Figure 5.22 Additional graphic variables: (a) shadow/shading; (b) blur; (c) transparency; (d) blinking (focus)

At the beginning of this chapter it was mentioned that
the provider of data or maps does not always have control
over the final appearance of the map. This remark was
made in the context of a user who, for instance, can de-
cide which layers to switch on or off and define the map
content. However, especially in relation to colour, the ap-
pearance of maps that are made visible on the user’s
monitor will depend on the particular monitor configura-
tion and settings. For this reason, web map designers
often adopt a cautious approach and assume the mini-
mum configuration and lowest settings. They will rely
on the so-called Web Safe colour palette (Brown and
Feringa, 2002). This palette has 216 colours available for
the image (see Plate 24).

5.8 Web maps and multimedia

The WWW is an ideal platform to combine different mul-
timedia elements with maps. Multimedia is defined as
interactive integration of sound, animations, text and
(video) images. When realized in a geodata environment
it allows for a map to link through to all kinds of other
information items of a geographical nature. These could
be text documents describing a parcel, photographs of ob-
jects that do exist in the GIS database, or videos of the
landscape of the current study area. The multimedia defi-
nition used here is the one by Laurini and Thompson
(1992): ‘a variety of analogue and digital forms of data
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that come together via common channels of communica-
tion’. For a typical cartographic context of multimedia see
also Multimedia Cartography (Cartwright et al., 2007).

The objective of combining sound, animations, text
and (video) images with the map is to get a better under-
standing of the mapped phenomena as a whole, or to
provide a geographical order to the information.
www.Flickr.Com is a website with millions of uploaded
photographs, made accessible through geotagging them
and ordering them geographically. Since multimedia
equipment can produce music of CD quality one can eas-
ily imagine what a multimedia composers’ map of
Europe would look or sound like. Pointing to Beethoven’s
birthplace would activate his ninth symphony, show his
picture and music sheets as well as a video of a landscape
that visualizes the atmosphere of the music. This level of
integration is almost realized in some of today’s interac-
tive multimedia encyclopaedias on DVD or the WWW.

Current (2010) GIS packages have only limited capac-
ity to handle (except for a bleep to signal an error) video
and animations. Text can be generated from the database
and often scanned images of photographs of geographic
objects, of paper maps and of text documents can be dis-
played. Currently the GIS packages are nearly fully inte-
grated in the desktop environment, as explained in the
previous section. The user is guided by a generic graphi-
cal user interface that allows the display of maps and pro-
vides access to the data behind these maps. Pointing at an
object on the map would immediately highlight the cor-
responding record in the database or diagram. In the
same way, they could open up toward multimedia and to
the general desktop environment, as the map would allow
for direct links with spreadsheets, video and animation.
This would be possible with the help of Flash authoring
software. But if we want to incorporate this new technol-
ogy into our geospatial data handling systems, questions
have to be answered first. Among these are how to struc-
ture multimedia information (in order to allow for prof-
itable navigation strategies), how multimedia can be used
to enhance spatial analysis, what the role of the map will
be, and what will be involved in interface design. The
following sections present the relation between the map
and the individual multimedia components (sound, text,
(video) images and animation).

5.8.1 Sound

Maps can function as indexes to sound libraries. In some
electronic atlases pointing at a country on a world map
would initiate the national anthem of the particular coun-
try being played, or some general phrases being spoken
in the country’s language. In this category one can also
find the application of sound as background music to en-
hance a mapped phenomenon, such as industry, infra-

structure or history. Experiments with maps in relation to
sound are known from topics such as noise nuisance and
map accuracy (Fisher, 1994; Krygier, 1994). In both
cases the volume of noise is controlled by pointing at a
location on the map. Moving the pointer to a less accu-
rately mapped region would increase the noise level.
Both are examples related to analysis. The same ap-
proach could be used to explore a country’s language.
Moving the mouse to a particular region would start a
short sentence in that region’s dialect. Krygier (1994) has
experimented with sound as an additional variable to
graphical variables like colour and size. In virtual reality
environments three-dimensional sound is used for orien-
tation purposes.

5.8.2 Text

GIS is probably the best representation of the link between
a map and text (the GIS database). Imagine a map showing
a country’s population density in which all provinces are
coloured according to one of the four different classes dis-
cerned. To amplify the presentation the user can point to a
province, which will result in the display of its name and
its actual individual population density value. Electronic
atlases often have all kinds of encyclopaedic information
linked to the map as a whole or to individual map ele-
ments. It is possible to analyse or explore this information.
Country statistics can be compared. Clicking Lisbon on
the map of Portugal would reveal a list with the most im-
portant tourist sights, or even activate other multimedia
components such as starting a video tour of the city.

5.8.3 (Video) images

Maps are models of reality. Linking video or photo-
graphs to the map will offer the user a different view of
reality. Topographic maps present the landscape. Next
to this map a non-interpreted satellite image or aerial
photograph can help users in their understanding of the
landscape. While analysing a geological map it can be
enhanced by showing landscape views (video or photo-
graphs) of characteristic spots in the area. A real estate
agent could use the map as an index to explore all the
properties he or she has for sale. Pointing at a specific
house would show a photograph of the house and the
construction drawings, and a video would start showing
the house’s interior.

5.8.4 Animations

Maps often represent complex processes. Animations
can be very expressive in explaining these processes (see
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also Chapter 8). To present, for instance, the structure of
a city they can be used to show subsequent map layers
which explain the logic of this structure (first relief, fol-
lowed by hydrography, infrastructure, and land use, etc.).
Animations are also an excellent means to introduce
geospatial data’s temporal component: the evolution of a
river delta, the history of the Netherlands’ coastline or
the weather conditions of last week.

From a technical point of view, there are almost no
barriers left. The user is confronted with a screen with
multiple windows displaying text, maps, even video im-
ages supported by sound. The important issue is to keep
in control of all the options, and to allow the users to
manage all the information that will reach them. It is
most important, therefore, to state the objectives (tasks)
or the purpose of use (exploration, analysis or presenta-
tion) in advance, so that there will be a yardstick to meas-
ure the result by.

The web map can also be seen as a hypermap. Hyper-
maps can be described as georeferenced multimedia and
can play a key role in structuring the individual multime-
dia components with respect to each other and to the
map, and will allow the user to navigate the data, both
through geospace and through different topics. This con-
cept has been introduced by Laurini and Milleret-Raffort
(1990) and is based on the hypertext and hyperdocument
principles. Hypertext can be described as a set of nodes
(abstractions of text or graphics) which are connected by
links that allow the user a non-sequential tour around
the data. Apple’s HyperCard made this principle widely

available. Hyperdocuments introduce multimedia compo-
nents into the hypercard concept. All possible links are pre-
determined but, as analyses of surfing the WWW prove,
individual users do not necessarily follow the same paths.
The WWW can be seen as a large hypermap of cyberspace.
Mapping cyberspace is treated in the next section.
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Chapters 6, 7 and 8 will each deal with specific carto-
graphic characteristics of geospatial data as discussed in
Chapter 1 (see Figure 1.3). In this topography chapter it
is all about location and the ‘Where?’question (Figure 6.1).
Traditionally the Earth’s topography is graphically ren-
dered by topographic maps. Today these topographic
maps are derived from data sets known variously as topo-
graphic framework data, geospatial core or foundation
data (Groot and McLaughlin, 2000). These encompass
geodetic control data (based on a geospatial reference
system), data related to built-up areas, hydrography and
infrastructure, the digital elevation model, administrative
boundaries and postal codes (essential to link socio-
economic data to physical data), and geographical
names. This chapter will deal with georeferencing (how
to locate objects), map projections and transformations
(how to convert locations from the 3D earth to the plane),
generalization (how to aggregate locations for scale re-
duction), relief (how to deal with location in 3D terrain),
and geographical names (for expressing location in daily
contacts). The chapter ends with examples from several
data-providing organizations.

6.1 Georeferencing

The locational component gives geospatial data their
unique character. It distinguishes these data from all
other data. Another typical characteristic is that the geo-
graphical objects that geospatial data represent occur in
complex and irregular patterns. This makes it difficult to
describe these objects. Try, for instance, to give a de-
scription of the basin of the River Zambezi. It should
include the shape of the river, its width and its relation
with its tributaries, as well as phenomena such as
swamps, islands and forests, etc. Also included should
be relationships with features such as bridges, dams,
other infrastructural artefacts, and administrative
boundaries.

Depending on the scale on which this description of
the digital landscape model is based, it can be very com-
plex and extensive, but it will probably still be incom-
plete. Selections have to be made, and terminology used
such as ‘close to’ and ‘left of’ will not increase the accu-
racy of the description. What methods are available to
indicate location? Each georeferencing method has its
own advantages and disadvantages, as Figure 6.2 shows.
Names of geographic features (toponyms) can be used.
These distinguish one feature from another. However,
their use is no guarantee that a unique description will
result. ‘Springfield’ could be located in Massachusetts,
Illinois, Ohio or Oregon in the United States, or in New
Zealand or even in South Africa. A practical approach
seems to be the use of addresses and post codes (or ZIP
codes). This has an implicit order: 10 Station Road will
be close or next to 8 Station Road. However, it only
refers to buildings and does not include natural features
like rivers, lakes or mountain ranges. The use of topology
is another option. The terminology is familiar: Allerdale
bounds Eden in the west. However, it does not include
any information on real distances (Figure 6.2e). The use of
a coordinate system is also quite common. It could be a
global coordinate system, where each location is defined
by longitude and latitude, or it could be a position in a
national coordinate system. National coordinates provide
a unique indication of location, but are less natural in use
than a system of parallels and meridians. Local coordi-
nate systems for small areas are in use as well. A typical
cartographic reference system is the reference to map
sheets. This method is simple to use, but in practice loca-
tions needed are often on two or more sheets. Fig-
ure 6.2(f) shows that Keswick can be found on sheet 90
of the Ordnance Survey’s 1:50 000 map series.

Geographical information systems always use coordi-
nate systems, often in combination with topology. As
explained in Chapter 1, GIS is about data integration and
spatial analysis. In order to be able to combine two or
more data sets to execute a spatial analysis or a carto-
graphic compilation, it should be possible to reference

CHAPTER  6 Topography
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Figure 6.1 Working with geospatial data from the perspective of the data’s locational 
component

both sets in a common coordinate system. In practice this
is often quite difficult. Different coordinate systems are
used (if any), as well as different map scales. This chapter
elaborates on the methods and techniques available to
deal with these problems. They relate to converting one
system to another, to the simplification of maps, and the
conversion from three-dimensional reality (the globe and
local relief) to the two-dimensional plane. Without solv-
ing these problems, or knowing their exact nature, spatial
analysis or cartographic compilation will not give a valu-
able result and consequently the maps produced cannot be
trusted. Since the Earth is almost a perfect sphere, the el-
ementary globe referencing system is based on spherical
coordinates. This system, called the geographical coordi-
nate system, defines a location by latitude and longitude.
Figure 6.3(a) shows this system, where latitude and longi-
tude are measured in degrees, minutes and seconds. The
origin of this spherical system is the intersection of the
Equator and the Greenwich Prime Meridian. For lati-
tudes, the Equator is defined as 0, the North Pole as �90,
and the South Pole as �90. The intersections of all planes
of a certain latitude and the globe are called parallels. All
half-circles from the North Pole to the South Pole are
called meridians. East of the Greenwich Meridian, which
is defined as 0 longitude, they increase up to �180, and
west to �180. Both parallels and meridians make up the

global graticular network. From Figure 6.3(b) it can also
be seen that the Earth is not a perfect circle. It is flattened
at both poles, resulting in the three-dimensional shape of
the Earth being an ellipsoid rather than a sphere. The
ellipsoid is used for calculation purposes to convert the
three-dimensional Earth to flat paper (see next section).

To define a location, its latitude (�) and longitude (�)
are measured from the Earth’s centre to the location on
the Earth’s surface. From Figure 6.4 it can be seen that a
point’s geographic latitude (�) is defined by the angle, in
a meridian plane, between the Equator and the line from
the Earth’s centre to this point on the globe. Geographic
longitude (�) is defined by the angle, in the Equator
plane, between the Greenwich Meridian and the merid-
ian of the particular point. Accordingly, the location of
Helsinki can be defined as 60° North of the Equator and
25° East of Greenwich. To be more precise this would be
60°10�N and 24°58�E. The relation between the geo-
graphical coordinates and distances on the Earth is deter-
mined by the place on Earth. Along the Equator, and
along all meridians, 1° is 111.11 km in distance, assum-
ing that the circumference of the earth is 40 000 km and
has a radius of 6370 km. At 45°N or S, a parallel has a
circumference of 28 301 km, resulting in degrees that are
78.6 km in length. At both poles this length is zero
(Figure 6.4).
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Figure 6.2 Maps and location: georeferencing methods for localizing geographical objects: (a) nominal; (b) order; (c) topology; 
(d) local coordinates; (e) global coordinates; (f) frames

Internationally WGS84 (World Geodetic System
1984) is used as a standard for calculations of position,
distances, etc. and is used in fields varying from survey-
ing to aeronautics and GPS. The standard describes a set
of parameters. Among them are data related to the shape

of the ellipsoid (for instance the ellipsoid’s major axis is
6378.137 km). Additionally it includes data on the grav-
ity model of the Earth.

Most national mapping organizations have introduced
a national coordinate system for unique and consistent
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Figure 6.4 Latitude and longitude

Figure 6.3 (a) Geographical coordinate system; (b) flattening of
the Earth

reference and calculation purposes. Figure 6.5 shows the
British system. It is called the National Grid system and
it adheres to a Cartesian rectangular coordinate system.
The map in Figure 6.5(b) shows how Britain is covered
by 100 km squares. These squares are a refinement of a
500 km square grid (Figure 6.5a). In relation to the geo-
graphical coordinate system, the true origin is found
at the crossing of meridian 2°W and parallel 49°N. The

relation between both systems is expressed in the figure
by the bold grey graticule lines of the transverse Merca-
tor projection and the black National Grid lines. How-
ever, to avoid confusion with negative and positive
coordinates when defining a location in the National
Grid system, a false origin has been introduced. The true
origin has been shifted 100 km north and 400 km west,
always resulting in positive coordinates in either direc-
tion. To make the system even easier to use, a location is
denoted by letters as well. The 500 km square provides
the first letter (for Keswick in Cumbria, an N) and the
second letter is derived from one of the twenty-five
100 km squares that make up the 500 km square. For
Keswick this is a Y. In Figure 6.5(b) other letters have
been added to the 500 km square N as an example. In this
system the 100 km squares can be further refined, as
Figure 6.5(c) shows. The location of Keswick can thus be
pinpointed by NY268232. This possibility of refinement
guarantees that all map scales produced by the Ordnance
Survey are covered by the same National Grid.

Figure 6.6 demonstrates the use of a local coordinate
system. To position objects found during an archaeologi-
cal excavation along the River Nile in Egypt, a local
Cartesian grid has been created to cover the site. To do
so, a base measurement was effected along a horizontal
railway track between Elkab and Nag’Hilal. Then a trian-
gulation network was set up, based on this baseline. In
the actual excavation area a rectangular grid was estab-
lished, with as its nodes positions determined in this
triangulation net. This rectangular grid was densified
further locally according to requirements.

6.2 Map projections

Once upon a time cartographic education mainly con-
sisted of training in plotting different projections. Since
the introduction of the computer this has no longer been
the case, one of the first major contributions of the com-
puter being the ability to plot any area with known coor-
dinates according to any projection. As important as
plotting an area according to one of these projections is
the ability to spot the nature of projections maps are plot-
ted in, as this knowledge is a prerequisite in dealing with
geographical information in GISs. All the spatial opera-
tions possible in a GIS are only relevant if the files com-
bined are all based on data in the same reference frames
or projections.

Mathematical formulae are used to transform spheri-
cal geographical coordinates to the two dimensions of
a plane. This transformation process is referred to as
map projection. The transformation from the three-
dimensional ellipsoid to the two-dimensional plane is not
possible without some form of distortion. The distortion
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Figure 6.5 National coordinate systems: the British National Grid

affects shapes, distances and directions. Each of the
many formulae available (Canters and Decleir, 1989;
Maling, 1992; Snyder, 1987; Snyder and Stewart, 1988;
Snyder and Voxland, 1989) will result in different distor-
tions. This determines whether each map projection will
be suitable or unsuitable for a certain purpose.

Map projections can be categorized on the basis of the
shape of the projection plane, as seen in Figure 6.7. From
this perspective, conical, cylindrical and azimuthal pro-
jections are distinguished. The point or line where the
projection plane touches the ellipsoid is called the point
or line of tangency. No distortion is found at this point or
along this line. Azimuthal projections have a single point
of zero distortion. In the normal aspect, meridians are
straight lines, and parallels are concentric circles cen-
tring on the pole. Cylindrical projections have a single
line, called the standard line, of no distortion. In the nor-
mal aspect this line touches upon the Equator. Both par-
allels and meridians are straight lines perpendicular to

each other. Distortion increases dramatically toward both
poles, which are represented by lines.

The conical projection also has a line of zero distor-
tion, as seen in Figure 6.7(a). In its standard aspect the
meridians, again, are circular arcs. In Figure 6.7(a) both
the cylindrical and conical projections have a single line
of tangency (the standard line), resulting in an increased
distortion away from these lines. To decrease this effect
some projection planes intersect the ellipsoid, resulting
in two lines of zero distortion, thus decreasing the total
distortion.

The examples in Figure 6.7(a) are all in direct or nor-
mal aspect, i.e. the projection form that provides the sim-
plest graticule and calculations. For an azimuthal
projection this is the one which touches at the pole; for
conical or cylindrical projections this is the one in which
the axis of the cone or cylinder coincides with that of
the ellipsoid. Next to the normal aspect projections can
have a transverse or oblique aspect (Figure 6.7b). The
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transverse aspect is characterized by a distortion pattern
that, in respect to the normal, is rotated by 90°. The
oblique aspect includes all possible cases between the
normal and the transverse aspect.

Each projection has its specific patterns of distortion,
with the least distortion at the tangential point or line. In
order to have as little distortion as possible, it is feasible
to change the map projection aspects, and by doing so
move these tangential points or lines, so that the area of
least distortion overlaps the region to be mapped.

The nature of the distortion pattern is another parame-
ter with which to classify map projections. It is closely
linked to the question of which map projection is used.
This question will be addressed later in this section. In
the transformation from a three-dimensional sphere to
two-dimensional plane only a few characteristics can be
preserved. These refer to object shapes, to area sizes or to
distances between objects. On the basis of the character-
istics they retain, map projections are classified as con-
formal, equal-area or equidistant or as being none of
these. If the nature of the mapped phenomena requires
that the shapes of the features should be preserved, a con-
formal map projection has to be chosen. However, pre-
serving shape can only be done for small areas, and it is
impossible to maintain it all over the mapped Earth. The
application of a conformal projection guarantees that
local shapes will be retained: circles drawn on a sphere
will have circular shapes on the plane as well. However,
the size of the circles will be different and may be greatly
distorted, depending on the location on the sphere in
respect to the point or line of tangency. If one wants to

preserve the size of areas, an equal-area projection has to
be chosen. When moving a circle over the globe the area
covered by the circle will be the same at any location on
the globe. Applying an equal-area projection, the result-
ing area on the plane will cover the same area as on the
sphere. However, its shape can be quite different. A circle
can be distorted to an ellipse but still cover the same area
as the corresponding circle on the globe. This can be
seen in Figure 6.10(b). Figure 6.8(a) shows the globe
from two positions, highlighting Greenland and Saudi
Arabia, which are about the same size. Figure 6.8(b)
shows the effect on both areas of the application of an
equal-area map projection, and Figure 6.8(c) shows the
effect on both areas of the application of a conformal
projection.

Equidistant map projections preserve distances be-
tween certain points. This can result in maps in which the
distances from one or two points to all other points or
certain lines are correct. Projections do exist that do not
adhere to any of the three distortion characteristics de-
scribed, and neither are they related to the cylinder, cone
or azimuthal projection approach. To reduce distortion
for a specific application they are often modified ver-
sions of other projections, while some may be totally dif-
ferent. An example is the gnomonic projection, which
extremely distorts but provides a great service to naviga-
tion as it renders all shortest distances as straight lines.

Two examples will be elaborated in more detail:
the Universal Transverse Mercator (UTM) projection
and the Robinson projection. The UTM projection is
derived from the transverse Mercator projection, which

Figure 6.6 Local coordinate systems: the system shown has been established for an archaeological excavation along the Nile in Egypt
(Depuydt, 1989)
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Figure 6.7 Map projections: (a) projection planes; (b) projection aspects
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has characteristics similar to those of the Mercator pro-
jection. The original Mercator projection is a conformal
cylinder projection where parallels and meridian inter-
sect at 90° angles. The projection is useful for naviga-
tion purposes (conformality) or for mapping regions
near the Equator. As can be seen in Figure 6.9(a)I the
areas near the poles are very much distorted. This pro-
jection is still inappropriately used for world maps in at-
lases or on wall charts. Because of its characteristics, it
presents a misleading view of the world. The transverse
Mercator projection (III in Figure 6.9a) has the same
characteristics as the original Mercator. In an adapted
version this projection is often used for surveying and
mapping applications for relatively small areas. Because
distortion near the standard line is limited, more than
one standard line was introduced, which resulted in the
Universal Transverse Mercator (UTM). For this projec-
tion the world is covered by a grid as can be seen from I
in Figure 6.9(c). The grid patches or zones have a size of
6° longitude by 8° latitude. The zones are referenced by
a letter along the meridians, starting with C at 80°S, and
a number along the parallels, starting with 1 at 180°W.
One standard line exists for each column of 6°, with 3°
on both sides of the standard line. II in Figure 6.9(c)

demonstrates this principle. It shows zone 59°E and the
standard line of 174°E. Figure 6.9(d) shows the column
between 6° and 0° and locates zone 30U in Western
Europe. Each of these zones is further subdivided into
several 100 km squares, referred to with letter combina-
tions as can be seen in Figure 6.9(d). The location of
Keswick in Cumbria in UTM coordinates is 30U
VF913522. To map the world with as little distortion as
possible is quite difficult. Only a few map projections
are suitable for world maps: while all projections have
disadvantages, some have more disadvantages than oth-
ers (such as the Mercator projection discussed above).
Choosing a map projection for a world map will depend
on its intended use. The search will come up with, for
instance, a map with conformal characteristics if one
wants to visualize dominant wind directions, or with an
equal-area projection if one wants to visualize popula-
tion distribution patterns with the dot map technique. If
one is looking for a general-purpose map one can go for
a compromise between these characteristics. In practice,
other factors might influence this decision as well; for
instance, the location of the land masses on the Earth, or
the distribution of the population and its economic ac-
tivities. Robinson (1974) presented a pseudocylindrical

Figure 6.8 Characteristics of map projections: (a) Arabia and Greenland highlighted on the globe; (b) the same areas in an equal-area
projection, here Mollweide; (c) the same area in a conformal projection, here Mercator
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Figure 6.9 The Universal Transverse Mercator (UTM) projection. (a) The Mercator projection (I), its standard line (II), the transverse
Mercator projection’s standard line (III). (b) The standard line principle. (c) The UTM grid (I), zone 59E (II). (d) The location of zone 30U.
Zone 30U’s 100 km squares and the location of Keswick

map projection which is neither conformal nor equal-
area. It gives the world the ‘right’ look, but no point is
free from distortion. Between 45°N and 45°S distortion
is limited, but beyond that it increases quickly towards
the poles. Standard lines are 38°N and S (Figure 6.10).
Robinson’s map projection has been adopted by the Na-
tional Geographic Society for its world maps.

Which map projection to choose? The path to follow is
similar to other decisions to be made in the mapping
process. The first step is to define the purpose of the map.
Does one want to compare areas, measure distances or dis-
play directions correctly? The nature of the distortion is
the first guide in the selection process. A choice has to be
made between retaining conformal, equal-area, equidis-
tant or other characteristics of the globe. Showing the flow
pattern in the atmosphere or oceans requires a conformal
projection: comparing vegetation coverage, or just the size
of countries, requires an equal-area projection. This type
of projection is also needed if one intends to indirectly

compare areas in thematic maps, such as dot maps or pro-
portional symbol maps. The second step is to look at the
shape, size and location of the geographical area to be
mapped. The projection plane and its aspect play a role
here. The distortion pattern of the chosen projection
should match the shape of an area as closely as possible. If
one looks at Chile, South America, a projection with a
N–S standard line would be very suitable since this coun-
try has a small E–W extension and a very large N–S exten-
sion. A map projection that could be used here is the
Transverse Mercator Projection. Russia, on the other hand,
has a large E–W extension, but also a relatively large N–S
extension. It therefore needs one or two standard line(s)
that run E–W. A conic projection would be a useful choice
here. Azimuthal projections are very suitable for areas
with an equal N–S and E–W extent. Finally, if relevant, the
choice should be influenced by the manner in which the
map extent fills the screen or paper. This is especially rele-
vant for atlases. Concluding, one should realize that there
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are no good or bad projections but, rather, there are good
or bad applications of map projections.

6.3 Geometric transformations

In Chapter 2 it was mentioned that it would be unlikely
that all the data necessary for spatial analysis or map pro-
duction will be available in the required format. In
Section 6.2 the importance of being aware of the geomet-
rical characteristics of the data prior to their processing
and combination in GISs was stressed. This section deals
with several solutions that can be applied in order to inte-
grate the geometric components of different geospatial
data sets. These are the affine and curvilinear transfor-
mations. Map projections also belong in this category
when one has to convert one projection into another
(Figure 6.11). An affine transformation converts all coor-
dinates of a specific data set into the coordinates of an-
other coordinate system. To apply the transformation,
one needs at least three corresponding points in the old
and new data sets. It is based on the formulae:

x�� Ax � By � C
y�� Dx � Ey � F

where x� and y� are the coordinates in the new system.
Parameters A, B, C, D, E and F are defined by comparing
both points in the two data sets. The transformation is a

combination of three basic operations: translation, rotation
and scaling (Figure 6.12). The transformation allows for a
different scaling along the x-axis in respect to the y-axis.

The curvilinear transformation applied in the process
is also known as rubber sheeting. It is used when two
data sets do not geometrically match. However, one
should only apply it when there are no alternatives, be-
cause it could be a source of error. The starting point in
this process is a data set geometrically correct for the

Figure 6.10 The Robinson map projection: (a) outline of the world; (b) distortion: the circles along the Equator show correct size. By
comparison other circles show the amount of areal and shape distortion at the locations they represent

Figure 6.11 Conversion of map projections
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purpose it is needed for. The characteristics of the other
data set are less well known. This can be due to an un-
known map projection or to the fact that a map, used dur-
ing the digitizing process, has been affected by shrinkage
or strains. The relative position of the lesser-known map
is defined by clearly identifying corresponding points on
both maps. These could be road crossings or characteris-
tic points in a coastline (Figure 6.13). Choosing these
points is done with both data sets visible on the screen.
The corresponding points will be linked by a vector. The
transformation pulls and pushes the lesser-known data
set until all vectors are reduced to zero. It is this process
from which the name rubber sheeting is derived. From
the figure it can clearly be seen that not all points are af-
fected to the same degree, as is the case with the affine
transformation. When the lesser-known data set is very
much distorted it is also possible to execute rubber sheet-
ing on separate parts of the data set using different pa-
rameters. The quality of the result depends on the
number of control points and their distribution, but even
more on the accuracy of the data set that was assumed to
be the better of the two. Google Earth offers this func-
tion, and allows users to overlay their own scans on top
of its satellite imagery. Figure 6.13(d) shows how the
map from Figure 2.14(a) has been ‘rubber sheeted’ on
top of the imagery.

A special case of rubber sheeting is edge matching.
Edge matching is applied to correctly connect features
that are found at the edges of data sets. This problem is
very prominent when data sets that have to be used in a
spatial operation are produced by digitizing individual
map sheets. Features that cross the map sheet border
will almost never connect properly. There are several
reasons for this: differences in shrinkage or strains, dig-
itizing inaccuracies, errors in the original mapping
process, etc. Figure 6.14 gives an example. It is impor-
tant to remember that rubber sheeting can be a source
of error. Edge matching should only be applied on those
line features which have several points close to the edge
in common, otherwise distortion will occur in other
parts of the data set.

6.4 Generalization

6.4.1 Background and concepts

Each map within a certain scale range requires its own
level of detail depending on its purpose. It is evident
from Figures 3.3 and 3.4 that large-scale maps usually
contain more detail than small-scale maps. However,
even at the same scale the level of detail might be differ-
ent. A map for a reference atlas will hold much more de-
tail than a map of the same area in a school atlas (see
Plate 32). The process of reducing the amount of detail in
a map in a meaningful way is called generalization.
The process of generalization is normally executed when
the map scale has to be reduced. Map details in Fig-
ure 6.15 show why generalization is necessary. The map
of Luxemburg in Figure 6.15(a) is drawn at a scale of
1:3 million. Figure 6.15(b) is a photographic reduction of
the same map at a scale of 1:12 million. It still contains
the same amount of detail as the map in Figure 6.15(a).
The result is a blurred map image. Some text and lines
are no longer readable and some have disappeared
altogether. Figure 6.15(c), however, is not just a photo-
graphic reduction of the original map at scale 1:3 million
but a version in which some symbols have been left out
while others have been simplified or emphasized. What
has happened is best seen by enlarging this map to its
original scale and comparing it with Figure 6.15(a). This
also demonstrates that even enlargement is not without
implications. The enlarged map detail in Figure 6.15(d)
has an unrealistic emptiness and an information density
that is too low for its scale.

Particularly in a digital environment it is very tempt-
ing to use the offered zoom functionality. Unlimited
zooming in and zooming out can result in unreliable
maps when used to interpret their content. These options
should be handled with care, or specific triggers should
be built in. An example is the world atlas in the Encarta
Encyclopedia. Plate 28 shows the coastline of southern
South America. Only at the smallest scale (I) will the

Figure 6.12 Geometric transformations: rotation, translation and scaling
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coastline be generalized. Sometimes zooming in results
in adding additional map layers with features such as
country boundaries, towns, roads and rivers. However,
the individual layers keep their level of detail throughout
the zoom process. Since many GISs have their data or-
ganized in layers, this layer-based generalization ap-
proach is a standard one in products like these. These
products have their role to play, even if, from a carto-
graphic point of view, they are not always correct. In a
GIS environment generalization tools should be at hand.
If a spatial analysis operation requires data from different
sources, these data sets should be of the same level of de-
tail, otherwise it will be (in a logical sense, if not in a
technical sense) impossible to use the data in a spatial

operation. Results would be unpredictable. GIS digital
landscape models contain a selected description of real-
ity as explained in Chapter 1. It is still likely that a fur-
ther selection may be needed. One reason for this could
be that the digital cartographic model requires a much
smaller scale than the basic data in the landscape model
will allow. Figure 6.16 shows how generalization fits in
around the DLM and the DCM (Gruenreich, 1992).

In fact, to populate a DLM by selecting items from re-
ality can be called object generalization. A DLM can, ac-
cording to specifications, be transformed into another
DLM with a smaller scale. This process is called model
generalization. To create a DCM model, cartographic
generalization is applied, in order to be able to create

Figure 6.13 Rubber sheeting: (a) maps A and B do not match; (b) the transformation of map B based on map A; 
(c) maps A and B match; (d) the map from Figure 2.14 (a) has been ‘rubber sheeted’ on top of the imagery
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Figure 6.14 Edge matching: (a) sheets 1 and 2 do not match;
(b) after local transformations both sheets do match

Figure 6.15 Generalization and scale reduction: (a) original map at scale 1:3 million; (b) original map reduced to 1:12 million; 
(c) generalized original at 1:12 million; (d) generalized map enlarged to 1:3 million

legible maps without graphic conflicts. National Map-
ping Agencies who provide a series of products on differ-
ent scales have to organize their generalization policy
well. As Figure 6.17 shows they have two generic op-
tions, the star-solution and the ladder-solution. In the
first case all derived products, whether DLMs or DCMs,
are derived from a single – often large scale – master
DLMs. The second case derives the smaller scale version
from the scale level just above the new scale. In practice
the ladder approach is most frequently used, sometimes
mixed with the star-solution. Current multilayer auto-
mated generalization options are not advanced enough to
derive maps at all other scales from a single master data-
base, although this is – especially from a map update per-
spective – the ultimate requirement.

During generalization one should keep several fac-
tors in mind in order to achieve proper results. Most
important, as often in cartographic operations, is the
purpose of the map and its audience. Generalization en-
tails information loss, but one should try to preserve the
essence of the contents of the original map. This im-
plies maintaining geometric and attribute accuracy, as
well as the aesthetic quality of the map. The visual hier-
archy (see Section 5.3) should be maintained as well;
for instance, prominent features in the original map
should remain prominent in the generalized result. De-
pending on the audience, the results may be different,
as in the example of the reference atlas and the school
atlas discussed above. Another important factor is the-
magnitude of the scale reduction. It is obvious that the
larger the reduction, the more radically the generaliza-
tion will affect the original data. Technical and human
factors also influence the generalization process. Technical

d
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factors include the size and resolution of a monitor
screen. In a GIS environment, considering the computa-
tional elements is equally important. Which algorithm
is most cost-effective and will result in maximum data
reduction and minimum storage capacity? These factors
interrelate with the human factors. The discriminating
capacity of the human eye is limited. Finally, one
should always consider the nature of the map contents.
Does one deal with quantitative or qualitative informa-
tion? An answer to this question defines the setting in
which a cartographer or a software program can execute
the generalization process. Qualitative map content re-
quires a different approach from a quantitative content.
The former will require a more extensive knowledge
of the mapped features when compared to the latter.
This split in the nature of the map contents results in
two classes of generalization: graphic and conceptual
generalization.

Even if everybody took into consideration the fac-
tors mentioned above, generalization results could dif-
fer from cartographer to cartographer and from
algorithm to algorithm. Generalization is and will al-
ways be a subjective activity. It is difficult to set up
fixed rules, although experiments attempting to do so
are manifold. The subjectivity is demonstrated in
Figure 6.18. Details of the Nile Delta from different at-
lases at the same scale are shown. It can be seen that
each atlas has chosen its own river branches, with their
own level of simplification. Part of the subjectivity has
shifted from the cartographer to the programmer who
created the algorithm, but the algorithm’s parameters
are still their user’s choice, as is the point where these
algorithms are applied first.

