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Foreword 

In any scientific study the work is done on three levels: declaration of a guiding 
idea, conception of suitable methods for verifying it and use of techniques to 
implement these methods. This book is intended to be devoted to the methods of 
working with localized information, and as such is it somewhat of a scientific 
paradox. How can we use the rich range of techniques which the authors present to 
us without first posing a problem or a hypothesis? 

This question can be inverted: how can a researcher in the Earth Sciences 
conceive a project without knowing whether the tools which may help with it 
already exist? The authors start from the idea that tools are a determining factor in a 
good part of geographical research and that the most important of these tools is a so-
called thematic map. The map allows us to pass from a literary (linear) description 
to two- (x,y), three- (x,y,z) or multidimensional descriptions which are irreplaceable 
when trying to learn about the surface of the globe. 

Maps whose theme is not topographic are traditionally qualified as “thematic”. 
The theme can be anything from relief forms to the the distribution of lovers of   
quiche Lorraine. The authors of this book are interested in variables (quantitative) or 
characters (qualitative) of terrestrial phenomena which may be socio-economic or 
natural. Only indirectly do they address mathematical cartography, which treats, in 
particular, projections onto ellipsoids [DON 95]. We will see below that the authors 
are interested in the differences found in methods which have to do less with the 
themes than with their discrete or continuous character. 

If the map is crucial for research, it is not only because the map facilitates 
observations on a plane, but also because, depending on the method adopted, it may 
bias or even completely falsify the researcher’s interpretation. Taken to the extreme, 
if a user does not know how the map’s legend was designed, he or she will not be 
able to interpret it at all. It is also common that a person unfamiliar with the data-
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structuring methods produces maps which are not comparable to others, difficult to 
read, not very objective or even prejudiced. For this reason, some regional studies, 
although based on cartographic representations coming from reliable censuses in 
administrative units, appeared as mere artifacts. The regional grouping in them 
seemed to be the result of slicing done in a premeditated fashion. Since researchers 
or administrations cannot justify the logic of their slicing, they could be suspected of 
demonstrating the regional hypothesis which they expected to see, simply by 
choosing the boundaries in the way that suited them yet without altering the data in 
any way. Instead of a guiding principle it becomes more like rough guess work. It is, 
therefore, with a good reason that the authors of this book insist on the rigor of the 
methods of grouping values into class in other words on “discretization”. Even 
though the discretization of values centered at the mean and normalized by their 
standard deviation is widely used nowadays, it is still useful, necessary in fact, to 
remind the reader of it as well as to compare it with other methods. 

Discretization is also spatial: administrative units (cantons, departments etc.) are 
examples of partitioning observations. In these examples a country’s area is divided 
into irregular shapes, mostly reflecting political considerations (electoral districts, 
school maps, plans of land use, and others, which generally aim at reducing the 
effect of the dominant populations). Alternatively, the divisions may be based on 
long distant and forgotten historical heritage. Their shape is often “not very 
geographic”. We need, therefore, to try to reduce the influence of the shapes and 
sizes of units which makes the data contained in them impossible to compare. To 
this end we can either work with the data (for example, the data can be weighted by 
unit area and thus become a relative quantity) or with the spatial units (for example, 
by adopting a lattice). Geography is thought of as a science of spatial relations, so 
that the comparability of the observations is a prerequisite for finding the relations 
among them. 

Unfortunately, discretization of the units (the containers) and the values (the 
content) is a convenience which goes against the very nature of the Earth: the 
surface of our planet is continuous. The break between the sand and the water on a 
sea shore is only an illusion: the continuous rocky relief under the surface of the 
ocean is smooth, albeit deformed. Similarly, the temperature never falls suddenly as 
soon as a political border is crossed, not even during the Cold War. Thus, we need 
to employ a variety of methods and special techniques: isolines and points of 
variable density are suitable. The construction of isolines, however, involves 
choosing an appropriate interpolation method. Thus, we arrive at geostatistics. 

This brings us to another distinction: while the treatment of variables makes use 
of methods (standardization, interpolations, etc.), their graphical expression makes 
use of procedures (shaded choropleth maps, isolines, proportional symbols, etc.). 
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These techniques themselves will become an object of semiotics which the authors 
also consider. 

It will become clear that thematic cartography has become inseparable from 
statistical methods. Not only do statistics guarantee a certain degree of objectivity in 
the data structure, but coupled with computer science they also enable us to process 
large quantities of data. It is obviously impossible to process a remote sensing image 
containing seven million pixels in each of its channels, either manually or 
intuitively. 

After all, what is data? It is an observation which is part of a model. The model 
can be very simple: for example, a graphical triangular model. The researcher 
should always know the model and think about it before setting out to collect the 
observations. It may occur that the existence of the model will help the researcher to 
determine their way of working, by guiding him or her to an adequate data 
collection procedure. 

The practical use of statistical methods, physical and mathematical models and 
the graphical representation of their results would be extremely difficult and 
strenuous without the excellent modern computer programs we have at our disposal. 
It is tempting, therefore, to subordinate the research and its applications more and 
more to the methods and techniques of available computer science. However, 
doesn’t this book risk simply becoming a catalog of recipes? On the contrary, we 
think that it provides the necessary understanding of what programs can do in a few 
minutes. The explanations in this book eliminate the situation where the commercial 
programs are nothing but “black boxes” in the eyes of the user, implying the need to 
trust them blindly. This book considers itself to be a guide for making a choice from 
amongst the many methods suggested by the programs. Most of the time these 
methods are explained with the aid of tables and diagrams and illustrated with small 
maps of Luxembourg for which we never could imagine such a variety of possible 
representations. 

Although such a guide is obviously helpful for a modern cartographer 
confronted with the available powerful and costly geo-informatic software, this is 
not the authors’ primary interest. It is concerned not so much with the immediate 
usefulness of recipes as with the logic of intellectual constructions which lead – 
often after many obstacles – to a trustworthy method. It is wonderful if the 
propositions of this book help to perfect the applications. However, it is also good if 
they only pose new questions, to which there is no solution yet. The important thing 
is to safeguard the freedom of learning, imagining and making mistakes! Paid 
researchers and employees should “make profit” and make deadlines. They are 
expected to produce publications at a specified date, without months to ponder the 
difficulties. Besides, even independent researchers would not survive if they 



xiv     Thematic Cartography 1 

contented themselves with thinking at their leisure, hoping to become “discoverers”. 
Where is then the liberty required for thinking, without time constraints, if not in 
waiting for scholarship grants and various thematic programs? Perhaps it can be 
justified as necessary for perfecting the reliable methods which will produce a quick 
answer when a paid contract turns up, and with it the benefits – the carriers of the 
post-contract freedom which will be used to find the next know-how. Research has 
organized itself around a kind of “advance takings” basis, which is so familiar to our 
authors. It is the practices presented in this work that for example in 2005 enabled 
them to respond to the request of the Délégation à l’Aménagement du Territoire et 
de l’Action Régionale (DATAR) entitled “Exchange between public and private 
partners and interactive cartography of urban services” [CAU 05]. Their study dealt 
essentially with daily mobility in the cities of Belfort and Nancy. Among others, it 
brought about a real animated atlas published on a CD, showing the pulsation of 
openings and closings of urban activities hour-by-hour. This should help to improve 
public transportation and security. A large part of their work was devoted to 
structuring and querying the database. The animation and the interactivity made use 
of two groups of techniques developed in modern cartography: on the one hand, a 
series of dynamic images created independently from each other, and on the other 
hand, a transformation of the same image via motion (sprite), change of shape 
(twining) or change of color (color cycling). This book benefited from this recent 
experience. 

But doesn’t the diffusion of original know-how, not protected by patents or 
copyrights, create the risk of the researchers’ work begin stolen, which in turn will 
lead to this diffusion stopping? There exists a conflict between education, 
popularization and research. The spreading use of the Internet is now leading us to 
rethink the nature and the legislation of the intellectual production. There can also 
be competition among researchers to know who will publish and hence divulge such 
and such new results for the first time. In a time when some governments are busy 
developing innovations, it is hard to see how they can protect them. Does it mean 
that our cartographers only present here unoriginal methods which belong to the 
public domain and do not violate their copyright? 

Even if this was the case, it would still be completely unprecedented to have 
such methods assembled in a rational and accessible fashion. Besides, the animation 
(as well as the modeling) led the authors to a completely new approach to legend 
design. 

And let cartographers rest assured: even after a careful reading of this book they 
will still have a lot left to do. 

Nowadays, world geography is much more about a game of invisible flows than 
about descriptions of delimited territories. Financial flows in particular not only 
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cross borders, but use them. Some international companies have become more 
powerful than many states and instead of being impeded by the countries’ borders 
they profit from the differences in legislation. We therefore need to imagine a 
cartography of a moving flow network superimposed onto the framework of fixed 
borders. Of course it is difficult to represent changing flows. Such a representation 
constitutes the current research domain of several laboratories. In France, the 
CartActive group of GDR Sigma [MUS 06] is attacking the problem of dynamical 
cartography (moving maps) and interactive cartography (maps which react to the 
requests of the user). Our authors have tried their hand at these problems. 

Moreover, major cities are becoming colossal: in the year 2000 there were 41 
urban agglomerations with more than five million people. Although the cities 
concentrate activities more and more, the latter are impossible to represent as there 
are too many people at the same site. Should we therefore abandon any hope of 
representing the most dynamic urban centers because of graphical difficulties? 
Conversely, between these cities there are large back-water territories whose 
inhabitants emigrate to avoid the misery. What are we going to do about these 
problematic “holes” or, to use the expression of a contemporary geographer, these 
“murky fringes”? 

Merging initiatives are appearing to deal with the international networks and the 
“holes.” For example, the European Union possesses a large administration which 
scrutinizes the management of these territories. With 27 Member States, the 
territories vary a lot and creating community descriptions which would allow 
international comparisons becomes a very delicate matter. How can we design maps 
which would enable us to compare the opportunities in Malta to those in Finland, in 
order to estimate what subsidies are needed for the goats of the former and the 
reindeer of the latter? 

Moreover, how can we construct maps which demonstrate processes of both 
physical and socio-economic geography? Consider, for example, the process of 
migration of the Polish plumbers to Ireland, with the partially negative implications 
for the country of departure. Here we find the concept of information (where are the 
better salaries?), of structure (the transportation route) which the energy flow travels 
through (the migration), followed by the feedback (the reduction in the workforce 
which creates an adjustment in the original salaries). This takes us to thinking about 
and favoring the systems cartography linked to modeling. And here, too, our authors 
discover new directions. 

Of course, the European Commission supports cartography via Eurostat, the 
European Space Agency, the Agriculture and Forests community and the IST 
program of risk reduction. Moreover, the launching of satellites to observe the Earth 
requires us to work on a global level and adopt the ellipsoidal model of the Earth, 
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both in geometric and physical applications. Thus, the Global Positioning System 
(GPS) of Navstar has adopted the ellipsoid of the World Geodetic System 1984 
(WGGS84). Nevertheless, every, or almost every, European country uses a different 
ellipsoid and a different projection system which requires transformations in order 
to use them as a reference; see [DON 97]. The International Cartographic 
Association (ICA; see [CFC]) is in the process of standardizing this “geo-
information”. This is going to be a long process. The present volume could bring if 
not a contribution then at least some thought to these regulation efforts to achieve 
“spatial data standards”. 

Although locating observations on a scale less than 1/50,000 requires the 
mastery of coordinate transformations on ellipsoids and projections, the 
observations performed on larger scales can do without it. For them it suffices to 
make “adjustments” after the geometric corrections. This fact makes it possible to 
use Geographical Information Systems (GIS) in regional or local applications. The 
authors of our work do not miss the opportunity to use the data processing resources 
of GIS, as well as their visualization possibilities. These tools have been around for 
about 20 years. A very pedagogical Idrisi [BOS 94] of the “raster” (or matrix) type 
dates back to 1987. Its close contemporary ArcInfo (ESR 89) is a vector-type tool. 
GIS were quickly adopted by the public and private administrations. They are used 
for managing urban agglomerations and regions, for studying trading zones or for 
geo-marketing in private companies. In addition, the GIS of the 1980s enabled the 
resolution of the questions raised by the advent of the theoretical and quantitative 
geography in the late 1950s [HAG 91]. However, the good use of the GIS depends 
primarily on formulating the guiding idea: what are we trying to count, measure, 
add, extract, select, combine or simulate in order to give an answer to a question that 
has been posed? Choosing the third-order trend surface is not enough to 
demonstrate the attraction zone of a museum of modern art, a football stadium or the 
direction of spread of the Chikungunya virus. The GIS cartography is far from being 
“automatic”. A “spatial” way of thinking is needed, which is often multidisciplinary 
and draws on theoretical geography. This is why the authors did not hesitate to 
include numerous digressions which allowed them to follow the evolution of the 
discipline since 1960, when the first works of Waldo Tobler and William Bunge 
appeared. Of course, in 2003 a work was published in French [DAU 03] which 
traced the development of theoretical thought in geography, so that this book might 
seem to be redundant repetition. It is not, however, because this book treats 
cartographic methods and not the rules interrelated by some internal principles. 

This book devotes a lot of attention to numerous transformations: 
transformations of data, of the reference frame, of the scale, of hypotheses, of 
colors, etc. A map nowadays is no more than a “snapshot” in the unrolling “movie” 
of possibilities. Transformational cartography enabled geography to pass from a 
descriptive stage, which was limited and static, to combinations of classifications, 
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spatial selections, observable and theoretical distributions, experiments and 
predictions. We hope that this book will help the readers to realize this, and also to 
show them the way to new applications. In 1985 Peter Gould [GOU 85] spoke of 
“the explosion in cartography” which we see today. He did not know what to call 
the new practices to distinguish them from the classical “cottage-industry” 
cartography: geomatics (as in Quebec)? Computer-assisted spatial analysis? 
Cartography on demand? Meta-cartography or rather computer-assisted theoretical 
cartography? We owe these last terms to William Bunge in 1962. As Paul Claval 
[CLA 64] reminds us, citing the prophetic words of Bunge which are now more than 
40 years old, “…geography will no longer be divided into human and … physical, 
but into geography of points, lines and areas,” and they all “will be adorned by an 
abstract … general science, the theoretical geography.” It is this geospatial approach 
supported by cartography that distinguishes geography from sociology and 
economics, and gives it its unique character. Our authors go along this road. We 
hope that they will have provided future cartographers not only with a rich 
bibliography on the works of the past, but also with good tools to follow them and 
to outdo them. 

Sylvie RIMBERT 

Strasbourg, 2007 
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General Introduction 

Maps1, in one form or another, were established and drawn very early on in 
history, in all epochs and all civilizations, as testified by the abundance of books and 
articles on this subject [JAC 92, KIS 80]. These documents showed property 
boundaries, helped military operations, as well as showing the way for travelers. 
Maps multiplied and became abundant in the scientific domain, in the overview of 
the general public, as well as in planning organizations. They have become an 
object of frequent use in various activities: mountain hikes, road trips, as well as 
finding a hotel or a restaurant. The arrival of the tools for free access to digital 
maps, of which Google Earth is certainly the most prominent example, further 
reinforces the importance of maps, either topographic or thematic, in the modern 
world. We live in a society of maps. Nevertheless, are the correct uses of a map, its 
creation and the possibilities it offers well known? 

These questions are pertinent when we look at the maps published on paper (in 
magazines, books or atlases) or on screen (on the web). There we find carefully 
designed, highly complex maps, though illegible, as well as simple schematic 
documents, crudely and imprecisely drawn, possibly attractive but misleading. 
Everyone believes that he or she is capable of creating a map, as if using a computer 
is sufficient for obtaining an immediate response to a particular request. Maps are 
required “right away”, as if “push button” maps existed and a map’s validity was 
automatic. In reality, even before making a map, we need to know what the actual 
request is, whether the map is truly needed or whether a table would be more 
appropriate. Given the current proliferation of maps, their abundance and the 
dangers inherent in the variety of technological possibilities, it is important to 

                              
1 At this stage we will state that a map is “a simplified or conventional planar geometric 
representation of the whole or a part of the Earth’s surface with a suitable degree of similarity 
to the original” [JOL 76]. This term will be explored further in Chapter 2.  
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carefully determine the necessary mapmaking route, in order to put cartography2 
into a more strict, rigorous setting and to produce a reliable document. This leads us 
to considering cartography and maps in a new light and to proposing a novel 
approach,  after having identified new objectives. 

The approach presented in this book utilizes cartographic reasoning, which puts 
mapmaking within a larger experimental scientific approach. A map is no longer a 
document produced in an isolated fashion, simply for illustration. It is a constructed 
image incorporated into a larger study, which at a given point of its development 
warrants the production of a map. It is therefore necessary to explain the context 
which justifies the map, to know its intended recipient in order to determine the 
theoretical and contextual elements on which the production of the map will hinge 
and based on which further choices will be made. The cartographic reasoning is 
meant to instruct us how to “dissect” a map request, in order to ascertain which 
questions to ask and what range of answers to offer. In fact, there is no unique 
answer for each request: “the Map” does not exist. Among others, there are 
solutions that produce maps more appropriate to a given purpose. 

This reasoning provides a loose guide, which can incorporate changes, both 
conceptual and technical. Making a map by “clicking” a computer mouse may 
produce an image, whose quality or reliability cannot be certain: inaccurate data and 
improper processing do not produce correct maps. Wrong signs, inadequate 
representation modes will not yield accurate, meaningful information. Making a 
map based on cartographic reasoning allows us, however, to recreate an image 
whose elements can all be justified and explained and whose quality is assured. It 
produces a document which the recipients can use for deliberations, for asking and 
answering questions without worrying about the validity of the initial information. 
In order to achieve this, the map’s author should be familiar with the readers’ 
interests, objectives and capabilities. 

From this point of view, a map is not a simple illustration accompanying a text 
because for most it is more pleasant to look at than a table. Depending on the 
context, it becomes a tool for deliberation or research, a “revealer” of hidden 
structures, or a supporting document, allowing partners to have concrete 
discussions. Nevertheless, we should not forget that regardless of its context, a map 
is always the result of at least a minimum amount of research: even for an 
illustration, we need to have some knowledge concerning the thematic phenomena 
represented and the locations in question. This presupposes a certain amount of 

                              
2 Here cartography is defined as “the set of scientific, artistic and technological studies and 
operations starting from the results of direct observations or the use of documentation with 
the aim of creating maps, plans and other modes of expression, as well as their usage” [JOL 
76]. This term will also be clarified in Chapter 2. 
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preliminary study. It is based on this knowledge that a map can be established and 
can fulfill its multiple functions. Indeed, while preserving its initial function of 
locating observable spatial phenomena, the map also acquired the function of 
locating the characteristics which are invisible and which underlie these spatial 
phenomena both in structure and process. The map becomes, therefore, a tool for 
discovery, and cartography becomes a discipline of localizing the invisible. 

This work on thematic cartography thus provides a guide to making a map, such 
that the map fits the requirements which originated its production, be it in the 
framework of a hypothesis in a study or the work of a consultant office. Although 
work conditions may differ, the basic principles are the same, and the guiding 
thread is identical, since a map is always produced via a succession of very 
particular stages. 

An important point, which we will emphasize, is the dynamic component of 
cartography, which manifests itself throughout production stages that include all the 
transformations. We cannot proceed from the Earth to the map without transforming 
the elements present on the Earth and those depicted on the map. We will show that 
a map is the result of a series of transformations, each of which plays a specific role 
and requires a particular field of expertise. No longer can a map be designed by the 
two classical co-authors – the cartographer and the thematician. It needs the 
expertise of geomaticians, computer scientists, mathematicians and semioticians, 
which has its positives and negatives. On the one hand, because of the diversity of 
the domains which come into cartography, and the proliferation of experts or 
amateurs who consider themselves cartographers, a certain confusion is created, 
which considerably damages the final product, the map. On the other hand, the 
cartographic discipline is constantly expanding thanks to the contributions of the 
related disciplines and is gradually turning into what is currently called 
“geovisualization”. 

Irrespective of the name given to the discipline, a map must be useful and serve 
a purpose. It is no secret that a map is not always legible and reliable: being 
overloaded or badly drawn (lines too thick or too thin, for instance), it is not useful. 
A map should be of good quality and should present accurate information. Like any 
science, cartography must follow deontology rules. This is especially sensible today, 
when maps are circulated on the Web, mutually enriching each other, subject to 
their original quality. 

In the three volumes of this book, the various transformations leading to the 
production of the map will be discussed sequentially.  

Volume 1 contains the stages and the expertise necessary for the production of 
any thematic map. The content is standard, but as mentioned above, the approach is 
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different, the stress being on the guiding role of cartographic reasoning. Part 1, 
after a brief history of thematic cartography, identifies different transformations and 
shows the basis of cartographic reasoning, which relies on the scientific approach. 
Part 2 concerns the data, locations and attributes, and emphasizes their quality and 
the importance of the associated metadata. Part 3 addresses the physical production 
of the map, explores the sign systems, characterizes the representation modes and 
completes the process by giving the legend of the map. 

Volume 2 is focused on the known, though partially updated, transformations: 
the consequences of the introduction of quantitative methods in cartography and the 
renewal of old methods by means of novel technologies.  

Finally, Volume 3 concerns the changes related to the recent revolutions in 
numerics, multimedia, the Internet and the Web, that is to say, the advances due to 
the most recent technologies. 



 

Figure 4.21. Vector digitization modes and their effects 

 

Figure 4.27. The electromagnetic spectrum 
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Figure 4.39. From a line to an area  

 
Figure 6.2. Geometrical errors: examples 



 
Figure 6.3. Confusion matrix: example  

 
Figure 7.11. Circle of colors and the HLS system  



 

Figure 7.19. CMY and RGB systems  

 

Figure 7.20. CIE system  



 
Figure 7.21. The Munsell system  

 
Figure 7.35. About using color  



 

Figure 8.19. Linear representations with nominal variables: 
 semiotic tools and examples  



 
Figure 8.20. Linear representations with ordinal variables: semiotic tools and examples  

 
Figure 8.38. Heterochoric (or chorochromatic) maps 



 
Figure 8.24. Representations of lines with an areal meaning  

 
Figure 8.65. Map of multiple membership: example  
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Part I 

Introduction 

We pointed out earlier that mapmaking should follow very precise minimal rules 
in order for the final document to be a scientific construction and not only an 
author’s illustration accompanying a text. These rules act on all stages of the 
cartographic production, and the “products” should be created using a recognized 
scientific approach which consists of several connected steps. Researchers generally 
invest in one or other of these stages, foregoing the logical process in the production 
of a map. However, none of the stages is independent from the others, and 
disregarding the links between them can only result in maps which are 
unsatisfactory in many aspects. There is a need to establish a scientific approach. 

In fact, the rules of mapmaking should not be limited to graphical expression. 
They should act in all the phases of cartographic production. Nevertheless, while 
this idea has already been recognized and partially explained [CAU 96a, CAU 98], 
its structuring and generalization are exigent today for at least three reasons: the 
proliferation of computer software, the diversity of specialists and the absence of a 
structured theoretical body of knowledge. 

The proliferation of computer programs for cartography or for geographical 
information systems requires a harmonization of tools and a determination of their 
real innovative quality. This (over)-abundance in fact makes anyone capable of 
somehow producing a map by using the functions of a program, regardless of its 
validity, without even knowing whether the chosen technique can be applied to the 
data at hand, whether it is new or whether it has been tested before. This common 
ignorance is the reason for sketching the history of cartography in the first chapter, 
in order to avoid errors and consider as new the techniques which have been in use 
for several centuries. 
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The diversity of specialists in map production creates the need for a  harmonized 
vocabulary, because the increasing number of specialties produces a simultaneous 
increase in the number of new terms and unheard-of possibilities which must be 
coordinated and unified for the sake of correct usage. It is sufficient to recall the 
phrase by Epicurus addressed to Herodotus to understand the necessity of a precise 
and explained vocabulary, even if it is only a vocabulary of work: “In the first place, 
Herodotus, you must understand what it is that words denote, in order that by 
reference to this we may be in a position to test opinions, inquiries, or problems, so 
that our proofs may not run on untested ad infinitum, nor the terms we use be empty 
of meaning” [EPI 98]. Thus, Chapter 2 will deal with the definitions of the terms 
used in explaining the adopted choices and points of view. 

The absence of a structured theoretical body of knowledge is manifest in the 
absence of thought-through and coordinated scientific principles applied to the 
stages of the cartographic conception and production. Evidently, a theoretical body 
of knowledge is vital for the development of any scientific discipline. Hence, only 
the formation of such a body will allow cartography to fully exploit its potential, and 
allow the map to demonstrate the directly observable thematic phenomena as well as 
reveal the underlying spatial structures which contribute to their understanding. 
Cartographic construction and geospatial analysis are inseparable in understanding 
these structures and demonstrating the corresponding processes. Therefore, maps 
must be made using the rigorous approach described in Chapter 3 if we want a map 
to be reproducible and to serve as an object of experiments and/or of demonstration 
in understanding a spatial phenomenon. 

To conclude, a map cannot be produced for the sake of producing a map. 
Mapmaking should be justified; otherwise it is a waste of time both for its author 
and its user. A map is a logical construction, and the logic on which it is based is 
two-fold: that of the topic of the map and that of cartography. The disciplinary and 
the cartographic logic fit together and rely on the experimental scientific approach 
which makes sure that each step can be verified, explained and discussed. This 
approach, therefore, is an indispensable guide. 

 



 

 
 

Chapter 1 

A Brief History 
of Thematic Cartography 

 “One needs to know history to avoid thinking that certain things are new”, 
maintain M. Friendly and D. J. Denis [FRI 04]. This statement is essential in our 
time when many authors announce such “discoveries” and emphasize the originality 
of a map they produced, without having a single argument to support their claims. 
Cartography is ancient, perhaps even preceding writing [ZUM 93]. If we want to 
avoid mistaking some maps for discoveries, knowing the history of this discipline, 
just like any other, is essential. It allows us to put into perspective the real 
importance of maps produced in our time, to understand better the social context in 
which they have been created and thus to avoid errors of interpretation. 

1.1. From cartography to thematic cartography 

Originally, cartography responded to concrete needs, and maps – the output of 
cartography – were developed for practical reasons. For example, they served to 
define the boundaries of land property, as with the cadastral plans on clay 
Mesopotamian tablets from around 2500 BC [JAC 92], to find one’s bearings, as 
with the road maps in the Roman era (the Peutinger table, 2nd century AD), or to 
determine the course at sea, using vellum nautical maps. A map can also serve as an 
archive of knowledge of a group of people [ZUM 93]. In the beginning, therefore, 
cartography was first and foremost aimed at positioning places relative to each 
other, and precise locations remained uncertain. It gradually became more precise 
thanks to the great discoveries, inventions in different domains and technological 
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advances. These advances took place in the cultural and social context of varying 
degrees of openness to change. 

1.1.1. The Middle Ages in the West: symbolic maps 

During the early Middle Ages in the Western world, maps were mostly figurative 
and symbolic, expressing the ideas of the time, i.e. religious ideas, since “symbols 
reflect the way we interpret them through the prism of the culture of the time and 
religious beliefs” [ZUM 93]. These maps were a complete departure from the ideas 
proposed by Ptolemy. At the time, the scientific approach of a real world depiction 
was abandoned in favor of figurative, Bible-related imagery and religious beliefs. 
The famous “T-O” maps abounded, with a ring (“O”) of ocean encircling the world, 
inside which there is a “T”, separating the space into three parts: Asia at the top 
(corresponding to the East), Europe on the left and Africa on the right [LEF 04]. 

In this period, only Arab cartography, which acknowledged and continued Greek 
work, drawing mainly on Ptolemy, advanced thanks to the geographers, travelers, 
and writers such as Masudi and Ibn Haukal in the 10th century, Edrisi (or al-Idrisi) in 
the 12th century, and Ibn Batuta and Abufelda in the 14th century [CUE 72, LEF 04]. 
It is also thanks to these Arab researchers and writers that the compass, the 
instrument devised by the Chinese a few centuries earlier, arrived in the West 
around the 13th century and caused a major change in mapmaking with the 
appearance of portolans. The recognition of Ptolemy’s work allowed a departure 
from figurative imagery, to correct the flagrant errors and to expand the content of 
the map, even if some new errors were introduced on the way, since Ptolemy in his 
time did not possess all the necessary information. For instance, the size ascribed to 
Eurasia and the calculated length of the equator made the existence of America 
completely impossible [ZUM 93]. 

1.1.2. From the Renaissance to the 19th century: resurgence of cartography due to 
discoveries and innovations 

During the Renaissance, innovations emerged in a variety of fields, some of 
which would play an essential role in cartography. The improvement in measuring 
instruments allowed advancements in surveying the Earth. Developments in 
mathematics led to a much more precise depiction of projected information. The 
blossoming of techniques due to the introduction of new tools induced a genuine 
revolution in the design, as well as the printing and distribution, of maps (Figure 
1.1). 
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Figure 1.1. Innovations and resurgence of cartography 

The end of the 15th and the 16th century is a period marked, at least in the West, 
by the great discoveries which helped update, modify and correct cartographic 
documents. Knowledge of the Earth had increased considerably with the voyages of 
Christopher Columbus (1492-1502), Vasco de Gama (1497-1524), Magellan (1519-
1522) and others. New techniques caused major changes in mapmaking: the 
introduction of paper in Europe thanks to the Arabs between the 11th and 14th 
centuries, the invention of the printing press (or rather, of typesetting) by Gutenberg 
(1440), with the first map printed in 1472, and switching from wood engraving to 
copper engraving devised by Finiguerra (1452), which enables much finer details to 
be depicted. The 16th century is punctuated with discoveries and inventions which 
revolutionized the knowledge of the Earth and cartography. G. Palsky [PAL 01], M. 
Friendly and D. J. Denis [FRI 04] agree in stressing the importance of new 
instruments, which allowed more precise observations and corrected measurement 
errors. The first planimetric surveys made with a compass and cord [CUE 72] were 
developed at the same time as the new projection systems, in particular, the 
Mercator (1512-1594) and the Ortelius (1527-1598) projections.  

In the 17th century, cartography continued to be marked by technological 
innovations. Thus, optical instruments, conceived by Galileo with the creation of the 
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first high quality telescope in 1609, allowed the execution of fine details on a map 
and a considerable improvement in the quality of the fieldwork [CAH 74], and 
thereby “propelled geography and cartography into modernity” [ZUM 93]. These 
advances were crowned by repeated application of the triangulation technique 
invented in 1533 by a physician, geographer and mathematician G. Frisius, which 
led to the complete coverage of France by the Cassini family (17th and 18th 
centuries). Some of the ministers of Louis XIV were strongly interested in maps, 
which were becoming more reliable and had practical uses. Geographical maps were 
requested from the Academy of Sciences created by Colbert in 1666, while the royal 
corps of engineers supplied maps to Louvois (French Secretary of State for War 
during the reign of Louis XIV). Efforts were being made toward improvements in 
surveying and also in accuracy of data. At the end of the century, these efforts 
extended to the revision of latitudes and longitudes, as well as measurements of the 
Earth [CUE 72]. Similar efforts were evident in other countries: in Russia, Peter the 
Great established the teaching of geodetics, while in England topographic surveying 
was also carried out [CUE 72]. 

Other new techniques concerning the accuracy of measurements, drawing,  as 
well as the reproduction and distribution of maps, came about in the following 
centuries. For instance, there were new measurements of the meridian arcs at the 
equator and at the poles [CUE 72], and an increase in number of projection systems 
brought about by Bonne, Gauss and Lambert [ALI 66]. The 18th century saw the 
invention of the chronometer1 by Harrison in England (1734), the adoption of the 
metric system during the French Revolution (1791), the completion of the Cassinis’ 
topographic map with 1/86,400 scale and the design of the first machine for the 
continuous manufacture of paper by Louis-Nicolas Robert (1798). 

The emergence of lithography (1796) would lead in the 19th century to the 
production of maps in several colors, which, from that time on, would be obtained 
via mechanical processes such as chromolithography in the 1840s [PAL 02]. At the 
end of the same century, the invention of photography by Niepce (1822) began to be 
used in cartography. From then on, photographic reproduction offered an 
opportunity to draw maps without inversion. Offset printing, invented in 1878, was 
put into use around 1910 [CAH 74]. 

1.1.3. The 20th century: widespread acceleration 

In the 20th century, the pace of change accelerated due to an ongoing 
proliferation and diversity of technological advances concerning chemistry, 

                              
1 The chronometer led to a much more precise calculation of longitude, which allowed Great 
Britain to have very precise maps. 
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electronics, the processes of drawing, printing, visualization and distribution, as well 
as the types of data used. Aerial photography, whose fundamental role E. de 
Martonne emphasizes2 [MAR 48], was followed in the 1960s and 1970s by remote 
sensing with its range of images, which revolutionized the field of geographical 
information. After World War II, plastics, scribecoats, photographic emulsions and 
photocomposers appeared. Drawing and printing underwent changes both in speed 
and quality [CAH 74]. Increasingly over the course of the 20th century people moved 
on from a single map on paper, to multiple maps and then to maps on a screen [PAL 
02], thus fundamentally transforming visualization and distribution. Thus J. A. 
Wolter [WOL 75] emphasizes that over the course of several centuries people went 
through three technical stages: maps drawn by hand, printed maps and finally 
electronic maps. Thanks to computers and later micro-computers, new processes 
could develop, such as anamorphosis and 3D representation. The computer 
revolution is unstoppable. At the end of the 20th century and the beginning of the 21st 
century, hypermaps, multimedia and the Web invaded the domain of cartography. 

A number of innovations had their effect on the quality of measurements, 
quickly improving the resulting documents. Starting from the 16th and 17th centuries, 
a map became a document on which a person could rely on finding their bearings, 
first at sea and later also on land. Many developments were new techniques, often 
focused on the quality of drawing, printing and distribution. No longer was a map an 
exclusive document reserved for the privileged. In one form or another, maps 
became accessible to a large number of people and provided a means of information 
exchange. Nevertheless, the cartography which we have been describing was aimed 
mainly at providing information about the location and position of places, and the 
map remained a document which shows what can be seen in the real world. Starting 
from the second half of the 17th century, there developed a cartography interested in 
objects and features of roads, buildings, and so on, that is, in the content of places, in 
their description, and not just in the observable, directly visible facts. This was the 
birth of thematic cartography. 

1.2. Thematic cartography from its birth until the 1950s 

This thematic3 cartography produced a new type of document called singular 
maps or else maps for a specific purpose and sometimes geographic maps [ROB 
76a]. The first examples are the manuscript map of Protestant sites in 1620 [DAI 
02], A. Kircher’s maps of the earthquake in Calabria in 1636, E. W. Happel’s map 
of oceanic currents and tides from 1685, or E. Halley’s map of the oceanic winds 
(1686) and magnetic declination (1701) [ROB 82]. E. W. Halley is recognized as 

                              
2 See his work on aerial geography, published in 1948, for testimony of this. 
3 The term was not used until later and we will explain its origin in the next chapter. 
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one of the founders of thematic cartography, and N. J. W. Thrower [THR 69] called 
him a “thematic geo-cartographer”. Methodological thinking about this particular 
type of cartography quickly appeared. Abbot de Dangeau (1697), like R. P. A. Lubin 
in 1678 and R. de Vaugondy in the next century (1755), criticizes cartography in 
which the number of symbols is too large [PAL 00], coming up with the first sketch 
of rules for making this type of document. Overloaded maps are to be avoided. G. 
Palsky [PAL 84] points out that from the 18th century onwards it was considered that 
a map had to be not only complete and accurate, but also readable and facilitate 
communication. 

1.2.1. Towards an abstract code and adapted procedures 

Fundamental, more conceptual changes began taking place between the 18th and 
19th centuries. People moved progressively “from the representation of what is seen 
to that of what is known about an object, which implies passing from an analog code 
to an abstract code” [PAL 84]. As this author emphasizes, people were shifting 
toward the autonomy of the code. This was confirmed by the Topographic 
Commission in 1802, which asserted “the dignity of the language acquired by 
cartography”. In its thematic direction, the discipline thus developed from a simple 
system of illustrations to a complete and independent system of symbols. It no 
longer favored the basic criteria of the topographic map: exactness and resemblance 
of reality. 

At the same time, a new practice of expression was increasingly employed, such 
as C. de Fourcroy’s maps of demographic quantities with squares proportional to the 
urban areas (1782), or W. Playfair’s charts of economic data (1786). It was not until 
the 19th century that most of the methods of representation were developed in 
statistical circles. This development often happened in relation to quantitative data, 
since the development of statistics was parallel to the development of cartography. 
Moreover, the need to locate epidemics in the 19th century produced the need for 
new representations and symbols. C. Dupin’s map with colors representing the 
levels of popular education in ascending order (1826) was a precursor of the 
choropleth maps with value classes. H. D. Harness (1837) with his maps of the 
population density in Ireland, with zones corresponding to different levels of 
density, announced the creation of dasymetric maps. A. J. Frère de Montizon 
proposed a dot map of the population of France, (1830) and Bollain (1844) – maps 
with circles representing the population of cities, as had been initiated by W. 
Playfair in 1801. The first traffic maps with stripes of corresponding width were the 
work of H. D. Harness (1837), and  the maps of the circulation of travelers by C. J. 
Minard (1844-45). L. Lalanne suggested the principle of a map with isolines of 
densities (1845), which E. von Sydow named an “isopleth” (1859) and which would 
be used by N. F. Ravn in 1857 for the population of Denmark and by L. Vauthier in 



A Brief History of Thematic Cartography     11 

1874 for the population of Paris. The importance of studying class intervals was 
highlighted at the International Statistical Congress in Vienna (1857) by V. 
Streffleur and P. Sick. Thus, as A. H. Robinson emphasizes [ROB 52], from 1860 
onwards cartographic practices for representation of quantitative data became 
known: dot maps, symbols of proportional size, sectored circles, flow maps, 
choropleth maps with a selection of class intervals, dasymetric maps, isopleth maps, 
and others. Chorochromatic maps were proposed for qualitative variables. Among 
all these practices, colored maps spread very quickly, while the other options 
remained of very limited application until the second half of the 20th century. 

At the end of the 19th century, a basic graphical language seems to have been 
established and J. Bertillon’s map of the population in the arrondissements4 of Paris 
(1896) is a demonstration of the efforts towards new experiments. The map used 
localized rectangles with the two sides modified according to two variables – the 
population of an arrondissement and the percentage of foreigners living in it – so 
that their product, the area of the rectangles, represented the absolute number of 
foreigners. Thus, thematic cartography developed parallel to topographic 
cartography, which belonged to the military sphere. Thematic maps were created by 
experts for specific needs, for example, maps of the extent and diffusion of illness. 
They reflect the political tendencies of the time. Maps highlighting colonial empires 
are a good example of this. However, as D. R. Montello writes [MON 02], until the 
20th century a cartographer imposes on the readers his or her vision of the 
represented phenomenon, and does not allow the readers any independence, but 
rather “forms their thoughts”. 

1.2.2. The 20th century: the birth of a scientific discipline 

In the first half of the 20th century, some works on cartography began to appear. 
The book entitled Kartenwissenschaft, written in 1921 by M. Eckert [ECK 21], 
already established numerous rules for cartography, which it regarded almost as a 
science. The book by K. Peuker of Vienna dealt with abstract (then a synonym of 
thematic) cartography, and E. Raisz’s handbook General Cartography [RAI 38] 
presented the principles of map making. At the same time, institutions or schools of 
cartography were created: the Swiss Federal Institute of Technology in 1925 in 
Zurich by E. Imhof and the Paris School of Cartography in 1934 by E. de Martonne. 
A journal dedicated to the history of cartography, Imago Mundi, was founded by 
L. Bagrow in 1935. It seems that during this period no new theoretical or 
philosophical development occurred, although map subjects multiplied and maps 
themselves became more diverse and specialized [ROB 79]. Nevertheless, the idea 
that cartography might become an autonomous discipline was in the air, in particular 

                              
4 An administrative division equivalent to London boroughs. 
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in the work of M. Eckert [ECK 08]. In addition, comparative analysis of these 
cartographic procedures began. We find traces of it in M. Eckert, as well as in E. de 
Martonne’s thesis [MAR 02, PAL 03a]. 

The period following World War II is marked by a complete revival of thematic 
cartography, initiated in the fundamental work The Look of Maps by A. H. Robinson 
in 1952 [ROB 52]. This book is testimony of the new developments both in the 
conceptual and technical areas. According to D. R. Montello [MON 02], the author 
had been influenced by the works of cartographers and geographers from the 
beginning of the century, such as M. Eckert, K. Peuker or J. K. Wright, as well as by 
his own military experience during the war, which made him realize the weight of 
the cartographers’ decisions, and by his research in psychology, which gave him 
new insight into the perception of letters, symbols and maps. This union of 
cartography and psychology realized the wish of M. Eckert [ECK 25], related by 
W. Scharfe [SCH 86] in one of his articles: “It would be an extraordinary progress if 
a scientific cartographer and a psychologist could proceed together to the empirical 
tests, which would allow them to see what cartographic load exceeds the eye’s and 
brain’s capacities.” The publication of this book was followed up by the first edition 
of the Elements of Cartography [ROB 53], and corresponds to the creation of the 
first university course in cartography in the USA. 

From the 1950s to 2006, the history of cartography merges with the description 
of successive main trends in this discipline. These trends were connected to a 
varying degree with a number of technological advances of the time and, in 
particular, to the computer science revolution which started in the 1960s. 

1.3. Main trends from 1950 until after 2000 

This period is marked with the publication of manuals, specialized education, 
and the creation of associations and journals. The appearance of successive 
paradigms, the advent of the computer and the development of connections with 
other disciplines proved to be most influential events, opening up new directions in 
the field of cartography. 

1.3.1. Remarkable facts 

Several works, which can be viewed more or less as manuals, brought about the 
resurgence of 1950-1975, the creation phase of the discipline [MCM 02]. Among 
them were the two new editions of A. H. Robinson’s 1953 book [ROB 60, ROB 69], 
and those by E. Raisz [RAI 62], S. Rimbert [RIM 62], E. Arnberger [ARN 66], J. 
Bertin [BER 67], W. Witt [WIT 67], S. Rimbert [RIM 68] and E. Imhof [IMH 72]. 
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Some of these are general works, as their titles indicate: Elements of Cartography, 
Principles of Cartography, Maps and Graphics. Others are more specialized, such 
as the work of J. Bertin who steers clearly towards semiotics, or the booklet by S. 
Rimbert [RIM 68] which bears witness to the new trends in thematic cartography in 
France. Summing up the books and articles addressing the history of cartography in 
this period [FAB 03, MAC 95, MON 02], we note that the idea of a cartography 
characterized by stricter rules on all levels is general, and  encountered in the 
English-speaking countries, as well as in Europe and in the USSR. 

American universities initiated specialized education that would dominate world 
cartography for decades: the University of Wisconsin with A.H. Robinson, the 
University of Kansas with G. Jenks, and the University of Washington with J. 
Sherman. It is from these universities that cartographers such as W. Tobler would 
travel across the country, opening new centers and introducing new directions of 
research. In Europe, the school of cartography created by E. de Martonne continued 
its work and transformed into DESS5 during the 1960s. New centers were also 
created: the ITC in Enschede, Netherlands in 1950, the TU in Dresden, Germany in 
1959, the FU in Berlin in 1964 [FAB 03], and the ECU6 in the UK [BIC 82]. In 
parallel, the number of associations and cartographic journals increased 
considerably: “Surveying and Mapping” (1940), “International Yearbook of 
Cartography” (1961), “Canadian Cartographer” and “The Cartographic Journal” 
(1964), “World Cartography” (1965), “Cartography” (1972), “American 
Cartographer” (1973)7.  

From the basic book of A. H. Robinson [ROB 52] and the work of researchers 
such as F. Ormeling [ORM 72], J. A. Wolter [WOL 75], A. M. MacEachren [MAC 
95] and D. R. Montello [MON 02], we can see that cartography emerges as a 
distinct, separate discipline. It belongs to the domain of science, since artistic 
cartography has shown its limitations [MAC 95]. Cartography tends toward the 
standardization of rules and appeals to characteristics of perception, while 
establishing, based on objective principles, the relationships between the conception 
and the symbolism of maps. For J. A. Wolter [WOL 75], this stage in the evolution 
of cartography and, more precisely, of thematic cartography, is marked by an 
increase in cartographic literature, accompanied by attempts to give stricter 
definitions of the terminology used and creating a theoretical foundation for the 
subject. 

                              
5 Diplôme d’Etudes Supérieures Spécialisées, a university diploma obtained after 5 years of 
application-oriented education. 
6 ITC: International Institute for Geo-Information Science and Earth Information; TU: 
Technische Universität; FU: Freie Universität; ECU: Experimental Cartography Unit. 
7 Source: [TYN 92]. 
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1.3.2. From 1950 to 1975: paradigms and the technological revolution 

This period is marked by changes at the theoretical level, with the appearance of 
research-oriented paradigms, as well as on the more general level, brought about by 
the fundamental revolution in technology due to the appearance of computer science 
(Figure 1.2).  

1.3.2.1. Conceptual changes 

Beginning with the book of A. H. Robinson [ROB 52], communication of 
information to people was recognized as the predominant function of maps. This 
function was increasingly being associated with the theory of information. From a 
“producer” or “manufacturer” of maps, the cartographer became a “communicator” 
[MOR 74b, WOL 75]. This led to the development of three inter-related fields of 
research – graphic design, psychology (or perception), and education in cartography. 
These three fields would develop differently for researchers in different countries 
until 1975. In France, J. Bertin mainly stressed graphic design or, more precisely, 
semiotics, although other directions were undertaken in other universities, as for 
example by S. Rimbert at the University of Strasbourg.  

The situation was similar in other European countries, such as Germany and 
Switzerland, where the use of graphic design was paramount to mapmaking, without 
necessarily appealing to the principles developed by J. Bertin. Other countries were 
mainly interested in the theory of information and in a map as a channel of 
communication, as seen in the works of C. Board [BOA 67] in the UK, L. Ratajski 
[RAT 77a, RAT 78] in Poland and E. Kretschmer [KRE 78a, KRE 78b] in Austria. 
In the USA, the prevailing trend was toward visual perception and the establishment 
of diversified, specialized education at the university level. The period was marked 
by cartographers such as J. Morrison, E. Petchenik, J. M. Olson, P. Gilmartin, T. E. 
Slocum and P. C. Muehrcke. In 1975, the Vienna Congress [KRE 77] marked the 
recognition of cartography as a science and the value of “theoretical” cartography 
(Figure 1.2). 

The period from 1950 to 1975 thus corresponds to a fundamental change in 
cartography in the aspects of graphic concept, language, and the perception of signs, 
as well as the function of a map. From then on, people began to realize that a map 
transmits the concept of the world of the cartographer to the reader. As A. Koláčny 
emphasized [KOL 71, KOL 77], the theoretical framework became indispensable. 
The 1964 article by A. Moles, which has too often been overlooked, is fundamental 
for understanding how this expressly dominant function of a map has revived the 
concept of cartography. 
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Figure 1.2. Cartographic trends and paradigms since 1950 
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Cartography is now regarded as a system, with everything that this implies. In 
order to improve cartographic communication by filtering and reducing information 
loss at every point of the system [MAC 95], research in graphical language is carried 
out. This research is based on linguistics and semiotics8 [BER 67, KEA 73] and 
requires decision-making. Moreover, in order to clarify the role of the different signs 
used, work on visual perception requires an experimental approach that appeals to 
psycho-physiology [FLA 71] and sets strict rules: “The role of semiotics as a general 
theory of signs in contemporary cartography is similar to the one played by 
information theory” and corresponds to a new paradigm [RAT 78].  

There also appeared studies that include the cognitive aspects of communication 
by such authors as U. Freitag [FRE 71], G. Hake [HAK 73], B. B. Petchenik [PET 
77] and J. M. Olson [OLS 79]. J. Morrison includes cognition in his model of 
cartographic communication, defining the encoding process as the cognitive system 
of the cartographer, and the decrypting process as the cognitive system of the 
recipient [MOR 74b, MOR 76, MOR 77a]. Thus a new approach to cartography was 
appearing and subsequently growing. 

1.3.2.2. The technological revolution 

From 1960 to 1975 there was a fundamental technological renewal. This was due 
to the appearance of first computer-based9 maps in the 1960s, accompanied by such 
publications such as T. Peucker’s booklet in 1972 entitled Computer Cartography 
[PEU 72]. With the advent of this technology, the computing revolution began and 
took off in several different directions. It led to improvements, changes, and even 
catastrophes, when the power of computers was not used wisely. In effect, 
computers must be used in cartography in order to enrich but not dominate it.  

When used well, computer science modified cartography in three distinct aspects 
– concepts, methods and techniques – acting in three different ways. First, it 
reproduced and improved already-known procedures, for instance by increasing 
speed and quality of mapmaking, proceeding toward the automatization of map 
production. Second, it allowed the production of new documents, using methods 
which had already been discovered but could not have been realized without 
computers. Thirdly, it introduced completely new methods, which were possible to 
conceive and carry out only with the aid of computers. In parallel, at the pedagogical 
level, cartographic software spread first in American universities and later in 
Europe. This transformation had a scope broader than just cartography, at least in 

                              
8 Even though this field has lost much of its predominance since the 1980s, it remains the 
subject of research. An original semiological approach to cartography, based on the work of 
S. Lupasco [LUP 51, LUP 60], is being currently developed by M. Cosinschi [COS 03]. 
9 The most celebrated program is Symap, developed between 1963 and 1965 by H. Fisher at 
Harvard [FIS 65]. 



A Brief History of Thematic Cartography     17 

the English-speaking countries, and included the ongoing quantitative revolution in 
geography. 

Since then, two authors – W. Bunge [BUN 62]10 and W. Tobler [TOB 61] – have 
set themselves apart from the mainstream. They have such a special, fundamental 
place in cartography that an entire section will be dedicated to their views at the end 
of this chapter, following the discussion of the general evolution of cartography 
since 1975.  

1.3.3. From 1975 to 1995: a diversified evolution 

This period could be considered as starting anywhere between 1975 and 1980, 
and so we state immediately that the dates are only approximate. There has never 
been any clear-cut boundary, neither in 1975, 1980, nor 1985. In the studies of this 
period, the dates vary slightly and often overlap. Nevertheless, starting from 1975-
1980, computers and technological innovations begin to play an essential role on all 
levels of creating a map.  

1.3.3.1. Technological changes 

Sources of data diversified with the arrival of satellite images in 1980s, even 
though aerial photography had existed prior to that for decades, and 
ERTS/LANDSAT images had existed since 1972. Satellite imagery allowed the 
complete coverage of the world with regular updates. The storage and structuring of 
these data by DBMS11 completely modified the use of the data. From then on, 
storage and representation of data have become completely separate. The 
proliferation of the GIS12 in the 1980s and 1990s took over cartographic software. 
More exactly, the GIS strengthened software capacity, essentially by allowing 
multiple data processing. Displaying a map on the screen completed or replaced the 
production of a paper map, which induced changes at the level of drawing, symbol 
selection, printing and distribution of maps. A temporary map substituted a 
permanent map. This facilitated and modified the testing, experimenting, 
communicating and exchange of information. 

1.3.3.2. Revived trends 

In this context, the main trends of the prior period developed. The first 
transformation concerned research in graphical perception and cognition, which 
shrank after a period of fast growth. According to D. R. Montello [MON 02], B. B. 
                              
10 The work of W. Bunge was not published until 1962, but its origin was in his PhD thesis 
defended in 1960. It is this date that we give in the text. 
11 Database Management Systems. 
12 Geographic Information Systems. 
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Petchenik [PET 83] explained this change by stating that graphics research is not 
very helpful for improving maps, because it rests on incorrect hypotheses of how 
people use maps. In fact, until this period, in the setting of information theory and 
the cognitive approach similar to the behaviorist approach, it was assumed that the 
author of the map transmitted a message to the reader, who was in a sense passive 
and did not intervene or have a specific goal in mind. In this sense, the psycho-
physical approach turns out to be dangerous, because it does not take into account 
the active thinking of the user. It was noted that graphics research did not 
necessarily aid in making better maps. Perhaps, in order to determine the most 
satisfactory map, it would have been useful to use analytical methods adapted from 
literary critics, rather than to rely on the experimental methods of the hard sciences, 
as A. M. MacEachren suggested [MAC 95]. Moreover, the differences which 
existed between the aims of cartographers and users were not recognized. From then 
on, as A. M. MacEachren emphasized, the notion of an optimal map associated with 
perception analysis was no longer acceptable. The reader should be stimulated by 
the map, and no longer considered as a simple recipient of its message. It is 
necessary to take into account the influence of the reader’s own previous experience, 
of his or her way of evaluating the information transmitted by the map, and of what 
he or she retains from the map. The map thus becomes a “tool” for reflection for its 
users.  

A second change at the level of conceptual trends has to do with the context in 
which the maps are produced and is revealed more neatly in the publications of B. J. 
Harley [HAR 87b, HAR 89a, HAR 90a, HAR 91]. In fact, a map is a reflection of its 
time and of the culture which produced it. We just have to to consult the maps of the 
19th century, which highlighted the development of colonial empires, or the maps 
from the beginning of the 20th century, which transmitted internationalist tendencies 
of that time [HEF 02]. These examples demonstrate to what extent the historical, 
political and social context implicitly or explicitly interferes with the production of 
maps. A map cannot be considered an objective representation of reality, despite the 
good will of its author, and despite all the rigor of its construction. The author is not 
outside his output, and does not live outside his or her era. For B. J. Harley [HAR 
87], cartographers have a strong social involvement in the images they supply, even 
if only through the data they choose to represent and through the manner in which 
they make decisions regarding what should and should not be mapped. If the map’s 
author wants to avoid transmitting unintended messages related to social context, it 
is indispensable that the user be informed in one way or another of the specifics of 
this context. Multiple representations are crucial in avoiding this kind of bias or 
misinformation. In this family of changes, ethical aspects also have to be taken into 
account. Maps have real power, as D. Wood’s book “The Power of Maps” [WOO 
92] expressed so well in 1992. 
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During the same time period, another change appeared in the idea of 
cartography. For many years, discussions took place to determine whether 
cartography was an art, as J. S. Keates maintained [KEA 84], or a science, as 
suggested by A. H. Robinson [ROB 52]. The recognition of its status as a science in 
1975 seemed to resolve this question, and the approach in the early 1980s 
completely ignored the contribution of art to the process of mapmaking [MAC 95]. 
Following A. M. MacEachren, it was then believed that it was essential to take both 
art and science into account. The artistic, intuitive approach is holistic. It allows 
refinements through experience and its critical analysis, but it is related to science 
since it appeals to understanding human vision – theory of colors, etc. The scientific 
approach is more induction-based and often reductionist, decomposing the problem 
into simpler elements in order to realize, based on hypotheses, that the global image 
will become clearer if each part of the process is systematically examined. 
Nevertheless, this approach is related to art, since it advances the theories of light 
and color. Currently, cartography is considered to be a science, since it seeks to 
understand the spatial distributions and to give a sense of the localized elements. 
According to C. Jones [JON 00], this is characteristic of science, “which differs 
from a simple collection of facts by its aim for explanation and search for meaning.” 
Cartography is also partially an art, because after all a map should be pleasant to 
look at. 

The fourth direction, which opened up a few years after the publication of 
G. W. Tukey’s book on exploratory analysis [TUK 77], constituted another 
important change. It consists of the exploratory use of the map. Its objective, 
fundamentally opposed to that of the 1970s, is visualization in scientific computing 
(ViSC)13, which developed out of graphical computing, and explored the data 
graphically to improve their comprehension [EAR 92]. Maps now have a new role: 
they are a useful means of obtaining spatial information for the users. The 
cartographer must facilitate the maps’ usage as a source of information and of 
thought, which D. DiBiase [DIB 90] expresses in his well-known scheme. Thus, as 
A. M. MacEachren states [MAC 95], we move towards a human-map model of 
interaction.  

The technological innovations which we have already emphasized were 
combined with theoretical trends to produce more important modifications. On the 
one hand, there were modifications at the level of the data and their structuring, and 
on the other hand, at the level of presentation and distribution of the data. The 
sources of the data being more abundant and varied, multiple maps and images are 
provided to the user, and thus offer a greater diversity of possibilities to understand a 
given spatial phenomenon, which facilitates the newly evolved approach. As for 
storage and management of these data in a DBMS, there now exist more possibilities 

                              
13 ViSC: Visualization in Scientific Computing. 
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that also modernize the representation, and thus support multiple representations, 
which seems essential to us. Also, the fact that a map is no longer “doomed” to be 
drawn on paper completely modifies the world of images. The map appears and 
disappears at the will of the user. One reader will be more receptive to one image, 
while another will understand a different representation better. This “on demand” 
mapmaking completely revolutionizes the outlook of cartography on a technical, as 
well as a theoretical, level which brings us to the last period we will consider.  

1.3.4. A new paradigm for the 21st century: geovisualization (1995-2009) 

In keeping with the blurriness of the dates of the time periods above, the years 
1995 to 2006 are considered a new period, characterized by the diminishing role of 
cartography at the expense of GIS, and by the appearance of a paradigm tied to 
geovisualization which adapts and integrates the approaches of the earlier periods. 
GIS allowed an increase in mathematical and visual processing and took over 
cartographic software, since the visualization options of the latter were still 
relatively poor. The sources of integrated or integrable data in a GIS include data 
obtained on the Internet and virtual globes such as Google Earth, further 
strengthening the importance of GIS. Our time is thus characterized by the 
integration of cartography into GIS. Even though this process is still incomplete, it 
is essential and necessary, because these two fields (cartography and GIS) are 
complementary and not in competition with one another.  

Another change is the shift of the paradigm of communication towards that of 
scientific visualization, identified by A. Antle and B. Klinkenberg [ANT 99]. It is 
more precise to say that the shift is happening in the direction of geovisualization, 
and not of visualization in general. This is because a cartographer is primarily 
interested in spatial data, which justifies the addition of the prefix “geo”. This 
phenomenon is combined with new graphics cognition research, in which, according 
to D. R. Montello [MON 02], a map as a vehicle of communication neither contains 
nor transmits a message to its users. Instead, it stimulates ideas and inferences, 
interacting with the users’ beliefs and experiences. The arrival of new non-
specialized mapmakers who wish to produce documents for a public presentation or 
for personal use has validated this transformation. According to A. Antle and B. 
Klinkenberg [ANT 99], the passage from cartographic communication in the 1970s 
and 1980s towards scientific visualization (geovisualization) seems to reflect the 
shift of the optimal map into the understanding of the way in which people use 
maps. 

The accelerated development of geovisualization in light of technological 
changes relies on the systematic exploitation of new procedures of displaying 
information, which lead to a new manner of interaction with the image [MUL 97b]. 
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It is thus marked by the importance of modeling and dynamic aspects of 
cartography, with animations, interactivity, variety of media used, and multi-
disciplinarity. Visualization research allows the development of systems which 
imitate the way we perceive and interact with real objects. Scientific visualization is 
one of the scientific methods that exist thanks to visual procedures and which 
change the views of researchers [MCC 87]. The georeferenced scientific 
visualization or geovisualization is its equivalent for spatial phenomena in 
cartography. It appeals to concrete visual representations to reveal spatial contexts 
and problems [SLO 05]. It relies on the knowledge that aims to produce an 
understanding of cognitive processes and of the human–computer interaction. This 
understanding is related from now on to the online usage of maps, since the most 
powerful capacities of the human information processing – those connected to vision 
– have been put to work there. According to M. Friendly and D. J. Denis [FRI 04], 
the paradigm of visualization appears as one of the paradigms that allow us to 
explore information dynamically, accompanied by the development of the human–
computer interaction. To obtain “efficient” and no longer “optimal” maps, two 
related processes have to be improved, according to G. E. Legge, Y. Gu and A. 
Luebker [LEG 93]: visual perception and spatial thinking. This goes back to D. 
DiBiase’s remarks made in 1990. Moreover, according to A. Antle and B. 
Klinkenberg [ANT 99], cognitive cartography must be maintained in the condition 
in which it can be improved in the years to come, because studies must be validated 
before they can be generalized. To this end, it is necessary that these studies can rest 
on a theoretical foundation that explains their results. Finally, it is critical to better 
control the factors which would invalidate the experiences and, in particular, the 
motivations of users in their map use, which certainly play a role but are seldom 
considered. 

At the end of the day, it appears evident that there is no unique approach, 
scientific or otherwise, that shows which map is the best one, especially if we accept 
the line of reasoning whereby the reader contributes to the map, participates in the 
creation of information when viewing the map and brings in information that the 
map’s author did not see or was not interested in. New procedures involve novel, 
constantly evolving theoretical thinking. If the article by J. C. Muller and R. Laurini 
[MUL 97b] was relevant to innovations foreseen in 2000, it is certain that numerous 
other innovations have appeared since then. Geovisualization is continually being 
enriched on all levels, and it certainly demands that the users have technical 
knowledge, which can sometimes be intimidating. It is essential to realize, however, 
that cartography has been “reborn” because of these innovations. We should not 
simply apply these innovations, we should rethink the process of mapmaking, 
keeping in mind the social, ethical and scientific issues at hand. We are currently in 
a period of change, and it is difficult to remain unbiased and to grasp the changes 
clearly as they happen. As B. Latour writes [LAT 89], there is an achieved science, 
and there is a science which is still being created: we can say that cartography 
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“reaches into science and technology via a concealed door of science still in under 
construction”.  

1.3.5. The specific views of W. Bunge and W. Tobler 

In the above sections we mentioned two authors whose views were atypical, and 
who turned cartography towards a completely different direction – W. Bunge and 
W. Tobler. The former introduced the notion of meta-cartography, a term initially 
introduced by T. Hägerstrand14, while the latter opened the direction of analytical 
and transformational cartography. W. Bunge’s reference work, Theoretical 
Geography15 [BUN 62], is essentially theoretical in nature. It includes an entire 
chapter on meta-cartography – a scientific and not technical domain of cartography. 
Meta-cartography provides a key to understanding how maps reveal spatial 
properties of a given phenomenon. In fact, according L. Ratajski [RAT 78], in W. 
Bunge’s view meta-cartography is a meta-science of the theory of cartographic 
transfer. Nevertheless, the term was not used very frequently except in relation to 
the role and the place of cartography with respect to other existing means of 
expressing spatial relations, e.g. photography. Thus, this term was given a very 
simplistic meaning immediately following its introduction. In its full sense, meta-
cartography represents, in a way, “the hidden side” of maps. W. Bunge’s too 
frequently overlooked book conveyed all of the knowledge implicit in cartographic 
representations and studies of geographic forms.  