6.4.2 Cartographic generalization

Traditionally two types of cartographic generalization
are distinguished: graphic and conceptual generalization.
The difference between them is related to the methods
involved in the generalization process. Graphic general-
ization is characterized by simplification, enlargement,
displacement, merging and selection. None of these
processes affects the symbology. Dots stay dots, dashes

Figure 6.17 Star-solution versus ladder-solution in generalization from a master DLM. ‘Custom’ refers to a generalization scale on 
demand

Figure 6.18 Samples of subjectivity: The Nile Delta at 1:10 million
from (a) the Atlas Jeune Afrique; (b) the Alexander Weltatlas; 
(c) the Atlas of Africa; (d) the Times World Atlas (after Pillewizer
and Töpfer, 1964)
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remain dashes, and patches stay patches. Conceptual
generalization is also characterized by the processes of
merging and selection, and in addition comprises sym-
bolization and enhancement. As a result of these actions,
the symbology in the map may change. Another differ-
ence is that the processes linked to graphic generaliza-
tion mostly deal with the geometric component of
geospatial data, while those processes linked to concep-
tual generalization mainly affect the attribute compo-
nent. Some of the operators in conceptual generalization
are also effective in model generalization. The difference
between both types of cartographic generalization is
illustrated in Figure 6.19, showing the process of merging.
Figure 6.19(a) shows a forest map of the Netherlands. On
top of it, the map with the generalization result, but be-
fore scale reduction, is shown. Small individual forest
areas in the original map have been merged with those
nearby. The maps in Figure 6.19(b) show the geology of
the Netherlands. The original map shows the surfaces of
the Holocene, Pleistocene and formations from other pe-
riods, like Trias or Jura. In the map on top several forma-
tions have been grouped together. In the example of the
forests, cartographic common sense could be used to
merge the individual patches. However, with a geological
map just grouping what is close is not enough. An under-
standing of the geological timetable and classification
system is required. For instance, Holocene and Pleis-
tocene can be grouped together, since in a geological
classification both are from the Quaternary. Grouping
the small patches classified as ‘other’ with Pleistocene is

not allowed in a geological context. In other words, con-
ceptual generalization requires knowledge of the map
contents. To generalize these maps one depends on prin-
ciples of the discipline involved. Their classification sys-
tem changes, and this results in a different structure of
the legend as well. It should also be realized that, though
one can subdivide generalization into several sets of
processes, these processes usually interrelate. It is not
only simplification or only replacement. Often one
process is necessary as a direct result of another process.
For instance, when a road has to be enlarged in order to
remain visible after scale reduction, then several houses
along this road will need to be replaced, otherwise the
road symbol will cover the houses.

Figure 6.20 illustrates the processes involved in
graphic generalization: simplification, enlargement, dis-
placement, merging and selection. For each of these ac-
tions, three illustrations are given: the original map
detail, a generalized map detail before scale reduction,
and the generalized map detail after scale reduction.
Simplification, sometimes called smoothing, should re-
duce the complexity of the map. The illustration in
Figure 6.20(a) shows a river that has a very sinuous na-
ture with many bends. After generalization the character
of the river should be preserved: a meandering river
should still be recognized as such. Enlargement (Fig-
ure 6.20b) is sometimes needed, otherwise symbols would
disappear, or would no longer be legible after scale re-
duction. This action affects roads. To keep a road symbol
legible it has to be enlarged. It should be realized that the

Figure 6.19 (a) Graphic versus (b) conceptual generalization
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road in the generalized map, after scale reduction, would
be much too broad. A road at a scale of 1:10 000 could be
10 m wide, while the same road, represented by a similar
symbol, on a 1:50 000 map would have a width of 50 m.
Displacement is usually the result of other generalization
procedures. It is also a critical procedure since one
should take care that, for instance, a symbol representing
a house is not placed along the wrong line symbol.
Figure 6.20(c) shows the need to displace a house
because of the enlargement of a road symbol. In Fig-
ure 6.20(d) some individual houses are merged to form a
built-up area. Selection, as demonstrated in Figure 6.20(e),
is the process of selecting representative map objects
from a set of similar objects, the rest of which are omit-
ted in the resultant map. It is important to note that omit-
ting symbols should not disturb the overall impression
of the phenomenon’s distribution. Selection is necessary,
otherwise the map image would become too cluttered.
The illustration shows how some islands along the coast
are left out.

The procedures involved in conceptual generalization
are explained in Figure 6.21. They are merging, selec-
tion, symbolization and enhancement/exaggeration.
Figure 6.21(a) shows that merging of symbols cannot
be done without expertise, since it has consequences for
the legend as well. Some symbols will disappear from

the legend, while a smaller number of new units might
appear. Selection in the context of conceptual generaliza-
tion stands for selecting legend classes and requires
knowledge of the mapped phenomena. In the example of
Figure 6.21(b), a lithographic map has symbols for marl,
chalk and basalt. Although small in areal extent, the
basalt is so characteristic that to leave it out would be to
destroy the character of this volcanic island.

Symbolization denotes that the relation between the
symbol and the space it represents changes. Dots (e.g. a
group of oil rigs) will change into a single area symbol
(e.g. an oil field). The moment of change depends on the
original scale and the scale after reduction. Generaliza-
tion can also result in a map where some symbols attract
too much or not enough attention. These symbols have to
be enlarged or reduced in size. A main road through a
village could become insignificant after scale reduction.
So it has to be enhanced by using thicker lines to attract
attention proportional to its importance in the map
image. Plate 27 illustrates some of the generalization
procedures executed when generalizing topographic
maps from a scale of 1:25 000 to 1:50 000. Compare also
with the top right of Plate 33 and Plate 35.

Figure 6.20 Graphic generalization: (a) simplification; (b) enlarge-
ment; (c) displacement; (d) merging; (e) selection

Figure 6.21 Conceptual generalization: (a) merging; (b) selec-
tion; (c) symbolization; (d) enhancement

M06_KRAA2793_03_SE_C06.QXD  10/16/09  4:56 PM  Page 101



 

102 Topography

6.4.3 Generalization processes and tools

The previous section explained the principles of general-
ization. How does it work in practice? Several cartogra-
phers have struggled with this question and suggested
conceptual models in an attempt to solve the generaliza-
tion problem. Among them are Brassel and Weibel
(2002) and McMaster and Shea (1992). The latter model,
in a slightly adapted version, is used to explain the prac-
tice of generalization and the tools available. McMaster
and Shea developed their method explicitly for digital
cartography. Figure 6.22 summarizes their approach.
They deconstructed the generalization process into three
tasks, translated into the questions of why, when and how
to generalize. ‘Why generalize’ has been discussed at the
beginning of the Section 6.4.1.

‘When?’ is related to a cartometric evaluation of the
original map data in relation to the generalized map. A
large reduction in scale of the DCM will cause legibility
problems related to graphic congestion and the coales-
cence of graphic symbols. These problems can be
avoided by the application of, for instance, threshold val-
ues or minimum distances between graphical objects.
Whenever objects come too close to each other or when-
ever a specified graphical density (number of objects
within a 10 by 10 cm square on the map, on paper or on
the screen) is surmounted, generalization algorithms can
be started up. McMaster and Shea describe this as the
transformation control. It consists of the selection of
suitable algorithms and of the suitable parameter values
to apply to them.

‘How?’ is related to the tools that can transform the
geometric and attribute component of the geospatial data,
to generalize effectively the original map data. Here the
tools, or rather the algorithms, that execute the actions of
the graphic and conceptual generalization are discussed.
The generalization of attribute data (classification and

symbolization) will be discussed in Section 7.3. Many
generalization algorithms do exist. Most of them are re-
lated to graphic generalization actions, in a vector or
raster data environment. This is not strange, since these
actions can only be translated into an algorithm when one
can observe regularities in them. For most aspects of
graphic generalization this can be effectuated. An exten-
sive overview of these algorithms is given by McMaster
and Shea (1992). However, it should be noted that most of
the algorithms available can only solve relatively simple
isolated problems that are linked to a single basic graphi-
cal element such as lines. Some of these algorithms can
still be relatively complex. Let us look at an example re-
lated to the selection action. The starting point is a data-
base of the European road network, which contains all
motorways, major and minor roads. When part of it has to
be displayed at a reduced scale, many roads would have to
disappear. It would be simple to suggest the selection of
just the motorways. However, this would result in a Euro-
pean network full of gaps. Often, near frontiers, motor-
ways stop and change into major roads, which cross the
border. In a manual situation the cartographer would in-
corporate these roads because of their importance to the
oveall road network. In the algorithms extra conditions
have to be incorporated to do this. Another simple exam-
ple is related to the display of towns based on the number
of inhabitants. After scale reduction it would be easy to
preserve only those towns with over 100 000 inhabitants.
However, in very densely populated areas such as the
German Ruhr the map would still be cluttered with sym-
bols and text. Cartographers then would apply other crite-
ria as well to omit some more towns in order to keep the
map legible. On the other hand, lots of areas with only a
few inhabitants would remain empty. Normally a cartog-
rapher would keep some smaller towns in these areas.
Again, special conditions would have to be incorporated
in the algorithm to make it do just this.

The generalization algorithms available in most GIS
packages are related to line simplification. Figure 6.23
shows the result of two algorithms. In Figure 6.23(a) the
nth-point algorithm, which retains every nth point, is ex-
plained. It follows a simple approach, and does not con-
sider any relations between neighbouring points. The
grey line represents the original data, and the black line
the generalized data. In the example n is set to three.
During execution, only each third point is retained as can
be seen in the table below the map. The user can define n,
and with it the magnitude of generalization. The result
will depend on the density and homogeneity of the points
along the line. A large value for n will result in a strongly
generalized line, and very likely in the loss of original
line characteristics. An algorithm that considers the line
characteristics is the Douglas–Peucker algorithm. It has
been accepted as one of the best generalization algo-
rithms available, and has been implemented in many GIS

Figure 6.22 A conceptual model of generalization (after McMas-
ter and Shea, 1992)
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Figure 6.23 Line simplification algorithms: (a) nth point; (b) Douglas–Peucker

packages. The algorithm considers the whole line during
the generalization process and eliminates points in an it-
erative process. It is efficient but relatively slow in pro-
cessing (Douglas and Peucker, 1973). An example is
shown in Figure 6.23(b). Again, the grey line represents
the original data and the black line the data after general-
ization. The algorithm works with a baseline and a toler-
ance zone. The baseline connects the beginning and end
points of a line (here 1 and 6). The first is called the an-
chor point and the second, the floater. The tolerance
zone, defined by the user, should guarantee that the line
characteristics are preserved. The smaller the zone, the
better the characteristics are preserved. The distance per-
pendicular to the baseline is calculated for all points be-
tween the floater and anchor. The point with the largest
distance (point 2 in Figure 6.23b II) will be saved, and
will function as a new floater point. For the remainder of
the line this process is repeated. All points that, at a cer-
tain moment during execution of the algorithm, fall
within the tolerance zone are considered not relevant,

and are left out in the final result (points 3 and 5 in
Figure 6.23b). This figure illustrates a very simple case,
and in practice many iterations have to be executed. The
result depends on the number of points in the original
line, their distribution and density, as well as the width of
the tolerance zone.

Generalization in the raster domain means generaliza-
tion of the attribute data, since the algorithms available
simplify the image. The simplest approach is to define
the dominant grid cell or pixel attribute for a region and
give this value to all pixels in the region. This approach
does not preserve the character of the mapped phenom-
ena, and more clever algorithms have been developed.
Most of the raster generalization tools originate from
image-processing disciplines. Often the algorithms work
with some kind of filter matrix, which is moved over the
whole raster data set. Figure 6.24 shows how these filters
operate. The filter in Figure 6.24(a)II has a low value for
the central pixel, which gives the surrounding pixels
more weight in the process. The filter in Figure 6.24(a)III
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will have a less generalizing effect on the final data set
because the value of the central pixel is high. The result
of the generalization process is given in Figure 6.24(a)V,
while in 6.24(b) the effect of both filters on a single pixel
is shown. The size of the filter also influences the result.

It has not been possible to translate conceptual gener-
alization processes into algorithms with any great suc-
cess. The reason is that such processes require knowledge
of the mapped theme. However, the potential of knowledge-
based systems is likely to change this. Several
experiments with knowledge-based generalization sys-
tems have been performed (Buttenfield and McMaster,
1991, Müller, 1991). Müller tried to apply a knowledge-
based system to the generalization of topographic maps
in the scale range between 1:25 000 and 1:250 000.
Figure 6.25 shows how the graphic and conceptual gen-
eralization actions fit in here. Topographic surveys have
clear generalization rules, otherwise they would not be
able to produce uniform map series that cover a whole
country. Müller notes that linear elements tend to domi-
nate the map image more, the further the scale decreases.
It has also been noted that the number of object classes
decreases as well, and roads become disproportionate in
size in respect to other line symbols. Of all geometric
relations, topological relations are preserved the longest
whereas shapes, distances, etc., are affected. In the ex-
periment conducted, rules and observations like the ones
mentioned in Müller’s system were applied. This was
done under the assumption that the data would be avail-
able in raster or vector format, and that the algorithms

needed would be available. While going through such a
scenario one still finds many unsolved problems. Most
rules point out what should not be done, but do not say
what should be done. And if they do, they do not say how
to do it.

Many problems still exist and several potential solutions
are only available in experimental environments. Some
GIS packages offer the user an interactive generalization

Figure 6.24 Area simplification algorithms: (a) the effect of two different filters; (b) the effect of the two filters on a single pixel

Figure 6.25 Knowledge-based generalization (after Müller, 1991)
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Figure 6.26 Absolute and relative terrain representation, Mount
Kilimanjaro. Upper right: contour lines and height points (ab-
solute); lower right: layer tints (relative); left: contour lines and hill
shading (combination)

environment. The user can select a specific area or a spe-
cific data layer, decide which algorithm to use (e.g. for line
generalization), and can subsequently set parameters. Re-
sults can be directly viewed on the screen, and when re-
sults are not as expected, the user can change the algorithm
or its parameters. It is also possible to use different param-
eters or algorithms for different parts of the study area.
The operator, however, should still possess a certain
level of cartographic skills to be able to judge the results.
Generalization guidelines are also discussed with an
example in the Scalemaster project by Brewer and 
Buttenfield (2007).

6.5 Relief

6.5.1 Introduction

In mapping the terrain the cartographer has to deal with
relief data. Again, there is a struggle to transform three-
dimensional reality onto the two-dimensional plane of
the screen or paper. Relief display should result in a map
that provides a geometrically accurate view of the terrain
and its shapes (morphology). The method of relief dis-
play depends on the purpose of the map. A map intended
to give a global impression of terrain requires a different
approach compared with a map from which one wants to
determine heights within accuracy limits of 10 cm. A
map to be used for building a dam will contain different
height information from a tourist map for a skiing area. It
is possible to represent terrain in absolute or relative
terms. In Figure 6.26 both methods are shown. Absolute
heights can be displayed by contour lines or height
points, as shown by the graphic representation of the
northeastern side of Mount Kilimanjaro in the figure.
Their value is determined above or below a reference
plane. Relative height indicates whether a certain loca-
tion is higher, equal or lower than other locations, which
can be effected by layer tints, sometimes enhanced with
hill shading, as is shown for the western side of Kiliman-
jaro (Figure 6.26). In mapping relief, cartographers have
employed many graphical techniques. The oldest relief
maps portray the terrain with simple symbols. Mountains
were drawn in aspect or sketched. Relief mapping further
developed via hachuring without three-dimensional
stimuli, to a systematic hachuring, later followed by hill
shading to enhance the relief impression. Plate 30 shows
hill shading by the Swiss cartographer Imhof. He intro-
duced the luftperspektivische Geländedarstellung to rep-
resent relief (Imhof, 1982). It is based on the natural
effects of atmospheric colours in the mountains, and is
seen as one of the best methods of indicating map relief
on a geometrically accurate orthogonal map, while still
preserving the third dimension. The shading is printed in

tints of violet, and a yellowish tint is added to the slopes
facing a fictitious light source. The relief impression is
further enhanced by adding more contrast in the higher
areas. This technique is employed in Swiss topographic
maps. Since this method of relief representation is a
skilled and (as with most other relief representation
methods) laborious activity, cartographers have tried to
achieve the same effect with computers.

Plate 30 also shows a detail from the Grote Bosatlas
(2001). In this map, layer tint mapping is applied. All
areas between certain contour lines get a specific colour,
which ranges from dark green for low areas to reddish-
brown for high areas. A different approach to relief map-
ping entails representations such as block diagrams,
perspective views and panorama maps. In these maps the
third dimension is not projected on an orthogonal base
map. Plate 31 gives an example of a panorama map of
the Atlantic Ocean produced for a National Geographic
map by H. C. Berann. A review of most relief representa-
tion techniques is given by Imhof (1982).

6.5.2 Digital terrain models

To create relief displays by computer one needs data to
start from. The key phrase here is digital terrain model
(DTM). DTM is usually defined as a numerical represen-
tation of terrain characteristics. When dealing with the
altimetric aspects only, they are often called digital eleva-
tion models (DEMs). Both DTMs and DEMs can be seen
as digital landscape models (DLMs; see Section 1.2) that
can be manipulated in a GIS for surface operations, or to
create digital cartographic models. There are several ap-
plications that require a more general approach to digital
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terrain modelling allowing for the incorporation of three-
dimensional geospatial objects that are application-
dependent and may be called topographical, geographi-
cal, geological, etc. Examples related to geosciences are
given by Raper (1989). At the same time, the functional-
ity of existing GIS software packages is being expanded
to combine relief data with planimetric data of topo-
graphical and thematic coverages. To cover all applica-
tions the definition should be expanded: a digital terrain
model is a digital three-dimensional representation of the
terrain surface and of selected zero-, one-, two- and
three-dimensional geospatial objects that are related to
this surface. The use of three-dimensional maps can be
very effective in explaining spatial relationships. For in-
stance, when mapping the Earth’s surface, digital terrain
models can give an explanatory insight into its forms.
Using the possible ways of looking at the terrain in an in-
teractive environment, by changing view angle and az-
imuth, the sometimes difficult interpretation of the
contour line pattern of a topographic map or chart can be
avoided. The height information can be combined with,
for instance, land use information.

Digital terrain models have found a wide range of
applications. They are used in civil engineering for the
determination of earthwork cut and fill volumes, land-
scaping, and for creating a visual impression of the
environmental impact of civil engineering projects. In
topographic mapping they are used to visualize terrain
forms. In geological and geophysical mapping they visu-
alize surface and underground structures. They are also
in use in navigation simulation, for instance to train pi-
lots. And, last but not least, the military applications have
to be mentioned. Here digital terrain models provide in-
formation on visibility from a specific point, while slope
information is used to plan the most suitable route, and
some missile guidance systems use digital terrain model
information for navigation.

In order to collect data for digital terrain model build-
ing, the same data collection techniques that were dis-
cussed in Chapter 2 are used. Existing maps that contain
contour lines and spot heights can be digitized. One
should note that the quality of the DTM can never surpass
that of the map the data were derived from. Because con-
tour lines are often a product of interpolation, the quality
of DTMs based on digitized data is often less than those
collected by photogrammetric or surveying techniques.
This last technique provides the most accurate data, but is
only suitable for relatively small areas. The result acquired
by photogrammetric techniques depends on the photo
scale. Next to the technique, the data gathering method ap-
plied will influence the usability of the DTM. If one ap-
plies selective sampling, all characteristic points in the
terrain can be incorporated in the DTM. Another method
applied is systematic sampling. Here data are sampled at
regular distances. This approach provides no guarantee

that characteristic points such as the highest and lowest
point can be incorporated, since they can be located be-
tween the sampled points. Selection of a method will de-
pend on the purpose of the DTM (measurements or
presentation), the nature of the terrain (roughness and ac-
cessibility), and the available hardware and software.

To structure the DTM data in a digital landscape model
one can choose between a grid approach and a triangula-
tion approach. The first results in a regular network of
points covering the study area. Height values are deter-
mined at these points. Figure 6.27 shows an example. In
the figure the height values are based on original height
measurements as displayed in Figure 6.27(a). The dis-
tance between the points, in relation to the distribution of
the original data, as well as the local or overall interpola-
tion method applied, defines the model’s accuracy. An ex-
ample of local interpolation is illustrated in Fig-
ure 6.27(b). For each point value to be determined, the
heights of the six closest original data points, including a
distance weight factor, are used. An example of an overall
approach is the calculation of a polynomial function that
includes all original points. The grid point height values
can be derived from this function. Both approaches have
advantages and disadvantages with respect to the result
and to processing time. Many organizations selling DTM
data, such as the British Ordnance Survey and the United
States Geological Survey, use the grid approach. In
Figure 6.27(c) a triangular network is drawn. An impor-
tant characteristic of this approach is the fact that each of
the original data points is incorporated in the model. This
offers the opportunity to consider local relief characteris-
tics. The network in Figure 6.27(e) is the result of the
Delaunay triangulation algorithm. It results in a triangular
irregular network (TIN). This algorithm is incorporated in
most GIS packages (often in a slightly adapted version).
Characteristic of a Delaunay triangle is that it has edges
with the shortest possible length, and the angle between
two edges is as large as possible.

In a GIS environment the DTMs are used to execute
surface analysis. The basic geospatial units of a DTM,
grid squares or triangles, have an important function. Two
of their attributes, slope and aspect, play a prominent role
in a calculation related to the surface analysis (Fig-
ure 6.27f and g). Slope is defined as the amount of change
in height over a fixed distance, expressed as a percentage
or in degrees. Aspect is the orientation of the geospatial
unit with respect to the north, and is expressed in degrees.

6.5.3 Terrain visualization

Questions one is likely to ask when executing a terrain
surface analysis range from simple queries such as
‘What is the height at this location?’ and ‘What areas can
be found between 200 m and 400 m?’ to more complex

M06_KRAA2793_03_SE_C06.QXD  10/16/09  4:56 PM  Page 106



 

Relief 107

Figure 6.27 Data representation from contour lines (a) to a regular grid (d) and triangular irregular network (e), basic geographic unit
in regular grid (f) and in triangular irregular network (g). Between (a) and (d) an interpolation algorithm (b) is applied, and between (a)
and (e) a triangulation algorithm (c) is applied

queries such as ‘Which terrain is visible from this
point?’, or ‘How much earth has to be moved if . . .?’
Most answers can be given in map form.

The shaded relief map is DTM’s most prominent de-
rived product. Shaded relief maps used to be products
that could only be created by a few very skilled cartogra-
phers. Today this hill-shading technique is available to
every GIS user. However, it should be mentioned that, as
with generalization algorithms, the users can still make

many mistakes, since they have to set lots of parameters.
In traditional cartography the sun is put at a certain angle
in the northwest to create a shaded relief map that is per-
ceived correctly. Having the light source in the south for
instance (which after all is quite natural in the northern
hemisphere) would result in a map on which people
would see mountains in valleys and the other way round.
This relief inversion is caused by stimuli received by the
human brain. In a GIS environment the user can freely
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set the location of the light source and so can create maps
that give a wrong impression of the terrain.

Figure 6.28(a) explains how a shaded relief map can
be created from a DTM. In the example a TIN-based
DTM is used. For each triangle a normal (the vector per-
pendicular to the triangle plane) can be calculated. Next,
the angle between the normal vector and a vector repre-
senting the light source with respect to the observer is
determined. The light source is placed in the northwest at
an angle of 45° to the plane. Working with normalized
data, this will result in a value of between one and zero
for each triangle. The next step is to create a grey scale,

and to define the lightest tint as zero and the darkest tint
as one. Now it is possible to match triangle values with a
tint from the grey scale. The approach described here is
the simplest solution. More advanced algorithms can
consider special cases as well. The result of the algorithm
is shown in Figure 6.28(b). Here some of the original tri-
angles can still be recognized. This is due to the density
and distribution of the original height data as displayed
in Figure 6.27. The option to change the algorithm’s pa-
rameters, such as the position of the light source, is
sometimes needed because of terrain characteristics. An
example is a mountain ridge with 45° slopes, which
ranges NE–SW. Without interference the resultant map
would be black and white only – something cartogra-
phers would try to avoid if possible.

Other derived products are shown in Figure 6.29. On
the left of this figure a profile based on the DTM data is
presented, while on the right is a visibility map. Profiles
can be used to see what effect the terrain will have on a
new high-speed train link, and give insight as to where
earthworks have to be excavated. The dark area in Fig-
ure 6.29(b) shows the terrain visible from the selected
point, looking northwards. The dashed lines indicate the
view angle. One can also set the maximum viewing dis-
tance. In the examples it was assumed that weather con-
ditions would allow for 30 km visibility. More complex,
but also possible, is the calculation of the terrain visible
from two different points, or the calculation of the terrain
from where one could see the location of the observer. As
well as having several military applications, this type of
calculation for visibility maps is used in environmental
impact assessment, for instance in order to determine
where to put high-rise buildings without visually disturb-
ing the countryside. Most digital cartographic models,
from which the figures in this section are derived, neglect
the third dimension, although it is available in the digital
landscape model. As the panorama maps in Figure 6.30
demonstrate, it is possible to preserve the third dimen-
sion in the image. The main map in the figure shows the
terrain with other data, such as hydrography, vegetation
and roads draped over it. The inset in the upper left of the
figure shows a detail of data in two dimensions, the in-
sets at the bottom show the same terrain from different
viewpoints, and the upper right inset shows a fully
shaded perspective map with terrain features draped
over. Plates 3 and 29 show a topographic map draped
over a detailed terrain model. These days GIS software
with digital terrain modelling capacity has draping func-
tions available. Next to maps satellite imagery can be
used as well to create realistic three-dimensional views.
Google Earth has made detailed terrain data widely
available as backdrop for in imagery and offers user a 3D
perspective on our planet. Users can drape their own
maps on this terrain as seen in Plate 3, but they can also
add other 3D feature such as buildings.

Figure 6.28 Principles of hill shading: (a) the grey value of a ter-
rain patch is determined by the values of the patch’s normal and
the position of the light source relative to the patch; (b) an exam-
ple of a shaded relief map
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Figure 6.29 Digital terrain models and derived products: (a) profiles; (b) visibility maps

Figure 6.30 Perspective maps. Looking at the terrain from different viewpoints and with different data layers draped over
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In order to be able to create maps such as those in
Figure 6.30, as well as any other three-dimensional
maps, the nature of the program functionality available is
very important. Figure 6.31 shows a minimum function-
ality. The functions or utilities can be grouped into four
main categories: three-dimensional visualization utili-
ties, cartographic design, cartographic modelling, and
final display utilities. These should be accessible via a
graphical user interface (Kraak, 1994).

Three-dimensional visualization utilities are con-
cerned with the user’s view of the map. They include
geometric map transformations such as rotation, scaling,

translation and zooming to position the map in three-
dimensional space with respect to the map’s purpose and
the phenomena to be mapped. Geometric manipulations
are necessary since in a three-dimensional image pre-
sented on a flat screen there is the possibility of elements
disappearing behind other elements, as is shown in
Figure 6.31. This can negatively influence the map’s task
of information transfer. To avoid this, a proper viewing
position should be found by rotating the map around
each of the x-, y- and z-axes separately. An important fea-
ture is the option to scale the map along the z-axis to find
the proper vertical exaggeration. Most software that can

Figure 6.31 Functionality of a three-dimensional cartographic production unit
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handle the third dimension has this particular option.
During the mapping process it should also be possible to
use equipment such as a stereoscope to view the map in
‘real’ 3D.

Cartographic design utilities refer to the main design
functions, which should include options to choose proper
symbology. Among them are the definition of colours,
line sizes, fonts, etc., and the positioning of legend, north
arrow and scale bar. Information on the orientation of the
non-orthogonal map with respect to the more familiar 2D
view is also of importance. Referring to this orientation
it should be noted that a direct link between symbols in
the map and those in the legend is necessary. The design
process is influenced by 3D perception rules. This means
that as well as the use of graphical variables, pictorial
depth cues such as shading, texture, perspective and
colour should be applied. The relative importance of
each of the depth cues depends on the degree of realism
of the final image. Other basic operations that might in-
fluence the design, such as coordinate transformation,
selection, classification and generalization of the data,
are assumed to have been executed beforehand.

Cartographic modelling can be seen as manipulating
maps or map layers. Tomlin (1990) describes it as a geo-
graphic data processing method, but within the frame-
work of this book its only purpose is visualization. It also
provides a link with GIS databases, and allows the car-
tographer or user to retrieve other map data and combine
them partly or as a whole with the basic three-dimensional
map data already displayed, as seen in the main map of
Figure 6.31.

Final display utilities should help the user to produce
the final map using known cartographic techniques as
well as appropriate computer graphics techniques, both
depending on the output medium (e.g. the monitor screen
or PDF). From the computer graphics world complete
rendering programs can be implemented. These not only
take care of hidden surface removal, texturing and shad-
ing, but also include complete atmospheric models for re-
alistic images. These last methods should only be applied
if, from a cartographic point of view, they enhance the
main task of the map, i.e. information transfer. At the mo-
ment GIS packages do not offer this type of functionality.

6.6 Topographic data: mapping and charting
organizations

6.6.1 Introduction

Users working in a mature GIS environment will find
most of the data needed in their own GIS database. If
specific data needed for an analysis are not available the

user has to consider other sources. When geometric data
are needed, the local map library used to be the first
place to go. After finding the map, it would be digitized.
This might still be the only way of acquiring the data
needed in many cases. However, it is much more conven-
ient if the data can be obtained digitally, and one might
find the right provider through the portals of the GII.
Government organizations such as those responsible for
topographic mapping and planning have digital data for
sale. For topographic mapping organizations the sale of
digital data nowadays overtakes sales of paper products.
For these organizations, the first task to be performed
with computers was to implement the new technology in
the conventional mapping process. Their goal was to pro-
duce the same maps using the new technology. The first
data sets created were unstructured and could only be
used to draw maps. Such an approach is not that strange
if one remembers their goal: to speed up production of
the paper maps. However, changing information needs in
the civil and military market forced the mapping organi-
zations to build structured topographic information sys-
tems, and make their data available in a format that suits
user demands. Organizations such as NATO and the Eu-
ropean Union also increased the need for data sets that
could cross international boundaries. Environmental
problems, requirements of car navigation systems and
digital terrain models are all examples of topics that do
not stop at national boundaries. In Europe the umbrella
association of the topographic mapping organization
EuroGeographics is stimulating cooperation and stan-
dardization, by making the data of the European National
Mapping Agencies interoperable. However, the approach
towards the graphical representation of the geodata still
varies from country to country, as can be demonstrated
by the samples in Plates 34–39.

This section will study the different topographic map-
ping activities of several organizations and countries,
which each emphasize different aspects of the topo-
graphic mapping process. This includes the Global Map-
ping Initiative, SABE Europe seamless administrative
boundary data, the American National Map concept and
the approach of the British Ordnance Survey towards its
products and the World Wide Web (see their respective
websites for recent developments). Regarding data
sources, apart from governmental organizations there are
commercial companies specializing in providing digital
geometric data. Some of these have their own data pro-
grams, often linked to a GIS consultancy, with data sets
of administrative boundaries, road networks, etc. On de-
mand they can provide any type of digital geospatial
data. Attribute data are often (digitally) available from
census bureaux. Several GIS vendors have set up data
programs as well, to increase GIS awareness and sales.
An example is the Geography Network run by ESRI. It is
a global network of users and providers of geographic
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data, and enables the sharing of these data through the
Internet. Through their Geography Network Explorer
(see Figure 6.32) one can search for data that are being
offered. Several, mainly North American, organizations
offer their data for free, while access to many online
mapping services is available. Links to governmental
data providers are provided as well. Via this service ESRI
offers several world data sets varying from relief data
and hydrography data, to data on landscape zone and
mineral deposits on scales between 1:1 and 1:15 million.
All data offered have some sort of metadata description
that informs the user of its source, age, coverage, update
frequency, etc. This is rather important if one wants to
know if the data fit the purpose of use. Many data found
on the Internet lack such description, but it should be
mentioned, however, that such data come on the web as
they are: no guarantees and no maintenance. But for
some these data would just fit their requirements. Re-
cently many data have been offered in formats formally
decided upon by the ISO standards organization and the
OpenGIS consortium. These formats are all web-enabled
and adhere to XML (eXtendable Mark-up Language)
and its geographic sub-format (GML – Geographical

Mark-up Language). Some national mapping agencies
have started to offer their data in these formats, and it is
expected that most data will be available in these stan-
dards soon.

6.6.2 Global Map

The Global Map project was initiated by Japan as a reac-
tion to the outcome of the UN Environment and Devel-
opment Conference in Rio in 1992. Its objective is to
provide easy and open access to globally consistent geo-
graphical data for research and decision-making related to
global change monitoring and environmental analysis.
The map data concerned will be available (depending on the
nature of the theme) in both raster and vector format. The
raster data have a 1 km resolution and the vector data are
based on the 1:1 000 000 scale. Eight map layers are
foreseen. They include boundaries, drainage, transporta-
tion, elevation, population centres, land cover, land use
and vegetation. Updating is foreseen for the relevant lay-
ers every five years. The data layers will be based upon
existing data sets. For instance, the elevation data are

Figure 6.32 ESRI’s Geography Network Explorer
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Figure 6.33 A map of a part of Australia created from Global Map data

based upon the Global 30 Arc Second Elevation data set
(GTOPO30) created by the USGS/EROS Data Centre,
and the drainage system uses NIMA’s VMAP level 0
data. NIMA is the National Imagery and Mapping
Agency, the military mapping establishment in the
United States, and has set the VMAP (Vector MAP) stan-
dard. Additionally, the national mapping agencies are the
major providers of the data, and currently over 80 coun-
tries participate in the project. Up till 2009 over 60 coun-
tries had made their data available (see also Figure 2.6),
among them Australia (see Figure 6.33). Global Map
will also contribute to the Global Spatial Data Infrastruc-
ture, and the specifications written for the map comply
with the ISO standard on geographic data (TC211).

6.6.3 SABE

The Seamless Administrative Boundaries of Europe
(SABE) was an initiative of the MEGRIN initiative
(Multipurpose European Ground Related Information
Network), now part of EuroGeographics, the organiza-
tion of the European National Mapping Agencies. As a
database of all European administrative boundaries it
was originally created in 1991 for census purposes.

Currently a 2003 version of this database is available.
The database includes the geometry and semantics
(names, codes, etc.) of all administrative hierarchies up
to the municipality level of 32 European countries.

The project might not appear to be so special, but if
one realizes that almost all countries have their own na-
tional grids and adhere to different hierarchies in their
administrative units it is not that straightforward to
match them into a single data set. Some countries have
only two levels of hierarchy, while others have six levels.
Additionally, the geometry was derived from maps with
scales ranging from 1:5000 to 1:600 000. Line general-
ization has been applied to create boundaries with a sim-
ilar point density for all countries. On international
boundaries edge matching has been applied. Coastline
data have been added, because administrative boundaries
do not always coincide with the coastline and most attrib-
ute data only refer to the land of the particular unit.

Figure 6.34 shows the resulting example of the sample
data set provided by EuroGeographics. It shows the area
where Belgium, Luxembourg, Germany and France
meet. The diagrams in the figure show the hierarchies of
the units in the respective countries and the map scales of
the source maps used. The map of Europe shows the
countries currently covered. The final project can be
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used on a scale of 1:100 000. The data set could be used
for instance to compare and analyse demographic and
economic data.

6.6.4 USGS National Map concept

Geospatial data supply is influenced by the policies of
the different national mapping agencies. These policies
may be widely diverging. In the United States, the United
States Geological Survey (USGS) considers its geospa-
tial data as public property, which should be made avail-
able at a nominal charge to every citizen. However, a
slight change towards a more commercial approach is ev-
ident. Great Britain and other European countries, on the

Figure 6.34 Luxembourg and neighbouring countries from SABE data, and the administrative structure of those countries

other hand, regard geospatial data as a commercial com-
modity, the access to which should be regulated by the
market forces of supply and demand.

In the United States, civil topographic mapping is
taken care of by the USGS. The major map series (over
55 000 sheets) is published at scale 1:24 000. However,
these maps are on average over 20 years old. A recent re-
port by the USGS titled ‘The National Map’ contains a
vision on how the country can be supplied with a data-
base that contains current, continuously maintained geo-
graphic data. The ‘National Map’ will consist of high-
resolution digital orthorectified imagery, high-resolution
surface elevation data, vector feature data for hydrography,
transportation, structures and boundaries as well as geo-
graphical names and land cover data. The update ambitions
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regarding the National Map are rather high, since the ini-
tiative aims at capturing changes in the landscape within
seven days. In order to be successful and reach these ob-
jectives the USGS has realized that this will depend very
much on cooperation and partnerships with other organi-
zations such as local governments, private industry and
even volunteers. The data density will depend on the na-
ture of the geographic area and the needs. The USGS will
make the map accessible via the Internet. The National
Map database will also be the source from which paper
map series may be derived. Since many technical and
organizational issues have yet to be resolved, the USGS
has started several pilot projects, each focusing on a
particular (foreseen) problem.

6.6.5 Ordnance Survey and the WWW

The Ordnance Survey (OS) is the topographic mapping
organization in Great Britain (Plate 40). It is responsible
for the small-, medium- and large-scale mapping of
the country. Small- and medium-scale map series are
produced at scales 1:625 000, 1:250 000, 1:50 000 and
1:25 000. More than 220 000 large-scale maps, called
National Grid Plans, are published at scales 1:1250,
1:2500 and 1:10 000. To speed up and enhance the pro-
duction of these large-scale maps, computer cartography
was introduced at the beginning of the 1970s. After digi-
tizing more than 40 000 maps, times changed. During
the mid-1980s two key words had a great impact on the
approach: GIS and privatization. The first affected the
cartographic approach: cartographers at the OS had to
change from unstructured drawing files to topologically
structured data. The second had economic consequences:
income and savings. The combined impact completely
changed the mapping procedures.

In 2001 the Ordnance Survey launched the OS Mas-
termap, a large-scale map covering the whole country. It
consists of the recompiled national grid plans. Each of
the 400 million elements in the OS Mastermap database
has a unique 16-digit reference number, a ‘topographic
identifier’ (TOID). An example of such code is
0001000006032892, which identifies the Tower of London.
The ‘map’ is seamless and allows the users to select any
coverage they need. Via the TOID other data can be pre-
cisely linked to the OS data. The data are also organized
in thematic layers. Among these are the water, height,
buildings, tracks and paths and boundary layers. The
users will get their update via the WWW, and in contrast
with the past only those objects will be supplied that ac-
tually have changed. The OS Mastermap will in the fu-
ture be the source for all OS products, including for
instance the 1:50 000 Land Ranger series. The Mas-
termap data will be supplied in the GML (Geographic
Mark-up Language) format.

The WWW plays an important role in the Ordnance
Survey’s communication with its customers. Its website
presents a wealth of information, ranging from extensive
background information on the organization, including
its history, to copyright rules. For public relations, infor-
mation with photographs, map samples and screenshots
of the OS website are available for free use. A distinction
is made between the business user and the leisure user.
To the first, all information on large-scale mapping prod-
ucts is available, such as the OS Mastermap and related
products such as Superplan and Landline. Additionally,
explanatory information on how the database is con-
structed and how the data are stored can be found. The
second group receives information on the different
small-scale maps and can order them online. Before the
user decides on a particular map all kinds of options are
available to preview (the coverage of) the map one is in-
terested in. Typing a place name gives the option to select
from the different map series that cover the selected
location. In this process the Get-a-map service is used
(Plate 41). For geographic education the website offers
lots of information on how to use maps in the classroom.
For young children there is a MapZone that offers expla-
nations for many map-use cases, such as the use of the
National Grid. For higher education, research activities
for MSc and PhD theses can be combined with the activ-
ities of the Ordnance Survey. Under the header ‘The
GIS-files’ a whole explanation on map and spatial analy-
sis is available. Finally some free demos and data are
available. They function as teasers to increase interest in
the products of the Ordnance Survey and include puz-
zles, animated fly-throughs and a virtual hill-walking
experience in VRML.

6.7 Geographical names

Geographical names are used to relate both to one’s envi-
ronment and to mapped information about that environ-
ment. As they can also form the link between different
data files their spelling has to be standardized, and this
generally is the task of a national names agency, fre-
quently either situated within a national mapping organi-
zation or related to it. In the United States this is the US
Board of Geographical Names (BGN), in the UK the Per-
manent Committee on Geographical Names for British
Official Use (PCGN), and in the German-speaking area
the Ständiger Ausschuß für geographische Namen
(StAgN). For the international exchange of geographical
names information, rules have been elaborated by the
United Nations Group of Experts on Geographical
Names (UNGEGN), which organises UN Conferences
for the Standardization of Geographical Names where the
standards they propose are voted on, and later sanctioned
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by the UN Economic and Social Council. On a regional
level in Europe names are processed according to the
INSPIRE directives, that aim at a harmonization of geo-
referenced data, thus allowing users to identify, access
and use these data throughout the EU; specifications have
been developed for geographical names as well.

The names standardization on a national level consists
of defining the official spelling of a name, including all
its diacritics (such as ë, å, ç, ñ, š;), special letters (such as
ß, æ, ð and ij) and the accents and hyphens needed, as
well as information about which letters have to be written
with capitals instead of in lower case. Information about
the spelling procedures regarding geographical names
belonging to a specific country can be found in the
Toponymic Guidelines countries must publish according
to UN resolutions. The website of UNGEGN (http://
unstats.un.org/unsd/geoinfo/ungegn.htm) also gives di-
rections to these guidelines.

Of course, spellings can only be standardized when
the geographical names have been collected. In many
countries this process is still ongoing, usually in con-
junction with detailed topographical surveys. The sur-
veyors would ask for the names the local population, as
well as local government, is using to refer to geographical
objects in its environment. The meaning of the names
and their pronunciation would then be recorded as well.
These names will then have to be processed, checked
with regard to their spelling by the national geographi-
cal names agency or its equivalent, and, when agree-
ment on their spelling has been reached, compiled into
gazetteers that are alphabetical lists of geographical
names with an indication of the type of feature named,
its location and extent. In the data specifications devel-
oped by INSPIRE, information about the language,
gender, status (official or not official), the dates the
spatial object was incorporated in the data set, and the
date the name was made valid (standardized since . . .)
as well as the script used for the official name (in Eu-
rope the Roman, Greek and Cyrillic alphabets are in
use) is also incorporated.

The official name for a geographical object in use in a
country where that object is situated is called endonym.
Countries or language communities can also have names
for geographical objects lying outside that country, and
that are different from the official local name versions
for these objects; these names are called exonyms.
Leghorn is an English exonym for the Italian port of
Livorno. Belgrado is an Italian exonym for the Serbian
capital Beograd. Wolga is the Dutch exonym for the
Russian river Boлгa. Exonyms are usually very much en-
trenched in the national culture and history of the lan-
guage communities using them, but they may also be a
barrier in international communication, and that is the
reason why UNGEGN tries to restrict their use, and pro-
motes the use of endonyms instead.

National standardization of geographical names forms
the basis of international standardization. The rules and
recommendations developed here refer very much to the
conversion of one writing system to another. When both
the source and receiver country of geographical names
use the same alphabet, the rule is to copy the official
spelling of the endonym, including all the diacritics it
might have. Use, for instance, the endonym form
Bucureşti instead of the English language exonym
Bucharest. If source and receiver country have different
writing systems, an official UNGEGN-approved conver-
sion system is called for to change the name from one
writing system to another (one does not speak of
alphabets here, because some writing systems do not use
signs for representing individual sounds or phonemes, as
in an alphabet, but for syllables or even for complete
concepts). Conversion systems can be transcriptions,
where the sounds of one language are represented in the
writing system of another language (a transcription of
the name of the Russian capital Moc�Ba gives Moskva,
and of the Iraqi capital gives Baghdad. Opposed
to transcription is transliteration, a conversion system in
which the letters of one alphabet are converted to letters
in another: gives Bag

.
dād here. In principle,

when transliteration is used, the transliterated name can
be transliterated back to the former alphabet and result in
the original name form, Bag

.
dād	 . This is not

possible in transcription: the name of the French port
Bordeaux will give Бopдo in Russian, but when tran-
scribed back to the Roman alphabet this will result in
Bordo. The UN-accepted system for converting Chinese
names into the Roman alphabet is called the Pinyin sys-
tem. According to this system the name of the Chinese
capital gives Beijing in the Roman alphabet; it
used to be known under the English exonym Peking.

Standardization of name spellings is not enough, this
information as to how to write the names should be dis-
tributed as well. The UN is developing a geographical
names database, as are most countries. Currently, many
of them have started to provide names information on the
Internet. The United States provide the official spelling
of its names on http://geonames.usgs.gov/domestic, from
the USGS Geographical names information system. It
also provides names from outside the US through its Na-
tional Geospatial Intelligence Agency, the NGA GEONet
Names Server (GNS), at http://earth-info.nga.mil/gns/
html/index.html. A private website based on the NGA
material is Geonames (http://www.geonames.org). In
Europe, under the EuroGeoNames project a website link-
ing all the national geographical names databases is the
EuroGeoNames Reference Application www.eurogeonames.
com/refappl), see Figure 6.35. It contains information on
the feature type, its coordinates, the institution in charge
of maintaining the database, the language, that it is an
endonym, the data source, a national ID number and the
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Figure 6.35 Screen shots from EuroGeoNames

Figure 6.36 Distribution of all names in the gazetteer of the National Atlas of the Netherlands containing the name suffix -dam
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status of the name (whether officially standardised or
not). A special service shows the location of the named
object on the map.

As soon as names are available in a digitized form, it is
possible to query them and also select name parts, for in-
stance, like all names containing the suffix -dam. Fig-
ure 6.36 shows a screenshot from the name server in the
National Atlas of the Netherlands, queried for the name
suffix -dam.

Increasingly, spatial data exchange will be governed
by standards like those developed by INSPIRE or similar
bodies, and that is why they are referred to here.
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In the previous chapter the locational component of geo-
graphic objects or features was discussed. This chapter
will deal with the attribute component. Attributes can an-
swer questions like: What does one find at a specific lo-
cation and what are its characteristics? The map type that
visualizes these attribute data is the thematic map, and its
design is discussed in this chapter. Attribute data can be
qualitative (language, soil characteristics, geological for-
mations) or quantitative (air pressure, height above sea
level, income or election results) – see Figure 7.1. The at-
tributes can change and the objects that have these attrib-
utes can change; visualization of these changes is dealt
with in Chapter 8. For rendering attribute data one needs
a topographic background: it is no use presenting a geo-
logical map if one cannot locate the geological formation
one is interested in. Attribute data are usually collected
from aerospace imagery, during fieldwork or statistical
surveys.

7.1 Statistical surveys

Statistical surveyors collect socio-economic data, either
continuously, in samples or in censuses. In some coun-
tries with advanced administrative structures where the
population registers of all municipalities have been con-
verted into online facilities, there is a continuous updat-
ing of population data. Depending on the size of the
municipality or the subdivisions discerned, other data
might be collected by drawing samples from the total
population and assessing the present characteristics
of these samples: by asking those sampled where and
how they spent their holidays last year, or the amount of
loans they took out or their current employment situa-
tion. This kind of information might be more detailed
than the general data currently collected in a population
register (name, gender, place and date of birth, national-
ity, marital status, children and their birth dates or the
fact whether they own or rent their accommodation).

However, although it is more detailed from a thematic
point of view, it is less detailed in a geospatial context;
because of its sample character it might only be correct
to show the data on a higher aggregation level as it would
not be representative otherwise.

Most countries still have censuses every 10 years. In
these censuses the population characteristics are col-
lected for as high a percentage of the population as possi-
ble, by enumeration officers that try to check the forms
when collecting them, in order to have as standardized an
interpretation of the questions as possible. As well as
these population censuses, in many countries housing
censuses are carried out, which are meant to gather data
on the situation (quality and quantity/capacity) of resi-
dential buildings.

As well as population and housing censuses there are
agricultural censuses (every year or every five years),
manufacturing industry censuses and company censuses.
The scale of the production, the size of the work force,
the turnover or added value or the value of the production
assets will be assessed for these censuses.

These statistical data, in whichever way they have
been collected, are subject to privacy regulations. If peo-
ple could not be sure of privacy, the information would
not be provided by them. This means that when the data
are to be rendered or published in alphanumerical form
they are combined first, so that information on individ-
ual, identifiable households, farms, plants or companies
cannot be worked out from the data. Another method
of safeguarding privacy when data are collected for 1 �
1 km cells, is to randomly add numbers (�1, �0, �1) to
figures for individual cells, and to suppress data cells
with eight households or less or less than 25 people (see
People in Britain, Census Research Unit, 1980) in a data
grid cell, so that it is still impossible for the other house-
holds living in such a cell to work out what the character-
istics of the household would be. This secrecy is required
by the data suppliers, who have given the information in
confidence, but has important consequences for the data
users: data are combined, and may or may not be averaged,

CHAPTER  7 Statistical mapping
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Figure 7.1 Working with geospatial data from the perspective of the data’s attribute component

resulting in either overall figures or average figures.
Visualized, this generally leads to choropleth maps or
proportional symbol maps. Their characteristics will be
commented upon in Section 7.5, but at this stage one
should point out some visualization aspects that are
directly related to the data gathering techniques.

There is a false suggestion of homogeneity in choro-
pleth maps: values for a phenomenon like population
density or the number of general practitioners per 10 000
households are represented in such a way that a sugges-
tion of homogeneity is conveyed: values seem the same
throughout the enumeration unit. Look, for example, at
Figure 7.2(a): each dot represents the income of a farmer
located at the site of a dot. Incomes tend to vary consid-
erably in this example, because of the variation in soils
and relief, i.e. gently sloping valley farms on good soils
versus small patched hillside farms on steep slopes and
poor soils. When the statistical enumeration officers
visit, they will collect the income data (or they might
obtain them from the Inland Revenue), which then
will be combined (because of privacy regulations) and
represented as a choropleth: for every enumeration area
the combined income data will be divided by the number
of farms, and these average data categorized (see the

choropleth method procedure in Figure 7.19). The result-
ing image is shown in Figure 7.2(b), represented with
tints that get darker when the values they represent get
higher. So the extreme local differences in characteristics
that geographers would be interested in have been oblit-
erated. This is because the enumeration area boundaries
are seldom drawn with a specific phenomenon in mind –
they are not relevant for this phenomenon. It would be
preferable to base the boundaries on the original data (as
found in Figure 7.2a), delineate the areas with similar
values, and determine averages within these new bound-
aries, so that the choropleth result would be as in Fig-
ure 7.2(c). But cartographers seldom are in a position to
do this, as the original data are not available to them.
However, one should still be aware of this problematical
aspect of rendering statistical data.

Another aspect is that when non-area-related ratios are
being represented, the impression of the choropleth will
be determined more by the size of the enumeration unit
than by the actual values expressed by the grey value
tints: it is the size of the areas that makes the ratios repre-
sented in them stand out, while it should be the size of
the original numbers they refer to. Consider the example
shown in Figure 7.3. When mapped, the large marginal
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areas in the west and north stand out, suggesting that the
problem of large practices is a minor one in Britain.
However, when one analyses the data, it is found that 
the largest number of patients lives in the darkest, 
urban areas with high patient/GP ratios (see Plate 7).

What people see when confronted with proportional
symbols related to areas (as in Figure 5.1b or 5.9b) is a
ratio between the size of the symbol and the size of the
enumeration area it refers to. When areas are compared,
one actually compares these ratios and the ratios are con-
sidered to stand for the whole enumeration area, again
suggesting a homogeneity that does not exist.

In fact, this problem is only offset when the original
data coordinates are known (such as the addresses of the

Figure 7.2 Farm income figures: (a) reality; (b) represented in the
usual choropleth manner; (c) with boundaries adjusted to the phe-
nomenon

Figure 7.3 The influence of differences in enumeration area sizes
on data perception in choropleths
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households being surveyed for the Census) so that the
data can be represented within regular cells, as in the
atlas People in Britain (1980), for example (Figure 4.11).

7.2 Data analysis

When statistical data are presented for representation, a
number of questions need be asked – in order to assess
how useful they will be. The answers might be directly
available in the metafiles that accompany the relevant
file, but it is necessary nevertheless that one realizes the
implications of these answers. The questions would re-
volve around when the data were collected, in which way,
for what purpose; for which period of time or to what
area they refer to, etc. These answers will indicate the
utility, reliability and accuracy of the data. They will in-
dicate whether the data have been collected in a way
comparable to similar gathering exercises in the past, so
that time series can be realized. The conclusion might be
that – as the data were collected with a specific objective
in mind – they are biased.

After their assessment of the validity of the data, it is
the data characteristics that need be determined prior to
further analysis/processing. In the first place there is the
nature of the objects the data refer to: are these point-like
objects, linear objects, areal objects (two-dimensional)
or volumetric objects (three-dimensional)? Examples are
signposts, roads, fields and mountains.

The next characteristic is the type of change in the
data: is this change gradual or not, and do changes occur
abruptly from one place to the next? The smoothness of
the change is related to distributions being continuous
or discrete/discontinuous. A continuous distribution de-
scribes data that can be measured anywhere, such as air
pressure or temperature. Discontinuously distributed
phenomena can only be ascertained at particular loca-
tions and not elsewhere; examples are land cover or veg-
etation types.

The measurement scale on which the object attributes
can be measured comes next. The representation of the
data will later depend on this measurement scale, which
is why it is important to find out about it in advance (if
specific map-related measurement scales are not appro-
priate it might be necessary to change the measurement
scale of the data). If only a very simple population map is
required, and population density figures are available,
some relevant threshold value might be selected and the
area with lower values represented as uninhabited while
the area with values higher than this threshold can be
shown as the ecumene – the human-inhabited world.

The measurement scales are traditionally divided into
nominal, ordinal, interval and ratio scales. Phenomena at-
tributes are measured on a nominal scale when differences

in data are only of a qualitative nature. Examples are dif-
ferences in gender, language, religion, land use or geol-
ogy. The position on an ordinal scale of object attributes
is determined, when it is known that their values are
more or less than another, without knowing the exact dis-
tance on the scale between them, or when these concepts
have a vague/inaccurate meaning, such as ‘cool–tepid–
hot’ or ‘small–medium–large’. Tepid is warmer than cool
and hot is warmer than tepid; how much warmer would
be unknown, but it is at least possible to establish a hier-
archy. Both a hierarchy and the exact distance on the
scale is available for measurements on an interval scale –
with the restriction that it would not be possible to work
out relationships/ratios between the measurements other
than their distances: 8°C is not twice as hot as 4°C, it is
4° warmer than 4°C! Likewise, 2°C is not twice –2°C,
though it again is 4°C warmer. This is because a random
temperature value has been selected as the 0°C point,
in this case the temperature at which water will freeze
when the temperature goes down.

If two locations, A and B, along the Dutch–Belgian
border have heights of 4 and 8 m respectively above the
Netherlands datum (Normaal Amsterdams Peil, NAP),
this does not mean that the latter is twice as high as the
former. It is only the difference in height between the two
points that can be assessed: i.e. 4 m. The datum for
heights used in Belgium is 2 m lower, so the heights
of these two points on the border would be 6 and 10 m
respectively in Belgium! (Plate 42).

When ratios can be expressed, one refers to data that
can be measured on a ratio measurement scale. In 1992
the gross national product per capita in Spain was twice
that of Portugal so these are ratio data.

There is a difference between absolute and relative
ratio data. Absolute ratio data are the result of direct
measurements or additions of units. Examples are one’s
income in money (a specific number of euros or dollars),
or the number of children of a family. In the first example
income can have all values in between, with decimals,
while in the second case there can only be discrete values;
in other cases there might be positive and negative values,
as when immigration and emigration data are compared.

Relative ratio data are absolute ratio data related to
other data sets, and it is these relative data that often tell
us more than absolute data, because they have been put
into context. Whether a gross income figure of an equiva-
lent of $40 000 a year is high or not will depend on one’s
perspective, and on how much it will buy. In India (in
2009) it would be the income of a top manager, providing
him with a large estate and many servants; a similar in-
come in Alaska might only attract a starting primary
school teacher. So one should provide some yardsticks
and compare the income to the average world income or
the average income in developing countries or the average
income of managers. Even if it were considered low now,
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when compared with the remuneration for similar jobs in
India in the past, it might seem enormous. So the relation
to a point in the past should be established, and one would
be using index values to express these relationships. For
example, if in 1910 a certain job paid $800 a year but now
pays $30 000, there would be a 37.5 times increase. If the
value in 1910 equated to 100, the present index value
would be 3750. Expressing data in index values makes
them easier to digest.

As well as the index values that can be used in time se-
ries, other relative or derived values can be used in order
to give more meaning to absolute data sets: examples are
averages, ratios, densities and potentials.

Densities originally referred to the ratio between the
population of an area and the resources available to that
population. Population density values (number of inhabi-
tants per areal unit, such as square kilometres) originate
in the Malthusian era, higher densities referring to
smaller means for the population to provide for itself.
This concept has lost its economic relevance but has
retained relevance as an indicator for well-being or wel-
fare, as high population density figures refer to crowded
situations. To retain some relevance as a population/
resources ratio, the density concept has been refined and
can refer to the number of people in relation to their resi-
dential area (residential density) or the number of people
in relation to the agricultural area they are cultivating
(agricultural density).

Non-area-related ratios can express the relation be-
tween any two data sets, as for instance between the total
number of inhabitants and the total number of general
practitioners in a region, or the relation between two sub-
sets of the total population, e.g. between the number of
members of the armed forces and the number of those in
the teaching profession.

An absolute number of influenza patients of 30 000 in
the Netherlands as compared with 28 000 in Luxembourg
would not as such be reason for much comment. But if one
were to convert these absolute figures into ratios, relating
them to the total population numbers of the respective
countries, this would result in much more informative
data: in the Netherlands (16 million inhabitants) only two
in every 1000 people would be ill, whereas in Luxembourg
(300 000 inhabitants) 93 in every 1000 would be smitten,
the influenza thus being a real epidemic. Expressed in per-
centages (realized by multiplying these figures by 100)
these values would be 0.2% and 9.3% respectively.

Averages attempt to characterize the data sets they
refer to by one number – and can only succeed in doing
so if the variation in measurement is not too high. An av-
erage income of $3000 per year is a meaningless figure
in a country where 90% of the population has an income
around $500 per year and 10% of the population earns
over $25 000 per year. In this case, the average cited,
$3000, is the (arithmetic) mean. A better or more useful

number to describe economic conditions would have
been the mode, i.e. the class in which the highest number
of inhabitants would fall, e.g. the $400–600 income
class. In other cases the median value – the value above
or below which 50% of the inhabitants would score with
their income – could be more appropriate. Other derived
measurements can be found in statistical manuals. They
would also serve to describe distribution patterns of
point locations, the topological or hierarchical character-
istics of line patterns, and the shape of areal patterns.

One of the descriptors of dot patterns is the nearest
neighbour index. This compares random patterns and ac-
tual patterns on the basis of the distance between each
point location and the point location nearest to it. These
index values can range between 0, when all observations
are concentrated in one single point, via 1 (when the dis-
tribution is a completely random one), to 2.15, when the
distribution of the points is completely regular, all dis-
tances between them being equal. Take the province of
Drenthe, Netherlands. From a map of population centres
with over 10 000 inhabitants (Figure 7.4), one might get
the impression that settlements are more regularly spaced
in Drenthe as compared with other Dutch provinces. This
might be the result of the distortion in the potential regu-
lar service city network that could have emerged, caused
by the lower courses of the rivers Rhine, Scheldt and
Meuse in most of the other provinces.

Now when the distribution of points is totally random
within an area, the average distance between each point

Figure 7.4 Population centres with over 10 000 inhabitants in
the Netherlands
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and the point nearest to it can be computed from the
formula

de � 1/2

p denoting the density of the points taken into account and de
denoting the expected mean distance between each point and
its nearest neighbour. If there are seven cities with over
10 000 inhabitants in Drenthe (area 2685 km2), the density is

2685/7 � 383.57

so de � 1/2

� 1/2 19.58 � 9.79 km.

The average of the actually observed nearest distances
when measured between the centres of these seven cities,
do, is 15.66 km. The nearest neighbour index now com-
pares these two values: do/de or 15.66/9.79 � 1.6. This
value is more regular than random as compared with that
of the other provinces (see Table 7.1).

The data shown in Table 7.1 might still not prove that it
is the disturbing influence of the rivers which causes this
variation in nearest neighbour index values, but they
would serve to strengthen one’s resolve to analyse the data
further. The formula for the nearest neighbour index is:

Rn � do/de while de is computed from 1/2 (see above)√p

√383.57

√p

A concept derived from physics, describing the attrac-
tion between two masses (‘bodies’) is the potential. This
attraction force is equivalent to the product of their two
masses, divided by their squared distance. In a watered-
down version this concept describes the virtual inter-
action between the inhabitants of different cities
(population potential) or the expected purchases in a
market (market potential), etc. The population potential
at a point describes the chance there is that people would
meet each other, or have contact. This is a chance
expressed for each city by the addition of population

Table 7.1 Nearest neighbour index values of places over
10 000 inhabitants per province in the Netherlands

Flevoland 2.1
Drenthe 1.6
Overijssel 1.5
Limburg 1.20
Friesland 1.18
Noord-Holland 1.16
Noord-Brabant 1.15
Gelderland 1.08
Zeeland 1.04
Zuid-Holland 1.01
Utrecht 1.0
Groningen 0.93

Figure 7.5 Potential mapping: (a) an example of a population potential map (after Berry and Marble, 1968); (b) the procedure for as-
sessing the population potential at a point (A)
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numbers of other cities divided by their distance to the
city where the potential is measured (Figure 7.5). To find
the potential value between which one has to interpolate
to produce the final map (Figure 7.5bIII) for each city,
the influence of other cities (expressed by their number
of inhabitants divided by their distance to this city) has to
be added up. The influence of city A upon itself can be
expressed by dividing its number of inhabitants by the ra-
dius of its geographical extent.

An example of a socio-economic data set analysis is
that of statistics on nature, area and number of agricul-
tural holdings in Indonesia (Sensus Pertanian, 1973). As
can be seen in Table 7.2, the data made available are on
the number and size of individual farms and of agricul-
tural estates/plantations. Not all of these data categories
are equally important, however, and if only one map were
available to give as good an impression of Indonesian
agriculture as possible, choices would have to be made.
Data sets related to each other, such as average farm size,
would require less space than their separate representation.
Individual farms in Indonesia would mostly grow the staple
crop, rice, and their average size would show the agricul-
tural density, that is the pressure on the land the individ-
ual farms would be subject to. Agricultural estates, on

the other hand, are sort of extra – they do not produce
food for subsistence or for the local market but raise
export crops: tea, coffee, rubber, oil palms, sugar. So
when asked which would be most important for Indone-
sia’s economy, the individual farms or the agricultural
estates, the former would score higher. This importance
can be visualized by assigning this aspect the first place
in the graphical hierarchy, giving it most emphasis. That
is realized by expressing it through area symbols. In ad-
dition, using proportional circles, the total agricultural
acreages could be shown (Figure 7.6), allowing readers
to compare the ratios between these circles and the
areas they pertain to on the map. In these circles the pro-
portion of the area in agricultural estates would increase
the interpretation potential, but might make the map
more complex and thereby endanger the possibilities for
communication.

It is important to note that the representation in this
example has actually been a data selection process (as
not all the available data have been used) based on the
knowledge of the phenomenon (Indonesian agriculture).
That is why it is so important that those that use data-
bases for map production have a geographic background
that makes them aware of things geographically relevant.

Table 7.2 Agricultural surface and number of holdings in Indonesia, 1970 (Source: Sensus Pertanian, 1973).
Numbers of farms in thousands; surface area in 1000 ha

Province Individual agricultural holdings Plantation agriculture

Number of Surface Average area Number of Surface Average Total
farms area (ha) estates area area (ha) surface

area
Aceh 353 373 1.06 90 263 2932 637
Sumatra Utara 816 805 0.9 265 787 2937 1593
Sumatra Barat 426 344 0.8 30 52 1349 385
Riau 199 507 2.5 135 32 243 540
Jambi 142 241 1.6 8 14 1803 255
Benkulu 84 153 1.8 7 3 511 157
Sumatra Selatan 377 703 1.8 21 21 1083 724
Lampung 446 673 1.5 38 149 3932 822
Jawa Barat 2468 1524 0.6 392 319 815 1844
Jakarta 20 19 0.9 – – – 10
Jawa Tengah 2765 1753 0.6 123 92 748 1845
Yogyakarta 343 181 0.57 5 5 1114 186
Jawa Timur 3066 2026 0.6 253 260 1029 2286
Bali 305 266 0.8 8 2 342 269
Nusa Teng. B 281 289 1.0 21 11 539 300
Nusa Teng. T 365 652 1.8 12 2 176 655
Timor Timur – – – – – – –
Kalimantan Bar 273 981 3.6 38 14 394 966
Kalimantan Ten 100 524 5.2 11 5 524 529
Kalimantan Tim 57 92 1.6 5 2 477 94
Kalimantan Sel 257 269 1.0 31 36 1166 305
Sulawesi Sel. 648 737 1.1 92 106 1153 843
Sulawesi Tengah 132 283 2.1 12 1 118 284
Sulawesi Utara 217 351 1.6 102 16 157 367
Sul. Tenggara 102 151 1.5 30 3 118 154
Maluku 119 259 2.8 72 30 420 290
Irian Jaya – – – – – – –
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7.2.1 Data adjustment

In order to make the data selected relevant for compari-
son purposes, derived figures might have to be adjusted.
Fecundity figures, birth rates and death rates are exam-
ples here. Birth and death rates refer to the numbers of
births or deaths per 1000 inhabitants. Originally, this
concept was used to give an indication of the fecundity
or salubrity of an area – but this presupposes a ‘normal’
population structure, i.e. a bell-shaped population pyra-
mid. If there is an over-representation of inhabitants over
65 years, the death rate is bound to be higher than else-
where, however healthy the climate might be. While in
most states of the USA the death rate has decreased with
the heightening of the average life expectancy, it has
increased in Florida, because of the enormous influx of
retired people with their higher death rate. In order to
give a proper image of the actual health-influencing as-
pects, this figure has to be corrected, for instance by as-
sessing whether for a specific age group the death rate is
higher or lower than in other areas. The fertility rate (the
number of births per 1000 women of child-bearing age)
is such a refinement over the birth rate, as it takes only
the relevant age and gender group into account. The
same goes for figures in physical geography, like temper-
ature or vegetation. When one would like to assess the
effects of geographical latitude on vegetation or climate,
one should try to minimize the distorting effects of relief
(height, slope and aspect). For temperature, there is
an easy rule of thumb which says that every 100 m shows
a decrease of average temperature of 1°C, so that it is

possible to reduce all temperatures measured to sea level,
and thus make all values comparable. Although often
other climate effects, such as precipitation, are also re-
lated to elevation differences, the relationships are not
always so simple and linear as is the case for temperature.

The above examples illustrate the importance of data
normalization before visualizing them.

7.3 Data classification

The risk of the mapping of unprocessed data resulting
in unclear visualization is quite high. It is good carto-
graphic practice to conveniently arrange the data before
displaying them. This process is called classification. It
can be described as systematically grouping data based
on one or more characteristics. Classification will result
in a clearer map image, even if it is a generalized image.
To be able to classify data, one needs to know what types
of data are available, which requires an operational defi-
nition of the data. If one is interested, e.g. in the number
of ships that entered the port of Rotterdam in 2010, it is
first necessary to define what a ship is. Setting these def-
initions is not easy. Practice has proved that, for instance
with the classification of topographic objects, many dif-
ferent descriptions are in use for the same object (such as
lamp-post and lamp standard). Even if one agrees on the
description it is still possible that the description might
not be completely clear in practice. Clearly the Golden
Gate Bridge fits in the object class ‘bridge’, but is this

Figure 7.6 Agricultural holdings in Indonesia, 1970
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also true for a plank over a small stream? When all ele-
ments adhere to the same criteria (discrete phenomena)
one can count class elements. For instance, one can count
the number of oil tankers entering the port. It is possible
to count according to quantitative or qualitative rules,
such as 10 tankers and five container ships, or 15 ships.
When one deals with continuous phenomena such as pre-
cipitation, the data can be measured: the characteristics
of the objects, rather than the objects themselves, can be
quantified according to a specific measurement scale,
and mapped. Four measurement scales exist, as was men-
tioned in the previous section.