The role of W. Tobler in cartography is even more fundamental. Starting with his 
PhD thesis on cartographic projections in 1961, this researcher developed analytical 
cartography, a branch of cartography intended to solve spatial problems [TOB 79b, 
TOB 00]. Maps interest him as analytical tools, which yields an understanding of the 
features spatially distributed on the Earth’s surface and suggestions of possible 
changes. Grouping together different definitions suggested by W. Tobler himself, as 
well as by H. Moellering [MOE 91, MOE 00], K. C. Clarke and J. G. Cloud [CLA 
00b], we can state that analytical cartography is a conceptual, mathematical and 
transformational approach to cartography. According to A. J. Kimerling [KIM 89a] 
it groups together an ensemble of mathematical concepts and methods that underlie 
cartography, as well as their applications in mapmaking and solving problems in 
geography. It includes many fields, such as modeling of cartographic data, methods 
and standards for collecting these data, transformation of coordinates and 
cartographic projections, interpolations, generalizations, and numerical cartographic 
analysis among others. W. Tobler made a large contribution to the recognition of the 
status of cartography as a science and to the development of this discipline as an 

                              
14 This is indicated by W. Bunge in the first note in his book; page 38 [BUN 62]. 
15 See above, note 10. 
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independent field of research with its own concepts and methods. His principles 
played a fundamental role in the growth of GIS. Analytical cartography will be 
considered in greater detail in the course of this book. However, we need to stress 
here its importance in the development of cartography. In effect, W. Tobler thinks it 
is always necessary to remain open to new inventions and to test them, since they 
often invigorate cartography and achieve a better understanding of features spatially 
distributed on the Earth’s surface.  

1.4. Conclusion 

In the course of this brief history of cartography, having put thematic 
cartography in the context of the general evolution of cartography, we identified the 
principal trends cartography followed since 1950. It emerges that at present, this 
scientific domain consists of several fields of research, and that many possibilities 
are open to the author of a map, as well as to its user. This is why clear definitions of 
various terms and their modifiers prove to be indispensable and will be presented in 
Chapter 2.  

 



Chapter 2 

Cartography: 
A Discipline of Transformations 

The definitions put forward in the introduction are meant only as a first 
indication of the subject of this work. They do not provide enough details to fully 
understand what a map represents and what cartography encompasses, especially 
since the absence or excess of adjectives used to modify the word “map” cause 
numerous ambiguities, both at the scientific level and in everyday life. Before 
explaining the role and the meaning of various terms, it turns out to be necessary to 
elucidate the basic terminology by demonstrating that it merely interprets different 
functions of a map or various actions of a cartographer, and by stressing the 
importance of transformations. 

2.1. The discipline and its output 

The name of the product of cartography – the map – is more familiar and at the 
same time more ancient than that of the discipline. Therefore, we will first address 
the definition of a map. 

2.1.1. From a map… 

According to the Robert Historique dictionary [ROB 92], the French word carte 
(“map”) was borrowed in 1393 from the Latin charta, meaning “sheet of paper” and 
hence “written page, letter, public records, written documents”. This word, which 
via a different route produced the word chart, is in turn an ancient Latinized 
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borrowing from Greek χάρτης (khartes) meaning “a sheet of papyrus or paper1”. 
Map had a variety of meanings, but since the Age of Discovery, it became a 
geographic term, usually modified by an adjective: nautical, marine, astronomical, 
etc. Accordingly, a map became an object with many complementary or even 
contradictory definitions, which reveal its different aspects and the evolution of its 
usage (Figure 2.1). 

 

Figure 2.1. A map: definition and components 

2.1.1.1. The map: a record of locations 

As shown above, a map is primarily a tool for locating parts of the surface of the 
Earth (Figure 2.1). The definitions from before the 1960s typically stress that the 
map is “a representation of the Earth or of a part of the Earth’s surface”, as in the 

                              
1 The English map, first attested in 1527, comes from Latin mappa, meaning “cloth, napkin”. 
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works of H. Baulig [BAU 49] on cartography or the works of German authors such 
as E. Imhof [IMH 72]. The definition of the Petit Littré dictionary [PLI 58] conveys 
this aspect well: “A map is a sheet of paper on which a part of the Earth is 
represented”. It is therefore a part of the surface of the Earth, usually with its 
physical features, that the map reproduces. In 1960, this definition was further 
developed by the Comité Français de Cartographie (French Committee of 
Cartography) [RIM 62], which specified that “a map is a conventional plane graphic 
image of details localizable on the Earth’s surface. Positioning on this surface is 
done by means of a coordinate system related to a reference ellipsoid, whose flat 
representation is defined via a geometric projection. In particular, this allows us to 
determine the scale at each point of the map”. 

Thus, a map allows us, first and foremost, to find out the location of sites on the 
Earth, as J. Tricart et al. [TRI 60] reiterate. They point out that in order to produce a 
map – a representation of the surface of the globe – we need to “establish the 
positions of reference points on the Earth’s surface, depict in the flat projection the 
features from the curved surface of the Earth and then proceed to printing the map 
(cartography)”. Although this passage already concerns itself with steps in the 
production of a map, it also states that a map contains information enabling us to 
find one’s location on the surface of the Earth. P. Zumthor [ZUM 93] strengthens 
this point further when he writes that a map allows us to describe and capture a 
segment of the expanse of the Earth. 

This primary function of a map – to give a representation of the Earth or a part 
of it – is specified in the official definition of the Comité Français de Cartographie 
from 1967 and confirmed by the International Cartographic Association (ICA) in 
1970 and 1973: “A map is a geometric, conventional, usually flat representation of 
relative positions of actual or abstract entities, which can be localized in space” 
[CFC 70]. This function of a map is the main one, for it occurs to this day in most of 
the definitions and indicates the precise purpose of maps: to represent the physical 
appearance of the Earth. In brief, the definition of a map is quite similar to that of a 
topographic map: a document in which positions of the sites are given, possibly 
along with other more or less detailed data. Such a document is obtained by specific 
operations which transform the image of the Earth, such as generalization to a 
greater or lesser extent, reduction to a chosen scale and simplification. We find these 
ingredients in the definitions, in high school geography textbooks, as well as in 
specialized works. The emphasis varies from author to author and from one 
publication to another. Some favor the aspect of a “scheme, sketch” [ARN 66], 
while others prefer the “reduction, simplification” component: “a map is a reduced, 
simplified image of parts of the Earth’s surface” [IMH 72], but the fundamental role 
of a map as showing the positions of sites is always preserved, as attested to, for 
example, in J. P. Donnay’s work on topographic cartography [DON 95]. Even 
though a map can take on different forms, as suggested by ICA in 1972 [TAY 80]: 
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“Maps may be regarded as including all types of maps, plans, charts and sections, 
three-dimensional models and globes representing the Earth or a heavenly body at 
any scale,” the only notable overture toward this collection of definitions of the term 
“map” comes from S. Rimbert who does not restrict a map to a representation of the 
planet Earth: “A map is a representation of the surface of a planet on a given 
constant scale” [RIM 90]. 

2.1.1.2. A map as a model 

In 1967, however, C. Board suggested a new way of thinking about a map. He 
viewed maps primarily as models when he wrote the following in his chapter 
“Models in geography”: “This chapter will regard maps as iconic or representational 
models and as conceptual models in a framework provided by the human being’s 
struggle to communicate to his fellow something of the nature of the real world […]. 
Maps are also conceptual models containing the essence of some generalization 
about reality” [BOA 67]. 

Departing from this book, the first point to emphasize is that a map can be 
thought of as a model, even though the explicit use of this notion has been rather 
uneven. Consequently, while a map represents a certain space, it is not this space 
[ZUM 93]. Here, we may recall the famous aphorism of A. Korzybski [KOR 33]2: 
“the map is not the territory.” A map, a representation of the Earth’s surface, is a 
model, an image of an observable space. In 1978, P.C. Muehrcke took up this idea 
and made it precise in his book “Map Use” [MUE 78]: “The cartographer’s map is 
an external (physical) representation of the geographical environment. By 
“representation” we mean something that stands for the environment, that portrays it 
and is both a likeness and a simplified model”. 

When some authors talk about schemes, reduction, generalization, sketches – 
about reality in fact – they outline the types of models [CAR 80, CUF 82]. At about 
the same time, S. Rimbert [RIM 82] revisited this idea and put it in a very pleasant 
and memorable form: “Maps are a means of putting representations of the Earth’s 
surface in your pocket, that is, of capturing in the form of a reduced model some 
aspects of the planet which overwhelm us”. 

However, the map being a model, its making should follow very precise rules, as 
will be further developed in Chapter 3. 

The second point to emphasize is that the model is visual. A map is a graphic 
representation referring to signs and symbols, which may evolve over time. Then 
again, we might mostly cling to the terms “graphic” and “visual” and forget the 

                              
2 Let us point out that, along these lines, the works of A. Korzybski (1879-1950) amount to a 
first approach to fuzzy set theory. 
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model aspect. M. J. Kraak and F. Ormeling [KRA 96a], however, preserve the 
association of the two words: “A map is a graphic model of the spatial features of 
reality”, although they do not stop there and proceed in other directions, which will 
be addressed later in this book. 

Finally, the third point is very important, since it announces a paradigm that 
plays an essential role in the functioning of a map: a map allows communication. 

2.1.1.3. A map as a communication tool 

The paradigm described in Chapter 1 has been developed by many authors, for 
example, by J. Morrison [MOR 74b, MOR 76, RAT 77a]: “The map,  the material 
product of cartography, serves as a medium for transmitting chorological 
information”. From then on, the map “is a means of transmitting to the user the 
selected information for a given region” [LOX 83]. C. Board reinforces this position 
further, writing that “the map is a holistic representation and intellectual abstraction 
of geographical reality, intended to be communicated for a purpose or purposes, 
transferring relevant geographical data into an end-product […]” [BOA 89].  

The goal of the map becomes essential in its creation, and the quality of the final 
product depends on it.  

In regard to communication and its generally accepted procedures, C. Board 
[BOA 92] proposes new directions in the development of maps: “The map is a 
representation or abstraction of geographic reality, a tool for presenting geographic 
information in a way that is visual, digital or tactile”. From now on, representation is 
no longer solely graphical or visual, it is digital and therefore adaptable and 
interactive, tactile, and therefore tangible. Consider the visually-impaired: to them 
maps are no longer unattainable. Other senses come into play, they intervene and 
modify the understanding of the spaces in question. 

Even though the function of a map as a channel of communication defines the 
procedures used in its creation, other authors, such as E. M. MacEachren [MAC 
94a] stress the fact that the map “presents” to its user selected, chosen facts. As a 
consequence, the author of the map is not neutral. He or she is involved with the 
map itself: “Among its many roles, the map is primarily a presentation tool. It offers 
an abstract view of a part of the world, accenting selected features, such as roads or 
terrain. It appears to be a notion of choice, selection”. 

But a map can be more than simply a channel or vehicle of communication. In 
light of technological changes, it becomes “a powerful form of user interface for a 
broad range of sources of information” [MAC 94a]. This constitutes a new facet that 
has to be integrated into the definition of a map. 
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2.1.1.4. The map – a source of thematic information 

In effect, until recently the map was considered to be a representation, a model 
(of communication) of the surface of the Earth or of any other planet. That is to say, 
even if new technical discoveries have been envisaged, the fundamental function of 
a map remained that of a model of the Earth, of a tool for determining a location. A 
different point of view regarding what a map is appeared in the 17th century, but did 
not catch on, at least not in written definitions we have been able to locate in the 
literature, until the definition of K. A. Salichtchev [SAL 67]: “A map is a reduced, 
generalized, mathematically defined representation of the Earth’s surface on a plane, 
showing the distribution, the state and the mutual relations of various natural and 
social phenomena, chosen and characterized in accordance with the purpose of the 
map. A map also shows the variations in the development of phenomena in time, as 
well as their motion and displacement in space”. 

While this author recalls that a map’s function is to reveal locations, he also adds 
that other information can be presented in this document, and hence that a map is 
not necessarily “topographic”, that it can provide other thematic information. 
Diverse definitions show this duality of the term “map” when it does not have a 
modifier. The synthesis of positioning and thematic features in the same term, 
however, reveal how important the notions of relation and spatial distribution are. 
Thus R. Cuenin [CUE 72] writes: “A map is more than a simple visual or 
photographic image of a given region […] It is the most efficient way for recording, 
calculating, showing, analyzing and understanding the spatial relations which exist 
among different phenomena, either concrete or abstract, which have a geographic 
position”. 

In light of the above, we can state that a map contains features that are not 
necessarily physical, i.e. directly observable on the ground. In 1977, P. Lewis [LEW 
77] proposed a compromise and underscored the fact that a map has the following 
double rule: “Although a map may show objects with respect to attributes other than 
location, their principle purpose is to depict objects in terms of their locational 
property”. 

The combination of these two objectives of a map leads to attributing a special 
role to this document – that of aiding the understanding of interrelations of spatial 
features; and thus B. Harley [HAR 91] writes: “Maps are graphical representations 
to facilitate the spatial comprehension of objects, concepts, conditions, processes or 
events in the human universe.” This role is not new, because maps [KRA 96a] “have 
been used for centuries to visualize spatial data. They help their users to better 
understand spatial relationships”. 

While highlighting spatial relations, we should keep in mind that a cartographer 
goes beyond the visible [CAU 89], as C. Jacob [JAC 92] confirms: “Reconstruction 
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of a visible space or construction of an invisible space, a map, both in its 
intermediate and final states, is a projection of a mental scheme on a physical 
substrate and the materialization of an intellectual abstraction of the empirical 
universe”. 

Since a map may represent things other than what is visible on the ground, it 
constitutes a tool for discussion, exchange of ideas and decision-making [MIE 01]: 
“A map need not be a simple drawing, but a product of evaluation of information as 
a result of a thought process: starting with a definite set of objectives, we end up 
with a document open to interpretation, which serves as a basis of knowledge and as 
a decision-making aid”. 

Nevertheless, a map is neither independent of the social context in which it has 
been created nor of its author. 

2.1.1.5. The map – a product of historical, cultural and social contexts and of its 
author 

In effect, to understand what a map is showing we have to keep in mind the 
context in which it was created. Maps are connected to time periods, to social and 
cultural contexts. They “archive, in a way, the body of knowledge of a group of 
people at a given time” [ZUM 93]. In line with the work of B. J. Harley [HAR 89a, 
HAR 91], E. Blin and J. P. Bord [BLI 93] write that a map, “[i.e.] a graphical 
representation is the view which the mapmaker and the society impose on the 
Earth”. A map is not independent of the society which produces it. J. P Deffontaines 
and S. Lardon [DEF 94] in turn emphasize this dependence: “A map is a mode of 
representing a territory at some scale, according to a system of symbols. This 
representation results from a selection and from interpretation of a dataset, either 
environmental or socio-economic”. 

The ICA [AIC 95] confirms this statement and puts the accent on the influence 
of the author: “A geographic map is a symbolized image of geographic reality, 
representing selected features or characteristics resulting from the creative effort of 
its author’s execution of choices, and is designed for use when spatial relationships 
are of primary relevance”. 

A map is never neutral, it is tied to choices which are not inconsequential. 
“Instead of regarding maps as a mirror of the world, we now know that they are the 
world’s simulacrum” [HAR 91]. As R. Caron already wrote in 1980, a map “is not 
the world, but someone’s view of the world on a certain day” [CAR 80].  

Combining all the components of a map that we have covered and analyzing the 
successive definitions of maps (Figure 2.1), we propose a more complete, albeit 
somewhat lengthy definition:  
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“A map is a conventional geometric representation of a part of the 
surface of the Earth or any other planet, that is to say, a 
representation of relative positions of concrete or abstract 
phenomena localizable in space and characterized by their spatial 
and non-spatial attributes. It is a conceptual model of a given space, 
involving a reduction (expressed via a scale), simplification and 
generalization of this space. It is also a graphical model, making use 
of symbols and numerical, visual, audio and tactile codes. This 
representation is on a physical, often flat, substrate, which is 
permanent, for example paper, temporary or even virtual, such as a 
screen, having a certain form (a plan, a 3D model, a globe) and 
created in a given moment of time, in a certain historical and social 
context. It is created with one or several well-defined goals in order to 
present or transfer information relevant to the user. It expresses 
(explicitly or not) and reveals spatial relations among its elements, 
changes in these elements in time, as well as their motion and 
displacement. The production of a map necessitates selections which 
inevitably involve, either consciously or not, the objectivity of its 
author. In its intermediate as well as final states, the map is a 
projection, a materialization of a mental plan on any physical 
substrate”. 

A map (Figure 2.2) comprises the locations, identified by the letters [XY] that 
translate into the geometric space, the container, the attributes and the content of the 
places, represented by the letter [Z]. These elements can exist and vary as a function 
of time [t]. 

 

Figure 2.2. A map and its spatial, thematic and temporal components 
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Nevertheless, in order to make a map, whatever it might be, while keeping in 
mind all that its production presupposes, it is necessary to make use of many 
techniques. This brings us to the definition of cartography. 

2.1.2. … to cartography 

It seems that until the 19th century, maps were being made by topographers or 
geographers; the word “cartography” being unknown or unused. According to 
A. Cortesão [COR 35], the term “cartography” was introduced by Viscount de 
Santarem (1791-1855), author of a history of cartography: “The illustrious 
personality of the second Viscount de Santarem is so intertwined with the history of 
cartography, that it was him who invented the word ‘cartography’ […]”. In fact, de 
Santarem wrote in a letter sent from Paris to Varnhagen in 1839: “[…] I am 
inventing this word, since so many other words have been invented”. The Robert 
Historique dictionary [ROB 92] places the first appearance of this word in the 
preceding year, 1838, but clarifies that it had been preceded in 1832 by the word 
“chartography”, as well as the adjective “cartographic”. In any case, the term rapidly 
spread to other countries. Thus “this word was first printed, […] in the Bulletin of 
the Paris Geographical Society in December of 1840” [WOL 75]. In English, we 
encounter this word for the first time in 1843 in the Journal of the Royal 
Geographical Society. Once adopted, this term was defined in a manner similar to 
the map, emphasizing, at least at first, on the production of information related to 
locations on the surface of the Earth, and involving the participation of many 
experts. 

2.1.2.1. Cartography: a multidisciplinary subject 

Since 1949 the UN has placed cartography among the sciences and has indicated 
the generality of cartography’s output, defining the discipline as follows: “The 
science which treats the making of all types of maps.” The UN also stressed the 
discipline’s technical aspects, writing that cartography “includes all the phases of 
the work of mapmaking, from the initial surveying to the printing of maps”. At the 
same time H. Baulig [BAU 49] introduced two other essential notions: those of 
scale and the sphericity of the surface of the Earth: “Cartography […] depicts on a 
given scale a part or the entire surface of the Earth. Being spherical, the surface 
cannot be represented exactly except on a globe or a globe fragment”. 

As for the definition in the Petit Littre dictionary [PLI 58], which we find in 
different dictionaries at different times [PLA 68, PLA 77], despite its brevity and 
simplicity, it touches upon the artistic component of cartography, which is even now 
often contrasted with its scientific aspect: “Cartography is the art of drawing 
geographic maps”.  
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In this quick inventory of definitions, there already appear most of the questions 
which stirred cartographers between 1940 and 1970 and even later, and which will 
translate into the definition of their discipline.  

2.1.2.2. Cartography and its issues 

In 1970, the Comité Français des Techniques Cartographiques proposed a 
definition which underscored the many steps involved in cartography and their 
various features: “Cartography has as its goals the concept, preparation, editing and 
production of all kinds of maps or plans. It involves in particular the study of the 
graphical expression of various phenomena, and it consists of an ensemble of 
operations which start from the original surveys or receipt of data and end with the 
printing of a map”. 

The Comité completed the definition with a shorter phrase which highlights the 
graphical role of cartography and its relation to geography: “Cartography has as its 
goal the graphical transcription of geographic phenomena”. At this time, several 
directions in cartography emerged [ROB 69], which grew and became the object of 
many discussions, such as cartography as an art or as a science, cartography as an 
essentially technical domain or a discipline consisting of all the steps in a production 
of a map, and cartography tied to the passage from objects on the ground to a plan 
or a thematic representation of events. 

2.1.2.2.1. Cartography – art or science? 

For some authors such as A. H. Robinson [ROB 52] or C. Board [BOA 67] 
cartography is an art and a science: “It is a commonplace that cartography, the 
making of maps, combines the characteristics of both a science and an art”. 
However, this position is contested. More precisely, cartographers such as J. S. 
Keates [KEA 84] favor the artistic component, while others emphasize the fact that 
it is primarily a scientific discipline. Since 1995 it seems that the general consensus 
has been to accept the dual status of cartography, and to agree with F. Joly [JOL 76] 
that “cartography is at the same time a science, an art and a technique”. 

2.1.2.2.2. Cartography – a simple technique or a logical construct? 

This question is still relevant today, and a number of cartographers such as V. 
Heissler [HEI 62] stress the technical aspect of cartography: “Cartography is the art 
of making, drawing and printing, i.e. producing maps, in order to make accessible to 
a more or less general public the knowledge, complexity and use of a given space”. 
This position still appears in the affirmative in the Petit Littré [PLI 69] and in some 
German works: “Cartography is the drawing of maps and plans of the Earth as 
pictures” [BOL 72]. Conversely, authors such as E. Arnberger [ARN 75] think that 
cartography includes all the steps necessary in the production of a graphical 
document, from concept to production, while keeping in mind the following 
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interpretation: “Cartography is a science of logic, method and technology of 
construction, fulfillment and interpretation of maps and other cartographic means of 
expression, which favors the correct representation of a real space.”  

F. Joly [JOL 76] then follows suit when he states: “Cartography aims for the 
concept, editing, preparation and production of maps”. He develops this idea 
further, since for him cartography “implies a deep knowledge of the methods used 
in studying the object being mapped, the concept of a graphical expression, which is 
at the same time precise, clear and harmonious, and finally the often complex usage 
of modern processes of mapmaking”. In 1989, the International Cartographic 
Association [TAY 91a] made its position clear, stating that cartography “includes all 
the steps from data acquisition to their presentation and use.” This has been 
accepted and reaffirmed by many authors, such as D. R. F. Taylor [TAY 91b], who 
think that“cartography is the organization and communication of geographically 
related information in either graphical or digital or tactile form. It can include all 
stages of the creation of maps and other products related to spatial information, from 
data acquisition to presentation and final use”. 

Cartography, however, is not just one thing, which brings us to the next issue.  

2.1.2.2.3. Cartography – between the mathematical and the thematic? 

As with the map, a number of authors regard cartography first and foremost as a 
discipline which aims to represent the surface of the Earth on a sheet of paper. Thus 
A. Libault [LIB 62] explains that the problem of cartography “is the coherent, flat 
representation of a sufficiently large fraction of the globe […]”. The entire art of a 
cartographer is to simplify without distortion, to have maps derive one from another, 
but also to be precise and to have a well-defined goal. This direction in cartography 
was also underscored in the same year by S. Rimbert [RIM 62]: “For engineers, 
cartography is representing the current surface of the Earth with a plane, 
manageable surface”. While E. Arnberger [ARN 66] is interested in a more thematic 
cartography, he emphasizes the graphical component of cartography but restricts its 
role to the following description: “The job of cartography is to describe in graphical 
form a concrete or abstract phenomenon, in agreement with the phenomenon itself”. 
Thus school manuals convey the idea of a cartography designated to reproduce the 
Earth and, for some cartographers and geographers, the cartographic representation 
of the Earth’s surface is the sole type of cartography. F. Joly specifies [JOL 76] 
“that cartography is a set of techniques and methods which enable us to represent a 
part of the Earth” and J. Wagner [WAG 76] announces that in cartography “the 
difficulty lies primarily in representing parts of the globe on a flat surface.” In order 
to avoid any ambiguity, the modifier “mathematical” should be associated with the 
noun “cartography” when necessary. From the resulting expression, “mathematical 
cartography”, a cartography, or more precisely a branch of cartography, arises, 
devising specific processes for representing the spherical surface of the Earth on a 
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plane. “Cartography developed methods of projection and calculation which enable 
us to reduce, if not altogether avoid, the faults of having s scale. We distinguish 
three possibilities: maps respecting areas, distances or angles” [JOL 76].  

For a number of authors, cartography – a scientific discipline – occupies itself 
essentially with the production or fabrication of an image of the Earth’s surface or 
its part.  

A different direction of cartography developed in parallel. S. Rimbert [RIM 62] 
contrasts this mathematical cartography with a cartography intended to represent 
spatialized themes: “For geographers, cartography implies representing phenomena 
taking place in time and geographical space”. E. Arnberger [ARN 75] expresses the 
same idea: “Cartography is an independent science with its own subject of research, 
its forms of expression, and its ways of graphical representation, which serve to 
transpose in an adequate fashion the content of the surface of the Earth.” Of course, 
for him the map is based on the data related to the surface of the Earth, but it 
expresses phenomena (content) that occur on this surface. In 1986 in Lexikon der 
Kartographie [BOL 86] and in 1987 in the text by R. Brunet [BRU 87] we also find 
definitions which stress the thematic aspects of cartography: “To cartograph [sic] 
means to organize information for showing the differences in space, and make 
visible the structures which bring about these differences”. We see here that if a 
certain theme or subject is prioritized, it is visualized while taking space into 
account; and it is the interrelations with that space that interest the maps’ users. 

These issues and components of cartography are grouped together in a more 
global, more general information, which was announced in 1964 by the British 
Cartographic Society [TAY 91a] and later by the International Cartographic 
Association in 19663 and the Comité Français de Cartographie in 1970 [CFC 70], 
with a few minor modifications: “Cartography is a set of scientific, artistic and 
technical operations and studies, beginning with direct observation and/or through 
the analysis of available documentation, with the goal of creating and organizing 
maps, plans and other means of expression, and their use”. 

This rather complete definition includes all the work on a map (research, study) 
and all the procedures (operations) to obtain the finished product, namely, the map. 
This definition also specifies that procedures (operations) used may touch upon art, 
science or technique4, thus uniting two contradictory positions in the same phrase. 
Moreover, by keeping the term “creation”, the above definition insists that a careful 
preparation, followed by a possible transformation of the initial data (elaboration), is 
necessary; that cartography organizes and bases itself on a stable foundation which 

                              
3 Ratified in 1967 and confirmed in 1973. 
4 In some texts we find “technology”. 
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it proves and demonstrates (organization). Furthermore, this definition maintains its 
relevance by not naming the possible output, calling it simply “other modes of 
expression”.  

The last point of the definition – cartography as use of a map – which is 
frequently overlooked, is found in A. Kolacny [KOL 69]. He states that 
“cartography is very correctly defined as the theory, technique and practice of two 
spheres of interest, namely the creation of maps and the employment of maps”. This 
point is also found in other texts by the ICA, where we can read the following: 
“Cartography is the art, science and technology of making maps, together with their 
study as scientific documents and works of art” [in TAY 91a, after BOA 89]. The 
fact that the ICA’s definition has been accepted in one form or another in most of 
the articles and books starting in the 1970s means that there has been agreement 
among cartographers on the points included in this definition. Nevertheless, we 
should not forget that other elements also play a role in cartography. 

2.1.2.3. Cartography and the integration of communication 

In the 1970s and 1980s, a new component was introduced into this definition, 
revealing at the 19755 Vienna Congress the appearance of a new paradigm due to L. 
Ratajski [RAT 77a]. He wrote: “Cartography […] is tied to interpersonal 
communication”. J. Morrison [MOR 76, MOR 78b] expressed the predominance of 
this component, stating that “cartography is the detailed scientific study of a 
communication channel”. He repeated this idea even more explicitly in 1978 in the 
form of a definition: “Cartography is a science of communicating information 
among individuals by means of a map”. Morrison demonstrates the function of this 
paradigm for the discipline, underscoring that “Cartographic scientists in many 
nations are now accepting the paradigm of communication, and the impact of it on 
the discipline is becoming very pervasive. Cartography, within this paradigm, is a 
science”. 

In 1984 S. Guptill and L. E. Starr [GUP 84b] make the expression “channel of 
communication” precise: “Cartography is an information transfer of a process that is 
centered about a spatial database which can be considered, in itself, as a 
multifaceted model of geographic reality. Such a spatial database  then serves as the 
central core of an entire sequence of cartographic processes, receiving various data 
inputs, and dispensing various types of information products”. 

The concept of a map as a vehicle of communication remains valid even now, 
although it has become more nuanced. Thus, M. J. Kraak and F. Ormeling [KRA 
96a] write: “Cartography is nowadays seen as the conveying of spatial information 
by means of maps”. They also maintain the change of paradigm by specifying that 
                              
5 The proceedings were published in 1977. 
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prior to that, cartography was concerned solely with map production, whereas now 
it applies to communicating spatial data through maps.  

Cartography, however, has a graphical nature, which is related to 
communication according to L. J. Harris [in TAY 80], who assumes that “it is a 
graphical method of description and a visual means of communication”. B. Harley 
[HAR 89a] reinforces this position, in saying “I define cartography as a corpus of 
theoretical and practical knowledge which cartographers use for drawing up maps – 
a visual mode of representation”. Thus cartography – a graphical representation – 
depends on the manner in which we regard the document, since first and foremost it 
is a visual method of communication. Nonetheless, B. Harley also emphasizes that a 
cartographer has both theoretical and practical knowledge. This sentiment is shared 
by H. Wilhelmy [WIL 90]: “Cartography is both theoretical and practical. 
Theoretical, because it is a chorological [space-related] science of representations of 
the Earth’s surface and its features. Practical, because it has to tie the results of 
various cartographic procedures with the image of the map based on technological 
possibilities, conventional rules and mathematical laws”. 

When, in 1989, the ICA [TAY 91a] gave a definition of cartography linked to 
communication, while keeping the graphical form, it introduced a term which 
expressed a noticeable change – an evolution of cartography in connection with the 
computing revolution: “Cartography is the organization and communication of 
geographical information in a graphic or digital form”. The product of cartography 
was no longer solely analog, it could also be digital. Hence new discoveries lent 
themselves to this discipline: its definition evolved and became richer. S. Rimbert 
[RIM 90] linked geometry and subjects in cartography when she wrote 
that,“cartography is an extraction of 2D (or 3D)6 information which starts from the 
reporting of observations. The methods of extraction may be either geometric or 
thematic”. 

She accentuated this association in 1991, when she wrote: “We can view 
cartography as a way to describe of the Earth’s surface using geocoded, observed 
data”. D. R. F. Taylor [TAY 91a] rounds out the possible forms of cartography, 
saying that cartography “is the organisation, presentation, communication and 
utilization of geo-information in a graphic, digital or tactile form”. He thus 
incorporates an extra sense – touch – indispensable for maps intended for the 
visually impaired.  

At this point, a highly relevant definition sums up nicely a part of what has been 
said, the definition due to J. Denegre [DEN 05], which clearly states the double 

                              
6 2D: in 2 dimensions; 3D: in 3 dimensions. A common abbreviation in cartography and in 
the world of GIS. 



A Discipline of Transformations     39 

orientation of cartography: “Cartography denotes an art and a technique which 
consist of giving visual interpretation to geographical, i.e. localized in space, data, 
which we consider to have been acquired […] Another common point of view 
considers cartography more broadly as a collection of techniques which contribute 
to the making of maps, thus including the acquisition of geographical data from the 
ground or aboard planes and satellites, the management of the data obtained, and 
finally, the production and distribution on paper or in a digital format”. 

We now propose a definition aimed at grouping together all the views that 
emerged in this section (Figure 2.3):  

Cartography – a scientific and artistic discipline – is a set of 
concepts, methods and techniques which allow us to represent on a 
plane or its equivalent a part of the surface of the Earth (or any other 
planet), with features and attributes which can be observed, extracted, 
shown, transmitted or communicated with a specific aim and to 
particular individuals by means of a digital, graphical, visual, audio 
or tactile representation called a “map”. 

 

Figure 2.3. Cartography and its domains 

It is therefore evident with regard to these definitions of maps and cartography 
that, in order to know exactly what we are dealing with, it is essential to add 
modifiers to these terms in order to identify the various possible categories. 
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2.2. Categories of maps and cartography 

At least two categories of maps and cartography (topographic and thematic) 
emerge from the definitions above, but the modifiers associated with them have 
varied with time. Moreover, additional terms have appeared that identified other 
types of cartography and maps. 

2.2.1. Maps galore 

The adjectives modifying the word “map” are abundant: some refer to the period 
of the map’s production, others correspond to the map’s goal or a particular scale, 
subjects represented, methods utilized, drawing techniques, etc. The first great 
division among these modifiers is linked to the definition of the map itself, 
according to which the map is thought of as an expression of position or a 
representation of thematic attributes. 

2.2.1.1. Topographic and thematic maps 

We find here two principle facets of the definition of a map, which bring about 
the main division among different types of maps. 

2.2.1.1.1. From a topographic map… 

A topographic map, the oldest and most well-known map, has been the object of 
a plethora of definitions. J. Denegre [DEN 05] proposed an interesting description 
which picks up on several preceding ones, such as those of the ICA [CFC 70] or of 
F. Joly [JOL 76]: “Topographic maps are maps which primarily exhibit the results 
of direct observation, concerning the planimetric and altimetric position, shape, 
dimension and identification of concrete, durable and fixed objects which are 
present on the ground”. 

This definition can be completed by that of J. P. Donnay [DON 95] who, having 
characterized a topographic map as a “map on which, essentially, the topographic 
observations are shown”, adds enriching clarifications, introducing the notion of 
scale. For him, “topographic maps on a large scale are general-usage maps, that is to 
say, maps on which different objects are represented, depending on their intrinsic 
value, in a balanced manner”. 

On the medium scale, topographic maps “are general-usage maps which give an 
excellent geometric definition while still encompassing a large area”. 
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For E. Clutton [CLU 83], a topographic map shows in what place (where) an 
object (what) is found. Thus the map is composed of planimetric7 orographic8 data.  

Base maps can be considered as a special case of topographic maps, as J. Loxton 
did in his definition [LOX 83]: “A basic map is topographic mapping made from 
new surveys, and  is usually at a larger scale than any previous mapping of the 
area.” We could also follow the definition due to J. P. Donnay [DON 95]: “We call 
a ‘base map’ a map resulting directly from operations performed on the terrain and 
drafted starting from the original data, the minutiae of the surveying”. In either case, 
base maps can be considered to be a subset of topographic maps. In fact, we can say 
that a base map is a map “underlying” a thematic map, and providing all the basic 
data observable on the ground and necessary for the fabrication of the thematic map. 
Thus it is a simplified topographic map adapted for a chosen subject.  

We also need to mention that in some books the term “physical” is considered to 
be equivalent to the term “topographic”, and the term “reference” is used as a 
synonym for “base”. It is preferable to avoid these modifiers since they are also used 
in other contexts.  

 If the locations are at the foundation of any map, it is possible, as mentioned 
above, to distinguish between maps where subject dominates over topography: these 
are called “thematic maps”.  

2.2.1.1.2. … to a thematic map 

In approaching this family of maps, the definition of the CFC [CFC 70], which is 
close in wording to that of the ICA, is of interest: “A thematic map is a map, not 
exclusively topographic, which represents on a topographic, hydrographic, 
chorographic or geographic base localizable phenomena of any nature – qualitative 
or quantitative”. Clearly, it says here that a thematic map is not a topographic map, 
although some authors consider topographic maps to be a subset of thematic maps.  

As the topographic map or some of its elements most of the time serves as a base 
for a thematic map, we will assume that these two modifiers designate two families 
of maps, differentiated by which content is highlighted, as suggested by T. Slocum 
[SLO 05]: “[A thematic map]  is used to emphasize the spatial pattern of one or 
more geographic attributes, [in contrast to] a reference (topographic) map, is used to 
emphasize the locations of spatial phenomena”. A thematic map is designed “to 
serve some special goal or to illustrate a particular subject” [THR 72]. In addition, 
“it provides indications on a given subject” [LOX 83, DEN 85]. For J. C. Muller 
[MUL 78a], a thematic map “decomposes reality into simpler, identifiable elements 

                              
7 A planimetric map is a topographic map not containing the representation of the relief [CFC 70]. 
8 An orographic map is a map which essentially represents the relief [CFC 70]. 
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at the expense of other elements. It filters the significant elements and creates the 
necessary contrasts. The absolute position in X and Y is nothing but secondary data”. 

A thematic map concerns “the spatial variations of a single phenomenon or the 
relationship between phenomena” [ROB 78]. For B. B. Petchenik [PET 79], it 
expresses “knowledge about space”, providing information on intrinsic spatial 
variations. J. Tyner [TYN 92] goes one step further when she adds that “thematic 
maps  may represent visible and invisible phenomena”. Finally, there is a very broad 
definition due to J. P. Donnay [DON 95], which states that “any map presenting on 
a foundation of any localized phenomena is titled a “special” or “thematic” map”, 
thus recalling the old adjectives. This definition can be complemented by a rather 
recent definition by P. Miellet et al. [MIE 01]: “A thematic map is a map whose 
primary purpose is to describe the distribution of one or more localized phenomena, 
without necessitating precise positioning”.  

We can stop with the proposition due to J. Denegre [DEN 05]: “Thematic maps 
are maps that represent, on a reference base, qualitative or quantitative phenomena, 
either concrete or abstract, circumscribed and limited by the choice of one or several 
particular subjects”. 

Figure 2.4 sums up the differences between topographic and thematic maps, 
presenting a map – a cartographic space – as an integration of a mathematical space 
of positions [XY] and a thematic space, also called a psychological space [MOL 64, 
RIM 79], of attributes [Z]. Thus, depending on which graphical side we underscore, 
we can produce either a topographic map or a thematic map.  

The adjective “thematic” has only recently began to be associated with the term 
“cartography”. The date when it was first applied to maps is uncertain. Between the 
17th and 20th centuries, the term “special” was used to identify such maps, but 
currently this word has several meanings. That is why for J. Loxton [LOX 83] this 
word remains nebulous and its usage ill-advised. As for the maps called “singular”, 
according to G. Palsky [PAL 96c], they are the equivalent of the “special” or 
“parathematic” maps of the 18th century. 

We now need to define other terms which are rather similar, but nevertheless, 
cannot be viewed as synonyms.  

2.2.1.2. From one map to another  

Among the neighbors of the adjective “thematic” we find the adjectives 
corresponding to the nature or number of variables represented (Figure 2.5). There 
appears a contrast in the attributes of qualitative and quantitative maps. The former, 
according to B. D. Dent [DEN 85], have the purpose of “showing locational features 
of nominal or category-based data”. The latter “represent the values of the 
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quantifiable phenomena”. The two types of maps can be viewed as a subset of 
thematic maps, whose definition relies on the measurable nature of the variable. 
Another distinction exists between the single-variable (or monothematic) maps and 
multivariable (or polythematic) maps. These correspond, in fact, to the development 
of quantitative geography, and make an indirect reference to uni- and multi-variable 
analysis. Another adjective – “statistical” – very common both in the English- and 
French-speaking countries is very much disputed and ambiguous, since it is 
sometimes taken as an equivalent of a thematic map or a quantitative map [PAL 
96d, TOB 80]. The same claim is made by B. Marchand [MAR 72] in his article 
entitled “Statistical cartography”, in which he gives two meanings to this word, 
showing the connections between statistics and cartography. Statistics can be 
understood as “a set of data available on a particular phenomenon”, that is to say, 
we appeal to statistics “in a sense which the institutions constituting the data give 
it”, as J. P. Cheylan writes [CHE 89]. It can also be considered as a discipline 
related to numerical data on which statistical processing is performed. Since the 
word “statistics” is used in many senses, it is preferable to avoid using this term. 

 

Figure 2.4. The map – an intersection of two spaces 
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Another category of modifying adjectives (Figure 2.5) is related to time, either in 
a sense of a date, or related to changes or dynamics. In the first sense, we find a 
current map (up to date or current), an old map (a map of the past), or a predictive 
map (a map of the future). Depending on the date of the making of the map or the 
events it represents relative to the current state of affairs, we find associated with the 
word map the terms “static”, “diachronic”, “dynamic” and “evolutionary”, which 
serve to express the notion of time as change. However, these designations are not 
to be considered in the same vein and are often defined in a disputable or imprecise 
manner. Static maps “would present a snapshot of a phenomenon” [RIM 62], that is 
an instantaneous state at a given time. Diachronic maps (or equivalently, 
evolutionary maps) present phenomena through time, during an interval of time, and 
these phenomena can either be constant or varying in time. The adjective “dynamic” 
emphasizes development of a given phenomenon and the forces which induce 
changes in the phenomenon. 

 

Figure 2.5. Categories of maps 

Other attributes appear, often at the will of the authors, to express the aim 
pursued by the map. An inventory map “is a thematic map, basic or derived, 
representing the locations of certain phenomena and established by exploiting 
qualitative or quantitative data received about this location via surveys, inventories 
and inquiries…” [CFC 70]. Such a map serves, according to J. Denegre [DEN 05] 
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“as an artificial memory, enabling us to extract information [from it]. It is used as a 
simple databank”. Its synonym is a descriptive map, and it is similar to analysis9 
maps, which “represent the extent and distribution of a given phenomenon […] with 
no other purpose than to specify its connection with the geographic space” [CFC 
70]. These are “a kind of repertory of duly localized facts”, to use F. Joly’s 
expression [JOL 76], where juxtaposition is dominant. These maps contrast with 
synthetic (or typological) maps, which are conceived as a subgroup of thematic 
maps with an illustrative aim, involving a grouping of information. For the CFC 
[CFC 70] “a synthetic map is a thematic map, essentially conceived for an 
illustrative aim, representing a phenomenon as a whole with internal relations. 
Based on the purpose they are trying to achieve, we can also consider land planning 
maps, aptitude maps and maps of impact. 

Many other divisions exist based for example on scale (maps on a small, 
medium and large scale, chorographic and homometric maps), on technique (maps 
on paper or screen, permanent, temporary or virtual maps), or else on the 
preliminary processing of data or on the modes of representation. The 
corresponding terms will be cited when techniques, processing and modes of 
representation are considered in the course of this book. At this point it does not 
seem necessary to go further, because we do not want the reader to lose him- or 
herself amongst the many adjectives modifying cartography in the literature. 

2.2.2. From cartography to cartographies 

The definition of cartography established above will be used to qualify domains 
identified previously, as well as to highlight less well accepted fields. Recognition 
of a category of cartography means that depending on the aim pursued in making a 
map, only some of the concepts, methods and techniques will be put to work. This 
part is considered as sufficiently coherent and important to justify such a 
recognition. 

2.2.2.1. Mathematical cartography and thematic cartography 

Two domains have been clearly identified thus far: a part of cartography 
producing maps of locations, representing positions on the surface of the Earth, and 
another part of cartography aiming to represent topics. 

                              
9 The word analysis here is not to be confused with the adjective “analytical” which denotes 
a type of cartography specified by W. Tobler and characterizing a very special “school of 
thought” which we mentioned in Chapter 1. 
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2.2.2.1.1. From mathematical cartography… 

In the first case, we can speak of a basic, topographic, geometric or mathematic 
cartography. What are the differences between these adjectives to allow us to 
choose the most applicable one? Basic cartography corresponds to nothing other 
than the tools enabling us to produce a base map (the foundation of a map) for 
thematic maps. It produces only maps of locations in a simple sense, and this 
expression will not be used further in this book. Topographic cartography is parallel 
to the topographic map, and contains all the components of cartography which allow 
us to produce topographic maps. It seems in fact that the adjectives relating to 
operations of creating a topographic map are “geometric” and “mathematical”. 
Indeed, according to J. Tricart et al. [TRI 60]: “Geometric cartography aims to 
establish a one-to-one correspondence between the surface of the Earth and a map – 
a conventional planar depiction of phenomena localizable on the surface of the 
Earth. It produces a map of locations which will serve as a reference base for all 
other types of maps, and in which we know precisely the deformations inherent in 
going from the volume (the Earth) to the plane (the map)”. 

The term “mathematical” seems to be a recognized equivalent of the term 
“geometric”, since the CFC [CFC 90] defines mathematical cartography as “the set 
of mathematical studies and operations involved in establishing maps”. This agrees 
with the title of J. P. Donnay’s book [DON 97] Mathematical Cartography. 

2.2.2.1.2. … to thematic cartography 

In the second domain of cartography, the expression “thematic cartography” is 
still present, but let us point out that this term seems to have appeared only as late as 
the 1950s, from the pen of the German author N. Creutzburg [CRE 53], who was 
describing the rules for maps in an atlas. In France the first book whose title 
contained this expression was that of S. Rimbert, entitled Lessons in Thematic 
Cartography [RIM 68]. Surprising as it may be considering the fact that whole 
books have been written on thematic cartography, this expression is rarely defined. 
In general, definitions, descriptions and characterizations are given for a thematic 
map – the output of thematic cartography, but not thematic cartography itself, even 
in the glossary of the CFC in both the first [CFC 70] and in the second [CFC 90] 
editions. A. H. Robinson proclaimed in 1982 a cartographic revolution with the 
appearance of thematic cartography, though he did not define it as such [ROB 82]. 
The semi-definition of P. Ozenda [OZE 86] is also relevant in more ways than one, 
because it identifies the elements which thematic cartography must possess. For this 
author, thematic cartography is “an operation that consists of transcribing on a 
topographic foundation representing the relief, the hydrography, the localities, the 
transport networks, or only a part of these elements, the indications relative to the 
positioning of additional phenomena which constitute the topic [of the map]”. 
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Other definitions specify the steps involved in thematic cartography, but in order 
to better define this important domain, we will rely on the definition put forward for 
cartography and complemented by the addition of the term “thematic”:  

“Thematic cartography is a set of concepts, methods and 
techniques enabling us to represent a selected phenomenon, definitely 
localizable on a plane or its equivalent, corresponding to a part of the 
surface of the Earth (or any other planet). This is a cartography 
where the topographic base is secondary in importance, but not 
neutral, where deformations can appear as an effect of the studied 
phenomenon. The final task is to produce a map for exploring, 
revealing, understanding and presenting the characteristics of a 
spatialized phenomenon, and to communicate information (result) 
with a specific purpose to a certain audience by means of a numeric, 
graphical, visual, audio or tactile representation called a ‘thematic 
map’”. 

Three main points are essential: thematic cartography encompasses all the means 
of mapmaking where the topic is emphasized. It requires the existence of a reference 
base, even though this reference base is only secondary. Data related to the subject 
of the map are associated with locations. This cartography should have a particular 
aim, which should be determined beforehand, in order to make the choices required 
in the making of the map. In any case, thematic cartography implies visualization of 
the results. 

Thematic cartography has synonyms and contains subsets quite similar to the 
subsets of maps, whose names sometimes coincide with the corresponding 
cartographies. The inventory cartography (or descriptive cartography) can be 
thought of as a subset of thematic cartography, including one or more subjects 
represented after a particular type of processing, allowing the superposition or 
juxtaposition of data on top of other data, though always maintaining their positions. 
This expression is more adapted for a map than a cartography, because it introduces 
no original methods. Statistical cartography also can be viewed as a subset of 
thematic cartography. Its peculiarity is that the data represented are numerical, 
allowing specific types of processing. Unfortunately, we find here the same 
ambiguity as in the adjective associated with the word “map”. The double meaning 
of this adjective explains why we do not use it in this book. Nevertheless, as with 
the map, other terms are associated with cartography, for example according to the 
topic presented: we are setting these terms aside since they do not bring any 
additional information in qualifying cartography. 
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2.2.2.2. Theoretical, analytical, transformational and experimental cartographies 

Among all the adjectives encountered above only four will be retained, since 
they correspond to the point of view pursued in this work – to be able to propose the 
criteria for organizing cartography. In order to constitute an original branch of 
cartography, the qualifying adjective must introduce new conceptual or 
methodological elements, or particular techniques which modify and sharpen the 
word “cartography”. Such are the designations “theoretical”, “analytical”, 
“transformational” and “experimental” (Figure 2.6). 

2.2.2.2.1. Theoretical cartography and meta-cartography 

According to several authors, theoretical cartography is thinking about maps 
and the tools used in them [IMH 77]: “Theoretical cartography is comprised of the 
critical examination and development of maps, their subject matter, their graphic 
forms and techniques of construction, and the obtaining of standards for the map 
drawing.” 

 

Figure 2.6. Families of cartographies 

After the Vienna conference in 1975 entitled Theoretical Cartography, a rather 
clear definition based on purpose was proposed. E. Kretschmer thus writes [KRE 
78b]: “The main role of theoretical cartography is to determine which methods are 
to be used in working out, producing, communicating, evaluating and analyzing 
cartographic representations”. We would also add “explaining and justifying choices 
made”, for it is impossible to proceed in the making of these choices unless thought 
about their methods has taken place. Let us note that this thought, upstream of 
theoretical cartography, corresponds to what in 1962 W. Bunge called “meta-
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cartography” [BUN 62]. Theoretical cartography therefore constitutes, together with 
meta-cartography, a conceptual and theoretical context which encompasses the 
development and the production of a map.   

2.2.2.2.2. Analytical cartography 

Analytical cartography occupies a very special place, as has been pointed out in 
the historical overview above, because it was explicitly developed as an autonomous 
branch of cartography starting in 1976. In this year, an article written by W. Tobler 
[TOB 76b] appeared, following his presentation at the Vienna Congress in 1975. 
W. Tobler wanted to introduce a term which expressed the appearance of a new 
direction in cartography, where maps, whether in analog or digital form, were 
regarded as analytical tools allowing us to solve spatial problems [MOE 91], relying 
on mathematical concepts, information theory and image analysis.  

This original direction opens up multiple theoretical concepts. One of the most 
important is that of transformation. S. Rimbert [RIM 90]10, the first person in 
France, followed up very quickly the W. Tobler’s worksand emphasized the 
quantitative aspect as well as the research component of analytical cartography. “A 
map is one of the tools of spatial analysis” [RIM 73]. This domain is also described 
with emphasis put on the study of surfaces [CAU 86]: “Analytical cartography is the 
set of concepts, methods (mathematical, computational, or any other scientific ones) 
and techniques, allowing us to find, extract and reveal the characteristics and spatial 
interrelations of a chosen phenomenon. This is the domain where the container (the 
locations) is essential, since it is explicitly taken into account in the analysis. It is the 
characteristics of this space, related or not to the content of the phenomenon, which 
are brought to light by the coefficients, charts, maps, etc. Analytical cartography 
does not necessarily imply the production of a map”. 

In a special issue of the journal Cartography and Geographic Information 
Science, dedicated in 2000 to analytical cartography, various authors agree with the 
above definition, and elaborate on it further, enumerating different sub-fields, and 
discussing the origin of this new direction in cartography. The extremely broad 
domain, which resembles transformational and experimental cartographies, is said to 
develop together with the evolution in technology. 

2.2.2.2.3. Transformational cartography 

The adjective “transformational” when associated with the word “cartography” 
leads to considering transformational cartography as a domain very close to 
analytical cartography, since according to K. Clarke [CLA 90], analytical 

                              
10 To our knowledge, at this time S. Rimbert defined analytical cartography for the first time 
in a published work, although she had done it on several occasions before, in informal texts. 
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cartography could be called “the discipline of transformations”. This domain is 
based on the notion of transformation, put forward by T. Hagerstrand [HAG 57], 
and explicitly introduced by W. Tobler in his article entitled “A transformational 
view of cartography” [TOB 76a, TOB 79d], but already put forward in his PhD 
thesis “Map transformations of geographic space” in 1961 [TOB 61]. From the book 
by W. d’Arcy Thompson [ARC 17], completed by the Encylopedie Universalis 
[ENU 06], we can say that a transformation is an action which modifies the 
characteristics of a set of selected, interdependent elements. Since it is 
mathematical, it possesses specific known properties, such as projection systems 
enabling to pass from the Earth to a plane. Other transformations are not as rich in 
properties that must be determined, but they too lead to an important change in the 
elements of the set. A transformation can either be uni-directional (irreversible) or 
bi-directional (reversible).  

The term “transformational” is used in cartography, at least in its current sense, 
which means passing from one form to another, and sometimes in a special sense, 
which comes from geometry, with specific properties. A map can take on different 
forms, depending the operations applied to its various components mentioned in the 
definition above. The word “map” can be modified according to mathematical, 
semiotic and other rules. However, these transformations are never neutral and have 
to be chosen appropriately with regard to the hypothesis underlying the topic treated 
in the map, and with the constraints inherent in the transformations themselves. 
Transformational cartography, which will be discussed in Volume 2 is very rich, it 
also paves the way for experimental cartography. However, when misused it can 
become dangerous.  

2.2.2.2.4. Experimental cartography 

The last type of cartography which also deserves to be recognized and defined 
here is experimental cartography, because it introduces cartography as one of the 
tools in a broader experimental approach, as one of the means of proceeding 
towards experiments.  

The first mention of this type of cartography, made in 1964 following a 
symposium which took place in Oxford in 1963, emphasized that cartography can 
be viewed as a research tool, and that it has an important role to play in many 
disciplines, since it allows experimentation [COL 63]. Nevertheless, it does not 
seem that this work was followed up quickly enough. Experimental cartography was 
really born thanks to the appearance and spread of computer science, which allowed 
the proliferation of experiments, and also moving towards experimentation in the 
strict sense of the word. According to S. Rimbert et al. [RIM 79b]: “A cartographic 
experiment consists of declaring a hypothesis about an observed spatial distribution, 
and then keeping some elements fixed while varying others, in order to examine the 
effect this produces”. The adjective “experimental” introduces specifications that 
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modify the meaning of cartography, on a conceptual as well as methodological 
level. This is why we will accept it but will not go deeper until we have addressed 
the functions of cartography and the scientific experimental approach.  

2.3. Functions of maps and of cartography 

A map has many functions; even with just one topic and identical hypotheses 
attributed to it based on the aim of the map, it may be necessary to modify the map. 
Let us consider the following example: if a map is a research instrument for 
understanding the underlying spatial structure, it is obvious that its “readability” is 
an issue of secondary importance. However, if the goal is to make others understand 
the structure of a map, it becomes crucial to present the data in a very different 
manner, perhaps simplified or modified, so that the data become accessible quickly 
and in a user-friendly way. 

 

Figure 2.7. Functions of a map 

2.3.1. Four essential functions of maps 

A map can have at least four main functions (Figure 2.7). The first function is to 
produce localized data, observables and points of reference (perhaps with the aid of 
a device).  

The second is to present distributions to an explorer, to view the visible and the 
not-yet visible (from a particular point), and to reveal hidden structures.  
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The third function is to visualize an observed and interpreted phenomenon, to 
communicate information, and to show the information in various ways according to 
the audience concerned.  

Finally, the fourth function, sometimes considered to be the subset of the third 
one, is oriented towards producing documents for consultation, in view of 
exchanges among administrators, elected officials and experts, in order to enable 
them to have concrete discussions concerning spatial problems which need to be 
resolved.  

2.3.1.1. A map as a positioning tool 

A map as a source of localized information certainly corresponds to the most 
ancient aim of maps, as has already been mentioned. It is used to find one’s bearings 
on the Earth’s surface, to be able to move about without getting lost, and to mark 
property boundaries (for tax estimates). This function still remains essential, as the 
following response from a survey of high-school students from Saint-Denis 
demonstrates [VEC 95]: “I know that if I have a map, I will not get lost”. This report 
also indicates that 45% of students find maps useful for determining their locations, 
and 38% find them useful for obtaining directions. This domain of cartography 
developed a great deal in connection with technological innovations: satellite 
imagery and satellite positioning (GPS)11. It has an effect on thematic maps, but in 
an indirect manner, because the role of the map as a source of localized information 
is primarily relevant for a topographic rather than a thematic map.  

2.3.1.2. A map as an visualization tool 

Even though such documents as the maps of cholera in Paris (1834) bear witness 
to this role of a map starting as early as the 19th century, a map as a visualization 
tool appeared in its full sense only with the advent of computer science, which 
reinvigorated not only the practical aspects, but most importantly the way of 
thinking in cartography – a discipline which by then had become a science in its 
own right, a research discipline aspiring to “construct” a space, as much as to 
visualize it. The resulting constructions help to understand the space from within, 
“to see through it,” likes X-rays allowed Wilhelm Roentgen to photograph the bones 
inside a hand for the first time in 1895. A map can be an indicator, either by 
projecting known structures from a thematic plane onto the [XY] plane, or by 
highlighting the observable spatial forms directly, as well as their non-visible 
underlying characteristics, both in structure and development (for example, by 
filtering). Cartography thus becomes very important for spatial studies and for the 
exploratory analysis mentioned in Chapter 1. It is transformed into a discipline of 
locating the invisible, “the invisible which may be physical, conceptual, mental or 

                              
11 GPS: Global Positioning System. This system is described in Chapter 4. 
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perhaps imaginary” [RIM 90]. As other disciplines before it, such as medicine, 
biology and physics, cartography attempts to go beyond the visible in order to better 
understand spatial phenomena that allow the functioning and development of people 
and societies. It attempts to explore the world through spatial and/or non-spatial 
data.  

2.3.1.3. A map as a communication tool 

Nevertheless, if we put ourselves into the setting of a map as a communication 
tool, we find ourselves in a better known domain of maps – illustration of texts with 
maps. However, a map does not solely illustrate, it also communicates and transfers 
localized data that are either known or unknown to its users. The stress should be in 
this case not on the processing methods, as for the map as a visualization tool, but 
on the semiotics, which play a dominant role and on all the modern multimedia 
techniques, in order to suggest solutions adapted for different audiences. The same 
map representing a given topic and a given space cannot be suggested in a 
satisfactory manner for several different audiences, although exceptions are 
possible.  

2.3.1.4. A map as a consultation tool 

This last function of a map has appeared recently, since it is closely tied to 
technological innovations. Earlier efforts had been made, albeit with limited 
technical means. A map enables people with different sensibilities, perspectives and 
interests regarding the same subject to have concrete discussions using a document 
which gives material existence to a particular set of spatial problems. The problems 
can deal with the management of natural resources or conflict resolution, as in 
Causse Mejean [ETI 03], or local environmental management, as in the city of 
Alcala de Henares [ESC 04], or else it can be negotiations among various actors 
within a city to match the schedule of businesses and services with public 
transportation, as in a study on Belfort and Nancy [CAU 05].  

A map becomes an intermediary in mediation, for example within 
management. These major families of functions are quite distinct; their 
corresponding maps are not worked out in the same manner, and the transformations 
applied are not the same, since a map is a result of a series of transformations.  

2.3.2. A map as a logical series of transformations 

The term transformation, borrowed from the Latin transformatio “action of 
transforming” means “change of form”. As stated in the section on transformational 
cartography, this noun is used both in the ordinary sense and in the mathematical 
sense. The addition of the adjective “cartographic” expresses the fact that the 
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change is related to a map. Nevertheless, in working out a map, there exists not just 
one transformation, but several families of transformations, which themselves can 
be decomposed into sub-types.  

2.3.2.1. From the real world to the map 

Several transformation are needed to go from the terrain to the final map, if we 
maintain the view initiated by W. Tobler [TOB 61, TOB 76a, TOB 79d] and 
developed by K. Clarke [CLA 90] in the USA and S. Rimbert [RIM 79b] and C. 
Cauvin [CAU 84a, CAU 84b, CAU 84c, CAU 84d, CAU 94a, CAU 94b] in France. 
To integrate the cartographic approach into the logic of transformations requires 
understanding that cartography is not just a series of techniques applied one after 
another to obtain a map. Cartography as we consider it gives rise to a product 
resulting from a series of inter-related transformations, each one having its own 
logic, particuliarities, constraints and implying certain choices. It is inserted into a 
broader scientific context, accepting, including and exploiting innovations, be they 
theoretical, methodological or technological, broadening its capabilities and its field 
of action over the course of time. Relying on the work of K. Clarke [CLA 90], 
where transformations are only described in the context of analytical cartography 
and on a chart proposed by A. H. Robinson et al. [ROB 95b], we can say that 
starting from the observed world, we will construct a graphical object – the map – 
visible on some substrate, through a series of transformations or families of 
transformations (Figure 2.8). 

2.3.2.1.1. First transformation: from geographical entities to cartographic objects 

The first transformation (T1), related to the knowledge of the topic being treated, 
consists of selecting geographic entities identified as pertinent, depicting the real 
world, and in transforming the entities into cartographic objects characterized by 
locations [XY] and attributes [Z]. This amounts to setting up a table, a database of 
localized information describing these objects in a numerical fashion. This is the 
domain of experts on database management and geo-mathematicians, as will be 
discussed further in Chapter 4.  

2.3.2.1.2. Second transformation: (a) locations [XY] and (b) attributes [Z] 

Once this database is constructed, two transformations (T2a and T2b), either in 
parallel or in succession, will materialize the cartographic objects, and will allow 
passing from these cartographic objects to a basic map on the one hand, and to 
representable attributes on the other. This happens only once the hypothesis to be 
verified and the topic of the map are known.  

The first of these transformations (T2a) consists of two phases. The first is a 
transformation of scale which does not affect positions, and justified by the fact that 
a map always requires a reduction in size, which involves a generalization of 
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various details and a selection of data according to the scale. The second phase 
consists of a transformation concerning the change in the spatial base depending on 
initial positions, and the attributes and objectives of the map. It enables us to make 
the type of data adequate with the container. This can be done simultaneously with 
the transformation of scale, or immediately afterwards, or else during the next step 
(T3) as we will subsequently demonstrate. The transformations which affect [XY], 
that is the container, belong to the methodological body of knowledge of the 
Geographic Information Systems (GIS), and will be the subject of Chapter 4. 