Classification is helpful to enhance insight in the data.
However, to make sense, the number of classes should be
limited. Research has revealed that humans can handle up
to a maximum of seven classes to get an overview and un-
derstanding of the theme mapped at a single glance (see
also Figure 7.13). The exact number of classes chosen is
influenced by the type of symbolization used, the theme’s
geographic distribution, and the data range (the ratio be-
tween the maximum and the minimum data value).

Not everyone is convinced that classification is
needed at all times. The American cartographer Tobler
(1973) is of the opinion that it is unnecessary to classify
statistical data. The major advantage of not classifying
the data is that the resulting image is not generalized. For
the legends of such maps he suggests using a continuous
grey scale. In Plate 44 the maps on the right show the
population density in Maastricht municipality mapped as
a traditional choropleth map. The map on the left shows
the same theme, now represented by an unclassified
choropleth map. The grey value of each neighbourhood
in the map on the left is derived from the class to which
the neighbourhood belongs according to a particular
classification method. The general appearance of the
maps is different. Extreme values are much better iso-
lated in the unclassified map. However, some cartogra-
phers oppose this method since it is virtually impossible
to perceive the differences between neighbourhoods that
are further apart geographically. The same cartographers
also claim that a limited number of grey shades, as in
Plate 44(b), improves the legibility of the map. If one has
the choice between the two approaches, one should al-
ways ask first: ‘What is the purpose of the map?’ Is it
necessary to be able to determine values for each enu-
meration area, or is it just an overview one is interested
in? It should be mentioned that not many software pack-
ages offer the possibility to create unclassified maps. If
one remembers Figure 4.6, it should also be noted that
most GIS software packages allow one to access the
database even during display, and that the user can access
the values of each individual geographic unit by pointing
at the unit on the map.

If one decides to classify, this process is executed
according to the nature of the data. Nominal data are

categorized according to taxonomic principles of the
discipline involved, such as soil types, climatological
zones or geological periods. The map type used to dis-
play nominal data is the chorochromatic or mosaic map
(see Section 7.5.1). Ordinal data are also based on clas-
sifications defined by individual disciplines. Examples
are meteorology (temperature: cold, mild, warm) and
environmental sciences (forest conditions due to air
pollution: healthy, normal, sick). Interval and ratio
scales are both linked to quantitative data. Most census
statistics belong to this category. Examples are the
number of people living in a country’s districts, or the
percentage of children under the age of 15. Interval
and ratio data are displayed on choropleth maps or iso-
line maps (see Sections 7.5.2 and 7.5.3). The first is
primarily associated with socio-economic data col-
lected for administrative units, while isoline maps
show interpolated data derived from physical measure-
ments such as temperature or hours of sunshine.

To reach the best possible classification several condi-
tions have to be met, since not all classification methods
are suitable for all situations. Therefore one should strive
for the following:

● The final map should approach the statistical surface
as closely as possible. A statistical surface is a three-
dimensional representation of the data in which the
height (or z-coordinate) is made proportional to the nu-
merical attribute value of the data (see also Sec-
tion 7.5.9). In Figure 7.7 the numbers displayed in (a)
are used in (b) to give each enumeration area its
height. Statistical surfaces offer the user a dramatic
view of the data. When functionality (as described in
Figure 6.31) is available, the user can even view the
data from all possible directions (see also Section
7.5.9). Two types of statistical surface are distin-
guished: the stepped statistical surface, as displayed in
Figure 7.16(c) and smooth statistical surfaces (Fig-
ure 7.16d). Stepped statistical surfaces are derived from
choropleth maps, and each of the enumeration districts
is clearly visible. Smooth statistical surfaces are derived
from isoline maps. In this map the height (z-coordinate)
at each location is defined by the intensity of the phe-
nomenon mapped at this particular location.

● The final map should display those patterns or struc-
tures that are characteristic for the mapped phenome-
non. Extreme high or low values should not disappear
because of the classification method.

● Each class should contain its share of the observed
values.

If one adheres to these conditions the resultant map will
give a clear overview of the mapped phenomenon, and it
will be possible to determine values at each location in
the map. A method used to adhere to the above conditions
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was proposed by Jenks and Coulson (1963). It can be
split into three major steps.

1 Choose a map type. Since one is dealing with quanti-
tative data it will be a choice between an isoline map
and a choropleth map. In the example elaborated here,
it is a choropleth map because the topic deals with
population density per neighbourhood of the city of
Maastricht (Figure 7.7).

2 Limit the number of classes. If one looks at the grey
value of a particular geographic unit, and wants to de-
termine the corresponding grey value in the legend, it
is not possible to use more than eight classes. This
seems to be contradictory to the statement made ear-
lier which said that the map should be as close to the
statistical surface as possible. This objective could in-
duce cartographers to discern as many classes as pos-
sible, or even to renounce any classification at all.
However, it could also be argued that if one intends to
grasp all variations in the mapped phenomena in a sin-
gle moment, the number of classes should be reduced.

3 Define the class limits. This is the most difficult step
in the classification process. Many different methods
exist, although most software packages offer only
three different options. These are either to split the
number of the observed values equally over all classes,
to have equal class size in respect to the range of the
observed values, or to define one’s own classification
method. This last option allows the user to apply every

conceivable method. When class limits have to be de-
fined external to the current software packages, the
user should be aware of potential classification meth-
ods. The most important classification methods will
be explained below. In general, one can distinguish be-
tween graphic and mathematical methods. The first
type of method will not be found in the classification
options of the mapping software.

7.3.1 Graphic approach

Break points

When all observed values are sorted in ascending order and
subsequently plotted in a graph, such as the one in Fig-
ure 7.8, it is sometimes possible to observe discontinuities.
In Figure 7.8, four of these discontinuities are clearly vis-
ible: between the observed values 17 and 18, 23 and 24,
27 and 28, and 40 and 41. This type of graph is, in this
context, also known as an observation series. The discon-
tinuities, called break points, can function as class
boundaries since they are natural breaks in the observa-
tion series. It is obvious that not all data sets will show
break points, and if they do, the chance that there are
enough for the number of classes planned is quite uncer-
tain. In the example only four class boundaries can be
distinguished.

Figure 7.7 Population densities of the neighbourhoods of Maastricht: (a) values for each neighbourhood; (b) the corresponding
stepped statistical surface
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Frequency diagram

A frequency diagram can also be used in a search for dis-
continuities. If found (Figure 7.9a) they can function as
class boundaries. A frequency diagram is especially use-
ful when a large volume of observations is involved. The
chances of finding discontinuities increase when the val-
ues along the horizontal axis are grouped together.
Figure 7.9(b) shows an example. The existence of break
points is strongly influenced by the size of the intervals
applied to group the data.

Cumulative frequency diagram

In a cumulative frequency diagram, as displayed in
Figure 7.9(c)I, the frequency of the occurrence of the ob-
served values is added up. Changes in orientation of the
curve (see the small arrows in the diagram) indicate
the break points. The values along the vertical axis of
those break points are the class boundaries. Again, as
with the observation series, there is a limited chance that
the number of class boundaries needed is indeed found
using a graphic approach.

7.3.2 Mathematical approach

When looking at Figure 7.8, it is possible to draw a curve
along the top of all bars. The shape of this curve can be
described by a function. The mathematical approach uses
this type of curve to determine the nature and location of
the class boundaries. In Figure 7.9(e) curves with several
common functions are drawn. The first two methods dis-
cussed below can also be executed using a cumulative
frequency diagram (Figures 7.9cII and III).

Equal steps

In this method the class width is equal for all classes.
This method should be applied when the curve created
from the observation series is linear. The classes can also

be determined graphically, as can be seen in Figure
7.9(c)II. If one applies the mathematic approach, the
lowest value is subtracted from the highest value, and
the result is divided by the number of classes: (8671 –
11)/5 � 1732. The result is used as a constant C in the
formula below to determine the class boundaries:

lowest value � C � C � C � C � C � highest value

The table in Figure 7.9(d) gives the boundary values,
while the stepped statistical surface and the correspon-
ding choropleth map can be found in Figures 7.10(a) and
7.11(a) respectively.

Quantiles

This method splits the number of observations propor-
tionally over the number of classes chosen. The name of
this method is adapted to the number of classes: when
applied to four classes it is called quartiles, with five
classes, quintiles, etc. This method can be advised when
the areas of the geographic units have a comparable size,
and when one is interested in correlation between differ-
ent characteristics of the units. In the Maastricht example
the 41 neighbourhoods are split over five classes. The
lowest class has nine observed values. The results of
the method are found in the table in Figure 7.9(d). The
corresponding stepped statistical surface is found in
Figure 7.10(b), while the resulting choropleth map is
shown in Figure 7.11(b). Figure 7.9(c)III shows how the
class boundaries can also be derived from the cumulative
frequency diagram.

Arithmetic series

An arithmetic series is a series of numbers in which each
term can be derived directly from the previous term by
adding a constant value. The curve with the letter A in
Figure 7.9(e) belongs to this method. The class bound-
aries can be calculated according to the formula below,
assuming one is interested in having five classes:

lowest value � C � 2C � 3C � 4C � 5C � highest value

C has a value of 624 and is calculated via: highest value
minus lowest value divided by the number of constants C
in the formula ((8671 – 11)/15). The table in Figure 7.7(d)
shows the class boundaries, and Figures 7.10(c) and
7.11(c) show the stepped statistical surface and choro-
pleth respectively.

Geometric series

For geometric classification, the curve labelled G in Fig-
ure 7.9(e) is derived from a geometric series. Each follow-
ing term is derived from the previous term by multiplying it

Figure 7.8 Observation series
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Figure 7.9 Different classification methods
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Figure 7.10 Choropleth maps based on different classification methods
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Figure 7.11 Stepped statistical surfaces
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by a constant C, the ratio of the series. To determine the
class boundaries according to this method, the logarithm of
the highest value and of the lowest value have to be deter-
mined. These values are then subtracted from each other
and divided by the number of classes, resulting in the con-
stant C, which can be computed as follows: (log 8671 �
log11)/5 � 0.579. C is used in the formula:

log highest value – C � log second highest value
log second highest value – C � log third highest value,
and so on

From the result the antilogarithm is defined, resulting in
class boundaries as given in the table in Figure 7.9(d).
The stepped statistical surface which belongs to this
method is found in Figure 7.10(d) and the choropleth
map in Figure 7.11(d).

Harmonic series

A series is defined as harmonic when the reciprocal val-
ues of the terms can be defined as an arithmetic series.
The curve labelled H in Figure 7.9(e) is linked to this
method. Class boundaries are defined when one calcu-
lates the difference between the reciprocal values of the
highest and lowest value and next divides this result by
the number of classes ((1/8671 � 1/11)/5 � 0.01815).
This results in the series ratio C. A formula similar to the
one applied to calculate the class boundaries according
to geometric series is executed:

reciprocal highest value – C � (reciprocal highest value –
C) – C � ((reciprocal highest value – C) – C) – C, and 
so on

From the resulting values the inverse is calculated and
used as class boundaries (see the table in Figure 7.9(d)
for the exact values). The method results in special atten-
tion for the low values in the observation series as can be
seen in the table. The stepped statistical surface in Fig-
ure 7.10(e) and the map in Figure 7.11(e) confirm this.

Nested means

To determine class boundaries with this method, first cal-
culate the average of all observed values. In the Maas-
tricht example this is 3345. Next, the average is
calculated for all values below the overall average and
for all values above the overall average (in the example
these will be 1294 and 5592 respectively); see also
Figure 7.9(f). These three values can be used as class
boundaries. This method does not allow one to choose
the number of classes freely. There always has to be a
multiple of two. In the example, the method is used to de-
fine four classes, as is shown in the table in Figure 7.9(d).
A derived method works with standard deviations added
and subtracted from the averages.

Every method results in different map images, as can be
seen in the table in Figure 7.9(d) and the maps in Figures
7.10 and 7.11. Which method is best? It has already been
said that the curve of one of the functions closest to the ob-
servation series will result in the best, i.e. the most accu-
rate, image. However, it is also possible to use the statistical
surfaces to get an indication of the accuracy of the method
chosen. One has to compare the original statistical surface
(Figure 7.7b) with the statistical surface resulting from one
of the classification methods. A graphic comparison will
immediately show that some maps in Figure 7.10 are not at
all similar to the original statistical surface. For instance,
the nested means and the geometric method are obviously
‘wrong’. For some others it is much more difficult to judge
which one is closest to the original surface. Some calcula-
tions have to be made to solve this problem. The attribute
value of statistical surfaces in Figure 7.11 is based on the
class average. For each of the statistical surfaces the aver-
age values, now given to each geographic unit, are summed
and compared to the corresponding values of the original
surface. The classification method closest to the original
values is most suitable for this data set.

The class boundaries are not the only characteristic
that affects the image perceived by the map reader. The
visual presentation of the maps in Figure 7.10 is quite
important as well. The choice of the grey values given to
each of these classes will influence the map reader dur-
ing the map-reading process.

7.4 Cartographical data analysis

From Section 7.2 it is clear what data aspects are impor-
tant for communication, how they can be best described
statistically or otherwise, or what should be done to make
them comparable. This section will describe what aspects
of the data (or the descriptors that have been selected for
representation) have to be made explicit in order to allow
for a proper presentation.

First, the core of the cartographic data analysis will be
presented, and this core will be refined and added to later
on, in order to show all the aspects that have to be taken
into account for a proper presentation.

The core, then, consists of assessing the characteristics
of the components of the information and deciding which
graphic variables (see Chapter 5) to use for them. Using the
graphic variables selected, one should be able to convey to
the reader the nature of the components and the differences
that have to be shown. The first step in the analysis of the
information is finding a common denominator for all the
data elements or categories selected for representation.
This common denominator will then be used as the title of
the map. For the example of Indonesia in Section 7.2 this
would be the size of agricultural holdings in Indonesia
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in 1970. For the data set discussed in this section (see
Table 7.3) the common denominator or descriptor of all
data elements (also called invariant) would be fruit produc-
tion in the FRG in 2007. It is the common denominators of
the data elements that will be used later on for identifying
the data set, through their application as map titles.

Then, as a next step, the data variables or components,
i.e. those aspects of the attributes that vary or change
from data element to data element, should be assessed
and their character described. For Indonesia (see Table 7.2
and Figure 7.6) these information components would
be: area used for agriculture, proportion of the agricul-
tural area in estates, average farm size and a geographi-
cal component: the provinces. For the soil map in Plate 5,
the components would be the geographical location of
the sample site and the various soil units discerned. Then
one has to determine the measurement scale at which the
attributes in these components are measured. If this has
already been settled during the data analysis phase de-
scribed in Section 7.2, so much the better, but as the data
aspects one wants to render might change during this
visualization operation, and data aspects might have to
be redefined in order to answer reformulated communi-
cation objectives, these measurement scales might
change as well. Anyway, the measurement scales of the
components will be nominal, ordinal, interval or ratio
scales, or they might be geographical.

In the Indonesia example (Table 7.2) there are four
components:

The soil information example (Plate 5) has three 
components:

Table 7.3 Fruit production in Germany in 2007, in tons (Source: Statistisches, Jahrbuch 2007)

Land Apples Pears Cherries Plums Others Total

Baden-Württemberg 352533 17490 22189 30658 4393 427263
Niedersachsen 296458 8304 3436 5205 5186 318589
Sachsen 93972 3233 7021 0 4276 108502
Nordrhein-Westfalen 62432 4956 1436 2684 34341 105849
Bayern 42908 8346 4991 6443 22796 85484
Rheinland-Pfalz 35721 4305 12217 19400 0 71643
Thüringen 39131 530 5049 1543 1173 47426
Mecklenburg-Vorpommern 37166 175 162 0 3956 41459
Hamburg 39990 711 284 0 0 40985
Sachsen-Anhalt 27297 488 2844 0 0 30629
Brandenburg 15177 407 2310 926 1724 20594
Schleswig-Holstein 17054 396 933 0 683 19066
Hessen 8644 444 315 729 336 10468

Area agriculturally used ratio, absolute
Percentage in estates ratio, relative
Average size of farms ratio, relative
Provinces geographical

The fruit production example (Table 7.3) has three
components:

Production size ratio, absolute
Fruit type nominal
Länder geographical

Soil type nominal
Ground water category ordinal
Soil sample locations geographical

It is important to assess not only the nature of the compo-
nents but also their length and range. The length of the
components refers to the number of classes or categories
that will be discerned. In the Indonesia example there are
six farm size classes; in the fruit production example one
discerns five fruit types; and the soil map example has
about 15 soil types.

As well as the length, the range of the data (if this at-
tribute aspect is measured on an interval or ratio scale)
should be assessed. In the Indonesia example the total
agricultural area per province ranges between 190 and
22 860 km2. The average farm size range is between 0.5
and 3.6 ha. In the fruit production example it is between
10 468 and 427 263 tons (a ratio of 1:40) per Land and
between 162 and 352 533 tons (a ratio of 1:2200) for
individual fruit types.

Assessing the length and range of the components pro-
vides essential information as there is a maximum range
of values that can be visualized given a specific repre-
sentation method.

As indicated in Chapter 5, the maximum number of
colours to be discerned on a map, while still providing an
overview and the possibility of visually isolating each
category, is eight. This number might be increased
slightly by adding other graphic variables, such as shape
(regular patterns). As can be seen from Figure 7.12, com-
paring proportional circles allows one to have a range be-
tween 1 and 2500 (so the largest circle to be discerned
can be 2500 times larger than the smallest circle to be
discerned, i.e. being different from a dot). If shown as a
pie graph, the relation between the smallest sector in the
smallest circle and the largest sector in the largest circle
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would be 1:275. Larger differences could not really be
visualized through the pie graph method. If other meth-
ods were used, e.g. composite bar graphs, the ratio in
overall sizes could not exceed 1:100, while that of subdi-
visions could not exceed 1:10.

The final aspect of the cartographic analysis of the
data to be portrayed is the information hierarchy: one has
to determine what aspects are most important, what are
least important, and what data categories come in be-
tween in which order. This has to be determined as this
information hierarchy has to be translated into a graphi-
cal hierarchy (see Chapter 5).

Now all the building blocks would seem to be avail-
able to match the data components to the graphic vari-
ables that convey an idea of the kind of differences
expressed by the measurement scales: qualitative differ-
ences by rendering nominal components, ordered differ-
ences for rendering ordinal components, distance
differences for rendering interval components and pro-
portional differences for rendering ratio components
(Figure 7.13; this is, in fact, an extension of Figure 5.7).

On the basis of the measurement scale of the data
(nominal, ordinal, interval, ratio) one may find in the
scheme in Figure 7.13 what graphical variables (size/
value/grain/colour/orientation/shape) to select in order to
convey a correct idea of these measurement scales. But at
the same time, it should be realized that the selection of

specific graphic variables affects the image that map
users will see consecutively. Depending on this selection
users will be able either to differentiate between map ob-
jects, to see simultaneously all objects belonging to a
specific class or category, or to get an overview of the
distribution of the data over the mapped area at a glance.
The latter effect is called a ‘high image level’, while the
previous refer either to an intermediate or a low image
level. In a low-level image it is impossible to see the dis-
tribution over the map of all map objects belonging to a
specific class or category.

But there may be some additional considerations be-
fore the graphic variables can be applied to render data
characteristics according to one of the mapping methods
discussed under Section 7.5. After the relation of the data
to the Earth’s surface and their measurement level has
been assessed, and its quality evaluated and locational as-
pects (shapes and topology) have been taken account of,
a preliminary visualization of the data will be effected.
This preliminary visualization has an analytical function:
it will show trends, patterns, etc. to hang on to during
further transformations, which might be necessary. Such
transformations might be required depending on com-
munication objectives, as well as the audience: more
generalized, simpler and less abstract maps need to be
produced for a less schooled audience. The results of the
data evaluation might be taken into account, requiring a

Figure 7.12 Effectiveness of different diagrams (after Gächter, 1969): (a) within each figure; (b) between figures
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scale reduction, for example, or an aggregation of the
data. Only after all these steps have been gone through
will the final map answer the requirements.

Of course, during the data analysis process, one
should ask oneself whether it is essential to map the
data, and whether it might not be more profitable to
graphically portray them otherwise. If the geospatial as-
pects of the data are well known, they may be visualized
otherwise, in order to allow for better comparisons.
Plate 43 provides some examples. The fruit harvest in
the Federal Republic of Germany in 2007 is portrayed in
Plate 43(a) (see also Table 7.3): the squares in each
region are proportional to its production and are subdi-
vided for the various fruit types (apples, pears, cherries,
etc.). From this map it is possible to get a good impres-
sion of the differences in the overall fruit production in
the FRG, but it is very difficult to compare, for instance,
the pear production in Baden-Württemberg with that in
Bavaria or Nordrhein-Westfalen. If that were one of the
aims of the visualization, then another type of visualiza-
tion would be called for, and Plate 43(b) would be the
answer. Here, because of the standardized width of the
bars for each region, it is easy to compare the production
for each fruit type. So the aims of the visualization
would also influence the choice of the graphical repre-
sentation method.

7.5 Mapping methods

Mapping methods are standardized ways of applying the
graphic variables for rendering information components.
In these methods not only is the measurement scale taken
into account, but also the nature of the distribution of the
objects (whether they refer to points, lines, areas or vol-
umes), whether their distribution is continuous or discon-
tinuous, and whether their boundaries are smooth or not.

The result of a specific combination of graphic vari-
ables according to such a standardized method is called a
map type. About nine important mapping methods and
nine resulting map types can be discerned. These meth-
ods and their results will be described in this section as
well as the specific problems in constructing them and
the procedures for their production, the transformation
possibilities to and from other map types and some gen-
eral issues in their interpretation. Figure 7.14 shows the
various map types that will be covered here in relation to
each other. The subdivision is based on characteristics of
the objects rendered ((dis)continuity and geospatial ref-
erence) as well as their attributes: measurement scale and
corresponding graphical variables.

As was mentioned in Section 7.4, it might be necessary,
because of reformulation of communication objectives, to

Figure 7.13 Cartographic information analysis (Geels, 1987)
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Figure 7.14 Subdivision of map types (according to Freitag, 1992), based on measurement scale, corresponding graphical variables
and (dis)continuity of the data
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select map types other than the one the data have been in-
ventoried in. This would call for transformation of the
map type, either by going back to the original data
(which would be the best method) or, if these are not
available, by transformation of the source map. The ar-

rows in Figure 7.15 show a number of these transforma-
tions: the dot map can be transformed into the choropleth
map (see Section 7.5.2) through counting the dots per
enumeration area, dividing the number by the area’s sur-
face, and expressing this ratio through grey tints (see

Figure 7.15 Transformation possibilities between maps
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Figure 7.19). The same dot map could be transformed
into a chorochromatic map (Section 7.5.1) through set-
ting a threshold value and treating this in a binary way
(all enumeration areas above this value have value A, all
others value B). Again, the dot map could be turned into
an isoline map (Section 7.5.3) by moving a transparent
template with a circle drawn on it over the dot map, and
noting the number of dots within the circle at any loca-
tion. Between the values found thus, isoline boundary
values can be interpolated. When these locations are
linked, the result will be an isoline map. In turn, this iso-
line map can be transformed into a statistical surface (i.e.
draw the isolines in perspective, then draw any next iso-
line on a higher plane, and drape a grid over it, etc.). An-
other method to produce a statistical surface (Section
7.5.9) from a dot map would be to draw lines at equal
distances from dot pairs (Figure 7.16b), compute the area
between these lines, and assign these areas a height pro-
portional to the ratios between the dot value and the area
between the lines. As a next step, these heights can be
drawn in perspective (Dahlberg, 1967; see Figure 7.16).
This statistical surface would then be used as a data
model for checking whether choropleth maps (such as
that in Figure 7.16c) would be a suitable rendering of the
data. This stepped surface data model is the result of a
specific view of the data, regarded here as a phenomenon
with incremental changes. Another view of the data – as
a phenomenon with continuous changes – would lead to
a smooth surface data model (Figure 7.16d) and corre-
sponding isoline maps (Figure 7.16f).

In nearly all cases, these map transformations will lead
to an information loss, because, when transformed
back, the original situation cannot be restored. In many
cases, this information loss will be taken for granted 
if it means that the communication objectives can be
reached. More accurate data that do not get through to
the map user are less useful than generalized data that do
get through. Still, because of this information loss it
would be advisable to get back to the original data.

7.5.1 Chorochromatic maps or mosaic maps

This term has been coined by combining the Greek
words for ‘area’ (choros) and ‘colour’ (chroma). So orig-
inally this method rendered nominal values for areas
through different colours. But the term is used equally
for rendering nominal area values rendered through
black and white patterns. Both pattern (differences in
shape) and differences in colour will give the map reader
the impression of nominal, qualitative differences.

The most important condition for the outlook of these
patterns or colours is that only different nominal qualities
are being rendered, and that no suggestion of differences
in hierarchy or order is being conveyed. This could be

Figure 7.16 Transformation of a dot map into a statistical volume
(Dahlberg, 1967)

done easily by using different colours or black and white
patterns amongst which none should have more impact
(darker, brighter) than others (see Figure 7.17). On the
other hand, the colours or patterns selected should be
easily discernible one from another.

Apart from being more expensive when printed, colours
present extra problems because they have associative and
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psychological values as well; in small areas on the map
or screen it might be impossible to discern a particular
colour because perception would be influenced by the
colours around it. Saturated colours should only be used
for small areas, otherwise they would dominate the
image too much.

When using different patterns instead of different
colours, one should preferably select patterns that are
comparable in dimension. When both gross and fine pat-
terns are applied, even if they have the same overall per-
centage black, the coarser patterns stand out.

When chorochromatic maps are being used for the
representation of non-area-related phenomena, like reli-
gion or language, the image presented to the map reader
might be influenced too much by the actual sizes of the
areas taken by specific colours or patterns. The map
reader might assume that sizes of areas might be propor-
tional to numbers of peoples with specific qualitative
characteristics. Take Figure 7.18, for example, where
dominant languages have been rendered. From this map

a non-geographically schooled map reader might assume
that, as they cover equally sized areas, the numbers of the
English and aboriginal language communities might be
equal. The high percentage of speakers of aboriginal lan-
guages in the interior refers to a very sparsely populated
area, however, whereas population density is much
higher along the coasts. A correction, to avoid such inac-
curate first impressions, would be to add a diagram
showing the actual numbers involved.

A special case of a chorochromatic map would be a grid
map in which the dominant phenomenon within each grid
cell would determine the assignment of a particular colour
or pattern to the cell in order to designate that phenome-
non. Remote sensing imagery that has been interpreted is
a type of (grid) chorochromatic map. The basis for such a
map would be the images of some bands, which show the
intensity of the radiation reflected from the area repre-
sented by that grid cell. A combination of these reflection
values together determines – through comparison with ex-
isting maps or through taking samples from the area –
what characteristic this combination of reflection values
for the various bands refers to. So the actual interpretation
consists of the transformation of a number of grid choro-
pleth maps (see below) into a grid chorochromatic map.

7.5.2 Choropleth maps

The word choropleth is also made up from two Greek
words, choros for ‘area’ and plethos for ‘value’. So it is
values that are being rendered for areas in this method.
The values are calculated for the areas and expressed as a
stepped surface, showing a series of discrete values. As
these values are represented through area symbols they
can only be relative values. It is the differences in grey
value or in the intensity of a colour that denote differ-
ences in intensity of a phenomenon, such as differences
in density. Because differences in grey value are used, a
hierarchy or order between the classes distinguished can
be perceived as well. But when correctly applied, per-
centages or densities that are twice as high are repre-
sented by a grey value that is twice as dark.

Generally the darker the grey values, the more intense
or the higher the densities of the phenomenon. Another
guideline is that the darker the area tints, the less
favourable the conditions of the phenomenon. It might
sometimes be difficult to combine these two guiding
rules. Literacy might be taken as an example: to render
increasing literacy percentages on a global map through
tints that increase in value would put the map reader
aware of these rules on the wrong foot, as the less
favourable condition would be represented by lighter
tints. In cases such as these one would just change the
definition of the phenomenon, and map illiteracy instead
of literacy percentages, and all would be well.

Figure 7.17 Patterns with equal grey value

Figure 7.18 Dominant language areas in Australia

M07_KRAA2793_03_SE_C07.QXD  10/16/09  5:03 PM  Page 140



 

Mapping methods 141

There are two main types of choropleth: density maps
(i.e. those that portray ratios in which the areas covered
are accounted for in the denominator) and non-area-
related ratio maps (e.g. the percentage of people over 65
in the total population). From a map-use point of view it
is important to distinguish between these two types, as
the visual impression of choropleth maps is governed by
both the tint of the areas and their size. When the area is
not accounted for in this ratio, this might lead to distorted
images (as in the example in Figure 7.3).

The production procedure for both types of choropleth
map is shown in Figure 7.19. The starting point will be
absolute values for a specific phenomenon, e.g. the num-
ber of people or the number of doctors. Now in order to
see whether these absolute numbers are in fact more or
less than is to be expected they are put into perspective
by relating them to other absolute figures, like the size of
the areas these numbers have been collected for or the
number of the total population. So ratios between these
two sets of absolute figures will be determined. The next
step will consist of categorizing all these ratios into a
limited number of classes (see Section 7.3). The limiting
factor in the number of classes will be the number of dif-
ferent grey values that can be distinguished. The maxi-
mum here is five (see Section 5.3). This range of classes
can be extended by adding another colour or pattern, but
with seven classes the maximum has been reached.
Finally, all areas that fall into a specific category will be
assigned the grey value for this category.

The aim of categorizing the ratios for a choropleth
would be to improve the possibilities for communication
of the information. Generally speaking, through catego-
rization the image will be simplified, and the existence of
trends or patterns will be better visualized. A condition is
that differences within classes have been minimized and
differences between classes maximized, that the differ-
ences between the statistical surface of the unclassified
data and that of the classified data would be as small as
possible, and that boundaries suggested by the classified
model coincide with data boundaries in reality.

As these conditions cannot always be met, a case has
been made for unclassed choropleth maps (Tobler, 1973).
With present-day plotters, area patterns can be generated
with a non-incremental increase in the percentage inked,
and therefore in grey value, so that these percentages
inked can proportionally represent the ratios that have to
be mapped. Of course, this can also be effectuated for
classed data, but the advantage of proportional represen-
tation for all data is that no boundaries are suggested be-
cause of areas belonging to different classes where in fact
only small regional differences occur (see Plate 44).

Other corrections against the assumption of bound-
aries in locations where they do not occur in reality
would be either a redemarcation of enumeration area
boundaries or a representation in a grid-cell mode. A
choropleth map with boundaries which have been ad-
justed to the occurrence of the phenomenon has been
termed a dasymetric map. If in the dot map in Fig-
ure 7.20(a) areas with a similar density of dots were to be
demarcated against another, and density values would be
determined anew within these new boundaries, a dasy-
metric map would be generated (Figure 7.20f). This
would be a perfect operation to effect on screen, but no
computer software is able to perform this yet.

As can be seen, by comparing this dasymetric map or
the grid choropleth in Figure 7.20(b) with the original
choropleth based on statistical enumeration areas (Fig-
ure 7.20d), the density image of the original data has
already been improved upon considerably. The area with
a high density protruding eastwards in Figure 7.20(d), a
result of the random demarcation of the enumeration
area, which was not based on the actual phenomenon at
all, has been obliterated in Figure 7.20(b) and (f). The
false suggestion of homogeneity of the densities within
the enumeration areas has been lessened because of the
small size of the grid cells.

So a false impression is created by choropleth repre-
sentation of non-area-related ratios. Two solutions offer
themselves: correction of the image by adding weights or
changing the base map topography as in cartograms (see
Section 7.5.10). The first involves incorporation, as a
sort of weight factor, of proportional symbols denoting
the actual absolute numbers of the primary data set. In a
map of the representation of doctors, put into context by
expressing it as a ratio of the number of doctors and the
total population numbers, the number of doctors would
be the primary data set, visualized by proportional sym-
bols, against a background of a choropleth map showing
the ratio of doctors and patients.

Despite all these shortcomings, which require correc-
tions or warnings to the map readers, choropleth maps
are the type of map most used for the representation of
socio-economic data. It is because their construction is
relatively straightforward, and they can be computer-
generated easily.Figure 7.19 Production procedure for choropleth maps
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7.5.3 Isoline maps

Unlike choropleth maps, which view the data set they
have to represent as discrete values only valid for spe-
cific areas, isoline maps are based on the assumption that
the phenomenon to be represented has a continuous dis-
tribution and smoothly changes in value in all directions
of the plane as well. The Greek word ‘iso’ means ‘equal’,
and an isoline is a line which connects points with an
equal value: equal height above sea level, equal amount
of precipitation or an equal population density. The val-
ues that serve as a starting point for the construction of
isolines can be measurement data that apply either to
point locations or to areas. Let us first look into the pro-
duction procedure for point data-based isolines.

In Figure 7.21(a) the location of a number of weather
stations is indicated, with precipitation data (it is custom-
ary for climatological maps to use 30-year data aver-
ages). These data are now categorized into a number of
classes. In the example the data, which range from 28 to
104 inches per year, have been subdivided into nine
classes (<30, 30–40, 40–50, 50–60, 60–70, 70–80,
80–90, 90–100, >100). Now these class boundaries have
to be drawn in on the map, and this is being effectuated
through interpolation. Let us take the 70-inch boundary
first. There are no points in Figure 7.21(b) with the value
70, but we know such points, when constructed, would
have to lie in between data-point pairs with values on the
opposite sides of 70 inches. So, to quote the map, in be-
tween 73 and 65, for instance. Assuming the change in

Figure 7.20 Transformation of a dot map into choropleth maps (b), (d) and (f), a proportional symbol map (e), and an isoline map (c)
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precipitation values occurs linearly, one would be able to
pinpoint exactly the location: when the two data points
with values 73 and 65 (there is a difference in value of
8 inches between them) are linked, a point with the value
70 (3 inches less than the 73-inch point) would lie on 3/8
of the interdistance, reckoned from the 73-inch point. To
get other points with the boundary value 70 one would
have to proceed in a similar way between other data pairs
on the opposite sides of 70.

As a next step, shown in Figure 7.21(b), all con-
structed points with the 70-inch value are connected. In
Figure 7.21(e) all other boundary lines have been con-
structed as well. Finally, in order to better perceive the
general trends, in between the isolines grey value tints
are added (Figure 7.21f ), in much the same way as in
choropleth maps. Because the values increase continu-
ously, more than seven classes would be acceptable in the
final map (Figure 7.21c and f ).