The second set of transformations (T2b) concerns only the attributes [Z]. 
Dealing with the characteristics of the data, this set of transformations enables us to 
transform the data with the help of more or less advanced statistical processing, in 
order to avoid juxtaposition and superposition of too many variables in the same 
representation. It reduces the amount of information, while keeping the essential 
features of the thematic phenomenon. These transformations will be addressed in 
more detail in the first part of Volume 2.  

 

Figure 2.8. Families of transformations 
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2.3.2.1.3. Cartographic transformations in [XYZ] 

The third family of transformations (T3), which will be described in Chapter 8, 
determines the mode of representation of a map, and enables us to go from the data 
to maps, relying on the characteristics and attributes of locations. These 
transformations imply that the correspondence between components [XY] and [Z] of 
a map is made precise, as will be shown in the following section. This family 
requires, to begin with, knowledge of the data, the properties of the map, and, in the 
end, the graphical system and the display capabilities. This family of 
transformations is necessarily, in one form or another, a part of the cartographic 
corpus.  

2.3.2.1.4. Semiotic transformation  

This transformation (T4) allows the interpretation of different choices made in 
the preceding steps in the language of signs, and the passing to the objects perceived 
by our senses, via semiotics12, which employs visual, audio or tactile codes. The use 
of such a language is very old, and until recently has been considered as the only 
way of making thematic maps, while the preceding steps, in particular the [Z] 
transformations, have often been reduced or not identified explicitly. This is the 
domain of linguists, semioticians, psychologists, and, obviously, cartographers, as 
Chapter 7 will explain.  

2.3.2.1.5. Display transformation 

This last transformation (T5) appeared only recently and is essentially inspired 
by the opportunity to produce maps on a screen. The display is no longer necessarily 
static or affixed to a permanent substrate. We now have at our disposal dynamic 
documents incorporating interactive features, thanks to the technological advances 
in computer science and multimedia.  

These five families of transformations enable us to go from the observable world 
to a graphical object – the map – which we can see on a page or a screen. Each of 
the transformations has a specific role, briefly touched upon in this general 
presentation, and requires experts in different fields. Managing this chain of 
transformations demands making several interdependent choices. The production of 
a map thus implies following a rigorous approach to be addressed in the next 
section, after studying the functioning of a map in this “transformational” context. 
Nevertheless, the place of systems of correspondence, which have been mentioned 
above in relation to transformations, has to be explained further to avoid any 
ambiguity.  

                              
12 Semiotics : a term equivalent to “semiology.” Its use will be justified in Chapter 7. 
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2.3.2.2. Cartographic systems of correspondence and transformations 

The construction of a map, an object consisting of two components – the 
location [XY] and the attributes [Z] – which undergo modifications depending on 
time [t], varies a great deal depending on the correspondence between the sets of 
[XY] and [Z], that is to say according to the mapping used. A mapping is basically a 
one-to-one correspondence between elements of one set and their images in another 
set [BAR 92].  

S. Rimbert [RIM 79b] proposes three systems of correspondence: transfer, 
surface and anamorphosis (Figure 2.9), which deserve an explanation, since they 
serve to improve the understanding of the relations between the two main 
components of a map.  

 

Figure 2.9. Cartographic systems of correspondence 

2.3.2.2.1. Cartographic systems of correspondence 

The transfer system means a simple mapping of the space of the attributes onto 
the space of locations, namely [Z] → [XY]. This well-known system is the most 
common one, but it presents a certain danger because in it the locations do not play 
a role, as if space were neutral. This is inexact, as J. C. Muller stresses [MUL 78a]. 
In this system, the signs characterize the phenomena, according to increasingly 
precise rules. However, these signs are not unique, and for the same base map, the 
resulting images can vary from author to author.  
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In the other two systems, the mappings are fundamentally different. In the 
surface system, the attributes are a function of the location, namely [Z] = f[XY], 
where f has some different mathematical forms. Conversely, in the anamorphosis 
system, the locations are a function of the attributes, namely 

⎩⎨
⎧

=
=

)(
)(

ZgY
ZfX  

From these three systems we see that the mappings between the sets [Z] and 
[XY] can vary considerably, giving rise to a variety of transformations, which by 
definition are specific modes of correspondence. The expression “cartographic 
transformations” is richer than the simple term “cartographic correspondence”, as it 
allows us to include cartographic procedures into the theory of transformations, used 
and developed by W. d’Arcy Thompson [ARC 17]. Cartographic transformations 
here deal with developments of a map (transformation T3), and enable us to express, 
with the help of mathematics, the visible or hidden characteristics of the spaces that 
surround us and that we use.  

 
Figure 2.10. Cartographic transformations 
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Cartographic transformations equivalent to the systems of correspondence group 
together transformations related solely to [Z] (transfer system), cartographic 
transformations including surface systems (these two families will be addressed in 
Chapter 8), as well as cartographic transformations of positions that involve 
deformation of space, and which will be presented in Chapter 4 of Volume 2 (Figure 
2.10).  

The transformations of [Z] generally occur independently of [XY] and are linked 
to the processing of the attributes, which may be graphical or mathematical, 
descriptive or model-based. The current state of knowledge presently allows us to 
utilize transformations of quantitative as well as qualitative data.  

2.3.2.2.2. Cartographic transformations of state 

Cartographic transformations of state correspond to a well developed strand of 
the GIS. Initiated in 1967 by W. Tobler [TOB 67], they include all the procedures 
which allow us the following:  

– changing the spatial foundation in going, for instance, from a discontinuous 
point map to a continuous surface isopleth map by interpolation, which belongs to 
the surface system as identified by S. Rimbert [RIM 79b]; 

– modifying the state of a map in going from an analog representation to a 
digital one, for example from a map to a matrix, then processing this matrix and 
subsequently going back to an analog map; 

– modeling the relation of [XYZ] depending on the hypotheses and the purpose 
of the map. In this family, changes are performed without a visible transition and 
thus constitute a metamorphosis instead. As a caterpillar becomes a butterfly, a map 
drawn on paper becomes a table of numbers stored in a file. 

Tessellation, interpolation, smoothing, going from a map to a matrix or a graph 
and back are common operations integrated into the development of the GIS. These 
operations allow us to highlight the underlying structures of the spatial phenomena 
studied. The field of these transformations affecting either [XY] or [XYZ] is 
immense, and is a subject of a great deal of research, demonstrating the polymorphic 
potential of maps (Figure 2.11).  
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Figure 2.11. Polymorphism of maps 

2.3.2.2.3. Cartographic transformations of position 

The cartographic transformations of position are modifications of the shapes of 
the map themselves by means of displacement of their contours, internal boundaries 
or sites. Actually, the term “shape” is taken in its broadest sense, meaning that the 
shape includes the external envelope and all the points contained in the interior of 
the map, as indicated by E. Noel [NOE 94], and also possible internal boundaries. 
There is a lot of interest in these transformations. Based on the works of W. d’Arcy 
Thompson [ARC 17], considered, discussed and confirmed by authors such as S. J. 
Gould [GOU 71], we will consider them as a set of methods, and in some cases 
models, which allow us to visualize underlying structures and to perform 
simulations. This type of transformation belongs to the transformations which R. 
Thom [THO 92] calls “a real transformation, not linked to a displacement of the 
point of view of the observer”. The underlying hypothesis is the following [ARC 
17]: “The form expresses the structure of a phenomenon. If we are to characterize a 
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form or to compare forms, in doing so we may reveal a structure which is not 
visible, we can compare structures”. Here again different categories of 
transformations are to be distinguished, in particular, based on whether they create 
new maps or compare existing maps. These transformations will be the subject of 
Chapter 4 in Volume 2. 

These diverse transformations enable us to introduce new knowledge into the 
space being studied, to modify and enrich initial transformation, and thus achieve a 
product modified by the transformed data, the map.  

2.3.2.3. The map as a transformer 

A map is not simply an accumulation of undifferentiated data. It is made to 
increase knowledge; cartography should enable us to achieve this increase, since 
“these images are symbols, by knowledge of which we know more” [SIC 96]. A 
map can bring about this increase because it is capable of transforming the data 
which it contains. This idea, essential in the production of a map, can be illustrated 
by a chart derived from system analysis (Figure 2.12).  

 

Figure 2.12. The map as a transformer 

From the real world, that is, from the environment in a systemic sense, the 
information flow is extracted, which provides the basic data and allows us to 
construct a map and to achieve the first level of knowledge, which is in general not 
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the desired level. It is convenient to compare this initial state with the desired state 
by experiments, and to search for transformation elements necessary for the 
improvement in the cartographic body of knowledge. It is known that the tools are 
available, but they require a technical delay before the selected procedures can be 
implemented. The resulting action in turn introduces the data which have been 
selected and transformed, and this changes the level of knowledge. The functioning 
of this system is improved by reducing information losses at each point in the 
system. To achieve satisfactory results, several retroactive loops are necessary, and 
choices have to be made since, as we have seen, the data are numerous. To make 
these decisions it is crucial to conceive and elaborate upon a map, following a 
rigorous approach, that is to say, an experimental scientific approach. 

 

2.4. Conclusion 

The definitions of the map, cartography and their modifiers make evident the 
predominance of two particular functions of the discipline: to localize objects (as in 
the topographic map and mathematical cartography) and to characterize and 
describe their attributes and demonstrate the associated distributions (as in the 
thematic map and cartography). Although there is an abundance of denominations, 
some of them play a more fundamental role. The analytical and transformational 
cartographies, which open new possibilities for the discipline as a whole, are 
examples of this. In particular, they enable us to express the steps in the production 
of a map as a succession of transformations which the cartographer has to control, 
acquiring specific knowledge of each. Making a map requires following a rigorous 
protocol, embodied in the experimental scientific approach, which will be 
uncovered in the next chapter. 

 



Chapter 3 

The Map – a Construction Based 
on Scientific Reasoning 

A map is an indispensable tool in any study concerning or involving space. If 
someone – be it a researcher, a planner, a developer, ageomatician, a semiotician, a 
cartographer,  a computer science expert or a  designer – wants to create and use a 
map in a consistent manner, he or she has to follow logical reasoning based on the 
principles of the experimental scientific approach, which gives a common clue to all 
these disciplines. These principles enable cartography to convey many possibilities 
and underlie the steps in making a map which we are going to put forward. The map 
forms an true part of all the ideas, thoughts and research we will present here. 
Firstly, we will put forward a definition of the terms “approach”, “scientific” and 
“experimental”, since these terms are essential for understanding cartographic 
reasoning. 

3.1. Terms to be defined 

The three terms mentioned above convey the bare minimum needed for a 
research work to be recognized by the scientific community and reproduced by 
other researchers. The terms will be defined based, in particular, on the works of K. 
Popper [POP 72], H. Reymond [REY 81] and H. Beguin [BEG 85a]. 

3.1.1. Approach 

An approach is an itinerary, an ordered sequence of steps. It is a way of moving 
toward a goal, progress, a succession of steps in the “activity” in question. It puts in 
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order the tools necessary for carrying out research, ranging from the most abstract 
concepts to the most specialized techniques. The word “method” can be viewed in 
this context as a synonym, but we will avoid it because it has several meanings; 
hence, its use can create ambiguities. In cartography then, the general approach 
consists of a succession of steps necessary for going from problems expressed about 
a given topic to the final product – their representation by a map. 

3.1.2. “Scientific” 

The adjective “scientific” directs us to the logic of the topic of a map, for it is a 
specialty of this discipline. “Scientific” conveys the idea that in the domain 
considered there exists a consensus on a given topic at a given moment, although 
this consensus may vary with time. Mapmaking is based on such a consensus, which 
can be debatable, but which does exist. Mapmaking conforms to the requirements of 
objectivity and precision of a science, and it depends on the scientific context which 
surrounds it. In the creation of a map, the consensus must exist in two distinct 
domains: the topic treated and cartography. The understanding of the topic may vary 
considerably, but the cartographic knowledge is based on theoretical cartography, 
whose major trends we briefly reviewed in Chapter 1. Constructing a map in the 
context of communication or geovisualization paradigms does not necessarily lead 
to the same result. 

The scientific approach, therefore, is a logical procedure of a science, that is, a 
set of particular practices for making a theory and its proofs clear, obvious and 
indisputable. Hence, it contains a principle of verification, essential in scientific 
research, where the results should be verifiable. It enforces a critical vision which 
permits us to question the facts we already know. It is an organized path, an 
ordering of tools, a set of successive steps enabling us to answer a question relying 
on the thematic and cartographic double consensus and using the verifiability 
criterion. 

3.1.3. “Experimental” 

The addition of the adjective “experimental” brings an extra dimension to the 
scientific approach and makes a reference to the works of Claude Bernard. In 1865 
he wrote The Introduction to the Study of the Experimental Medicine [BER 65]. The 
experimental approach implies that we have at our disposal a theoretical body of 
knowledge, or that we have established a set of links which we are going to verify 
by means of hypotheses. In the case of a hypothesis inducing an experiment, a 
causal relationship between two facts is determined. The experimental approach is 
necessarily transparent, reproducible and verifiable. Research and results are based 
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on an experiment, on the attempts to study a phenomenon in order to confirm or 
invalidate what is known or to gain new knowledge. S. Rimbert [RIM 79b] explains 
that the opportunities offered by the transformations enabled cartography to follow 
the experimental approach. The term “experimental” thus opens new prospects for 
cartography. 

3.1.4. Experimental scientific approach 

Putting together these three terms we can state that the experimental scientific 
approach guides and encompasses any research which involves the production of a 
map. Once the map topic is chosen, this approach broadly defines the scope of 
questions, identifies the theories and states the hypotheses related to the thematic 
field as well as to the cartographic field. Among the hypotheses, some concern only 
the attributes, others concern only the spatial component, and still others concern 
both the locations and the attributes, without forgetting time.  

In developing the theory, the experimental scientific approach allows us to 
proceed from meticulous observations to well-established experiments performed 
following a precise protocol. It demands that the results be verifiable and 
reproducible. In the context considered here, the spatial dimension constitutes the 
principal subset ruled by the same approach, implying that more precise hypotheses 
about the space are made. This approach reaches the map level and underlies the 
cartographic reasoning. The cartographic reasoning which we propose here relies 
explicitly on the experimental scientific approach. It is an “application” of this 
approach aimed at producing maps with particular objectives, verifiable and 
reproducible by anyone with the necessary knowledge on the one hand, and 
comprehensible to and adapted for the target audience on the other. A map becomes 
a scientific construction based on a double logic: that of the topic addressed (the 
logic of the discipline) and that of cartography (the cartographic logic). In some 
cases it enables experimentation. Cartographic reasoning, therefore, comprises 
different steps which start with questions guiding the research, and are associated 
with the aim pursued and the production of a map in one form or another. 

3.2. From scientific approach to cartographic reasoning 

The organization charts of cartographic production, intended to explain the 
procedure that has been followed, abound in the literature, and in particular in the 
French literature. While their objectives vary, one thing remains constant: with the 
exception of a very complex diagram of a cycle of a map as a model proposed by C. 
Board [BOA 67], these diagrams do not detail the actions before the data collection 
and pay little if any attention to dealing with the attributes [Z] processing, putting 
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the accent on the cartographic development and most of all on semiology that is 
qualified as graphical. 

The cartographic reasoning which we propose here is based on the experimental 
scientific approach. It decomposes the process of mapmaking into a larger number 
of interrelated steps, some of which primarily concern the topic treated and others 
which concern the spatial components. It implies that a protocol – in the scientific 
sense of the word, “a set of rules to observe and follow with a specific purpose, 
allowing us to repeat experiments and investigations in an identical fashion” – is 
established to avoid any ambiguity and apply the rules related to this reasoning. 
Only complete identical construction conditions can validate a research work or a 
map. The protocol bolsters the main steps in cartographic reasoning, performed in a 
logical manner, including feedback. 

The steps involved are interdependent and require experts in various fields. The 
phases dealing predominantly with the logic of the topic of the map envelop those 
dealing with cartographic logic and thus are placed at the beginning and at the end 
of the procedure. At the beginning there is the range of questions which brought on 
the production of the map. This is the heuristic phase whose purpose is to identify 
the relevant theoretical knowledge as well as the context in which the questions are 
asked. At the end there is the verification phase, in which the finished map enables 
us to find out whether the stated hypothesis is confirmed or disproved. The phases 
concerned predominantly with the cartographic logic correspond to the 
demonstration (or transformation) phase of the experimental scientific approach 
(Figure 3.1). 

3.2.1. Heuristic thematic and cartographic phase 

A study of any topic, theoretical or applied, should begin with stating the 
questions and searching the relevant scientific literature. This is still true when the 
construction of a map is required. It is expedient to define the problems which the 
map is supposed to clarify, to immerse ourselves into the appropriate research 
literature and to specify the social, historical and technological context of the map. 
Two other elements are crucial in creating a map. On the one hand, it is essential to 
know the map’s place in the general scope of the topic, to understand for what 
purpose and what users the map is made, in order to respond correctly to their 
expressed needs. On the other hand, taking into consideration the diversity of map 
users enables us to better understand the variations in cartographic production, the 
contradictory requests and hence, to satisfy their demands better. 
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Figure 3.1. Cartographic reasoning: a simplified chart 

3.2.1.1. The thematic map and its different contexts 

By definition, a thematic map conveys a topic of an investigation. The topic is 
thus linked to a scientific context, which offers a theoretical body of knowledge 
from which the thematician has to extract the explicit or implicit components 
suitable for the problems considered, in order to put forward more or less elaborate 
hypotheses.  

At this stage, the hypotheses are “provisionary explanatory propositions” [REY 
78b] which guide the work. The context depends on the discipline to which the topic 
belongs. A map may draw on many scientific domains encompassing the topic. This 
explains why mapmaking requires a double competence. It should be emphasized, 
following J. Tyner [TYN 92] and many other authors, that cartographers, like 



68     Thematic Cartography 1 

mathematicians, are experts in using tools which serve several disciplines, since 
their language is quasi-universal. At the outset, a map is associated with the 
thematician, but it also fits into the social and historical contexts, which play an 
important role. 

A map is needed for a study undertaken at a moment t, characterized by the 
historical and social contexts of the time and by the technological environment in 
which the cartographer and the expert in the field concerned live. The topics appear 
and develop because they are acknowledged at a given moment.  

Presently such topics are, for example, natural and technological risks or urban 
poverty. The research of these topics is “financed” because they “do not stray from 
the normal scientific research” [STE 89], and since our society strongly prefers to 
deal with images rather than a text, maps showing the spatial characteristics of these 
phenomena are required. When we would like to convey some unexpected results, 
we should ask ourselves whether or not society is ready to accept this information or 
image. We cannot remove ourselves from the social context and its cultural and 
temporal variations. 

An idea or an image that is barely or not at all acceptable at a given time could 
be perfectly admissible in other periods. This implies the necessity of knowing the 
historical context, that is, what has already been studied, for what reasons, and what 
conclusions have been drawn.  

The technological context also plays an important role, since some images can 
be obtained only because the present technologies allow it, both in the topic treated 
and in making the map itself. It is, therefore, vital to be aware of the significance of 
these different contexts, which bring about the acceptance of or the demand for a 
map, and transform a historical and social issue into a scientific object. This object 
relies on two bodies of knowledge – that of the topic discipline and that of 
cartography, both of which will determine certain choices in the conception process 
of a map. 

3.2.1.2. The place of the map in the conception process 

Making a map is not only required every time the entire research process is 
achieved. Far from it, a map can play a role at various stages of the thematician’s 
thinking. It helps to discover and explore the spatial relations among the elements, 
to propose or verify hypotheses and to transmit the results depending on the stage of 
the study. Thus, in the course of a study, the need for maps changes and the method 
of reasoning reflects this change. 
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Figure 3.2. Steps in the scientific research process 

In the framework of the scientific research process, J. M. de Ketele and 
X. Rogiers [KET 98], as well as J. Dykes et al. [DYK 05b] emphasize that the 
approach alternates from induction to deduction, going from exploration to the 
emergence of hypotheses, then allowing us to generalize, model, simulate and 
experiment before diffusing the results (Figure 3.2). If we follow an inductive 
approach, where the reasoning is based on looking for generalizations of special 
cases, a map shows the consecutive results of the various examples studied. It will 
produce the data on the studied phenomena thus creating an opportunity to construct 
more or less precise hypotheses and to check which of them explain the phenomena. 
The goal of the deductive approach is to validate the hypotheses which have been 
deduced from an accepted theoretical construction. The map should be made in a 
rigorous way, according to a protocol defined in relation to the hypotheses, to 
enable their verification. In fact, it is better to speak of a hypothetical-deductive 
approach, because as stated above, on the one hand, there exist alternations, and on 
the other, a hypothesis may change, become more precise, as the example of H.C. 
Oersted (1819-1830) demonstrates [COL 04]. At the end of the day, we can say that 
the scientific research process is an inductive-hypothetical-deductive spiral in which 
the search for alternative hypotheses is in constant development [CAT 66].1 

                              
1 In [KET 96]. 
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In this phase, belonging more to the domain of a researcher, the status and the 
purposes of a map vary. The map is always present but it plays a different role every 
time. If the basic rules of its construction remain the same, its different uses have to 
be taken into account in stating the purposes which will determine choices later on. 

3.2.1.3. An imperative: knowing the aims and the recipients of the map 

During the heuristic phase, it is convenient to understand for what reason a map 
is being created, for whom and for what it is intended. In 1961 J. C. Sherman [SHE 
61] specified that the aim must be defined in relation to its field of application and 
expected effects. The aims and the recipient of the map will dictate selections being 
made at each stage of its production. Knowing them enables us to correctly respond 
to the existing demand.  

The knowledge and understanding of the topic being represented, whatever it 
may be, are fundamental for a cartographer in order to precisely determine the 
objectives of the map. The exchange between the topic expert and the cartographer 
is crucial, and its importance has been clearly demonstrated in the article by R. E. 
Ommer and C. H. Wood [OMM 85]. In it they explain how a plate on navigation in 
Volume 2 of the historical atlas of Canada had been created thanks to a dialog 
between two categories of experts – historians and cartographers. The latter also 
took part in and where inseparable from the historical, social and technical contexts. 
They had at their disposal a specific body of theoretical knowledge, which allowed 
them to respond more or less directly to the demands being made, and to suggest the 
procedures which would respect the general consensus in the scientific domain 
concerned. It also enabled them to verify that the methodological constraints were 
in agreement with the constraints of the discipline.  

However, we also need to keep in mind the person for whom the map is 
intended: is it someone performing the study or a more or less familiarized user? In 
the first case, the cartographer is placed in a stage in which visualization remains 
within the “private realm”, as proposed by D. DiBiase [DIB 90]. In the second case, 
he or she has to communicate with people in the “public realm”. Thus, 
independently of any scientific context, a cartographer should primarily keep in 
mind the final recipient of the map. This point is important because in the general 
chart of the experimental scientific approach, the recipient does not appear at all. In 
the flow chart of cartographic reasoning, the recipients should be present explicitly 
because their role is essential.  

The cartographer can formulate the aims of the map within the distinct contexts 
of a thematician and a cartographer, and with the knowledge of the recipients and 
their preferences. Only thus can the cartographer make the right choices along the 
way: from constructing a map to communicating information. As we recall, a map is 
an efficient means of information transfer (Figure 3.3). The point is not to produce a 
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“good” map, but a workable map, which satisfies the current demand best, while 
taking existing constraints into account [DEN 99].  

 

Figure 3.3. Step 1: aims and contexts of a map 

It is only at this moment that we can finally identify which hypotheses to verify, 
which elements to emphasize, and which criteria to determine. Actually, the scope 
of the questions associated with the historical, social and technological contexts, 
together with their general scientific body of knowledge, enables the stating of 
space-related hypotheses. This justifies the production of a map whose aims are 
defined by the topic and the scope of options in the cartographic domain. This first 
phase corresponds well to the heuristic phase in the experimental scientific 
approach, that is to say, the phase where we establish the conceptual and theoretical 
tools, which will permit the making of discoveries and demonstrations. This phase 
ends with the statement of the hypothesis to be verified. The hypotheses and the 
aims are pivotal in this stage of research, in the general understanding, and in the 
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demonstration phase, where they are needed to decide what data to collect, what 
further processing to carry out, and what representations to use, among others. 
However, the cartographer cannot always explore this first phase in the general 
approach based on the demand; various nuances must be taken into account. 

3.2.1.4. Variations related to the demand 

The heuristic phase as we have presented it is, in fact, completely logical, since 
the map belongs in a scientific context. However, if the production of a map is 
performed in a consultant office or in a cartographic agency, several modifications 
have to be introduced. If we look at the charts of P. Miellet and C. Delage [MIE 01] 
or those of J. Denegre [DEN 05], we conclude that the cartographer needs to 
respond to the demands of the client, who often states his or her needs without 
explaining the context. Because of this, the step of thinking about the problem and 
integrating the contexts seems absent. In fact, the client takes over the thematic 
block of the heuristic phase, which partially modifies the manner of mapmaking or, 
more exactly, the placing of the contextual elements which determine the choices in 
making the map. Until the data selection, i.e. the second step of cartographic 
reasoning, the cartographer communicates with the client and depends on him or 
her. It is the clients, regardless of whether or not they know the topic well, who 
make the decisions most of the time. The decisions are summed up in the 
specifications, which are quite close to the protocol from which the cartographer 
cannot deviate. Moreover, the cartographer does not always know the quality of the 
data to be used in the subsequent steps. 

Thus, in the scientific approach, as well as in the approach corresponding to 
“commercial” demand, two domains (the client’s and the cartographer’s) coexist. In 
the former, the two are equal, whereas in the latter, the cartographer’s realm is at 
least partially suppressed, and the decisions come from the client. The general 
procedure, however, remains the same, and the construction phase of the map, 
which corresponds to the demonstration phase in the experimental scientific 
approach, is similar in both cases. However, before we detail the steps involved, we 
still need to address the second phase in the logic of the topic’s discipline – the 
verification phase.  

3.2.2. The verification phase – exclusively disciplinary logic 

The verification phase is found at the end of the experimental scientific 
approach. The map is finished, its conceptual and technical validity confirmed by 
tests. It remains to perform the thematic verification. We therefore inquire, based on 
the map’s place in the thinking process, either about the confirmation of a 
hypothesis, or the spatial relations determined, or further hypotheses suggested. 
These questions are completely in the domain of the topic and hence resort to the 
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topic’s logic. The cartographer virtually no longer intervenes at the level of 
research, except in special cases. In the case of a commercial order, this phase can 
be replaced by testing what effect the document has on the public. Unfortunately, 
this seldom happens. Because of the near-complete eminence of the topic’s logic, 
we will not dwell on this phase, and will now address the steps which use 
cartographic logic. 

3.3. The demonstration phase dominated by cartographic logic 

A map is not produced simply because there is a demand for it, or as part of a 
research study. Its production has to be necessary because the map brings useful 
information to its recipient. Once the decision is made, the map necessitates 
involved thinking in which the cartographer and the thematician work together. It is 
at this moment that the process of the construction of a map and the cartographic 
reasoning truly begin. Cartographic reasoning is composed of a sequence of 
unchanging steps, whatever the type of the map or the stage of the research project, 
as these are two distinct, though interdependent blocks. The former consists of 
gathering the data necessary to represent the phenomenon being studied, and of 
treating the spatial and attribute-related components to make them suitable for a 
map. The latter concerns the deveopment of the map, including the choice of modes 
of representations and symbols to convey different elements of the document, 
depending on the display and distribution used.  

3.3.1. From real world to a cartographic object 

Between the statement of a hypothesis or the identification of the elements to be 
studied through a map and the making of the map, two steps are critical to achieve 
readable, comprehensible, non-overloaded maps. These steps are the gathering of 
information and preliminary data processing. The juxtaposition and superposition of 
different data are no longer allowed. Cartography has evolved; combined with 
statistics to treat both quantitative and qualitative data it allows us to obtain 
documents which appear simple but convey underlying characteristics of the 
phenomenon studied. These steps, which link cartography to geomatics, correspond 
to transformations T1 and T2 (Chapter 2).  

3.3.1.1. From geographic entities to cartographic objects: a fundamental 
transformation to the quality of the map (T1) 

This step deals with obtaining localized data, their transformations and 
quantification, depending on the problem considered, and their verification and 
integration into a structured database. Being the first transformation, it enables us to 
go from the real world to a database of pertinent, suitable information, combining 
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the facts and observations from various sources which the map’s author (thematician 
and/or cartographer) transforms into meaningful data. Of course, this transformation 
is performed in accordance with the hypothesis being tested. It turns out to be 
necessary for the data to be selected and “constructed” in a way which allows 
exploration, analysis of the phenomenon in question, or verification of a hypothesis. 
These data constitute a subset within the set of observations which depend on the 
aims pursued.  

The transformations of the initial data are neither neutral nor interchangeable. 
They are chosen as a function of the problem studied; the validity of the map 
depends on them. They concern both the locations [XY] and the thematic attributes 
[Z] and lead to further processing, representation and graphical choices. Thus, at the 
thematic level, precipitation reports or activity reports constitute observations or 
facts, i.e. the raw data. Calculating the amount of rain in a month or a year or the 
number of grocery stores in a city is a transformation which produces sensible, 
informative data. The data can take on different forms – head count, percentage or 
index, amongst others. They can be individual or aggregate. But, in all these cases, 
no matter the stage in the process, the data present a permanent problem because 
they are rarely available for a given topic, at least in the desired form. Some, at least 
minimal, transformations are thus required. 

Published charts of this approach, oriented more towards the GIS, put more 
emphasis on this step, as shown by P. Miellet’s and C. Delage’s work [MIE 01], or 
the article by P. Maeyer and J. M. Pelle [MAE 00]. They demonstrate clearly the 
passage (from the real world) to a cartographic object. These transformations, which 
construct a customized database, require specific information, which is the domain 
of geomaticians, amongst others. These reports confirm that it is impossible to work 
in an isolated manner, and that producing a map implies relying on experts. We find 
here what A. H. Robinson had already asserted in 1952 [ROB 52]: “[With modern 
possibilities], it is now almost impossible for one individual to embrace it [i.e. 
cartography] in its entirety with any degree of competence”. The collection of 
spatial data is thus an essential operation, detailed in Chapters 4 and 5. In order to 
achieve satisfactory cartography, experts define the quality of the spatial data 
collection, as well as the spatial and temporal validity of the data’s cartographic 
constituents. The experts then structure the data in the form of a database, as will be 
explained in Chapter 6. These objects will subsequently undergo further 
transformations, which require other experts, in order to become suitable for 
cartography.  

3.3.1.2. Transformations of cartographic objects (T2a and T2b) 

Setting up a tailored database is not a sufficient condition for obtaining a quality 
map. Other transformations are indispensable, in particular, those which generalize, 
structure and model the objects, both at the level of spatial components (T2a), 
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through cartographic generalizations and the spatial base, and at the level of the 
attributes (T2b), due to the multitude of possible statistical treatments.  

3.3.1.2.1. A step integrated into the GIS: generalization of [XY] and changes of 
spatial base 

The two most common operations are generalization and change of base. 
Generalization is a crucial and ancient procedure, which “simplifies” the shapes 
present on the map in order to avoid having any spurious elements. This procedure 
is presently evolving a great deal due to current technological progress. We thus 
move from manual procedures, which were still in use in the beginning of the 
1980s, to techniques based on fractals, cellular automata or the more recent multi-
agent systems. These techniques will be discussed in Chapter 4.  

The changes in the base do not come into play unless the initial spatial entities 
are not amenable to the intended representation. For example, the administrative 
boundaries do not allow us to express correctly the continuity of population density 
and imply that we need to pass from those to abstract borders, useful solely for the 
purposes of calculations. The same is true when we wish to distribute data spatially 
among point locations of climate stations in order to obtain a map of precipitation 
over a given territory. These transformations enable us to create new data 
independent of the “carving” of the initial data, in order to use the data relevant to 
the topic being treated. Although very delicate, these transformations are quite 
useful, and will be discussed in detail in Chapters 4 and 8.  

3.3.1.2.2. An indispensable step, too often overlooked: the transformation of [Z] 
(T2b) 

To collect the characteristics of entities relating to the topic of study is one thing; 
to have the attributes tailored for a particular representation is another. This is a 
problem manifested by the impossibility of graphically showing many variables at 
once, while preserving the readability of the map, despite the recent advances in 
visualization techniques.  

The transformations of [Z] have as a goal the generalizing, structuring, 
organizing, classifying and modeling of thematic data in order to obtain 
comprehensible maps and to uncover the underlying fundamental elements. They 
consist of the exploratory and descriptive analysis crucial in avoiding grave errors 
both in processing and representation, and in highlighting unknown characteristics, 
structuring and classification of data by graphical or statistical means, or else 
statistical and spatial data modeling. The range of these methods, which will be 
described in Volume 2, Chapters 1 to 3, has to be constantly expanded in order to 
have the largest possible transformation palette, so as to be able to select the most 
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fitting one. The selection is performed in connection with the hypothesis, the aim of 
the map, the type of the input data and the final representation modes (T3).  

3.3.2. At the core of the process: mapmaking (T3 and T4) 

Mapmaking itself constitutes the core of cartographic reasoning, and is the most 
developed field in this discipline, since the work of A. H. Robinson [ROB 52], 
because it involves the conceptualization and visualization of the map. Most of the 
existing schemes give prominence to this step and favor cartographic 
communication, justifying options used by enriching the graphical language and its 
perception.  

This step leads to the practical production of thematic maps and their 
derivatives. It includes the cartographic transformations (T3), which determine the 
representation mode, and the semiotic transformation (T4), which suggests symbols 
to be used. It also gives clues for reading the map, including elements of 
organization of the document as a whole.  

3.3.2.1. Cartographic transformations (T3) – a broad range of representation 
modes 

The families of representations are linked to the components of the map [XYZ]2, 
to their principles of association, which refer to the types of correspondences and to 
the cartographic transformations described in Chapter 2. 

Map components are distinguished by the geometric characteristics of the 
phenomenon studied. Here we find what J. Bertin calls “implantation” [BER 67] in 
the graphical system, that is to say, the meanings which a visible mark can have in a 
two-dimensional plane, for example, elementary geometric elements – a point, a 
line, an area, and even volume. These dimensions can convey continuous or 
discontinuous phenomena. For each geometrical shape, there are one or more 
representation modes – point, line, area, and volume, as will be detailed in Chapter 
8, where we will specify the selection criteria. The correspondence between [XY] 
and [Z] is established based on the systems identified in Chapter 2 by proceeding 
via a simple mapping of the [Z] into the space of [XY], and where we consider [Z] 
as a function of [XY] or vice versa. The transformation types are directly related to 
these correspondences, and will be described in Chapter 8 of this volume, as well as 
Chapter 4 of Volume 2. 

                              
2 At this stage, the temporal component is not taken into account. Its integration will be 
addressed specifically in Volume 3. 
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However, even when the representation family is picked and the associated 
cartographic transformations are decided upon, they still need to be implemented 
with the aid of symbols, which brings us to the next stage – the semiotic 
transformation. 

3.3.2.2. An unavoidable step: the semiotic transformation (T4) 

No thought, in fact, can be expressed if not encoded in one form or another, that 
is to say, in a system of signs. Facial expressions are one natural code, language is 
another. Graphical representation is also a code: it is a transcription in a system of 
graphical signs of information known through an intermediary in some other system 
of signs. It concretizes the drawing and the representation of the phenomenon 
studied, which is crucial since whatever the many works of a cartographer may be 
(selection, generalization, research) […], “in the end he must put his materials and 
determinations into graphic form” [ROB 52]. 

The selection of signs is based on the characteristics of [Z] and on the geometric 
nature of [XY], and thus, essentially, on the specific features of the data. However, 
for the association rules – the syntax – to be “efficient”, we also need to know the 
readers’ capabilities, the ways in which these symbols might be understood and 
perceived. Hence, we need to take into account graphical perception. Moreover, it 
should be stressed that technological changes have broadened considerably the 
graphical palette and its possibilities, in particular, the animations, interactive 
representations and use of signs intended for senses other than vision, such as 
hearing and touch. This area of graphical language is fundamental in cartography, 
for without signs, what image could we produce? This will be discussed further in 
Chapter 7, in light of the work of linguists, semioticians and cartographers. 

3.3.2.3. The material conception of a map: essential reading clues 

At this point, all the key decisions have already been made but it is still 
necessary to portray them on a permanent substrate (such as paper) or a temporary 
one (a screen). It is here that we move to the next phase, which concerns the general 
organization of the map and offers clues to the understanding of the proposed 
construction. It includes the title of the map, its legend, the usage of the map space, 
the implementation of scale, the orientation of the map and any useful text. It is 
about arranging not some superfluous elements, but important features enabling a 
precise understanding of the document, without which dangerous interpretations 
might arise.  

The document as a whole should be well-balanced, not overloaded, and without 
unwarranted empty spaces which often seem deceivingly attractive. There should be 
enough information provided for the reader to be able to interpret the map, but the 
“cartographic environment” must be simplified so that the reader concentrates on 



78     Thematic Cartography 1 

the map itself and does not lose any time. The design may seem like a mere 
supplement to the making of a map, but this is a false impression, for its absence can 
be a serious impairment. Any information which might help the comprehension 
should be presented, even if it is in a simplified form. The page setting itself 
depends entirely on the aim of the map, the target audience and the substrate of the 
map (paper or screen). For a location on an exploration map which will be revised 
and which serves mainly for studies, it is essential that the document be clear and 
without any ambiguities. For a communication map, the aesthetical side plays a role 
and depends somewhat on the author. The final organization of this step in the 
mapmaking process, which will be detailed in Chapter 9, is rather free, but its 
outlined content remains fundamental 

Once the cartographic and semiotic transformations are implemented, and the 
clues are made available to the reader, there remains the last step in the cartographic 
approach: the “display” transformation (T5). 

3.3.3. A completely revolutionized step: the display transformation (T5) 

This final step concerns the portrayal of the map on a substrate and its 
distribution. This step consists of drawing, either manually or automatically, and the 
reproduction and distribution of the document. When maps were made manually, 
this step was entirely technical and entered the cartographic reasoning only insofar 
that the reproduction process allowed the use of some symbols and did not allow 
others. With the arrival of the first computer programs, the limits were set by the 
software. Certain modes of representation were often impossible (isopleth maps, for 
instance). However, to go from a manually-created map to maps on demand, maps 
on a screen and dynamical maps, the technological changes were so great, that we 
really can call it a complete revolution, which is difficult to fully appreciate. Now 
this step is fully incorporated into the cartographic reasoning, which justifies calling 
it a transformation, both in the drawing and the distribution, or in the displaying of 
the map (Figure 3.4). 

 
Figure 3.4. Changes in the production technique over the course of time 
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Until the 1980s and 1990s, the operations of drawing, reproduction and 
distribution of maps were blended together and offered a variety of possibilities in 
accordance with the progress in one or another of these fields. The changes arose 
(especially between the 16th and the 20th centuries) from the perfection of the 
printing plates and techniques. Thus, copper engraving produced much finer 
features, and the introduction of various printing processes led to the production of 
(first one, then many) maps in print: Gutenberg’s typography, lithography in the 18th 
century and the offset printing in 1878, implemented in the beginning of the 20th 
century, not to mention some modifications in the more technical aspects of the 
production. 

Although innovations persistently emerge on all levels, the fundamental change 
of our time is that the chain “drawing-reproduction-distribution” is no longer a 
must. It still exists, but it is simplified and automated a great deal. What is more, a 
new pattern has appeared, governed by the type of substrate on which the map is 
realized, namely the screen, whatever its dimensions and material might be.  

The screen opens up modern prospects both in tracing and in the duration of 
display or transmission of cartographic information. It stimulates changes in the 
modes of representation (dynamical maps, 3D, virtual maps, web mapping, among 
others) and in semiotics (introduction of audio and tactile components), as well as in 
distribution. The production technology now forms an integral part of the proposed 
approach, since it involves a renaissance of possibilities at several steps. This will be 
the main topic of Volumes 2 and 3. 

The chart in Figure 3.5, proposed as a guide for cartographic reasoning, will be 
studied in depth in subsequent chapters. However, we need to keep in mind that this 
flowchart reflects an “ideal” situation in which the cartographer is in charge of the 
work and is an expert in the topic of map. This optimal condition is rare, especially 
in a consultant office or in a cartographic agency, as we have already mentioned. 
Nevertheless, the proposed scheme can be used with any direction of work. It 
communicates the minimal approach needed in a valid research project of making a 
map.  

This approach is also a must for the requested study to be acknowledged as 
satisfactory. It will suffice to put more stress on this or that particular phase, as we 
will occasionally do in this work. 
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3.4. Conclusion 

In this chapter we highlighted the importance of having a guiding thread, a 
precise protocol for making a map in order for it to be a valid construction. In a 
map, we seek to produce an image which a user will be able to interpret correctly, 
where the sphere of subjectivity is reduced as much as possible and where the 
results will not depend on the exact perception of the grayscale or on the width of 
lines. The experimental scientific approach provides guidance for this, but any 
guidance should never be followed blindly. It is a simple, permanent framework 
which should always be tailored for a specific map. It will remain as a watermark 
throughout the three volumes. 

 



Part I 

Conclusion 

In Part I of the book we have presented cartography as a set of concepts, 
methods and techniques which make it possible to represent on a plane a part of the 
Earth’s surface and its characteristics, and to transfer specific information to the 
recipients by means of a map. An ever evolving discipline, cartography is constantly 
being modified by new ideas as well as by new techniques and discoveries. In 1961 
W. Tobler initiated a new direction, distinct from the general trends of cartography. 
Under this new direction, the map is regarded as a result of a chain of 
transformations acting at different stages of the production and integrated into the 
scientific, historical, social and technological context of mapmaking.  

In this approach a map cannot be produced as a simple purposeless drawing, a 
mere depiction of signs. Each transformation involves making decisions from 
numerous options. The decisions are made carefully, the cartographic reasoning 
derived from the experimental scientific approach serving as a guide. The 
cartographer makes the choice among the possible alternatives while keeping in 
mind two fundamental elements: the time of the demand for the map in the heuristic 
phase and the recipient of the map, who can be either passive or active. 

In order for the map to achieve its various preordained aims, every step and 
every transformation must be studied in depth. For example, a map may be made for 
reference, exploration, demonstration, modeling, communication, consultation or as 
an aid for decision making. All the phases are interrelated and interdependent: an 
improvement of one improves all and the errors in one become the errors of the 
whole. Therefore, each phase deserves special attention. We will explore them more 
deeply when describing the passage from geographic entities to cartographic objects 
(Chapters 4 to 6).  
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In this volume we will move on to the following indispensable stages: the 
transformations of [XY] (Chapter 4), cartographic transformations which determine 
the representation modes (Chapter 8), the semiotic transformation (Chapter 7) and 
the reading clues of a map (Chapter 9). 

 



Part II 

Conclusion 

In Part II we considered the first transformation (T1) which lets us pass from 
geographic entities to cartographic objects. We explained how the location data and 
their attributes can be acquired. The [XY] and the [Z] can be obtained either 
directly: by surveys, observations, or indirectly, by means of more and more 
elaborate special devices. For the cartographers it implies the necessity of expert 
help or of themselves having expertise in different fields. 

The aim of this multiform data collection is that any map can be guaranteed to 
have reliable and easily communicated data. To this end, the data have to be 
integrated into a Database Management System (DBMS) which in this way lies at 
the heart of the cartographer’s work, even though it is not the cartographer who 
forms the database. No map can be produced without it, at least no good quality 
map. We no longer live in those times when everyone worked without any 
communication with the others, made his or her own “little” table of data. The value 
and the characteristics of such a table were known only to its author, which 
obviously limited its diffusion. 

Databases keep growing in size and there are many types of processing which 
require the use of a computer. As was shown in Chapter 4 (transformation T2a), the 
cartographer now has to proceed to transformations of the [XY] (generalization and, 
if necessary, changes of spatial base). This requires working with GIS software. 
This is also needed for modifying the [Z] by structuring or modeling, as we will 
demonstrate in the first three chapters of Volume 2. The GIS software should also 
use more specialized statistical programs or modeling tools. The SGBD is always 
the starting point for the junction between the [XY] and the [Z], the junction which, 
with the help of the cartographic (or GIS) software, leads to the production of the 
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map via a logical choice of the representation mode (transformation 3, see Chapter 
8) and the semiotic options (transformation 4, see Chapter 7). Only then does the 
printing or the display (depending on the map being temporary or permanent) 
become possible, at the end of the production chain, as shown in Figure II.2. The 
latter underscores the importance of the data preparation and their integration into a 
cartographic database. In a manner of speaking, the DBMS here plays the role of a 
cartographic hub. Each software category receives the data from this DBMS and in 
turn makes the database richer with the transformed data.  

 

Figure II.2. Place of the localized database in cartography 



Part III 

Conclusion 

In Part III of the book we considered those phases which are traditionally a part 
of cartography. There are three such phases in mapmaking and they have to do with 
the association of [XYZ], the use of signs and the realization of choices. 

The association of the [XYZ] involves the representation modes and, as we 
mentioned on several occasions, is rarely recognized as an autonomous part of the 
cartographic production. It is related to the use of graphical signs. We consider the 
association of the [XYZ] as a fundamental stage in the cartographic production and 
think that it should be viewed as such: a key stage, at least partially dissociated from 
the system of signs. Even though all the presently known techniques depend on 
semiotics, the trend is more and more towards the elaboration of “constructions”, 
with the aim of reducing the subjectivity as much as possible, especially in the 
exploration and research maps. The thematic meaning of these constructions 
remains the same regardless of the signs used: a map of isolines – whether a 
research map or a communication map – always expresses a progression, a gradient 
through its variations. A dasymetric map shows the areas which are really 
significant for the studied subject, and a dot map highlights the zones of high 
population concentration. 

Nevertheless, signs are essential, and their use can enhance the understanding of 
a map as well as worsen it. Signs transcribe the choices into an encoded system, 
most often graphical. It is necessary to know how to “translate” this system. The 
sign language can be learned like any other, but cartographers must remember that 
while the association between the signifying units and the signified content is 
governed by very rigorous rules, the map should still be appealing. An “image” is 
not decoded like a text, perception plays a large role. In making a map the 
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cartographer has to “juggle” the syntactic rigor and the semiotic perception, just like 
a writer has to find equilibrium between grammar and style. Finally, signs change a 
great deal with the technological changes. New systems of signs become available, 
especially for the map on temporary support, either in compensation for users’ 
handicaps or for an improvement of the graphical system. A careful use of the new 
sign systems can only enhance the map quality. 

Realization of the preceding options on paper or on a screen constitutes the third 
stage in the cartographic production. This stage is a technique and a logical 
construction at the same time. It may or may not become a benefit in the design of 
the map. Hence, it still plays an important role in paper maps where the recorded 
information is permanent. A map on a screen can move, change, become larger or 
smaller and become temporarily richer with the appearance of additional terms and 
lines without being overloaded with information. This last option created an 
absolute revolution in the production of computer maps. 

At the end of the day, the three stages (T3, T4 and T5) are completely 
complementary, but studying them helps us to make the relevant choices. 
Nevertheless, they are not unrelated to the steps considered in Parts 1 and 2 (T1 and 
T2), and the cartographer should keep their reasoning in mind throughout the 
production of the map. 



PART II 

Data Construction: A Transformation  
Defining the Quality of the Map 
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Part II 

Introduction 

Part II covers a fundamental stage in cartography – the first of the 
transformations identified in Part I (Figure 2.8). It takes us from the real world 
studied for some reason or other, to the objects which we can represent on a map. In 
order to do so it is convenient to point out and to choose those elements of the world 
which are considered as pertinent to the topic of the map and to the studied 
phenomenon. Then these elements can be surveyed, measured and, more generally, 
expressed in such a form that they can be put on the map. These elements, therefore, 
belong both to the real world as geographic entities, and to the database as 
cartographic objects. They lie at the intersection of the geometric and the thematic 
spaces (Figure 2.4) and they are composed of two interrelated kinds of data, one for 
each of the two spaces: the locations [XY] (the geometric space) and the attributes 
[Z] (the thematic space) at a moment of time [t].  

Essentially it means that, following B. J. L. Berry [BER 64a] and 
S. M. Freundschuh [FRE 91], acquiring spatial data requires finding and identifying 
an entity (a significant pertinent element), determining its position and locating it 
relative to the other places. Then the entity can be described and its specific features 
characterized. “Geographical information is a simplification of the real world […] 
which yields a description of the objects and the phenomena located with respect to 
a reference frame […] which always has a spatial component” [BOR 02]. “It refers 
to an object which is located on the surface of the Earth and consists of several 
attributes” [GUM 00]. 

Thus, the first transformation in mapmaking implies obtaining from observations 
and surveys the data which is relevant to the topic of the map and the cartographic 
objects with known spatial, attributary and temporal characteristics. These last ones 
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have to be described accurately. The formation of the data about the mapping data, 
in other words metadata, is an essential phase in data construction [FOR 99a]. In 
order to form the metadata some basic vocabulary needs to be established, since the 
same terms often have different meanings in different disciplines. Such a vocabulary 
will encourage the information exchange and facilitate understanding of the texts 
(Figure II.1): 

 

Figure II.1. Entity, object, unit, localizer, attribute 

– an entity is something which exists in the real world and which is 
distinguishable, in other words, such that it can be distinguished from other entities 
[PEU 88]. It constitutes a basic spatial unit and cannot be decomposed into sub-
units. Entities are defined and differentiated by their chosen characteristics [LAU 
92]; 

– an object is a physical representation of an entity [LAU 92]. It refers to 
something which exists in reality and which – via a transformation – constitutes a 
digital  cartographic representation [FOR 99a] of the geographical entity [COM 02]. 
It is described by its localizers and attributes; 
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– a unit of analysis (of observation, a statistical, spatial or geographic unit, or 
else an individual) is the elementary unit of an observation or a survey “which 
belongs to the reference set or to the population” [CHA 74]. It can be a person, an 
object, a site or an event. There are many ways to say it, but for a cartographer the 
best expression is “spatial or geographic unit”; 

– a population is the set of the elements, statistical units or observed individuals 
[DUM 03]; 

– a localizer refers to the location data [XY] for the studied phenomenon. It can 
be an address, geographic coordinates (longitude and latitude), Cartesian 
coordinates or polar coordinates, etc.; 

– an attribute belongs to a localized cartographic object, describes and 
characterizes it. We can also speak of a character, “a property common to all the 
individuals in a population”, [DUM 03] which can be quantitative as well as 
qualitative. These terms will be discussed in the presentation of the levels of 
measurement. Attributes may have to do with spatial aspects as well as with non-
spatial aspects, as we will see in Chapter 5. 

Figure II.1 is a geo-cartographic table which is basically the geographic matrix 
introduced by B. J. L. Berry [BER 64a] and later used and made more precise, in 
particular, by H. Reymond [RAC 73, REY 81]. It contains all the elements 
necessary to construct a map. However, it is a “theoretical” table which is meant to 
be augmented and manipulated. We will now discuss the actual collection1 of the 
[XY] (Chapter 4) as well as the [Z] (Chapter 5) and analyze the cartographic 
consequences of their inter-related particularities, after stressing the importance of 
forming a database of localized data for facilitating the information exchange 
(Chapter 6). 

                              
1 Let us note that some authors, such as P. C. Muehrcke [MUE 72] prefer to use the term 
“capture” since it stresses the active aspect of the data acquisition. They justify it saying that 
the thematician makes decisions and directly intervenes in the choice of data. 



 
 

Chapter 4 

Localized Data: the Specialty 
of Cartography 

The purpose of step T1 is to go from the space which we perceive by our senses 
(that is to say, the real world), in which we are interested in for a particular reason, 
to a map. The meaning of this phrase, as we have said, is in going from geographical 
entities to cartographic objects. Only aspects dealing with the spatial components 
[XY] will be addressed in this chapter. These components are fundamental to the 
making of a map, either topographic or thematic. Traditionally, a cartographer has 
had to turn to other specialized disciplines to obtain locations on the surface of the 
Earth and to transform them suitably for the map1 [SAN 00]. 

Actually, going from the terrain to a plane, or perhaps from the geoid to a map 
(Figure 4.1) requires the participation of a number of experts (astronomers, 
geodesists, engineers, topographers and land surveyors). Until recently, 
cartographers did not interfere until the very end, when the collected data had 
already had been processed by the experts on the subject (geographers, geologists 
and so on). Each one had a specific task to accomplish: the astronomer determined 
the geographical coordinates of the points of the Earth, the geodesist established the 
correspondence between the geoid and the ellipsoid of reference and proceeded to 
triangulation and leveling, while the topographer’s contribution into the basic 

                              
1 A work on the foundations of cartography (edited by J. P. Donnay) is included in the IGAT 
collection (Hermes Science). It shows in detail all the procedures and techniques of finding 
locations in cartography. Therefore, the presentation in this chapter will be a relatively 
superficial summary with an accent on those elements which are important specifically in 
thematic cartography 
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framework was more precise surveying, both planimetric and altimetric. Only at the 
end of these operations did the cartographer make a map. Without being 
impenetrable, the boundaries between professions were relatively clear (Figure 4.2). 

 

Figure 4.1. From the Earth to a plane 

At present, thanks to the technological advances of the last 20 years in the 
collection of location information, the barriers between various activities have 
become quite fuzzy and even begun to disappear. Geographers, cartographers and all 
the other Earth Sciences professionals now have the means of obtaining the 
positions of the places in which they are interested. Hence, the three fields presented 
in Figure 4.2 are no longer perceived separately, as in the past, even if each 
discipline dominates its own domain and improves its own techniques (Figure 4.3). 

 

Figure 4.2. Professions related to map making: the classical approach 
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Figure 4.3. Professions related to map making: the modern approach 

Also, despite their general thematic orientation, cartographers become 
accustomed not only with the characteristics of spatial data, but also with the ways 
of obtaining data, and in particular, in knowing where to find the data they need, 
even though they may not be experts in this task. Cartographers need to be able to 
capture the data, because they are not always available, especially for original 
projects, such as locations of fires or nests of endangered birds. Only then can they 
proceed to the requisite transformations to adapt this information to the questions 
posed and aims pursued. 

4.1. Characteristics of spatial data 

Before looking into the ways of acquiring spatial data, it is crucial to find out 
about their characteristics, in order to know what exactly to collect and the criteria 
for making selections. The features of location information are inextricably linked to 
the topic of the map, which determines the type of entities and hence, their 
dimension, and the passing from geographical entities to cartographic objects, which 
determines the choice of scale and, perhaps, the projection system. 

4.1.1. Characteristics related to the topic treated 

The phenomenon which is to be represented is a localized phenomenon, and the 
spatial objects associated with it can be described based “on a certain number of 
concepts from Euclidean geometry, graph theory and topology” [LAU 93]. 
Depending on the type of the object, one or another of these concepts will be 
prioritized. 
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4.1.1.1. Spatial components and geometric dimensions 

The spatial components [XY] of cartographic objects are characterized by their 
geometric dimensions, which vary from 0 to 3 in a Euclidean system. They are 
denoted by the letter L with a superscript. L corresponds to length (1D). A point 
(0D) is denoted by L0, a surface (2D) by L2 and a volume (3D) by L3. The geometric 
dimensions are preserved on any map scale, regardless of the units used to measure 
them. This notation, common to all scientific disciplines, allows us to combine more 
easily the spatial components of objects with their corresponding attributes. 

 

Figure 4.4. Point cartographic objects 

4.1.1.1.1. Point phenomena 

A point, which is a position on a plane with zero area, is defined by a pair of 
coordinates [XY], and has dimension zero: L0. It conveys the position of a place, an 
entity or an object such as a house, a well, a spring, and is possibly associated with a 
label or an identifier. A point can also represent a topological junction, i.e. a node, or 
an object with some area, such as a city, on a very small scale (Figure 4.4). Two 
main types of points can be identified: the ones called “real” or “concrete”, 
corresponding to the observable positions in the real world, such as weather stations 
or road intersections, and the “conceptual” points, abstractions of a phenomenon, 
representing positions which are mathematically defined (for example, the 
configurations obtained by multidimensional scaling) or which summarize the 
neighboring area (among others, the median point or the mean point). In the last 
case, the choice of the position of a point plays an important role in cartography as 
well as in spatial analysis, for it can significantly change the final image. 
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4.1.1.1.2. Line phenomena 

A line denoted by L is a 1D object, created by a succession of points, and 
therefore, by a series of coordinate pairs [XY]. It has a length, but no width and 
contains two endpoints: the beginning and the end. A line can have different 
meanings depending on the shape of its constituting elements. In certain cases its 
description is enhanced by the use of graph theory (Figure 4.5): 

 

Figure 4.5. Line cartographic objects 

– A line segment (or string) is a part of a straight line between two points. These 
two points are sufficient to describe it. We can also consider a curve segment, if the 
two points are connected by a curve line. The term “segment” without further 
specification is reserved for the straight segment. In graph theory, straight line or 
curve segments with two points at their ends are called edges. If the segment is 
oriented, it is called an arc [ORE 70]. 

– A line formed by several straight line segments is an open polyline. If it is 
composed of curve segments, it is called a mixed open polyline (or open mixtiline) 
[LAU 93]. A chain consists of a sequence of interconnected edges forming a 
continuous line from one vertex to another, and a path is a sequence of arcs such 
that the end of each arc coincides with the beginning of the next. 
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– A ring of line segments refers to a closed polyline. Similarly, a ring of curve 
segments is a closed series of curve segments. A cycle is a closed chain in which the 
initial and the final vertices coincide, and a circuit is a closed path of arcs. 

While the drawing of these objects is clearly linear, their meanings can have 
other dimensions. Thus, a river, a road or a railroad are examples of linear 
phenomena if we consider their drawing. But these roads and these rivers form a 
network and irrigate a territory with some area, corresponding to L2. A network is 
linear in its mark in the real world but is planar in thematic cartography. Other 
examples will be given further on, when we relate spatial components with 
attributes. 

 

Figure 4.6. Area cartographic objects 

4.1.1.1.3. Area phenomena 

An area object, having a length and a width, is a closed area (a polygon), defined 
by a sequence of pairs of coordinates [XY], if the first and the last pairs are the same. 
It is 2D and is described by its perimeter and area. To characterize it, we need to 
distinguish between its boundary and interior. A polygon is a part of the plane which 
can be complex and have inner rings, or, conversely, include separate islands outside 
the main polygon. A particular case of a 2D object is a pixel – a basic indivisible 
element of an image. As for the cell (sometimes referred to as a mesh), it is an 
element of a regular grid, similar to the pixel2 in form but not in meaning, which is 
defined by the topic of the map (Figure 4.6). Cities, urban blocks, parcels of land 
and vegetation cover, to mention a few examples, are area 2D objects. 

                              
2 Pixel: a contraction of two terms: picture and element. 
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4.1.1.1.4. Volumetric phenomena 

Volumetric phenomena are rarely addressed in cartography. The reason, until 
recently, lay in the difficulty of their representation. They introduce another, 
geometric dimension, vertical dimension – height or depth [LAU 92]. In certain 
cases volumetric objects form solid bodies or blocks and have planar objects as their 
boundaries. However, they are not always directly observable, like, for example, 
geological layers. 3D objects are encountered, for instance, in architecture, 
oceanography, geology and volcanology. In cartography, it is mostly topography 
that leads to the development of the specific procedures which will be described in 
Volume 2. 

4.1.1.2. The notion of continuity 

The notion of continuity is connected with the notion of geometric dimensions, 
and it also weighs in on the choice of the type of a map.  

A spatial phenomenon is continuous if it is “made of inseparable parts, if it is 
perceived as a whole” [PRO 00], if no interruption or break appears between 
cartographic objects. In the opposite case, a spatial phenomenon is discontinuous or 
discrete, that is to say, its locations are distinct, separated from each other. A point 
phenomenon is by definition discrete and discontinuous. A set of points, defined by 
their coordinates [XY] and representing, for example, towns, constitutes a spatial 
pattern. A linear phenomenon can be continuous or discontinuous, but a more 
precise expression would be “piecewise continuous” [CAU 99]. Basically, a road is 
continuous between two intersections, but then it may interrupt or its type may 
change, for example, from a regional highway to a state road. Thus, a road is 
continuous in each section or piece. Finally, among the planar and volumetric 
phenomena some are continuous, like topography (altitude can be measured at any 
point), while others are discontinuous like administrative units. These differences 
are essential and must be specified for entering data into a database and for making 
further decisions, such as processing and semiotic transformation. 

The characteristics of [XY] are crucial both in the acquisition and in the 
representation of data, and they imply several choices concerning the scale and the 
projection system used. 

4.1.2. Scale constraints and its implications 

The important fact to remember is that a cartographic object corresponds to an 
entity in the real world. It helps to realize that while the object and the entity are 
similar, they are not identical. In particular, they do not have the same size. It is 
impossible to preserve physical size and have a 1:1 ratio between an entity in the 
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real world and an object on a map. Between an entity and a corresponding object 
there is a necessary change of scale. By definition, a scale of a map is the ratio of the 
distance separating two points on the map to the distance between the same points 
on the Earth’s surface. The scale is large when the denominator in this fraction is 
small and vice versa. The smaller the depicted area (large scale), the more numerous 
the details are, the smaller the Minimum Mapping Element (MME3) and the higher 
the resolution. 

The choice of scale depends on the represented phenomenon and on the size of 
the smallest objects that we would like to make visible. In 1987, Societé Suisse de 
Cartographie [JOA 98] decided that in topographic maps a point of 0.25 mm in 
diameter was the smallest object which a human eye could distinguish [CRO 92]. 
Hence, if we would like to represent a real object of size 250 m, the scale to use 
should be at least 1: 1,000,000. Certain phenomena and features of the terrain do not 
appear on all scales. A local road will be shown on a map with a scale 1: 25,000, but 
it will not be possible to distinguish on a 1: 1,000,000 map. We cannot, therefore, 
choose the scale on a whim. The scale should allow the depiction of the phenomenon 
which we want to capture. 

On different scales, objects can present different aspects and change dimension4 
depending on the researcher’s point of view. A forest of 100 ha on the scale 
1: 500,000 will appear as a point on the map (with dimension zero), but on the scale 
1: 10,000 it will be an area (with dimension two). The same will be true for an urban 
agglomerate or a lake.  

Thematic maps have their own rules, since the purpose of a map is not the finest 
observation of the locations of the elements or geometric measurements, but a study 
of spatial relations among phenomena. The details and the precision do not have the 
same importance as in topographic maps. Thus, areas and lines can be generalized or 
simplified from the initial shape of the represented element to a complete 
abstraction. In certain cases it is even desirable to exaggerate the size of the 
elements so that they can be better seen by the map’s user.  

Occasionally, we also need to perform an operation called aggregation5, 
depending on the scale and the aim of the map. If we study a departement, a canton 
can be a sufficient basic spatial unit. If the initial data is that of municipalities (the 

                              
3 Or MMU: Minimum Mapping Unit. 
4 The object itself does not change the dimension, but the researcher’s view of it changes, so 
that the property which the researcher takes into account is not the same. 
5 Or disaggregation, but this transformation is much more complicated because it ties the 
container to the content. It is studied more in GIS than in cartography. This is why on we refer 
the reader on this subject to the numerous works devoted to GIS; for example, [BER 92], 
[DAV 96] or [LAU 92].  
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elementary administrative unit in France), they will have to be aggregated into 
cantons. The problem is simple as long as all the units are nested. However, this is 
not always the case. The administrative divisions do not agree among themselves, 
and certain new spatial units split the units considered elementary in a different 
setting. As far as the map is concerned, the construction is possible at the 
intersection of the two settings, but difficulties arise when the values of thematic 
variables are affected by the units created by these intersections6.  

The choice of scale also comes into play on a different level, also related to 
going from the Earth to a plane, namely, the projection systems. 

4.1.3. The choice of a projection system 

The selection of a projection system comes in relation with the notion of scale. 
We will discuss it only briefly, because this point belongs more to mathematical 
than to thematic cartography. After a brief description of the principal types of 
projection systems, we will mainly emphasize the selection rules crucial in thematic 
cartography. 

4.1.3.1. Principal classifications of projection systems 

Any 2D representation of the Earth or a part of the Earth necessitates a 
transformation, for it is impossible to represent directly a geoid, a sphere or any 
volume with intrinsic curvature on a plane without changing angles, surface areas or 
distances. The application of a projection with the associated measures of error is 
crucial. Several principles of classifying projection systems can be envisaged, but 
only two among them play a role in thematic cartography: the geometric shape of 
the projection surface and the preserved properties. 

4.1.3.1.1. Classification based on the shape of the projection surface 

Depending on the surface onto which the reference sphere is projected, 
projections can be classified in three families: cylindrical, conical and azimuthal 
(Figure 4.7). The geometric shape of the projection surface can be tangential or 
secant to the sphere of the Earth. In the former case only one parallel will have “its 
real size”, in the latter, two parallels will have a constant scale, the parts inside the 
two parallels will be reduced and the parts outside – exaggerated. 

                              
6 We note the problem but we will not consider it and will not develop these methods here. 
We invite the reader, as before, to consult specialized works. 
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Figure 4.7. Projection systems according to the supporting surface type 

– In cylindrical projections, the cylinder is usually tangential or secant with 
respect to the equator. In the tangential case, the deformations are reduced in the 
equatorial zone and reach maximum in the polar regions. The grid of meridians and 
parallels appears orthogonal. The distance between meridians is constant, while the 
distance between parallels grows towards high latitudes. 

– In conical projections, the cone is placed above the pole and touches, in the 
case of a tangential cone, a single parallel called “standard parallel”. In the case of a 
secant cone, two parallels are standard. In conical projections meridians are straight 
converging lines, while parallels are concentric circles or arcs of circles. 

– In azimuthal (or zenithal) projections, that is to say, on a plane, a single point is 
in contact with the Earth’s surface if the plane is tangential. The grid of meridians is 
radial and the parallels form concentric circles around the contact point. The 
deformations increase the farther we move away from this point. 

4.1.3.1.2. Classification based on properties preserved 

A second classification puts the stress on the properties preserved by the 
projection, which can be easily visualized with the help of the Tissot indicator, 
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represented by an ellipse7. We distinguish between conformal, equivalent and 
equidistant systems: 

– Conformal systems, also called orthomorphic, preserve the angles. The shapes 
are preserved for small details but for large areas. Two conditions are essential for 
the conformal property to be respected: the meridians and parallels should cross 
each other at straight angles, and the scale should be constant in all directions 
around any point. These systems are very convenient for navigation. 

– Equivalent systems keep the ratios of surface areas but deform the angles. This 
implies that the basic shapes are not preserved. Such systems are convenient, for 
example, in studies of population density and more specifically, in representations of 
the aggregated statistical data. 

– Equidistant systems preserve the ratios of distances. However, equidistance is 
never achieved on the whole map, and the scale is not correct except along certain 
lines (linear equidistance) or in certain points (point equidistance). These systems 
are used in road maps. 

4.1.3.2. Some selection rules 

The choice of a projection system is always important in thematic cartography, 
but most of all on small scales. Generally, if the scale is chosen to be large, the 
projection system plays a vanishingly small role, since it is possible to assume that 
the curvature of the Earth is zero or infinitesimal. This, however, is less evident 
when the base maps come from different scales or when satellite images have to be 
combined8. In this case it is very important to know the characteristics of the 
projection system to avoid often serious mistakes. 

The two classifications cited above clearly show the essential elements to be kept 
in mind when choosing a projection system. The choice of the surface onto which 
the Earth is projected depends on the geographical zone which we would like to 
represent. Cylindrical projections work well for equatorial zones, azimuthal 
projections give good results near the poles, and conical projections are convenient 
for the intermediate parts of the globe. Depending on the subject addressed and the  
aim of the map, the choice also has to be made based on the second classification, 
                              
7 The Tissot indicator has the shape of an ellipse. In the absence of any deformation the two 
semi-axes are equal, making it a circle. If the angles are preserved but not the area (conformal 
projection), the area of the circle increases or shrinks. If the angles change while the area 
remains constant, the circle is transformed into a more or less elongated ellipse; see [ROB 
53], [YAN 00] or [SLO 05]. 
8 Adjustment: an operation of putting into correspondence the coordinate origins and axes (or 
the parallels and the meridians) of maps and images of different scales and/or projection 
systems.  



102     Thematic Cartography 1 

namely, on the properties preserved. For example, for a study of forests we will 
favor an equivalent projection, while for sea navigation we will prefer a conformal 
projection, and for engineering work – an equidistant projection. 

4.1.3.3. From projection systems to georeferencing 

We saw that cartographic objects have to be identified and characterized keeping 
projection systems in mind. Therefore, they have to be integrated into the 
georeferenced space, which is defined by a system of coordinates. In our time, the 
latter should appear in a numerical form. We call georeferencing the set of 
operations necessary to match an image with a particular position and size, including 
change of scale, rotation, translation and, in some cases, registration. In order to 
have numerical coordinates, a cartographer transforms the geographical coordinates 
into planar, Cartesian or polar ones. Several planar systems of reference are used, 
the most common being the UTM. 

4.1.3.3.1. The UTM system 

According to P. Correia [COR 06], the projection in the UTM (Universal 
Transverse Mercator) system is performed from the center of the Earth onto a 
cylinder touching the equator. Parallels and meridians intersect each other at straight 
angles. “The Earth is divided into 60 strips of constant width from north to south and 
numerated from 1 to 60. They are further divided into 20 horizontal strips from the 
80° south to the 84° north parallel, denoted alphabetically by letters from C to W9. 
The width of the horizontal strips is 8° of latitude except the most northern one 
which extends to 12°. There are 60 UTM zones: the north of France is located in 
zones 30 U, 31 U and 32 U, and the south of France is in 30 T, 31 T, 32 T”. The 
coordinates provided by this system for any point make it easy to find it on a map 
with the UTM lattice (Figure 4.8).  

The longitude is determined with respect to the central meridian of a time zone, 
whose width is fixed to be 500,000 m, and the latitude is measured from the equator. 
This system has major advantages in cartography, underscored by K. C. Clarke 
[CLA 90]; on the one hand, it allows us to perform geometric calculations with the 
geographical data as if they were located on a plane, and on the other, the precision 
level can be adjusted for the intended usage of the map. 

                              
9 Letters I and O are skipped to avoid any confusion with digits 1 and 0. 
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Figure 4.8. The UTM system 

4.1.3.3.2. A system of reference common in France: the Lambert system 

The most common system of reference in France is the Lambert system, a direct 
conical projection defined by J. H. Lambert in 1772 and based on Clarke’s ellipsoid. 
In France it is divided into 4 zones: Lambert I (North), Lambert II (Center), Lambert 
III (South) and IV for Corsica (Figure 4.9). The extended Lambert II is a conformal 
projection almost identical to Lambert II , covering the metropolitan areas of France. 
In the maps of the blue series of the IGN, this projection is indicated in blue. The 
reference meridian for the Lambert projections of different zones is the meridian of 
Paris. The reference latitude for Lambert II and the extended Lambert II is 46°48. 
These systems differ in their coordinates. The base comes from a conical projection 
and is the same for both of them, but the coordinates are increased by 1,000,000 in 
zone I, by 2,000,000 in zone II and so on.  

Once the data characteristics are known and the system of reference is chosen, 
data about the locations should be cast in a form which a computer can read, 
namely, into a numerical form which needs to be specified. 
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Figure 4.9. The Lambert system in France 

4.1.4. Data characteristics in numerical form 

At this point the characteristics of the localized data which the cartographer 
needs are known, but this is not enough to decide in what form these data should be 
collected. When in common parlance we talk about positions we in fact think of 
longitude, latitude or coordinates [XY]. However, in computerized cartography there 
are many more possibilities. The data can be presented not only in vector form, as is 
done in the usual representations, but also in matrix form. By itself, a location can be 
indicated by coordinates, row and column numbers, an address or a code. It is 
necessary to clarify these points before trying to obtain the data. A map is no longer 
a paper document, but a numerical structure. 

4.1.4.1. Vector and matrix structures 

Geographical information can be presented in two forms: vector and matrix (or 
raster). The differences between these two structures have important consequences 
both for data representation and for their analysis (Figure 4.10). 
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Figure 4.10. Vector structure and matrix structure 

4.1.4.1.1. Vector structure 

In a vector structure, objects are defined explicitly, as on a paper map, by lines 
described by coordinates [XY] [BOS 97a]. The basic elements are points, lines and 
polygons.  

 

Figure 4.11. Geometric shapes and vector structure 
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Each element is determined by a sequence of points which are defined by pairs 
of coordinates. A single point is represented by a single pair of coordinates, a line by 
a series of pairs of coordinates, and an area by a series of pairs of coordinates in 
which the first and the last pairs are the same (Figure 4.11).  

However, knowledge of the coordinates of points is not sufficient to determine 
the geometric shapes, to understand whether a shape is a point, a line or an area. To 
this end, the coordinates should also be associated with topology. 

By definition, “topology is a branch of mathematics which studies the properties 
related to the concept of proximity and invariant under continuous deformations” 
[LAR 06]. In the GIS, as in cartography, this term has to deal with interconnected 
elements and with their degree of connectedness. Without topology, no calculations 
and no modeling based on vector data would be possible10.  

 

Figure 4.12. Vector structure and topology 

                              
10 Among other things, this is what makes a fundamental difference between software for 
computer-assisted drawing, such as Illustrator or Freehand and software for cartography or 
GIS. 
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Topology allows us to specify whether or not two areas are adjacent, and 
whether a point belongs to a certain region or a place is at a given distance from a 
road. The main topological relationships are adjacency, connectivity and inclusion. 
They are illustrated in Figure 4.12. 

4.1.4.1.2. Matrix (or raster) structure 

Data in a matrix structure, which conveys positions of points, lines and areas, are 
an abstraction and a generalization of the real world. They are presented in the form 
of a grid, or a matrix of cells or pixels. The area of the region represented is divided 
into rows and columns and has the structure of a rectangular11 lattice. Each cell is 
rectangular, but not necessarily square, and contains the locations as well as the 
values of the attributes (Figure 4.13). The spatial positions of the cells are given 
implicitly by their place in the matrix, except if the topology is stored explicitly in 
vector form. It can be described continuously or via rows and columns. On a 
technical level, without considering data compression techniques, matrix data 
occupies a lot of storage space, because each cell of the matrix must be stored, no 
matter what its content is. 

 

Figure 4.13. Matrix structure 

                              
11 There also exist raster structures based on triangles or hexagons (see NCGIA Core 
Curriculum Unit 055 Raster), but they are no longer used because of the difficulties which 
they create for the calculations and their joining with other structures. 
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Spatial data, fundamentally discrete as any matrix, are very practical for some 
areal operations, such as overlaying or intersection. The precision of the spatial 
objects represented by a matrix structure depends on the resolution of the grid, that 
is to say, on the size of the cells. The smaller the cells or pixels, the higher the 
resolution and the better the precision. Conversely, cells of a significant size give a 
crude resolution and hence a reduced precision (Figure 4.14). A matrix structure 
produces better results for areal (and possibly, point) than for linear objects. 

 

Figure 4.14. Matrix structure and resolution 

4.1.4.2. Advantages and limitations of the two structures 

The choice of one or the other structure depends on how adequate they are for 
the topic represented and for the notions of continuity, precision, topology, ease of 
manipulation (automated computations, incorporating other data, updating 
documents) and size of the storage files [BOS 94b]: 

– Notion of continuity: a vector structure is more convenient for representing 
discrete phenomena, as the choropleth maps demonstrate, while the raster structure 
is well-adapted for continuous phenomena, such as climate, air pollution, etc. Even 
though pixels are discrete by their nature, their small size and complete covering of 
space allows for a good representation of “space-covering” phenomena. 
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– Graphical precision and resemblance to classical cartography: since the 
appearance of the first numerical maps, we find a general agreement in the literature 
that vector maps have a higher precision and are more adequate for classical 
cartography. At a glance this seems right, but it is not always the case. In fact, 
graphical precision depends on the resolution of the spatial base. If the pixels of a 
raster map are very small, it will result in a high resolution, and compared to a 
vector map of crude resolution, the matrix map will appear more similar to classical 
maps (Figures 4.14 and 4.15). 

 

Figure 4.15. Geometric shapes in vector and matrix structures 

– Topology: raster maps do not have topology, which makes it necessary to 
resort to other procedures in order to show the relations among the elements. Vector 
maps have a considerable advantage since they normally contain the topological 
information, which greatly facilitates the operations needed for the analysis of 
spatial relations among the elements. 

– Automated computations: Generally speaking, the situation is reversed for 
automated computations. The regular and repetitive nature of the basic elements in a 
raster map makes the computations easy. On the contrary, the irregular shape and 
the varying size of objects in a vector map make it difficult to use computational 
algorithms. 

– Data integration (contained in other layers of the map): the regularity of the 
cells in the matrix mode is an advantage because it allows us to add directly data 
coming from other sources, an extremely complicated operation in the vector mode. 
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– Map update: maps in matrix form are easy to update since they easily take in 
cell-structured information such as satellite images or aerial photographs. As for the 
vector maps, the addition of new elements, even if they are just a more recent 
version of the same data, requires a digitization – a difficult task that will be 
demonstrated in section 4.2. 

Henceforth we know the characteristics of localized data and which of them are 
needed for mapmaking in the given domain, it is necessary to know how to acquire 
these data. 

4.2. The acquisition of localized data: a domain in revival 

 

Figure 4.16. Techniques for collecting location data 

The first question to ask when it comes to data acquisition is whether or not the 
spatial data for the subject in question exist. Sometimes the data is found in a 
specific agency but their accessibility is problematic, whereas sometimes the data 
need to be created first As shown in Figure 4.16, two large families of techniques 
address this question. The first consists of obtaining the coordinates, or their 
equivalent, from the documents where the corresponding locations are shown, and 
processing them into a numerical form. The second family is for the case of absent 
data. It comprises all the techniques for obtaining data on positions directly, with the 
aid of instruments and appropriate processing. Although the familiarity with the 
techniques employed for collecting spatial data (that is, the locations) is essential, 
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these procedures underwent important changes in the last half-century, as mentioned 
in the introduction to this chapter. 

4.2.1. Indirect data collection  

It is not always necessary to carry out a survey in the real world, insofar as 
relevant documentation exists and is accessible, but such documentation can rarely 
be used as is. With the exception of property tax rolls, it is not in a digital form, but 
consists of maps, on paper or otherwise, or aerial photographs. It is then necessary 
for someone to transform the documents with the aid of appropriate tools, which 
often takes a long time. We can identify four main families of techniques: the first 
deals with already digitized documents, from which we need to extract the data 
required for making the map in question. The second contains the methods which 
enable us to digitize paper documents in order to obtain the location data in a vector 
form. The third allows the acquisition of spatial data in matrix form. Finally, the 
fourth is the photogrammetry of aerial photographs in order to measure the elements 
of the terrain and produce maps. However, before we learn how to extract data from 
documents, we need to know where to find these documents. 

4.2.1.1. Documentation sources for indirect data collection 

Before the computer science revolution, the data available were basically limited 
to paper maps, produced and distributed by official organizations, national or 
international, civil or military (Mapping Agencies). In France and Spain the demand 
was satisfied by their National Geographical Institutes and in the UK by the 
Ordnance Survey. These organizations mainly issue maps on small and medium 
scales (between 1: 25,000 and 1: 1,000,000). Other, more specialized organizations, 
such as agronomical, geological or mining institutes also produce their own 
collections of maps for the entire territory of a country, with similar scales. Certain 
governmental agencies also offer official maps, for example, cadastre or public 
works services. Maps on a finer scale, showing specific regions are overseen by city 
councils or other equivalent local administrations. Moreover, depending on a 
country’s legislation, we might have at our disposal maps of land occupation and use 
at a local, regional or national level, intended for planning and land management. 

However, as we have already emphasized on several occasions, the computer 
science revolution triggered a notable increase in the number of organizations which 
produce and distribute official maps. In addition to the classical cartographic 
institutes, there are now statistical organizations (among others, Instituto Nacional 
de Estadística in Spain, INSEE in France, UK National Statistics in the UK and the 
US Bureau of Statistics in  the USA), releasing their data not only as tables, but also 
in the form of maps. Regional governments and local administrations, too, develop 
their own cartographic products, and even found their own official agencies (such as 
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Institut Cartogràfic de Catalunya and the Cartographic Service of the Basque 
Country). More and more frequently they publish maps in a digital format, available 
online. 

At the international level, a plethora of public organizations distribute maps 
considered to be official: the European Statistical Agency EUROSTAT, the United 
Nations and its agencies (such as FAO, OMS, HABITAT), NASA and various 
world organizations in commerce, transportation, tourism and migration. Finally, 
more and more non-governmental organizations and research centers publish their 
own maps and databases. A perfect example on the Internet is the “Mesoamerica 
Regional Visualization and Monitoring System12”. 

4.2.1.2. Extraction of point data from a list of addresses 

Since the development of the GIS, a new way of obtaining point data is being 
used increasingly in cartography. Starting with text files containing lists of 
addresses, we create an array of point data which serves as a foundation for future 
maps. The files of addresses come from an already established digitized map, 
containing all the addresses in a considered region, together with their 
georeferencing. We then extract from the list only the selected addresses and obtain 
a map composed of points corresponding to this list. This technique is widely used 
in geo-marketing because it quickly provides a global image of the distributions of 
offices or business clients and allows for straightforward spatial analysis. The initial 
data include a file with the addresses of interest for mapping on the one hand, and an 
array of the GIS information comprising all the addresses in the area, on the other. 
From here we can proceed to obtaining the locations in two ways, each of which has 
its own advantages and shortcomings [ESC 97, ESR 06]. 

Case 1. All the available addresses are addresses of interest. This situation 
arises in fiscal reference maps. The array of points is created directly from the 
centers of the cadastral units and the data associated with the addresses: street 
number, street name, road type, postal code and city (Figure 4.17). The amount of 
data in this case is very large and the corresponding file size is directly proportional 
to the  amount of address points present in the geographic region. Hence, these data 
present the usual management difficulties of storing and handling a large database. 
On the positive side, there is an advantage of a simple production of point maps with 
a high level of precision, because each individual on the map is located exactly on 
the spot corresponding to his or her address. 

                              
12 Website: http://servir.nsstc.nasa.gov. 



Localized Data     113 
 

 

Figure 4.17. Geocoding of an address list into an array of points 

Case 2. The set of addresses is in the form of an array of lines, implicitly 
including all the addresses, but explicitly storing only the addresses corresponding to 
the endpoints of each street section (Figure 4.18). The extracted addresses do not 
have the same precision level as before. If the street numbers are not uniformly 
distributed along the street (and this is generally the case), the final locations are 
necessarily approximate. This method has a remarkable advantage: the amount of 
information in the original array of addresses is reduced considerably, and so is the 
required storing space. However, the drawbacks are also serious: on the one hand, 
the results are approximate and on the other, the initial creation of the array of lines 
cannot be done automatically and hence turns out to be very expensive, because the 
addresses of the section endpoints have to be typed-in manually. Also, we need to 
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make sure that the orientation of each arc coincides with the direction of the growing 
street numbers. 

 

Figure 4.18. Geocoding of an address list into an array of lines 

4.2.1.3. Digitization in a vector structure 

To perform a digitization, it is crucial to have maps on a permanent substrate, 
such as paper or scribecoat. The origin of these documents varies a great deal, as we 
have pointed out in the introduction to Part II. 

When making a digital vector structure, each breaking point, each change of 
direction is taken into account, as an isolated point or an element of a chain. This 
digitization can be carried out using a graphical tablet or a scanner. 
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Figure 4.19. Equipment for vector digitization 

4.2.1.3.1. Digitizing table  

Graphical tablets are digital electronic devices corresponding to the old drawing 
tables. They consist of a flat surface on which a map is placed for digitization, and a 
puck or a stylus used to let the computer know the position of a point to be acquired 
(Figure 4.19). 

Principles of working with a tablet 

First of all, in order to digitize a map with a tablet, we need to place the paper 
document on the table and fix it. The control points are then taken in relation to the 
anticipated georeferencing. Then we take the isolated points and the points marking 
the changes of direction in lines and areas (Figure 4.20). 

 

Figure 4.20. Principles of vector digitization 
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Modes of digitization and vector structure 

The vector digitization can mainly be performed in two distinct modes: point-to-
point and stream (Figure 4.21). 

Point-to-point mode 

In order to digitize the document, the operator traces the lines drawn on the map 
with a cursor and clicks on all the points where the lines break or turn. These points 
are considered either as isolated or as defining arcs (see Figures 4.11 and 4.12). The 
crucial feature of this technique is subjectivity, coming from the technician, for it is 
the technician who decides which points to include, which means that the technician 
decides what level of generalization to use [GIS 99, ZER 02]. This decision has 
large consequences on the final quality of the map, depending on the number of 
points used to describe the arcs. It is all the more crucial since the digitization of 
maps is often performed by several different technicians. Hence, it is vital for them 
to establish very precise rules in order to preserve the uniformity in the final 
product. In continuous digitization this problem is partially avoided. 

 

Figure 4.21. Vector digitization modes and their effects (see color plate section) 

Stream mode 

Stream mode digitization automatically stores points at regular intervals of space 
or time, or else depending on the characteristics of  the line to be digitized. 

– In the case of the distance interval, every predefined X units of distance a point 
is stored. This technique is useful for digitization of highly irregular lines. It is not 
advised for straight lines, since it describes a line with a very large number of points, 
while the two end-points would suffice, and since it can miss the important points, 
such as endpoints. 
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– In the case of the stream time-based mode, points are stored at regular time 
intervals. The difficulty comes from the different working speeds of technicians, a 
problem similar to that of the point-to-point mode. 

– At a glance, the preferred solution should be the one taking into account the 
characteristics of a line, in which the storage is done depending on the sinuosity of 
the line. Hence, it depends not on the operators’ capabilities but on the 
characteristics of the lines being traced. Using a simplification algorithm, as will be 
described in section 4.3.2, the tablet software stores the points only if the traced line 
is curved enough, in which case the capture of a point enriches the description of the 
line. 

Tablet’s sensitivity and tolerance 

Due to the precision and the degree of sensitivity of a tablet, the operator cannot 
select the same point twice. Hence, it is impossible to close polygons or connect 
lines, which may lead to serious errors in the map. In order to curtail this source of 
errors, it is customary to define a tolerance threshold, that is to say, a minimal 
distance below which the points are “forced” together and finally assumed to 
coincide. The tolerance threshold also helps to reduce the number of vertices when 
there are too many, and to select points. Several criteria are suitable for the 
determination of such a threshold during a digitization (Figure 4.22) [BOS 94b, 
ESR 89]: 

– Fuzzy tolerance: defined as the minimal distance separating any two points in 
an array. 

– Snapping distance: refers to the minimal allowed distance between two nodes. 

– Search distance: the radius of a circle within which we search for the elements 
to select. 

– Density tolerance: allows the elimination of extra endpoints in the definition of 
an arc. 

– Smoothness tolerance: similar to the density tolerance, it is used for curved 
lines and allows automatic smoothing. 

– Exclusion distance: the smallest distance by which two nodes can be separated. 
If an edge connecting a pair of nodes has a smaller length, one of the nodes is 
eliminated. 

– Linking distance: the minimal distance stipulating a link between two arcs. 

– Superposition threshold: this threshold allows snapping a line to a grid or a 
ruler. 
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The data obtained with the aid of a tablet consists of nodes defined by their 
coordinates and of arcs described by their vertices. 

 

Figure 4.22. Vector digitization and tolerance thresholds 

4.2.1.3.2. Digitization with a scanner 

The digitization of any document has changed considerably since the price of 
scanners went down drastically and large devices (A0) became available at a 
reasonable cost. Maps are now scanned and a vector digitization is then performed, 
with the aid of special software, directly on a screen displaying the scanned image. 
The principle is similar to that of a tablet. The differences arise from the fact that we 
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use a mouse instead of a cursor and that we trace the lines directly on the scanned 
image. 

Although there are several procedures enabling us to acquire spatial data in 
vector form, other techniques, producing the location data in matrix form, are 
preferable in some cases. 

4.2.1.4. Acquisition of spatial data into a matrix structure 

When we have at our disposal a paper document or a digital vector document, it 
may be interesting to transform it into matrix form by means of rasterization. When 
applied to a point map, the resulting image of this procedure can take different forms 
(Figure 4.23): 

 

Figure 4.23. Rasterization of a point map 

– Binary form: only the presence or absence of objects at a place corresponding 
to a pixel is recorded. 

– Counting: the image demonstrates the number of elements present within each 
pixel. 

– Code: the image contains a code referring to nominal characteristics present in 
the pixels. 

– Identifier: the final image encodes identifiers for the rasterized points. 

When it comes to the transformation of linear elements, the resultant image 
offers three possibilities: a binary form, a thematic value and an identifier. Finally, 
in the case of polygons, the options are similar to those before, but there is an 
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additional feature related to the fact that the polygons may contain uncertainties. If 
more than one polygon “visits” a pixel, several options are available (Figure 4.24): 

– to retain the values associated with the polygon which occupies the largest area 
within the pixel; 

– to choose the values associated with the polygon passing through the center of 
the pixel; 

– to produce as many resultant images as there are polygons present in a pixel, 
with the area percentage for each polygon. 

 

Figure 4.24. Rasterization of an area map 

4.2.1.5. Photogrammetry 

Photogrammetry concerns measurements on photographs. “By photogrammetry 
we denote the methods and techniques used in taking photographs, as well as the 
procedures of measuring and restituting shapes to create a map of a landscape or, 
more specifically the outlines of the objects” [RUE 67]. Aerial photographs are of a 
double interest in cartography. On the one hand, in topography they enable us to 
reconstruct the relief. On the other, and especially in thematic cartography, they 
supply content data. Data acquisition requires pairs of photographs, taken from two 
precisely known positions, so that the images in a row overlap by 60% and the rows 
themselves by 10 to 20%. It also requires additional software and equipment (Figure 
4.25). The photogrammetric software, ordinarily customized for a specific restitution 
device, produces data by measuring the photographs and then manipulates, edits, 
analyzes and finally transfers these data. The equipment includes “a CPU with the 
appropriate software, an analytical plotter for photogrammetric acquisition, a 
digitizing pad, a screen and a peripheral device for drawing” [ECK 97]. 

Aerial photography was the first form of remote sensing used in the inventory 
and cartography of the features of the Earth [ROB 53]. Beginning with the first 
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surveys of Mont Blanc at the end of the 19th century, it proved its efficiency as a 
data source, thanks to the resources and time it saves (in the order of 90%) compared 
to the techniques for capturing data in the real world [RUE 67]. 

 

Figure 4.25. A diagram of a restitution device 

Photogrammetry is based on the rules of perspective. The aforementioned 
overlap of photographs allows us to reconstruct the terrain by taking into account all 
three spatial dimensions. The procedure of transferring to a map the photographic 
information, both planimetric and altimetric, serving as a base for thematic maps, is 
based on using a device called a “stereoplotter”. It is used by a person who looks 
simultaneously at two photographs taken from two different, precisely-known 
viewpoints, which allows the restitution of a 3D image. By moving crosshairs 
around the image, the operator can trace roads, rivers and many other details. At 
present, thanks to modern devices, the panning in the image is done directly by a 
computer, and the resulting tracing is automatically converted into vector digital 
data [BER 92], thus creating a spatial database via photogrammetry. As for the 
thematic data also present in the photographs, their capture will be explained in 
Chapter 5. 

The described techniques enable a cartographer to query localized data if a basic 
document already exists. In some cases, however, no location information is 
available in any form, and direct groundwork becomes necessary. 
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4.2.2. Direct data collection  

Direct collection means that locations are surveyed directly in the real world, 
without using any secondary sources. This kind of collection is the only strategy in 
the absence of location data. Topography13 plays an essential role here for smaller 
regions, while geodesy and its methods are needed for larger ones. Currently, with 
more and more sophisticated devices appearing thanks to computer science and 
electronics, the boundary between these two disciplines is blurry. The creation of 
programs for topographic calculations, Digital Terrain Models, total stations14 and 
the revolution brought about by the Global Positioning Systems (GPS), have 
expanded the domain of topography and enabled it to attain the level of precision 
which previously could only be provided by geodesy. 

4.2.2.1. Traditional techniques 

Until recently, topography relied on the basic outline supplied by geodesy in 
order to establish reference points, whose positions had been found via angles, 
distances or both. The corresponding techniques are called triangulation, trilateration 
and triangulateration. 

Triangulation is an operation which makes it possible to find the locations of 
points by measuring horizontal angles with the help of an instrument called a 
“theodolite”. The angles can be formed by lines connecting the points in question or 
by lines connecting these points to reference points known from geodesy. As 
pointed out in Chapter 1, the principle of triangulation was envisaged by G. Frisius 
in 1533 [LEF 04]. It is based on a geometric fact that a triangle is completely 
determined by one of its sides and two of its angles. The precise measurement of the 
distance and the latitude difference between Paris and Amiens, performed in 1669 
by Abbot Jean Picart, preceded the first triangulation of France, carried out between 
1733 and 1744 by J. Cassini, his son Cassini de Thury and their collaborators. The 
procedure was generalized in the process of making the map of the French General 
Staff, whose publication stretched from 1821 till 1880 [LEF 04]. 

Trilateration is an operation which also attempts to localize points relying, 
instead of angles, on distances which have been previously measured, at first by an 
invar thread and since 1910 by electronic devices. According to W. Tobler [TOB 
96], if at first the measurements were essentially those of distances, from 1650 to 
1950 the angle measurements took over. It is only recently, with the creation of 
electromagnetic devices for measuring distances, that this technique has gained 

                              
13 “Topography is a technique for execution and exploitation of observations concerning 
planimetric and altimetric locations, shapes, dimensions and the identification of concrete and 
durable elements existing in the real world at a given moment” [DON 95]. 
14 These devices will be described in section 4.2.2.2.1. 
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favor again and trilateration has re-established its role. The trilateration method 
used, as it seems, from the olden days [GAS 04, in TOB 96], is useful when there is 
only a limited number of distances measured from each point. 

The last procedure called traverse or triangulateration, uses both distances and 
angles. It was described by W. Johnson [JOH 07] in 1907 and revived by W. Tobler 
[TOB 96]. It is still less frequently used than the previous two techniques. The 
reason for this is that in this technique the adjustment of the actual and estimated 
positions cannot be performed by the least squares method. 

These ways of getting the locations are all still partially in use, although they are 
being developed, modernized and combined with technological innovations. For 
example, the working principle of GPS, which measures distances in three 
dimensions, is rather similar to trilateration. 

4.2.2.2. Current techniques 

We have already mentioned that major changes have been brought about on the 
one hand by the implementation of new devices, thanks to computer science and 
electronics, such as the total station or the GPS. On the other hand, a new source of 
data has arrived – satellite remote detection. 

4.2.2.2.1. The revival of old devices: the total station 

A total station is an electronic topographic device resembling a tacheometer and 
a theodolite15, which performs all the measuring functions in the real world. It 
replaces traditional survey records with electronic ones, directly connected to a 
computer, which allows an immediate processing of the obtained data. Their 
flexibility, simplicity in use and precision, as well as the possibilities coming from 
the connection to a PC, contributed to the quick spread of total stations [FRA 99]. 
Some of them also include a GPS. Not only does a total station perform the same 
operations as a theodolite or a tacheometer, it can also measure various distances, 
height differences, slopes and coordinates [X, Y, Z] of an observed point. The 
received data are stored and can be retrieved using external software which accepts 
the “CO-GO data” (COordinate GeOmetry data). 

4.2.2.2.2. New tools: GPS and related devices 

The localization system GPS was first developed in 1973, within a global 
positioning project undertaken by the US government, and received the name 
“Navigation Satellite Timing and Ranging/ Global Positioning System” or 

                              
15 The difference between a tacheometer and a theodolite has almost disappeared insofar as 
all modern devices are equipped with systems for registering angles and distances and are 
connected to computers with menus offering numerous options. 
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NAVSTAR/GPS, or more colloquially, GPS. “This system is meant to provide its 
user, at any moment, in any place on the globe, still or moving fast, with the 
information about his or her position, speed and current time. Moreover, it should 
respond to the needs of the military, that is, resist the attempts of destruction and 
intentional interference” [SCH 92]. The first attempts of 3D positioning date back to 
1977. 

Finding a location by GPS includes three categories, necessary for its 
functioning: 

– a spatial component with at least four visible satellites to locate a still point 
and six for a moving one. The satellites form a constellation and act as points of 
reference for finding the coordinates of the unknown points. They send signals 
towards the Earth; 

– a control component consisting of the stations in the real world whose role is to 
receive the GPS signals, observe the phase of the oscillations coming from each 
satellite, to collect meteorological data at each place, for instance; 

– a user component, used by all the persons who have a receiver capable of 
capturing the GPS signals. 

Since its first models, GPS has improved significantly, especially in its 
resolution, and competitors such as the Russian system GLONASS and the 
European system GALILEO appeared. The latter was created in a joint initiative 
between the European Community and the European Space Agency and possesses 
some original characteristics enabling rather remarkable improvements. Its signals 
are made such that they work better in urban areas and inside buildings, because this 
system is integrated with the telecommunications system, with the precision 
reaching the order of centimeters. The launch of GALILEO will contribute to a 
better quality of navigation services, both for civil aviation and for satellites, at the 
level of integration of data, as well as their precision and availability. It will also 
help the improvement of security. 

The degree of precision of the current positioning systems opened possibilities 
unthinkable just a few years ago. In the applications, we went from working on 
small scales, covering vast regions for the purposes of the environment, marine and 
land natural resources to using a high degree of precision, both spatial and temporal, 
for public works, car navigation systems and fast delivery services. 

Finally, these developments are accompanied by a new family of devices 
intended for the acquisition of spatial data: the mobile GIS, which can perform very 
simple or very complicated tasks in the real world, depending on the purpose. These 
“Mobile GIS” are intended to be used for the consultation and updating of geo-
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spatial data from the ground. When coupled with other equipment, they can be also 
used to acquire locations. 

Recent technological developments are in the process of revolutionizing the 
approach to obtaining spatial data and creating geographical databases, enhanced by 
an abundance of additional data added to the simple location elements. New 
communication, for example highways and railways, are being automatically 
integrated into pre-existing maps, with a wealth of complementary information. Any 
cartographer can now survey the positions of desired places with quite adequate 
precision and associated extra elements. 

4.2.2.2.3. A fundamentally new data source: remote sensing 

Generally speaking, remote sensing is the detection of elements on the Earth’s 
surface from a distance with the aid of sensors. “It draws information by observing 
and analyzing spatial, spectral and temporal […] variations of the radiation emitted 
or reflected by the surface of the Earth” [MOI 80]. It is intended to “extract 
information from the electromagnetic radiation and supply it in the form of image 
data” [ROB 95a]. 

Principles of operation 

Remote sensing is based on the fact that each object receiving some amount of 
incident energy partly absorbs and partly transmits it and reflects the rest into the 
atmosphere (Figure 4.26), where it can be detected by special devices called sensors. 
The incident energy can be natural (solar energy, for instance), corresponding to 
passive remote sensing, or artificial, in which case we call it active remote sensing 
(RADAR, LIDAR).  

 

Figure 4.26. Working principles of remote sensing 
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From the physical point of view, the energy – emitted, incident, transmitted, 
absorbed or reflected – is an electromagnetic wave. The wavelength can be anything 
from a vast range stretching from several billionths of a millimeter in cosmic rays or 
gamma rays (10-12 – 10-11 m) to X-rays in the order of nanometers (nm) and to 
thermal radiation (1 mm) or electromagnetic perturbations of about 1,000 km. The 
waves visible by eye are situated between ultraviolet and infrared, with wavelengths 
somewhere between 380 and 700 nm (Figure 4.27). 

 

Figure 4.27. The electromagnetic spectrum (see color plate section) 

Sensors and satellites 

Sensors are carried by satellites or airplanes and receive and convert into a 
digital form the emitted or reflected energy. With each unit of observation or pixel 
corresponds a value of the reflected energy, according to the spatial resolution of the 
sensor. The satellite then sends the collected data to the Earth via short waves in real 
time (Meteosat) or subsequently (Spot or Landsat) to a receiving station within a 
radius of 2,000 km. The receiving stations are placed in strategic locations on the 
planet. 

Characteristics of satellite images 

The satellite images differ mainly in their spatial and temporal resolution, as well 
as by their radiometric and spectral properties: 

– Spatial resolution is “the sensor’s ability to tell apart two distinct elements on 
the surface of the Earth” [ROB 95a]. It is determined by the smallest discernable 
object in the image. The spatial resolution varies among satellites and can reach very 
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small values for the most modern ones. For instance, it is 5 m for SPOT 
monochrome images, 1 m for Ikonos and 63 cm for Quickbird. 

– Temporal resolution is “the sensor’s ability to provide the data for 
geographical changes separated in time” [ROB 95a]. It is tied to the frequency with 
which the satellite passes over the same location. For more frequent phenomena, 
such as atmospheric phenomena, a high temporal resolution is crucial. Thus, 
Meteosat-MSG supplies images of the same place every 15 minutes, while Landsat 
passes over the same location only every 17 days. 

– Spectral resolution is “the sensor’s ability to distinguish two neighboring 
wavelengths” [ROB 95a]. It is related to the bandwidth and the number of spectral 
bands which the sensor can capture. 

– Radiometric resolution is “the sensor’s ability to distinguish between two close 
amounts of energy received” [ROB 95a]. It affects the sensitivity of the sensor, in 
particular the number of modalities in each possible spectral band, and hence has a 
strong impact on data storage [CHU 96]. 

Sensors can vary by the part of the spectrum in which they can work and by their 
resolutions (Figure 4.28). These characteristics are fundamental for a cartographer 
who has a topic to work with and is looking for pertinent data. 

 

Figure 4.28. Sensors, their resolution and contributions to cartography 
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Benefits of remote sensing for cartography 

Use of satellite images as a source of data presents many benefits: 

– Global periodical coverage: satellites pass over the same point on the Earth’s 
surface with a regular periodicity, which yields data on the same location at different 
times. 

– Panoramic vision: satellites offer an image of a relatively large region as a 
whole. 

– Uniform characteristics for data acquisition: satellite images are the only data 
source which does not vary from country to country. Hence, it is possible to carry 
out comparative studies between regions, even if they are not administered or 
governed by the same authority. 

– Simultaneous capturing of the location data and the thematic attributes. 

– Diversification of data: the sensors work in parts of the electromagnetic 
spectrum not visible to the eye, which enables us to study the phenomena 
manifesting themselves only in those wavelengths. For example, the data from the 
near- and mid-infrared are very helpful for differentiating various degrees of 
humidity and chlorophyll content in vegetation. 

– Use of thermal infrared radiation for determining the surface temperature is 
one of the most interesting applications in the domain of continuous spatial data (for 
instance temperature) gathering. 

– Finally, the features of digital documents: satellite images are easy to store, 
update and distribute. They readily lend themselves to automated computations, 
mainly because of their matrix form. 

All these advantages concern cartography rather directly. The possession of the 
location data with the thematic characteristics in matrix form – allows imaginative 
processing which invigorates this discipline. Local operators can easily be applied to 
extract and improve the data. Certain regions can finally be studied and mapped, 
because the corresponding data are now available (for example, dense forests and 
forests covered by clouds), or thanks to the use of radar (active remote sensing), or 
because of the improved spectral resolution. The efforts being applied in this domain 
and the never-ending innovations aimed at the perfection of the resolution allow us 
to predict that remote sensing will remain a key supporting discipline for 
cartography for a long time. 

Thanks to the presented data acquisition techniques, both direct and indirect, 
cartography at the current stage possesses an initial database containing the 
identification and the locations of cartographic objects. Even though the attributes 
are still to be collected (Chapter 5), we can already state that a spatial component is 
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rarely used “as is” in cartography. Certain transformations are in order, constituting 
phase 2a of the transformations (T2a). 

4.3. From the cartographic generalization to the change of spatial base 

Whatever the cartographic object, once the locations are obtained in some form, 
transformations will allow their adaptation to the aims of the map. Among these 
transformations, a classic one, generalization, which has recently been renewed by 
technology, is essential. Another, multiform transformation depends on the topic of 
the map and on the anticipated representations. Hence, it is linked to those 
transformations which will be applied at the end. 

4.3.1. A crucial transformation: generalization 

Generalization is necessary in a map of any scale because in going from the real 
world to the plane we are led to representing elements in a space smaller than the 
original. Cartographers have been interested in this transformation since the 
beginning of the 20th century, and in 1908 M. Eckert underlined the difficulty of 
making a map scientifically, given how much subjectivity is involved in this 
operation of reduction [ECK 08]. A map is not a carry-all into which anything can 
be placed and remain readable. 

If for J. P. Lagrange and A. Ruas [LAG 93] generalization is “an abstracting 
process employed when the scale is changed”, for W. Tobler [TOB 74b] “it is an 
application of a transformation which modifies the data”, meaning that the initial 
data undergo a change. Hence, generalization is not a neutral operation, and the 
definition of A. H. Robinson [ROB 78b] is a good demonstration of the 
contradictory positive and negative effects of this action: “Generalization is the 
modification of specific data in order to increase the effectiveness of the 
communication by counteracting the undesirable consequences of reduction”. We 
see that generalization is a process by which “the presence of phenomena or events 
in a referent space are essentially reduced and/or modified in terms of their size, 
shape and numbers within map space” [BAL 88]. Generalization is necessary at 
every stage in the production of a map for several reasons: to augment the visual 
quality of the map when scale reduction is performed, to allow the analysis at 
different levels of detail and to trim down the size of the storage files. Initially 
generalization was performed by hand, but now it has been profoundly modified by 
computer science although it retains all of its basic principles. 
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4.3.1.1. Principles of generalization16 

Reducing the complexity of a cartographic object involves a number of 
operations and affects both the spatial components and the attributes. But the 
fundamental goal of cartography is to understand how to reduce data to make them 
suitable for the scale of the map. The choice of the transformations depends on the 
aim of the map, its scale, the physical graphical limitations (the main concern of 
semiotics), quality of the data and the resultant format (analog or digital). The 
necessary operations are numerous, because generalization “abstracts the data both 
in its semantic and geometric aspects. It involves partial suppressing, supplementing 
and modifying the semantics and geometry of the data17” [LAG 93].  

There are several reasons for this: 

– the necessity of minimizing the amount of data to work with; 

– the necessity of sifting out the errors and strengthening the main topic of the 
map; 

– the necessity of producing maps on different scales from the same source; 

– the necessity of removing graphically-modifying cartographic objects in order 
to upgrade the communication level and the graphical esthetics. 

Whatever our goals and the point of view, there are three principles common in 
all major stages of preparing a map: 

– Simplification, in which the important characteristics of the spatial data are 
identified to preserve and possibly exaggerate them while diminishing or eliminating 
unwanted details. 

– Classification, in which we order, scale or group the data in such a way as to 
highlight the essential features of the represented phenomenon. 

– Symbolization, in which the retained significant features are encoded 
graphically, thus making the earlier choices visible. 

                              
16 We should emphasize that, as J. C. Muller et al. [MUL 95d] point out, two approaches to 
generalization coexist. One puts the stress on the automating of manual procedures. The other 
is the digital generalization, the domain of computer scientists and surveyors, involving 
several tasks. This work is concerned with thematic cartography and the presentation is 
oriented primarily towards the cartographic generalization. 
17 We note, together with A. H. Robinson et al. [ROB 69], that generalization is not selection 
– a logical process determining which data is necessary for the cartographic needs. Such 
selection is independent of scale and does not involve modifications of the data. 
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Depending on the degree of generalization, the depiction will be closer to or 
further from the original (Figure 4.29), and the associated measures will have 
different precisions. 

 

Figure 4.29. Examples of the simplification of a line 

We should not forget, however, that the result of a manual generalization varies 
from one individual to another, as G. Jenks emphasized [JEN 63a]. Hence, to avoid 
any personal bias, the methods of automated generalization proliferated with the 
introduction of computers. Since the first manual attempts and the important works 
of G. Jenks [JEN 63a], the generalization algorithms have improved and the 
decisions are no longer made by eye. The works using fractals [MUL 86b] and 
multi-agent systems are a testament to this. 

4.3.1.2. Operators and algorithms 

The algorithms employ a number of operators, developed and listed in particular 
by R. B. McMaster [MCM 89a] and P. Thibault [THI 02]. In a matrix structure, 
these operators are similar to those used in remote sensing. In a vector structure, 
they are more specialized. 
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4.3.1.2.1. Operators of generalization in a vector structure 

 The operators of a geometric generalization are meant to promote the clarity and 
readability of the map, thus facilitating visual communication of the information 
which the map contains [JON 97]. There exist many classifications of the main 
operations in the vector mode. They rely on the existence of interdependencies 
among the operators [MCM 92c], on the order in which the operators have to be 
performed to avoid technical conflicts [AAS 92] and on other criteria. Moreover, 
different authors often call them different things. We have grouped them into a table 
mostly following the works of P. Thibault, which combine various propositions 
rather well (Figure 4.30). These operators amount to a generalization of objects by 
removing the meaningless points, simplifying the most convoluted contours, 
smoothing out the sharpest angles and accentuating salient features. The shapes are 
made schematic via aggregation or merging, while spurious coalescence arising 
from displacement is avoided. 

4.3.1.2.2. Basic vector algorithms 

Five categories of algorithms can be identified following the works of R. B. 
McMaster and K. S. Shea [MCM 92c]: 

– Independent point algorithms: this type of algorithm operates regardless of the 
topology, and the mathematical relationship of nearby pairs of coordinates is not 
reflected. Points are chosen randomly and the same routine is executed for the nth 
point. 

– Local algorithms: these use the characteristics of the points in close proximity 
(such as the distance and the direction between points) to determine whether a 
particular point should be selected or rejected. 

– Local algorithms with constraints: the search is expanded beyond the 
neighboring points by evaluating sections of lines. The extension of the search zone 
is related to the distance, the direction and the number of points considered (this 
type includes, among others, the Lang and Johanssen algorithms). 

– Local algorithms without constraints: as above, these algorithms evaluate 
sections of lines. The extension of the search zone, however, depends not on an 
algorithmic criterion but on the morphological complexity of the line (the Reumann-
Witkam algorithm). 

– Global algorithm: this type of the algorithm takes into consideration an entire 
line or a specified segment of a line. The critical points are selected interactively 
(e.g. the Douglas algorithm). 



Localized Data     133 
 

 

Figure 4.30. Operators of generalization in a vector structure 

New methods 

Other methods have been developed starting from the 1980s in order to find 
automated solutions for the generalization of lines and to eliminate subjectivity as 
much as possible. Some of these methods were based on fractal geometry introduced 
in 1975 by B. Mandelbrot [MAN 75], others made use of cellular automata devised 
by J. von Neumann and described in his posthumous work [NEU 66]. 
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Generalization and fractal geometry 

Fractal geometry has fundamental features which have a certain interest for 
cartographic generalization. It is based on the ideas of fragmentation and self-
similarity. Although fractal objects may look irregular, that is to say, fragmented, 
their shape appears similar when viewed from different distances [MAI 94]. If a map 
is perceived as a fractal object, its elements can be decomposed in such as way as to 
preserve the same aspect, the same appearance on any scale. The measurement of a 
fractal object is based on the concept of dimension.  Its dimension of similarity is an 
indicator of the complexity of the fractal object and, contrary to the topological or 
Euclidean dimensions, is not an integer [DAU 95]. 

Fractal objects arise from two fundamental components necessary to create a 
fractal shape: the initiator (basic element) and the recursive generator. The Koch 
curve – a continuous curve made out of straight elements – is a well-known example 
where the initiator is a segment of a straight line and the generation is an angle 
(Figure 4.31a). The same principle is applied to create the Koch snowflake in which 
the basic element is an equilateral triangle and the generation process is as before 
(Figure 4.31b). A peculiar feature of planar fractals is that while their area can be 
finite, their perimeter is infinite. This paradoxical property is inherent to this type of 
objects and has been used by cartographers in the process of generalization. 

 

Figure 4.31. The Koch curve and snowflake 
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The contributions from fractal geometry to the generalization of lines were 
underlined by G. H. Dutton [DUT 81] and J. C. Muller [MUL 86b, MUL 86c]. The 
latter applied several algorithms to two statistically self-similar18 lines. In contrast 
with the other algorithms, the one relying on fractal geometry preserved the shape 
and the fractal dimension of the self-similar lines during the generalization. This 
algorithm, however, does not use the initial points constituting the line and creates 
new ones instead. Hence, it proved to be more appropriate for thematic maps rather 
than for location maps [MAI 94]. In this way, fractal geometry suggests an 
interesting solution for automatic generalization. Nevertheless, it does not resolve all 
issues. Another potential route is generalization rooted in cellular automata. 

Generalization and cellular automata 

Cellular automata (CA) come from the studies in Distributed Artificial 
Intelligence (DAI)19 and are extremely rich models whose use in geography and 
cartography echoes the cellular concept of the geographical space developed by  
W. Tobler [TOB 75a, TOB 79b]. We can define cellular automata as “a system of 
cells interacting in a simple way and manifesting a complex collective behavior” 
[WOL 86].  

The cells are situated on a grid and move in discrete steps. At each time step, the 
positions of all cells are recalculated and changed according to certain pre-defined 
rules called transition rules [ANT 03a, LI 01]. This is a spatial system defined in a 
raster structure and characterized by a finite number of states (values), the transition 
rules among the states and the neighbor interaction. Applied iteratively, these rules 
in conjunction with the neighbor interaction produce an arrangement of cells (that is 
to say, a geometric configuration) and lead to the creation of fractal objects. 

There are many uses for cellular automata. S. Wolfram attempted to come up 
with a complete list [WOL 86]. Among others, we can cite image compression 
techniques, studies of dynamical phenomena [BAR 03, ENG 97, ITA 94] and model 
classification. S. Goffredo [GOF 98] and B. Li et al. [LI 01] also showed that 
techniques based on cellular automata, when applied to cartographic generalization, 
give better results for raster structures. Moreover, this type of algorithm allows 
generalization on different levels, regardless of the scale and despite the fact that the 
data are scale-dependent.  

                              
18 This means that there is a statistically significant linear dependence between the length of 
the resulting line and the size of the computational step used to measure the length of the 
given line [MUL 86a]. 
19 We will come back to DAI in more detail when we describe the spatial models, in 
Volume 2 (Chapter 3). 
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Finally, because complex collective behavior results from the application of 
simple local rules, generalization procedures steered by cellular automata preserve 
the topology and the relations among surface areas and relative positions of elements 
on a map. 

Still other works, in particular ones undertaken by the COGIT20 laboratory since 
1991, make use of multi-agent systems and have led to the creation of specialized 
software. In light of so many algorithms for simplifying lines, the choice is not 
always obvious. It will be instructive to analyze two local algorithms as an example. 

4.3.1.2.3. Algorithms for simplifying lines 

The left part of Figure 4.32 presents the orthogonal distance algorithm, which 
works by a sequence of operations on a triad of pairs of coordinates: 

– Construct the perpendicular from p2, the second point in the triad to the vector 
connecting p1 and p3, the first and the third point in the triad. 

– Perform a test: 

- if the length of the perpendicular is greater than the user-defined threshold, keep 
the middle point p2; 

- if the length is less than the threshold, eliminate p2. 

– Form a new triad out of p2, p3 and p4. 

– Repeat the procedure until the end of the line is reached. 

The angular tolerance algorithm is shown in the right part of Figure 4.32. It is 
similar to the previous one but has a threshold for the angle between the vectors 
connecting the points p1, p3 and p1, p2. 

These two algorithms are at the foundation of most of the algorithms for 
simplifying lines. A more refined version of the perpendicular algorithm, preserving 
the original geometric characteristics of the line, has been developed by T. Lang 
[LAN 69]. It has then been adapted by R. B. McMaster and K. S. Shea [MCM 92c]. 

                              
20 COGIT: Conception, Objet et Généralisation de l’Information Topographique (Object 
Design and Generalization of Topographic Information). This research laboratory of the 
Institut Géographique National in France studies the questions related to using vector 
topographic data. 
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Figure 4.32. Algorithms for simplifying lines 

4.3.1.3. Algorithms and smoothing 

Generalization has another important aspect. When cartographers produce maps 
manually, lines appear smooth, which is particularly important in expressing natural 
phenomena. Digital lines have angles by construction and often look unappealing. 
Thus, it is desirable to have smoothing procedures which attenuate spurious 
irregularities (Figure 4.33). 

There are numerous operations used for smoothing and they can be divided into 
three major groups according to criterion used: mean point, adjustment by 
mathematical functions or tolerance threshold. 
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Figure 4.33. An example of smoothing 

 

Figure 4.34. Line generalization: the example of Luxembourg 

In order to better understand the advantages and drawbacks of a particular 
generalization and the necessity of choosing the degree to be used, Figure 4.34 
suggests an example of an algorithm applied to the Grand Duchy of Luxembourg. If 
the measurements are to be performed on a map, the original map with all its details 
should be preserved. However, if we need a map for communicating with the 
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general public, the generalization on Level 2 (where the contours are simplified a 
great deal) would be much more appropriate. 

However, generalization is not the only transformation which we can perform 
with cartographic objects once the initial database is assembled. Depending on the 
subject of the map, other modifications can be envisaged. 

4.3.2. Modifications in the spatial base 

Quite often, data captured in geometric form, corresponding to the shape of a 
geographical entity, have to be further modified in order to satisfactorily address a 
question and to allow certain analyses or representations. A very common example 
concerns climate data. These data are captured by meteorological stations, which are 
located at particular points on the map. However, the data need to be redistributed 
over the region that they represent, and the region represents an area. Another 
example is a city – geometric  (or volumetric) area – which needs to be reduced to a 
point if it is to be studied at the level of a sufficiently large country. Several 
transformations are then necessary and possible. They can be grouped together in a 
diagram (Figure 4.35). Some examples of these transformations have been shown in 
Chapter 2 (Figure 2.11). The issue here is not to present all the types of changing a 
spatial base, but to demonstrate how these transformations are relevant to thematic 
cartography. 

 

Figure 4.35. Change of the base according to geometric dimension 
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4.3.2.1. From a point to a line and to an area 

The changes in the base begin from a point, which represents, for example, a 
meteorological station, a city, or a source of water, in order to transform them into a 
line, such as the directional diffusion of a pollutant, or into an area (a polluted area 
or a metropolitan region).  

4.3.2.1.1. From a point to a line 

This transformation is used when it is necessary to convert point elements into 
linear objects. For example, an unauthorized storage of a pollutant at a point on a 
river produces consequences along the linear axis of the flow. To go from a point to 
a line, points are converted into polygons whose perimeter is the line in question.  

4.3.2.1.2. From a point to an area 

Several transformations based on different logic allow us to move from points to 
areas. 

 

Figure 4.36. From a point to a circle in areal signification 

From a point to a circle: the simplest change from a point towards an area is to a 
circle (Figure 4.36). It is convenient when all of the space considered is not 
completely affected by the phenomenon being studied; a simple example is pollution 
at an industrial site, where we want to determine the impact zone. In this case, in 
France it is common to use a deterministic approach, “which consists of assuming 
the maximal hypothesis”, judged as the only one capable of “addressing the set of 
problems related to industrial security calmly and in an acceptable manner” [ZIM 
94]. This boils down to determining a circular zone of maximal risk around each 
point corresponding to a place affected by the accident. The radius of this circle is 
determined by the type of the accident [GOM 06].  
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From a point to an areal figure in a discrete process – tessellation. Here we 
assume that going from a point to an areal figure is required, because the data for a 
point include data concerning an areal ensemble. This is the case whenever we look 
for attractions in a city or particular service locations. The principle is to use 
tessellation, that is to say, to divide the entire region concerned into contiguous 
subsets based on information-carrying points. Two solutions are possible: 

– A regular tessellation, where the area is divided into regular units, for example 
squares, triangles or hexagons, to which we assign a thematic value corresponding to 
the points inside the units. The rules for these assignments are specified in relation 
to rasterization rules (Figures 4.23 and 4.24). This procedure leads to square-lattice 
maps, whose principles and applications will be detailed in Chapter 8. 

– An irregular tessellation, where each point gives rise to an areal figure defined 
as a Thiessen polygon. In this way we obtain what is commonly known as a 
proximal map, whose construction will also be demonstrated in Chapter 8 as applied 
to Luxembourg.  

From a point to an area in a continuous process – interpolation. In some 
circumstances the value attached to a point place sums up the continuous data for an 
area (Figure 4.37). Density measured at several places only (for technical reasons) is 
actually a continuous phenomenon. A distribution over an area reflects this 
phenomenon better than a point representation. The most suitable process to this end 
is interpolation, which will be described in detail in Chapter 8.  

 

Figure 4.37. From a point to an area: tessellation and interpolation 
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4.3.2.2. From a line to a point or an area 

Like for a point, transformations starting from a line are most frequently toward 
an area, though there may be instances where it is desirable to convert a line into a 
point.  

4.3.2.2.1. From a line to a point 

This transformation can be attractive in the representation of traffic, for example 
the automotive traffic on a given country’s roads. The classical representation, 
which will be shown in Chapter 8, is to depict different parts of each road by stripes 
whose widths represent traffic intensity. It is, however, difficult to establish the real 
proportionality of stripe width to traffic, because the differences would not be 
readable. Thus it may be an interesting solution to depict large sections with the 
same traffic by circles of the same area, centered at points which summarize the 
lines (Figure 4.38).  

 

Figure 4.38. From a line to a point 

Two methods are at our disposal: we can take the mean of the two endpoints of a 
line by calculating the mean of their coordinates X and Y, or we can use the median, 
which is the point that divides the line into two segments with equal numbers of 
points. Neither of these solutions is optimal. Using the average we obtain, most of 
the time, a point outside the line, which does not make sense for something 
supposedly representing the line. Using the median creates a risk of finding a point 
very close to one of the endpoints and very far from the other endpoint, if the 
distribution of the points is not uniform (Figure 4.38).  

4.3.2.2.2. From a line to an area 

The passage from a line to an area is rather common in representing, for 
example, the impact zone of pollution by dangerous substances, or the emission of 
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noise along a road, or the attractions open to the public along a river, among others 
(Figure 4.39). Determining a region around the line can be done by determining a 
buffer zone of a certain part of a road, or by connecting the two endpoints of a line, 
if its shape allows it. The construction of a buffer zone is done by applying special 
algorithms (linear buffering). These algorithms, widely used for finding the zones of 
influence of linear elements, are rather complex, but are available in most GIS 
packages. 

 

Figure 4.39. From a line to an area (see color plate section) 

4.3.2.3. From an area to a point or a line 

The conversion of areal figures (polygons) into lines is rather rare but simple, 
since it suffices to consider only the perimeter of the polygon and not its interior.  

The transformation of a polygon to a point amounts to taking the polygon 
centroid as the representative point. Although simple in principle, implementing this 
transformation can be complicated if the initial polygons have an irregular concave 
shape. When the polygon is convex, the centroid is the mean of its vertices; it is 
calculated by taking the average of the X and Y coordinates of the vertices. If the 
polygon is concave, the average point is often located outside it: in this case, it is 
necessary to calculate the interior average point using a special algorithm. The 
examples of using this change of base are plentiful, both in spatial analysis and 



144     Thematic Cartography 1 

cartographic representations: demographic studies and representations of cities on 
small scale, among others (Figure 4.40). 

 

 

Figure 4.40. From an area to a point 

4.4. Conclusion 

This chapter dealt with the spatial component of cartographic objects and the 
presentation of features of location data, with emphasis on the importance of 
geometry and the associated spatial dimensions. An analysis of techniques which 
allow us to acquire these data clearly distinguishes the direct and indirect processes 
for data acquisition: the former had not concerned cartographers until the last 
decade. The use of the transformations of spatial data depends on the quality of the 
data (see Chapter 6), which is essential for the validity and reliability of any map. 
Generalization is an indispensable transformation, relying mainly on the topic and 
scale of the map. However, it can never improve insufficient, imprecise or 
inappropriate data. As for the changes in base, they can come about in the 
construction of the data matrix or only after the association of [XY] with the 
attributes [Z]. They are fundamentally linked to the topic of the map, its recipient, 
and its place in the larger scope of research. 
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At this stage, however, we have at our disposal only an incomplete cartographic 
database, even though the transformations of [XY] (T2a) have already been 
performed. This is because the attributes have not yet been studied. The attributes 
will be described in the next chapter.  