When the original data have not been collected or
measured for point locations, as for weather stations or
heights, but for areas, the first steps of the production
procedure would be different. Data collected for regular
grid cells (these can be population numbers), as in a grid
map, are totalled per grid cell and then assigned to the
grid cell centre. These centres are then used as the data
points and from here the procedure is similar to the one
described in Figure 7.22.

There has been quite some opposition to this applica-
tion of the isoline method, to the point that area-based
isoline maps have been called pseudo-isoline maps in
continental Europe (in the UK they are called isopleth
(iso for ‘equal’ and plethos for ‘value’). The point made
against them is that discrete data (data valid for specific
enumeration areas) are treated as if they were continu-
ous. But this is all a matter of definition. If population
density is not regarded as the ratio between the number
of people living in a specific area and the size of that
area, but as the number of people within a standard area
size, such as a circle with a surface of 1 km2, which can
float over the area, then the concept could refer to a con-
tinuously changing value. This floating template (to be
perceived as a circle drawn on transparent material with
which a population dot map is scanned) method was used
to produce the map in Figure 7.20(c).

The prime issue regarding data-point-based isolines is
the representativeness of these point locations regarding
the phenomenon they describe for their surrounding
area. The more homogeneous the surrounding area, the
more representative the data points.

In contrast to choropleth maps, isoline maps show us
trends; they show clearly in which direction values for
the phenomenon being represented are increasing or
decreasing. Because of this characteristic, they are very
well suited for comparing different phenomena and
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Figure 7.21 The production of a point data-based isoline map (after Monkhouse and Wilkinson, 1971)
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assessing whether there are correlations between these
phenomena. In this regard they perform better than
choropleth maps.

7.5.4 Nominal point data

Nominal data valid for point locations are represented by
symbols that are different in shape, orientation or colour.
There is a general division between figurative and geo-
metrical symbols, the figurative ones being used when
associations might ease recognition of the symbols. For
more abstract phenomena geometrically shaped symbols
are used. Figure 7.23 shows some associative figurative
symbols. The more elaborate their shapes, the more they
will be subject to a tangle on the map, resulting in severe
legibility problems. These figurative symbols probably
will be the first map symbols map readers will be con-
fronted with during their education, as figurative sym-
bols (like grain sheaves for agriculture, wheels for
manufacturing or cows’ heads for animal husbandry)
usually dominate cartographic material for primary
schools and tourists. With geometrical symbols as in

Figure 7.24 better map legibility is coupled with less
recognizability.

7.5.5 Absolute proportional method

Discrete absolute values, valid for point locations or
for areas, can be represented by proportional symbols.
For this purpose figurative symbols are not well suited,
as their shapes are so complex that it is very difficult
to compare their dimensions. Geometrically shaped

Figure 7.22 The production of isopleth maps through interpola-
tion between grid cell centre values

Figure 7.23 Associative figurative symbols

Figure 7.24 Geometrical proportional symbols
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proportional symbols are much better suited here. Fig-
ure 7.24 already showed some examples of geometrical
proportional symbol maps.

This is an appropriate place to mention that different
graphical languages each have their own grammar. Next
to cartography another graphical language is that of
isotypes (using associative symbols, each with the same
standard value), developed in the 1930s by Otto Neurath.
The principal aspect of the grammar for his isotypes was
that differences in value would be represented by differ-
ences in number of symbols. Plate 45 shows an isotype
of the number of Europeans with or without a constitu-
tion. In 1793 30% had a constitution, a third of which
were within a monarchy (different forms of government
had different colours in the original). Another aspect of
the grammar for isotypes is the central vertical line,
which indicates the shift from unconstitutional to consti-
tutional rule.

The same principle of showing differences in value by
different numbers of symbols cannot be used on maps.
Figures 7.25(a) and (c) show this: the large number of
symbols obliterate too much of the map, and thereby
threaten to block the geographical background, the very
reason for showing the data on the map. Therefore, dif-
ferent values in cartography are represented by symbols
differing in size. The areas covered by these symbols will
be proportional to the values they have to represent.

The primary considerations for these symbols will be
legibility and comparability. Whether symbols are legi-
ble or not against the background of the base map de-
pends on the contrast and symbol density. Whether
proportional symbols can be compared easily will de-
pend on their shapes. Proportional symbols that vary
only in one direction, like columns (Figure 7.25b) score
well in people’s ability to compare the sizes they repre-
sent, much better than proportional circles. On the other
hand, these circles would dominate the map image less,
they would not monopolize certain directions and it
would be easier to apply them within the areas they relate
to. As many map readers underestimate continually pro-
portional circles when comparing them, graded circles
can be used instead, which only have a limited number of
symbols to denote specific size categories.

The range concept, introduced in Section 7.3, is very
important in the context of proportional symbol maps, as
it refers to the ratio of the highest and lowest value that
can still be represented proportionally, without impairing
legibility. As could be seen from Figure 7.12, the range
between the smallest proportional circle symbol that can
still be perceived and the largest one that can be applied
to the map without disturbing the map image too much is
1:2500. As the dimensions are proportional to the square
roots of these values, this denotes the difference between
a 1 mm diameter circle and a 5 cm diameter circle. When
one tries to visualize a similar range through propor-
tional columns, and the smallest value is rendered
through a 1 mm high column, the highest value would
have to be rendered through a 2.5 m high column, which
obviously would be impossible. The only way to render
such extremes would be by introducing a threshold value
below which all values would be represented by an aster-
isk or so, thus reducing the range.

It has been proposed to use three-dimensional symbols,
in order to increase the range that could be represented on
a map. The idea was that by constructing three-dimensional
symbols, the dimensions of these symbols would be pro-
portional to the cubic roots of the values, instead of to
their square roots as in two-dimensional symbols. When
compared with proportional circles or squares, the space
taken by 3D symbols will thus be reduced considerably.
Perception research has shown, however, that with 3D
symbols simulated on paper maps it is not the 3D model
but the surface the model actually covers on the map that
is taken into account, thus leading to serious underestima-
tions of the actual values represented. Thus the use of 3D
symbols is only advocated here in situations in which a
better 3D image can be generated, either through anaglyphs
or stereo images (Kraak, 1988).

When used as symbols for areas, proportional sym-
bols tend to be perceived as ratios: it is the ratio be-
tween the part of the area covered by the proportional
symbol and the area itself which is taken account of.

Figure 7.25 Comparison of the disturbing influence of different
proportional map symbols upon the map (from Imhof, 1972)
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This phenomenon is most clear when proportional sym-
bols are rendered in grid cells. Here the impression
generated by them is similar to that of grid choropleths
(Figure 7.20b and e).

The production procedure to follow in this special
case (of using proportional symbols for designating area
characteristics in a regular grid) can be explained on the
basis of Figure 7.26. In this map (housing density in
Europe) absolute area figures are related to the number
of regular grid nodes that fall into the respective areas: if
1 800 000 houses (eastern France) belong to an enumer-
ation area in which 12 nodes fall, each node will have to
represent 150 000 houses, and will be proportioned ac-
cordingly. As each node also relates to an area of a spe-
cific size, this grid proportional symbol map would not
only render absolute data but also relative data – in this
case density data.

The portrayal of absolute positive and negative devel-
opments through proportional symbols can also use this
grid technique. Figure 7.27(a) and (b) both portray nega-
tive developments through black symbols and positive
ones through white symbols, made visible through the
selection of a grey background colour. Figure 7.27(a)
uses the irregular proportional symbol technique, show-
ing the proportional symbols for point data. Fig-
ure 7.27(b) uses the regular, grid proportional symbol
technique, for which the point data have been aggregated
first to area data.

7.5.6 Diagram maps

Diagram maps are simply maps that contain diagrams.
Their use is not advocated here. Diagrams function very
well in isolated circumstances, on their own or in pairs,
in allowing comparisons between figures, or in visualiz-
ing temporal trends. But when represented against the
background of a map there are usually too many distract-
ing circumstances: the map background, geographical
names, the fact that they are not situated on the same line
any more, etc.

Nevertheless, diagrams are much applied to maps.
One discerns between line diagrams, in which the tem-
poral trend in a phenomenon is indicated (such as yearly
temperature or precipitation averages), bar graphs, in
which the length of the column has been subdivided pro-
portionally between various characteristics, histograms
(in which a number of contiguous columns are used),
area diagrams (such as pie graphs) in which the area of
the diagrams has been subdivided, flow diagrams (which
will be covered in the next subsection), and areal dia-
grams in which the whole map area has been subdivided
according to the percentages of the various characteris-
tics discerned.

An example of the areal diagram map is given in
Figure 7.28(b). The basis shown in Figure 7.28(a) is a dot
map, indicating the location of two language groups, A
and B. In the area shown, there are 29 000 A and 56 000
B, so in this area the A group forms: (29 000/(29 000 �
56 000)) � 100 � 34% of the population. This then
should be shown in the areal diagram map. If the area is
subdivided into 100 grid cells, 34 of them would be des-
ignated A and 66 of them would be designated B. Though
this would enormously distort the actual geographical
image, by rendering the correct proportions, geography
might be helped a bit by locating the designated grid
cells in such a way that at least the actual distribution pat-
terns are simulated somewhat.

The phenomenon of diagram maps is not to be con-
fused with maps that have diagrams added to them in
order to substantiate the categorization that has been ap-
plied. In a choropleth map the classification can be sus-
tained by showing in a histogram the number of
observations that fall within each class. In a scatter dia-
gram or triangular graph, a categorization on the basis of
three characteristics that together make up for the whole
data set can be sustained.

The negative advice at the start of this subsection is
based on the consideration that a map is not the proper
environment for diagrams because of too many distract-
ing graphical cues. The only advantage of adding dia-
grams to maps would be to put them into their
geographical context. However, with a proper reference
to their actual location, series of diagrams would be

Figure 7.26 The use of proportional symbols in regular grids:
housing densities in Western Europe in 1980. Numbers of houses
in thousands per (virtual) grid cell
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Figure 7.28 Production of an areal diagram of an area’s lan-
guage composition

much better placed next to each other outside the map.
Here because of their adjacency, they can be better inter-
preted. In a multimedia package they could be consulted
outside the map environment.

When cartographers or researchers produce diagram
maps, it is mainly for analytical purposes. The data are
being analysed in their proper position, which will help
the analysis – but as an inventory map it would not be
suited for communication. A good example is the com-
posite migration diagram shown in Figure 7.29. Here,
the positive and negative net migration is visualized for
five 10-year periods (1900–1950) for cantons in western

Belgium. For each individual canton the diagram shows
admirably the trend in the population development, but
together the diagrams are too complex to show a clear
regional trend, which is why the map has been analysed.
As a result of this analysis a number of migration types
have been discerned. There are cantons with a continu-
ous net immigration, with a continuous net emigration,
there are cantons that lost many inhabitants in the sec-
ond decade of the previous century (why?), there are
cantons that lost people early in that century and gained
later. Nearly all cantons can be assigned to one of these
types, and visualized accordingly (as in Figure 7.29b).
The resulting image shows much better the actual distri-
bution of the various types, and therefore of the migra-
tion trends.

7.5.7 Dot maps

Dot maps are a special case of proportional symbol
maps, as they represent point data through symbols that
each denote the same quantity, and that have been
located as well as possible in the locations where the phe-
nomenon occurs. In the case of a population dot map,
when each dot represents one person, it would be possi-
ble to produce a dot map with absolute correct locations
of the dots. Whenever people have been aggregated be-
cause the representative value of the dot is not one person

Figure 7.27 Proportional point symbols used for point data, showing absolute increase or decrease in a specific time period
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but five or 100, it becomes impossible to show the loca-
tions of the persons represented correctly and approxi-
mations have to be made. A solution would be to put the
dot in the centre of the addresses of the inhabitants it rep-
resents, or in their gravity point. The dot locations have
to be selected in such a way that they characterize the ac-
tual population distribution.

So dot maps show patterns: for instance concentration
and dispersion of the population distribution, in a popu-
lation dot map, or subgroups of the population, as the
students represented in Figure 7.20(a).

A population dot map is usually generated according
to the following procedure (see Figure 7.30): population
data will be available for enumeration areas (Fig-
ure 7.30a), and generally additional information will be
available in the form of topographic maps, land use
maps or remote sensing imagery. On the basis of this
additional information (Figure 7.30b) it will be possible
to determine which areas are uninhabited, which are
sparsely inhabited and which have a high population
density (as the contiguously built-up urban areas). So on
the basis of the data and the additional information, the
enumeration areas will be broken down into smaller
units considered homogeneous as regards their popula-
tion distribution, with the population numbers that are
supposed to apply to them (Figure 7.30c). The final step
will be the translation of the values to be represented
into graphical form, by choosing a dot with a specific
size and a specific representative value (see Fig-
ure 7.30d), and by applying the dots regularly over the

areas considered homogeneous. Without the additional
information one would only be justified in applying the
number of dots calculated for each area regularly over
that area; with the additional information one can be
more specific.

When the size of the dots is too large, a situation will
quickly occur in which the dots have a tendency to coalesce
or merge, so that individual dots can no longer be distin-
guished. Though this is not serious for a restricted number
of locations (after all, it never is the intention of dot maps to
show densities or to have the dots counted) it is better to
avoid this if they would coalesce over larger areas.

When the representative value of the dots is too large,
few dots will have to be applied to the map, but in
sparsely inhabited areas large tracts would go without
any dots at all, so no pattern will show here. When the
dots have a small representative value, many dots will
have to be located, and there will again be the danger of
merging. When the differences in density are just too
large for rendering both rural and urban densities, one
may be compelled to use an additional dot size for larger
urban values (Figure 7.30d).

Because of these considerations the actual dot size and
representative values have to be tested out for a few dif-
ferent areas in order to check whether the required im-
pression will result.

A number of software packages are equipped with the
facility to produce dot maps. But, as these work on the
basis of random generators of the dot locations within
the areas specified, there is not much use in applying

Figure 7.29 (a) Composite diagram map of the population development in western Belgium between 1900 and 1950 (source: Atlas
van de Nationale Survey), for analytical purposes, and (b) chorochromatic representation of the same information for communication
purposes
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them, as the resulting image will bear little resemblance
to the actual distribution within the areas.

7.5.8 Flow line maps

This is one of the few map types that simulates move-
ment. Movement can be simulated on static paper maps
in a number of ways: by using graphical variables that
give the reader an ordered impression (through differ-
ences in size or in grey value), by showing a number of
situations adjacent in time next to each other (the filmic
method, as in a comic strip), or by using symbols that are
associated with movement. Flow line maps use the third
way, as they use arrow symbols. This is a most useful
symbol in cartography, as arrows indicate both the route
along which a movement occurs and the direction along
the route (by the way in which the arrowhead points);
also the volume transported along that route can be
shown by the relative thickness of the arrow’s shaft. So

far this definition is valid for both flow line maps, flow
line diagrams and vector maps (see also Figure 7.14).
Vector maps only show the size of the forces that occur at
specific points in specific directions. Wind velocity
maps are an example. Flow line maps show the specific
route of the movement or transport as well, but are not
further subdivided. Flow line diagrams are further subdi-
vided, and show for instance in the amount of goods
transported from A to B the proportion of those goods
that have been transported by boat, by dividing up the
arrow shaft longitudinally into different sections denot-
ing different transport modes.

The impression given by proportional arrow symbols
is one that is governed by both the length of the route and
the thickness of the arrow, i.e. the amount transported.
This product of thickness and length really is a trans-
portation achievement impression rather than an impres-
sion of the amount of goods transported (Figure 7.31a).
If it is only the amount of goods transported from all over
the world to a given location that has to be visualized,

Figure 7.30 Production procedure of a dot map: (a) administrative units; (b) topographic map; (c) combining administrative units with
the topography; (d) the dot map
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this can be done better by expressing these amounts pro-
portionally at their places of origin (and eventually link-
ing these symbols to the destination by arrows showing
the direction, as in Figure 7.31b). The amounts can be
compared in this way more easily than from arrow sym-
bols pointing in all directions. Whenever traffic in both
directions along a route is in balance, there is not much
point in adding arrowheads, and thereby the symbol
changes into a band-like symbol, still proportional to the
amount of goods or persons transported along it.

7.5.9 Statistical surfaces

The three-dimensional representation of quantitative
data such as used in choropleth and isoline maps for
analytical purposes can help in their two-dimensional
representation. Such a three-dimensional representa-
tion may be called a data model or a statistical surface.
In the case where the theme being mapped is height
above sea level, the data model will simulate tangible
reality (Figures 7.7b, 7.11, 7.15e). Where it portrays
other phenomena the data model will serve as a yard-
stick for assessing whether, through classification pro-
cedures, a correct view of the data has been generated.
Of course, the data model can be used on its own for
data communication, but it has some disadvantages
here: it is not generalized through classification and
therefore might present too complex an image and, be-

cause of its relief, some areas might be obliterated by
peaks in the three-dimensional data model. Because of
its perspective, it would be impossible to read exact
values from the map. There would be advantages as
well: the image generated by a three-dimensional data
model is a very dramatic one, which will be remem-
bered for a long time, and it would present a good
overview of the general trend of the data.

7.5.10 Cartograms

Cartograms provide another correction to the false im-
pression choropleths of non-area-related phenomena
might provide (see Section 7.5.2), is the adaptation of
the size of the enumeration areas in such a way that they
have been made proportional to the number of the sec-
ondary data set. In our medical example from Section
7.1, with the number of patients per general practition-
ers, the enumeration areas would have to be made pro-
portional in size to the number of inhabitants or patients.
In this way unfavourable ratios could be weighted
against the number of people affected in this un-
favourable way. Disproportionately small medical prac-
tices in marginal areas could not dominate the resulting
image, because the number of people affected in this
way, and therefore the area rendered with this light grey
value (compare with Figure 7.3), would be relatively
small. An example of such an ‘area proportional to’

Figure 7.31 (a) Flow line map showing transportation achievements; (b) map for comparison of the actual coal quantities transported
from various areas to Lorraine
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cartogram is Figure 7.32, in which areas are proportional
to population data. Figure 7.32 has been constructed start-
ing from a central area (France) outwards; one also can
start from the original outline of the area and subdivide
the interior surface proportionally (as in Figure 7.15h).

Plate 46 presents another revealing example portray-
ing the population density of Britain. It compares a
choropleth and a cartogram. The map on the left shows
that half of Britain has densities below 50 inh/km2. From
the map on the right one perceives that over 80% of
Britons live in areas with population densities of over
1000 inh/km2. Which map gives a better impression of
population density?
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Figure 7.32 Languages in Western Europe: (a) in geographic space; (b) as an ‘area proportional to’ cartogram
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8.1 Introduction

From the previous chapters it has become clear that maps
are needed when one intends to understand geospatial
patterns and relationships. Most maps limit themselves
to a single snapshot in time. However, the study of geo-
graphical processes or events cannot be successful with-
out considering time as well, since many of the most
important challenges facing society today, such as global
climate change, economic development and health re-
quire the detection and analysis of changes and trends to
support problem solving. In particular, the temporal
component of the data helps in understanding the region-
ally varied impacts of global climate change such as sea
level rises, or in tracing the diffusion of infectious dis-
eases. This chapter looks at problems like these from the
temporal perspective (see Figure 8.1), but without forget-
ting the lessons learned in Chapters 6 (location space)
and 7 (attribute space).

Depicting events requires an inventive cartographic
design approach to keep the maps clear and understand-
able. A classic example is Minard’s 1869 map showing
Napoleon’s campaign in Russia (Friendly, 2000; Robinson,
1967). This map, presented in Figure 8.2, is considered
by many (Tufte, 1983) to be one of the best map designs
ever. It simply but effectively visualizes the dramatic
losses during the campaign. It shows the path of
Napoleon’s 1812 attack on Moscow. The symbol repre-
senting the route of Napoleon’s army varies in thickness
depending on the number of soldiers involved. These
numbers decrease from over 500 000 at the start to under
10 000 at the end of the campaign. To explain that it was
not just losses due to battles a graph below the map gives
the temperature during the retreat from Moscow. It shows
lows of almost –40°C. Many have tried to ‘improve’
Minard’s approach with today’s technology such as inter-
active animations (Roth et al., 1997; Wilkinson, 1999).

However, not all maps displaying events that stretch
over time will be this clear. Generally such designs tend

to become rather complex, due to the amount of data or
the length of the time period to be covered. A solution is
to split the single map into a set of maps (sometimes
called a small multiples) physically displayed consecu-
tively, to be read as a story. The individual maps will be
less cluttered, but for the reader this requires greater
skills to combine the information found in the individual
maps into an event, especially when one needs many
maps to display the process (Kousoulakou and Kraak,
1992). With advancing technology animation seems to
be the solution. However, in understanding the process
represented by the animation the reader/viewer should
have interaction tools available. If not, the animation is
even more limited than the set of maps, where the reader
at least has the freedom to move from one image to
another in retrieving information. The above solutions to
visualize the time dimension are oriented towards
presentation, to inform the viewer about an event that
happened or to show a scenario that might take place in
the future. With the abundance of geospatial data, for
instance acquired by satellite monitoring, or via gps there
is also a need for exploration (Kraak, 1998). Carto-
graphic exploration requires different solutions involving
options for interaction and dynamics – see Chapter 10.

The notion of time is not as straightforward as one
might think. It seems everyone knows what it is but yet
no one can really describe it. The Oxford Dictionary
gives this definition: the indefinite continued progress of
existence and events in the past, present, and future re-
garded as a whole. In the geosciences it is all about
events and change. An event can be continuous, like the
ever changing temperatures at a meteorological station,
or discrete, like municipal boundary changes (see Plate 47).
Time can be measured objectively or subjectively. A train
trip will take 1:30. A lecture is scheduled for one hour,
but could be experienced as shorter or longer depending
on how interesting it is. Time is considered to be linear
or cyclic. Our system of counting years is an example
of linearity of time. Returning days and nights or the
seasons are examples of cyclic time. Still it is more

CHAPTER  8 Mapping time
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Figure 8.1 Approaching geospatial data from a temporal perspective

Figure 8.2 Minard’s map from 1869 showing Napoleon’s 1812 campaign in Russia
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complex, since it is not always clear to what time one has
referred.

Most prevalent in literature are world time (world time
is the timescale of reality, i.e. the moment an event takes
place in the real world), database time (the moment
the event is captured in the database) and display time
(the moment an event is displayed in a map – see also
Langran, 1993; Peuquet, 1999).

The objective of maps is to support decision making
and the maps discussed in this chapter should be able to
answer temporal questions. MacEachren (1995) classi-
fied possible questions concerning spatio-temporal data
into seven query types, addressing the existence of an
entity (if ? or whether?), its location in time (when?), its
duration (how long?), its temporal texture (how often?),
its rate of change (how fast?), the sequence of entities
(what order?), and synchronisation (do entities occur to-
gether?). These questions could be asked both with linear
and cyclic time in mind, and at different scales as well.
For example, when do traffic jams start? What are the
temporal patterns of the traffic jam when looking at
daily, weekly or seasonal cycles?

In practice, the most common map reading tasks are to
detect changes over time, such as the temperature change
between day and night, the extent a car has moved during
rush hour, or the expansion of a city between two points
in time. The simple temporal questions, such as if, how
long, what order, can be answered through typical tem-
poral maps. This should result in detecting trends and
patterns, which are higher order goals that lead to under-
standing of the data. For the more complex questions a
more advanced working environment is needed as will be
discussed in Chapter 10.

8.2 Mapping change

Mapping the time dimension means mapping change,
and this can refer to change in a feature’s existence, such
as appearance or disappearance. A calving iceberg ap-
pears and after it melts it disappears. It could also
change in geometry, in attributes or both. Examples of
changing geometry are the evolving coastline of the
Netherlands, or the changing location of Europe’s na-
tional boundaries or the position of weather fronts. The
changes in a land parcel’s ownership or in road traffic
intensity are examples of changing attributes. Urban
growth is a combination of both. The urban boundaries
expand and simultaneously the land use shifts from rural
to urban. If maps have to represent events like these they
should suggest change. This implies the use of symbols
that are perceived to represent change. Examples of such
symbols are arrows that have an origin and a destination
(see also Section 7.5.8). They are used to show movement

and their size can give an indication of the magnitude of
change involved (Figure 8.3). Specific point symbols
such as crossed swords (battle) or lightning (riots) can be
used to represent dynamics as well. Another alternative is
the use of value (tints). In a map showing the develop-
ment of a town the darker tints represent older built-up
areas, while newly built-up areas are represented by
lighter tints (Figure 8.3a).

Based on the above observations it is possible to dis-
tinguish between three temporal cartographic depiction
modes (Figure 8.3):

● Single static map. Specific graphic variables and
symbols are used to show change in order to represent
an event. In Figure 8.3(a) value has been used to repre-
sent time. Darker tints indicate older and lighter tints
newer developments.

● Series of static maps. The single maps represent
snapshots in time. Together the maps make up an event.
Change is perceived by looking at the succession of in-
dividual maps depicting the event in successive snap-
shots. It could be said that the temporal sequence is
represented by a spatial sequence, which the user has to
follow, in order to perceive the temporal variation. The
number of images is limited, however, since it is diffi-
cult to deal with long series (Figure 8.3b).

Figure 8.3 Mapping an event (urban growth of the city of
Maastricht, the Netherlands): (a) by a single map; (b) by a series
of maps; (c) with an animation (a simulation)
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● Animated map. Change is perceived to happen in a
single frame by displaying several snapshots after each
other. The difference with the series of maps is that the
variations introduced to represent an event have to be
deduced not from a spatial sequence but from real
movement on the map itself (Figure 8.3c). Within this
category one can further distinguish between interac-
tive and non-interactive animations. Examples of the
latter are the animated gifs (a repeating sequence of
bitmaps) often used in web pages. The most notorious
example is the spinning globe ubiquitous in web pages.
The interactive animated map will be elaborated in the
next section.

Alternative graphic representations of time exist as
well. In these cases not only geographical space but also
time space is used to present an event. Examples are
given in Plate 48. The map to the left is a so-called space-
time cube. The bottom of the cube represents geographic
space and the event is drawn along the vertical time axis.
The cube represents Napoleon’s march on Moscow as
depicted in Figure 8.2. The map on the right is a kind of
cartogram. Geographical space is distorted, based on
travelling time. The particular example shows travelling
time by public transport from the town of Zwolle to other
destinations in the Netherlands.

8.3 Animation

Cartographers have paid attention to animation since the
1960s. However, early work only allowed for the manual
cartoon-like approach, and experiments were made with
either film or television. During the 1980s technological
developments gave rise to a second phase of cartographic
animation, with the first computer-produced imagery.
Currently a third wave of cartographic animation is
going on, created and enabled by GIS technology. A his-
torical overview is given by Campbell and Egbert (1990).
Some research trends in the application of animation to
display changes can be found (Dransch, 1997; Ormeling,
1996; Peterson, 1995). Because of the need in GIScience
environments to deal with processes as a whole, and no
longer with single time-slices, it is not just visualization
methods and techniques that have to be taken into ac-
count but also database issues (data storage and mainte-
nance, database design and map user interfaces (DiBiase
et al., 1992; Egenhofer and Gollege, 1998; Monmonier,
1990), Harrower and Fabrikant, 2008) as well.

As mentioned before, animations can be very useful in
clarifying trends and processes, as well as in explaining
or providing insight into spatial relationships. Carto-
graphic animations can be subdivided into temporal and
non-temporal animations.

8.3.1 Temporal animations

When dealing with a temporal animation, a direct relation
exists between display time and world time. An anima-
tion’s temporal scale would be the ration between display
time and world time. Examples of these animations are
changes in the Netherlands’ coastline from Roman times
until the present, boundary changes in Africa since the
Second World War, or the changes in yesterday’s weather.
Time units, the animations temporal resolution, can be
seconds, years or millennia. The GIS environment also
distinguishes another type of time, i.e. database time.
These three different types of time were already recog-
nized, although not explicitly, by the cartographer produc-
ing topographic maps. Topographic map updates would
be a good example, as here a difference of several years
would exist between world time, database time and dis-
play time (respectively the moment a new road is built,
the aerial photograph taken and the final map printed).
Temporal animations show changes in the locational or
attribute components of spatial data, as shown in Fig-
ure 8.4(a). For a proper understanding it is important that
the user can influence the flow of the animation. Mini-
mum functionality requires options to play with the time-
line: forward, backwards, slow, fast, pause.

8.3.2 Non-temporal animations

Display time in non-temporal animations is not directly
linked with world time. The dynamics of the map are
used to show spatial relationships or to clarify geometri-
cal or attribute characteristics of spatial phenomena.
Here interaction is necessary as well, if only to allow the
user to answer the question ‘How was it?’ Non-temporal
animations can be split into those displaying a successive
build-up of phenomena and those showing changing rep-
resentations of the same phenomena (Figures 8.4b and c).

Examples of animations with successive build-up in-
clude the following:

● Understanding a three-dimensional landscape. For in-
stance, first only the terrain is displayed, followed later
by the addition of other themes such as roads, land use
and hydrography (location).

● In thematic mapping alternating classes are high-
lighted to show, for instance, the distribution of low
and high values (attributes).

Animations with changing representations (rendering
different data or rendering the same data according to
different map types, which is in fact the same as the tog-
gling mechanism described for electronic atlases in
Chapter 9), include the following:

● a display of choropleths with different classification
methods used (attribute);
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Figure 8.4 Classification of animated maps: (a) temporal maps with locational (I) and attribute (II) change; (b) successive build-up 
according to location (I) or attribute (II); (c) changing representation because of data manipulation (I) or graphic manipulation (II)
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Figure 8.5 The animation interface (based on Kraak, M.J. and
MacEachren A.M., 1994)

● Duration. The length of time nothing changes in the
display. A direct link between each frame and world
time exists.

● Order. This refers to the sequence of frames or
scenes. Time is inherently ordered.

● Frequency. Frequency is linked with duration. Ei-
ther can be defined in terms of the other. It is worth
treating it as a separate dynamic variable because
humans react to frequency as if it were an independ-
ent variable.

Of the dynamic variables duration and order are most
important. The first represents the length of time nothing
changes at the display, while order deals with the se-
quence of frames or scenes. They can be explicitly used
to express an animation’s narrative character. They tell a
story, and the dynamic variables can be seen as addi-
tional tools to design an animation. With those one can
control all visual manipulations.

Both dynamic variables could also be used in the leg-
end of the animation. Although all maps should have a
legend to explain their contents it is even more important
for an animation. The (temporal) legend itself could be
part of the user interface. Such an interface is required
because an animation without an option to manipulate
the flow of the animation will be very limited in its effec-
tiveness. The legend as part of the interface will not only
help to understand the phenomena mapped but also allow
for a dynamic control of the animation. The appearance
of the legend interface will depend on the nature of the
temporal data and the type of queries expected. Temporal
data can be cyclic (think of seasons) or linear (think of
history) (Kraak et al., 1997). The first might require a
kind of dial to move through time, while the second
needs a slide bar (Figure 8.5).

Although the effect of animation is not yet fully un-
derstood one can notice a clear increase in its applica-
tions. The distribution of animations used to be
cumbersome, but thanks to the World Wide Web, cartog-
raphy’s latest medium, this is no longer a problem.
Media players integrated in the web can be used to run
the animations. Cartographic animations are even found
on a website like YouTube. For advanced interface op-
tions special plug-ins such as Flash or Scalable Vector
Graphics (SVG) are still needed. However, it is recog-
nized that animations have some perceptual and cogni-
tive limitations. Users might sometimes fail to notice
important changes in the animation. In addition viewers
of animations might be overwhelmed by the amount of
images (frames) they receive and because of this they
would be unable to remember what they saw. This prob-
lem is called ‘cognitive overload’. The dynamism of the
animation also amplifies the split attention problem, oc-
curring when one tries to see the legend and content of
the animation at the same time.

● displaying a particular data set by changing the carto-
graphic method of representation, for instance by
showing the same data subsequently in a dot map, a
choropleth, a stepped statistical surface and an isoline
map (location/attribute);

● maps with blinking symbols to attract attention to cer-
tain map objects, object categories or their attributes;

● a simulated flight through the landscape, as a result
of continuous changes in the viewpoint of the user 
(location);

● the effects of panning and zooming in or out in anima-
tion (location and attribute).

8.4 Dynamic variables

A question cartographers have to deal with is how one
can design an animation to make sure the viewer indeed
understands the development or trend of the phenomena.
The traditional graphic variables, as explained in Chapter 5,
are used to represent the spatial data in each individual
frame. Bertin, the first to write on graphical variables,
had a negative approach to dynamic maps. He stated
(Bertin, 1967): ‘movement only introduces one addi-
tional variable, it will be dominant, it will distract all at-
tention from the other (graphical) variables’. Recent
research, however, has not sustained this statement. Here
we should remember that technological opportunities of-
fered at the end of the 1960s were limited compared with
those of today. DiBiase et al. (1992) found that move-
ment would reinforce the traditional graphical variables.
In this framework DiBiase and MacEachren introduced
the so-called dynamic variables: duration, order and rate
of change, frequency, display time and synchronization.
The characteristics of the dynamic variables are given
below. According to Blok (2005), duration, frequency
and order, together with display time are the most impor-
tant variables, while the others are somehow derived
from these three (see also Figure 8.5).

● Display time. This is the time at which some display
change is initiated. The display date can be linked directly
to the chronological date to define a temporal location.
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9.1 Introduction

Cartography not only includes the design and production
of maps but also their use (see Section 1.1) and in order to
get the relevant information from maps, users apply spe-
cific map use strategies. They also have to be aware of the
intentions and techniques of those that designed the maps
and atlases they use. Atlases are intentional combinations
of maps or data sets, structured in such a way that speci-
fic objectives are reached. In a way, atlases are similar
to rhetoric: if a number of arguments are presented in
a speech in a given sequence, a specific conclusion is
reached. So if one combines a number of maps on specific
themes in a specific sequence this would be done with the
objective that the user arrives at a specific conclusion.
Atlas editors have certain points to make, and in order to
do so, they select and process specific data sets for spe-
cific areas. Objectives of atlases may include the introduc-
tion of children to their environment (see also Plate 32), or
to access global information in a reference atlas, but it may
be just as well to provide awareness of specific environ-
mental problems or to evaluate the availability of good
factory sites. Objectives and structures together may be
called the narrative of an atlas, and the way in which this
narrative is directed may be called the atlas scenario.