 



Chapter 5 

Attributes: the Specificity of  
Thematic Cartography 

This step is a second facet of transformation T1, taking us from entities in the 
real world to cartographic objects. In Chapter 4, we were interested in location 
elements as well as their characteristics. Now we turn our attention to attributes.  

Collecting attributes implies that a thematician or cartographer chooses within 
the set of observable attributes a certain subset, guided by the questions posed, 
hypotheses expressed and aims pursued in making a map. However, we cannot go 
directly from observations to characteristics that can be analyzed, studied and 
mathematically manipulated. As before, it is essential to first define the associated 
vocabulary. 

5.1. The need to harmonize vocabulary 

For many years some terms have been used by experts in different disciplines 
without any agreement, thereby breeding ambiguities and regrettable 
misunderstandings. This is the case for terms such as “information”, “data” and 
many other frequently used terms. 

5.1.1. From raw data to information 

The terms “information” and “data” are not synonyms, even though they are 
used interchangeably in some contexts to simplify matters. The distinction between 

© 2010 ISTE Ltd.  Published 2010 by ISTE Ltd.
Thematic Cartography and Transformations        Colette Cauvin, Francisco Escobar and Aziz Serradj 
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them was introduced in 1979 by H. Beguin and J. Thisse [BEG 79b], and quickly 
followed up by S. Rimbert et al. [RIM 79b]. It is now well known to a number of 
researchers, cartographers, geographers, computer scientists and statisticians. 
However, while the difference between the two words is accepted and recognized 
by all, the sense is inverted by some authors. 

Raw data (a raw fact) is a quantity or a quality, surveyed, measured or queried 
directly. It has not yet undergone any transformation and, barring some exceptions, 
cannot be utilized in solving a problem without prior modifications. For example, 
the records from a pluviometer are raw data of precipitation, and the forest areas in a 
given region are also raw data. Without a more or less complex transformation, 
these raw data do not lend themselves to any use or any meaningful representation 
in relation to the topic. 

Information, also called data (without a modifying adjective), is quantified (or 
“qualified”)1 raw data which can be manipulated and processed in light of the 
questions posed. It is much more than simply a recorded attribute. M. Beguin and D. 
Pumain [BEG 94b] use the term information and specify that “plainly put, 
information is defined by a more elaborate content compared to simple data, which 
tends to reduce the uncertainty of the surrounding world”.  

Depending on the proposed hypotheses, a researcher, a thematician or a 
cartographer convert the raw data into information which enables them to verify 
these hypotheses. For other, even more restrictive definitions, such as by S. Rimbert 
[RIM 90], information is raw data transformed so as to fit into a model. In any case, 
information is inseparable from the person trying to resolve a question, since it is a 
creation by a researcher and this fact is always reflected in its construction, which is 
supposed to allow comparison. The raw data used by a thematician or a cartographer 
become, according to the aim in mind, data, information, the examples of which are 
shown below (Figure 5.1). 

A final remark is necessary because of the development of computer science and 
the role it plays in working with data. We have shifted from a manual system in 
which everyone constructed his or her own datatable, to a shared computerized 
system involving very strict rules and organization of data. Raw data and 
information are now kept together and form a geo-referenced database. 

                              
1 We now use this vocabulary, generalized and adopted mainly by computer scientists, 
although, following S. Rimbert, we used to call the raw data “information”. “Data” used to 
mean transformed data finally becoming “information” in the sense of the information theory.  



Attributes     149 

 

Figure 5.1. From raw data to geodatabase 

5.1.2. Around the attributes 

Attributes can assume very different forms. If raw data is essential (the sources 
of which will be addressed in section 5.2), some other terms are also involved and 
demand a definition: 

– A character is a “ a property common to all individuals in a population and 
which is homogenously observed of all these individuals” [DUM 03]. 

– A variable is a “characteristic or a property whose value changes from case to 
case” [FOX 99]. It is a “set of values or modalities of a known character, on an 
individual basis ” [DUM 03]2. It determines the operationalization of the attribute. 

Among the attributes we often find a distinction according to whether or not they 
are spatial. To be suitable for a map, an attribute should necessarily be localized, but 
not always spatial. A spatial attribute explicitly includes a spatial component, such 
as length or area, that is to say, a measurable quantity of space. The development of 
GIS made such attributes easier to obtain. Non-spatial attributes are more numerous 
and most of the time come from censuses performed by  national agencies, or from 
inquiries whose origin and characteristics need to be known. 

5.2. Highly heterogenous sources 

The data characterizing attributes are in all cases linked to the topic of the map 
and thus depend on the topic’s special features. Given the abundance and diversity 
of these features, it is impossible to draw up an exhaustive list. The complete list of 
the data, likewise, cannot be made, with the exception of rather general indications 
having some effects on cartography. An important point to emphasize is that the 
attributes, described by the data, are not always easy to specify in an operational 
way, because the data sources can be mixed, heterogenous, scattered, inaccessible, 
out of date or even absent. Hence, a distinction is established between existing data 
                              
2 Let us note that “variable” and “statistical variable” are considered here as equivalent terms. 
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(whatever their quality may be at this stage) and the data which has yet to be 
created. All data have to be rigorously defined, observed or surveyed precisely, so 
that they can be compared with other data. Also, all data captured or collected from 
elsewhere, should be controlled and checked. 

5.2.1. From the existence of a source to its availability 

It is vital to know the sources of the data if we want to use them well and 
without a risk. Their availability, adequacy and the origins of their creation should 
be clarified. 

5.2.1.1. Some general rules 

The existence of a source means that somewhere there exist data relevant to an 
ongoing project. However, this does not guarantee that these data are accessible, nor 
that they are available. Here the inclusion of the notion of accessibility means that 
even though the data exist, they may not be reached, like, for example, certain 
archive documents. The inclusion of the term availability expresses the fact that 
even if the data are available, their use may not be authorized for some reason. 
French researchers are very familiar with the restrictions of CNIL3. The form in 
which the data are available vary a great deal from country to country and over time. 
Until the 1990s in France only the paper version of the census data was available, 
not suitable for computer processing without a long and meticulous effort. Now the 
existing and authorized data are available in a computer-readable form, such as a 
CD or a downloadable file, usually for a fee. 

The existing sources produce data which are often called secondary, but these 
data do not always suit the aim of the work perfectly, perhaps because they are out 
of date, or perhaps because they are too heterogenous with respect to the observed 
spatial unit, or perhaps they have been collected in a different context. The way in 
which they were obtained, stored, collated and, possibly, processed, is of the utmost 
importance for knowing whether the data can be used after a few clearly understood 
transformations, or if, on the contrary, they should be rejected, since using them for 
other than their original aim would lead to serious mistakes. 

5.2.1.2. Thematic sources 

Thematic sources, that is to say, sources supplying [Z], are quite varied. 
Whatever their subject, they share some common points: they may come from 
regular or irregular official surveys, such as a census (of population or agriculture), 
directories either of long-term registers such as archives or databases gathered for 

                              
3 CNIL: Commission Nationale de l’Information et des Libertés. 
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local studies. The data coming from a census are most widely used, but their 
relevance varies among countries depending on their level of detail. In any case, we 
should be able to establish the corresponding metadata indicating the date, the 
duration of validity, preparation and storing conditions, the incorporated spatial 
base, and the degree of completeness and coherence, among others. 

5.2.1.3. Spatio-thematic sources 

These sources provide information both regarding the attributes and the 
locations, and have been already described in the discussion of the container 
sources. It is, however, impossible not to mention them here to stress their 
originality and relevance. When it comes to maps, aerial photographs or images 
obtained by remote sensing, these documents demand that the author of the future 
map has information about their preparation, but it is even more important to know 
the scale and the spatial reference system precisely, among others. This is especially 
true for satellite images or aerial photographs where we need to know the precise 
time (day and hour), climatic conditions, the conditions of taking the image and 
saving it. However, the extraction of information pertinent to the topic considered 
involves rather tedious transformations4 and processing. 

5.2.2. Data that need to be created  

If no data source is available or accessible, it remains to create the data making 
use of various methods with different qualities. Raw data coming from surveys or 
thematicians’ observations generally produce much more satisfactory results, 
provided that the rules of obtaining data are followed and the data quality is 
checked. To create raw data it is necessary to choose or imagine a tool, an 
instrument capable of supplying the needed information, to find out the quality and 
precision of this tool by testing, in order to proceed to the data collection itself with 
as few errors as possible. Thematicians have at their disposal three families of such 
instruments, depending on the topic and the general advancement level of the topics’ 
discipline: observation/survey, inquiries and experiment. 

5.2.2.1. Observation and field survey 

According to R. Ghiglione and B. Matalon [GHI 78], “observation is looking at 
a phenomenon without modifying it”. The phenomenon may be a building, a 
mountain, a river or people, population groups or a certain event. If we trace the 
origin of this type of data acquisition, based on the works of C. Bernard [BER 65], 
the observer is “the person who applies simple or complicated processes of 
investigation to studying phenomena which he or she does not affect and 

                              
4 We will not consider those in this book, primarily concerned with thematic cartography. 
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consequently, accepts such as they are”. Thus, observation is a pure and simple 
statement of facts and the observer is supposed to be neutral (with all the caveats 
that this word implies). Observations can be associated to (if not assimilated into) 
surveying – performing measurements  in the real world with the aid of technical 
devices. The facts are taken such as they are at a given moment. The data quality 
depends on the way of storing the data and on the grid used, when it is a question of 
the observation of individuals or field surveys. In order to be able to use these data 
in making a map, it is important to know the precise locations and to use smart 
sampling5 to make sure that the coverage is complete. 

5.2.2.2. Multiple inquiry procedures 

Surveying is not always possible. Questionnaires and interviews, both direct and 
indirect, are often inevitable. A questionnaire is “a specific set of questions about a 
certain condition of individuals with the purpose of subsequent generalization” 
[GHI 78]. It is supposed to produce an individual discourse which can be interpreted 
and generalized [BER 98]. At the CNRS Thematic School (2003)6, T. Ramadier 
defined a questionnaire as a “method of examining facts which occur or have 
occurred but cannot be observed directly”. Hence, we call a questionnaire any 
technique enabling us to obtain information pertaining to a certain topic or place. 
The interviewer is in contact with the objects of study in one form or another, but 
the information may be obtained indirectly with a delay (for example, questionnaires 
may be mailed). The facts received are not (and actually very rarely are) related to 
places in a “fully covering” way, since they only come from the people who have 
been interviewed, that is to say, only from part of the population. In other words, it 
is a sample of the population which needs to be representative. Hence, the facts 
obtained from surveys produce particular difficulties in cartography and often 
involve rather complicated spatial generalization procedures which were partially 
addressed in Chapter 47. 

5.2.2.3. An advanced level of reasoning: experiments 

A map seldom belongs to the domain of experimentation or even becomes itself 
a tool in an experiment, despite the rather old (1963) title Experimental 
Cartography [COL 63], which we have already cited. Experimenting implies having 
plausible hypotheses, “creation of conditions for an experiment with the possibility 
of adjusting them depending on the hypothesis” [GHI 78]. Experiment alone is truly 
scientific because it provides facts to verify hypotheses. This presupposes the 
                              
5 The sampling techniques will not be considered in this book since they are not specific to 
cartography. Besides, many excellent books are devoted to them. 
6 The CNRS Thematic School organized by UMR “Image and City”, entitled Techniques 
d’enquêtes. Actualité scientifique de la méthode et des outils, Strasbourg, Bitche, 2003. 
7 Very rigorous attempts at obtaining statistics of point data coming from inquiries in cities 
with the help of multi-agent systems have been made by A. M. Meyer [MEY 05]. 
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possibility of intervening with the reality and manipulating its variables, which is 
rarely the case in cartography. Some examples are given, in particular, in the 
proceedings of Action Thématique Programmée which took place in Strasbourg 
under the direction of S. Rimbert [RIM 79b]. 

These three families of tools for data collection are not equally interesting and 
do not have the same impact on cartography. In an observation, the facts are taken 
as they are, directly. The phenomena remain unchanged and the map shows the 
closest approximation to what is observed. Map quality depends on the quality of 
data capture and on the spatial coverage. In a survey, however, we gather 
information which is not directly visible but which exists or existed in the past. The 
main problem is that of the spatial coverage of the collected data. Finally, in an 
experiment we record made-up, controlled facts which we ourselves manipulate, 
thus getting involved into the situation  in the real world, but this stage is still very 
rare in cartography. 

5.3. Raw data, information and measurements 

The conversion of the real world observations8 (the entities) into data (objects) is 
the first transformation of the attributes and should be done carefully to avoid 
aberrant results. We will address this transformation based on the theory of data 
which concerns the way of deriving data from observations. This theory suggests 
abstract models of gaining information coming from relevant entities and allows a 
better understanding of the derived cartographic objects by shedding light on their 
differences. It also facilitates and improves the efficiency of scaling techniques 
[JAC 91] and the quality of measurements, thus resulting in more solid conclusions. 

5.3.1. From geographical entities to measurement 

The first operation in converting the features of geographical entities into the 
attributes of cartographic objects, that is, to raw data and later to information, is 
measuring them. The purpose of measurements is to provide a standard with which 
all geographical elements can be objectively compared [MUE 76]. Attaching 
measurements to raw data already enables us to obtain information with a precise 
meaning and amenable to processing. For R. Abler et al. [ABL 72b], no scientific 
method is possible without satisfactory measurements, which explain the importance 
attributed to the following section. 

                              
8 The term observation is taken here in its general sense, common in statistics. Keeping in 
mind its multiple meanings depending on the discipline and the context in which this term is 
used, we will avoid using it except in the precise sense which we defined in section 5.2.2.1. 
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5.3.1.1. The measurements 

According to W. Fox [FOX 99], a measurement is a procedure which enables the 
values of a certain variable to be found in different cases. It is defined as an 
operation of assigning numbers to objects in a meaningful way, based on the rules to 
be determined, developed by a person and not inherent to the objects. A complete 
and exclusive classification of geographical elements amounts to a measurement 
when there are numbers assigned to categories. The differences between the 
assigned numbers should reflect as strongly as possible the differences among the 
objects and their attributes. 

Different rules lead to different “classes of scale and hence, types of 
measurements”, to borrow the words of S. S. Stevens [STE 46], a renowned author 
who identified the four fundamental levels of measurements: nominal, ordinal, 
interval and ratio. Following F. W. Young [YOU 81], these levels can be viewed as 
functions f transforming the empirical characteristics into numerical values. This 
function is different for each level of measurement. Thus, an understanding of the 
relations among the observed entities and the properties of the levels of 
measurement requires knowledge of the rules, the relevant statistical operations and 
the mathematical properties (the group structure) associated with each level [STE 
46]. 

5.3.1.2. Levels of measurement 

In the spirit of the proposition of F. W. Young we can describe the four levels of 
measurement with a function f: 

– let E be the set of n entities Z (with elements {Z1, Z2 , ... Zn}) differing by the 
value of a given attribute, which needs to be transformed into cartographic objects; 

– and let M be a set of real numbers;  

–  thus M(Z1) is the number assigned to Z1 and so on.  

This relation will simplify the description of the levels of measurement9, since 
the numbers in it reflect only those properties which we give them. 

5.3.1.2.1. The nominal level of measurement 

Mathematically, this is the least restrictive level. It enables the identification of 
objects with numbers by allocating each object into a single class. To construct a 

                              
9 In the description of these levels of measurement we will also refer to the work written by 
the authors in collaboration with S. Rimbert: Lecture numérique des cartes thématiques 
[CAU 76]. 
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nominal scale means to distribute all of n individual observations among k classes 
using an exhaustive and exclusive ranking procedure.  

Mathematical definition 

The nominal level is characterized by an equivalence relation which defines the 
distribution of all of the observations. Following F. W. Young [YOU 81] and W. G. 
Jacoby [JAC 91], we can write a mathematical function f n (where n reminds us that 
this function is connected to a nominal scale), which preserves the identity of each 
category: it assigned the same number to all objects within a given category, while 
those in different categories are assigned different numbers: 

( ) ( ) ( )2121 ZMZMZZ:f n =→=  

and         ( ) ( ) ( )2121 ZMZMZZ ≠→≠  

Let us make clear that Z1=Z2 simply means that Z1 and Z2 belong to the same 
class as determined by the selected attribute. It does not mean that they are 
numerically equal. However, the equality of M(Z1) and M(Z2) is mathematically 
meaningful, because here the magnitudes of two numbers can be compared. The 
established relation allows us to group or distinguish between the objects and to 
pick some of them. It plays an important role in cartography as we will show in 
Chapter 7. At the nominal level, we are interested in differences among classes and 
not among the individual elements. 

Mathematical properties 

The nominal level of measurement has three properties: reflexivity, symmetry 
and transitivity: 

– reflexivity means that Zm=Zm ∀Z; 

– symmetry states that if Z1=Z2, then Z2=Z1; 

– transitivity means that if Z1=Z2 and Z1=Z3 then Z1=Z3. 

Significance and use 

We can convey the land cover of a territory using a nominal scale, assigning a 
different code to each category. For example, a forest has code 1, a prairie code 2 
and a field code 3. The nominal variables are described by characteristics which 
have modalities, that is to say “the possible values that a variable can take” [DUM 
03]. In the current example, the variable “land cover” can be in three possible modes 
identified by the code. For each modality we then calculate its cardinality, which is 
the number of elements with this modality. The expression “categorized data” is 
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often used for nominal data. This means that an object, a place or an element can be 
put into one and only one category according to the considered attribute. 

Parameters of the statistical description 

A nominal variable can be described statistically by different parameters: 

– the number of elements which constitute the variable, called the cardinality; 

– the mode indicating the central tendency; 

– the entropy H10 which characterizes the dispersion; 

– the relationship between two nominal variables, measured by the contingency 
coefficients11, for example Φ. 

 

Figure 5.2. Condensed and disjunctive tables 

                              
10 Entropy is a basic concept in information theory. It is a measure of dispersion in a nominal 
variable. It is an equivalent of the variance for a quantitative variable: see [MAR 72]. 
11 The association coefficients play the role of the correlation coefficient between dichotomic 
variables or, more generally, between nominal variables. 
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A special case 

A special case of a nominal scale is the binary nominal scale, or a dichotomous 
scale, where the set of observations is distributed into two disjoint parts. Obviously, 
each element can be characterized by its presence or absence, 1 or 0. This level of 
measurement is very important in some statistical studies and cartographic 
representations. Any nominal scale (a condensed table)12 can be brought into the 
form of a binary nominal scale (a disjunctive table), as shown in Figure 5.2. 

5.3.1.2.2. The ordinal level of measurement 

This level, just as the nominal level, identifies the objects, but also allows us to 
rank them with respect to each other. “Ordinal variables can belong to a continuum 
where the values are ordered”, [FOX 99] and such an ranking is meaningful for the 
attribute considered. 

Mathematical definition 

The ordinal level is defined by an order relationship, mathematically expressed 
by a function f o (where o reminds us that this function is in connection to an ordinal 
scale), which preserves the identities and the order of categories, that is to say, the 
asymmetries among the observed categories. It can be written as follows: 

( ) ( ) ( )2121
o ZMZMZZ:f ≥→>  

 ( ) ( ) ( )2121 ZMZMZZ ≤→<  

D. Harvey [HAR 69] notes that this order relationship can assume three forms: 

– complete (or total or strong) order, if the equality is impossible among the 
observations, i.e. if we can write M(Z1)>M(Z2)>M(Z3); 

– weak order, if several elements can have the same rank, i.e. if we can write (Z1≥ Z2≥ 
Z3)→ M(Z1) ≥ M(Z2) ≥ M(Z3); 

– partial order, similar to weak order, except for the “connectedness” property; some 
observations can have a zero value or be unknown. Not all authors make a difference 
between the partial and weak orders. 

                              
12 “A condensed table consists of a number of subjects connected to the modalities of a 
character” [DUM 03]. A disjunctive table results from the decomposition of a condensed 
table. It is a binary table in which each modality of a variable becomes a binary sub-variable: 
each cartographic object either possesses this modality of the attribute or not. Each variable is 
thus decomposed in as many binary sub-variables as there are modalities. The table, 
therefore, has as many columns as there are modalities of all variables. 
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Mathematical properties 

The properties of the ordinal level vary depending on the order type. For total 
order they are: anti-reflexivity, asymmetry and transitivity; for weak order: 
reflexivity, anti-symmetry and completeness; for partial order: only reflexivity and 
anti-symmetry: 

– anti-reflexivity is a property of total order which means that no two elements can be 
equal to each other: Zi>Zj ∀ Z. Reflexivity is only possible in weak or partial order; 

– asymmetry relation (total order) states that if Z1>Z2 then it is impossible to have Z2 
> Z1; 

– anti-symmetry relation (weak and partial order) means that Z1 and Z2 are identical 
only when Z1≤ Z2 and Z2 ≤ Z1; 

– transitivity means that if Z1>Z2 and Z2>Z3 then Z1>Z3; 

– connectedness (total and weak order) means that all elements can be placed on the 
scale and linked to it. 

Significance and use 

The ordinal scale is well-adapted for phenomena with a hierarchical structure, 
but like the nominal scale, it only enables us to operate with classes of elements and 
not with individual elements. Roads can be characterized by an ordinal level, for 
example, by code 1 for local roads, 2 for regional roads and 3 for national roads. 
Once the code numbers are ordered, it is impossible to invert the order without 
changing the meaning of the scale. Like a nominal variable, an ordinal variable is 
denoted by characteristics with modalities, but the modalities are ordered. 

Parameters of statistical description 

An ordinal variable can be described statistically by different parameters: 

– the median which indicates the central tendency; 

– the percentiles (or generally quantiles) which characterize the dispersion; 

– the relationship between two ordinal variables, measured by the rank 
correlation coefficients: Kendall’s τ (tau) and Spearman’s ρ (rho). 

5.3.1.2.3. Quantitative levels of measurement 

Preliminary notes 

The next two levels of measurement are called “higher or quantitative scales”, 
and for them it is necessary to introduce the mathematical notion of distance. Let the 
set E of objects be called points. To each pair [ij] of the set [ExE] we assign a 
unique element of R, a number which we denote dij and call the distance between the 
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points i and j [COO 64]. It has three properties: uniqueness, symmetry and the 
triangle inequality: 

– uniqueness means that the distance is null only if the two points coincide: dij ≥ 0 
and dij = 0 if i = j; 

– symmetry states the fact that the distance from i to j is the same as from j to i, 
namely dij = dji; 

– the triangle inequality reflects the fact that a straight line is the shortest distance 
between two points, namely dij ≤ dik + dkj. 

The interval level of measurement 

This level allows us to find the interval – or distance – separating two points, 
measured as a Euclidean distance. The origin of the coordinates is not fixed and 
zero can be anywhere. Thus, we can perform operations only with the differences 
between values and not with the values themselves. 

Mathematical definition 

The function f i (where i reminds us that this function is in connection with an 
interval scale) is linear and written as follows: 

( ) ( )11: ZabZMf i +=  where a and b are real numbers. 

Significance and use 

Dates and temperatures are examples of data gathered at the reference level: zero 
degrees Celsius is not the same as zero degrees Fahrenheit. The beginning of the 
Christian era is different from the Hijra. It should be noted that as J. K. Rǿd [ROD 
98] emphasized, while this level is useful for statistics and for interpreting data, it 
does not have major consequences in cartography. 

Parameters of statistical description 

A reference or interval variable can be described statistically by different 
parameters: 

– the mean, which indicates the central tendency; 

– the variance and the standard deviation, which characterize the dispersion; 

– the relationship between two quantitative variables, measured by the Bravais-
Pearson correlation coefficient. 
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The ratio level of measurement 

This level has the same properties as the interval level, but the zero is fixed. “To 
each element a real or decimal number is assigned. It is possible to calculate ratios 
among observations hence the name given to this level” [MAR 72].  

Therefore, we can perform operations both with the intervals among values and 
the values themselves. 

Mathematical definition 

The function f r (where r reminds us that this function is connected to a ratio 
scale) is similar to the preceding function, but the coordinate of the origin b is set to 
0: 

( ) ( )11: ZaZMf r =  

where coefficient a is a real number.  

This is the most common level, in which all mathematical operations are 
allowed. 

Parameters of statistical description 

A relative variable can, in fact, be described statistically by the same parameters 
as a variable at the interval level:  

– the mean which indicates the central tendency; 

– the variance and the standard deviation which characterize the dispersion; 

– the relationship between two quantitative variables, measured by the Bravais-
Pearson correlation coefficient. 

We saw that the possible mathematical procedures differ from level to level, 
both in their properties and capabilities (Figure 5.3). Knowing them is necessary to 
avoid serious mistakes in pre-processing, namely in the transformation of [Z]. As D. 
Unwin [UNW 81] stresses, the levels of measurement are not only obviously crucial 
for statistics but also for cartography, where they form a fundamental criterion for 
choosing graphical signs and the representation procedures to achieve a reliable 
interpretation. 
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5.3.1.3. Additional notes, criticism and extension 

First of all, we have to emphasize that an attribute is not unequivocally classified 
as belonging to a certain level. It is always possible to transform one scale into 
another. In particular, it is possible to switch from a higher to a lower level, thus 
losing certain properties. The opposite is rarely possible, except (with difficulty), as 
was suggested in a publication on city planning [CAU 85b]: the hierarchical levels 
of agglomeration with respect to the services offered (an ordinal variable) were 
transformed into a quantitative variable using the formula 2k-1 (k being the functional 
level of agglomerations). Using this new variable, the spatial distribution of 
agglomerations was studied and characterized by spectral analysis. 

Some authors also find that these four levels are too restrictive and do not fully 
reflect all the measurement nuances. S. S. Stevens himself suggested adding sub-
levels to the interval scale to separate linear and logarithmic differences [STE 59]. 

N. R. Chrisman [CHR 98] stressed that the four level system does not classify 
probabilities and proportions very well. Moreover, he re-examined the nominal 
scale because he believed that its equivalence relationship is too strict, and that 
much more complex categories exist. Elements may exhibit a variable degree of 
membership to a class. Some are at the core of their group and constitute prototypes 
(the nucleus standards in the accepted terminology), while others are placed on the 
periphery and border on other groups. It would be, therefore, convenient for a 
researcher to introduce nuances into the nominal level, in particular a sub-level 
conveying the degree of membership to a class, which makes a link to the theory of 
fuzzy subsets. This author also finds that variations are possible in the ratio scale. 
Here, instead of fixing the origin in order to make the measurements unique, it 
suffices to fix the unit of measurement. 

Still other suggestions, in our view, have to do more with the dimensions, 
formalizing and transforming attributes rather than with an actual level of 
measurement. 

5.3.2. Attributes: dimension and significance 

The discussion of measuring an object on a certain level of measurement directly 
leads to the notion of dimension, which has already been addressed in Chapter 4 and 
which allows us to find the geometric characteristics of the object’s spatial 
components. We are going to expand on this notion to better understand the 
cartographic synthesis of locations and attributes and to construct variables which 
would describe objects in an easily interpretable way. 
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5.3.2.1. Attribute and dimension 

The concept of dimensions is directly related to measurements, as we have 
indicated. This concept is widely used in physics. It is quite general and applies not 
only to the container but also to the attributes and their combination with the 
locations. According to R. Haynes [HAY 82], the determination of a dimension 
consists of finding a property which can be measured13. In cartography, attributing 
a dimension to a cartographic object means finding a particular characteristic, 
significant for the subject and the purpose of the map, which is measurable and 
allows us to distinguish one object from another. The dimensions are not made up of 
immutable properties. The number of dimensions depends on how the object is 
examined.  

D. Unwin [UNW 81] pointed out that most of the data – at least in physics – can 
be brought to three primary dimensions with which all other properties can be 
described: mass M, length L and time T. These basic dimensions let us deduce all 
the others. For instance, speed is L/T or LT-1.  

In geography, and more generally, in humanities and social sciences, R. Haynes 
showed [HAY 75, HAY 78, HAY 82] that quantities other than the mass can be 
primary dimensions. Among others, he pointed to the monetary value ($) which 
expresses the affluence or the respectability of an object, and to the population size 
(N) in the broad sense. These are the fundamental dimensions out of which a 
number of secondary properties can be constructed. 

The primary and secondary dimensions defined in this way are interesting both 
mathematically and cartographically, because they reveal the relationship between 
the geometric dimension of an object and its dimensionality which arises from the 
junction of the spatial components and attributes. Dimensions connected to the 
geometry of the object and dimensions associated with its spatio-thematic 
significance may be identical or may be distorted. The cartographic options are not 
the same in all cases, both in semiotics and in the representation mode.  

Let us take an example: a pluviometric station is a point-based location and so 
has dimension 0. The amount of rain measured at the station has dimension M 
(mass), but it not only falls in this point, but over a certain area L2. The dimension of 
“rain at the station” – M/L0 – is meaningless. It is M/L2 that may convey the meaning 
of the phenomenon. We could also view the quantity of rain as a volume of water 
falling over an area, which would be conveyed by another dimensional combination. 

                              
13 A measurement has a value defined by the units. Thus, length can be measured in meters, 
kilometers, inches, etc. An important fact, especially for cartography, is that although the 
changes of units affect the value of the measurement, they do not change its dimension. The 
dimension is independent of the scale of the map. 
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As we can see, the dimensional meaning varies and affects the cartographic 
representation according to the way a researcher thinks about a phenomenon. Thus, 
it is important to specify the dimensional meaning of attributes when constructing 
variables. 

5.3.2.2. Fundamental and derived values 

Variables can be presented in different “forms”. Is it an absolute value or a 
percentage, frequency or a code, a simple or a composite value? Such distinctions 
are not always emphasized. However, they play an important role on different 
levels, implicitly or explicitly. 

The fundamental or primary values [WRI 55] are generally absolute values 
which allow all possible transformations for constructing derivative data. In some 
cases, for example in pricipal components analysis, these values can introduce a size 
factor, biasing the results. Their dimension depends on the thematic phenomenon 
which they describe. Counts and total numbers are considered to be absolute values, 
but they have no dimension14 [HAY 82]. Let us note that absolute values cannot 
always be represented directly on a map, especially for area objects. 

The derived values, also called secondary values [WRI 55], denote combinations 
of the fundamental values. They can have very diverse forms and their effects differ 
depending on the combination and its constituting elements. The derived values play 
the role of indicators, and we need to know the rules of their formation. The most 
common form of a derived value is a ratio of fundamental values of thematic 
variables. For example, for a spatial unit i we can define a ratio of its active 
population pai to its total population pti. The interpretation of an index can be 
fundamentally different depending on the way the index was constructed: 

– index is a simple ratio of two values, its dimension depends on its elements; 

– proportion is a ratio of two values measured in the same scale, it is a non-
dimensional number since the dimensions of the numerator and the denominator are 
the same; 

– percentage is a proportion multiplied by 100, therefore, it is also a non-
dimensional number. 

Using a cartographic table, such as was presented in the introduction (Figure I. 
1), we can consider a general example which helps us to better understand the 
differences and the importance of transformations of variables. Let us consider a 

                              
14 Dimensionless numbers are “pure” numbers. They are not affected by changes of units at 
all. Percentages and proportions belong to this type [HAY 82]. 
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table of spatial information with places in rows (spatial units or locations [XY])15 
and attributes [Z] in columns. At this point the attributes are absolute or total values, 
for example, the active population according to sectors of activity in the 
agglomeration of Luxembourg. 

 
Figure 5.4. Fundamental and derived data 

– Reading the table along the rows (Figure 5.4) we find a cartographic object with its 
location and attributes. A spatial unit, for example, is described by the number of 
people for each activity. 

                              
15 In the present case we place spatial units into rows, given that our goal is to produce maps. 
But the transformations which we propose can be applied regardless of what the rows 
represent: places, people, objects and events, amongst others. The columns reserved for 
locations are not used then. 
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– Dividing each number in a row by the total number of active people in this row  
(Zi /∑j Zi) and multiplying it by 100, we find percentages for each unit: a classical and 
well-known form of presentation. 

– In terms of simple ratios, we can speak of internal rates for each unit (Figure 5.4). 
These are used when we want to compare units with each other. In cartography, these 
non-dimensional indices enable us to characterize and distinguish spatial units. 

– Working along the columns and disregarding the locations, we come to a statistical 
distribution; we know all values of a particular attribute across all considered units. 

– Dividing each value in a given column by the sum of this column (Zj /∑i Zj) we find 
the weight of a spatial unit in the set of spatial units, considered as a statistical system 
(Figure 5.4). 

– The external rate, that is similarly constructed, is also non-dimensional but has a 
completely different meaning to the internal rate. 

If the problem is formulated in terms of comparing spatial units, the internal 
rates are more interesting. If we are exploring a zone and its variations, then the 
external rates will enable us to get a better grip on the relative weight of each spatial 
unit in the system. These two examples of possible transformations of the same data 
serve to answer two different but possibly complementary questions. They involve 
distinct representations, but their indices do not include spatial components. 

If the indices involve a spatial component, such as the area of a municipality or 
the length of a street, their construction is identical to the internal rates from the 
technical point of view, but their dimensionality does not necessarily correspond to 
the geometric dimensions of spatial components. We will see in Chapter 8 that the 
representation of such an index gives undeniable advantages in choropleth maps. 

Other indices can be imagined, such as concentration indices. All the indices 
discussed above are simple enough to form and to understand, even though their 
consequences in cartography, identifiable by their dimension, may be somewhat 
unrecognized. However, other derived values, for example composite values, 
present more noticeable difficulties, in particular in symbolization and map legends. 
The factor scores (factor analysis) or the standardized residuals (regression) may not 
follow the same rules as internal rates. As for the encoded values from a hierarchical 
classification, often only the interpretation of results enables us to decide which 
graphical representation to use. On the whole, the formalization of the values of 
variables and other characteristics is not a neutral issue in cartography. 
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5.3.3. Attributes and characteristics 

To use the attributes correctly it is also important to know their characteristics at 
different levels, because these make a noticeable impact on the representation of the 
attributes. We will first address the type of the table in which the variables are 
placed and then discuss the role of the continuity property, before underlining the 
danger of data aggregation and the importance of data distribution structure in 
cartography. 

5.3.3.1. Content of the cartographic table 

The way of presenting the data, i.e. the content of the data table and its layout, 
express the meaning of the data. Two cases are conceivable: 

 
Figure 5.5. Data table and flow table 

– a table constructed as described before, forming a table of geographical (or 
cartographic) information. The rows represent the observation units, the columns 
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represent the unit characteristics, possibly including the locations. The content of the 
table conveys the attribute values for each unit (Figure 5.5); 

– a table reflecting the flows and movements, forming a flow table. In this case, 
both the rows and the columns are the observation units which can either be the 
same or different (Figure 5.5). From the cartographic point of view, such a table is 
rarely presented directly. Adapted flow techniques have been developed, in 
particular by W. Tobler [TOB 79c, TOB 81] and recently by O. Klein [KLE 07]. 

5.3.3.2. Attributes and continuity 

Yet another, more general, feature of variables needs to be considered – 
continuity. Variables can be both discrete and continuous. Variables [Z] are discrete 
if they can only take some isolated values on their interval of variation, and these 
values are integers. Nominal variables are by definition discrete, and so are the 
counts. As for the continuous variables, W. Fox [FOX 99] assumes that they can 
take any value within the continuum of their interval of variation. There are no 
restrictions on the possible values. Conversion of continuous data into discrete data 
is common, but the opposite is virtually impossible. This distinction is important 
because it plays a crucial role in processing the data before their representation. 

Two other characteristics of variables are also important in cartography, and so 
deserve our scrutiny: data aggregation and the structure of values. 

5.3.3.3. Aggregate data and individual data 

Another distinction of data has to do with the way in which the variables are 
formed and concerns the aggregation of data. We can work both with individual or 
aggregate data, comprising primary or secondary elements. Individual data supply 
specific values for each item of the variable, as in a census. But values may be 
grouped, so that individual values are no longer available; we only know to what 
class or group they belong. 

According to W. Fox [FOX 99], aggregate elements are large bits of analysis 
which can encompass primary or secondary elements. In relation to spatial units, 
aggregate data are sometimes called ecological, and the variables associated with 
them are called ecological variables. Although they are useful, their interpretation 
presents some dangers: the individual analysis level should never be confused with 
the aggregate level. Obviously, once individual values have been grouped together, 
it is impossible to infer the individual characteristics from the aggregate data. “The 
logical error consisting of characterizing individuals by analyzing aggregate data is 
known as ecological error or ecological fallacy” [FOX 99]. 
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5.3.3.4. Structure of values 

R. Eastman [EAS 86], among others, underlines that numerical data can be in 
one of three forms in their structure of values. A statistical series can be unipolar, 
bipolar or a complementary dichotomy, which plays a crucial role in cartographic 
representation: 

– unipolar series is a variable whose numerical values do not contain important 
thresholds, and often represent a progression, such as the urbanization rate or 
personal earnings; 

– bipolar series is characterized by a clear opposition of some values of a 
variable to others (for example, mean or zero) in light of the studied phenomenon. 
The rural population change between 1900 and 2000 is of this type, since it can 
have positive or negative values: population gain or loss. Factor scores and 
regression residuals also belong to this family; 

– complementary dichotomy is a series of special variables formed out of two 
complementary quantitative components, such that if we know the value of one, the 
value of the other is also known. If we map one of the components, the other will be 
its negative, like in probabilities. 

Cyclic phenomena, such as the variation of rain or temperature over a year or the 
business hours of services within a day also have some special features in 
cartography. They are repetitive and restricted to a definite interval, as N. Chrisman 
explains [CHR 98], and this recurrence is difficult to convey in cartography. 

We therefore see that in order to assign measurements to attributes and describe 
emerging variables, many characteristics need to be known and options need to be 
chosen if we want the attributes of the selected cartographic objects to help in 
resolving a thematic problem. 

5.4. Conclusion 

In this chapter, we have dealt with the sources of thematic data in a rather 
limited way, the reason being their diversity and heterogenity. We have chosen to 
put the emphasis on their common features, the constraints which they give rise to, 
the properties of variables and their application domains. At this point we can sum 
up in a table the set of characteristics of thematic attributes important in constructing 
a map (Figure 5.6). We now need, however, to put them in relation to locations, in 
order to truly describe cartographic objects and to explore their validity. This is the 
subject of Chapter 6. 



170     Thematic Cartography 1 

 
Figure 5.6. Characteristics of thematic attributes 

 



Chapter 6 

Locations and Attributes: 
Quality Criteria  

Cartographic objects, digital representations, observable entities and other 
significant features cannot be characterized solely by [XY], i.e. by the locations 
(container), or by [Z],  (content) attributes, of the observation units. Their 
association is necessary to achieve a visualization corresponding to the real world 
and its interpretation. This union of spatial characteristics and thematic features, 
integrating time dimension [t], leads to the formation of a geodatabase, which 
allows us to make the desired maps1. However, in order for this union to be 
satisfactory, so that the construction of a map produces an acceptable result and so 
that the work performed is validated, the collected, prepared and structured data 
should be reliable and should meet some quality requirements. 

Contrary to popular belief, digital data are not necessarily better in quality than 
analog data. In addition, the origin of digital data is often analog, as mentioned in 
Chapter 4. Modern technologies have enabled anyone to produce geographical 
information, and hence maps – national and international agencies, private 
enterprises amongst others. The tremendous ease of data acquisition, however, and 
the frequent lack of specialists often lead to sub-par results.  

The number of factors involved in cartographic production, such as the spatial 
and temporal variability of phenomena, new tools, and a plethora of applications, 
further augment the risk of errors. Until now, they did not lead to a system of quality 

                              
1 This work is dedicated to thematic cartography, and we do not address the different models 
that associate spatial components and attributes and thus enable the creation of geodatabases. 

© 2010 ISTE Ltd.  Published 2010 by ISTE Ltd.
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verification being put into place, in contrast to what has happened in other domains, 
such as industry, construction and public works. Nevertheless, an important effort 
has been manifest in recent years at the scientific level with the object of achieving a 
standardization of the quality of cartographic information. Specialized conferences 
and publications allow the diffusion of ideas about references, which the 
international standards organizations have now adopted. 

It seems obvious that data should be high-quality and error-free, although we 
still need to know the exact meaning of these terms which are not synonymous. The 
discussion of quality covers numerous distinct concepts which need to be specified 
to avoid “errors” as regards vocabulary. In the first section we will consider the 
criteria of data “quality” and define and justify the expressions used.  

6.1. Data quality: digital and visual criteria 

The term “quality” is difficult to define, since it includes several concepts, two 
of which are clearly identified in the Robert Historique dictionary [ROB 92]. On the 
one hand, “quality is a characteristic state of being, a proper attribute of a being or 
an object, and on the other hand, it determines what makes something 
recommendable in terms of usage.” It is the second meaning that interests us here; 
quality is linked to the intended use, as declared in the ISO2 8402 standard: “Quality 
is the totality of characteristics of an entity that bear on its ability to satisfy stated 
and implied needs” (1986).  

Thus, bad data do not exist, but there are data that are not suitable for a specific 
use. P. Bordin [BOR 02] confirms this proposition and refines it, distinguishing 
internal quality, which involves verifying that the creation of the data satisfies the 
specifications of a particular database, and external quality, which delegates to the 
user the task of finding out whether the database is satisfactory. This division, which 
we also find more or less explicitly in P. Riviere [RIV 99], concerning the quality of 
statistical data, is important because it underlines the two fundamental properties of 
quality. The first concerns the specialist who carries out the technical handling of 
the data, i.e. “the product”. The second relates to the pertinence of the data used. 
Each of these two notions covers other features of logical or technical order, 
essential to evaluating quality (Figure 6.1).  

                              
2 ISO: International Organization for Standardization 
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Figure 6.1. Criteria of data quality 

6.1.1. Characteristics of quality criteria 

A number of terms are applied to “quality”, both of spatial data and their 
attributes. They can be distributed into three complementary groups. The first 
concerns the relevance to the topic, the second deals with the data and their 
measurements, and the third is related to the measuring instruments.  

6.1.1.1. Logical order criteria 

Logical order criteria are meant to verify whether the data collected are well-
suited for the problems at hand, whether they allow us to efficiently test the 
hypothesis or to meet the demands of research. There can actually be disagreements 
between the initial choice and the actual data collected. 

6.1.1.1.1. Pertinence and significance 

Pertinence by definition allows us to verify “whether the data are suited for their 
purpose”, whether they are appropriate, and whether, at the level of attributes, “the 
statistics produced meet the users’ needs” [RIV 99]. The significance emphasizes 
whether the data are capable of “revealing” or clarifying what we are looking for. 
These two criteria are related to the logic of the choice of data according to the 
objective of a study and they direct us towards the first phase of the scientific 
approach.  
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6.1.1.1.2. Completeness and representativeness 

Completeness is a “pivotal” criterion, linked both to the general logic and to the 
data. When, in the heuristic phase, the thematician and the cartographer jointly 
decide what data to collect, they determine whether they need to use the whole 
statistical population or a sample. Based on this decision, data quality depends on 
the required degree of completeness or the representativeness of the sample. In the 
case when only a part of the population is used, the representativeness indicates 
whether or not the surveyed sub-group “suitably represents the whole” [ROB 92]. 
Representativeness thus enables us to understand whether the data or the sampling 
used suitably convey the population to which they belong. Completeness, for its 
part, defines, according to P. Bordin [BOR 02], whether the content of the data is 
all-inclusive and whether there is too much or too little data. It is strongly connected 
to scale, because at a small scale, data should be limited in order to remain visible, 
whereas at a large scale, the objects represented may be more abundant. The 
evaluation of completeness is performed by rating of an excess or a deficit, but this 
is rather difficult to measure, since any cartographic base is necessarily a 
generalized abstraction of reality, as we have seen in Chapter 4. Despite all this, we 
can accept that a base is complete if there exists a one-to-one relationship between 
the objects of the cartographic base and the real-world entities they represent. 

Once it has been verified that the data are acceptable on the logical level and 
whether they are suited for the topic, spatially, thematically and temporally, there 
remains the question of the quality of the data and their measurements.  

6.1.1.2. Criteria related to data and their measurements 

In fact, even if the data are judged to be pertinent and representative, they may 
not faithfully reflect the real world, and some uncertainty is inevitable [LON 01]; 
uncertainty is “a state of doubt and hesitation” related to the observer3, that is, a 
thematician or a cartographer. Cartographic objects are not geographical entities, 
even though they are as close to each other as possible. Any data are the subject of 
description and measurement, and the quality criteria may be connected to the object 
itself, to its description or to its measurement. In order to be able to suggest 
pertinent criteria, it is necessary to revisit the resolution defined in our earlier 
discussion of remote sensing, since the concepts of quality and resolution are 
intimately related. 

6.1.1.2.1. An indispensable preliminary – the notion of resolution 

The term “resolution” touches upon different domains, but in any case, it 
contains the idea of a minimal amount of discernible details, be it the components 
related to space, subject or time: 
                              
3 A definition adopted from C. Rolland-May [ROL 00].  
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– Spatial resolution deals with location components and determines the size of 
the smallest element visible on a map called a minimum mapping element (MME) in 
the vector mode, and pixel in the matrix mode. 

– Thematic resolution, still an infrequent expression, determines how fine the 
data furnished for a given subject are. For qualitative variables it indicates the 
number of distinct categories. For example, in describing land use we can separate 
built-up areas from vegetation, and thus have two groups, but we can also anticipate 
subgroups in the built-up areas: residential, commercial, industrial, etc., or for the 
vegetation areas: forest, meadow, etc. We are thus heading to an increasingly more 
detailed description of land use and thus ever finer thematic resolution. For 
quantitative variables, thematic resolution reflects the smallest numerical difference 
taken into account. 

– Temporal resolution specifies the minimum interval of time between two sets 
of data; for example, the time resolution of the SPOT satellite is 26 days as it takes 
an image of the same location every 26 days. Temporal resolution should be less 
than the duration of the phenomenon, so that relevant changes can be accounted for.  

Knowing the characteristics of various resolutions proves essential for 
evaluating the quality of the data. The same data can actually be considered 
unsatisfactory for one resolution but completely acceptable at a different resolution. 
Data quality should be always stated together with the resolution to which it 
corresponds.  

6.1.1.2.2. Global data criteria: history, coherence and consistency 

Certain criteria relate to the data globally in their composition and correspond, in 
fact, to the constraints which the data should respect in order to be consistent, 
comparable and exchangeable. 

Lineage and history 

The first criterion is related directly to the formation of the data. It concerns the 
lineage of data, that is to say, the history of various processes and transformations 
performed on the database in its “lifetime”. It includes both the sources of data and 
the procedures which the data has undergone. History allows the user to avoid 
misusing the database.  

Coherence and consistency 

These criteria concern the possibility of the data being comparable in space and 
time, whether or not their sources are single or multiple. High-quality data should in 
fact be comparable. From this condition the criteria of coherence and consistency 
arise, which ensure the absence of contradictions in the data, both logical 
(coherence) and material (consistency). They are related to the rules which the data 
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structure must respect, on the level of locations as well as attributes, time, and the 
computer exchange format. For each different component of spatial data, 
consistency has a different meaning: 

– Spatial consistency is related to topology and its rules. Roads provide a good 
illustration of this criterion. The road intersections that physically exist are 
visualized on a map. The third dimension of the intersections, such as a bridge over 
a road, is not indicated. These differences should be incorporated into the database 
during cartography to avoid any ambiguities. 

– Thematic consistency ensures the absence of contradictions when there is a 
redundancy of attributes and when there are multiple sources. In this case “the 
statistics from different origins must have the same definitions, nomenclature, and 
so on” [RIV 99].  

– Finally, temporal consistency concerns, according to G. Langram [LAN 93], 
the topology of time, namely, the fact that only one event should appear at a given 
place in a given moment of time.  

Lineage, coherence and consistency are, therefore, the conditions of the global 
quality of data. They allow other criteria to be defined, depending on various 
degrees in the data themselves and their measurements.  

6.1.1.2.3. Criteria for data and their measurements: accuracy, precision and similar 
terms 

When misuse of data is avoided by knowing their history, and their 
comparability is assured by data coherence, the first quality coherence of data and 
their measurement is essential – that of accuracy. 

Accuracy and correctness  

Generally speaking, exactness expresses the proximity of a value or statistics to 
a reference value, or else the equality of the result of a particular measurement to the 
measured value [ROB 92], or even the proximity between the measurement itself 
and the measured quantity. It is defined as a gap between the values, and thus 
requires a frame of reference. Three types of accuracy are acknowledged by the 
cartographic community [NCD 88, USG 94, GUP 95, ISO 19113]. 

– Positional accuracy is related to proximity or the distance between two 
recorded coordinates of an object and their actual values. It requires planimetric and 
altimetric measurements of elements and can be expressed both in absolute and 
relative terms. It may concern geographical coordinates, as well as postal addresses 
or road distance markers. 
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– Thematic accuracy corresponds to the conformity of attributes with the 
“truth,” the rules or a model. The measure of thematic accuracy differs according to 
the measurement level of the variables. For qualitative data, we can take the error 
ratio expressed as a percentage. For quantitative variables, we can use the mean 
error or the root mean square error (RMSE). 

– Temporal accuracy is related to how adequate a measure of correspondence is 
between the time of collection of the data and the time of their use. If the data are 
out of date and no longer have real meaning, we call them “obsolete data”. If the 
data are still valid or have been updated, we use the expression “updated data”. 
Temporal accuracy may refer to the moment when the event happened or the data 
were recorded, or to the time when data modifications were performed. Let us note 
that time is an inherent characteristic of any cartographic data, but its inclusion in 
databases is still very limited and rudimentary, despite ongoing research in this area.  

The notion derived from the accuracy criteria is the notion of error, which is the 
diametrical opposite of accuracy, since it expresses deviation from conformity, the 
gap between the observed (approximated) and real values. It is so important, that 
section 6.1.2 is devoted solely to it. Moreover, accuracy is considered as a near-
synonym of correctness, which conveys how exact the measured value is compared 
to a given standard. More precisely, as far as the attributes are concerned, 
correctness refers to a measurement’s capability of estimating the value it is 
supposed to measure [WES 00]. 

Precision 

The second criterion explicitly links data to measurements: precision points to 
the limits in validity of a measurement or a result, directing us toward the notion of 
error. Precision4 belongs to the act of measurement, including the measuring 
instrument. It expresses the finesse of the measurement and its ability to 
approximate the “true” value. It is often given by the number of significant decimals 
in the result. Just as with accuracy, precision can be classified into three components 
of cartographic data: 

– Precision of position or geometric precision depends on the method of 
acquisition and the process of measurements. 

                              
4 Let us note that the term “precision” is considered here in the framework of data quality. Its 
definition differs in part from the one suggested in C. Rolland-May’s work on territory 
evaluation [ROL 00], where the notion of precision is attached to the object itself, and the 
precision is “a strict and clear delimitation of an object”. 



178     Thematic Cartography 1 

– Precision of attributes is linked to the measurement level of the variables and 
to the finesse of the descriptions involved. As for the semantic precision, according 
to P. Bordin [BOR 02], it consists of “determining whether in a given descriptive 
information the value attributed is true or false.” 

– Temporal precision is related to the finesse of the temporal divisions used. For 
example, the interval in recording the position of a vehicle can be large, and hence 
imprecise (every 30 minutes, for instance) or very short, and thus very precise 
(every minute, for example).  

The degree of precision cannot be understood without taking into account the 
three relevant kinds of resolution. Of course, it also depends on the measuring 
instruments, but most of all, on the objective of the measurement. The data recorded 
for constructing a road or a building should be very precise if we want to avoid 
accidents, but the data whose precision is insufficient for this purpose could prove 
completely satisfactory for describing the plan of a city.  

6.1.1.3. Criteria based on measuring instruments 

Cartographic objects are subjected to a description including measurements. If 
quality depends on these measurements, it is also determined by the tools used for 
carrying out the measurements.  

6.1.1.3.1. Sensitivity 

Sensitivity denotes the smallest quantity which the measuring tool can discern. It 
refers back to the differentiating and separating capacity of a measurement [SOC 
02] whether related to an apparatus or to a survey.  

6.1.1.3.2. Fidelity 

Fidelity is an “ambiguous”5 criterion and has several meanings. In the sense 
used here, it concerns apparatus, measuring tools and the readings supplied by them. 
When measuring physical or human data (survey), these tools are called “faithful” if 
the results which they produce remain constant for repeated measurements of the 
same object or identical objects. In humanities and social sciences, several fidelities 
are distinguished relating to the attributes: test-retest fidelity (or reliability), which 
denotes temporal stability, content equivalence, when different ways of posing a 
question achieve the same results, and inter-rater agreement, which expresses 
stability of the results, regardless of who performs the surveying.  

                              
5 In fact, fidelity sometimes has a different meaning, and refers to the ability to produce 
coherent results. Thus it provides a criterion for coherence. Analysis of logical coherence is 
related to the verification of integrity rules [BOR 02]. 
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With the help of the above criteria, data quality can be judged either acceptable 
or unacceptable on different levels. The plurality and diversity of the criteria 
underline the fact that at all stages, the errors of various origins sneak into the data. 
The errors have to be identified in order to reduce them. 

6.1.2. Errors in digital cartography 

The term “error”, originally meaning “wandering”, quickly acquired the 
meaning of ignorance and later fault. At the end of the 16th century it acquired the 
meaning which interests us here – that of inaccuracy. Error is the difference between 
the observed or surveyed value and a true value or the value considered as such. We 
should not, therefore, speak of errors without having reference values with which 
the data received can be contrasted. No scientific discipline and no measurement is 
exempt from errors, and the sources of errors are numerous.  

6.1.2.1. Sources of errors 

According to F. J. Ariza [ARI 02], errors can appear in any phase of making or 
using a database. They can be encountered on different levels: 

– in the heuristic phase, in the conception of the project and in the choice of the 
associated data related the objectives or hypotheses; 

– in the data acquisition process errors can occur: 

- either during the data collection process, from the fieldwork or from the 
different sources used, 

- during the digitizating process; 

– in the storage or processing of data, if the numerical or spatial precision is 
insufficient; 

– in manipulating the data: for example, if the class boundaries are badly chosen, if 
the layer overlay is not exact, or if there is a propagation of errors; 

– in the map output phase, as a result of a scale imprecision or coordinate 
transformation, problems in peripheral devices (printers) or due to deformation of the 
substrate used (paper, overheads, etc.); 

– in using the results by the recipient if there are misunderstandings or inappropriate 
usage. 
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Other errors occur in data collection due to the techniques applied and 
disciplines utilized, as G. J. Hunter et al. emphasize [HUN 03a]: 

– geodesy, which necessarily involves mathematical approximations of the shape of 
the Earth and the imprecision linked to the techniques and devices used in the 
fieldwork; 

– operations involved in surveying the coordinates, such as aerial photography, aero-
triangulation, photogrammetry and coordinate adjustments; 

– remote sensing, where random errors come from the stability of platforms, satellite 
drift and variations in atmospheric conditions, and where systematic variations arise 
from pixel size and light conditions during image capture;  

– cartography, with the operations concerning projections, generalization, 
communication processes, the drawing and printing of the document; 

– measuring and modeling of natural and artificial characteristics of the phenomenon, 
the incompleteness of the data, the size of spatial units, insufficient homogenity, and 
definitions of categories, among others; 

– techniques used for the collection of attributes, such as observations and surveys, 
whose various processes introduce particular opportunities for errors: interaction 
between pollsters and respondents, nature of the questions and type of response, 
among others; 

– modeling the data and recording the attributes: defining the map base, verifying the 
data, entry and encoding of attributes, etc.  

In light of these different sources, errors can arise at the level of locations as 
well as attributes.  

6.1.2.2. Types of errors 

Three major families of errors can be identified in regard to geometry, topology 
and attributes. 

6.1.2.2.1. Geometrical errors 

Errors related to the geometry of the map result in problems of drawing 
indetermination positions measuring distances, angles, perimeters and surface areas. 
They are easily visible on a map and Figure 6.2 gives a few examples of this –
dangling nodes, repeated lines or arcs, leading to spatial redundancy, sliver 
polygons, and too many or too few vertices.  
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Figure 6.2. Geometrical errors: examples (see color plate section) 

6.1.2.2.2. Topological errors 

As R. Jeansoulin has stressed [JEA 98], when the geometry of the object is 
correct, the topological relations between objects are also correct. Topological errors 
are, therefore, closely related to geometrical ones. If the geometry of the object is 
not properly defined, that is to say, if the cartographic base contains errors like the 
ones identified in the preceding section, then the topological relations such as 
adjacency or inclusion cannot be correctly established, which gives rise to 
topological errors. This type of error in a multi-layered location database can be 
found among elements in one or more layers.  

6.1.2.2.3. Thematic errors 

Errors can also affect attributes, but their measure varies depending on whether 
the variables are qualitative or quantitative. For qualitative attributes, the measure 
of errors is established by the confusion matrix (Figure 6.3). To this end we create a 
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table of recorded data for each location and for the corresponding reference data. 
We then obtain the coincidences not only between the real and observed values but 
also between different classes of data. Moreover, we find the omissions, 
underestimations and overestimations with respect to the model [ARI 02, GOM 05b, 
HUN 03d].  

 

Figure 6.3. Confusion matrix: example (see color plate section) 

For quantitative data, discovering the measure of errors is accomplished by 
calculating the root mean square error (RMSE): 
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where  

– Zi is the observed value; 

– Zit is the real value (reference value); 

– n is the number of observations. 

6.1.2.3. Error propagation  

As we have seen, potential errors are numerous. Not only that, errors can 
propagate. In fact, the essential property of any computer tools intended for 
cartography is their capacity to generate new data from a given database, which, like 
any database, is not error-free. It is, therefore, evident that these errors propagate to 
the derived data and the subsequent results. They affect spatial and temporal 
components as well as attributes. 

Different techniques have been developed to evaluate and test these errors. 
While it is relatively easy to measure some errors, such as those relating to 
locations, because it suffices to compare measured and real positions, other errors 
are more difficult to evaluate. G. J. Hunter and M. Goodchild [HUN 95b] proposed 
adopting a minimal value of error, for example 0.5 mm in the horizontal plane for 
any digitization, taking into account the scale of the digitized map. Other authors 
suggested a higher threshold of the order of 1 mm [BRU 90]. Some also demanded 
taking into account the minimum error for the vertical direction (altitude) and 
suggested that it should equal half the map source contour interval [GOM 05]. 
Finally, NCGIA6 advises calculating the global error, measured as the square root of 
the sum of the squares of minimal errors of all operations performed during the 
course the history of the data.  

In fact, according to G. J. Hunter et al. [HUN 03a], the ideal solution is the 
development of formal empirical models, but this is rarely possible. Thus, there is a 
need to come up with alternative solutions, taking into account all possible 
distortions, and creating a specific version of the map for each of them. Then the 
degree of errors in the final product can be measured. This procedure is applied 
equally well in the matrix and vector environments, and simulation models have 
been developed in order to integrate the effects of the propagation of errors into the 
final map.  

6.1.2.4. Tools for visualization and communication of errors in cartography 

Data quality and errors can be represented in graphical form, as was well 
demonstrated by the ellipses proposed by W. Tobler in 1977 in order to visualize the 
errors in the adjustment of points obtained by trilateration [TOB 77], or else by 
                              
6 NCGIA: National Center for Geographic Information and Analysis. 
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spheres, which illustrate the deformations induced by elastic cartography. These 
spheres were introduced by J. C. Muller [MUL 78b]. For a long time now a number 
of authors have believed that knowing the errors in numerical form does not allow 
optimal use of data, and that the topic of data quality, included in the agenda of 
NCGIA since its creation, is insufficient. In 1991 the project “Visualization of 
Spatial Data Quality”, directed by K. Beard and B. Buttenfield [BEA 91a] was 
given priority for the advancement of the GIS and cartography. The International 
Cartographic Association (ICA) has also declared a particular interest in this 
subject, expressed in the establishment of a dedicated commission7. T. A. Slocum et 
al. [SLO 05] divide the comparative approaches developed for visualization of 
information related to the uncertainty of cartographic data into three broad sets:  

– Comparison of maps: assume one map represents a given attribute, and another 
shows the error associated with each spatial unit in the form of a confidence 
interval. The cartographer then visually compares these two documents. 

– Combination of data:  the previous two pieces of data are combined on a single 
map. 

– Use of interactive procedures: this third procedure currently has the attention 
of most cartographers. It is based on interactive techniques of data exploration, 
which allow the manipulation and display of attributes and the associated margin of 
error. 

Examples of the above are abundant, and T. A. Slocum et al. describe some of 
them in their 2005 work [SLO 05]. D. Howard and A. M. MacEachren [HOW 96] 
have developed related tools such as R-VIS software. The latter allows us to 
evaluate the inorganic nitrogen level in Chesapeake Bay based on the kriging 
method, to show the uncertainty of results obtained by confidence intervals. P. 
Fisher [FIS 96], in turn, proposed an animated tool to visualize the uncertainties of 
dot maps. The animation implemented by moving points shows the distance 
between the locations on the map and in real world. G. J. Hunter and M. Goodchild 
[HUN 95b] put the stress on the methods which make clear the uncertainty inherent 
in digital elevation models. Their model is based on the calculation of the mean 
error and the assumption that the error around contour lines is normally distributed. 
G. J. Hunter and collaborators [HUN 03a, HUN 03b, REI 02, REI 06] continued 
this work by testing the power of these products in communication and exchange of 
information.  

Due to the interest of the research community in visualizing errors and 
uncertainty of data, efforts have been made to improve the communication aspects: 
the adoption of color, introduction of sound and interactivity [HUN 03b]. Research 
                              
7 The commission on “Spatial Data Standards”, together with the working group “On Spatial 
Data Uncertainty and Map Quality”. ICA 2006: http://www.icaci.org/en/commissions.html. 
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on data quality and its representation has thus led to the establishment of widely 
accepted standards, though it continues to develop in order to overcome the major 
obstacles in description, communication and use of data with errors.  

6.2. A condition of quality: metadata and their standards 

While data quality depends on the rigor of data collection, creation of a database 
and various subsequent processing, it also strongly depends on having a good 
description of the collected data. The information depicting their characteristics has 
been very rare for a long time. This description of data is now called “metadata”.  

6.2.1. Metadata 

Metadata are commonly defined as “data about the data”. They form a set of 
technical and descriptive information, which is added to the data to qualify and 
describe the quality of the data as well as other characteristics. They enable us to 
locate and understand the spatial data available [BAN 06] and are considered 
essential for exchange, cataloging and search of spatial information. They constitute 
a fundamental element of a geo-referenced database, since the condition for 
satisfactory exchange and optimal applications of these databases by the users is the 
correctness of their description.  

Currently, there are many geo-referenced databases, and it is often necessary to 
use several of them simultaneously. In order to facilitate the use of georeferenced 
information coming from several sources, it is essential that interoperability is 
feasible. This last quality involves establishing the agreement and the standards 
which determine cartographic terminology, communication protocols and data 
formats. Various organizations establish most of the standards and specifications for 
spatial information, ensuring their maintenance and management. Among the most 
well known we can cite the Open Geospatial Consortium (OGC) and the 
International Organization for Standardization (ISO) mentioned above.  

6.2.2. Objectives of standards 

Standards are meant to ensure proper use of cartographic information, and thus 
to facilitate the full exploitation of open possibilities of cartography by making 
available data and tools. The main objectives of standards are to reconcile the 
definitions of the terms related to information, to homogenize the qualifications of 
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the attributes (writing of temporal, angular and other data)8, as well as the 
procedures of capturing, storing and presenting information [WIL 04].  

Currently, there exist many standards for metadata, of which we cite here the 
main ones: 

– Dublin Core Metadata Initiative (DCMI); 

– Content Standard for Digital Geospatial Metadata (CSDGM); 

– OpenGIS Catalog Service Specification (OGCSS); 

– ISO 19115 Geographic Information (ISO 19115). 

This last standard (ISO 19115) has had the status of an international standard 
since 2003. It is strictly followed since it is widely accepted by the cartographic 
community and most organizations, private companies and public administrations 
whose function it is to establish standards. Thus, the European project INSPIRE 
(INfrastructure for SPatial InfoRmation in Europe) explicitly states that metadata 
should have a format compatible with the ISO 19115 standard. National 
organizations in charge of establishing standards for their cartographic production, 
such as the National Geographic Institutes in Spain and France and the Ordnance 
Survey in the UK, have also adopted this standard. As for the more important 
international producers of the GIS, they have integrated tools for the documentation 
of cartographic databases following the norms established in ISO 19115 in their 
software, and this will thus require a more detailed description. 

6.2.3. The ISO 19115 standard 

The purpose of the ISO 19115 standard is to create a unique and definitive 
structure for describing digital geospatial data. It determines the components of 
metadata, establishes the terminology and the associated definitions and works out 
the flow chart. The INSPIRE project outlines the effects that the introduction of this 
standard will imply: 

– supplying necessary information to the data compilers to describe the data 
correctly; 

– facilitating the organization and maintenance of metadata of spatial data; 

– allowing users to utilize geospatial data more efficiently thanks to knowledge 
of their characteristics; 

                              
8 For example, the time interval of three hours and ten minutes can be written “3:10” or 
“190”. Longitudes and latitudes are indicated in degrees or grades, and seconds can be either 
in sexagesimal or centesimal units. 
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– simplification of searching, retrieval and reuse of data; 

– enabling the users to judge for themselves the relevance of the available data. 

 

Figure 6.4. Elements of the ISO 19115 standard 

The ISO 19115 standard contains several subsets (Figure 6.4): 

– ISO 19115-2: “geographic information – metadata for imagery and gridded 
data” concerns raster images in light of the specific procedures involved in 
producing these data. Files should be documented in order to maintain the quality 
control of the rasterized products to the end. 

– ISO 19139: “geographic information – metadata – XML schema 
implementation” defines the convention for encoding the ISO 19115 data in XML9. 
                              
9 XML (Extensible Markup Language) is a general-purpose specification for creating custom 
markup languages. According to Wikipedia, it is classified as an extensible language because 
it allows the user to define the markup elements. XML’s purpose is to aid information 
systems in sharing structured data, especially via the Internet, to encode documents and to 
serialize data. 
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This norm supplements the ISO 19115 standard and establishes the necessary rules 
for its functioning and assuring true inter-operability. 

– Finally, the ISO Core includes the fundamental set of the ISO 19115 standard 
metadata necessary for documenting spatial data. In particular, it allows the 
reduction of tasks necessary for cataloging metadata10. 

 

Figure 6.5. Description of the content of metadata 

The entities included in the  ISO 19115 Core, considered as indispensable, 
require a detailed description for their efficient use. They are presented in Figure 6.5 
which illustrates well the difficulty and cost of documenting databases to this 
standard. 

Different initiatives have been attempted to automate procedures such that the 
documentation is performed simultaneously with the creation or modification of a 
database. Thus, ESRITM, the producer and distributor for widely-used software, has 

                              
10 Without ISO Core, this task would be too difficult, since it would need to follow all the 
401 points of the standard, a number of which are very narrow and seldom used. 
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integrated into its product ArcGIS the ArcCatalog module, which handles all the 
documentation of the database and allows the import and export of this 
documentation in the XML format. This in turn allows the creation of tools for 
searching data. This tool has three parts (Figure 6.6): the content, namely, the files 
which constitute the data layer, the outline of the map, and the metadata, which 
consists of three categories (description, spatial characteristics and attribute data) 
and includes all the elements from the ISO 19115 standard. 

 

Figure 6.6. Example of metadata in the ArcCatalog (ESRITM) 

It would be a shame if the bounty of the data structured in this way and the 
interoperability of the location databases were inaccessible to users worldwide. The 
distribution of geographic information has recently led to new concepts, such as 
Digital Earth and the Spatial Data Infrastructures (SDI). 
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6.3. Spatial Data Infrastructure and Digital Earth concept  

Facing the growing demand on geographical information and in order to make 
the most of the abundance of digital geospatial data, it has become a necessity to 
find technology able to document, edit, share, distribute and visualize geographical 
information. In 1998, the US Vice-President Al Gore,  during a conference in Los 
Angeles,11 drew the attention of the audience by announcing that, although our 
society’s thirst for knowledge is boundless, a large part of the information that is  
already available remains unused. He launched the concept of the “Digital Earth” – 
a 3D, high-resolution representation of the planet, into which geo-referenced data 
can be integrated [GOR 98].  

Even though certain advances have taken place in scientific circles, the examples 
which concretize the propositions of Vice-President Gore appeared only a dozen 
years later. The examples include SDI, implemented on all organizational levels, 
and also private initiatives, such as Google Earth and its equivalents. The main goal 
of these efforts is to get rid of so-called “Robinson” data, in reference to Robinson 
Crusoe, stored on individual websites and not shared with a wider community. 
Tools like Google Earth allow not only the visualization of cartographic objects on 
different scales of the globe, as if we are moving on a flying carpet, as envisioned 
by Al Gore, but also the consolidation of data in order to share it with the rest of the 
world. It is nevertheless evident, that for these efforts to have real effect, and for the 
data to be used correctly, it is crucial that these data be structured and accompanied 
by their metadata.  

6.3.1. The definition of Spatial Data Infrastructures (SDI) 

SDI is an initiative to create an environment in which all the parties concerned 
could interact with technology, in order to meet all the demands from various 
administrations or organizations [RAJ 02a]. The concept of SDI is relatively recent, 
and hence no agreement on its development has been reached, either by 
governments or the private sector. However, there exists a consensus on the 
importance and usefulness of these infrastructures, which play a fundamental role in 
the diffusion and use of cartographic data in all countries of the world in any region 
of the planet. In fact, the infrastructures enable data-sharing with significant time 
and cost efficiencies, facilitate the development and integration of new applications 
and lead to important economic gains. The current developments in SDI show that 
their conception can differ according to the disciplinary origins of the organizations 
and the experts. Thus, computer scientists stress the interoperability of the data, 
while national organizations entrusted with cartographic production are mostly     

                              
11 Grand opening Gala of the California Science Center. 
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interested in human resources and management. Hence the definitions vary 
according to which organization has proposed them – some are very broad, while 
others are extremely specific and not amenable to generalization, as the examples of 
A. Rajabifard et al. show [RAJ 03d]. 

According to some official institutions, such as the Australian and New Zealand 
Land Information Council [ANZ 98] (composed of Federal and State agencies 
charged with cartographic production in Australia and New Zealand), and SDI is 
formed of four central components: an institutional framework, technical standards, 
databases and clearinghouse networks. The institutional framework is responsible 
for policies and administrative agreements on the construction, maintenance, access 
and application of standards to databases. The technical aspects of the standards 
define the technical characteristics of the databases. Within the institutional 
framework, the part corresponding to the fundamental databases is in charge of 
meeting the standards in the creation of the databases. Finally, the clearinghouse 
network, that is, balancing the exchanges, makes the databases accessible to the 
community.  

This organization in four large ensembles is shared by most of the SDIs. 
Variations or divergences are in the organizations, users or the technologies 
involved in the SDIs. Thus the US Federal Geographic Data Committee [FGD 97] 
extended its definition to all the above-mentioned categories. According to I. Masser 
[MAS 98a], one of the pioneers of this domain, the Dutch National SDI emphasizes 
tailoring the databases toward the end-users, so that they can accomplish all the 
tasks they need. Such a variety of definitions constrains the development of SDI, 
which is still in its infancy. Nevertheless, the definition which has the broadest 
consensus is, undoubtedly that of M. Echeverria [ECH 01], who considers SDI to be 
an architecture of scattered, distributed and interoperable geo-processing. 

At the end of the day we can say that an SDI is a vast set of cartographic data, 
partially or completely structured, which affect many non-cartographic sectors. The 
SDI forms an environment in which countries, regions, cities and private companies 
interact among themselves and with the technologies, in order to put together and 
develop the activities regarding the production, maintenance, management and use 
of cartographic data. This definition emphasizes the complexity of SDI, whose 
composition requires further investigation. 

6.3.2. Components of Spatial Data Infrastructures (SDI) 

The above definitions were reviewed and extended by D. J. Coleman and J. 
McLaughlin [COL 98a], who think that most of the definitions are too data-focused, 
and do not sufficiently take into account the interactions among the data’s producers 
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and data users. They define the world SDIs as a set of policies, technologies, 
standards and human resources, intended for the use of geographical data by the 
world community. As a consequence, they add to the four previously mentioned 
components another crucial component – that of the individuals, which includes 
both the users and the producers and any other intermediate agents who participate 
in the development of the SDI. Devising the agreements among various national and 
international organizations is the key element for developing multiple SDIs across 
the world.  

 

Figure 6.7. Components of an SDI 

 

Figure 6.8. The European vision of SDIs 
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Figure 6.7, adapted from A. Rajabifard et al. [RAJ 03d], demonstrates the 
central position of technology, and also includes policies, standards and access 
networks as an intermediary between the individuals on the one side and the data on 
the other. The dynamic nature of the technological components makes it even more 
difficult to define the SDI, which should be thought of not as fixed and immutable, 
but as dynamic infrastructures which can be quickly adapted to technological 
advances.  

The European Union has created its own version of SDI, whose organization is 
very hierarchical (Figure 6.8) from the data to the services. It is covered by the 
principles which define the technical and conceptual aspects which ensure 
conformity with the SDI [PAD 06a]. 

6.3.3. Hierarchy of SDIs 

Based on the above-mentioned initiatives, a number of countries put in place the 
SDI on local and national levels and began to participate in the creation of the 
Global Spatial Data Infrastructure. These efforts, highlighted by I. Masser [MAS 
98b], mainly aim to encourage an economic boom to stimulate governments and to 
prioritize sustainable environmental development. These different developments 
have thus led to the establishment of a hierarchical model of the SDI [CHA 99, RAJ 
03d], which enables interactions among all the levels of administrative and political 
levels, from local to regional, national and world jurisdictions (Figure 6.9).  

 

Figure 6.9. The SDIs: an open, hierarchical system 
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This model is very similar to the concept of an open hierarchical system (OHS) 
with holons, described by A. Koestler [KOE 67]. Holons are “intermediate entities 
that function as autonomous self-contained wholes in relation to their subordinates 
parts and as dependent  parts in relation to their higher levels”. In fact, all the 
concepts of hierarchical systems are encountered in the concepts of SDI. At the 
lowest level, we find the corporate SDI with groups or companies [CHA 00]. At the 
local level, each SDI is initially formed by integrating spatial data for the 
organizations functioning at this level.  

On a higher level, each SDI is composed of one or more elements of the 
preceding level while also participating at the still higher levels. This is the Janus 
principle, visualized by a two-way arrow in Figure 6.9, according to which an 
element on a hierarchical level has two faces, one “turned upwards, that of the 
subordinate party”, and the other looking down at the parties on the lower level, “the 
face of an autonomous entity” [KOE 67]. Irrespective of these vertical relations, 
complex relationships also exist at each horizontal level, i.e. at each holon.  

Two views of the hierarchy of the SDI proposed by A. Rajabifard et al. [RAJ 
02a] are found in A. Koestler’s tree. The view from above enables us to consider the 
system as an umbrella encompassing all elements and levels. Thus the highest level 
called the “summit level” contains all the components of the SDI of the lower 
levels’ SDIs. The second view is that of a building, in which all the floors, called 
“state levels” or “holons”, provide spatial data for higher floors, according to their 
needs and requirements. Based on these two approaches, the SDI hierarchy creates 
an environment in which the decision-makers on a given level can extract the data 
from other levels at will (according to [RAJ 00b]). From this principle, different 
SDIs can be developed. 

6.3.4. A regional initiative – the European SDI and the INSPIRE project 

The distribution of geospatial information requires highly rigorous procedures 
for adapting the rules and standards at all levels, in order to guarantee 
interoperability. Numerous institutions around the world have proposed ways to 
account for rules and the descriptors to be used and to formulate other standards in 
the access, production and management of data.  

In Europe, an initiative of the European Commission (2001) called INSPIRE has 
been developed with the cooperation of the EU member states and states which were 
about to join the Union. This project aims to “ensure easy access to interoperable 
spatial information, in order to support both national and EU policies, and to give 
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the general public access to these data”12. Created in a legal setting, INSPIRE 
establishes the technical standards and protocols, stipulates the rules concerning the 
organization and coordination, announces the policies on data access, as well as 
creation and maintenance of spatial information. This initiative is mainly focused on 
the data necessary for surveillance and environmental improvements, but it is also 
open to other sectors, such as agriculture, energy and transportation. Rather than 
launch new data collecting, it resolutely strives for the combination of the spatial 
data of the member states. 

The architectural model advocated by the INSPIRE program is based on the 
model of NASA’s Digital Earth project, recognized for its simplicity and unifying 
capability. It includes three levels [MAS 03]: 

– a client level, which includes user applications; 

– a middleware level, which comprises the intermediate services; and 

– a server level, which groups together data warehouses, the GIS, and the 
databases of the information producers. 

In order to put to work the common principles of INSPIRE, its architecture 
consists of the interoperability services, which facilitate the production, distribution, 
searching, use and understanding of the geographical information circulating 
through the network. INSPIRE was conceived as a network of distributed databases, 
having the same rules of normalization, and using the same protocols, which ensures 
the compatibility and interoperability of the services. This architecture is centered 
on the mechanisms and the functions that enable interactions among the elements of 
the system, and which can be grouped into four sets (Figure 6.10): user applications, 
geo-processing services, cataloging and storing the content: 

– user applications contain software used as a matter of course, user interfaces, 
tools for database administrators, and the special analysis procedures for the users’ 
particular requests for information; 

– services for geo-processing and cataloging deal with requests, establish maps, 
manage the access to the data, their extraction and dispatch; 

– storage furnishes data on demand; 

– catalogs inform the clients and service providers about the availability of the 
pertinent data. 

 

                              
12 The text of the proposed directive of the EU Parliament and Council can be found at 
http://inspire.jrc.ec.europa.eu/. 
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Figure 6.10. A model and technical aspects of the architecture of an SDI 

The users of such an infrastructure can proceed with several operations – publish 
the data and the metadata, as well as select, analyze, visualize or distribute 
geographical data according to their needs. 

6.4. Conclusions 

If Chapters 4 and 5 emphasized the collection and features of the localized data 
and their attributes, Chapter 6 attempted to underline the importance of the quality 
of cartographic data, since without reliable information, a map is untrustworthy. It is 
not enough to produce a map, it is also necessary that the user be assured that the 
variables used in its production are coherent, accurate and precise enough for his or 
her expressed needs. To this end, we need to know the history of the data, which 
presuppose that the metadata have been constructed, qualifying and describing the 
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data’s features in all their aspects. In this way, the metadata facilitate the exchanges 
among organizations, researchers, and users, among others, and allow 
interoperability among different geo-referenced databases, either already in 
existence or in the process of being created. This generalized communication is 
enabled by the creation of the SDIs, which have fundamentally modified the 
position of cartography. Now it is at the same level as other infrastructures, such as 
roads, energy or telephone networks. However, this domain still requires further 
improvements in order to meet the expectations of society at large.  
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Part III 

Introduction 

In this third part of the book we consider the phases which, according to a 
number of authors, constitute the “true stages” of mapmaking because they create 
the cartographic association of [XY] and [Z]. They include the representation modes 
and the graphical expression, known as T3 and T4. For a long time the 
representation modes were limited to several techniques (choropleth maps, point 
maps and dot maps) and their solutions were a part of the range of graphical signs. 

Cartography was created as a science of signs, with all the difficulties due to the 
strong dependence on perception and subjectivity. Research in this discipline 
involved a very serious development of graphical semiotics achieved by A. H. 
Robinson, B. B. Petchenick, J. Olson and others in the USA as well as J. Bertin in 
France. Gradually, in the years 1970-1985, the methods of psychology on the one 
hand and linguistics and semiotics on the other yielded a much more rigorous 
approach to the use of signs. Knowledge of the graphical grammar was joined with 
knowledge of the graphical perception. Nevertheless, semiotics alone is not enough. 
On the one hand, too many choices still remain subjective, while on the other, new 
technologies open a way to the signs which use senses other than vision (touch, 
hearing, etc.). 

Nowadays, efforts are being made to find cartographic solutions which are not 
based only on semiotics and which would be real constructions while the signs 
would be only a complement, albeit an indispensable one for facilitating the 
communication with the recipient. Most of the representation modes have been 
known since the end of the 19th century, but the existing tools at that time did not 
allow an operational use of them. Only very simple examples to show their potential 
were developed. The appearance of computers followed by the proliferation of 
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micro-computers and the cartographic software (of varying quality) made possible 
the development of these techniques, their enhancement and broad distribution, and 
of course the creation of new techniques. In Part III the priority of the representation 
modes is clearly shown as their transformation leads to constructions that anyone 
with the necessary knowledge can reproduce, constructions which express the 
properties of the data with regard to the space studied. An isopleth map, for 
example, shows a quantitative phenomenon which is continuous both thematically 
and spatially, while a point map with proportional symbols reveals facts which are 
also quantitative but spatially discontinuous. Given the present state of knowledge, 
not all types of spatial variables can be represented via the construction techniques, 
but research is being done in this direction. We will emphasize the limits and new 
trends of this research whenever possible in Chapter 8. 

Nevertheless, we will start with the semiotic transformation (Chapter 7) which 
leads to the production of a map via a series of operations. This transformation takes 
place after the cartographic one. In fact, even though we think that this last 
transformation is the most fundamental, in it, too, we need to bring about choices 
and therefore use semiotics. Although graphical expression remains essential when 
it comes to visualizing the different map types, it should be placed second. Finally, 
in Chapter 9 we will give reading clues for maps, explain the construction of 
legends and describe the technical aspects of producing a map. 

 



Chapter 7 

A Permanent Phase: 
The Semiotic Transformation 

Whatever decisions have been made for the data processing or the cartographic 
association of [XYZ], at some point it becomes necessary to make these decisions in 
some form, thus allowing the transmission of the relevant information to the 
recipient. Beginning with the first maps, thematic or cartographic, this form is most 
commonly graphical, visual, whether on paper or on a screen. Such a transmission 
of information about local phenomena with the help of graphical signs1 is a 
persistent phase in cartography. In fact, for a long time it was the only real 
acknowledged transformation, the main phase, the map making phase. Even now it 
remains irreplaceable: just as it is necessary to speak or write in order to converse 
with other people, the representation options need to be determined for information 
exchange through a map to be possible. If not, the user would not have access to the 
obtained results. 

7.1. Communication and sign system  

A map is meant to supply and transfer to someone (perhaps, you) structured data 
about space, constructed via a series of interrelated transformations. For such a 

                              
1 In this introduction the term “sign” is taken in a broad sense. In the literature both terms 
“sign” and “symbol” are often adopted indistinctively. Here we adopt “sign” when it refers to 
sign theory, i.e when it can be decomposed into signifier and signified, without any cultural 
or social connotation. We adopt “symbol” when it refers to a precise sign which can possess 
cultural and/or social connotations. 

© 2010 ISTE Ltd.  Published 2010 by ISTE Ltd.
Thematic Cartography and Transformations        Colette Cauvin, Francisco Escobar and Aziz Serradj 
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communication to reach its goal the reader should understand what the author 
wanted to say. To this end, it is important that the cartographer knows exactly how 
the map-aided communication works and with what system of signs and what 
language the information can be conveyed. 

7.1.1. Cartographic communication 

Although the idea of communication has been around for a long time, the first 
research works seem to have begun to appear explicitly in the 1960s, in particular, 
in a lecture by J. S. Keates2 in 1964, the main points of which were not fixed in 
writing until 1973 [KEA 73]. Also in 1964, but completely independently, A. Moles 
[MOL 64] published a paper considering cartography as a science of 
communication. From this date on, publications, experiments and suggestions 
proliferated and diversified. 

7.1.1.1. Many approaches 

A. H. Robinson [ROB 60] made his position clear when he wrote in 1960 that 
the primary function of cartography is “conceptual planning and the concept of a 
map as a means of communication and research”. In 1973, “cartographic 
communication” was defined as “the process of transmitting cartographic 
information” [MUL 73]. A. Kolacny [KOL 69, KOL 71, KOL 77] and L. Ratajski 
[RAT 77b, RAT 78], as well as J. Morrison [MOR 76], reinforce and develop the 
point of view which explicitly emphasizes “cartography as a science of 
communicating information between individuals by the use of a map”. This 
statement is now considered as a paradigm. Thus, from 1960 to 1980 cartography 
developed as a science of communication with progressively improving methods 
which were completely synthesized and presented by C. Board [BOA 81] in 1981 as 
he discussed the successive and parallel trends in cartography. 

At the beginning, communication theory in cartography was very close to theory 
in physics. It made references to information theory, including the notions of 
encoding, decoding and the noise affecting the system of communication in the 
context of cartography. For A. Moles [MOL 64], cartography is nothing but “a 
special case of the theory of messages”, denoted as “the information theory”, and 
very diverse cartographers, such as A. H. Robinson [ROB 69], J. S. Keates [KEA 
73] and A. Kolacny [KOL 71, KOL 77] agree with this. L. Ratajski [RAT 77b] adds 
to it the concepts of the information loss and the degree of correctness in the 
transmission. Nevertheless, a real agreement does not seem possible. The schemes 
are abundant, redundant and contradictory, leading to an extension of the 
information flow model schemes and using a different theoretical setting [MUE 72, 
                              
2 Cited by C. Board [BOA 81]. It seems that this lecture was never published. 
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ROB75, MOR 77b], within which the cartographic science is linked to reality 
through the cognitive representations of the cartographer and the recipient. Three 
phases stand out: spatial data generalization , making of the map itself, viewed as a 
communication channel with a specific language, and map interpretation. 

Numerous problems arise primarily from the breach of communication between 
the cartographer who produced the map and the recipient [BOA 77b]. In practice, it 
appears that the map users have been somewhat forgotten, and cartographers make 
maps which do not necessarily meet the users’ needs. A turning point occurred 
when the importance of the person who would be using the map became central in 
1990-2000. Nevertheless, we need to explain first what we mean by communication 
theory and identify its components in cartography. 

7.1.1.2. Components of cartographic communication 

Starting out from the suggestion of A. Moles [MOL 64], we can say that a map 
should be considered as a message from the author to the public. This brings us to 
three essential components of the cartographic communication, corresponding to the 
three classical components of communication theory: transmitter, channel and 
recipient. Let us specify that the role and the importance of each of these elements 
may vary according to the research phase where the production of a map is required. 
A diagram based on the model of H. Lasswell [LAS 66] shows communication as a 
dynamic process and allows a better understanding of each component as well as 
their interrelations (Figure 7.1). By incorporating the reaction effects into the initial 
model this diagram provides guidance for filtering the pertinent information and 
making coherent decisions at all stages. 

7.1.1.2.1. The transmitter and related questions 

The first part of the proposed diagram (Figure 7.1) mainly concerns the 
transmitter, and there are three questions associated with him/her. 

The transmitter and his/her duality 

The question “Who?” takes us to the transmitter, i.e. the person who is sending 
the information – the author of a map. This question is not as simple as it seems. As 
A. Moles [MOL 64] reminds us, we should not forget that any transmission of a 
document “presupposes a translation which an expert has to do to make the message 
clear”. The author of the demand, of the subject of the map, has to be distinguished 
from the cartographer who transforms the request into a message or communication. 
We need to remember that for a map to supply new information to the reader we 
depend on the work of two people with distinct and sometimes contradictory 
constraints: a thematician who knows the subject and most importantly, who finds 
the pertinent data, and a cartographer who knows the transformations necessary to 
highlight the localized phenomena. 
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Figure 7.1. Diagram of communication 

The transmitter and the message 

The transmitter answers another question: “says what?”. To this end, the author 
(the cartographer and/or thematician) formulates a message, that is, what they are 
hoping to extract from the data and transmit to the reader. In the years 1970-1980 
the answer to this question was relatively straightforward and related only to the 
topic of the map. But in recent years, it is increasingly assumed that the reader is not 
necessarily passively awaiting the message. A map tends to be perceived as a way 
for the user to discover the lines of thinking and the hypotheses which he or she did 
not have a priori, especially when the image is incorporated into a study using the 
Exploratory Spatial Data Analysis (ESDA). The message is not known at the 
beginning of making a map: it reveals itself in the map. The notion of a message has 
evolved since the first applications of communication theory in cartography. Now 
the user is not necessarily dissociated from the transmitter, and the user’s position 
differs according to the research phase in which the map is required. 

The transmitter and the objectives 

The third question which the transmitter asks is “with what aim?” (or “why?”). It 
is related to what is at the core of the scientific method in cartography and what is 
linked to the theoretical and thematic contexts. Like with the message, the answer 
depends on the user of the map, for as A. H. Robinson and B. B. Petchenik wrote 
[ROB 77b] “the user employs the map for a specific purpose”. In fact, the recipients 
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are many and their objectives may vary, as will be explained in the description of 
the recipient. It is therefore crucial for the cartographer to grasp what the users want, 
since there exist a discord and a complementarity between these two poles on map 
making [BOA 77b]. The recipients know whether the map suits them or not, but 
they are neither capable of quantifying the inadequacy nor of suggesting how it can 
be fixed, and this is left to the cartographer. 

Consequences for the cartographer 

Depending on the purpose (with what aim?) and with the content of the map 
specified (says what?) the cartographer (who?) proceeds to a selective observation 
of the world, to transforming entities into objects, spatial and thematic 
generalizations, cartographic transformations and finally, to the choice of the level 
of the semiotic transformation in order to meet the demands and needs of the 
recipient. The cartographer needs to know the recipient’s particularities and 
capabilities, personal and symbolic skill sets. In his or her own set of skills and 
information the author of the map should use only those shared with the recipient. A 
map should not be the same for all recipients: a map of city development intended 
for teenagers will not be the same as the map of the same area on the same subject 
but made for a specialized audience or city administrators. Their cognitive skill sets 
are different, and the author should account for this difference in an adequate 
manner. 

7.1.1.2.2. The cartographic channel 

The response to the central question “Via what channel?” is obvious: via the 
map with all its features. The map is a transformer described in Chapter 3 and it 
constitutes a channel of communication constructed and improved by successive 
transformations. This channel should be able to answer the questions about the 
locations (where?) as well as about time (when?). Its description includes all the 
stages listed and described earlier in the general scheme of map making, including a 
series of transformations. The creation of a map is done essentially by applying the 
cartographic logic combined appropriately with the thematic logic. In an encoded 
form, the map transmits to the recipient all the decisions made earlier, thanks to the 
semiotic transformation, that is to say, thanks to a system of signs which we will 
present in detail starting from section 7.1.2. 

7.1.1.2.3. Recipient, his/her special features and place in the communication 

As mentioned in the sections above, the recipient, i.e. the recipient of the map, is 
at the core of the communication. A map is not made “for its own pleasure”, to be 
kept in a pocket. A map is conceived for someone (who may be the author), which 
implies that we need to know the answer to the question “For whom?” and to take 
into consideration the ways in which readers may use the map. The elaboration of 
communication requires knowing how the recipient will use the map and what tasks 
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have to be accomplished for a particular use. C. Board [BOA 81] identifies three 
uses: navigation, wayfinding and visualization, while J. Morrison [MOR 78b] 
recognizes three categories of tasks which the reader has to perform when using a 
map. The first is searching for, localizing and identifying the elements, the second 
comprises defining and verifying boundaries, which requires that the first task has 
already been performed. The last category is obtaining information, involving 
making comparisons. Depending on the sphere of interest and the goals, the user 
will put to use a certain part of his or her knowledge, abilities, cognitive and 
symbolic skills to decode the received message and to understand the underlying 
relations among the identified elements and among the obtained data. Hence, the 
cartographer should be aware of the user’s skill set, of the user’s goals, 
physiological and psychological characteristics, cognitive and technical capacity, 
comprehension of a system of signs, the amount of time the user has and so on. 

7.1.1.2.4. Results of the cartographic communication 

The last question in the diagram is “With what effects?”. It involves the analysis 
of the results of a map produced. This question is very dangerous since we might 
understand it as “Did the map attain its aims?” which presupposes the existence of a 
single solution for the problem posed, an “optimal” map. Although such an attitude 
was dominant for some time (between 1960-1975), it is now contested. It is a 
serious mistake to think that only one map is possible. In fact, answering the 
question “With what effects?” in the framework of maps intended for specialized 
audience, brings us to understanding the impact which the map makes on the reader. 
This does not mean at all that there is only one map capable of meeting the 
demands. If we are making maps for a secondary school textbook, for example, it is 
normal to take into consideration the abilities of students from 12 to 16 years old. 
Asking how the map is “received” requires evaluating whether or not there is an 
agreement between the message sent and the message received, whether the 
suggested map corresponds to what the adolescents at a given age can understand, 
appreciate and use. It is very difficult to say in absolute terms whether a map is 
“good” or not, for this would require conducting tests among the readers to find out 
whether or not they understood what the author meant to say, whether they 
discovered something else (which can be important) and wanted to consult the map. 
These questions have to do with the perception of a map. It is an object of many 
studies and we will address it in section 7.3 of this chapter. 

Although it is clear that cartography belongs to the domain of communication, 
we still need to know with what signs the maps operate if we want to understand 
how the map communicates. 
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7.1.2. From a system of signs to the “language” of cartography 

Beginning from the first representations of the 17th century, thematic maps have 
been composed of marks, signs and symbols which evolve with time and get 
progressively more organized to communicate better the data and the knowledge 
about certain sites. Whatever the epoch, such maps are meant for transmitting 
structured information about space and conveying the association of spatial 
components and attributes, established in the previously described succession of 
stages. To this effect, the phenomenon involving spatial dimensions should be 
presented in some form (usually graphical) before explicitly taking into account its 
dimensions and visualizing the phenomenon in two or more dimensions. 
Transmission implies that the cartographer and the thematician desire to 
communicate information to a recipient, which in turn presupposes having a means 
of communication, namely a system of signs and, possibly, a language. However, 
several questions arise immediately: what is a system of signs, what is a language, 
specifically, a language intended for cartography? How can a system of signs 
transmit spatial information? 

We will now attempt to answer such questions keeping in mind, as far as 
possible, the numerous propositions which abound in the literature on this subject. 

7.1.2.1. Historical aspects 

Historically, the first thematic maps were made using the signs which were 
numbers at first and concrete analog symbols later. The works of C. de Fourcroy 
(1782) and W. Playfair (1786, 1801) mark an important change which came with 
the replacement of analog signs by abstract code: linear and circular shapes and 
cartographic representations with squares and circles of proportional size. From that 
time “shapes could “have meaning” although they do not reflect the visible space 
and real shapes. In addition, the signs became autonomous, having their own 
semiology [PAL 91], semiology being “the science which studies the life of signs in 
the context of social life” [SAU 10], in other words, a theory of signs. Maps devoted 
to showing the spread of some epidemics took part in bringing this change about. In 
the middle of the 19th century, “the place becomes a support (a base), subordinate to 
the represented subject” [PAL 95a]. There appeared elements of graphical 
expression and graphical codes, but they were not yet structured despite the efforts 
of some doctors or surgeons, such as J. Malgaigne (1840), who worked to find an 
explanation for the geographical distribution of diseases by comparing several maps 
[PAL 95a]. At the end of the 19th century a work on the graphical method was 
published by C. J. Minard (1861), famous for his map of loss of life during the 
Russian campaign of Napoleon I. Several years later cartographers had at their 
disposal the first graphical manual [CHE 78], and still later the same was also 
available to statisticians, who worked to uniformize the graphical notation. Despite 
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their failure, the tendency towards reconciliation underwent a progress in light of 
developing a cartographic language. 

At the end of the 19th century most of the cartographic procedures used until our 
time had already been conceived. Problems, some of which are still around, like the 
difficulties in discretizing3 or making maps in two or three colors [LEV 85] had 
already been addressed and discussed. As we showed in Chapter 1, the early part of 
the 20th century is marked mainly by the application of the methods invented in the 
preceding period to diverse topics such as changing country boundaries. Schools 
sprang up, like the school of cartography in Paris, initiated by E. de Martonne. 
Famous names appeared among cartographers, following the suit of E. Raisz and M. 
Eckert. Several practically new procedures were developed, for instance the 
invention of the rectangular cartogram by E. Raisz [RAI 34] and the dasymetric map 
by J. K. Wright [WRI 36]. 

The time of great changes began after World War II. Specifically, a fundamental 
turning point was the book by A. H. Robinson [ROB 52], which introduced the idea 
of specific symbols, a system of symbols for cartography, and which proclaimed 
cartography as one of the branches of semiotics4. Several papers developed this idea 
and in 1967 in France J. Bertin published a work entitled “Sémiologie Graphique5,” 
considered as a reference work on the subject, even though it is occasionally 
contested and took some time to become known in Europe and especially outside of 
Europe. At the same time, S. Rimbert in her 1968 book on thematic cartography 
[RIM 68] introduced the definitions of semiotics and linguistics. These two terms 
opened major directions for cartography. L. Ratajski [RAT 78] wrote a little later 
that in modern cartography semiotics as a general theory of signs plays a role 
comparable to the role of information theory, and that it is supposed to make the 
cartographic language precise. The signs, abstract marks developed in the 19th 
century, and the sign systems had to be expanded, and some researchers, for 
example C. Hussy [HUS 86] made their efforts evident in the field of cartography. 
One of the interesting directions at the level of logic and the general way of thinking 
seems to be the notion of language, although it was a subject of numerous 
controversies, arguments for and against between 1970 and 1990. 

On the subject of the similarity between reading maps and reading texts, the 
cartographers are divided. On the one hand, A. H. Robinson and B. B. Petchenik 
[ROB 76b] think that no analogy is possible; on the other C. G. Head [HEA 84] 
                              
3 G. von Mayr [MAY 77] and W. Z. Ripley [RIP 98] supported using statistics in group 
formation. On the other hand, A. Ficker [FIC 72] was an adherent of natural grouping. 
4 The general theory of signs was dubbed “semiology” by F. de Saussure, but the use of this 
term entered into competition with the term of Anglo-Saxon origin: “semiotics”, introduced 
by C. S. Pierce. Presently; “semiotics” is predominant [VAI 99]. 
5 “Graphical Semiology”. 
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proposes equivalence. He recognizes that semantics in cartography is far from being 
standardized but it is possible to identify the reading units and to assemble them 
subsequently. In the same spirit as C. G. Head and H. Schlichtmann [SCH 85], such 
authors as T. Zarycki [ZAR 98] attempt to draw parallels between language and 
cartographic communication. They conclude that only a profound comparison is 
possible and that further research is needed. 

Without entering the discussions of whose existence we need to be aware, 
understanding the specifics of languages and semiotics in relation to cartography 
will enable us to learn how to associate the sign base with the element which the 
base represents, i.e. how to decompose the mapping information uniting spatial and 
thematic components and choosing one or several solutions from all the possible 
ones. For this we need to know the vocabulary used by the experts in linguistics and 
semiotics. 

7.1.2.2. Important basic elements 

Once we start using terms like language and semiotics, it is clear that cartographers 
are approaching disciplines which are new to them, disciplines with their own 
experts and contradictions. Before adopting or, in some cases, adapting definitions, 
they need to be examined and analyzed, keeping in mind the changes that possibly 
ocurred after the first linguists and semioticians, such as F. de Saussure (1857-1913) 
or J. L. Prieto (1926-1996), delineated their domains.  

7.1.2.2.1. From language to cartographic language 

The term “language” is a common ground for a number of authors: it is a system 
of signs enabling communication. In some texts or dictionaries, however, it is 
assumed that this communication is vocal or graphical, happens only among 
individuals [LAL 76], and is characteristic of humans [PLA 05]. It allows 
expression of thought [WIK 07] and serves as a support for thinking. We will accept 
here that “language is a system of signs enabling expression and communication of 
thought, taken in the broad sense6” (adapted from [MED 07]). As for the “sign” – an 
explicit component of language – at this stage we can regard it as the union of the 
content (the value of the sign, depending on the meaning) or the signified and its 
expression (the manifestation of the sign) or the signifier, which can be visual, 
tactile or audio. The association between the signified and the signifier creates a 
signification. The sign is arbitrary and not motivated by the signified (Figure 7.2). 

 

                              
6 Thought in the broad sense means that emotions are not excluded from the definition. 
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Figure 7.2. Sign, signifier, signified, meaning 

The “graphical language” – the language in relation to cartography – should 
communicate the information associated with the dimensions of the space. Its 
system of signs, therefore, should take into account these dimensions. Based on the 
works of G. Mounin [MOU 70] or C. Baylon and P. Fabre [BAY 90], among others, 
we can say that such a language is part of non-linguistic communication. In fact, the 
adjective “linguistic” means “related or belonging to language” [LEX 07], where by 
language we mean “a system of vocal or written signs7 belonging to a community of 
individuals and used for communication and expression of thought” [PLA 05]. 
Since language is firstly oral and later is written down to make it last, a language for 
drawing a map is primarily graphical and therefore visual8. Although, it can take 
                              
7 In this context the term “graphical” means graphical transcription by means of a code which 
can be analogical or phonological. 
8 The choice of French linguistic terminology was made after a discussion with J. Cauvin, a 
PhD in ethno- sociolinguistics. The English terms used here are based on these initial choices. 
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other forms to compensate for physical deficiencies (such as blindness or deafness) 
or to fit in with the new technologies. Thus, a cartographic language is a system of 
non-vocal and essentially visual signs which accounts for the two- or three-
dimensionality of the space and fulfills the function of communication. 

7.1.2.2.2. Sign and its components in cartography 

The minimum basic units of the cartographic language fall into two 
interdependent categories. One concerns spatial dimensions and was called 
graphical implantation by J. Bertin [BER 67]9. It encompasses four different types 
of shape – point, line, area and volume – and constitutes a geometric signifier. The 
second category covers the possible elementary variations of perceptible marks on a 
sheet of paper, up to approximately 0.2 mm. It consists of visual variables, 
identified by J. Bertin and justified, discussed and modified by many authors. They 
represent a graphical signifier. These two types of minimal elements, equivalent to 
morphemes10 in linguistics and called cartographemes by A. A. Liouty [LIO 81] 
and J. Pravda [PRA 93a, PRA 93b], do not have any meaning by themselves. Only 
when used in association with something else can they become meaningful and thus 
constitute more or less complex signifying units (equivalent to syntagmas11). The 
association rules in these two families constitute in the cartographic language the 
equivalent of morphology12 in linguistics and give rise to “visual” syntagmas or 
figures in the terminology of M. Beguin and D. Pumain [BEG 94b]. 

Let us take a simple example. A solitary point (the minimal geometric unit) 
indicates nothing except the existence of something at a given location. A circle of 
small or large size (the minimum graphical unit) in this location signals that 
something more or less important exists at this place. The combination of both 
means that a point object representing a discrete phenomenon has a quantitative 
content determined by a variable with a ratio level which is graphically represented 
                              
9 “We will call implantation the use of three meanings which a visible mark can have in two 
planar dimensions” [BER 67]. 
10 Morpheme: the smallest linguistic unit with a meaning. It can be free or connected to 
others [MED 07, PLA 05]. 
11 Syntagma: a meaningful group of morphemes or terms which form a functional unit [MED 
07, PLA 05]. 
12 Morphology is a part of grammar concerned with the variations of morphemes and their 
association rules. By grammar here we understand the set of rules for using a language. Let us 
specify that for spoken languages these rules are phonetic, morphological and syntactic. 
Phonetics represents the sounds of one or several languages graphically and independently of 
the language spelling rules. Morphology studies the signifier variations in signs depending on 
the context [BAY 90]. The subject of syntax is the combination of monemes in the light of 
the functions which they may fulfill. It groups monemes with identical functions into 
categories [BAY 90]. Therefore, it is a part of grammar which describes the rules by which 
linguistic units are assembled into phrases [PLA 05].  
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by the variation in the size of the circle. Such a combination, therefore, forms a 
signifying unit which in this case can be used to convey only a point and 
quantitative thematic phenomenon which forms the signified. 

The population of cities in a country is an example. If we use this signifying unit 
consisting of circles of different sizes to represent the populations of cities (for 
example, in Luxembourg) – the signified – then we have acquired signs to which a 
meaning is attached. The association rules between the signifying unit and the 
signified (or a signified unit) form the equivalent of syntax in linguistics, by which 
we mean “the study of the relations among the elementary forms of speech and rules 
governing word order” [PRO 05]. The equivalence relation between the signifying 
unit and the signified is indicated in the map legend which explains the sign – the 
code used in the map (Figure 7.3). 

 

Figure 7.3. Sign and its meaning 

The variations of the minimum geometric and graphical units and their 
associations are related to the spatial characteristics of the cartographic objects and 
to the properties of the attributes; in particular to the measurement levels. The 
number of these variations is limited and some of them are impossible in certain 
cases. Their association rules, that is to say, their syntax, will be addressed in 
section 7.2. 
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These elements of linguistics interest cartographers because they furnish a 
logical guidance for making graphical (or more generally, semiotic) 
transformations, which make sense and may eventually lead to a certain 
harmonization of some thematic domains. From the point of view of 
communication, however, these signs are related to the transmitter (the 
cartographer) who makes the choices and to the recipient (the user) who tries to 
decipher the signs used in the legend. Thus, other related concepts have to be 
discussed in depth. 

7.1.2.3. Related concepts 

Let us emphasize from the beginning that we have been using the term “sign” 
and not the more common “symbol”. By doing this we deliberately set ourselves 
into the framework of the theory of communication and semiotics. Sign is the term 
endorsed by F. de Saussure and many later authors13. A symbol – a very common 
term in cartography – is in fact a special case of a sign equipped with a value, a 
meaning related to a given culture or a particular social group. For some readers this 
word has a certain connotation. Hence, sign and symbol are not interchangeable 
words14. 

These remarks bring us to two important notions related to signs and having 
implications in cartography: denotation and connotation. These two terms have long 
been debated in linguistics and their definition is still the subject of controversy 
which we will not step into. For our purposes we will accept that denotation 
“indicates the extension of a concept, that is to say, the set of objects which the 
concept can designate” [LAL 76]. In simpler words, we call denoted meaning or 
denotation the most objective or the most neutral meaning of a word, which is in 
fact the first definition which the dictionary gives [WIK 07].  

The notion of connotation is more complicated and varies from author to author. 
Following J. S. Mill [LAL 07], we will call connotation the most widespread 
meaning or subjective understanding of a term. These definitions can be translated 
into cartography simply replacing the word “term” by “sign”, “figure” or even 
“image”, which is common in all the domains related to graphics. Concretely, we 
can say that denotation answers the question: “What do you see in this image? What 
signs can you make out?” while connotation responds to the question: “What does 
this image or this sign evoke for you?”.  

                              
13 Thus, one of the works by U. Eco is entitled simply “Le Signe” [ECO 80]. 
14 We must point out that “symbol” is defined in multiple ways [MAC 95] and that its use in 
cartography is ubiquitous. In fact within the cartography context we speak of symbolism or 
symbolization when we refer to the graphical element that represents a phenomenon by 
means of visual signs [SCH 85]. The term “symbol”, as it is adopted in this book, is given to 
this graphical element even though this would not be correct from the semiotics perspective.  
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For a cartographer, the introduction of these two concepts implies a deeper 
thinking about the selection of signs and the association of signifiers and signified, 
which goes beyond the syntactic rules and should take into account the subjective 
meaning of signs in relation to a group of people or a culture. Let us go back to the 
example of the population in Luxembourg, a spatially discrete and quantitative 
phenomenon. From the thematic point of view, the choice of signifiers has to do 
with the point signs: squares, circles or triangles of proportional size, and the 
decisions are made by a strict application of the rules. But we still need to choose 
from these shapes. Are they equivalent? In our cultural context, a circle corresponds 
to something dynamic, while a square conveys stability. Thus, if we view the 
population as stable, without notable changes, it will be preferable to choose the 
square as the graphical base, but if we want to convey the dynamics of the 
population, we will use the circle. 

Among cartographers, H. Schlichtmann [SCH 79] distinguished between the 
denotation and connotation codes. The former have a direct association between a 
sign and a meaning, in other words, the meaning is implied directly. The latter 
require a mediator and their meaning is regarded as more elementary. Only a few 
authors have developed this domain, but they thought about the meaning of signs on 
different levels. In order to avoid rather serious mistakes and most importantly to 
adapt maps correctly for countries with different cultures, it is important to continue 
the study of these relations, so that the recipient can use the map without a bias in 
interpretation. 

In fact, the role of the user is fundamental. In the view of the fact that a map 
consists of a set of signs, each with a precise meaning, several relations can be 
established among the three initial components of communication: transmitter, 
channel-message and recipient, the last one determining the final outcome. An 
ordinary reader does not have the same needs and demands as, for example, a 
geographer looking to decipher the underlying relations of the space. 

As a branch of semiotics, the cartographic language contains three domains 
which need to be investigated, according to D. Ucar [UCA 92], J. C. Muller [MUL 
78a, MUL 81] and C. Board [BOA 81]: syntax, semantics and pragmatics. As we 
have seen, syntax designates the relations between signs and cartographic objects 
representing entities of the real world (see section 7.2). It connects the internal 
elements of the system of signs, of “channel” and “message”.  

Semantics, associated with a cartographic term, can be defined as a branch of 
cartographic communication which specializes in the relations among signs, objects 
and the data which they represent, in other words, in meaning and not in rules. It is a 
scientific study of the units of meaning and their combinations, forming a link 
between the real world and the system of signs, the “referent” and the “message”. 
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As for the pragmatics, it concerns the relations between signs and users, that is, 
between the system of signs and the recipient. In the context of communication it 
provides a guide for the study of perception of signs and their impact on the reader 
(see section 7.3). 

Knowing these three domains is crucial for making a map and selecting the 
signs. The importance of practical application varies depending on the stage in 
creating a map but always remains fundamental, since without a recipient the map is 
useless. Nevertheless, before studying the interactions among the figures and their 
significance for the user, we will expand on the system of signs and the syntax. 

7.2. Signs in cartography and their syntax 

Let us recall that signifying units comprise minimum graphical and geometric 
units. The minimum graphical units most commonly used in cartography are signs 
which make use of vision, but other communication signs are possible in the case of 
maps intended for disabled people, such as visually impaired or the blind, or if we 
want to produce dynamical maps, maps allowing the transmission of data through 
all sensory organs. As for the geometric minimum units appropriate for spatial 
phenomena and thus for cartography, they offer little diversity and their choice is 
limited. 

7.2.1. A specialty of cartography: spatial dimensions 

 

Figure 7.4. Geometric dimensions and continuity 

Let us recall that a spatial variable is first identified by its position in space, no 
matter what the subject of the map. In the case of a visual sign, it is an elementary 
dot which can occupy various positions on the plane or in space. It is such a dot that 
is used to denote points and lines, to delineate areas and volumes. It can, therefore, 
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refer to the four elementary geometric dimensions described in Chapter 4. Graphical 
signs associated with geographical phenomena should express the spatial 
dimensions which they characterize and, as a consequence, continuity – an essential 
feature in cartography (Figure 7.4). 

Some authors introduce an opposition between the notions of “smooth” and 
“abrupt”. We consider that these terms do not fit into the same categories as 
dimensions and continuity, since they play a role only at later phases of making a 
map and we will address them in Chapter 8. Nevertheless, in order to clarify this set 
of concepts we will illustrate the four dimensions by examples combining spatial 
and thematic components. 

7.2.1.1. Point-based cartographic objects 

A point-based cartographic object is identified by a pair of coordinates with one 
or several attributes and should be represented by a point which is by definition 
discrete and discontinuous. To be identifiable, the points have to be separated, 
otherwise they coalesce (Figure 7.5). Their graphical representation may be by large 
or small dots, depending on the thematic phenomenon in question. In the majority of 
cases the representation preserves the point spatial meaning, whatever the associated 
graphics. 

 

Figure 7.5. Point objects and semiotics 

7.2.1.2. Linear cartographic objects 

As we pointed out in Chapter 4, a linear object is defined by a series of 
coordinates with or without closure and one or several attributes (Figure 7.6). It can 
be continuous or piecewise continuous. It expresses the connection between two 
points or traces the movement of a point and its graphical representation should be a 
line. Its dimensional meaning may differ from its geometric dimension: a network, 
for example, has dimension one, both geometrically and graphically, but has an 
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areal meaning15. This mismatch plays a crucial role in the typology of maps related 
to lines as we will show in Chapter 8. 

 

Figure 7.6. Linear objects and semiotics 

7.2.1.3. Areal cartographic objects 

Areal (or zonal) cartographic objects have dimension two and should be 
represented by an area (Figure 7.7). They may be continuous, like topography, or 
discontinuous, like administrative units. It is this geometric difference in spatial 
phenomena that fixes both the semiotic and cartographic choice.  

 

Figure 7.7. Areal objects and semiotics 

                              
15 These concepts can be developed by exploiting fractal geometry which we mentioned in 
Chapter 4. Examples will be given in Volume 2. 
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7.2.1.4. Volumetric cartographic objects 

Finally, volumetric objects have dimension three and would need to be 
expressed by a volume, but as K.C. Clarke pointed out [CLA 90], the cartographical 
means of expressing three-dimensional phenomena, continuous or discontinuous, 
are rare. They will be addressed in Volumes 2 and 3. 

The basic rule for choosing the minimum units for the locations is to associate 
graphical shapes with the geometric dimensions of the studied phenomena. 
However, further transformations are possible, in accordance with the meaning 
attached to the subject of study in the context of perception. Networks – sets of lines 
– are an example of this, and other examples can be imagined. When we are facing a 
set of points representing some activity (postal or  retail service), the positions of 
services or businesses can be taken and kept as points. However, these services and 
businesses serve a population, at least within a certain vicinity. Hence, it may be 
wise to transform the point patterns into a set of adjacent areas, for example with the 
help of Thiessen polygons. 

The rule of associating graphical implementation with the geometric dimension 
is not absolute and fixed. It can be transgressed, modified or adjusted according to 
logic and our knowledge of the studied phenomenon. Such transformations, very 
common and integrated into the GIS, show that the initial geometric shape can be 
changed for another, more meaningful for the phenomenon. The concept of 
dimensional meaning is essential and we will return to it with examples in Chapter 8 
and in Volume 2. 

7.2.2. Visual variables – minimum graphical units 

Minimum graphical units correspond to the notion of a visual variable16, 
introduced by J. Bertin and circulated since the publication of his book “Semiology 
of graphics”. Most cartographers used the term “symbol” and later the expressions 
“graphical variable” or “graphical primitive”. In 1952 A. H. Robinson introduced 
the concept of a “mark”, pointing out that marks have a very large number of 
possibilities of arrangement and attempting to propose an equivalent of a grammar, 
but without proposing a term to describe all of these variations [ROB 52]. Whatever 
the expression used, its meaning does not change. Graphical primitives describe the 
possible variations of the elementary dots which the cartographer uses to transmit 

                              
16 This expression, usually used in the discussion of thematic attributes, was used by J. 
Bertin [BER 67] for the components of a system of signs. T. A. Slocum [SLO 05] specified 
that this expression describes the variations and perceived differences of the signs used to 
represent a thematic phenomenon. 
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information. The smallest dot visible to an observer at a distance of 30 cm is       
0.25 mm17. 

According to J. Bertin, there are eight visual (or retinal) variables – elementary 
variations of a mark – which J. Denegre [DEN 05] defined as “the method of 
transmitting information for varying graphical signs”. These are, on the one hand, 
the variations of the marks on a plane (two variables) which we have already 
discussed in the preceding section, and on the other hand the shape, orientation, 
color, value, grain and size. It is these six visual variables, identified by J. Bertin 
and acknowledged by most cartographers, that we will consider as basic variables 
and analyze first. Their study will be completed by the study of new graphical 
variables, introduced later, and a deeper examination of one particular variable – the 
color. In fact, good use of such basic signifiers requires that each visual variable be 
defined and described in a precise way before examining its relationship with other 
components, since each one of them has properties which are not always compatible 
with all spatial dimensions. 

7.2.2.1. Basic minimal graphical units 

As we saw, there are six basic minimal graphical units (or primitives). They 
themselves should be described in relation with the spatial dimensions with which 
they are associated. Their characteristics are in fact connected to the properties of 
attributes and thus to their level of measurement, contextual meaning and perceptive 
properties. The latter can be identified in the terms suggested by J. Bertin, to which 
we will return in section 7.2.4.2: associativity, selectivity (or differentiation), order 
and quantity. The variables are presented here in the increasing order of the 
associated level of measurement. 

7.2.2.1.1. Shape 

Shape is the first variation which the reader distinguishes. It serves to identify 
the types of objects and is given by the contour of signs. There are infinite 
possibilities for changing these (Figure 7.8), but the differences in shape cannot be 
grasped unless the sign has a certain minimal size. Shapes can be analog, resembling 
the object which they represent (a house for a built-up area or a wheat stalk for grain 
fields), or they can be completely abstract (circles, squares, etc.). The degree of 
abstraction in a shape is “related to an image reflecting the real world, as a reduction 
of it” [MOL 69]. It is the inverse of the iconicity degree which “is largely related to 
an image’s resemblance of the picture which it is supposed to evoke or interpret” 
[MOL 69]. The scale of iconicity (or of its inverse – the abstractness), described by 
A. Moles, a socio-psychologist, can vary from the object itself (level 1) to a “pure” 
abstract sign (level 12). This opposition of the two extremes is found in the work of 

                              
17 Some authors, such as J. Denegre [DEN 05], take this value to be 0.2 mm. 
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many authors [BEG 94b, DEN 05], with different terminology but similar 
meaning18. They call signs mimetic, figurative, reminiscent, symbolic and pictorial 
or, with the opposite meaning, geometric and abstract. Shapes can also differ in their 
content. They can be empty, hollow or filled, thus giving different interpretations 
for the same contour. 

 

Figure 7.8. Visual variable “shape” 

Shape corresponds to a nominal level of measurement and does not allow us to 
convey anything except associations among objects of the same shape or, possibly, 
differences among elements represented by different shapes. Shape is neither ordinal 
nor quantitative and therefore it cannot be used for thematic phenomena with those 
levels of measurement. 

If we expand the relationship between shape and minimum spatial units, we may 
note that for a point-based spatial dimension the results are often disastrous when 
the number of signs is too high. The reader often gets lost in their diversity and does 
not achieve a good visual comprehension. From the technical point of view, point 
signs of the figurative type often occupy an important place in a map. Often the 
accuracy and the precision of the locations suffer because of them. If the signs are 
made very small to reduce the clutter, they become illegible. In a linear case, the 
shape variations are not very visible and should be avoided. In the areal and 
volumetric dimensions, such variations are easy to discern, provided that the number 
of shape types does not increase. 

                              
18 The short definitions for the terms proposed here have been established based on the 
Larousse dictionary [LAR 05], as well as on the works of M. Beguin, D. Pumain [BEG 94b] 
and J. Denegre [DEN 05]. The adjective mimetic is to be avoided because it indirectly implies 
that the object itself has a capacity to resemble something. Figurative means that a figure 
represents the real shape of an object in a stylized manner. Reminiscent conveys the idea that 
a figure has the ability to evoke the object, although in a very simplified form. Conventional 
expresses the fact that the shape resulted in some way from an agreement among individuals 
or groups. 
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7.2.2.1.2. Orientation 

Orientation of a sign is by definition its position relative to a reference direction, 
for example horizontal or vertical. It is determined by the angle formed between the 
sign and this direction and can take an infinite number of values from 0 to 360º 
(Figure 7.9). The angle differences should be sufficiently noticeable for an eye to 
grasp them. It is preferable to use only four directions to avoid distracting the 
reader: the vertical, the horizontal and the two 45º orientations whose perception is 
similar. In fact, vertical and horizontal lines on a surface are not perceived in the 
same way so that deformations, non-existent in the observed facts, can be seen in 
error. 

 

Figure 7.9. Visual variable “orientation” 

Like the shape, orientation can represent only the attributes taken on a nominal 
level of measurement since it can only show the differences and possibly the 
associations. Regarding the geometric dimensions we note that for a point sign the 
orientation shows the direction of the entire sign. For the other spatial dimensions it 
is the direction of the individual marks constituting the sign: for example, parallel 
bars for an area. The variations of the orientation are more visible in a certain area 
which implies that the results are better for areal or volumetric objects. 

7.2.2.1.3. Color 

Color, to which a moral value has sometimes been attributed [PAL 98b], was 
often used in superposition with other signs in the old maps despite the technical 
difficulties of reproduction. Color is an especially complicated phenomenon, both 
physically and psychologically, and is basically a luminous radiance consisting of 
three elements: a luminous source, an object and a human eye (Figure 7.10). The 
visible world is composed of colorless matter and electromagnetic waves which 
differ in their wavelengths and energies and not by a “color”. Color is related to 
light and electromagnetism and is physically obtained by decomposing light into its 
spectral components. Matter is only directly visible when it radiates light. It appears 
to be of a certain color according to its molecular structure which, depending on the 
case, absorbs or reflects the incident light. We cannot see matter unless it emits 
visible radiation towards our eye. This visible radiation is called light. The 
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phenomenon of color is therefore created through the physiological process of 
vision and the associated chromatic sensation and through the induced 
psychological process which therefore exists only in the human brain. Everyone 
sees and perceives “his” or “her” colors, but the color names correspond to a 
“normal” vision of people who similarly interpret the same objects seen in the same 
lighting conditions. 

 

Figure 7.10. Luminous radiance 

From the point of view of physics, all that was written about radiation in the 
section on remote sensing (section 4.2.2.2.3) applies here. In the visible radiation 
(between 380 and 700 nm) the eye perceives three principal (or fundamental) colors 
of the light rays: red-orange, green and blue-purple (the RGB system). According to 
J. M. Parramon [PAR 91], in between red-orange and green we also distinguish 
yellow, between green and blue-purple we distinguish cyan and between blue-
purple and red-orange we distinguish magenta, the so-called primary pigment 
colors. All the colors in the spectrum follow each other in an unbroken fashion and 
form a continuous scale starting with purple and then going through blue-purple, 
cyan, green-blue, green, green-yellow, yellow, orange-yellow, orange and finally 
red-orange (see Figure 4.27). 

Any chromatic stimulus originates from a mixture of the primary colors, and 
there are many combinations because “the true primary colors are monochromatic 
colors of the spectrum19. All that is visible can be seen only via them” [KUP 75]. 
                              
19 We can speak of a monochromatic color when a small number of waves of the same 
wavelength, and hence the same color, are isolated from the spectrum. 
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The continuous chromatic circle (Figure 7.11) introduced by I. Newton in the 17th 
century, represents the colors. It includes a peripheral circle with 24 color hues (the 
Ostwald circle) and a central circle comprising the aforementioned six colors. Thus, 
on the one hand we distinguish the additive primary colors of the RGB system or 
light colors20 recognized by the theorists (scientists, photographers and filmmakers) 
and used in television where a color is displayed on the screen by the emission of 
red, green and blue light. On the other hand, the subtractive fundamental colors or 
pigment colors of the CMY system (cyan, magenta, yellow) are used by technicians 
who work in the typography of drawings and paintings (where the ink does not emit 
any light but reflects it). The terms “additive” and “subtractive” come from the color 
encoding systems which will be addressed below. 

 

Figure 7.11. Circle of colors and the HLS system (see color plate section) 

Apart from the basic colors we distinguish complementary colors characterized 
by the absence of chromaticity, that is to say, by the appearance of gray during the 
mixture of two colors. Complementary colors form diametrically opposite pairs in 
                              
20 The expressions “light color” and “pigment color” are used in the work of J. M. Parramon 
[PAR 91]. 
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the circle. To give an example, among the pigment colors the following are 
complementary: blue-purple is the complementary to yellow, red-orange to cyan and 
green to magenta. 

Color is a visually attractive variable, but until recently it was rarely used, 
because it cost too much to print it. Now this constraint has partially disappeared, 
but this little-known visual variable is often used inappropriately. Luckily, the 
advent of satellite images and the development of maps on screen force 
cartographers to think about this component, because color can be used correctly 
only if we know its characteristics (which will be elaborated upon in section 
7.2.2.3). 