The objective of an electronic school atlas of Sweden,
for example, would be to communicate basic spatial in-
formation about the country in such a way that it would
keep the pupils interested. In order to effectuate that, the
scenario could be the simulation of a flight of geese from
south to north over the country, thus providing a gradual
overview (as the geese would see it from above) of the
country’s geography with points indicated where adven-
tures can be had (to keep up the interest) but also allow-
ing for free roaming in order to discover patterns of one’s
own. The narrative would tell the pupils about the
changes in the landscape and the way people earn their
living during the series of seemingly criss-cross but actu-
ally northbound flights.

Atlases work with a number of ‘tools’ in order to
structure the information. An information hierarchy is
arrived at by the use of the sequence tool and the scale
tool: more important themes or areas are shown earlier
in the atlas or at a larger scale than less important ones.
By showing a number of thematic maps consecutively, a
causal relationship between these themes is suggested.
Specific areas that are regarded as most important can
be highlighted by zooming in on them in an inset map.
In the margins of the atlas maps there can be references
to cities in other continents at the same geographical
longitude or latitude, or to related themes depicted on
other maps.

Atlases have a structure that is evident in the sequence
in which the information is presented. An atlas may start
with the world and gradually zoom in on the area under
consideration, or it might start with a specific region and
gradually zoom out, showing the region in its larger envi-
ronment. Or, again, atlases may present their information
in a matrix form, starting, for a Eurocentric audience, in
the Earth’s perceived northwest (North America) and
ending in the southeast (Australia).

In a narrative, specific situations are highlighted and
presented in a specific sequence; narrators might hide a
specific message or moral in their story as well. Atlases’
narratives are constructed by the (default) sequence in
which the individual maps are presented, within which
specific areas or themes get more or less coverage. The
data sets for an atlas are selected and processed in order
to answer the editor’s objective. The processing of the
data has as its first aim to make the various data sets
comparable, at the same generalization level, letting
them be valid for the same date, preferably at the same
areal aggregation level, etc.

Access and navigation are the most important aspects
when dealing with atlases. Working with atlases is one of
school pupils’ first contacts with information systems
(next to telephone directories). Learning to access atlases
means learning to work with indexes and registers, and
understanding the atlas structure. From large-scale local

CHAPTER  9 Maps at work: presenting and using
geospatial data in maps and atlases
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maps to small-scale global maps is a preferential struc-
ture used in school atlases, for instance. This structure
can be provided by attention and sequence: attention,
again, is translated into the number of pages and the
larger scales used for specific areas, and sequence refers
to the order in which the various regions are presented.

The ability to compare maps or data sets is one of the
essential characteristics and objectives of atlases: by pro-
cessing the spatio-temporal data, atlas editors see to it
that individual maps can fruitfully be compared with the
other maps contained. These comparisons can be of a
thematical/topical nature (e.g. comparing illiteracy and
average income for the countries of a continent), of a ge-
ographical nature (e.g. comparing settlement patterns in
the United States with those in China) or of a temporal
nature. To be fruitful the documents compared must be
on the same scale, with similarly detailed base maps
available, generalized in a similar manner. The settle-
ment densities of areas should reflect, if possible, popu-
lation densities. For relevant comparisons all maps at a
specific scale must have been drawn by applying the
same generalization rules. It is only relevant to compare
maps when the representation of these maps has indeed
been standardized. Apart from generalization, this stan-
dardization covers the use of symbols, representational
values and scale series.

9.2 Paper atlases

Aside from accessibility levels and comparability
grounds paper atlases can be differentiated on the basis
of their objectives. These objectives are embodied in the
different existing atlas types. Paper atlases may be differ-
entiated into reference atlases, school atlases, topo-
graphic atlases, topical atlases (which represent only one
particular theme for many areas, such as the FAO World
Atlas of Agriculture or the Atlas of War and Peace) and
national atlases. This last category can be defined as
atlases that contain a comprehensive combination of
high-resolution geographical data sets that each com-
pletely cover the same country. Topographical atlases are
either complete sets of topographical maps, bound in
book form, or collections of typical landscapes, as exem-
plified on details of topographic maps. Whatever the
paper atlas type, paper atlases isolate in the sense that
their maps show only a particular area at a time, at a par-
ticular scale, pertaining to a specific date or period in
time and to a specific topic.

As was stated in the previous section, by showing a
number of thematic maps consecutively, a causal rela-
tionship between these themes is suggested. This is the
starting point for what are called geographical narratives
here: longer or shorter series of maps that together

explain geographical phenomena. A short geographical
narrative is presented on an atlas spread (two facing
pages in a paper atlas) in the InterAtlas, a school atlas
produced for Québec (1986). In Plate 49 one can see an
example of such a geographical narrative: the upper map
on the left shows the climate in central Canada, and es-
pecially the two foremost aspects for wheat growing: the
length of the growing season (number of consecutive
days with temperatures above 5°C) and the amount of
precipitation. The next maps show the soils that would
allow for good wheat harvests, and the map to the right
is the result of the former two: the actual spatial extent
of the wheat-growing area. This extent is explained by
the threshold values depicted in the two former maps,
and comparison of the three maps explains not only the
present spatial extent but also the areas where wheat
growing might be extended in the future. The other
maps and graphs on the atlas spread show where the
wheat is going after harvesting: where it is processed
and transported and exported. The principle behind such
a geographical narrative is that the previous map(s)
(partly) explain(s) the following ones; juxtaposition of
topical maps in a sequence is usually understood as pre-
senting causal relationships.

Paper atlases have different models in the way the in-
formation is presented; in Section 9.1 two radial models
(from large-scale local maps zooming out to small-scale
global maps, and the reverse model) were discussed and
a regular linear interrupted model (the matrix one, see
for example Figure 9.1). Another model that can be dis-
cerned is the confrontation model: each atlas spread
showing confronting physical and socio-economic maps
of the same area, and by doing so showing the different
degrees to which the physical world has been affected by
man – a critical issue at this time when humankind is
striving for sustainable development. In the same way
remote sensing atlases juxtapose satellite imagery and
topographic maps of the same areas and natural resources
atlases might contrast maps of yet-to-be-developed re-
sources (like virgin oil fields) with maps of already ex-
ploited resources.

Figure 9.1 Matrix atlas structure: ordered sequential interrupted
presentation
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9.3 Electronic atlases

9.3.1 Electronic atlas types

If the atlas platform is no longer a book but should be
viewed on-screen, then it should be called an electronic
atlas. If paper atlases are considered intentional combi-
nations of maps, then not all electronic atlases might fit
this definition. Unless they would have a default se-
quence in which the maps would be presented, some
could better be defined as intentional combinations of
specially processed spatial data sets, together with the
software to produce maps from them. There are several
types of electronic atlas to be discerned:

● view-only atlases
● interactive electronic atlases
● analytical electronic atlases.

The latter two, discussed below, qualify for the data set
definition given above.

View-only electronic atlases can be considered as elec-
tronic versions of paper atlases, with no extra functional-
ity, but with the possibility to access the maps contained
at random, instead of the linear browsing that occurs in
paper atlases. There is already a distinct advantage over
paper atlases, and that is the cost of production and dis-
tribution. They are much cheaper to produce and – in the
form of a DVD – it is much easier to distribute them (and
update them) than paper atlases. Some extra aspects that
ease their use might be the possibility to view different
maps together on the same monitor screen, by dividing it
up. Examples of these view-only atlases are the CD-
ROMs accompanying each volume of the (paper) na-
tional atlas of Germany (Bundesrepublik Deutschland
Nationalatlas (2000–2006) or the Atlas Mittleres Ruhrgebiet
(2000), with topographic maps scale 1:20 000 of the
Ruhr area with aerial photographs opposed.

Interactive electronic atlases are intended for a more
computer-literate audience. These are atlases that will
allow their users to manipulate the data sets contained.
The principle here is that there are no true maps: each
map is a specific selection of data, processed in such a
way as to come as near as possible to the essence of the
theme’s distribution, but that will always be biased by
subjective elements. In an interactive environment
users can change the colour scheme used for one of
their own liking; they can adjust the classification
method or extend the number of classes at will. An
example that allows this interactivity is the Atlas of
Switzerland 2 (see Plate 50), an electronic national atlas
of Switzerland produced by the Swiss Federal Office of
Topography (2003). A special item in this atlas is the
functionality to generate terrain models and panoramas

from every location designated within Switzerland, in any
required direction, vertical exaggeration or sun angle.

In analytical electronic atlases the full potential of the
electronic environment is used. Apart from the map ob-
ject query function described below for the Atlas of
Canada, data sets can be combined so that the atlas user
is no longer restricted to the themes selected by the car-
tographer for the atlas. Computations can be effectuated
on areas, on themes, or on themes within specifically de-
termined boundaries, and much of the GIS functionality
would be available here. Still, the major emphasis will be
on assessing the spatial information and the visualization
of the result. The definition by Van Elzakker (1993) of
electronic atlases refers mainly to this third, analytical
electronic atlas type: ‘An electronic atlas is a computer-
ized GIS related to a certain area or theme in connection
with a given purpose, with an additional narrative faculty
in which maps play a dominant role’. As these electronic
atlases tend to become more complex the term ‘atlas in-
formation systems’ can also be used for them.

Though the access to electronic atlases is, of course,
limited to Mac or PC locations, they provide a number of
advantages over paper atlases worth noting:

● Customized maps can be produced on them. The
atlas contained in the Microsoft Encarta Premium
2009 encyclopedia is a good example. In the special
legend window all object categories one wants to in-
clude in the map can be clicked on and an inset detail
map will show immediately the effect of this deci-
sion. Names can be added at will for each object
category (Plate 51).

● Geometrical information can be provided immedi-
ately: distances between points, lengths of routes,
areas of regions, however defined, are provided upon
request, as are the geographical coordinates of the cur-
sor position.

● Whereas traditional atlases isolate (they only show a
particular area, at a particular scale for a particular
theme, pertaining to a specific date or period in time)
electronic atlases have the power to shed these restric-
tions and to move beyond map frames by panning,
zooming and presenting animations that show develop-
ments over time.

● Search engines: highlighting or clicking a name in the
register or the index will immediately provide a map
showing the named object on the largest scale avail-
able. On the other hand, clicking an object on the map
will provide its name: the Atlas of Canada (see below)
is a prime example of this functionality. So there need
not be a clutter of names on the map.

● Most electronic atlases are multimedia atlases as well.
Icons on the maps will show the objects of which pho-
tographs, video clips, sound tracks or animations have
been stored.
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● Atlases have visualization options in that some of
them allow one to aggregate thematic data to larger re-
gions or that allow one to change relative to absolute
renderings of the data sets or vice versa, providing
new views and possibly new insight into geographical
phenomena.

9.3.2 Atlas information systems

The analytical power of computers has given the atlas
concept an extra dimension. A good example is the Atlas
of Canada (http://atlas.nrcan.gc.ca). In the maps in this
atlas that are to be accessed through the World Wide Web
all the items depicted can be queried: if the cursor
touches an area, its name will pop up in a window; if a
line element on a map, such as a river, is clicked on, its
name and debit will be shown, as well as whether it is
navigable or not. On the energy map of this Atlas of
Canada, all power plants are displayed. Clicking on one
of the point symbols that represent them will result in a
display of all relevant data regarding this plant (type
(nuclear/coal/hydroelectric/oil), capacity, name, etc.). So
the maps in the electronic atlas function as an interface
with the atlas database (see Plate 52). The combination
of database and graphical user interface (GUI) and other
software functions developed to access the information is
different from a GIS: special care is taken to relate all
data sets to each other, to allow them to be experienced
as related, to let them tell, in conjunction, a specific story
or narrative. There will usually be a central theme (e.g.
what has happened to the environment in the last
20 years, for instance; or the question whether all inhabi-
tants of this country have equal access to its resources).

An electronic atlas (and indeed all atlases) is only use-
ful if its users have a clear idea of its overall possibilities
and structures, how to access the information they want
and of the way to get back to the starting point. In order
to realize this they must have ‘maps’ of these electronic
atlases at their disposal (Plate 53) and the atlas should
have a function showing where its users are on this map.

Similarly to the subdivision of paper atlases, based on
their objectives, a differentiation of electronical atlases
can be devised. Paper national atlases were the first to
be developed into electronic national atlas information
systems, and reference atlases followed. Nowadays the
emergence can be seen of earth sciences atlas informa-
tion systems, physical planning atlas information sys-
tems, socio-economic atlas information systems and
historical atlas information systems.

A good example of the latter is the Centennia atlas
(see Figure 9.2), an electronic atlas showing the changes
in the political geography of Europe since AD 1000. The
spatial and temporal (with a monthly increment) data on

every boundary change have been stored in the file and
each of them can be visualized. The program can be put
into a motion mode, which will result in an animated pic-
ture of historical developments, such as Napoleon’s in-
cursions into Russia. Textual descriptions of the events
are provided, of course, and it will be only a matter of
time before other elements, such as imagery or even ex-
cerpts from historical motion pictures, are added as well.
Compare this with Figure 8.2.

The overall objectives of the various types of atlas in-
formation system can be translated in the relation of each
data set contained to the other data sets. These relation-
ships are generally elucidated through the use of
metaphors and materialize in the form of specific struc-
tures and scenarios. These scenarios provide the starting
point for the design of graphical user interfaces (GUIs).

The GUI for the school atlas of Sweden mentioned in
the introductory section would have to provide functions
for taking off and landing and for changing the weather
conditions. The structure of the data would have to allow
for access at all points, for providing information about
all points or linear objects on the map overflown and for
links with other media at specified locations.

The various electronic atlas types discerned will each
have different scenarios and structures. For the strictly
reference type, the scenario might be to simulate a com-
plete impartiality, by not pre-programming any Eurocen-
tric viewpoints or, in order to boost the user’s interest, it
might be directed at comparisons between different re-
gions, and to quantify these comparisons. Socio-
economic atlas information systems should have an in-
built capacity, for instance, to numerically compare data
for other regions with that of the user’s home region (or
reference region), so that the user can find out in a stan-
dard way whether people in other areas are worse off or
not. For physical planning atlas information systems, the
scenarios should simulate the planning process, so that

Figure 9.2 Napoleon’s incursion into Russia (1812), derived from
the Centennia demo on the Internet (Clockwork Software, Chicago,
2001) (see also Figure 8.2)
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the user gets the feeling of participation (as provided in
the SimCity computer games), instead of just being a
bystander.

As the scenarios would allow for more or less user
input, there are also differences in structures between
these various types of atlas information system. National
atlas information systems would focus on one country,
and only occasionally compare the situation in this one
country with that in the wider world. The opposite is
valid for reference atlases, which would strive to contain
a specific level of detailed topographic/chorographic in-
formation for the whole area covered.

9.3.3 Web atlases

The power of the computer and the access provided by the
web make for a winning combination which is exempli-
fied by the swiftly increasing number of web atlases.
When the three platforms, paper, DVD and WWW, are
compared, one perceives that the first is best in showing
maps that interest and captivate the audience, and by
doing so gets them to access the DVD-Atlas, which has
all the data and all the maps that could not be shown (be-
cause it would be too expensive and too cumbersome) in
the paper atlas. Although DVDs can be updated quickly
by distributing an update through the post or via the Inter-
net, they would become outdated eventually, and here is
the strength of the WWW: it can be updated continuously,
although it would not always be easy to access if too many
people decided to visit the atlas site simultaneously.

This difference in functions is used by some national
atlas producers like those of Germany and Sweden: they
offer DVD and paper versions simultaneously, and both
are supported for updating purposes by a website provid-
ing additional information (http://www.ifl-nationalatlas.
de/, http://nadaktuell.ifl-leipzig.de). At the same time the
resolution of the information in the website would not be
as fine as that of the book or the DVD: it would take too
much time to load the updated images otherwise.

Web atlases are not the same as map machines. The
latter are websites that allow the visitors to select any
area they want to see and that consecutively provide
maps (or satellite imagery) of that area. There is no par-
ticular objective involved in the provision of these maps
or images other than reference, and that is a reason not
to consider them as atlases. An example of a map ma-
chine is the National Geographic website (http://maps. 
nationalgeographic.com/map-machine).

The power of web atlases in updating information is
best shown by the interactive web atlases that have the
ability to link through to additional data servers: the National
Atlas of the United States (http://www.nationalatlas.gov)
contains a map on rivers with real time streamflow sta-
tions, for instance, which show water gauges. If such a

water gauge is clicked on, it will connect with the USGS
Water Watch website, showing current water resource
conditions, and immediately show the present water level
at that point in the river, and a graph showing the changes
in water level there during the last 24 hours. Other na-
tional web atlases have a weather map option; when
clicked they show the most recent weather forecast for
the country. Many web atlases have additional links to
other relevant sites providing current information meas-
ured on the spot, though this service is provided as well
in DVD atlases: when specific urls on the DVD are
clicked these sites are automatically accessed, when web-
sites are still active.

Several times in this book Google Earth and Google
maps have been mentioned (Section 1.5, 6.3, Plates 2 and 
3). These programs, just as well as their counterpart
Microsoft Virtual Earth, have been described not as
atlases but as intentional combinations of specially
processed spatial data sets, together with the software to
produce maps from them. They allow for detailed views
of any area on Earth, either consisting of satellite im-
agery or of maps, based on files for different areas that
still might have different resolution and degrees of gen-
eralization, but that are constantly upgraded. What is
important is that these maps and images can function 
as a background for data added by users. Via mashups
this information can be incorporated in the users’ own
websites.

The final and perhaps most important contribution of
web atlases is their ability to order data geographically,
and by doing so function as user interfaces to informa-
tion contained either on a DVD or on the websites con-
cerned. People searching for topical data on specific
areas might access the national atlas website of a country,
select the relevant topic, zoom in on the area required,
with the result that the system provides them with all the
files that answer the geographical and topical require-
ments. These files could either be in the national atlas
database or in other databases to which the user can be
linked. This power of managing spatial information is an-
other unique aspect of maps.

9.4 Maps at work: map use functions

In the previous chapters examples have been provided
that illustrate what maps can do in analysing and com-
municating geospatial data. By providing them, read-
ers will have become familiar with many aspects of,
for example, the Maastricht municipality in the
Netherlands. Without these maps it would have been
difficult to decide on answers to the questions or prob-
lems stated, or to decide upon a course of research, 
or to understand the spatial impact of environmental
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factors. Maps help one in deciding what to analyse,
and later on they support one in formulating decisions
in issues with a spatial impact, and in communicating
these decisions. In this section the various functions of
maps will be highlighted.

9.4.1 Explaining patterns

By juxtaposing the map of a specific pattern with other
maps of the same area, with different map themes, cor-
relations might be found, and these might help to find
causal relationships. The relief map of the Kilimanjaro
region in Figure 6.26 has been taken from the Digital
Chart of the World. When this area is printed out with
its highway infrastructure and settlements (Plate 54), a
discrepancy between the southeastern and northwestern
part of this mountain area emerges. This discrepancy
can be explained by showing the extent of agricultural
land, as, indeed, it is only on the southeastern side of the
mountain that an extensive area is used as arable land
(Plate 54b). The extent of the arable land area can be
explained, theoretically, by local soil patterns, slopes,
heights and precipitation. As the first three factors are
similar all around the mountain, it must be due to the
influence of differences in precipitation and indeed,
when one compares these two maps with a precipitation
map (Plate 54c), a strong correlation between the infra-
structure and agricultural patterns and the rainfall pat-
tern emerges.

9.4.2 Comparison and analysis

In similar ways, other patterns presented before might be
explained: the differences in traffic accidents as shown in
Figure 4.6 between the municipalities of Middelstum and
Hoogezand-Sappemeer can be explained by juxtaposing
them with number-of-vehicles maps, population distribu-
tion maps (Figure 9.3b), road maps (Figure 9.3a), length-
of-road maps or vehicle-per-km-of-roads-per-municipality
maps of the same area. If all other conditions were sim-
ilar, municipalities with more inhabitants would be
likely to have more traffic accidents; similarly, munici-
palities with motorway entries and exits and a larger
overall road length, more cars or more cars per standard
length of road would be liable to have more accidents. It
would depend a bit on the local road safety conditions
(as the Netherlands is known for its multitudes of cy-
clists, separate bicycle paths would make a lot of differ-
ence), differences in alcohol consumption and general
attitudes.

Differences in population numbers alone can never
explain differences in accident numbers completely:
Figure 2.14 shows that with only about 77 km2, Barrow

district has a population density of nearly 1000 persons
per km2, and is therefore pretty much urbanized. This
would bring a higher chance of public transport,
shorter distances to shops and malls, and therefore a
lower percentage of car owners than in the other dis-
tricts of Cumbria.

As soon as such hypotheses have been formulated,
proof must be found, and the juxtaposition of maps is a
prime way of ascertaining the factors that probably will
explain the differences, and can be tested for their rele-
vance for the issue statistically. Of course, there should
be the facility to juxtapose the maps, and this calls for the
possibility of splitting the monitor screen and showing at
least two maps simultaneously.

9.4.3 Analysis and decision-making

Figure 9.4 shows the centre of Maastricht, with an over-
print of newspaper distribution areas (newspapers deliv-
ered to subscribers in the Netherlands) and of the number
of subscribers per area. When these numbers have been
compared with the actual numbers of households per dis-
tribution area, it will be possible to assess the degree of
penetration of the newspaper. Those areas with a rela-
tively low percentage of subscribers could then be tar-
geted by advertisements or special campaigns or offers
for trial subscriptions at bargain prices – but such cam-
paigns will only be sensible in those areas where the av-
erage socio-economic level would be compatible with
the message brought by this newspaper.

The next step would then be to highlight the distribu-
tion areas for which positive action has been decided,
where bargain subscriptions will be offered to the non-
subscribers, and to circulate these maps to those working
in the newspaper’s marketing department.

9.4.4 Maps as interfaces with databases

In all these examples and also in those presented in
other chapters, maps have also been used as graphical
user interfaces to the databanks in which the geospa-
tial information was stored (see also Figure 1.16). Just
by clicking the municipality in the road accident map
of the Netherlands the exact number of victims can be
queried (it never is the function of the map itself to
provide these exact numbers, because this would dis-
tract from the overall patterns and trends it would
want to communicate; for the actual numbers it refers
to the database). Other data sets such as length of
roads or numbers of cars, or combined parameters
such as number of cars per road unit, can be accessed
just as easily.
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Figure 9.3 Northern Netherlands: (a) road network (derived from ANWB road map 1993); (b) population distribution (derived from 
National Atlas of the Netherlands, 2nd edn, volume I); (c) number of road accidents
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9.4.5 Conditions for proper use of the maps

When one wants to profit from this power of maps, cer-
tain conditions have to be met:

1. One should be familiar with suitable map use strate-
gies. (This can be defined as a conscious sequence of
specific map use tasks.)

2. One should have access to the relevant data sets.
3. Preferably, meta-information on data quality should be

available to assist in the decision-making process.
4. It should be possible to integrate the various data sets,

if necessary by modelling them (for instance general-
ization); this integration should have been made possi-
ble through standardization of exchange formats and
geometrical frames of reference. Both the relevant data
set (2) and the relevant meta-information (3) can only
be found if they have been properly documented.
Figure 9.5 shows the various issues one has to contend
with in order to allow for sensible map use.

These map use tasks consist of identifying the relation-
ships between the mapped objects and their locations and
themselves (after having identified the mapped area and
the mapped topic, and the way the topic has been en-
coded in the legend). For this identification different map
use tasks can be discerned such as locate, identify, verify,
establish  (order, patterns), describe, detect, structure
and, in general, obtain insight (Anson and Ormeling,
1995; Van Elzakker 2004).  In order to execute these map
use tasks, specific map use activities are necessary.

In the case (in Chapter 1) of the high-speed train in the
Netherlands, the map use task of identifying the optimal
route consisted of the following map use activities: select
maps of suitable routes and restrictions, identify and

delineate restricted areas, compare and add up or score
restricted areas, determine or identify the route with the
lowest score, decide on the least noxious route (map use
activities have been indicated in italic).

In the case of solving the conduit or circuit problem in
the utility map example of Chapter 4 (Figure 4.4), the
map use tasks consists of the following activities: mon-
itor the map, detect the problem, decide on direct action
(initiate measures to remove or solve the problem),
determine the consequences (decide on the nature of the
effects and delineate the area being affected), decide on
the course to mitigate or offset these effects (reroute traf-
fic for example), determine other utilities that might be
affected, inventorize equipment in damaged section, etc.

Map use strategies, therefore, can be subdivided into
numbers of individual tasks, during which links or rela-
tionships are identified, data are combined, anomalies
are signalled, alternatives are identified; these tasks in
turn are solved by performing a number of map use ac-
tivities where elements are counted or their numbers esti-
mated, sizes are compared, etc. In order to arrive at a
specific answer, these individual tasks and activities are
mostly performed in a specific sequence. It will vary
from task to task. A map use strategy sanctioned by expe-
rience is that of navigation: a typical map navigation
problem would be solved with following tasks: search
and locate one’s position on the map, orient the map,
search, identify and locate one’s destination on the map,
determine options for alternative routes, select one of the

Figure 9.4 Newspaper sales in Maastricht

Figure 9.5 Visual decision support for spatio-temporal data han-
dling. Keywords in the GIS cartography approach are map use
strategies (how people make decisions based on maps), public
access (how people can work with the information), visual deci-
sion support (what the quality of the information is), formalization
(building expert systems) (based on Kraak et al., 1995)
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options, set a course, determine landmarks by which the
course can be identified, follow the course on the map,
check landmarks, verify the destination.

9.5 Working with (web-based) electronic atlases

In an electronic atlas environment these map use tasks
and activities would be similar, although at present one is
still restricted by the fact that two or more maps cannot
yet be visually compared on one monitor screen in most
commercially available products. A new element of map
use in electronic atlases is the aspect of navigation
through the atlas: this gives a new meaning to the ‘select
map’ activity, as the potential map titles will usually be
provided in a thematic index. Other new map use activi-
ties are the clicking of map objects in order to query them
for their attributes and have these presented alphanumer-
ically (such as name of the object, capacity, size, etc.).
The aggregate option in French electronic atlases refers
to the possibility to view the thematic data at other levels
of enumeration areas: instead of at the municipality level
these data might also be viewed at a district or canton
level, a département level or that of an economic region
(a grouping of a number of départements). Each new
level of presentation would allow one to discover new
geospatial patterns (see, for example, Figure 3.4, where
the high voting percentages for Labour reflect the vicin-
ity of factories or the location of housing blocks devel-
oped by socialist building societies at the voting ward
level within a city. At a municipality level the high per-
centage of Labour votes would indicate urban rather than
rural environments, while at a provincial level religious
denomination patterns would still govern the image.

With an ‘add layer’ activity, names, for example, can
be added to the map studied, or a more detailed topo-
graphic background map. A highlight action would lead
to the isolation of a specific category or class of objects
from its surrounding values or categories, which will be
left white or grey. This functionality is, for example, con-
tained in Centennia (see Section 9.3.2). In Figure 9.6 the
Habsburg empire’s many possessions in southwestern
Germany would pass unnoticed but for this highlighting
function, which allows for their presentation in a cus-
tomized colour, sharply contrasting with a white or grey
background.

Other new map use activities are panning and
zooming, and these refer to changing our window on the
world provided by the monitor screen. The fixed, isolat-
ing frames of paper maps are exchanged here for flexi-
ble boundaries, to be adjusted at will. Though compare
is a frequently used map use activity in a paper map
environment, few electronic atlases allow for it, the
Web atlas of Sweden (http://www.sna.se/e_index.html)

Figure 9.6 Southern Germany and northern Switzerland in 1400:
(a) political map; (b) highlighting the Habsburg possessions (derived
from the Centennia demo, Clockwork Software, Chicago, 2002)

and the Dutch National Atlas of Public Health (http://
www.rivm.nl/vtv/object_document/o6990n22311.html)
being exceptions.

The HyperCard-based multimedia environment of
current electronic atlases brings with it frequent use of
the hop command: hop to another presentation mode
wherever icons or function buttons indicate that possibil-
ity. Browse is the sort of map use activity hardly ever ac-
knowledged, though it is still necessary to provide us
with ideas. Mark allows one the possibility, as in high-
light, to simulate the marking with colour pencils/
crayons points or areas on the map. The search activity is
usually directed at the electronic index, and this action is
matched with the presentation, on the largest scale avail-
able, of a map of the object that goes under this name. By
the save, download or copy map use activities the images
in our files are transferred to other data carriers. Print
will do the same in a visible way. The time and
coordinates options are used to ask for the (local) time
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and geographical coordinates of the point at which the
cursor is directed.

Toggle will let the map user alternate between differ-
ent map types (such as the physical maps and the socio-
economic maps of the same areas in post-war Austrian
and German school atlases. Rank is a map use activity
that will list a number of states or regions/cities on the
basis of their score for specific topics (such as the num-
ber of golf courses and/or the length of the yearly period
over 18°C). It can also be used for classifying data into
quantiles (e.g. with the top 20% of the observations des-
ignated in the legend as ‘highest’, and the bottom 20% as
‘lowest’). Filter is the map use activity that will set mini-
mum or maximum values to the data presented per enu-
meration area through proportional circles. Finally, score
will result in the calculation operations undertaken on
the data retained.

Regarding the map use strategies or map use task se-
quences, these will typically be executed by a series of
clicks in order to get to a specific area displayed at a
given scale, asking for thematic options to be displayed
on the monitor, studying them, having them printed and
comparing them, in order to assess their similarities and
relationships, and taking account of them in providing
the answers to the problems stated at the outset.

An approach akin to working with paper atlases would
be to browse through electronic atlas maps, marking
those maps one would be interested in or think helpful in
solving a problem, and then asking again for the maps
marked out, in a specific sequence. In a multimedia en-
vironment this would go together with hopping to tables,
imagery or alphanumeric explanations, whenever deemed
necessary or interesting.
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10.1 Introduction

The previous chapters have shown that the environment
in which maps are produced and used is changing contin-
uously. Although cartographers, geoscientists and com-
puter scientists have witnessed highly dynamic and
important developments in the fields of acquiring, man-
aging, analyzing, interacting with and visualizing large
amounts of geospatial data since 1980, the basic map
concepts as explained in Chapters 6, 7 and 8 remain
valid. Next to static maps nowadays immersive and
highly interactive virtual environments can be used to ex-
plore and present dynamic geospatial data.

Before the GIS era (the 1990s), paper maps and statis-
tics were probably the most prominent tools for re-
searchers to study their geospatial data. To work with
those paper maps, analytical and map-use techniques
were developed, which can still be found behind many
GIS packages’ commands. Today the same researchers
have access to large and powerful sets of computerized
tools like spreadsheets and databases, as well as graphic
tools, to support their investigations. There is also a clear
need for this since the magnitude and complexity of the
geospatial data sets available pose a challenge on how to
transform the data into information and ultimately into
knowledge. Comparing the on-screen approach with the
traditional approach not only reveals a difference in pro-
cessing effort and time (computers do in seconds what
took weeks using manual methods), but now the user can
interact with the map and the data behind it. This puts
maps and graphics in a different perspective as they be-
come interactive tools for exploring the nature of the
geospatial data at hand. As stated in Section 1.1 (see
Figures 1.2 and 1.7) the map should now be seen as an
interface to geospatial data that can support productive
information access and exploratory activities, while it
retains its traditional role as a presentation device.

The above trend in cartography is strongly influenced
by developments elsewhere, especially in scientific visual-
ization, and has given the word visualization an enhanced

meaning. These developments have linked the word to
more specific ways in which modern computer technology
can facilitate the process of ‘making visible’ in real time to
strengthen knowledge. Specific software toolboxes have
been developed whose functionality is based on two key
words: interaction and dynamics. The relations between
the fields of cartography and GIS on one hand and scien-
tific visualization on the other have been discussed in
depth by Hearnshaw and Unwin (1994) and MacEachren
and Taylor (1994) (see also Figure 3.1). Next to scientific
visualization, which deals mainly with medical imaging,
process model visualization and molecular chemistry, an-
other branch of visualization can be recognized, called in-
formation visualization (Card et al., 1999; Ware, 2004;
Spence, 2007), which focuses on visualization of non-
numerical information. Figure 10.1(a) gives a meteorologi-
cal example of scientific visualization. In information
visualization maps are often used as a metaphor to access
the non-numerical information. In this process, called spa-
tialization, concepts such as scale, distance and direction
as well as cartographic design concepts are used to create
two- and three-dimensional map representations of often
extensive and complex data sets. An example is given in
Figure 10.1(b), where news items have been converted
into a map. In all cases it should be remembered that the
purpose of visualization is to improve insight into the data
at hand, for instance to prepare for decision making.

From a cartographic perspective a synthesis of the
above trends results in geovisualization. Geovisualization
integrates approaches from scientific visualization, (ex-
ploratory) cartography, image analysis (a technique used
in interpreting satellite imagery), information visualiza-
tion, exploratory data analysis (EDA) and geographic in-
formation systems (GIS) to provide theory, methods and
tools for visual exploration, analysis, synthesis and pres-
entation of geospatial data (any data having geospatial
referencing) (Dykes, MacEachren and Kraak, 2005). In
this context it is required that cartographic design and re-
search pay attention to human–computer interaction – the
interfaces – and revive the attention for the usability of

CHAPTER  10 Maps at work: analysis and
geovisualization
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Figure 10.1 Examples of visualization: (a) a scientific visualization example from meteorology, and (b) an information visualization 
example in which the map acts as a metaphor
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their products. In a geovisualization environment maps
are used to stimulate (visual) thinking about geospatial
patterns, relationships and trends. This is realized by
viewing geospatial data sets in a number of alternative
ways, e.g. using multiple representations without con-
straints, the emphasis of this chapter. This is well de-
scribed by Keller and Keller (1992), who in their
approach to the visualization process suggest removing
mental roadblocks and taking some distance from the dis-
cipline in order to reduce the effects of traditional con-
straints. Why not choose an alternative mapping method?
For instance, show a video of the landscape next to a
topographic map accompanied by a three-dimensional
map. New, fresh, creative graphics could be the result;
they might also offer different insights and would proba-
bly have more impact than traditional mapping methods.