Concerning the implantation, color can be applied without difficulties to all 
types of cartographic objects of any spatial dimension. In relation to the attributes 
[Z], color is selective, separative and associative. It is neither ordered nor 
quantitative and hence should be used only to represent nominal thematic variables. 
However, with some rules, it is sometimes employed to express order. Combined 
with values, color can produce oppositions or order. But given the importance and 
the complexity of its perception, we will describe these possibilities further after 
establishing the features of graphical perception. 

7.2.2.1.4. Value 

“Value” variation is “a continuous progression which the eye perceives in the 
grayscale stretching from black to white” [BER 67] in a given area. It is expressed 
as the ratio of quantities of black and white (Figure 7.12). The term “progression” 
introduced in the definition of the value conveys the basic property of this visual 
variable – order. Therefore, it can be used to indicate the attributes taken on an 
ordinal level of measurement, but in principle cannot express quantitative values. 
Nevertheless, it is sometimes used for quantitative levels of measurement either in 
redundancy or to make up for the size of a region. The quantitative level of the 
attribute is then lost. In the absence of other options, the choropleth maps 
representing quantitative data by variations of color have become common, as G. L. 
Andrienko and N. V. Andrienko underline [AND 99]. Let us note that with modern 
techniques it is possible to establish a proportionality relationship between the ratio 
of black and white and thematic values. This allows us to use color to convey a 
phenomenon measured on a quantitative level, as we will mention in Chapter 1 of 
Volume 2 in the discussion of choropleth maps without class intervals in relation to 
the works of W. Tobler [TOB 73c]. However, this semiotic option presents 
difficulties for graphical perception, since it is not certain that the color variations 
are visible. We will address this issue in the last part of this chapter. Finally, if the 
value is also selective, it is not associative. 
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Figure 7.12. Visual variable “value” 

From the point of view of spatial dimensions, value can be used in all cases, but 
it gives the best results on an area or a volume, since it requires some surface area 
for the reader to see the variations of gray. 

7.2.2.1.5. Grain 

“Grain” is the number of discernible dots on a unit area. It is the equivalent of a 
density for a given value (Figure 7.13). Variations of grain for the same surface can 
be obtained by photographic zoom which makes the size of the dots increase 
without changing their number in a unit area. Zero grain is the situation when the 
dots are so fine that they cannot be distinguished. 

Like value, grain expresses order and thus corresponds to the attributes 
measured on an ordinal level, but it can also be viewed as associative. Sometimes it 
is used redundantly for thematic variables on quantitative levels of measurement, or 
else to substitute for the size of an area in areal variables of the same type. 

 

Figure 7.13. Visual variable “grain” 

This visual variable is, however, controversial and is used in different contexts. 
Often, grain is interpreted as “texture”, or else it can be decomposed into several 
elements which vary from author to author. M. Beguin and D. Pumain [BEG 94b] 
define texture structure as a graphical combination of distinct elements. J. Denegre 
[DEN 05] thinks about graphical texture as a graphical element whose repetition 
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makes it possible to cover the surface representing a region. In 1969 H. W. Castner 
and A. H. Robinson [CAS 69b] identified three components in “drawing” dots 
which can be regarded as grain, namely: shape, size and spacing. According to these 
authors, the last term refers to texture. E. Spiess [SPI 78] assumes that grain is a 
combined variable characterized by its shape, direction and spacing. This 
characterization is also found in A. M. MacEachren [MAC 94a] and T. A. Slocum et 
al. [SLO 05] who add arrangement. Finally, J. L. Caivano [CAI 90], an architect 
and a semiotician, claims that texture includes three aspects of variation: direction 
which is the ratio of the length and the width of the basic element, size or the surface 
area of the basic element and density which is determined by all of the basic 
elements. Direction, in the definitions of either J. L. Caivano or E. Spiess, 
corresponds to J. Bertin’s orientation of either a basic element or all of these 
elements. Therefore, it is not a specificity of grain. 

In order to clarify these terms it is important to study the elements of grain which 
can be modified on a unit area and produce variations. We will use the following 
components: size and shape of the basic mark, the number of marks in a unit area 
which gives rise to the density (the ratio of the number of points to the area), value 
(the ratio of black and white), spacing between dots and their arrangement.  

 

Figure 7.14. Complex variables: arrangement, spacing and texture 
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Starting from the definition of grain by J. Bertin as the number of discernible 
marks in a unit area, two sets of elements can be identified: those which preserve the 
relationship between the “visual variable” and the “ordinal attribute” and those 
which do not or do not even discriminate between the two (Figure 7.14). Three 
elements belong to the latter category: shape, number and arrangement. The texture 
of the repeated basic element produces the shape of the grain, since the definition of 
grain does not explicitly involve the shape of the basic element. Therefore, texture 
belongs to another category of visual variables, associated with nominal attributes 
and assumed fixed in grain. 

Arrangement is the relative disposition of signs with respect to each other. It can 
vary from regular to completely irregular: dots can be positioned, for example, in 
staggered rows or randomly. Arrangement conveys the structure as defined by 
J. Denegre [DEN 05], namely the “mutual organization of unit elements”. Many 
authors, such as A. M. MacEachren [MAC 94a] and J. Morrison [MOR 74b], also 
use this term to characterize the point pattern and the framework of spatial analysis 
of a population distribution, for example. However, if in a regular arrangement 
variations can produce order, in an irregular arrangement it is impossible. 
Arrangements belong, therefore, to a different category, important mostly in the 
areal case, regardless of other visual variables. They do not allow any classification 
or hierarchy, unless they are regular. A little thinking about this enables us to say 
that grain and texture cannot be imagined except in a regular arrangement where 
unit elements are repeated in a regular fashion. 

The number of marks in a unit area is obviously related to the density – the ratio 
of the number of dots to the unit area. This number depends on the mark size and is 
not by itself discriminating. 

Once the arrangement kind is fixed, three elements allow the preservation of the 
order relation: value, size and spacing. These three components are strongly 
interlinked. Value, the ratio of black and white, determines the other two. For grain 
to vary without changing the value, the size of the elements should vary and, as a 
consequence, so should the spacing, which is the distance between the basic 
elements. It is impossible to modify the size without changing the spacing if  we 
want to preserve the value. The variation of the spacing implies for a unit surface a 
variation of value, the number of dots and hence the dot density. If the size is fixed, 
modifying the spacing produces a change of the value. The visual variable is no 
longer grain and we view this variation as a variation of the texture, a regular 
disposition of repeated signs with a constant size but varying spacing and hence 
with a varying value. To summarize, we can preserve the size of the elements in 
which case changing their spacing induces change in the texture. Conversely, we 
can modify the size of the elements and preserve the value, in which case the grain 
varies. Hence, we will only use for the decomposition of grain the two terms which 
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preserve the order relation: grain (associated with the constant value) and texture 
(associated with the constant size), with the spacing changing in both cases. 

Grain may be used with all geometric dimensions but as for value, the 
differences are more perceptible in areal and volumetric phenomena. 

7.2.2.1.6. Size 

Size is a variation of the area or the volume of a sign (Figure 7.15). Depending 
on the shape, the size of a visual variable refers to the length, width, height or two 
or three of those simultaneously. From the point of view of cartography, the size 
limits are determined by the maximal tolerable congestion in the document and by 
the smallest sign which the eye can discern. The size variation of a sign can be put 
into a direct correspondence with the quantitative fluctuations of the phenomenon 
represented, so that it conveys the quantitative changes, absolute or relative. Size, 
therefore, is perfectly suited to the data measured on a ratio level. Since all “higher” 
levels of measurement possess the properties of the lower levels, the variation of 
size can express order and differences. According to the definitions of J. Bertin, it is 
quantitative, ordered and selective. In practice, however, it should not be used for 
qualitative levels of measurement, since it would produce false information. 

 
Figure 7.15. Visual variable “size” 

With respect to the spatial dimensions, size is well suited to point and linear 
phenomena. Whatever shape is used for a point sign, when we change its size we 
should be very careful to change the area (or volume) of the whole sign and not just 
of a part of it. For example, the proportionality for circles is calculated using the 
thematic value and the area of the circle, not the radius. For linear symbols the size 
variation is the variation of the line width. The length connecting two points would 
be difficult to change since the endpoints are fixed. Whether the contour is 
schematic or not, it is the width which produces the area change. It makes a 
difference when linear signs are oriented (vectors), but this case will be discussed in 
the representation modes of flows. 
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In practical terms, size cannot be used for a variable of areal or volumetric 
geometric nature. In this case the size variation would imply changing the area, and 
hence the shape of the spatial unit considered, thus resulting in an anamorphosis. 
Thus, quantitative variables and the variation of size are incompatible. We 
therefore arrive at a choice: to favor the spatial properties and lose the quality of the 
measurement level, that is to say, to preserve the area and use value or grain to 
represent the attribute; or to give the preference to the level of measurement and 
lose the spatial specificity, thus employing a point implantation and varying the sign 
(dot, square, etc.) in size (Figure 7.16). 

 

Figure 7.16. Visual variable “size” and areal dimension: incompatibilities 

Some cartographers have proposed additions to the six visual variables presented 
above, which deserve to be examined. 

7.2.2.2. Additional minimum graphical units 

With some time-lag the English-speaking authors used the visual variables 
introduced by J. Bertin, but some also proposed new variables. Thus, T. A. Slocum 
et al. [SLO 05] suggested perspective height which allows different signs to appear 
as if in a 3D perspective: for example, a pin or a “wall” over a plane (Figure 7.17a). 
This variable will not be used here because it can be confused with the 21/2 and 3D 
representations, but we will return to it in more detail in Volume 2 (Part 2). 
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Following D. Woodword21, A M. MacEachren [MAC 94a] put forward a 
variable called focusing which expresses the fact that the sign boundaries, of any 
geometric nature, can be sharp or fuzzy. There is a progressive attenuation from the 
central point of a sign outwards, the strength of which can vary (Figure 7.17b). A. 
M. MacEachren [MAC 95] also proposed various modifications of this variable, but 
at this stage we will use only one of them, which he called “sharpness”. Its use is 
well-suited only to uncertain, fuzzy phenomena, the representation of which is not 
yet sufficiently developed. 

Other variables are sometimes also cited, but they are similar to those already 
described. Only the representation of color requires more explaining since the use of 
graphical primitives has changed completely and proliferated since the 1960s. 

 

Figure 7.17. Additional visual variables: “perspective height” and “focusing” 

7.2.2.3. A variable to study and to decompose: color 

Color requires a detailed examination because of its characteristics and also 
because of the encoding systems which make its use possible. 

                              
21 This brings to mind the remark by A. M. MacEachren [MAC 94a, p. 31, note 5], where he 
says that this variable had been originally suggested by D. Woodward. D. DiBiase [DIB 91] 
corroborated this in informal correspondence. 
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7.2.2.3.1. Characteristics of color 

When talking about color, this term alone is not sufficient because the 
description of a color is done with three parameters (Figure 7.18), the acronym of 
which denotes one of the encoding modes: HLS (hue, lightness, saturation). 

Hue is “a property of a color determined by the wavelength of the light reflected 
or transmitted by an object” [AGF 92]. It corresponds to the dominant wavelength 
and can distinguish one wavelength from another. It is to this property that the color 
names refer. It can be measured as the angle formed by the vector rotating around 
the vertical axis of gray: 0 = blue, 120 = red and 240 = green. The pigments residing 
on the large circle periphery are ordered by the light wavelength, from red at 120º to 
purple at 60º, passing through blue at 360º (or 0º). Around purple, from 360º to 60º 
we find the colors which are little perceptible. 

 

Figure 7.18. Components of color 

Lightness, or value, formerly called clarity, is an achromatic concept related to 
the perceived intensity of a reflecting object. It is a measure of the light sensation 
induced by the color, expressed on a psychometric grayscale stretching from black 
to white. The scale varies along the vertical axis from black (no light) at the bottom 
of the axis to white (100% light) at the top. Lightness indicates whether the color is 
light or dark, in what measure it is close to black or white. It defines a degree of 
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light in colors and among the basic visual variables corresponds to value. Lightness 
is also defined as a quality of a radiant object, that is to say, an object which emits 
or reflects light. It interprets the perception of light by human vision. Lightness is 
connected to the amount of light reflected or emitted by a surface and to the 
reflectivity and emittance of the neighboring regions. Each pure hue can be altered 
by the amount of light it incorporates. White stands for the entirety of the visible 
light waves, black means the absence of visible light. The value of lightness varies 
from 0 (black) to 10 (white), usually in 11 steps describing the lightness degree of a 
color. It quantifies the light sensation produced by a color relative to the standard 
black and white axis which defines the grayscale. 

The notion of brightness should complement lightness since some systems, the 
Munsell system for example, refer to it. Brightness is the real radiant intensity of a 
light source. Sometimes called radiance, it is the ratio of the radiant intensity of a 
surface and the surface area. Brightness determines the radiant intensity of the 
radiated power: it is the proportion of black and white in the signal. The relationship 
between brightness and lightness is exponential and not linear. 

Saturation (S) or intensity refers to the colorimetric purity (degree of purity) of a 
color and can be considered as an attribute of the visual perception, allowing us to 
estimate the amount of pure color in the whole sensation. It indicates whether the 
color is fading into gray and constitutes a measure for the quantity of gray in a 
color. Each hue can be altered by a “pigment quantity” (or saturation degree) it 
possesses. The variation of color saturation can be represented in a circle: from the 
center with no pigment (S=0) and in which is gray regardless of the light intensity, 
and towards the periphery saturated at 100% where the color is more “vivid”. The 
more saturated the color is, the farther from the gray axis it lies. Thus, saturation is 
measured by the length of the vector from the axis to the color: 0 = gray and 
100 = maximal saturation. Not all saturated colors have the same vector length. If a 
transparent color is not saturated, it is called washed. If the saturation point is 
exceeded, the color appears darkened. The optimal saturation of a color is achieved 
when the largest proportion of the incident waves is absorbed in the absorption 
spectral zone, and the largest proportion is reflected in the reflective spectral zone. 
The application of a color is optimal when the color is saturated and its chromatic 
intensity is optimal. For example, this is the case for cyan when it reflects the largest 
possible portion of incident rays in the zone from blue-purple to green and absorbs 
the largest possible portion of rays in the red-orange zone. 

Chrominance (or chroma) is a similar notion which is sometimes introduced. It 
usually denotes the color signal which makes up a video image based on three 
ternary colors, and is a concept related to the color data in television. However, it is 
also used to convey the colorimetric difference between a given and a reference 
color. “Chroma varies from a hue which appears almost gray to a pure hue without 
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any gray22”. It starts from 0 (gray) and does not have an upper limit, although 
“classical” colors generally do not exceed 20. 

7.2.2.3.2. Color classification and encoding 

In the light of the previously described characteristics, classification of all colors 
is only possible in a 3D system, but no general solution has been devised which 
would satisfy all the people working with colors. Thus, many suggestions have been 
and continue to be made. Color can be designated by different encoding systems 
which enable various combinations of colors presented in diagrams and varying 
according to the encoding technique employed23. 

Color encoding based on the HLS method is relatively independent of the 
physical substrate. It is heavily used in software as well as in the processing of 
digital images, and it is related to the television color system (RGB). This system is 
relatively close to our way of perceiving the hue variations in colors and it focuses 
on the three color components described above (hue, lightness, saturation). Colors 
are expressed as vector quantities (Figure 7.18). 

The RGB system derives from the 1807 discovery by T. Young that three colors 
are enough to recover white light. This so-called additive method is at the 
foundation of the system most frequently used in the digital domain, in television 
and LCD and CRT screens. It makes a reference to forming colors by mixing three 
rays of pure color: red-orange, green and blue-purple, and displaying it on a screen. 
The additive synthesis RGB is always present since visible electromagnetic waves 
are always mixed in one way or another (Figure 7.19a). The starting point is black. 
When the three cones of light are superposed we obtain white light. The additive 
colors each correspond to one of the thirds of the spectrum. Yellow is obtained by 
adding green and red, cyan by adding blue and green, and magenta by adding red 
and blue. We say that light is depicted by addition. If we mix the colors two by two, 
we obtain the subtractive colors. 

The CMY system, like the RGB system, allows an explicit construction of colors. 
It is used in painting and in the four-color process printing where it includes black 
(CMYK). It constructs colors by the percentages of ink of three basic colors: cyan 
(which is in fact a more vivid blue), magenta (carmine) and yellow. This encoding 
(Figure 7.19b) is for colors created by subtraction: white is formed by 0% of each 
component, black by 100% which means that the superposition of the three colors 
produces black. The starting point of the subtractive synthesis (mixing of colored 
bodies) is white. Pigments are produced by subtraction, thus depicting a colored 

                              
22 Website: http://www.pourpre.com. 
23 A. J. Kimerling [KIM 80] proposed mathematical formulas for establishing equivalences 
among different systems. 
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light. The most commonly drawn diagram for the subtractive system shows the hues 
produced by mixing of all basic colors in 20% increments. The colors of two of the 
thirds, being mixed two by two, give rise to the colors of the remaining third. When 
the three colors are all at the optimal saturation and are superposed in the same spot, 
they produce black. 

 

Figure 7.19. CMY and RGB systems (see color plate section) 

Another system which presents a great interest from the scientific level is the 
CIE system which was created in 1931 by the International Commission on 
Illumination (usually known as CIE from its French name Commission 
internationale de l’éclairage). Based on the additive principle, it works in a precise 
and mathematical fashion enabling an understanding of chromatic phenomena by 
calculations. 

The reference values XYZ are linearly related to the RGB system and are situated 
at the exterior of the body of visible colors, coming to an end at the black point 
(Figure 7.20). This system gives rise to a 3D colorimetric diagram and has been 
used in the level 2 Adobe Postscript. It allows a mathematical interpretation of the 
result of mixing of colors, which is of a considerable interest in colored 
compositions. In particular, it is used in graphical arts and in the color reproduction 
industry. 
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Another system is very well-known in the USA, especially since C. A. Brewer 
made it possible to produce color samples on the web for qualitative or quantitative 
variables expressing an opposition or a progression. 

 

Figure 7.20. CIE system (see color plate section) 
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Figure 7.21. The Munsell system (see color plate section) 

The system is called the Munsell system, after the name of its inventor in 1909, 
A. H. Munsell (1858-1918). It is based on the perception of color and not on its 
physical properties. A. H. Munsell was an American painter who suggested – long 
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before computers – an operational classification of colors based on hue, value 
(lightness) and saturation or, to be precise, chrominance. The spacing between 
neighboring colors are made in such a way that they appear to be equal intervals. 
Thus, A. H. Munsell24 gave priority to equidistance of the perceived distances 
between of the colors.  

The hue – the sensation which enables us to distinguish different wavelengths – 
is described with a circle containing 40 hues, 10 of which are considered as the 
principal ones: five basic hues (R, Y, G, B, P) and five secondary ones (YR, GY, 
BG, PB, RP)25. However, as we have mentioned already, the fundamental 
difference with other classification systems is the distribution of colors by 
chrominance based on visual perception, which implies that all colors are at 
different distances from the central axis. With the addition of chrominance, colors 
are classified within a palette of hues inside a rotational body in the form of a top, 
thus forming an atlas of colors (Figure 7.21). 

To choose colors correctly with respect to the characteristics of the phenomenon 
we make use of the diagrams of the encoding systems, but there are always some 
differences due to the printing process or the screen. C. A. Brewer [BRE 89, BRE 
97, HAR 03] developed printing diagrams based on Munsell’s curve for the purpose 
of selecting colors for maps. They are a great help, but, as this section attempts to 
demonstrate, the use of color remains a complicated and difficult subject. 

All the variables which we have mentioned up to now are visual and, therefore, 
graphical variables, which are viewed from a static angle. There are other 
possibilities, dynamic and perhaps non-visual, which allow us to convey 
cartographic objects. Some of them will be discussed in the next section, but the 
majority will be the object of a detailed study in Volume 3. 

7.2.3. Non-visual semiotic variables 

Other systems of signs are also used in cartography either to satisfy specific 
requirements or to resolve old problems using modern technologies. 

                              
24 This section was written based on several articles by C.A. Brewer [BRE 89, BRE 92, BRE 
97] and other works [SLO 05, ZWI 85], as well as two websites http://pourpre.com/nuanciers 
/munsell.php and http://www.profil-couleur.com/ec/103-espace-couleur-Munsell.php. 
25 Basic hues: R (red), Y (yellow), G (green), B (blue-cyan), P (purple). Secondary hues: YR 
(orange), GY (green-yellow), BG (blue-green or deep cyan), PB (purple-blue), RP (purple of 
deep magenta). 
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Figure 7.22. Tactile variables 

The systems of signs to satisfy specific requirements enable, among others, the 
production of maps for the disabled, such as maps with tactile signs for the visually 
impaired or the blind. Everyone – disabled or not – has to move about and for this 
we need the location data and itineraries furnished by a map, which in its normal 
form assumes the use of eyesight. Such a document is useless for visually-impaired 
or blind people. There is a need for alternative products making use of other types of 
perception such as touch. This imposes new constraints because touch has a much 
weaker discriminating power than vision [TAT 91] and does not enable the person 
to embrace the full scope of the document. The consequence is that, as R. 
Vasconcellos [VAS 91, VAS 93, VAS 96] stresses, “tactile cartography” is based on 
different principles, different rules and different techniques than the usual 
cartography. According to this author the fundamental role in it is played by the 
tactile language which allows us to communicate spatial information to the visually 
impaired. The basic principle is the use of the third dimension which leads to the 
creation of a new set of signs for the tactile maps. Instead of color which is useless 
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for blind people, height is used. Every sign is drawn in a volume and not in a plane. 
Height can be combined with all other visual variables which we defined above by 
varying what E. Vasconcellos calls “the texture”, and which in the standard 
nomenclature includes shape, texture, grain and value. Every sign should have a 
minimal relief as shown in Figure 7.22. Nevertheless, despite the results produced 
by some research programs, such as that of R. Vasconcellos in Brazil, a lot of work 
still needs to be done for the system of tactile signs to be perfectly adapted to the 
needs of the visually impaired. 

The second group of non-visual variables pursues several goals: for example, to 
add audio accessories to maps and to introduce the time and dynamics components 
using modern techniques. These methods are mostly used in multimedia or virtual 
cartography and will not be considered until Volume 3. However, we would like to 
emphasize right away that even though they possess syntax like graphical signs, 
calling them “visual” variables seems to us an abuse of terminology, because this 
would exclude the non-visual techniques and therefore, most of the methods 
associated with multimedia. Many signs used in these techniques can be considered 
as visual variables, but this does not necessarily make them visual variables. Some 
other idiom needs to be proposed. 

Regardless of what semiotic system is used, it is crucial that the formation rules 
of the units of meaning are known and followed on all levels. 

7.2.4. Formation rules for signifying units 

In describing the geometric or graphical minimum units and the units of the 
signified, we stressed that some associations are forced and incontrovertible while 
others are impossible. We will now recapitulate these remarks in such a way so as to 
suggest a logical reasoning for the associations, which will make possible the 
formulation of rules and the type of syntax necessary for making a map. Then the 
application of the semiotic transformation will have a real meaning. A number of 
cartographers attempted similar approaches because bringing order to this set of 
diverse components is imperative, as A. H. Robinson wrote in 1952: “the complete 
evaluation of the cartographic methodology therefore requires that, ideally, the 
visual and intellectual properties of all map data, techniques and media, be analyzed 
as well as all the possible combinations of them” [ROB 52]. In 1967 the publication 
of Semiology of Graphics [BER 67] made available a very powerful work 
describing in detail visual variables and their properties. Since that period, however, 
there have been a number of works and our knowledge of semiotics has increased. 
Thus, E. S. Bos [BOS 84] proposed a table of properties of visual variables 
corresponding to those of J. Bertin: associative, selective, ordered and quantitative. 
J. C. Muller [MUL 90c] listed the three characteristics of spatial data with regard to 
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the basic cartographic signs: measurement level, dimension and organizational 
structure. U. Freitag, in his turn, was interested in the theory of semantic 
information and did some work [FRE 93] on the correct relationship between signs 
and meaning. Finally, a very detailed analysis by A. M. MacEachren [MAC 95] 
allows us to understand how various approaches are related to one another. It is 
based on these and many other works that we propose here some principles of 
association intended to establish syntactic correspondences among the minimum 
units of meaning and the objects that they signify (or, the signified objects). These 
correspondences are given in the legend of a map. 

The conception and the choice of signs are rooted in two interrelated domains: 
that of the characteristics of spatial data and that of the properties of signs. 
Therefore, we need to revisit the “perceptive attitudes” of the user introduced by J. 
Bertin, which characterize visual variables. Adopted and analyzed by various 
authors, this terminology presents a certain interest but also a major disadvantage, as 
A. M. MacEachren notes [MAC 95], namely, that no test has proved the validity of 
the postulated properties. However, if we use this terminology, it is essential to 
detail its meaning. Since association is an operation of bringing together or uniting, 
we can define associativity as the capacity of a sign to unite or to group together 
elements of a map and the capability of the reader “to interpret graphical elements of 
different nature as visible phenomena” [DEN 05]. In the same spirit, difference is a 
characteristic (or an ensemble of characteristics) which distinguishes one object 
from another. Thus, differentiation is the operation of distinguishing one object 
from another by using a characteristic (or an ensemble of characteristics) that this 
object possesses. A sign, therefore, should have at least one characteristic which 
makes it different from the others. Differentiation enables selectivity – the ability to 
choose an object from an ensemble of objects. According to J. Denegre [DEN 05] it 
is “the property of selectivity that allows us to identify the original characteristic of 
an element or of a group of elements among others”. Based on these concepts, signs 
and the properties of attributes as well as the spatial components described in Part II 
of this book, we will now establish the syntactic rules. 

7.2.4.1. Graphical variables and spatial dimensions: morphological rules 

When we described the geometric minimum units, we saw they can be in four 
possible states26 (0, 1, 2, 3). As for the visual variables, their range of variation 
depends on the visual variable in question. Some of them, for example, shape, have 
an infinite number of possibilities. Nevertheless, we pointed out on several 
occasions that some visual variables cannot be used with some geometric 
dimensions. Let us therefore construct the set of possible combinations, impossible 
ones and those which are to be avoided. This determines the morphological rules 
(Figure 7.23). 
                              
26 Unless fractals are used. 
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Figure 7.23. Visual variables and geometric dimensions: morphological rules 

Size can be used for point and linear phenomena, but is impossible to use for an 
area or a volume where the variations would necessarily result in modifications of 
the geographical shape defined by the spatial components. Value can be used for all 
spatial dimensions but is most suited for an area or a volume. The same is true for 
grain and spacing. Color hues can be used in all cases, since it facilitates reading the 
map, although it can lead to mistakes: “we believe that we see correctly”. If it is the 
value of the color being varied, the remarks made above for the value hold true. 
Next, orientation is suited better for point, areal and volumetric dimensions than for 
the linear one where it is not advised. Finally, shape works well in the point, areal 
and volumetric cases (Figure 7.24). 

7.2.4.2. Graphical variables, measurement level and meaning: thematico-graphical 
syntactic rules 

When describing visual variables we indicated with what meanings they were 
associated and consequently for what measurement level of the attributes they are 
best suited. The terms chosen by J. Bertin [BER 67] express both the perceptual 
properties of the visual variables and their tacit equivalence to the levels of 
measurement. In practice, ordered variables correspond to the ordinal level and 
quantitative variables – the interval or ratio levels. Selectivity and associativity are 
more common at the nominal level, but the equivalence at this level is not strict. The 
rules of association among visual variables, measurement levels and their meaning 
are given by the syntactic rules which apply only to the attributes (Figure 7.25). 
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Figure 7.24. Visual variables and geometric dimensions: association validity 

 

Figure 7.25. Visual variables and measurement levels: thematic-graphical syntactic rules 
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Figure 7.26. Visual variables, measurement levels and meaning: association validity 

Generally speaking, the only visual variable that can represent the quantitative 
level is size. However, the value which characterizes the ordinal level can be 
sometimes considered as quantitative, because as was mentioned above, nowadays it 
is possible to establish an equivalence relation between the ratio of black and white 
in the graphical value and the numerical values of the attribute. The ordinal level is 
conveyed well by the value or the grain linked to the spacing. Color value can be 
used in certain cases for a correct combination of primary and secondary values. 
The nominal level can be described by specifically assigned colors, orientations and 
shapes (Figure 7.26). 

7.2.4.3. Graphical variables, spatial dimensions and measurement levels: syntactic 
rules 

When we collect together the above conclusions, namely the morphological and 
syntactic thematic-graphical rules, it is possible to draw a table of all possibilities 
and constraints of using visual variables depending on the spatial and thematic 
properties of the cartographic objects. In other words, a complete table of syntactic 
rules (Figure 7.27). 
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Figure 7.27. Visual variables, geometric dimensions and 
 measurement levels: syntactic rules 

Some associations are excellent, for example, an ordinal variable and an areal 
object represented by the value. Others are desirable or just acceptable: for example, 
using grain (or orientation) to express an ordinal variable in a linear object. Finally, 
some connections are impossible. Thus, a quantitative variable cannot be 
represented by size if the spatial dimension is areal or volumetric. We need to make 
a choice between losing the spatial property while preserving the level of 
measurement and the opposite. Figure 7.28 brings together the whole ensemble of 
possibilities for various visual variables, spatial dimensions and levels of 
measurement.  

We see that it is possible to establish the formation rules for the signifying units 
and signs based on two approaches: starting from the cartographic object to be 
represented or identifying the signifying units and listing the objects with which 
they can be associated27. 

                              
27 Let us remind the reader that we are talking about the semiotic stage where only the choice 
of signs matters. This means that all the other choices have already been made, including the 
choice of the representation mode which will only be discussed in Chapter 8.  
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Figure 7.28. Visual variables, geometric dimensions and  
measurement levels: association validity 

In the case of the first approach, namely, starting from the cartographic object 
which needs to be represented, the procedure is the following:  

1. Determine what spatial dimension to use, distinguishing between the surveyed 
spatial dimension and that of the meaning. Specify the continuity of the spatial units. 

2. Determine the measurement level of the thematic attribute characterizing the 
cartographic object, as well as its meaning, and indicate if it is an absolute quantity, a 
rate, or a composite variable. 

3. Note what transformations have been performed in the preceding stages. 

4. Search for the signifying units which suit the found characteristics best. From the 
set of possibilities choose each signifying element with possible variations, at the 
same time preserving their meaning. 
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Let us take an example: the population density in the municipalities of 
Luxembourg at a given date. The cartographic objects are areal spatial units, 
initially discontinuous. The attributes are quantitative and expressed by ratios, the 
numerator being the population and the denominator being the area. Two types of 
map are possible, differing by the cartographic transformation used. The first is a 
choropleth map and the second is an isopleth map involving a continuity 
modification. Let us consider the first case. We find ourselves at an impasse: a 
quantitative variable is to be represented by the graphical variable “size” in a areal 
implantation. Thus, we need to choose between preserving the implantation (areal) 
or the level of measurement (quantitative). By choosing a choropleth map – which is 
common – we preserve the spatial dimension but resort to the value or grain to 
convey graphically the attribute of density, and in doing so we lose its level of 
measurement. 

In the case of the second approach, the method consists of listing the signifying 
units and associating the spatial and graphical minimum units forming conclusions 
for the signified with which they can be associated. The comprehensive list of these 
associations leads to forming an information base such as have been developed in an 
expert system by J. C. Muller [MUL 86a], J. C. Muller and W. Zeshen [MUL 90c], 
B. P. Buttenfield and D. M. Mark [BUT 91b] or D. Forrest [FOR 90a, FOR 93]28. 
The knowledge base generally comprises the elements concerning the choice of the 
representation mode and of the preliminary stages (among others, generalization and 
change of the map base) as well as the signs and the rules which govern them. Only 
the latter part of the base interests us here. 

Minimum geometric units have four options which can vary graphically among 
at least six components (J. Bertin’s visual variables). If we are working with a point 
entity, it can change in shape (infinitely) and size (from -∞ to +∞ or in the limits 
determined by the attribute and its measurement level). In addition to that, its 
content can vary in color, value and grain. Its orientation, however, cannot change 
for all shapes (for example, a circle cannot change orientation). To limit the 
possibilities, we can choose, for example, graphical units which express order. 
Then, for a given shape the size cannot change anymore and only value and grain 
can convey the ordinal characteristic. Figure 7.29 is a sketch of the decision tree 
which demonstrates the importance of the interrelations among signs and the 
characteristics of cartographic objects, both on the spatial level and on the level of 
attributes. 

                              
28 D. Forrest [FOR 93] reminds us that an expert system comprises three conditions to 
simulate a problem formulated by a human expert: continuous dialog with the user only about 
the issues linked to resolving a certain aspect of the problem, suggestion of the most likely 
result and evaluation of the margin of error. 
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So far, these interrelations have been formulated only in syntactic terms. Other 
aspects need to be taken into account, related in particular to the capacity of the 
human eye to take in what is in front of it and to the associated perception. 

7.3. From recipient to transmitter: perception, reading and rules of 
construction 

It is now expedient to set the association rules of minimum geometric and 
graphical units in the general context of cartographic production, and more 
specifically, the context of the stage of the semiotic transformation with the 
preceding choices known. For this we need to return to the communication diagram 
and recall that the map occupies the place between the transmitter (cartographer-
thematician) and the recipient. The latter is essential since it is based on the interests 
of the recipient that the map is produced, whether a research map, an illustration or a 
consultation tool. The recipient is often forgotten or at least neglected, and a 
breakup between the map maker and its recipient can lead only to serious 
cartographic setbacks [BOA 77b]. In order to direct the thinking and the selection 
better it proves necessary to take into account the explicit needs of the recipient. 
This is why we will now start from the recipient and his or her various capabilities, 
motivations and knowledge to determine what makes the transmitter’s work 
efficient. 

7.3.1. Recipient and his/her physiological and psychological characteristics 

The recipient analyzes, contemplates and interprets what is shown on a map to 
form ensembles and proceeds to comparisons. Syntax explains how the signs are 
associated with topics, but the reader only sees the result, namely, signs on a plane. 
The reader senses them via the sensory organs and organizes them according to his 
or her personality and social and cultural background. He or she recognizes patterns 
and interprets them with his or her cognitive representations of the world. This 
understanding of the patterns on a map involves knowing the signs and their 
meaning as well as the physiological and psychological characteristics of the 
recipient, whose role has been acknowledged since the beginning of the 20th 
century. Thus, M. Eckert pointed out [ECK 08] that it would be crucial to take into 
account the “psychological” characteristics related to reading maps, and, according 
to G. Palsky [PAL 01], E. de Martonne, while exploiting and proposing new modes 
of representation, was already thinking about associating signs with data and, in 
particular, about the efficiency and the legibility of signs. These authors formulated 
the necessity of learning the perception of maps in one form or another and 
therefore learning what induces this perception. 
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Figure 7.29. Visual variables, spatial dimensions and measurement levels: decision tree 

Whatever the topic of a map, the sensory organs of the recipient come into 
contact with the information contained in it. The recipient deciphers and interprets 
this information by means of physiological and psychological processes which 
depend on the cultural and social background of the reader and multiple components 
of the reader’s cognitive abilities. 

7.3.1.1. From physiological processes… 

For our purposes, the essential characteristics are those concerning the senses 
which the recipient can use to read a map. The most used sense is, obviously, vision. 
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Hence, it is important to know the elements of the eyes and in what way they are 
used for map reading, viewing and decoding the signs. In fact, knowing their 
characteristics and limits would allow the cartographer to avoid offering to the 
recipient the representations which are too difficult to interpret and produce only the 
documents which can be comprehended and signs which will transmit to the reader 
the meaning of the map29. 

7.3.1.1.1. Eye: the most important organ 

The eye – the organ via which we establish contact with a cartographic 
document – is only a part of the visual system. It functions by two basic processes. 
In the course of the first process, the human eye (Figure 7.30) receives the reflected 
or emitted light which travels through the cornea, then a muscle, the iris which has 
an opening – pupil - in the middle and finally reaches the lens which focuses it at a 
point on the retina. Accomodation is an automatic mechanism and is governed by 
the ciliary muscles which change the shape of the lens as a function of the light 
emitted and determines the visual acuity, that is, the precision of seeing. During the 
second process, the information for the retina is carried to the brain through the 
optic nerve. 

The retina is a structure of numerous layers the most interior one of which 
contains two kinds of photoreceptors: the cones and the rods. The cones are 
specialized nerve cells which contain light-sensitive chemicals (called visual 
pigments) generating an electric response to the light. They are responsible for color 
vision and sensitive to high light intensity, which makes them essential for 
cartography. The cones are concentrated on the fovea – a portion of the retina where 
the visual acuity is the strongest. On the contrary, the rods are found at the 
periphery. They only work for weak light and produce black, white and gray images 
[WES 00]. 

7.3.1.1.2. The visual system 

The sense associated with the eye – the vision – is a complex system, psycho-
physiological and neuro-physiological at the same time, in which thousands of cells 
of diverse natures react to the light coming through the lens. It is a system which 
produces information out of a sensed input. Vision can be considered a deductive 
process since “what we see depends not only on what is there to see, but also on the 
way our visual system sorts and interprets the images formed on the retina” [HOF 
84].  

 

                              
29 Let us not forget that other senses can come into play, such as touch for the visually 
impaired or hearing if the map comes with sound. 
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Figure 7.30. Schematic description of the human eye 

Vision enables us to know differences in color (see section 7.2.), variations in 
size, and so on. The size of the image projected on the retina (or the retinal image) is 
determined by the visual angle which is the angle formed by the lines projecting the 
top and bottom of the image through the center of the lens of the eye [SLO 05] 
(Figure 7.31). It is related to the position of the object with respect to the plane 
perpendicular to the line of sight, to the object’s size and distance from the lens. The 
closer the object appears, the larger its image projected on the retina, and the farther 
away the object is – the smaller the image is. Despite the reduction or the 
enlargement of the object with the distance, the apparent size of the object remains 
almost the same and the adjustment of size occurs unconsciously, at least for 
familiar objects [WES 00]. Besides, the object is seen by the retina in a 2D form, 
and the recipient has to reconstitute the 3D shape to “see” the relief. What is more, 
when the contrast is not very pronounced, the details are difficult to make out 
because the sensitivity of the visual system is diminished in this case [CAM 84]. 

 

Figure 7.31. Relation between the size of an object and the size of its image in the eye 
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Eventually the eye transmits the data to the brain via the optic nerve, thus 
enabling the comprehension and memorization of patterns. The information coming 
from the right side of the vision field is processed in the left hemisphere of the brain 
and vice versa. 

7.3.1.2. …to psychological processes 

The point here is not to discuss the psychological characteristics which make a 
person unique, but to understand how this person recognizes the signs and their 
arrangement on a map, the perception of elements works, “organizing a continuous 
ensemble of sensations into units of meaning” [WES 00], that is to say, structuring 
and interpreting the sensorial experiences. A map, even if it is well made technically 
and respects the syntax, may not be perceived correctly by the reader, the signs may 
not assemble or differentiate in the way intended by the cartographer. It is therefore 
crucial to understand how the reader understands, perceives and recognizes the 
patterns drawn on the map. 

7.3.1.2.1. Perception and memory 

When the subject person looks at a map, he or she tries to recognize the patterns 
and preserve its elements because he or she is interested and pays attention to it. By 
attention we understand “a faculty of selecting objects pertinent to the environment” 
[WUR 82]. This capacity gives rise to a focusing, or selective attention, and a 
concentration of mind, that is to say, a mental effort. Attention is limited and is 
therefore linked to the rate of fixation of an image of which the reader is capable. It 
can be quantified by a concomitant measurable phenomenon – the eye movement. It 
is via the attention, and also in relation to the motivation and the involvement that 
the subject person selects the data deemed pertinent and memorizes the document, 
because “memorization involves capturing something that we have seen … and 
converting it into a form which we can preserve and use” [WES 00]. 

Thus, the information is stored in the sensory register during the contact with the 
image. In this case the stimulus is visual and the accumulation happens in the iconic 
memory30 where the storage procedure takes on the order of 500 ms [ROS 05], even 
though the traces of an image persist after the image has disappeared for some 
period called persistence time. The storage capacity is also limited, it seems, to 
seven items if no retrieval happens. Taking into account this fact, which was 
established in the 1960s, we consider two types of memory participating in 
information storage and playing a role in recording, memorizing and processing of 
the received data, namely, the signs on a map and their arrangement. 

                              
30 In the case of an audio stimulus, the memory is called echoic. 



256     Thematic Cartography 1 

From the visual sensory register the information passes to the short term 
memory, which is characterized by quick and massive forgetting in the matter of 
several seconds after the disappearance of the document. It has a limited capacity, 
which implies that the older elements are deleted to make room for new arriving 
information, if no retrieval happens. This transfer to the short term memory is linked 
to attention and selection abilities of the reader who retains some information and 
rejects the other. Some researchers, however, prefer to talk about the working 
memory following A. Baddeley [BAD 93] for whom “the working memory enables 
us to keep the received information accessible and to activate the recognition and 
the procedures necessary for processing the information” [ROS 05]. This memory 
has to do with the temporary storage and processing of the useful information. It 
consists of several units, in particular the “visuo-spatial sketchpad” which 
“temporarily stores visuo-spatial images and keeps them accessible during the 
processing” [ROS 05] and the “episodic buffer memory” – a temporary storage 
system which “keeps accessible the information necessary to accomplish a task.” 
The working memory plays an essential role in processing the images of space and 
makes use of the facts supplied by the long term memory to process the data which 
it receives from the sensory stimuli (Figure 7.32). Therefore, it can be regarded as 
an interface between the sensory stimuli and the long term memory, the memory 
which “allows us to store information from several hours to several years” [ROS 
05]. 

These facts about memory are important for cartography and connect it with the 
cognitive approaches which attempt to understand how and why the reader captures 
this or that sign or set of signs and how he or she organizes the identified elements 
and interprets the document. 

 

Figure 7.32. From a stimulus to the long term memory: recognition of shapes 
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7.3.1.2.2. From perception to form perception  

The apprehension – or perception – of a map requires the perception of forms, 
namely, the ordering of the sensations of forms and their patterns. The first 
psychologists interested in this type of perception were the gestalt31 psychologists in 
the beginning of the 20th century. According to D. Westen [WES 00], “they 
proposed the main laws of perception which the brain automatically and 
unconsciously follows when it is processing the sensory data and information units”. 
These laws assume that the elements are not independent of each other and describe 
how the elements are aggregated. They constitute a powerful tool for understanding 
the reader’s perception when the reader is facing a map in which he or she 
essentially perceives configurations, that is to say, the organized and structured 
wholes. 

The law of prägnanz, originally established by K. Koffka [KOF 35] stipulates 
that “from several possible geometric organizations we will choose the one which 
has the best, simplest and most stable form”. Complemented by the simplicity (or 
parsimony) rule, it explains that the reader looks to perceive the simplest possible 
image and tries to avoid complexity. Other descriptive laws are in the same vein. 
The law of  figure-ground allows the recognition of a figure by distinguishing it 
from the background. It is the opposition, or the contrast, between the two that 
allows an individual to distinguish the form of an object from the background in 
which it is placed.  

There are several more principles for the manner in which humans carry out the 
sorting in order to recognize figures. According to the principle of proximity, the 
brain perceives the signs which are spatially close to each other as forming a group. 
The principle of similarity states that within the same field the brain groups together 
the signs of similar color or size. The law of continuity refers to the fact that, if 
possible, the brain organizes and gathers signs along a continuous rather than a 
discontinuous line, connecting and aligning neighboring points. Finally, the 
principle of closure points out that the brain completes the unfinished objects. 

These principles are very important for a cartographer to keep in mind. They 
provide guidance for thinking and should be amended or supplemented by other 
factors which enable the cartographer to understand how the recipient decodes and 
interprets the map. 

                              
31 These psychologists relied on “gestaltism” – a theory due to W. Kohler, K. Koffka and M. 
Westheimer which “refuses to separate phenomena from each other to explain them and 
which considers them as inseparable whole” [LAR 05]. 
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7.3.1.3. Variations due to socio-cultural and family factors 

The background in which the reader is placed plays an important role in his or 
her interpretation and comprehension of a map. As E. Hall [HAL 71] and D. Morris 
[MOR 77] emphasized, signs and gestures do not have the same meaning in all 
cultures. Signs are a part of our culture. Small children already take them as a given. 
As we are growing up, we use and learn more and more abstract signs [WOO 84], 
the meaning of which goes beyond their physical appearance and imports the 
associations produced by the reader [GUE 79]. The associations do not have to be 
personal; they can also be based on common experiences of a society or a culture. 
D. Wood [WOO 84] claims that three-year-old children can already identify 
hillsigns, the manifestation of a cultural product. Even colors may be connected to 
the culture and vocabulary acquired in infancy32. 

The user’s view of the world varies according to his or her age, occupation, daily 
activities and geographical environment. It is rarely possible to make the same map 
on a given subject for schoolchildren, city administrators and researchers, experts on 
the subject. Their symbolic repertoire, cognitive and cultural,  is not the same and 
their responses to the document are different. R. Gerber [GER 93] suggested 
recommendations for the graphical choices in making maps for children. Initiatives 
of this sort need to be pursued further if we want to make maps adapted to the 
recipients and meeting their needs. 

7.3.2. From recipient to emitter: reading and using a map 

If we want to come up with concrete suggestions for the transmitter of a map, we 
need to understand how the recipient deciphers the documents based on his or her 
capabilities in vision and perception and taking into account his or her social and 
cultural background, age, occupation and so on. We also need to use the fact that the 
tasks of a reader are not unique because a map may be produced at different stages 
of a research project and with different purposes, which affects its usage. Therefore, 
map reading does not employ the same elements of the semiotic transformation for 
maps with different destinations. 

7.3.2.1. Characteristics of map reading 

To figure out the characteristics of map reading we have at our disposal the 
previously described properties of vision and perception on the one hand and the 
results of numerous tests carried out by psychologists, semioticians and 
                              
32 Thus, British researchers studying the perception of the Berinmos – a tribe of hunters-
gatherers in Papua New Guinea – showed that the categorization of colors is influenced by 
language. The Berinmos had difficulties distinguishing blue from green and among some 
shades of green [LOG 00]. 
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cartographers on the other. A first fundamental element is that the approach to a 
map – a subjective document – is global. 

7.3.2.1.1. Subjective global reading with information loss 

As J. Denegre stressed [DEN 05], the system of signs in fact contains a strong 
subjective component, both on the part of the transmitter and the recipient. A map 
remains an encoded system, and a code is a convention adopted by several 
individuals to designate objects by creating a correspondence between them and 
signs. The code, which has to be deciphered and transmitted by the legend of a map, 
is not neutral because no map ever transmits all the original information. Any map is 
somewhat deceptive and may contain either “white lies” to reinforce the main 
message or “true lies” intentionally calculated to give false information. An 
important point is that regardless of the mode of reading, visual reading is not 
precise and leads to a loss of information. This is demonstrated in the diagram of 
different types of memory (Figure 7.32). Only a part of the transmitted information 
is captured [RAT 77b]. 

In light of this basic fact concerning memory, the essential characteristic is that 
when we look at a map the first task to accomplish is global reading. Thus, J. A. 
Belbin [BEL 96] reminds us that map reading is done in several steps “the first of 
which is an overall view of the image which controls much of the initial reaction of 
the recipient looking at the document. We become aware of objects as figures 
against background.” This statement agrees with F. de Saussure [SAU 10] who 
wrote that an image is impressed on us via its global meaning. A map is seen as a 
whole, fitting into the gestalt theory, namely because “parts of an object interact 
with one another and, in so doing, produce a ‘whole’ which is very different from 
the sum of the various parts” [BEL 96]33. 

This feature can be explained, at least partially, by the fact that a map is a 2D 
display of information and not a linear one like text. In fact, 2D reading (of a map or 
a painting) is such that no order is spontaneously imposed. How do we “get into” an 
image or a picture? Remembering the painting of the three ages by S. Dali (1940), 
entitled “Old age, Adolescence, Infancy”, is enough to realize that the interpretation 
varies depending on the way we “enter” the painting. One of the ages seems to 
dominate the other two. This feature of 2D images – the absence of viewing 
constraints – is both an advantage (we can “imagine34”) and a disadvantage: the 
received message may be entirely different from the sent message. As a 

                              
33 In the same vein T. R. Steinke [STE 79] points out that according to the experiments the 
reader goes for the essential parts, namely, the body of a map, its title and its legend and 
devotes 84% of time to viewing these three fundamental elements of the map. 
34 See the study of F. Schroeder [SCH 90] on the views of the Earth in cartography, 
fantasies, dreams and imagination. 
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consequence of that, it is necessary to know the functioning of the reader of such a 
graphical language once he or she is brought into contact with the map. How do the 
readers assemble the dissociated elements of the map and how do we guide them in 
their visualization of the document? 

7.3.2.1.2. Development of structure and hierarchy 

It seems in fact that at first the readers unconsciously apply the principles of the 
gestalt theory: they simplify the images and form blocks [ROB 69, LLO 79] and 
ensemble homogenous zones. In effect, they form associations among the elements 
which are similar graphically, close spatially, have familiar shapes or lie on a line 
[POM 85a]. It is known that a reader can focus only on one small sector at a time, 
since the human sight angle does not exceed 5º from one viewed point to another 
[WOO 72]. As T. Steinke demonstrated in his thesis [STE 79], readers select 
elements and go for some objects before others, forming hierarchical groups and 
organizing the reading process around them. Readers classify, list, separate and 
become aware of the groups detached from the map background, applying the 
principle of the shape and the background. However, as J. J. Gibson [GIB 50] 
pointed out, it makes sense to pay more attention to areal elements since they 
account for a great deal of spatial perception due to their importance on the map. 

Development of a visual hierarchy enables the reader to establish a visual scale 
of objects to which the eye is gradually attracted. Already in 1973 B. Dent [DEN 
73] emphasized that the “success” of a map depends on the visual ordering process 
which makes the significant elements clearly visible. Thanks to the hierarchy of the 
elements, the reader knows how to “get into the map,” but there is no single way to 
do it since the hierarchy process is doubled [DEN 73]. There are two interlocked 
orders35: an areal visual order in the arrangement of signs and general layout on a 
page (or a screen), related to the graphical and technical aspects of a map; and a 
hierarchical order, or the order of the content which conveys the conception 
decisions for the significant items. The possibilities of “playing” with one order or 
the other are not the same since certain elements are dictated by the map topic and 
the mapped space. Nevertheless, through an appropriate choice of signs, their 
constraints and their respective positioning it is possible to simplify the formation of 
a hierarchy. The topic and the meaning of the map, however, always retain their 
priority in its construction. Only after this stage can the reader turn to other, more 
specific elements. 

7.3.2.1.3. Difficult or inaccurate specific readings 

In the second stage, readers see the details and proceed in an analytical fashion 
trying to make sense of various combinations that they observe. Depending on the 

                              
35 Examples of them will be given in Chapter 9. 
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task at hand different difficulties may arise in associating signs, understanding 
progressions and performing comparisons. Here again we find at work some of the 
perceptual properties proposed by J. Bertin [BER 67]. 

For proportional signs, such as circles or squares, the recipient forms subgroups 
of “similar” sizes, although this notion of proximity is not the same for all. Hence, 
the divisions are necessarily performed differently by different readers. Besides, 
when readers proceed to comparing documents, they often perform this task by eye. 
Many studies have shown that the results which follow are more than deceptive. 
Following such authors as H. H. MacCarthy and N. E. Salisbury [MCC 61], S. 
Rimbert stressed [RIM 73] the impossibility of making valid comparisons visually: 
visual scrutiny of maps cannot be trusted. J. C. Muller [MUL 76b] has done some 
research on visual associations and cartographic comparisons, in particular on the 
validity of comparing choropleth maps by setting objective and subjective readings 
against each other. He then found certain elements of visual recognition which the 
users turn in order to associate or dissociate geographical distributions. He also 
showed [MUL 77a, MUL 77b] that visual comparison is rather poor. Moreover, it is 
known that visual perception can be misleading: geometric illusions are very 
common and have been cited by a number of authors [MOL 69, BON 84]. 

Such are the general features of map reading. However, we have already 
mentioned that readers are not always in the same position having the same 
motivation for viewing and analyzing a map. They are driven by the tasks at hand 
which may imply a different “relationship” between the recipient and the map. 

7.3.2.2. Map uses 

The recipients of a map may need the document to find their position in space, to 
know the function of the buildings or the importance of the roads. They may also 
want to show to young schoolchildren the neighborhood in which they live, or to 
show the proposed city improvements to officials. Finally, there may be a researcher 
who studies a particular zone and wants to understand the underlying relations of 
the geographic sector. These are the tasks which C. Board [BOA 77c] and J. 
Morrison [MOR 77b] identified as possible uses for maps. However, these activities 
match up with phases where a map needs to be made, during the course of studying 
a spatial thematic phenomenon. It is obvious that depending on when it happens, 
map reading will concentrate on different elements. Hence, making a map should 
meet different and changing requirements and its semiotic transcription changes. 

7.3.2.2.1. Variety of uses and times of map conception  

Returning to the diagram of research phases in which a map may be required 
(Figure 3.3), we conclude that at first the expert on the topic and the cartographer 
explore the unknown data. The map enables the recipient (who is generally an 
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expert at this stage) to gain familiarity with the spatial phenomenon, and the 
graphical quality here plays a minor role: for the most part the expert needs only to 
look, to understand and to make tests. The two authors progressively develop the 
thematic characteristics and verify the proposed assumptions. At this stage of 
confirmation and making out the essential features, semiotics remains secondary. 
The essential tasks are visualization and understanding of the subject through senses 
(most frequently – vision), perception, interpretation, sorting out what is important 
and finally constructing a representation which reveals the essential facts. These 
different uses of a map presuppose a deep analysis of the produced document on the 
part of the recipient. The analysis can be adjusted to the demands thanks to a strong 
interaction between the transmitter and the recipient. 

Once the message of the map is formulated, that is to say, the results are 
interpreted and ready to be presented to the public (among others, experts, general 
public, officials or administrators), the communication is prevalent and the semiotic 
transformation becomes crucial. Usually the recipients have limited time, their 
attention rate is rarely high and their commitment, related to their motivation, 
fluctuates. At first, therefore, reading is quick and superficial. Afterwards the 
recipients may come back to the document if their interest is maintained for some 
reason. A map can be appealing due to the conclusions which it presents or because 
of its esthetic value or else because of the techniques used in it. 

It is quite obvious that these two types of reading are fundamentally different 
and that the cartographer should keep this in mind. D. DiBiase [DIB 90] addressed 
this problem in cartography in 1990 and proposed a schema which was later 
developed and completed by A. M. MacEachren [MAC 92c]. The latter enriched the 
understanding of the options from which the author has to choose depending on the 
recipient. 

7.3.2.2.2. An instructive and progressive schema 

This distinction between the phases of “requesting” and then the map’s 
conception is shown in Figure 7.33. 

As we emphasized, in the first stages the map allows “visual thinking” about the 
studied phenomena, whether in the context of exploration, structuring, modeling or 
verifying hypothesis. This visual thinking does not necessarily imply that the 
cartographer makes any efforts in semiotics. The improvements mostly concern the 
successive transformations of the elements related to [XY], [Z] or [XYZ] together, 
and the possibility of making the map interactive. Virtually no graphical 
improvements can be made at this point, since the map constitutes an expert’s tool 
for reasoning and thinking. 
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Figure 7.33. Successive stages of visualization 

Once the results are confirmed and the structure and the underlying relations are 
uncovered, the map does not meet the same demands, does not involve the same 
kind of reading and the same users as before. The question now is to communicate 
visually the main conclusions to the recipients who are only interested in the results 
and often need to understand them quickly. They should be interested by what they 
see and be able to exchange information with others. The principle is general, but it 
can be adapted and developed according to the modifications influencing 
cartography: for example, new tools and unusual signs affecting other senses than 
vision. The role of the semiotic transformation, although always necessary for 
presenting the results, does not have the same weight and importance for different 
uses and purposes of the map. These conclusions have to be kept in mind when we 
establish the construction rules for the transmitter to follow. 

7.3.3. Rules of cartographic construction for the transmitter 

The transmitter (a cartographer or a thematician) now needs to make coherent 
decisions concerning the esthetic quality of the document. On the one hand, these 
decisions are made based on the knowledge of semiotics, physiology, psychology 
and all the disciplines which in some way or other have a bearing on 
communication. On the other hand, they are based on tests and experiments which 
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cartographers and psychologists have been performing since the 1950-1960s. We 
therefore list here several important principles necessary for obtaining a map useful 
for its reader, since the cartographer should strive to help the readers and not to 
create new complications for them. 

7.3.3.1. Knowing and using the repertoire of the recipient 

Looking for map construction rules reveals the desire of many cartographers to 
make documents which have some elements in common in order to simplify their 
comprehension and to give the recipient clues for decoding the document. This 
tendency is quite old and was manifested – especially in the 19th century – in the 
attempts to standardize the map legends according to map topics. 

7.3.3.1.1. An old attempt at standardization of legends 

The wish to obtain rules for map making manifested itself in a number of 
standardization efforts undertaken – without success – by statisticians at the end of 
the 19th century [FUN 37, PAL 91, PAL 96d, PAL 98a, PAL 99b]. The obstacles 
which prevented progress were removed by A. K. Philbrick [PHI 53] and the efforts 
to facilitate the comparison of maps with different scales were renewed in the 1970-
1980s, for example, in economics [NIK 71, RAT 71] and in geomorphology [JOL 
71]. The vitality of thematic maps had in fact created a broad diversity and some 
degree of anarchy in the cartographic production. The need for coordination began 
to be felt and some efforts towards codification and standardization were 
undertaken. But, although using the same signs seemed simple, problems quickly 
appeared because thematic maps are complicated and difficult to read due to their 
being linked to other scientific disciplines. 

A. H. Robinson [ROB 73] identifies two systems of systematic standardization: 
one based on the topic and the other based on the aim of the map. The former has 
difficulties in reaching an agreement on the typology of the subject. It also carries a 
risk of an extreme graphical complexity because of the numerous categories, of a 
reduction of the overall communication and of the obstacles facing any open system. 
The latter system adds to the problems of thematic agreement the task of 
establishing a list of possible objectives, which would lead to an agreement on the 
hierarchical classification, an attenuation of the nominal characteristics, heavy 
psychophysical studies on what signs to use and the creation of several sub-systems 
addressing the competences of different readers. Thus, almost all these attempts at 
uniform map legends were at least partially impeded by obstacles. 

7.3.3.1.2. A necessity to create a common “transmitter-recipient” repertoire 

Although some efforts have been made to help recipients in decoding maps, the 
knowledge and the technical means necessary for this were still inadequate. In the 
last ten years the studies have progressed very quickly using the idea of A. Kolacny 
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[KOL 69] that the cartographer should not only take into account the needs, interests 
and tasks of the users, but also be aware of their level of knowledge, capabilities and 
their ability to understand the methods used. Demonstration of certain aspects of the 
way the brain works allowed us to understand better how information is perceived, 
selected, compared, stored and retrieved [BLA 86] and how the reader acts. An 
essential fact is that the intelligibility of a message is related to the cognitive 
repertoire common for the transmitter and the recipient. It is implied that the former 
should adapt to the latter. This repertoire plays an important role since the reader 
keeps in his long term memory the facts necessary for the interpretation of the visual 
stimuli. It is not enough to be interested only in the immediate perception, because 
in this case we ignore the real mental process necessary for understanding and 
interpreting a map [OLS 79, GIL 81b]. If the cartographer uses the signals which are 
not in the memory of the recipient, the latter will not be able to interpret them. 
Moreover, except in rare cases such as in education, we cannot ask the recipients to 
learn to look at and interpret maps. Hence, the efforts should come from the 
transmitter, who needs to keep the repertoire in mind, be it regarding the visual 
variables themselves, their combinations or arrangements. The transmitter also 
needs to remember that the reader has to make only a minimal effort to read the map 
and keep in mind G. K. Zipf’s principle of least effort [ZIP 65]. 

For this purpose, we need to respect the habits and conventions of the recipients, 
such as the use of certain colors. For example, green is used for plains, different 
shades of brown for elevated regions, blue for the sea, etc., at least for readers 
belonging to the Western culture. We conclude that the use of conventional signs (if 
they exist) or “habit signs” helps the reader considerably. Nevertheless, regarding 
the colors, this principle does not always apply. C. A. Brewer [BRE 89, BRE 97] 
stresses that in fact there is a contradiction concerning the color “scales” used by 
cartographers. These last ones have always refused to use the color scheme based on 
the spectrum, such as in the rainbow, for quantitative data. Nonetheless, such a thing 
is common in scientific visualization and in geographic information systems, and 
modern research has proved that users can read the schemes of this type with a 
higher accuracy. 

Finally, taking into account the professions, handicaps or activities of the readers 
helps to meet their cartographic demands. It is necessary for the cartographer to 
know, respect and incorporate the specific needs of some professions. R. M. Taylor 
[TAY 03] (who was interested in the use of color in aviation maps) gives several 
examples of it. In turn, R. Gerber [GER 93] gives recommendations for making 
maps for children, who often have very original ideas about maps and whose 
abilities evolve according to their age and the technologies they use. 



266     Thematic Cartography 1 

7.3.3.2. Using the principles related to the physiological, psychological and socio-
cultural characteristics 

In fact, keeping in mind the cognitive repertoire of the recipient – whether an 
aviation pilot or a small child – is the first absolute rule which the cartographers 
need to follow. But they have at their disposal other information which should guide 
them in their decisions, in particular concerning vision and perception. 

7.3.3.2.1. Thresholds in vision and perception 

Several thresholds can be determined starting from the vision characteristics and 
from the way the signs are perceived. They are highly recommended to use, 
especially since some of them come from cartographic research whose results, albeit 
old, remain relevant [CAS 69b]. Two categories of thresholds are identified in 
psychology [WES 00]: the absolute thresholds (or stimulation thresholds) and the 
differential thresholds. The first type corresponds to “the minimal quantity of 
energy required for the stimulus to be perceived by an individual”. Despite the 
adjective “absolute” these “thresholds vary from one individual to another and from 
one situation to another” [WES 00]. The second type refers to “the minimal 
stimulation level required for perceiving that there has been a change of stimulus”. 
These two classes of thresholds are of special interest in cartography since they 
provide the indication for the limiting values for identifying a sign or distinguishing 
between two or more signs. They give rise to several different thresholds. 