Let us consider the functionality required in a geovisu-
alization environment to explore the data at hand by cre-
ating alternative views of these data. It should allow the
geoscientists to link different data sets together in any
combination, at any scale, with the aim of seeing or find-
ing geospatial patterns or relationships, and let them cre-
ate maps and graphics for a single purpose and function

as an expedient in the experts’ attempt to solve a geo-
problem. Here, two aspects are of importance, the view
environment and its functionality and the graphic repre-
sentation of the data. The view environment is often
composed of a set of coordinated multiple views
(Roberts, 2008). It means that one looks at several views
(windows) that contain graphics of the same or related
data, and which are linked together. If an object is se-
lected in one window the same object will be highlighted
in all other windows. A basic example is derived from
Figure 1.3 and shown in Figure 10.2. In each window it
shows one component of geospatial data: the location
view (the map), the attribute view (a diagram) and the
time view (a time line). Here the population development
of the city of Maastricht per neighbourhood over time
can be explored. This concept of visually exploring
geospatial data was introduced by Monmonier (1989)
when he described the term brushing. Selection of values
in the diagram will highlight the corresponding areas in
the map. Conversely one can also select areas in the map
and see the corresponding elements highlighted in the di-
agram. Depending on the view in which one selects the
object, one can call it geographical brushing (clicking in

What?
object

Where?
location

When?
time

1970 1980 1990 2000

combinations

a

b

I II III

zoom

marginal info

rotate

layers on/off

Figure 10.2 Coordinated Multiple Views: (a) the locational view (map), attribute view (diagram) and time view (timeline) and the brush-
ing technique. Since a link exists between the map and the diagram, selection of values in the diagram will highlight the correspon-
ding areas in the map. Conversely one can also select areas in the map and see the corresponding elements highlighted in the
diagram; (b) basic functionality in a exploratory environment: I, basic display with options to zoom, pan and rotate maps as well as
switch layers on/off and display the legend, II, navigation and orientation, III, query, to ask elementary questions related to the what,
where and when
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or to offer different visual representations to display the
data. An example of data manipulation is the application
of several classification systems (see Section 7.3), while
the use of different advanced map types to view the same
data represents display differences (see Figure 7.15). The
principle is extensively illustrated in Plate 56. It shows
eight alternative views on Minard’s map of Napoleon’s
march on Moscow. The two maps on the left and right of
the original show the ‘traditional view from a military
atlas and a school atlas respectively. The first is putting
extra attention on the individual military units and the
second is showing the general path of the invasion. The
upper three maps each show the progress of the invasion.
The upper left gives different views on how the land ‘be-
hind’ Napoleon might have been occupied by his troops,
the upper centre map presents the size of the army over
time in a space–time cube. The upper right map uses the
coordinate multiple view approach to show the changes
in the size of the army over time. This representation as
well as the space–time cube both reveal that Napoleon
stayed for over a month in Moscow before he started on
the way back, something not clear from Minard’s original
map. The lower three maps are different again. The lower
left gives a three-dimensional view of the size of the
army. The height of the symbols represents the number of
troops. The lower centre map shows by smilies (from
Napoleon’s perspective) who won the battles. These
could be seen as simplified Chernoff faces. These are
used to visualize multivariate data. Faces are used be-
cause humans are able to perceive small differences in
facial characteristics (Chernoff, 1973). Plate 56(c) gives
an example. For the variation of the face characteristics
one can use, among others, head eccentricity, eye eccen-
tricity, eyebrow slope, nose size and mouth openness.
Battle characteristics could be used as variables here.
The objective of these alternative graphic representations
is potentially to reveal patterns that would otherwise re-
main unnoticed. However, from a map user’s perception
the graphics or maps may look ‘wrong’ or unfamiliar.
The lower right map presents a time cartogram approach
of the march. Days have replaced distance as the unit to
define the map background.

Next to all these different maps and diagrams, all
kinds of other graphic representations can be used. These
could be scatter plots, line graphs or alternatives such as
parallel coordinate plots or box plots, but also all kind of
multimedia expressions. In all situations the graphics are
linked to the map, something that is for instance rela-
tively easily realized in a web environment. The parallel
coordinate plots (PCP) should be mentioned separately.
These popular diagrams have the ability to display multi-
dimensional data in a single representation (Inselberg,
1985). Figure 10.3 shows an example. Each geographical
unit is represented by a line that intersects a number of
vertical lines. Those vertical lines represent the variables.
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the map), attribute brushing (clicking in the diagram or
table), and temporal brushing (clicking on the timeline).
Alternatively other variables in other maps or diagrams,
photos or videos could be shown on others linked views
as well.

This requires functions such as (Plate 55):

● Basic display (Plate 55a). Map displays need tools to
allow the user to pan, zoom, scale, transform and ro-
tate. These geometric tools should be available and
independent of the dimensionality of the displayed
geospatial data (see also Sections 5.1 and 5.2).

● Orientation and identification (Plate 55b). This in-
volves the keys to the map. At any time, the user
should be able to know where the view is located and
what the symbols mean. The orientation functions are
particularly necessary in a 3D environment.

● Query data (Plate 55c). During any phase of the
visualization process, the user should have access to
the spatial database to query the data. The questions
should not necessarily be limited to simple What?
Where? or When? Access to the database is somehow
contradictory to the concepts of the digital landscape
model (DLM: the database) and the digital carto-
graphic model (DCM: the ‘drawing code’), which
clearly separates database and display. One example is
animation, which, in most cases, consists of bitmaps
derived from a database, without a link to it. In an ex-
ploratory environment, such a split is undesirable.

Since working in an exploratory environment often
means dealing with a large amount of (partly unknown)
data one needs an exploration strategy. Shneiderman
(1996) introduced his visual information seeking
mantra which proved to be a very suitable approach. It
consists of three major steps and is illustrated in Plate 55
which shows the trajectories of calving icebergs near
Antarctica:

● Overview first. All relevant data is displayed. In Plate
55 all observed positions of three icebergs during a
particular time frame shown.

● Zoom and filter. One can zoom into a particular geo-
graphic area or moment in time. Filtering is done
based on certain attribute values. In Plate 55(b) the
scientist has zoomed in on the south-east area and
selected the ‘red-iceberg’.

● Details on demand. For certain objects all informa-
tion available is retrieved from the database. In Plate
55(c) this is done for the red iceberg at one particular
moment in time.

To stimulate visual thinking, an unorthodox approach to
visualization was recommended earlier in this chapter.
This requires options to manipulate data behind the map
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Figure 10.3 A simple geovisual analytics example (for details see text on page 172–4)

M10_KRAA2793_03_SE_C10.QXD  10/16/09  4:43 PM  Page 173



 

can be made. This puts pressure on map design, since
one has to produce information of a certain quality aimed
at a particular set of decision makers.

Let us look at a simple example to illustrate the geovi-
sual analytics process as such (see Figure 10.3). It is
based on running data and includes locations and heart
rate values. From the first variable, others such as speed
and pace are derived. One has to realize that the accuracy
of the measurements is reasonable but the device is ‘sen-
sitive’ to noise, which should be filtered out before
analysis. The upper part of Figure 10.3 displays both
speed and heart rate data for a short 8 km run in a map
and graph. It can be observed that the heart rate values
(the lower line in the graph) ‘follow’ the speed, e.g., run-
ning faster will soon result in a higher heart rate value.
This is illustrated on the left of the graph (see [1] ) where
two trend lines are plotted at a point where the speed is
reduced. These downward peaks can be recognized at
several places in the graph. A question that will arise is:
‘Is this a runner in bad shape who has to stop every so
many metres, or is something else happening?’ Without
specific knowledge of the capabilities of this runner the
linked map provides the answer. The locations of the
slowdown events seem to happen at crossings (see [1])
where the runner obviously watches out for traffic before
crossing. This seems to be a plausible reasoning.

While studying the graph in more detail with the
above in mind some anomalies can be observed.
Around 2.8 km the graph shows a high density in
changes in both speed and heart rate (see [2]). But if
trend lines are plotted it can be seen that while the
speed goes down, the heart rate increases. This is con-
tradictory compared to earlier established trends. What
goes on? Can the map assist? The map reveals no
crossing around the 2.8 km point and studying the
track in more detail shows a for- and backward pattern
along the road. With just common sense it is not possi-
ble to find an explanation.

More information, not available in the data collected,
such as particular habits of this runner is required. This is
an example of the wide scope of geovisual analytics: one
is often required to deal with incomplete data and the geo-
expert often has to discuss/reason with other experts. In
this particular example the runner is accompanied by his
dog. This might explain why at every crossing the runner
slows down, but does not explain the above contradictory
pattern. However, if we know the dog is a hunting dog,
and is running off-leash, and that at the location of the
anomaly it observed and followed a rabbit, one will real-
ize something different is going on. The runner slowed
down, but not his heart rate because he was yelling at his
dog to follow him instead of chasing a rabbit!

174 Maps at work: analysis and geovisualization

The variables are scaled (normalized) along the lines
with the maximum value at the top and the minimum
value at the bottom of the lines. The line of a particular
geographic unit crosses a vertical line relative to the min-
imum and maximum values of the variable.

10.2 Geovisual analytics

In the previous paragraph it has been explained that a
geovisualization environment offers interactive access to
multiple alternative graphic representations that stimu-
late (visual) thinking about geospatial patterns, relation-
ships and trends, and as such it supports knowledge
construction.

However, this is not sufficient to deal with the global
challenges related to, for instance, climate change, health
and energy. Something has to be done with the knowl-
edge, e.g. visualization has to be combined with analyt-
ics to allow reasoning among the different disciplines
involved. The National Visualization and Analytics
Center (NVAC) in the United States introduced the term
‘visual analytics’ which stands for ‘the science of analyti-
cal reasoning facilitated by interactive visual interfaces’
and originates from the research agenda: Illuminating 
the Path: The Research and Development Agenda for
Visual Analytics (Thomas and Cook, 2005) (http://nvac.pnl.
gov/agenda.stm), which has as motto ‘detect the expected
and discover the unexpected’. These interfaces could be the
maps as described in a geovisualization context above and,
when concentrating on the spatial aspect of the process, one
can call it geovisual analytics.

The geovisual analytics process allows one to find, as-
similate and analyse continuously changing data about
time-critical, evolving real world situations. For instance,
for coastal protection one is interested in all kind of pa-
rameters such as wind speed, direction and strength, water
and wave heights as well as the current situation of the
dykes protecting the land. The findings of the analysis
have to be communicated to a range of interest groups, in-
cluding keepers of sluices and river barriers, but also to
shipping control and local authorities, who will have to
take necessary action. It is obvious that is a process where
different experts need to work together. In other words:
this requires reasoning techniques that enable one to gain
insight into the situation, and apply available knowledge.
Results, often hampered because data will be both in-
complete (a weather station fails due to the storms) and
uncertain (not enough active sensors for trustworthy in-
terpolations in both space and time), have to be con-
verted into appropriate information on which decisions

M10_KRAA2793_03_SE_C10.QXD  10/16/09  4:43 PM  Page 174



 

Further reading

Card, S. K., J. D. MacKinlay and B. Shneiderman (1999)
Readings in information visualization: using vision to think.
San Francisco: Morgan Kaufmann.

Dykes, J., A. M. MacEachren and M. J. Kraak (2005)
Exploring geovisualization. Amsterdam: Elsevier.

Hearnshaw, H. M. and D. J. Unwin (eds) (1994) Visualization
in geographical information systems. London: John Wiley &
Sons.

MacEachren, A. M. and D. R. F. Taylor (eds) (1994)
Visualization in modern cartography. London: Pergamon
Press.

McCormick, B., T. A. DeFanti and M. D. Brown (1987) 
Visualization in scientific computing. Computer 
Graphics, 21(6).

Further reading 175

Roberts, J. C. (2008) Coordinated Multiple Views for 
Exploratory GeoVisualization. In Dodge, M., M. McDerby
and M. Turner (eds), Geographic Visualization: Concepts, Tools
and Applications. Chichester, John Wiley & Sons 3: 25–48.

Shneiderman, B. (1996) The eyes have it: A task by data type
taxonomy for information visualization. In Proceedings IEEE
symposium on visual languages. Boulder, Colorado: IEEE
Computer Society.

Spence, R. (2007). Information visualization design for interac-
tion, 2nd edn. Harlow: Addison Wesley/ACM Press Books.

Thomas, J. J. and Cook, C. A. (2005) Illuminating the path: The
research and development agenda for visual analytics.
Washington: IEEE Press.

Tukey J. W. (1977) Exploratory data analysis. Reading, MA:
Addison-Wesley.

Ware, C. (2004). Information visualization: Perception for 
design. San Francisco: Morgan Kaufmann Publishers.

M10_KRAA2793_03_SE_C10.QXD  10/16/09  4:43 PM  Page 175



 

11.1 Again: why maps?

In the past ten chapters examples have been provided that
illustrate what maps can do in analysing and communi-
cating geospatial data. By providing them, readers will
have become familiar with many aspects of, for example,
Maastricht municipality in the Netherlands or the Lake
District in Britain. Without these maps it would have
been difficult to decide on answers to the questions or
problems stated, or to decide upon a course of research,
or to understand the spatial impact of environmental fac-
tors. Maps help one in deciding what to analyse, and later
on they support one in formulating decisions in issues
with a spatial impact, and in communicating these deci-
sions. Maps can help in explaining patterns (see Sec-
tion 9.4.1), in comparing (see Section 9.4.2), in analysing
them (Section 9.4.3 and Chapter 10), in using them as an
interface with databases (see Section 9.4.4), and let them
act as stimulus for visual thinking (Chapter 10). But in
order to do so, maps have to answer a number of require-
ments, relating to their quality (see Section 1.3) which
includes the aspect of whether the data are up to date),
their being reformatted so that they can be exchanged ac-
cording to widely accepted standards (see Section 1.5 )
such information on the data files need to be well-
documented. That caution is needed here as demon-
strated in Section 11.3, with the example of the DCW.
But even if the data are up to date, they are not always
accessible, and that is where nowadays spatial informa-
tion policies come in (see Section 11.4). And even if the
information can be made available everywhere, anytime,
it might come at a price one cannot afford. That is why
copyright is such an important aspect of dealing with
spatial data (Section 11.5). Finally, if all conditions for
technical and organisational exchange of data have been
met, there still remains the usability aspect: can the data
actually be applied for one’s objectives (Section 11.6)? In
Section 11.7 using the example of Minard a synthesis of
these issues is presented.

11.2 Management and documentation 
of spatial information

Geospatial data that have been generated must be stored
in such a way that they can be retrieved and used easily.
For storage of geodata in paper form – on a map – a num-
ber of auxiliary comments in the map margin have been
developed that together are termed marginal information.
These comprise not only the title and legend of the map
and other items that are immediately necessary for the
map’s use but also items ultimately aimed at enabling the
user to find the map in a catalogue. The map user needs
the title in order to get an idea of the area and theme de-
picted (external identification), and the legend in order to
see what characteristics or attributes of the mapped ob-
jects are rendered (internal identification). But she will
also need information that will enable her to judge the
quality of the geodata, their fitness for use, in order to
evaluate the conclusions she will be able to draw from
the map. In Section 2.6 the various aspects of data qual-
ity have already been mentioned. The date at which the
data have been collected and the way they have been
processed are important aspects. So are the scale and
projection of the map (together called mathematical
data).

In order for the map user to find a specific map, the
producer has to enter items of information in the map
margin, which will be found by a documentalist or map
curator and be entered in catalogues or inventories from
which the map can be retrieved. Apart from the map title
the bibliographical data consist of the map’s imprint
(mention of the publication place, publisher and year of
publication, in this sequence) and of an annotation (other
relevant notes regarding the sources used, authors or in-
stitutions responsible for the production) and the colla-
tion (a reference to the map’s dimensions).

For data files the same map-use and bibliographic in-
formation is necessary as for maps. The nature of the
data will be different (instead of scales spatial resolution

CHAPTER  11 Cartography at work: maps as
decision tools
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will be mentioned). The term used to indicate the mar-
ginal information in a digital environment is metadata
(see Section 1.5). Figure 11.1 shows the location of mar-
ginal information on a paper map and the additional
metadata that would be combined with a geodata file.

The metadata with which spatial data are documented
consists of: information that identifies the data set, that
indicates its quality (fitness for use), that shows how the
data files are organized, what spatial reference system is
used, what kind of attribute information is contained,
how the database can be accessed (for instance, by show-
ing a url by which it can be accessed on the Internet), and
how the metadata itself is referenced and organized. In-
formation on those that provided the metadata, on the
time period the data are valid for and contact information
on those that collected the data are part of the documen-
tation as well.

11.2.1 Retrieving geodata

A typical question to a map curator would be: ‘Is there
in your collection a geological map on a scale between
1:50 000 and 1:250 000 of the Cape Leeuwin area in
Western Australia produced after 1960?’ If the maps

were described on index cards, the curator would have
manually to check all index cards on Australia from 1960
onwards (in a temporally ordered index-card catalogue)
or check all the maps on Western Australia (in a geo-
graphically ordered index-card catalogue). If the cata-
logue was automated, the curator would just have to set
all the criteria (area, time, topic, scale), and the system
would check automatically whether a map answering
the requirements was available in the collection. There
are international rules for automated map descriptions,
the ISBD (CM) rules (International Standard Biblio-
graphic Description for Cartographic Material). These
rules provide a framework for the manner and sequence
in which the various bibliographic elements should
be entered. They are now being extended to enable cover-
age and description of digital geodata files. This is a
prime and necessary step in order to be able to organize
clearinghouses for geodata.

An elementary form of a geodata clearinghouse can be
described as a service-hatch through which a user can
find out digitally whether any geodata files of a specific
area, answering specific requirements (like topic, collec-
tion date, resolution, etc.) exist, and where these can be
obtained on what conditions. In a more progressive form,
it would be the central counter where not only the meta-
data but also the data themselves could be procured digi-
tally. Such a clearinghouse or data warehouse is a part of
the national spatial data infrastructure for (NSDI). Such
an infrastructure would be economical, prevent overlap of
geodata collection endeavours, would inform users of the
available geodata sets and thus lead to a better planning
of the available resources. In an international context a
number of organizations are working to promote the
GSDI initiative, the Global Spatial Data Infrastructure,
by implementing standards and other technical measures
that would enable and speed up the exchange and inte-
gration of geodata.

A number of the institutions that are busy incorporat-
ing the spatial data sets they collect and maintain into
these national clearinghouses are also making them
available – whether for free or otherwise – on the Inter-
net. The spatial information available on the web is in-
creasing at a very strong pace, and it is impossible to
keep track of it unless helped by geo-portals – websites
specializing in conveying their visitors to the spatial
information required.

11.3 Outdated data: at work with the 
Digital Chart of the World

There is a large variety of GIS data sets available today.
For small-scale applications the Digital Chart of the
World (DCW, see also Section 2.2 and 2.4) at scale

Figure 11.1 Marginal information and meta-information
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1:1 million is one of the more popular data sources.
Many vendors have their own version (� format) of the
DCW (see ESRI’s Geography Network), which was orig-
inally published by the Defense Mapping Agency in
1992. How useful are these data in GIS and cartographic
applications? This section will illustrate the potential use
of DCW data for three simple spatial analysis operations.
If no other data are available the DCW proves to be a
valuable data source. However, some care is needed. Es-
pecially the age of the data can cause problems. Although
the CD-ROMs on which the DCW is distributed bear the
1992 imprint, most of the data themselves are even older
than 1970 (see Figure 2.5). This is especially the case
for those areas where the DCW is likely to be the only
(digital) source available.

Case 1

The Netherlands railroads

How suitable is the DCW when one intends to use its
data for a network analysis? The railroad layer is one of
the many data layers available in the DCW. Data for this
layer were digitized from existing maps 1:1 million. For
the Netherlands ONC E-2, last revised in 1985, was used.
The map image contains two line symbols for railroads,
one for single and one for double tracks (Figure 11.2a).
Those tracks visible on the map have been digitized. Be-
cause of the high symbol density on the map, it is some-
times difficult to establish if one is dealing with single or
double track. From the map it can also be seen that the
tracks stop at the border of built-up areas. To provide a
‘connected’ network, the gaps in the urban areas have
been closed. For several important cities this was done by
using other data sources (see Amsterdam – Figure 11.2b),
and for other cities, such as Utrecht, by adding connec-
tors via a ‘spoke of the wheel’ approach. Figure 11.2(b)
shows the varied symbology of the railroad layer, with its
‘values’ single, multiple, and added connectors. Those
familiar with the Netherlands railroads know that most of
the country’s lines possess double tracks; however,
Figure 11.2(b) shows mostly single track.

Next to these variable rail types the layer also contains
information on the variable status of the rail lines, i.e. in-
formation on the nature of their use. Were they function-
ing or abandoned, or was their functioning doubtful?
Were they added to fill gaps in the network? Figure 11.2(c)
shows the data available for the western part of the
Netherlands. Yet if one compares the contents of the rail-
road layer with the existing rail network in the Nether-
lands it is obvious that some gaps remain. Some can be
explained because they refer to bridges and tunnels,

which can be found in other layers of the DCW (see Rot-
terdam). However, some real errors remain, for instance
gaps in the line between Utrecht and Leiden, and in the
Rotterdam harbour area. The opposite also occurs. A rail
line in the north of the country, which was abandoned at
the beginning of the 1960s, still appears (see Figures 11.2e
and f). This is due to an error on the original paper maps,
which still show the line. Most peculiar, however, is the
line at Hook of Holland, west of Rotterdam, which goes
halfway to England into the North Sea. This error was
caused because of unfamiliarity with the area during dig-
itizing. The symbol that represents a railroad is similar to
that of the harbour pier at Hook, which was mistakenly
taken for a railroad by the digitizer operator (Figures 11.2c
and d).

From this experiment with DCW data in a well-
mapped area it can be concluded that, although metadata
are available, one should be careful in using the data. Vi-
sualizing the data itself as well as its meta-information
can help the user decide if it is fit for use, and how much
work has to be done to edit the data. It should also be es-
tablished as to what purpose was in mind when the origi-
nal map was compiled (e.g. navigation charts for fighter
pilots).

Case 2

East African Highlands

For some applications the DCW data are not available.
Surface analysis is such an example. Relief data for the
Earth’s more remote areas could not be retrieved from
the original aeronautical charts. However, as can be seen
in Figure 11.3(a), the paper maps provide a shaded relief
image of the area, but an overprint warns the user that the
heights are believed not to exceed a certain number of
feet. The paper maps are probably extrapolated or based
on less accurate data. In the DCW database these areas
come without contour lines or height points, as is shown
by Figure 11.3(b).

Case 3

Land use and vegetation in Yellowstone National
Park

Figure 11.4 shows the contents of the land cover layer
and the vegetation cover layer at the edge of Yellowstone
National Park in the United States. The first contains

M11_KRAA2793_03_SE_C11.QXD  10/16/09  4:50 PM  Page 178



 

Outdated data: at work with the Digital Chart of the World 179

Figure 11.2 Netherlands railroads: (a) western Netherlands from the Operational Navigation Chart (ONC) sheet E-2 1985; (b) the
same area from the DCW’s railroad layer; (c) the area around Rotterdam harbour; (d) non-existing railroads in the DCW’s railroad layer;
(e) northern Netherlands abandoned railroads on the map; and (f) in the DCW’s railroad layer

features relevant for navigation, while the second contains
a vegetation cover derived from USGS classified Ad-
vanced Very High Resolution Radiometer imagery. As can
be seen from the figure the image has a ‘blocky’ appear-
ance because it is derived from raster-based remote sensing

data. In some places the data have been smoothed; in oth-
ers this was not possible because the positional error
would become significant. If a user intends to use this type
of data in an overlay operation the nature/source of the
data should again be considered carefully.
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11.4 Accessibility: cartography, GIS and
geospatial information policy

Geographical information, just as geodetic data, does not
just happen. It has to be collected, usually at heavy costs
to the taxpayer. Sometimes it will be made available to the
taxpayers again, at a price. Society decides about the data
categories that will be needed for government, and which
should be collected. Governments need topographical
maps for defence, census maps for implementing socio-
economic policies, resource mapping for physical plan-
ning, highway mapping for maintaining that crucial
infrastructure, and environmental mapping for offsetting
the effects of physical planning and highway building.

Nowadays, it is considered wasteful that all the gov-
ernment agencies that engage in collecting geospatial
data, processing them, putting them in databases and
producing maps from these do so only on their own be-
half and do not consult each other. The trends towards
database exchange could be offset by uncontrolled non-
standardized construction of databases. As this would
force society to pay enormous extra sums because of du-
plicating existing work, the strategy has been chosen in a

Figure 11.3 East African Highlands: (a) detail from ONC sheet M-5 1981; (b) gaps in the DCW’s contour layer

Figure 11.4 Yellowstone National Park and surroundings: combi-
nation of the land cover layer and the vegetation layer from the
Digital Chart of the World
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large number of countries to formulate geospatial infor-
mation policies. In the United States the US Federal Ge-
ographical Data Committee (FGDC) and in Europe the
INSPIRE initiative have defined such policies (see also
Section 1.5). Implementing these geospatial information
policies would allow for the integration of different data-
bases, developed and kept up to date by different govern-
ment agencies that could all be used for solving specific
problems. By preparing maps only from databases kept
up to date, a number of problems of paper maps could be
offset: the maps would not age, show only a limited
amount of detail, would not bear street names when not
required, or would not be intersected by a map frame.

If such a national spatial data infrastructure, linked to
global standards, were implemented globally, conditions
for the use of maps as tools for analysis in GISs and for
communication would be boosted even more, as it would
entail continuously available up-to-date geospatial infor-
mation. In the Netherlands the GDI is ‘extended’ with
the National Atlas as an alternative entry to the GDI.
Why use a national atlas at all when searching for geo-
data? All users of geospatial information had atlases
when they were first confronted with this kind of data.
At school they were taught how to deal with them
through the concepts that the school atlases were based
on: areal and thematic subdivisions, map comparison,
geo-referencing, datums, etc. Of course, it is not just the
atlas information it would give access to, but also the un-
derlying data sets and – when functioning as a geo-portal
– also to all other related data sets made available by the
national geospatial data providers. Thus, it offers these
data providers also a ‘presentation outlet’. The main ben-
efits of having the national atlas as the portal towards
the nation’s geospatial information are: ease of use be-
cause of familiar concepts and ease of access because of
the topical atlas structure.

Plate 58 summarizes the main atlas components and
their link to the GDI. Of course, displaying maps is the
main objective of the atlas. If a user selects a topic, for in-
stance the number of inhabitants per municipality (A-I),
the request goes to a geo-service in the GDI which returns
the necessary data that allows for the creation of an inter-
active map (A-II). Alternatively it is possible to search for
a topic or for a geographical name (B-I). In this last case
the geo-service will return all names with the text string
entered and map topic on the base map (B-II).

All maps are interactive and allow for the display of
the data behind the symbols. It is also possible to search
the GDI for alternative datasets (C-I). Through the atlas
maps, which will display the footprint of the available
data sets, the metadata of those data sets can be evaluated
(C-II). One of the characteristics of an atlas is that one
can compare different themes, for instance the distribu-
tion of the young (population under 18) or of the elderly
(population over 65) (D-I). Such requests will result in

two maps that allow for the comparison of spatial pat-
terns. For each topic the atlas provides a narrative, the
story behind the map in a wider context (E-I). This will
also result in access through weblinks to other related in-
formation accessible via the GDI (E-II). Finally it is pos-
sible to export (F-I) atlas maps to a Google Earth
environment where users might combine the particular
maps with their own data (F-II). However, it will also be
possible to import (G-I) user data to be combined with
the atlas maps (G-II).

Among the international organizations engaged in
promoting this ideal situation, the GSDI, the Global
Map initiative (Section 6.6.2), Digital Earth (a global
project aimed at virtual representation of the Earth that
enables a person to explore and interact with the geospa-
tial data sets gathered about the Earth) and the United
Nations can be named, as well as the ICA. The latter,
ICA, or the International Cartographic Association,
founded in 1958 in order to overcome national and inter-
national barriers in information exchange, functions 
as the international forum at which new developments
regarding the issues discussed in this textbook are pre-
sented. It has its own definition of cartography and GIS
(the flexible and versatile facility for the examination,
analysis and presentation of geospace through maps),
and the scientific structure (journal, biannual confer-
ences, website, international commissions and working
groups) that allows it to promote and develop the disci-
pline of cartography and geographic information sci-
ence in an international context and the potential to
apply its expertise for the benefit of a sustainable devel-
opment of the Earth.

11.5 Copyright and liability

The maps one produces or uses are usually based on
both topographical (boundary) files and attribute data
files. In some countries the use of these source data is
free, as they have been collected by government agen-
cies. In other countries governments would like to share
in the profits made with the data they collected, and
therefore apply high copyright fees to their data. Apart
from that, in a commercial environment, those that spent
much time and creativity in visualizing the data would
like to see a return on their achievements as well. One of
the means to achive this is copyright acts, but there are
other means as well.

Part of the data to be used for maps can be found in the
public domain and is for instance downloadable from
the Internet. This does not mean that in such a situation
the sources need not be referred to, if only for one’s own
documentation. If the map has to be updated or extended
it surely helps if the sources of the original data have
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been documented. Copyright only protects original cre-
ative achievements, and not the application of specific
techniques. In order for such a technique (like producing
plastic relief models with a pantograph-linked milling
machine, or like photographing plastic relief models in
order to produce hill-shading images) to be protected,
one needs to have it patented.

The protection of a cartographer’s creativity (or of the
results of her achievements) has a downside as well: it
may impede the free flow of information. The more bar-
riers there are constructed against freely copying spatial
data or map images from others, the more difficult it be-
comes to get access to spatial information. This can be
because costs get too high, because the data are embar-
goed, because they are only to be used by civil servants,
or – and this certainly happens to maps or cartographic
data files – just because they are kept secret.

11.5.1 Copyright

Copyright can be defined as the exclusive right of the au-
thor or producer of a literary, scientific or artistic work to
publish and reproduce it. Amongst these literary, scien-
tific and artistic works maps, charts and plans are also in-
cluded. Although there might be some differences from
country to country in copyright laws, the following pro-
vides a general gist of the law and what it entails. In car-
tography, the author can be defined as the person, group
of persons, institution or firm that conceives of the idea
for a map and develops it, takes part in the production
and in the decisions regarding the final design and has
the primary responsibility for the selection of the infor-
mation rendered.

When a person produces something original and cre-
ative, copyright sees to it that this person has and keeps
all the rights to reproduction. This is termed the exclu-
sive exploitation right. This person would be able to
transfer these rights on his or her own conditions, in writ-
ing. The conditions that apply can be for instance trans-
ferring copyright against certain remuneration, on
condition of the author’s name being cited or on the con-
dition of adhering to specific reproduction modes. One
of the conditions can be for instance that the author gets
the right to check the galley proofs before final printing.

Instead of a transfer of copyright, a licence agreement
can be signed, under which the author keeps the copy-
right, but the licensee gets a limited exploitation right.
This right can be restricted to a specific agreed use so
that, if the licensees want to reproduce the work for other
uses as well, they have to renegotiate with the copyright
holder. In all such agreements it should be codified who
holds the copyright, who has the ownership of the repro-
duction originals and who has the right to access and use
these originals. In a pre-digital environment these originals

will be films; in a digital environment these originals
will be the files on a DVD.

For a (cartographic) work to fall under copyright law,
it has to be original. In a cartographic context this condi-
tion implies that only the original visualization of the
contents is protected, not the contents itself. This origi-
nality is implicit in the design and in the selection that
has been made: of all the possible data that could have
been rendered only a limited number have been selected.
The design can be original in its colour combination and
contrast, in the map scale and especially in its generaliza-
tion. The person that reproduces (and scanning and digi-
tizing are also regarded as reproduction) this original
work without an express agreement with the author is
punishable or actionable. The penalties can consist of
payment of any profits, of damages, of court costs and of
legal fees.

A number of lawsuits may be of interest here: in a
1990 case of a cartographic firm against an advertising
firm in the Netherlands the latter was accused by the for-
mer of having copied a town plan produced by the for-
mer, and having reproduced it with modified scale,
lettering and colour combination on advertising pillars.
The plaintiff could prove to the judge that his map had
been copied by highlighting a large number of com-
pletely identical ways of generalizing on his town plan
and on the challenged map. On the basis of this evidence
(identical generalization instances on both maps) the
judge ruled against the defendant. In a similar case of a
municipality against a publisher this was made even
more clear by another judge: even though the defendant
had used another scale, another letter font and other
colours on a town plan, and had widened all the streets in
order to accommodate a larger letter font for the street
names, the judge held that it had been proved by the
plaintiff that the defendant had kept the same generaliza-
tion. As it is impossible that in an independent general-
ization the same decisions would be taken all the time,
this proved that the map had been copied by the defen-
dant, and judgement was passed accordingly. See also
Figure 11.5.

In order to ease the winning of potential cases, some
map producers introduce errors in town plans on pur-
pose. When someone else copies such a map or file, er-
rors included, proving a copyright infringement becomes
simple. Of course, such errors may only pertain to subor-
dinate, non-essential points, because the producer would
otherwise expose itself to liability cases, as map users
could sustain damages on the basis of purposely erro-
neous maps.

Copyright protects not only the results of creative,
original achievements but also the link between author
and product. This is called the moral right. Even though
a work may have been commissioned, or has been sold,
the author has the right to have his name attributed and
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Figure 11.5 Copyright issues: (a) base map produced by a mu-
nicipality in the Netherlands; (b) derived map produced by the firm
that was assumed to have copied base map (a); (c) derived map
produced by another firm, with independent generalization Figure 11.6 Example of a copyright notice

linked exclusively to the work (attribution right) and the
right to prevent any distortion, mutilation or other modi-
fication of the work (right of integrity). This would imply
for maps that without the author’s consent changes in
colour, reductions or enlargements and additions would
be forbidden.

Being entitled to something is not the same, however,
as seeing justice done to oneself. Often, the latter implies
conducting a laborious, expensive and lengthy lawsuit
not everyone has the money and time to indulge in. That
is why in many Western countries associations of graphic
artists have been founded that – against payment of
membership dues and administrative fees for inventory-
ing one’s products – take action on behalf of their mem-
bers against copyright infringements.

11.5.2 Exceptions to the copyright law

A number of exceptions to the copyright law exist. We
think the laws and jurisprudence from several Western
countries allow us to make the following assumptions: a
product may be reproduced without any problems if:

● The producer died over 70 years ago. When the pro-
ducer is not a person but an institution or firm,
the copyright expires 70 years after the work has been
produced.

● It is used by the press for news reporting purposes.
● It is used for scientific or information purposes, such

as for commenting, criticizing or research, as for in-
stance in a review.

● The work concerned is produced by the government and
lacks a specific copyright notice. For such a specific
copyright notice on a government-produced map, see
Figure 11.6. On works published by non-governmental
agencies or firms, a specific copyright notice (such as
‘© Publisher X’ or ‘© copyright publisher Y’) is not
required. The mere publication already entails copy-
right protection.

● Publication is aimed at educational use. Map details
may, for instance, be copied in textbooks if a reason-
able remuneration is paid. As what constitutes a rea-
sonable remuneration is subject to interpretation,
prior contacts with the producer are advisable. In
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assessing whether the use made of a work is fair, the
purpose and character of the use (is it for commer-
cial or non-profit educational use) and the size and
substantiality of the portion of the work used will be
considered.

All these rights refer to a work that has been produced in-
dependently. It is different when a cartographer produces
a map on behalf of her employer: in that case she would
have no rights to the work, with exception perhaps of the
moral rights: this would prevent the employer assigning
the work to someone other than the actual producer. Oth-
erwise all the rights by virtue of the employment contract
have been transferred to the employer. When someone
freelancing produces a work commissioned to him, he will
have to settle with the principal as to who will have what
rights to the work. In freelancing, name recognition and
thus citation of the author’s name seems to be an
important issue in the settlement or contract.

11.5.3 Doubtful copyright protection of
geographical information

Does a copyright notice as shown in Figure 11.6 actually
protect the institution that collected the data, processed it

and published it in map form against infringements? On
the basis of the jurisprudence shown above one would
agree. Didn’t the cartographers of the survey take a num-
ber of original decisions regarding the many generaliza-
tion and selection options they were faced with? And
were their rights by virtue of their employment not trans-
ferred to the survey? European experts, however, claim
that the copyright laws in their present form do not pro-
vide suitable arguments for legal protection of spatial
data. They base their verdict on their assumption that the
procedures under which geo-information is created an-
swer insufficiently the criterion of originality, based as
they are on technical rules, regulations and standards. See
also the scheme in Figure 11.7. Individual data and coor-
dinates at least are never protected. A collection of indi-
vidual data is protected, as this collection would have
been realized as a selection according to specific criteria,
expressed in the file structure. The sheer application of
rules, regulations and standards alone, or the sheer result
of technical operations such as the production of aerial
photographs, cannot be deemed original and cannot
therefore be protected.

But an increasingly strong case is being made for the
protection of databases. In the legal context a carto-
graphic database is a collection of independent data,
arranged systematically or methodically and individually

Figure 11.7 Scheme for copyright protection of geodata, inspired by an earlier scheme by RAVI (1994). There is a difference of opin-
ion as to whether original representation alone leads to protection under the copyright law for serial map products. Combination with
original data collection should always provide a sufficient case for protection
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accessible. The relevant database directive of the Euro-
pean Union, which was brought into law by the EU
member nations in January 1998, states that the author
of a database has the exclusive right to authorize any
form of distribution to the public of the database or of
copies thereof for a period of 15 years (this protection
period is extended each time substantial changes have
been made to the database). As it is based on original-
ity considerations this is, in fact, an extension of the
copyright act. But in order to protect the investments
made in the production, verification and presentation
of databases, the database directive also states that the
author has the right to prevent extraction or reutiliza-
tion (for commercial purposes) of the whole or of sub-
stantial parts of the contents of his database, be it in
analogue or digital form. But this right applies only if
the database author can prove that substantial invest-
ments had been made in its production. For geodata it
is not so much the originality or creativity of their col-
lection that has to be protected but the amount of
labour invested and therefore their monetary value.
The producer has the right to set the conditions for the
use of the resulting databases in the form of supply
contracts. For the Ordnance Survey in Great Britain for
instance the licence fee for the use of its digital geo-
data would depend on the amount of data, the duration
of their use, the number of terminals on which they
would be used and the use objectives.

11.5.4 Freedom of Information Act

Even if the government, or its subsidiaries, retains the
copyright to the maps and geodata files it produced, this
does not mean that it can keep these files only for its own
use, or only sell it to some firm of its choice and not to

other firms. Under the Freedom of Information Act or
similar acts, the government is required to communicate
the information it holds to its citizens. Unless the public
harm caused by disclosure outweighs the public benefit
of having the information made available, the govern-
ment and its subsidiaries are required to do so, but not
necessarily free of charge.

Take the case of a Dutch municipality, Dordrecht,
which used to make its digital town plan files available
to a private publisher on the condition that this publisher
would produce an updated town plan every year. On the
basis of this exclusive arrangement, another publisher
was initially refused access to these basic geodata files.
By appealing in court to the Freedom of Information
Act – which provides access to government-held infor-
mation (and this would include geodata) to everyone –
Dordrecht municipality was forced to provide these
basic geodata files as well to the second publisher. But it
could, of course, charge for them, as the Freedom of
Information Act does not claim that this should be for
free.

11.5.5 Copyright and the Internet

The use of the Internet seems to depart implicitly from the
assumption that it implies public use; that is to say that
publishing one’s data on the Internet implies abandoning
them to public disclosure. As soon as something is on the
web everyone has access to it. While surfing the web, a
computer by definition continuously makes copies, but
this copying is not felt as infringing copyright, similarly to
xeroxing something for one’s own use. But one may go be-
yond viewing and applying the material from the web for
one’s own use, and try to market it. As this is not generally
felt as a desirable development, web page builders increas-
ingly claim copyright. And illustrations on websites are
increasingly protected against copying by watermarking
them digitally, thus modifying and disturbing the imagery.

11.5.6 Right of possession

Maps that were produced over 70 years ago are no
longer subject to copyright. In that case anyone could
produce facsimiles of them without having to pay any
dues. But this is only a valid assumption for someone
who actually holds possession of the map in question.
But when it refers to rare maps that are part of a map li-
brary or are owned by a collector, rights of possession
come into play. This right would protect the owner
against any depreciation in value by reproduction: the
value of a historical map could well decrease by circu-
lating its reproductions. This implies that prior to fac-
similing them, one should come to an agreement with

Figure 11.8 Examples of disclaimers or waivers, which state that
the producer considers itself not answerable for any damages that
could occur because of incorrect data rendering in the map
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the map owner. When commissioning photographs or
scans of old maps from libraries, the libraries would set the
conditions for the use of these negatives or scans, e.g. for
single reproduction in a book. This would mean that even
for a reprint a follow-up agreement should be negotiated.

11.5.7 Public lending right

In most countries of the European Union there exists
some form of lending right remuneration. This is a remu-
neration received from public lending establishments
(public libraries) by a registrar on the basis of the number
of times books have been lent. According to some fixed
ratio these remunerations are then allocated to all those
that have been involved in the production of the book:
authors, translators, photographers, illustrators, design-
ers, graphic artists, cartographers and publishers.

The exclusive right to authorize or forbid lending be-
longs to the author (or those to whom he has transferred
his copyright), as far as the original and copies of his
work are concerned; once given all those involved in the
production would share in the proceeds. The remuneration
does not take place automatically; it has to be applied for
by the author or the other contributors, who have to sub-
mit a list of the works or the contributions to the works
for which the remuneration is asked.

11.5.8 International differences

In the publication Legal Protection of Geographical In-
formation (Eechoud, 1996) commissioned by Eurogi
(European Umbrella Organisation for Geographic Infor-
mation) the differences in the present copyright legisla-
tion between the various European countries are
discussed. In most countries originality is a requirement
for cartographic products to fall under Copyright Acts;
in Great Britain and Ireland it is sufficient for a map to
be a ‘work of skill and labour’ in order to be protected
under the Copyright Act. Apart from the rules relative to
maps and geodata, different standpoints are valid among
the EU countries regarding the protection of photo-
graphs and catalogues. Regarding photographs, protec-
tion under the act ranges from exclusive protection of
reproduction and distribution rights to a meagre protec-
tion of the moral right if the photograph is a personal
artistic creation, or no protection at all where it is re-
garded as a purely technical achievement, as in the case
of aerial photographs. In Germany, Sweden and Portugal
one needs special consent for duplicating information
resulting from large-scale surveying or mapping opera-
tions, and there are differences in the criteria for regard-
ing the interpretation of the originality concept. In
countries where geographical information is not pro-

tected as yet by copyright, it is often possible to appeal
to the unfair competition act in order to safeguard one’s
interests.

11.5.9 Liability

Apart from rights there are duties as well. In Europe the
latter are not so clearly defined as in the United States,
where liability of a database provider for damages is a
well-known concept. To what extent is the producer of a
map or database answerable for any errors in his prod-
uct? He is not answerable when the errors are due to
causes beyond his control. But he may well be deemed
answerable when he has been demonstrably making mis-
takes, has been careless or has checked the information
insufficiently.

Is a government department liable when it distributes
incorrect data in its GIS files? In the United States the
verdict is no, when the department only distributes the
files because of a legal obligation to do so, like under
the Freedom of Information Act. But should this depart-
ment actively market these files, it would most certainly
be liable for damages. When the general public trusts the
quality and accuracy of files that are incorrect because
of the carelessness of government departments, then
government is answerable for the damages that occurred
because of data misrepresentation. It is not quite clear
whether incorporation of disclaimers or waivers (see
Figure 11.8, p.185) on the products make much differ-
ence here. Their major role would lie in the fact that they
would point out to the users that they should not com-
pletely trust the information rendered.

In the United States there seem to be two reasons
for lawsuits in the field of liability regarding geodata
(Epstein, 1987): (a) errors and omissions and (b) unin-
tentional use. Examples of errors and omissions are: an
incorrect representation of a TV aerial on an official
aeronautical chart, and the representation of a lighthouse
on a chart that was not in service any more and conse-
quently did not radiate light – which caused shipwreck.
Another example is the commercial aeronautical chart
produced by Jeppesen Inc., which showed the vertical
and horizontal projection of the start and landing proce-
dures at different scales, which confused the pilots be-
cause the graphic presentation suggested that the scales
were the same.

Another example is building a house in the flood-
plain (the area that statistically is inundated by rivers
once every 100 years). The limits of the floodplain had
not been rendered on the basis of scientific data, but
had been misrepresented because of political considera-
tions. This led to damages being awarded to the
claimant by the map-producing institution when the
area was flooded.
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Examples of unintentional use refer to taking the wrong
conclusions from maps that are inherently correct, but
have been used for the wrong objectives. The only way to
prevent such actions is to state explicitly on the document
for what kinds of use the map has been produced.

11.6 Map use and usability

When producing a map one will be concerned with se-
lecting the contents of the map and adapting them so as
to reach a given communication aim, taking account of
the target audience. To this end, map use research has de-
veloped, investigating use and user requirements, or gen-
erally all aspects and elements of the communication
process.

In the communication chain many steps may go
wrong: have the proper data been selected for the map,
have these data been visualised in the correct way, did the
map user perceive the mapped information in the in-
tended way, and did she derive the correct conclusions
from the mapped image (see the communication model
in Figure 3.7)? In a computer environment the ease of
dealing with the digital equipment is taken into account,
and here we come across the usability concept:

The International Organization for Standardization in
its ISO 9241-11 defines usability as ‘The extent to which
a product can be used by specified users to achieve spec-
ified goals with effectiveness, efficiency and satisfaction
in a specified context of use’. In other words, it is the
capability of the map to be attractive, understood, and
used under specified conditions. Usually, it is measured
in three aspects (Faulkner, 2000):

● Effectiveness – the ability of a given system, here a
map, to accomplish the user’s task correctly.

● Efficiency – how quickly the task can be accomplished
in a given time period.

● Satisfaction – the degree of comfort felt by users when
executing the task.

Usability in its strict sense was developed as a term to
indicate how easy user interfaces are to use. It referred
also to methods for improving ease-of-use during the
software design process. Aspects of usability are the ease
of learning to handle the software, the speed with which
one may learn it, how easy it will be to remember how to
deal with it, how many errors one is bound to make and,
finally, whether one will feel good using the software.
Usability will be tested, and through this test process one
gains insight in the interaction between the user and the
software product.

But the usability concept has moved beyond the com-
puter interface in cartographic research and now denotes

generally the research into the effectiveness and effi-
ciency with which map users may reach a specific cor-
rect conclusion under specific (map use) circumstances.
Examples of evaluation methods are the thinking aloud
method (see below), heuristic evaluation (here a few
evaluators examine the software or digital product sys-
tematically on the basis of its conformity with accepted
usability principles, focus groups (interactive evaluation)
and questionnaires.

An example of the thinking aloud method, illustrated
by Figure 11.9, shows a test person is working with a GIS
program, and voicing her comments (she is performing
the task in a given manner and taking specific decisions,
and generally saying out loud what she thinks during the
execution of the task). Her comments are recorded, as are
the images the video camera will take of her and simulta-
neously the images generated on her computer screen
and the paper maps she has taken out to use as well. By
analysing all these recorded data simultaneously, more
insight is gained in the spatial data communication
process and procedures and in the usability of the graph-
ical user interface.

Still too little is known, as the following quotation
shows, about the way in which one derives information
from maps and how this information is inserted into the
existing spatial consciousness or cognitive map.

To date, virtually nothing is known about the usabil-
ity of geospatial technologies. Even less is under-
stood about the extent to which those technologies
can be matched to human conceptualizations of
geographic phenomena or about the use to which
the information will be put. It will be necessary to
develop new tools to track how individuals and
groups work with geospatial technologies, to assess

Figure 11.9 The thinking aloud method in usability research.
Courtesy ITC
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which approaches are most fruitful, and to identify
the usability impediments imposed by the technologies.
Such understanding will be vital for tailoring user-
centred design and other usability engineering
methods to the needs of general audiences working
with geoinformation.

National Research Council, 2003.

11.7 Maps and Geographical Information Science
revisited

In Chapter 1 it was stated that GIScience either ad-
dresses the fundamental research principles on which
Geographical Information Systems are based (e.g. re-
search on GIS) or that it refers simply to the use of GIS
in scientific applications (e.g. research with GIS). Since
geovisualization studies and promotes all kinds of (map)
graphics that stimulate visual thinking, the approach to
GIScience as research on GIS would fit best. Cartogra-
phers try to develop the visual methods and techniques
(tools) to present, analyse, synthesize and explore
geospatial data, but one is also interested it their effect
on problem-solving (efficiency, effectiveness). In his
book chapter, entitled ‘Beyond tools: visual support for
the entire process of GIScience’, Gahegan (2005) ad-
dresses this particular problem. He described the
GIScience process, and projected possible maps and
graphics, as well as computational methods on each of
the process steps. He writes: ‘To better support the
entire science process, we must provide mechanisms
that can visualize the connections between the various
stages of analysis, and show how concepts relate to data,
how models relate to concepts, and so forth’ (Gahegan,
2005, p. 85).

Plate 57, based on Gahegan’s ideas, is a simplified
version of the process illustrated with the data behind
Minard’s map (see also Plate 56). The process contains
the steps: exploration, synthesis, analysis, evaluation and
presentation, but not necessarily in this order. Let us look
at Napoleon’s campaign and follow the process. In this
example, the objective is to understand what happened
during the campaign. The data available consist of statis-
tics and maps derived from all kind of sources such as of-
ficial French army documents, diaries of individuals,
Russian reports and other references. In Plate 57 this is
summarized by a few tables. To get insight into these
data one has to explore the data, for instance via a paral-
lel coordinate plot in which all variables, such as number

of troops, temperature, battles, number of deaths and
wounded are given. The geographical locations for which
these facts are known are represented by ‘horizontal’
lines. At such a stage, one might formulate a hypothesis
like: ‘Since Napoleon lost the campaign he probably lost
most battles’. This could be checked via an iconic dis-
play to show who won the battles. Since he won most
battles one will wonder why he lost the campaign and
one might be interested to view the relation between the
loss of troops and factors such as weather and geography
over time. Interactive visualization tools could reveal
interesting patterns. Alternatively, one could create time
cartograms to better understand the influence of geogra-
phy on time. As a result of the analysis one can create
time series to compare individual events or create a vi-
sual overlay of the layers of information and can display
the relations between the different thematic layers. Be-
fore the final maps are drawn, one should evaluate the re-
sult via uncertainty visualization. This graphic could
indicate the accuracy of both the location of the cam-
paign path, as well as of the numbers of troops. In a last
phase the findings are put in well-designed maps and di-
agrams. Minard’s map could be an example, but it could
equally well be an interactive space–time cube. For each
of the individual steps particular visualization tools exist,
often created with a specific domain-dependent task in
mind. However, there is no single software environment
that can handle everything. In a fully-fledged geovisual-
ization environment easy access to all required function-
ality should be available, for instance via geo-web
services.

Although Plate 57 somehow includes all carto-
graphic knowledge discussed in this book it is not the
final story. In Minard’s case it is obvious that the his-
toric data, such as the number of soldiers involved and
the losses during battle are not that accurate. In the
above process the data quality issue is just one example
of the gap faced between cartographic theory and the
technological possibilities. Today almost everything
seems to be possible, every type of data can be con-
verted into another type without realising the conse-
quences. Advanced exploratory software is available to
‘play’ with the data and to create all kinds of graphics.
However, theory has not been able to keep pace with the
developments in data processing techniques offered in
GIScience, whether it is a ‘simple’ overlay or the use of
an advanced multiple-coordinated view environment
with complex models behind the views. It is this gap
between the theory and possibilities that needs to be ad-
dressed (see Figure 11.10).
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Figure 11.10 The increasing gap between the development of
cartographic theory and technological opportunities
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paper atlases 160
use of 159–60, 167–8
web atlases 163

attribute data 119
attribution right 183
averages 123

bibliographic information 176–7
binary maps 69
boundary files 21, 23
break points 128
brushing 171–2

cadastral maps 51–2
cartograms 150–1
cartographic communication 44–8
cartographic data analysis 133–6
cartographic grammar 2, 6, 64
cartography, definitions 40–4
cataloguing, of maps 176–7
censuses 119
change, mapping of 154–5
chorochromatic maps 139–40
choropleth maps 120, 140–1
classification, statistical data 126–33
clipart 75
colour

digital maps 79

use on maps 68–70
web maps 82

comparisons, geospatial data 57–61
conceptual generalization 99–101
coordinate systems 85–8
copyright 181–7

exceptions 183–4
geographical information 184–5
international differences 185

cumulative frequency diagram 129

dasymetric map 141
data see geospatial data; socio-economic data
databases

copyright 184–5
management 32–5
maps as interface 164

DCM see digital cartographic model
DCW see Digital Chart of the World
decision-making, maps as tools 176
Delaunay triangle 106
DEM see digital elevation model
densities 123
desktop publishing 76
diagram maps 146–7
digital cartographic model (DCM) 3–4, 29

conversion to map 71–4, 77, 96–7
Digital Chart of the World (DCW) 23, 25, 177–9
Digital Earth 181
digital elevation model (DEM) 105–6
digital landscape model (DLM) 3, 96–7
digital terrain model (DTM) 105–8
digitizing, maps 21, 27–8
DIME (Dual Independent Map Encoding) 32
dimensionality 6–7
DLM see digital landscape model
dot maps 147–9
Douglas-Peucker algorithm 102–3
DTM see digital terrain model
dynamic variables, animations 157

edge matching 95
EIS see environmental information system
electronic atlases 17, 161–3, 167–8
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Electronic Chart Display and Information 
System (ECDIS) 23

endonyms 116
environmental data files 22
environmental information system (EIS) 15–16
environmental maps 56–7
equal steps 129
Equator 86
ESRI 35, 111–12
EuroGeographics 23, 111, 113
European Union, INSPIRE 17, 116, 181
exonyms 116

flow line maps 149–50
Freedom of Information Act 185
frequency diagram 129
fuzziness index 36

generalization
algorithms 102–5
conceptual generalization 99–101
conceptual model 102
graphic generalization 99–101
processes and tools 102–5
topographic maps 95–105

Geographical Information Science (GIScience) 1, 188–9
geographical information systems (GIS)

definitions 8–11
development of 1
map design and production 71–9

geographical names 85, 115–18
Geography Network 111–12
geometric series 129–33
geometric transformations 94–5
geophysical data files 22
georeferencing 85–8
georelational structure, vector data 32
geospatial analysis operations 11–17
geospatial data

accuracy 10–11, 35–8
acquisition methods 20–2
comparisons 57–61
copyright 184–5
database management 32–5
definitions 3–8
information policies 180–1
management and documentation 176–7
modelling 29
outdated 177–9
raster files 23–5, 32
sources of 111–12
storage of 22
temporal comparisons 60–1
thematic comparisons 58–9
vector files 22–3, 29–32
visualization 169–74

geospatial relationships 7–8
geovisual analytics 174
geovisualization 169–74
GIS see geographical information systems
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Global Map project 23, 25, 112–13, 181
Global Positioning System (GPS) 21
Global Spatial Data Infrastructure (GSDI) 177, 181
Google Earth 1, 18–19, 95, 163, 181
Google Maps 19, 163
GPS see Global Positioning System
graphic approach, data classification 128–9
graphic generalization 99–101
graphic variables

statistical maps 136
symbols 66–70

graphical user interface (GUI) 74, 162
Greenland Ice Margin Experiment (GIMEX) 61
Greenwich Meridian 86
GSDI see Global Spatial Data Infrastructure
GUI see graphical user interface

harmonic series 133
hydrographic data 23, 24, 48
hypermaps 84

ICA see International Cartographic Association
information policies 180–1
information visualization 169
INSPIRE 17, 116, 181
interactive electronic atlases 161
interactive maps 18–19, 74, 82–4, 169
International Cartographic Association (ICA) 181
International Steering Committee for the Global 

Map (ISCGM) 25
Internet see World Wide Web
interval scale 6, 122
ISBD (CM) rules (International Standard Bibliographic

Description for Cartographic Material) 177
ISCGM see International Steering Committee for the 

Global Map
isoline maps 142–4
isopleth maps 143
isotypes 145

knowledge-based generalization 104

large-scale maps 51–4
laser altimetry 20–1
latitude 86–8
length, of data 134
liability 186–7
locations, mapping 85–8
longitude 86–8

map design
choices 46–7
on-screen 74–9
World Wide Web (WWW) 79–82

map production, on-screen 74–9
map projections 88–94
map use cube 2
mapping organizations 111–15
maps

cartographic communication 44–8
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cataloguing 176–7
characteristics 39–40
comparisons 57–61
as decision tools 176
definitions 40–4
deriving data from 25–8
digitizing 21, 27–8
functions 48–50, 163–7
as GIS support 10
interactive 18–19, 74, 82–4, 169
as interfaces 1–3, 164
publication of 48
scale 41–2, 51
testing 48
types 48–50
usability 187–8
use of 51–61, 159–60, 166–7

marginal information 176
mathematical approach, data classification 129–33
mental maps 42–3
Mercator projection 92
meridians 86
metadata 10, 18, 177
models, from geospatial data 29
moral right 182
mosaic maps see chorochromatic maps
multimedia, web maps 82–4

names
geographical features 85
standardization 115–18

national atlas 181
National Grid 88, 115
nearest neighbour index 123–4
nested means 133
nominal point data 144
nominal scale 4, 122
non-area-related ratios 123

Open Geospatial Consortium (OGC) 17–18
ordinal scale 4, 122
Ordnance Survey 115, 185

patterns, explaining 164
permanent map 43
photogrammetrical surveys 20
pollution, environmental maps 56–7
potential 124–5
privacy, statistical data 119
private visual thinking 2
projections 88–94
pseudo-isoline maps 143
public lending right 186
public visual communication 2

quantiles 129

range, of data 134
raster data

characteristics 23–5
generalization 103–4

Index 197

structures 32
ratio scale 6, 122
relief

digital terrain models 105–6
terrain visualization 106–11
topographic maps 105–11

right of integrity 183
right of possession 185–6
Robinson projection 92–3
rubber sheeting 94–5
rules, cartographic 2

SABE see Seamless Administrative Boundaries of Europe
satellite data 21, 24–5
scale

changing 95–9
of maps 41–2, 51

scanning
maps 21, 27–8
raster files 23–4

scientific visualization 39–40, 169
Seamless Administrative Boundaries of Europe 

(SABE) 23, 113–14
shaded relief maps 107–8
small-scale maps 54–7
socio-economic data

cartographic data analysis 133–6
data adjustment 126
data analysis 122–6
data classification 126–33
maps 54–6
statistical files 21–2
statistical surveys 119–22

software, map production 73–9
sound, web maps 83
spaghetti structure, vector data 32
spatial data infrastructure (SDI) 1, 17, 181
spatial infrastructure 17–19
statistical maps

cartographic data analysis 133–6
data adjustment 126
data analysis 122–6
data classification 126–33
mapping methods 136–51
statistical surveys 119–22

statistical surfaces 127, 150
surveys, statistical 119–22
symbols

colour 68–70
conventions 64
data representation 65–6
generalization 101
graphic variables 66–70
proportional 144–6
web maps 80–1

temporal maps 43, 152–7
animations 61, 155–7
comparisons 60–1
dynamic variables 157

Z02_KRAA2793_03_SE_INDEX.QXD  10/16/09  5:31 PM  Page 197



 

mapping change 154–5
terrain visualization 106–11
terrestrial surveys 20
text

on maps 701
web maps 83

texture filter, web maps 80
thematic maps 42

comparisons 58–9
symbols 64

three-dimensional maps 81, 108–11
time, mapping of 152–7
title, of map 71
topographic maps

definition 42
generalization 95–105
geographical names 115–18
geometric transformations 94–5
georeferencing 85–8
map projections 88–94
mapping organizations 111–15
relief 105–11
symbols 64

topology
locations 85
vector data 32

toponyms 70, 85
transformations, statistical maps 138–9

United Nations Group of Experts on Geographical Names
(UNGEGN) 115–16

198 Index

United States Geological Survey (USGS), National Map
concept 114–15

Universal Transverse Mercator (UTM) projection 25–6, 90–2
utility maps 52–4
UTM see Universal Transverse Mercator

vector data
characteristics 22–3
structures 29–32

vector maps 149
vedette 71
video, web maps 83
view-only electronic atlases 161
Virtual Earth 163
virtual map 43
visual analytics 174
visual hierarchy, symbols 68
visualization 169–74
VMap0 see Digital Chart of the World

WGS84 (World Geodetic System 1984) 87
World Wide Web (WWW) 18

atlases 163, 167–8
copyright 185
map creation 78–9
map design 79–82
multimedia 82–4
Ordnance Survey 115
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water

Plate 1 Some of the available data in the Maastricht case: (a) land use data derived from a topographic database – the 1950 
and 1990 municipal boundaries are given for reference; (b) a detail of the 1950 topographic map to be digitized (sheet 61F; courtesy
Kadaster)

Plate 2 Google maps and several of its optional appearances
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Plate 3 Google Earth: a three-dimensional view of part of the Alps with user added data

Z03_KRAA2793_03_SE_COLORPLATE.QXD  10/16/09  5:36 PM  Page 2



 

map detail

analog magnification

digital magnification

Plate 4 Tenfold enlargement of photographs taken from Top25Raster (the raster-based screen representation of the topographic map
of the Netherlands at scale 1:25 000 (right) next to a tenfold enlargement of the analogue version of this map (left) (courtesy
Topografische Dienst Nederland)

50

40
30

20

a b

Zeddam

B e r g h e l

B o s c h

‘s-Heerenberg

Zeddam

‘s-Heerenberg

Plate 5 Topographic and thematic maps: (a) the topography of Montferland in the eastern part of the Netherlands; (b) a soil map of
the same area (after Netherlands soil map 1:50 000)
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Plate 6 Thematic map created by subduing part of the topogra-
phy, and by doing so highlighting a specific information category
(highways)

Plate 7 Absolute (left) and relative representations of the same information (unemployment data)
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Plate 8 Detail of a traditional hydrographic chart (top), and of a partial rendering of this
chart in an electronic navigation display (bottom) 
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Plate 9 Car navigation, planning example from www.viamichelin.com

Plate 10 Detail of an educational wall map of Africa (courtesy Westermann)

Z03_KRAA2793_03_SE_COLORPLATE.QXD  10/16/09  5:37 PM  Page 6



 

size

value

grain/texture

colour

orientation

shape

differences

in: point line

symbols

area

Plate 11 Basic graphic variables

Plate 12 Differences in value or lightness

Plate 13 Differences in color

Plate 14 Color scale bar lengthened by adding saturation

value differences

saturation differences

Plate 15 Comparison of value and saturation
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sequential, one hue
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f diverging, no huee
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 sequential, no hue
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dspectral scheme colours
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c

 diverging hues
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b binary
10 200 2871
a

Plate 16 Water hardness in the USA: gradation over and under a threshold value versus non-threshold choropleths
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Plate 17 Layer zones with different colours for optimal retrieval of zones

Plate 18 Layer zones with different tints for optimal recognition of trends

Plate 19 Layer zones with different conventional colours

Plate 20 Layer zones drapped over shaded relief model
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difference
in hierarchy

difference
in quality

(high)

(low)
spacing

colour

case size

roman/italic

boldness width

style

grey value
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blue

black

B E R N

Plate 21 Variation of map scripts in order to show hierarchical and/or nominal differences

a bdigital colour separation conventional colour separation

C
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negative

peel
coats

tint
screens

films

negative
line image

C

M
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 yellow

 black
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Plate 22 Colour separation
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a Additive colour scheme b Subtractive colour scheme

Plate 23 Primary colours 

Plate 24 Web Safe colour palette
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Rijssen
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a b

c d

Plate 25 Additional graphic variables: (a) shadow/shading; (b) blur; (c) transparency; (d) blinking (focus)
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Plate 26 Compiled from an electronic atlas (Microsoft’s Encarta Interactive World Atlas 2001)

Z03_KRAA2793_03_SE_COLORPLATE.QXD  10/16/09  5:37 PM  Page 13



 

merging displacement

selection

enlargement
simplification

Plate 27 Examples of graphic generalization from topographic maps: Maastricht 1:25 000, sheet 69B and 1:50 000, sheet 69W
(courtesy Kadaster)
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I

II

III
IV

V

Plate 28 Generalization in the world atlas in the Microsoft Encarta Premium 2009 encyclopedia

Plate 29 Topographical map draped over digital terrain model (copyright topographic map data ‘Topografische Dienst Nederland copy-
right digital terrain model b”(amn) Meetkundige dienst Rijkswaterstaat’)
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ba

Plate 30 (a) Hill shading (detail from the Schweizer Weltatlas, courtesy Kanton Zürich) versus (b) layer tint mapping (detail from the
Bosatlas, courtesy Wolters-Noordhoff Atlas Productions)

Plate 31 Terrain shapes and structure: National Geographic’s map of the ocean floors (courtesy National Geographic Society)
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b

Plate 32 Generalization related to atlas objectives 
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Plate 33 Topographic map of the Netherlands 1:50000, detail sheet 69W-1998 (copyright Kadaster)
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Plate 34 Topographic maps: Britain sheet 89, 1:50 000

Plate 35 Topographic maps: Netherlands sheet 37East, 1:50 000
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Plate 36 Topographic maps: France sheet 18–22, 1:25 000

Plate 37 Topographic maps: Finland 2041–08, 1:20 000
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Plate 38 Topographic maps: United States Charleston Quadrangle, 1:24 000

Plate 39 Topographic maps: Switzerland sheet 2515, 1:25 000
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Plate 41 Ordnance Survey’s Get-a-map service

a b

c d

Plate 40 Development of Ordnance Survey products illustrated by stamps (courtesy British Royal Mail)
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Plate 42 Height representation on topographic maps of the Dutch–Belgian border (topographic map 1:25 000, sheet 49G, courtesy
Topografische Dienst Nederland)
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Plate 43 Fruit production in West Germany, 2007
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Plate 44 Unclassified choropleth map (a) of Maastricht’s population density, compared with (b) two classified maps

Plate 45 Isotype of the proportion of Europeans with a constitution (from Neurath, 1930)
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Plate 46 Comparison of a population density choropleth of Britain and a population density cartogram of Britain
(source: Dorling, D. (1995). A new social atlas of Britain. John Wiley and Sons, UK)
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Plate 47 The nature of time: (a) linear and discrete time – changing municipal boundaries of Overijssel in 1972, 1986 and 2009; 
(b) cyclic and continuous time – temperature in winter, spring, summer and autumn
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a b

Plate 48 Alternative visualizations of the time dimension: (a) a space–time cube and (b) a travel cartogram

a b c

Plate 49 Geographical narrative: causal relationships as expressed through the juxtaposition of topical maps of the same area: 
(a) climate (precipitation and temperature), (b) soils, as determinants of (c) the wheat-growing area (from InterAtlas. Les resources du
Québec et du Canada, Montréal, 1996)
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Plate 50 Atlas of Switzerland Interactive. View from the dtm-based panoramic map module (courtesy Schweizerische Landestopogra-
phie, Bern, 2003, in Van Plaats 1999)

Plate 51 Legend category selection window, in the atlas in Microsoft Encarta Premium 2009 (Microsoft 2009)
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Plate 52 Querying information from the database underneath the map: by clicking a power station on the Utility stations map (1997),
from the Economy chapter (Electrical power stations) of the Atlas of Canada Information system (http://atlas.nrcan.gc.ca).

a b

c d

Plate 53 Proposed navigation map for an electronic atlas (World Atlas, Microsoft Encarta Premium, 2009): one may zoom in from
the topographic globe to the larger scale topographic maps or move to the thematic globe, and zoom in there. Alternately, toggling
between topographic and thematic maps is possible
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Plate 54 Understanding the Kilimanjaro region: (a) general topography (derived from the Digital Chart of the World (DCW)); (b) land
use map and (c) precipitation map (both derived from Alexander Weltatlas, 1989)
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overview

zoom and filter

details on demand

Plate 55 Shneiderman’s visual information seeking mantra illustrated: the movement of icebergs in the Antarctic region (a) overview;
(b) zoom and/or filter; (c) details on demand
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Plate 56 Alternative visual representation of Minard’s ‘Napoleon’s march to Moscow’ map
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Plate 57 Map and the GIScience process illustrated by data derived from Napoleon’s march on Moscow in 1812
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Plate 58 The Dutch National Atlas integrated in the NGDI. The specific atlas functions have been integrated with geo-web services
available via the Geodata infrastructure (Kraak et al. 2009)
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