Detection thresholds 

Among the detection thresholds of the elements we can place the visual acuity of 
discrimination36 defined as “the eye’s ability to discern the smallest element or the 
smallest perceptible mark” [CAS 69b, DEN 05]37. The minimal size of signs should 
be perceptible to the eye. Another detection threshold is the visual acuity of 
alignment which can be defined as “the eye’s ability to recognize that two strokes 
are aligned with each other,” thus enabling the reader to determine if the two strokes 
are a continuation of each other or not. “The perceptible gap between two strokes is 
0.02 mm” [DEN 05]. 

Differentiation thresholds 

The second category of thresholds enables us to distinguish between elements. It 
is related to the notion of the just noticeable difference (JND), which H. W. Castner 
and A. H. Robinson [CAS 69b] defined as the smallest variation in intensity of a 
                              
36 Some authors, such as H. W. Castner and A. H. Robinson [CAS 69b], simply call this 
threshold visual acuity. 
37 According to the literature, the size of the smallest visible element is in the order of 0.2 or 
0.25 mm, as we have already had a chance to say. Some cartographers use even smaller 
values: 0.09 mm [CAS 69b]. 
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stimulus that can be identified correctly by 50% of the observers. In this class we 
also find the separation threshold of J. Denegre [DEN 05] – the minimal space 
between two similar graphical elements which the eye can discern. “This distance is 
identical for point and line elements and equals 0.2 mm”. This interval is important 
if we do not want, for example, the strokes to merge (for example, double strokes), 
especially when reducing the size of a sign. This threshold is very close to what 
J. Bertin called angular separation (or angular legibility) – the eye’s capacity to 
differentiate between the two dimensions of a plane or to identify a shape with a size 
sufficient to make it recognizable. The separation threshold is very close or even 
equivalent to the threshold of perception – “the minimal size allowing us to 
recognize the form of a graphical element” – introduced by J. Denegre. The latter 
determined the limits for recognizing two signs as being different. Thus, an 
equilateral triangle and an isosceles triangle of small size are poorly distinguished 
from each other. Finally, the differentiation threshold is nothing but an extension of 
these thresholds, since J. Denegre defined it as “the smallest variation in size 
between two elements of identical shape which allows a clear distinction between 
different levels in a potential ordered classification”. 

R. Knopfli [KNO 83] gives in his article interesting examples of these thresholds 
in the theory of communication and generalization. It is obvious that the thresholds 
are different for the spatial dimensions, attributes, attribute meaning or graphical 
system used. Therefore, the thresholds of visual acuity, separation and 
differentiation help us to determine the sizes of point signs such that their 
differences are perceptible for the user. They also help to choose the values to be 
used in a grayscale, or the number of distinct points within a visual variable value, 
so that different textures may be easily distinguished. The purpose of these 
thresholds is to avoid any ambiguity of reading and to facilitate the interpretation of 
the document. 

7.3.3.2.2. Simplification and its consequences – an imperative 

It is important that the readers minimize their efforts when they look at a map, 
and in the perception of signs we know that the law of parsimony is fundamental in 
making the comprehension of the document easier for the reader. Since the reader 
tends to look for the simplest image, cartographers should not overload the map 
with useless information which the recipient can neither see nor memorize. Without 
a reminder in some form or another, the reader retains very little information from 
contact with a map. The law of parsimony works to limit the graphical density, to 
reduce the complexity, to eliminate the “noise” and to put the redundancy to a good 
use. 

Graphical density, defined as the “optimal quantity of marks”, the optimal 
number of signs in 1 cm2, constitutes the legibility rules listed by J. Bertin [BER 
67]. A. Moles [MOL 64] claimed a little earlier (in agreement with the gestaltists) 
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that people can only assimilate a certain quantity of information at a given time so 
that only the elements providing significant information should be used. In fact, if 
the image is overloaded, the eye cannot distinguish anything. Conversely, a map 
with too few elements does not furnish any information and its deficiency does not 
even justify its making. It is good to be able to determine the optimal quantity of 
signs for the map to be legible and rich in knowledge. However, at the moment there 
is no generally recognized value for this limit. 

This brings us to the notion of visual complexity which A. M. MacEachren 
[MAC 82] defined “as the degree to which the combination of map elements results 
in a pattern that appears to be intricate or involved”. This author distinguishes the 
complexity due to the distribution of the mapped phenomenon and that related to the 
symbols used. Using tests he demonstrates that choropleth maps appear more 
complex than isopleths maps constructed from the same data, and that the number of 
classes has a more pronounced effect on the complexity than the drawing of the 
map. In another study, also conducted in 1982, he stresses that in the comprehension 
of a drawing ensemble the complexity of spatial distribution is inversely 
proportional to the efficiency of the map, but it does not change things much except 
on the level of details. Already in 1971 G. F. Jenks and F. C. Caspall [JEN 71a], 
using a diagram, pointed out that although extra information increases the map 
accuracy, above a certain (undetermined) threshold, this increase in the represented 
elements diminishes the communication quality. 

Complexity is therefore to be avoided, whatever are the data on the map which 
introduce it. It may come from useless spurious data, in which case, as S. Rimbert 
writes [RIM 73] it forms a “noise” which needs to be eliminated. Noise can appear 
at all stages of the cartographic process [KOL 77, ROB 77b]. Thus, in order to 
improve communication while preserving simplicity, an “intelligent” use of 
redundancy (repeating the information) may be desirable sometimes. With the help 
of experiments B. G. Shortridge and R. B. Welch [SHO 82b] showed that 
redundancy in cartographic signs facilitates the transfer of information, diminishes 
the interpretation errors and reduces the reading time. In their tests they also 
determined the limit above which redundancy is not useful anymore. 

Finally, for the rule of simplicity to be satisfied, we need to keep in mind the 
characteristics of reading that were identified previously. A hierarchy of signs has to 
be formed so that the reader only needs to make a small effort to understand the 
map. This hierarchy should be an expression of the conceptual hierarchy in the 
representation. It is obtained by choosing the visual variables suited to the 
phenomenon represented, using color correctly, looking for a certain equilibrium in 
organizing the elements (elimination of empty spaces, for example) and playing on 
contrasts. 
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7.3.3.2.3. Accentuating the contrasts 

Another rule – the figure-ground rule – also has to do with the perception of 
forms. Taking into account the fact that the differentiation between the signs and the 
background enables us to recognize the forms on the document, it is obvious that the 
cartographer should accentuate the contrasts and reinforce the retinal legibility 
defined as the contrast degree of the map [BER 67]. Already in 1961 G. J. Jenks and 
D. S. Knos [JEN 61] wrote that the visual importance of a sign on a map is 
determined by the contrast degree between the sign and the adjacent elements. In his 
work on art and visual perception, R. Arnheim [ARN 74] also emphasized the 
importance of contrast in the identification of figures, and A. Frutiger [FRU 83] 
claimed that “the appearance of an image depends on the contrast between the 
drawing and the background”. More recently A. M. MacEachren and T. A. Mistrick 
[MAC 92b] showed with the aid of tests that a shape is only recognized when it is 
different from the background, brighter or darker.  

Contrast has a fundamental importance. It refers to the visual differences among 
the elements of the map which enable us to distinguish them from one another. No 
configuration can be identified without the differences between the drawing and the 
background. The main features need to stand out from the map base. This 
indispensable differentiation is part of the organization and the cartographic 
conception of the map, implying for example, that the lines of administrative 
borders should appear weak to allow the elements expressing the represented 
phenomenon to stand out [DEN 72]. If the base of the map is light gray and the 
drawing is dark gray, the contrast will be weak and the map will be hard to read. But 
a white map base and very thick black lines create a very strong contrast which will 
shock the reader (Figure 7.34). It proves crucial to find a middle point between a 
flat, featureless map and an aggressive one. 

The importance of contrast for the cartographic legibility can cause 
modifications in the choice of visual variables (value, grain and, indirectly, color) 
depending on the base of the map. In fact, according to the tests carried out by M. 
McGranaghan [MCG 89] on choropleth maps, interpretations can be inversed solely 
because the map background disturbs the reading. Even colors can be modified 
because of the base of the map [BRE 92]. Moreover, G. Gill [GIL 93] proved that 
even the color sequences (yellow, orange, red) suitable for assisting in route choices 
are not always perceived well if the contrast is not sufficient. 

Respecting the physiological and psychological thresholds, simplifying the 
document, avoiding complexity and accentuating contrasts are all permanent rules 
of map making which often give the basic solutions for the current problems. 
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Figure 7.34. Contrast and the “figure-ground” rule 

7.3.3.3. Developing solutions for common problems 

Several cartographers, such as G. F. Jenks and F. C. Caspall [JEN 71a], G. F. 
Jenks [JEN 76] or J. C. Muller [MUL 77b, MUL 83] were interested in the 
cartographic errors in map making. Some errors are simply due to not knowing the 
grammatical rules – the allowed associations of visual variables and spatial 
dimensions. Others signal real problems which cartographers regularly encounter. 
They may have to do with grayscales, very often used on areal maps, with showing 
oppositions or with the correct use of color. It is therefore desirable to have standard 
solutions helping young (and not so young) cartographers. Here we give a few 
examples of such solutions. 

7.3.3.3.1. Suitable progressions 

Progressions are sequences of groups of values in an areal implantation 
conveying some order through a scale of black and white. They are considered a 
specific representation of choropleth38 maps with ordinal attributes (or quantitative 
attributes reduced to an ordinal level). Progressions express classes of data 
graphically, by such shades of gray so as to differentiate the ordered categories well. 
If classes have, for example, equal numerical values, it does not mean that they are 

                              
38 Choropleth maps will be defined in Chapter 8 of this volume. The limits of their groups of 
values will be explained in Chapter 1 of Volume 2. 
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perceived as equal. Starting from the 1960s a number of studies [JEN 61] have been 
carried out in this domain to propose the grayscales which correctly translate the 
progression of thematic values and which will be perceived correctly by the readers 
since the relationship between the values and the shades of gray is not linear. 
Several relationships have been proposed. According to the law of E. Weber (1834), 
appended by G. Fechner (1860), perception is proportional to the logarithm of 
stimulus, but according to S. S. Stevens’ modification [STE 61, STE 75], the 
psychological value is a power-law function of the stimulus value. The scale of R. 
L. Williams [WIL 58] is based on the fact that it is easier to distinguish the shades in 
the light or dark grayscales than in medium ones. It is this scale that satisfies the 
needs of cartography in isometric maps best.  

After several experiments using various techniques, A. J. Kimerling [KIM 85] 
showed that there is no one “good” progression and each subset is good for a 
specific purpose. Thus, the scale of A. H. Munsell (1933), for the most part similar 
to the scales mentioned above, is convenient for differentiating between classes, 
while that of R. L. Williams is better suited to coarse textures and that of 
S. S. Stevens is more appropriate for classless progressions39. 

Progressions such as those described above are depicted in black and white with 
the variation using the visual variable “value”, but the problem is still more difficult 
when colors are used. 

7.3.3.3.2. Correct use of color 

For a long time colors were not used, in particular in newspapers. Hence, its use 
was not well-known and as K. Ferris [FER 93] remarked, it did not enhance the 
information transmitted with a good choice of black and white. J. C. Patton and P. 
V. Crawford [PAT 77], concerned with the accuracy of the information transmitted 
by color and taking as an example the colors normally used to show the altitude 
variations, pointed out the bad perception of this visual variable. Also, a test on a 
colored map (a copy of a hypsometric map of a portion of central Taiwan) was 
conducted among 300 students at three distinct levels. The results showed that 
spectrally ordered colors conveying the exact relief, as well as other data 
(temperature, rainfall or vegetation), were erroneously interpreted regardless of the 
level of education. 

Color has several functions. It can be used as hue, essentially to differentiate 
nominal phenomena more easily, but its other components (lightness and saturation) 

                              
39 To avoid redundancy, examples of progressions will be given in Chapter 9. Comparative 
graphs of various laws are not shown here, since not all of them have been established in the 
same conditions, and so they are not quite comparable. For the sake of avoiding errors the 
reader is referred to the original articles. 
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offer a wider field of application. Thus, color can serve as an expression of 
progressions – by varying the lightness or via a careful combination of prime colors 
or in the form of opposition of partial gradations. C. A. Brewer [BRE 89, BRE 92] 
and J. E. Mersey [MER 90, MER 96] carried out an extensive study of the use of 
color and its potential for communication, especially in choropleth maps. 
C. A. Brewer went further and proposed on the Internet colored scales to express 
divergence or gradation, despite the aforementioned fact that color cannot be 
considered as ordered. In an article written in 2003 in association with M. Harrower 
[HAR 03] she explained the logic of such scales which allow us to make suitable 
map legends. Several examples are given in Figure 7.3540. She finishes with precise 
examples in her guidance work from 2005 [BRE 05]. 

Let us stress, however, that some people may not perceive colors well, especially 
those who are visually impaired (green-red distinction). A judicious choice of colors 
can compensate for these visual deficiencies. J. Olson and C. A. Brewer [OLS 97a] 
demonstrate that some maps can help about 4% of the disabled population. 

 

Figure 7.35. About using color (see color plate section) 

                              
40 See also the examples in Chapter 9 of this volume. 
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If cartographers respect all these rules and apply them to the subject they are 
working with, they can hope to produce a document meeting the imposed 
requirements. But coming back to the cartographic communication diagram, we note 
that one of the questions (“With what effect?”) has not been answered yet. This 
means that we still need to enquire about the validity of the documents produced. 

7.3.4. The map and the problems of its validation 

This last question concerns the effect produced by the map on the recipient. But 
can this question have an answer? We have said on several occasions that “the best 
map” does not exist and that there is no single solution for any problem. How then 
is it possible to evaluate the effect of a map and what do we understand by the 
validation of a cartographic product? 

7.3.4.1. What validation? 

This question takes us back to asking what we expect from a map. To answer it 
correctly it is necessary to return to the aims of maps described in Part I of this 
volume. They involve the requirements and characteristics of the recipient and 
various scientific, thematic, technical and cultural contexts in which the production 
of a map is carried out. Validating a map means comparing the responses it gives to 
the demands with those which the reader expects explicitly or implicitly. It also 
means identifying its qualities and comparing them with the qualities required at a 
given phase of research. These qualities differ depending on the type of the map: an 
exploration map, a research map, a map for a newspaper, or perhaps a consultation 
map. Qualities of a map can be divided into two major categories: basic or 
“fundamental” qualities, as suggested by J. Denegre [DEN 05], and graphical 
qualities. 

Fundamental qualities are those which all maps must have and which mostly 
have to do with the construction of a map: 

– adequacy to the destination; 

– simplicity (a basic principle of the perception of form); 

– precision and accuracy (to a various degree depending to the aims pursued); 

– reliability. 

Graphical qualities are mostly related to the perception of a map: 

– legibility, which ensures the correct perception of the content, avoids 
ambiguities thanks to pronounced contrasts and facilitates memorization; 
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– selectivity, which makes it easy to distinguish object categories according to 
the choices made; 

– esthetics, which makes the map appealing and pleasing to look at and study. 

Once these qualities are defined, however, we still need to know whether the 
document possesses them and how to capture them. 

7.3.4.2. Approaches to making maps adequate to the declared aims 

Several approaches have succeeded in describing and capturing the qualities of 
maps. In the 1970s there was a noticeable interest in evaluating thematic maps 
which found its expression in the report of the ICA Commission V “Cartographic 
Communication” in 1972 in Ottawa [TAY 80]. The article of C. Board and A. 
Buchanan [BOA 74a] attests this tendency and presents a combination of various 
suggested tests from the point of view of techniques used, goals set and the type of  
performance measured. But this aspect, related to perception, does not answer the 
question “What?”, that is to say, “Does such a sign convey such an element?”. This 
question corresponds to one of the ways of objective experimentation envisaged by 
T. A. Slocum et al. [SLO 05], that is to say, to one of the ways of doing research on 
the most efficient techniques to answer the questions: “What works? What does not 
work?”. 

This approach was strongly criticized and even rejected starting from the 1980s. 
It belongs among other cognitive approaches which concern two other questions: 
“why?” and “how?”. Currently, researchers make enquiries into the reasons why 
some representations meet the proposed requirements better than others, what 
ensures correct reading and how the adequacy between what we look for and what 
we find works. These cognitive approaches seem to be crucial in map improvement. 
As M. Blades and C. Spencer [BLA 86] point out, it is important to have a full 
understanding of the cartographic communication process in order for a map to be a 
success. To this end, it is necessary to understand the cognitive process of the 
reader, and the studies in this direction were begun only in the 1980s. Cognitive 
research in cartography still needs to develop a theory of the cognitive process, and 
this theory will need to be checked experimentally. In doing so, we have to rely on 
the theoretical and methodological advances in psychology and artificial 
intelligence. Here we come to the second way of experimenting suggested by T. A. 
Slocum et al. [SLO 05], that of cognitive studies with the stress on the reasons 
explaining the efficiency of certain techniques. These studies apply recognition 
structures to the readers’ manner of perceiving maps. 
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These approaches can be viewed as complementary. In addition to them, map 
elements have been comprehended in various studies in three different ways: in 
isolation – each sign being studied by itself (fashionable in the 1970-1980s), in 
groups and globally. These ways of analyzing a map relate to different modes of 
map reading. They do not exclude but complement each other. As B. B. Petchenik 
[PET 83] emphasized on numerous occasions, too many approaches studied the 
perception of isolated signs and neglected their context, which provoked a lot of 
criticism. Finally, almost all experiments are in some way done “in the laboratory” 
or in a theoretical context. In order to make further progress it is essential to perform 
them in real-life situations. 

Moreover, it is unthinkable to perform any tests without taking into account the 
scientific, technical, cultural and other contexts of the map production. Consider an 
example: in the 1960-1970s it was perfectly acceptable to talk about “the good 
map”. Map making was a long, mostly manual procedure and printing was 
expensive. There was a need to choose one solution from all the imaginable ones 
because, barring special cases, only one map could be produced – multiple issues 
were too costly both in terms of time and money. 

Currently, cartographers have no difficulty increasing the number of issues and 
offering several products to the recipients, which they can display and discuss as 
they like. The technological context is different, and different problems arise. 
Nevertheless, it is crucial to be aware of the demand and how to satisfy it. In the 
presence of modern techniques there is a danger of trying everything and issuing 
appealing but incorrect documents just because the computers made them possible 
to produce. Maps should never be conceived or made separate from their context, 
objectives and recipients. 

These approaches to validating maps can be gathered into a table (Figure 7.36) 
with three entries within a contextual background. The first entry is related to the 
three questions which the cartographers need to pose before making a map: What? 
How? Why? It is combined with the second entry which comprises three 
possibilities of performing experiments: analysis of a single sign, of the arrangement 
of signs or a global view. Finally, these two sets are intersected by the third 
component which stretches from the theoretical experimental situation in a 
laboratory to concrete situations in the real world. But such a table of validation can 
give interesting and interpretable results only if it is integrated into the historical and 
technological context in which the tests are performed. Therefore, several tests will 
be given as examples. 
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Figure 7.36. Criteria for map validation 

7.3.4.3. Tests with various objectives 

A number of tests have in fact been performed with various objectives, and it 
would be out of the question to give an exhaustive list of them here. We will simply 
cite several techniques and examples of their application, indicate their objectives, 
usefulness and show their benefits and dangers. 

Most of the techniques41 used are closely related to a family of classical 
psychological scales. In this case, a scale is “a series of tests from which we derive a 
graduated classification of the examined subjects, most often to determine their level 
of development” [DSC 76]. This definition is quite suitable for the analysis of maps 
if we just replace the word “subject” by “map” and “development” by “reading or 
understanding”. The most common procedures are the ranking techniques which can 
take various forms. Categorical ranking assigns to maps, signs, etc., a score of 2 to 
11 points. Ranking of proximity allows us to quantify the similarity between two 
signs. Ordinal ranking – continuous or class by class – is more interesting since it 
achieves hierarchy as well as identifications and uncovers the preferences. Estimates 
of the ratio or of the direct value furnish comparative judgment of pairs of maps, the 
reference frame being permanent in the second case. Semantic differentiation, 
widely practised in many domains [GIL 78, JOU 79], offers graphical and numerical 

                              
41 For the most part these techniques are assumed to be known. The survey techniques are 
now taught in almost all universities. Moreover, there is a plethora of works on this subject. 
We can cite [BER 98] and [CAU 85a] as examples. 
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responses and can be used for a number of evaluations: map qualifiers, opposition 
between signs and preferences, among others. Another family includes the 
requirements of wording in the map presentation, such as the list of signs or the 
inventory of the qualifiers either for a map or for a list. These methods give 
interesting results on the global view of a map [PET 74]42 or on the preferences of 
the users. Finally, there is the less common technique of permutations, proposed by 
L. Porcher [POR 76], which gives a lot of information for understanding why a sign 
– because of its color, size or continuity – can or cannot be seen as essential. We 
have already successfully applied this technique to understand why on the map of 
urban development Alsace seemed to be in a dominant position to some readers, 
while to others it looked cut off from the rest of Europe. Permutations demonstrated 
that the thick black border line was to blame, mostly because of its size rather than 
its width or continuity43. 

The techniques listed above have been tried out on various occasions. Even 
though some experiments were focused on a map as a whole [PET 74, PET 85], 
most of the tests concerned the accuracy of the sign reading [WOR 78], the 
perception of the differences between sizes of circles or dots [MEI 69, FLA 71, 
OLS 75a, CHA 77], perception of grayscales [WIL 58, JEN 61, WIL 82, DIA 88] 
and the role of the map background compared to that of the signs [MCG 89]. Other 
cartographers looked into comparisons, such as J. Olson [OLS 75a], J. C. Muller 
[MUL 74, MUL 75, MUL 76b, MUL 76c] and A. J. Kimerling [KIM 85]. Some 
researchers mostly concentrated on the capabilities of the readers and their 
specificities as a function of their age [DIA 88] or occupation. Thus, R. M. Taylor 
[TAY 74] carried out ranking tests to find out about the perception of pilots and 
navigators, what they prefer or reject and what colors they read the best. R. E. Lloyd 
and R. L. Bunch [LLO 05] attempted to demonstrate the differences in map reading 
capabilities among individuals. 

The possibilities for tests and their examples are innumerable. As we mentioned 
above, researchers have to work at different levels in order to understand how a map 
is seen and understood and why it satisfies the demand or not. But it is especially 
crucial for the researchers to define exactly the elements which they want to verify. 
Only then will they be able to choose the most suitable technique, or rather 
techniques. Performing several overlapping experiments is always an advantage for 
avoiding meaningless results. However, these experiments, like any other inquiry, 
take a long time to perform. 

                              
42 Our research on maps of city development, carried out in collaboration (Cauvin, Jouhaud, 
1978) also demonstrates this, although it was never published. It was undertaken partly as the 
PhD thesis of J. P. Jouhaud [JOU 79]. 
43 Map of the urban development of Alsace for 1990, made by the OEDA, the regional 
development organization. The study was carried out in 1977, see the previous note. 
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7.4. Conclusion 

 In this chapter we dealt with semiotic transformation which realizes the choices 
made at the preceding stages of map making. Of course, the concept of the map has 
evolved and out of a means of communication the map has become an exploration 
tool or a consulting tool. But the predominance of the visual signs remains an 
essential fact. Most of the principles of the syntax or the perception of graphics 
concern signs associated with vision. A map is fundamentally a tool understood via 
vision. It is only in the last few years that cartographers have become interested in 
other systems of signs, mainly because the technical means now allow it. Thus, the 
stage T4 is presently undergoing profound changes. New possibilities offer 
themselves to the map designers: interactivity and multimedia, among others. They 
are supposed to overcome, at least partially, the inadequacies noted in the systems of 
signs and their application. But whatever the changes, one fact remains fixed: a map 
has a destination and a recipient (recipient); they remain a priority and should 
dictate the decisions made by the cartographer (transmitter) throughout the 
production of the document. 

 



Chapter 8 

Cartographic Transformations: 
the Representation Modes 

At this stage in the production of a map the data are available and ready to be 
represented, which means that they have been collected, generalized and modeled, 
both [XY] and [Z], although these two sets remain disjointed. Now is a good 
moment to define a correspondence between [XY] and [Z] and to proceed to 
transformations denoted “cartographic,” which will determine the major families of 
representations. Most of the time this step is not clearly separate from the semiotic 
transformation and the cartographic solutions are often regarded as depending solely 
on the choice of graphical signs. Thus, in 1953 in a work entitled “Elements of 
Cartography” A. H. Robinson [ROB 53] specified several representation modes 
differing by the characteristics of attributes which can be qualitative or quantitative, 
and by the associated spatial dimensions, point, line or area. At the same time, he 
presents in a synthesis table both graphical signs and the representation modes. In 
the 1969 edition of this work, even though the table is split into three separate 
figures1 in order to emphasize the role of spatial components, graphics and 
construction remain interspersed. In the works of P. C. Muehrcke [MUE 72, MUE 
78a], M. S. Monmonier [MON 77a, MON 93a, MON 93b], A. M. MacEachren 
[MAC 95] and, more recently, T. A. Slocum et al. [SLO 05], different presentations 
are proposed, but signs, processing of thematic data and cartographic representation 
modes remain mixed. 

In this book we perceive a map as a product of a series of transformations. 
Hence, we explicitly distinguish the phase of cartographic transformations (T3), 
                              
1 The volumetric dimension is not included in these sub-tables. 
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since it allows us to highlight the actual construction of the map as a “model of the 
real world”, and to better differentiate among the various representation processes. 

In order to understand how the construction of maps is carried out and what 
factors differentiate among the cartographic processes, we need to examine the 
elements which come into play, list the decision criteria and subsequently determine 
the initial state of the cartographic object, the required transformations and the 
expected result (Figure 8.1). 

 

Figure 8.1. Cartographic transformations: input and output 

Input data 

The input data can be of two types: the spatial components [XY] and the 
attributes [Z]. The spatial components have already been processed, which means 
that the entities have been generalized and possibly some changes in the 
cartographic base have been performed. These components can be of four kinds 
(point, line, area and volume) and their spatial meaning is sometimes different from 
their dimension, as we have seen in Chapter 4. As for the attributes, they have been 
modified and converted according to the hypotheses and aims of the map. The 
variables may be stored in raw form or converted into derived data using a specific 
procedure, or else converted into composite data after a more or less elaborate 
processing (see Volume 2, Part 1). The level of measurement of the variables may 
be different, both the original and the derived one. Their meaning may change when 
they are associated with spatial components, some variables convey a volumetric 
meaning being attached to an area (for example densities), a line (for example, a 
flow) or to a point (for example, the population of an urban area). 
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Association criteria between the container [XY] and the attributes [Z] 

The association criteria between the container and the attributes rely on the 
latter’s characteristics and also on the proposed hypotheses and aims which 
determine the external criteria, such as the desired degree of accuracy, the level of 
information furnished to the user and the acceptable level of complexity. The 
ensemble of these factors (Figure 8.2) puts into place a logical correspondence 
which allows us to define the association procedures and hence the representation 
modes. 

 

Figure 8.2. Cartographic transformations: factors of classification 

Criteria for characterizing the methods of association 

There are several criteria for characterizing the methods of association, the first 
being based on which of the three types of correspondence identified in Chapter 2 
should be used. The most common representation modes match the transfer system 
– a simple transferring of the space of attributes onto the space of locations, with 
two important consequences. Firstly, [Z], their preliminary transformations and their 
semiotic choice play the dominant role and secondly, there can be only implicit 
interactions with [XY], and the comparison of maps remains visual and thus limited. 
The other two systems of correspondence are much more specialized. They 
incorporate spatial components explicitly and can be used only with certain types of 
data. Generally, the attributes have to have a quantitative level of measurement 
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(trend surfaces, for example), and the procedure involves an agreement between the 
included constraints and the hypotheses proposed in the study. 

Other criteria have to do with the prioritized components of a map. If the priority 
is given to locations, assigning the same weight to all of them, the transformations 
primarily affect the [XY] (graphs representing networks, Thiessen polygons 
expressing the proximal zones). If both components of the map are taken into 
account, two cases are possible: either the [Z] depend on the [XY] (gridded or 
isopleth maps), or the relationship is reversed and the [XY] are a function of the [Z]. 
The field of cartographic transformations of positions which will be discussed in 
Volume 2 (Chapter 2) is very much open (Figure 8.3). 

 

Figure 8.3. Criteria for characterizing the association procedures 

Let us make it clear that in the presence of an interaction among the [XYZ] other 
representation modes arise, where the relations are not as well-defined as in the case 
of multiple membership. Also, if we wish to establish a general classification of all 
(or almost all) representation modes, other criteria mentioned before should not be 
overlooked, such as spatial dimensions, degree of continuity and level of 
measurement. 

In fact, in order to correctly describe the methods of cartographic 
transformations, to avoid repetitions and redundancies in the text and to facilitate the 
comparison with other works, it seems that it is easiest to keep the classification 
primarily based on spatial dimensions. Within the three identified groups, the 
classification criteria vary and may concern the level of measurement (point-based 
representations), dimensional meaning (linear representations) or spatial continuity 
(areal representations). These options steer the cartographer’s reasoning directly 
towards the necessary decisions. 
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Figure 8.4. Classification of representation modes 
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Various procedures that have been mentioned are grouped into a table (Figure 
8.4)2. They all constitute the subject presented in this chapter as systematically as 
possible to make them easy to compare and to facilitate the choice3. 

8.1. Point-based representation modes 

Point-based representations have common features related both to [XY] and [Z]. 
In so far as the spatial dimensions are concerned, locations are points (pluviometric 
stations or retail establishments) or can be made into points (cities on the scale of a 
country, for example). Point-based representations are always discontinuous and can 
only convey phenomena discontinuous in space, although some exceptions exist as 
we have already pointed out. 

Point-based maps are made with attributes surveyed with different levels of 
measurement, but the thematic meaning of these attributes introduces important 
variations in conveying association or differentiation among the elements, presence 
or absence (a binary system), order, quantity, count, rate, density or a combination 
of these. These variations will be pointed out when they become important for 
representation modes. 

Point-based maps mostly belong to the transfer system and for them the semiotic 
choice is essential. The input of semiotics remains important; even the points are 
obtained by a multidimensional scaling which reveals the positions of sites as a 
function of the flows among them or of their accessibility, for example, by roads or 
railroads. Nevertheless, whatever the procedure used, there is always a choice 
concerning the graphical form of signs: geometric or pictorial4. Their differences 
and meaning have been discussed in Chapter 7 and we will not repeat them here. 
Depending on the criteria, five main types of representation are available (Figure 
8.5): 

– maps with qualitative pictorial or geometric signs; 

– maps of spatial distribution or point patterns of binary qualitative variables; 

                              
2 In this table only those methods of association of [XYZ] are included which do not at the 
same time involve a transformation of thematic variables. The latter methods will be 
described only in Volume 2 (Part I) because they differ more by the processing implied in 
them than by the association method itself. 
3 The volumetric representations will be addressed in Volumes 2 and 3 because of their 
connection with the new techniques. 
4 Dot maps, or more exactly, the concept of dots in cartography, seem to have been 
somewhat abandoned in recent years. Cartographic software only rarely includes them. 
M. R. C. Coulson [COU 90] regrets this state of affairs since in his opinion a dot is the most 
exact sign and the “purest” cartographic element. 
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– maps with hierarchical signs; 

– maps with quantitative dots spatially distributed regularly or irregularly; 

– maps with quantitative signs, repeated, proportional or discretized. 

 

Figure 8.5. Point-based representations: classification criteria 

8.1.1. Point-based representations with nominal data 

The point-based representations described here convey point-discontinuous 
phenomena which differ by their thematic attributes surveyed on some nominal 
level of measurement. Hence, their modalities may belong to one class or another. 
This representation mode is very old but is not based on a theoretical corpus. Maps 
from the preceding centuries simply have a preference for using pictorial signs 
resembling to a various degree the objects which they represent. The objective of 
this method, which belongs to the transfer system, is to allow the reader to easily 
grasp the associations or differences among the signs and hence the modalities of 
the attributes. Making maps of this type requires five steps and essentially relies on 
semiotics: 

1. Drawing of map base: locations of points, drawing of outlines and possibly internal 
boundaries. 

2. Identification of the modalities of variable and their meaning. 
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3. Choice of signs to be associated with the modalities. 

4. Transferring signs on the map: providing signs for each location according to the 
modality. 

5. Conception and design of the legend. 

Generally, the signs are put at the exact location of the represented phenomenon 
since it is about mapping the presence of an element in a particular place. However, 
sometimes the size of the sign together with the generalization performed at stage 
T2a may introduce shifts and inaccuracies (Figure 8.6). When several elements are 
found at the same sector simultaneously, they merge and impede the reading despite 
technical ways to moving around this. It is possible either to use just one sign to 
sum up the information for several sites or to have an inset where the region is 
enlarged (see Chapter 9). Signs are put on the map base which depicts on the 
general outline of the reference space but it may also show the internal boundaries if 
they supply additional pertinent information to the reader. 

 

Figure 8.6. Point-based representation of nominal variables 
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Visual variables (in a graphical system) for the iconic signs should be selective. 
Shape, color and orientation can be used (Figure 8.6), although shape mostly 
facilitates the associations. As far as the shape is concerned, the choice between a 
pictorial and a geometric sign strongly depends on the map recipient and on how 
cluttered the document is, which is determined by the number and size of the signs. 
Geometric signs are easier to draw both manually and on a computer. Figurative 
signs are more suggestive but because of their variety visual associations are more 
difficult and depend on the culture in which the signs were made. Their 
understanding may be impossible outside their culture of origin. Color is attractive 
but not necessary. The use of orientation is not advised, although it is a possible 
variable from the syntactic point of view. But the reader’s perception gets distracted 
by more than two different orientations, so no grouping is imaginable. Variation of 
size should never be used, because it would convey information not present in the 
data. Let us specify that using letters to characterize point-phenomena achieves 
results which are neither attractive nor legible. The map legend should identify all 
the signs used and with the same size as on the document. A map with such signs 
enables the user to associate or, just the opposite, distinguish groups of distinct 
places. The interpretation varies depending on the meaning of the real or fictitious 
points. 

Nominal point-based maps are deficient in information and generally are 
difficult to read if the number of modalities and hence categories of the represented 
variable is high. Psychological tests suggest that five or six classes is the maximum. 
These maps are hard to memorize and their use is usually restricted to inventory 
maps. This type of representation is to be used when no other is possible or when 
the recipients need relatively raw data which needs to be made to look nice. Using 
well-known figurative signs may be a good idea. 

8.1.2. Point-based representations with binary data (distribution maps) 

Point-based maps with binary data reflect a point-discrete phenomenon 
described by a nominal binary thematic variable, which expresses the presence or 
absence of the phenomenon by points of equal size positioned at the exact locations 
of the phenomenon. They show a spatial distribution (or point pattern)5 of points, 
thus conveying the spatial distribution of the phenomenon. Initially the mapped 
variable may belong to any level of measurement, but the retained information is 
only presence/absence, that is, nominal binary data. These maps are useful in spatial 
and exploratory analysis because they allow us to characterize an observed 

                              
5 A point pattern is not to be confused with a scatter of points. A point pattern is a set of 
points defined by their geographic coordinates. A scatter of points in statistics is determined 
by the values of thematic variables among which a relation is assumed. 
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distribution and to describe it by spatial statistical indices (weighted mean center, 
standard deviational ellipse, spatial autocorrelation, LISA6 and others) or to 
compare it with theoretical distributions in order to make the spatial distribution of 
the phenomenon stand out: random, clustered or uniform. 

Making a spatial distribution map takes four steps:  

1. Drawing of the map base: locations of points, drawing of outlines. 

2. Choice of signs to be associated with points. 

3. Plotting the signs on the map. 

4. Conception and design of the legend. 

In the interior of a general bounded region the locations characterized by their 
coordinates [XY] are placed in the form of a point geometric sign, preferably small 
since precision is important. The size of the points is actually somewhat reduced to 
allow the visualization of their point pattern without the coalescing points. The 
points are not always equipped with labels, because this would hinder the 
visualization of the point pattern (Figure 8.7). Internal boundaries are still rarely 
depicted. They are not desirable because they can encumber the perception of the 
point pattern. In certain cases, however, they can help the analysis. 

 

Figure 8.7. Point-based representation of nominal binary variables 

                              
6 LISA: Local Index Spatial Association. 
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These maps are easy to read but studying them requires special tools since visual 
analysis is insufficient and partially erroneous as was emphasized in Chapter 7. In 
no circumstance should we represent two distinct point patterns on the same base. 
Even if they are distinguished by color, the reader will not interpret either of the two 
spatial distributions correctly. 

8.1.3. Point-based representations with ordinal data 

Point-based representations with ordinal data are maps in which the spatial 
dimension is made of points and therefore discontinuous and the data attached to the 
points have been collected on an ordinal level of measurement. The adopted point-
based signs should reflect this situation. Such maps are useful for expressing an 
ordered point-based phenomenon, for example, a hierarchy of urban agglomerations 
as a function of offered services and retailing. 

 
Figure 8.8. Point-based representation of ordinal variables 

The steps are the same as for a point-based representation with nominal 
variables. To observed or fictitious positions defined by the coordinates [XY] we 
attach point-signs of identical shape. As a rule, the signs are geometric and of equal 
size. Their filling varies in value and possibly in grain degree. The size of the signs 
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should be sufficient for their visual value to be perceived. While these maps are 
correct from the syntactic point of view, they are often very difficult to read. Two 
improvements are imaginable. The first consists of tracing envelopes (related to 
Venn diagrams) around the points with the same value which therefore belong to the 
same hierarchical class. If same-level points are positioned in an organized pattern, 
such envelopes produce very satisfactory results. Otherwise, they make the reading 
harder. The second solution is to bend the syntax rules and to use the visual variable 
“size” in redundancy to the visual variable “value”. This variable is taken to be on a 
quasi-ordinal level by a selection from a number of same-level classes “respecting 
the visual equidistance in the sign size” [DEN 05]. Although this makes the map 
easy enough to read and to understand, the user has a tendency to interpret the signs 
in the wrong way, ascribing to them a non-existing proportionality and thus a 
quantitative information which the data do not contain (Figure 8.8). 

8.1.4. Point-based representations with quantitative data 

Two main types of methods allow point phenomena to be represented associated 
with variables collected at a quantitative level of measurement: maps with value 
signs or dot maps and maps with quantitative signs which can be of four kinds. 

8.1.4.1. Point-based representations by quantitative value signs (dot maps) 

At first sight, dot maps strongly resemble spatial distribution maps, but their 
logic, their construction and the level of measurement of the attributes are 
fundamentally different. Obviously, these maps correspond to point-discrete 
phenomena, but each point sign stands for a certain population quantity (in the 
statistical sense) located within an area in a spot where this quantity is most likely. 
Thus, the signs are not positioned exactly at a  real place. Their position depends on 
the total represented population and the number of individuals allocated to the 
points. Except in special cases, all points have the same weight. One of the first 
maps of this type was made by A. Frere de Montizon in 1830 [PAL 98a]. It 
represented the population distribution of France expressed in absolute numbers and 
the number of points was proportional to the number of inhabitants in a ratio of 1 to 
10,000. Another later but more well-known example is the cholera map of London 
made by J. Snow (1855). Progressively, this method was used more and more and 
the number of maps of this type kept growing: T.A. Von Mentzer’s map of the 
population of Scandinavia (1859), an unknown author’s map of the population of 
New Zealand (1963) with a cross representing 100 people, and others. 

Dot maps are meant to visualize the spatial distribution of a quantitative 
phenomenon, revealing its spatial particularities such as clustering. Each element 
cannot be represented individually because of the total number of the elements, and 
a point-sign corresponds to several elements. Dot maps can be made only if the 
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population of a given region is known: for example, the agricultural population of a 
canton or the working population of a city neighborhood. 

This procedure requires us to determine the number of dots to be used and 
hence, the value and the size of each dot, and their locations. The construction steps 
are complicated7 and a number of choices are crucial: 

1. Drawing of the map base: drawing of the outlines, internal boundaries and elements 
with which the thematic values are associated. 

2. Finding the population quantities which are to be represented. 

3. Choice of the associated shape, generally a dot. 

4. Determination of the zones of maximal and minimal congestion. 

5. Determination of the unit value of a dot which will be the same for the whole map 
(except in some special cases): for example, one dot per 150 inhabitants. 

6. Choice of the graphical size for a dot, for example 1 mm2. 

7. Calculation of the number of dots. It equals the ratio of the total number of 
represented elements  in the spatial unit considered to the thematic value of a single 
dot. For example, if the region has 1,500 inhabitants, the number of dots will be 
1,500/150=10. 

8. Spatial distribution of dots in each spatial unit. Two techniques are possible:  

– regular uniform spatial distribution of dots within each unit; 

– spatial distribution of dots affected by external criteria identified by ancillary 
variables: land use, presence of not to use areas, etc. 

In fact, these maps require ancillary information to achieve satisfactory results: 

9. Generally, deleting the administrative borders once the construction is finished, in 
order to represent only the spatial distribution. 

10. Conception and design of the map legend. 

The crucial choices in this procedure concern the determination of the dot value 
and size, the two elements depending on each other, and the spatial distribution of 
the dots. The value should be chosen so as to avoid both an overabundance of dots 
suggesting an excessive density or a wrong precision and empty zones which do not 
help to reveal any particular features of the spatial distribution (Figure 8.9). 

                              
7 An automated technique has been developed by S. Lavin [LAV 86] and showed by T. E. 
Slocum et al. [SLO 05]. 
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Figure 8.9. Dot map: unit value variation 

 

Figure 8.10. Dot map: dot size variation 
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As for the choice of the graphical size of the dots, they should be neither too 
small, to avoid widely scattered points not showing any organization, nor too large, 
to avoid meaningless coalescence of points (Figure 8.10). J. R. MacKay [MAC 49] 
suggested several complementary formulas for making these choices and created a 
diagram called a “nomograph” which connects the size, number of points, the 
distance between the points and the scale at which coalescence occurs. 

We can also apply the following formula involving the thematic value assigned 
to unit dot, but the decisions resulting from it are not absolute: 

E
ZR 564.0=   

where 
R is the radius of the dot; 

Z is the real value (or area) represented by the dot; 

E is the map scale. 

The second important choice is the spatial distribution of the dots. It depends 
strongly on what the cartographer knows about the space. If pertinent ancillary 
variables are available (for example, forest coverage, non-habitable zones, etc.) for 
the phenomenon represented, the final map will be really meaningful [DAH 67]. If 
not, the construction may lead to deceptive or simply incorrect results. 

This type of map highlights the spatial arrangement and its variations (Figure 
8.11). Its spatial meaning is not straightforward but linked to the concept of 
dimension that we have already mentioned and to that of the statistical surface 
which was developed in particular by G. F. Jenks [JEN 63b, JEN 67]. An attribute 
[Z] which is a count or a quantity is assigned to a point [XY] which represents an 
area.  

A quantity such as a population (P) in an area (L2) can be regarded as volumetric 
(P/L2= L3). The meaning of the dot map is therefore volumetric. We find ourselves 
in a situation where a point-based map has a meaning corresponding to a spatial 
dimension other than the dimension of the map construction, here  dimension three. 
For a number of authors, a dot map, somewhat improved by modern techniques, 
constitutes an alternative method for representing statistical surfaces [GRO 82b, 
LAV 86]. 
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Figure 8.11. Dot map: spatial distribution variations 

J. R. Mackay in 1949 emphasized that the visual perception of underlying 
densities is not obvious, in particular, the density of “gray” varies irregularly as the 
number of dots grows [MAC 49]. The perception of points is not exact and for a 
relatively regular distribution the number of dots, and hence the density, is 
underestimated [PRO 77]. Studies like that of B. B. Petchenik [PET 63] show that 
the relation between the real and estimated numbers of points is a power function 
reasonably close to the function relating real and estimated densities. Between 1970 
and 1980 several studies were carried out on the signs themselves and on details. 
Later a global approach to maps was favored, while preserving the wealth of the 
results from this period. Thus, J. Olson [OLS 77] repeated and completed with 
several formulas the suggestions of B. B. Petchenik for improving dot maps and 
adjusting the technical choice for the reader’s perception, while underlining that the 
pattern formed by the dots is essential, not the meaning of isolated dots. In this she 
agrees with one of the conclusions of H. W. Castner and A. H. Robinson [CAS 
69b]: the reader reacts to the black and white ratio as much as to the arrangement of 
dots. 

This method mainly aims at rendering a representation independent of the size of 
the mapped territory. It turns out to be very fruitful when the phenomenon is not 
distributed homogenously within the space or the interior of the basic spatial units. 
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However, a mistake to be avoided is representing several distributions on the same 
map. Even though it is technically possible thanks to coloring, this option is very 
strongly discouraged just as for the point pattern maps, since the specificities of 
each color arrangement become, in fact, invisible. Maps become difficult to read, 
even when following the suggestions of G. F. Jenks [JEN 53] who proposed the use 
of pointillism in cartography. The maps obtained in this way seem attractive and 
resemble some paintings (Sisley, Seurat), but apart from some tests carried out by J. 
E. Rogers and R. E. Groop [ROG 81] which tended to recognize some efficiency of 
this method, they bring no interesting geographic knowledge since the spatial 
distributions are too interspersed with one another. 

8.1.4.2. Point-based representations with quantitative signs 

These representations correspond to point-based and hence discontinuous 
phenomena associated with variables defined by a quantitative level of measurement 
(absolute values, count, derived data, among others). The locations (observed or 
fictitious) are accurate, even though the physical importance of a sign sometimes 
demands some displacement. The aim here is to represent the location and the 
importance of a phenomenon by means of signs whose size or number vary as a 
function of this importance. Several methods satisfy this definition, but they differ 
by the manner in which they inform the reader about quantities: a numerical value 
associated with a point sign (e.g. height points), localized repetition of the same 
sign, a point-symbol proportional to the quantity, sometimes discretized. Whatever 
the procedure used, there is a preliminary step concerning the shape of the sign 
which will represent the quantities. Generally, geometric shapes are adopted since 
they are the easiest to vary in size. To be more precise, the circle is favored because 
it is visually stable and leaves more room on the map. Moreover, the relation 
between the thematic values and the graphical sign is easy to establish and the 
variation of this component is easy to construct or program. 

8.1.4.2.1. Two little-used procedures 

In fact, two of the procedures are no longer used in thematic cartography, while 
two others are a subject of many studies and are applied in a number of maps. The 
less frequent ones are maps labeling numbers next to points and those with repeated 
signs. 

Maps with label signs 

In this case the size of a sign remains the same irrespective of the quantity 
concerned, but a number is placed near the sign indicating the phenomenon value at 
this spot. Thus, we have label points as in a topographic map, which is not very 
useful unless we would like to have precise numerical data. Moreover, the 
communication is not very satisfactory (Figure 8.12a and b). 
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Figure 8.12. Point-based representations of quantitative variables: little-used procedures 

Maps with repeated signs 

In this case the sign is equipped with a graphical size and a unit thematic value, 
like in dot maps, but the number of points is proportional to the represented quantity 
and the position of the points is centered on the accurate position of the 
phenomenon (for instance, a port or a city). Thus, we can have several signs for the 
same cartographic object, juxtaposed on the same location. This technique, 
therefore, often results in congestion of the map, which makes it unsatisfactory 
(Figure 8.12c). 

Let us point out that the choice of these two techniques strongly depends on the 
perception of signs and on the phase of the mapmaking process. In fact, a dot map 
with labels is not easy to read and extract information, but if the recipient needs 
precise numeric data, for example for a discussion, then it may prove useful. Maps 
with repeated signs are rarely satisfactory because the juxtaposition of signs may 
result in an entirely incorrect understanding due to the cluttering in the document. 

8.1.4.2.2. Usual methods 

Signs of proportional size are the most well-known and well-studied among the 
methods for conveying quantitative point phenomena. They appeared in the 1830s 
thanks to the progress made by engineers [PAL 98a, PAL 98b]. In 1837 H. D. 
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Harness produced maps of merchandise and passenger circulation in Ireland where 
circles of proportional size represented urban populations. This technique spread in 
Europe and in 1845 A. Petermann applied it for maps of the population of Great 
Britain (census of 1841). In 1851 S. Clark (conception) and A. Petermann (drawing) 
also made a map of the British Isles where the variation of rainfall was shown by the 
size of blue circles. C. J. Minard made several maps employing proportional circles: 
one in 1858 for the amount of meat sent from the regions of France for consumption 
in Paris (he also added sectors inside the circles), and another in 1859 concerning 
the tonnage transferred through the ports of France. In all these documents complete 
proportionality was favored. The discretization of proportional size appeared only 
after World War II. 

Maps with proportional symbols without discretization 

In this case a map is constructed by ordering the symbols proportionally to the 
values attached to points. These values can be, for example, absolute or relative 
quantities. For circles, squares or volumetric figures the centers of the symbols are 
positioned at the exact location of the cartographic object. The main difficulty is to 
establish the correct proportionality between the thematic values and the sizes of the 
signs. The steps are as follows: 

1. Making the drawing of the map base: positions of points, drawing of outline and 
internal boundaries. 

2. Finding the extreme values in the represented sequence. 

3. Choice of the shape and the filling of the symbol with variable size. 

4. Determining the largest size for the highest value. 

5. Choosing the proportionality law between the thematic values and the size of the 
symbols. Generally, this is calculated by a formula but it can also be obtained using 
an abacus8. In the case of a circle or a square the proportionality is in relation to the 
area of the symbols; in the case of a cube or a sphere it is in relation to their volume. 
The calculation for circles9 is as follows:  

Let iZ  be the thematic value of a place, and 

                              
8 An abacus is a “graph from which an approximate solution to a numerical problem can be 
read off” [PLA 05]. 
9 Proportionality formulas for other common shapes: Zi is the thematic value of unit i; ZM is 
the highest thematic value; Li is the side length of the sign associated with the value Zi; LM is 
the side length of the sign associated with ZM ; Ri is the radius of a sphere associated with the 
value Zi ; RM is the radius of a sphere associated with ZM. 
Square: MiMi ZZLL ×=  Cube: 3 MiMi ZZLL ×=  Sphere: 3 MiMi ZZRR ×=  
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iS  be the area of a symbol (a circle) and iR  be the radius of this circle. 

Let mZ  be the maximal thematic value, and MS  be the maximal area corresponding 

to the maximal thematic value and related to the maximal radius MR .  

Thus: M M i iS Z S Z=  or 2 2
M M i iR Z R Zπ = π  

So that: i M i MR R Z Z=  

If the proportionality was not calculated with respect to the surface area, we would 
simply have:  

( )i M i MR R Z Z= × , 

and the differences would be much more pronounced but lacking a visual logic 
because the eye perceives areas and not radii. 

6. Placement of symbols avoiding superposition by cutting-out in favor of smaller 
symbols. 

7. Creation and design of the legend according to the rules given in Chapter 9. 

Although the steps are clearly identified, we need to point out that the choice of 
proportionality is not as obvious as the formulas (Figure 8.13) may make us think. 
In fact, when the range of values is too large, these proportions may be 
unsatisfactory. Then it is better to proceed with a logarithmic transformation of [Z] 
which attenuates the high numbers while accentuating the low ones. Nevertheless, 
the essential problem is to understand whether we need to adopt a mathematical 
proportionality or to keep track of the perceptual characteristics which are not 
linear. 

As we have seen, all studies agree that the reader’s response to graduated 
symbols is not a linear function. Large symbols are underestimated compared to the 
smaller ones and the correct relation is given by a power-law. Gradations involving 
the perceptual component have been proposed by some authors, such as 
J. J. Flannery [FLA 71] with the power-law exponent varying between 0.57 and 0.7. 
But various factors – such as the range of the sizes, the choice of circles and 
especially the technique used in the evaluation tests – influence the perception of 
circles and may lead to modifications of these propositions [CHA 80]. Finally, some 
cartographers also question the relevance of the perceptual gradation [GRI 85]. 
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Figure 8.13. Point-based representations of quantitative variables: proportional signs 

Proportional signs with discretization 

This technique starts from the same principles as proportional symbols, but the 
thematic values are grouped into classes according to one of the principles presented 
in Chapter 1 of Volume 2. Proportionality is established between the symbols and 
the values at the centers of the classes (Figure 8.14). The steps are therefore similar 
to those in a map with proportional symbols, but with a modification concerning the 
creation of classes before determining the proportionality. The symbols are only 
modified by the size of the circles expressing different classes. It is also possible to 
make the representation richer by varying, in redundancy with the size, the filling of 
the circles by using the visual variable “value”. This facilitates the reading 
considerably. H. J. Meihoefer [MEI 69] recommends resorting to classes when the 
distribution of a thematic variable possesses thresholds which the authors of the map 
consider to be significant and would like the reader to be aware of. There is, 
however, a risk of creating confusion between such representations and maps with 
circles denoting ordered classes. 
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Figure 8.14. Point-based representations with quantitative variables: discretized signs 

Maps with proportional symbols are often preferred but, contrary to common 
opinion, they give rise to numerous inaccuracies in reading [KIN 77]. Their 
principle itself is disputable since it presupposes that the reader is capable of 
grasping the smallest nuances in the variation of a circle, a square or any other 
symbol. In fact, the reader is unable to discern small variations [MEI 73]. The 
reading quality of point-based symbols is not better than of areal symbols where six 
or seven stages can be distinguished. When it comes to proportional symbols, the 
readers believe they can see the differences, but in reality they create their own 
associations for the sizes of the signs [LLO 85]. Each reader forms his or her own 
classes and sees a map different from another reader and perhaps different from the 
author. The proportionality option is intellectually appealing and interesting from 
the exploratory point of view. It should be used cautiously in a map intended for the 
general public. Distortions in the perception of proportional circles may also be due 
to an optical illusion (such as the well-known optical illusion by H. Ebbinghaus) and 
due to the map context [GIL 81a]: neighboring circles, presence or absence of 
internal boundaries, contrast, and so on. 



Cartographic Transformations     301 

As we have seen, point-based representations, in which semiotics plays a 
fundamental role, are very diverse and their choice is determined by several factors 
which themselves give rise to various constraints. But whatever the type, these point 
maps never facilitate the global reading, which can be improved by tracing the 
envelope lines, “approximate in their drawing” and joining the point elements 
belonging to the same group of symbols. These lines refer to set theory in 
mathematics and the characteristic feature of this method is the membership 
relation. More specifically, a close line delineates a zone including places with the 
same characteristics based on a particular criterion. Envelopes may or may not fit 
together. It is preferable for them not to intersect. This cartographic improvement 
follows both the mathematical and the graphical logic. Envelopes can be connecting 
or not, covering or not. They indirectly convey the areal spatial logic since they 
enclose the places with the same meaning. 

8.2. Linear representation modes 

The so-called linear representations are used for the phenomena which occur 
along a line, even if this line has a certain thickness. What is crucial in this feature is 
the linear drawing which can be described by a series of coordinate pairs locating 
the characteristic points of a line and whose representation consists of many variable 
elements. 

8.2.1. Variation criteria for linear representations 

As we have seen in Chapter 4, a line has a starting point and an endpoint, 
possibly with some intermediate points in between, as well as connections of some 
length which can convey different phenomena according to the element we are 
focusing on. 

8.2.1.1. Criteria related to localizations 

Geometrically, a line has been described in the preceding chapters. It expresses 
various features of a linear thematic phenomenon. Its drawing may have a visible 
material expression in the real world (a road or a river, for example) but it can also 
have an abstract meaning not directly visible (borders). A line can be regular and 
described by a mathematical function (railroad connections), or irregular (a river 
course) and indescribable by any function. It may have an orientation (the flow of a 
river) or not (a mountain ridge), and may draw particular patterns which graph 
theory can describe: simple paths, trees (for rivers) or circuits (for road networks). A 
line is embedded into an area which it, for example, serves or irrigates (Figure 8.15). 
These variations in the characteristics of a linear phenomenon should be taken into 
account when choosing the representation mode. 
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Figure 8.15. Linear phenomena: spatial components 

8.2.1.2. Criteria related to attributes 

Attributes play an important role in the variety of possible representations. They 
are distinguished by their level of measurement (Figure 8.16). Thus, a line may 
vary: in nature (road, railroad, river or border) having nominal attributes, in degree 
(local road, national highway) expressing order, and in quantity or transit capacity (a 
road or a river) in flows of different importance (flow of merchandise or 
passengers). Lines may also differ in their meaning, direction and sense (a flow 
towards or away from a node). 

 

Figure 8.16. Linear phenomena: attributes 

Linear phenomena therefore vary in three principal elements: spatial 
components, attributes and endpoints, whose role can be more or less important 
depending on the topic. The endpoints should be treated the same way as point 
phenomena. But a crucial aspect is the meaning attributed to lines which 
fundamentally changes the cartographic approach to linear phenomena (Figure 
8.17). 
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Figure 8.17. Linear phenomena: variation criteria 

8.2.1.3. Criteria related to line approaches and meaning 

The types of representation related to lines vary depending on the meaning 
ascribed to a line implying a choice of the accuracy of the drawing, of a direction or 
a sense. If we are interested in a line as a trace (a trace as precise as possible), its 
nature, importance and capacity, the dimensional meaning is linear and equal to the 
geometric and graphical dimension (L → L). The approach is then descriptive and 
the solutions are semiotic. 

We can also put the stress on the junctions between the nodes, the set of links 
between vertices. This gives rise to a schematic diagram of lines and corresponds to 
a heuristic approach. The latter strives to reveal the underlying features of the line 
network and relies on the mathematical theory of graphs. The meaning of such an 
ensemble of lines is then predominantly areal, so that a dimensional meaning L2 is 
ascribed to the geometrical dimension L of lines (L → L2). Semiotics will still play a 
role but the use of graphs introduces new possibilities and constraints. 

The third type of linear phenomenon concerns flows, exchange and movements 
between places. While it includes some elements of the preceding approach, it also 
necessarily adds to consideration the direction and the sense and welcomes a 
heuristic approach relying this time on the mathematics of vectors. A geometrically 
linear phenomenon is now given a volumetric dimensional meaning L3 (L → L3). 
This calls for new types of representation. 

These various criteria allow us to group the representation types associated with 
linear phenomena into three classes determined by the meaning of a line (line, 
network, flow/exchange/movement). Each class respects the division according to 
the measurement level of the attributes (Figure 8.18). Thus, in going from a “line” 
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(L) to a network (L2) to “flows” (L3) the cartographic properties of the group (L2) 
supplement those of the group (L), and the properties of (L3) are added to those of 
(L2). 

 

Figure 8.18. Linear phenomena: classification criteria 

8.2.2. Linear representations associated with linear meaning 

These representations allow making maps where a line appears as a line, whether 
it is concrete or abstract (a road, a path or a border). Its shape, being crucial, should 
be as precise as the map scale and the available data permit. The methods are mostly 
based on semiotics and refer to a transfer system. Three categories can be identified 
depending on the level of measurement ascribed to the line. 

8.2.2.1. Linear representations associated with nominal variables 

These maps have precise drawings associated with nominal variables and 
indicate the existence of a linear phenomenon, characterized by several distinct 
types of content: roads, railroads, streams and so on. The stress is put on the shape 
of the paths, as in very old maps. One of the first representations of this sort is, 
perhaps, the geographic map of postal connections in France made in 1632 by N. 
Sanson. Intended for travelers, it showed the royal roads and the locations of horse 
relays. Such maps are mostly oriented towards providing landmarks and enable the 
reader to find his or her correct position. The lines in such maps have a purely linear 
meaning, connecting the origins with the destinations. 
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To prepare a linear map with nominal variables, several steps are necessary and 
the choice of graphics is essential in them: 

1. drawing the map base: positioning the lines and outlines if necessary; 

2. identification of the modalitiesof the represented phenomenon; 

3. choice of signs for each modalities; 

4. application of the chosen signs to corresponding lines; 

5. conception and design of the legend. 

Generally, the strokes used to depict the lines are either smooth for natural 
entities (e.g. rivers) or contain sharp angles for abstract entities. The selected signs 
do not vary quantitatively but differentially, according to three visual variables: 
shape, color and possibly orientation. The latter, however, does not lead to good 
results in the linear case (Figure 8.19a). To vary the shape we use simple or double, 
continuous or discontinuous strokes according to the phenomenon represented (a 
sporadic stream, for example). The discontinuities can be shown in different ways. 
Strips can also be used by modifying their fillings, but they generally lead to a loss 
of precision of the drawing and contradict the aim of the map (Figure 8.19b1). 
Moreover, when choosing the signs we should pay extreme attention not to create an 
unintended progression. Variations of color can be made by choosing different hues 
for a given width of a line or a strip. It is important, however, that the value and the 
brightness remain the same (Figure 8.19b2). As for the orientation, it cannot be 
employed unless the representation uses strips in indicating the drawing, because 
this visual variable is imperceptible in lines with small width. Otherwise, if parallel 
gray strokes are perpendicular to the strip they are fairly visible, but we should not 
forget that lines change their direction so that the initially perpendicular gray strokes 
(whose direction should not change) may end up being parallel to the line (Figure 
8.19a). 

This type of representation corresponds to the transfer system and is useful in 
basic maps because of its relative accuracy. In fact it makes it possible to carry out 
measurements and exploratory analysis. It is frequently used in roadmaps such as 
those of Michelin or NGI (French National Geographic Institute), or in maps 
showing the main road connections of a country (Figure 8.19b1). Maps of hiking 
trails only discriminate  the itineraries. 

8.2.2.2. Linear representations associated with ordinal variables 

These representations are very close to the preceding ones. The drawing remains 
accurate and the representation still relies on semiotics. Now, thanks to the adopted 
choice of graphics, a line is an expression of ordered relations between categories of 
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strokes. Traced lines are in a hierarchy, for example, of relative importance of roads: 
local, state, federal. 

 

Figure 8.19. Linear representations with nominal variables: 
 semiotic tools and examples (see color plate section) 

The steps of construction are the same as before and the lines obey the same 
rules as for nominal phenomena. Changes happen at the level of semiotics where the 
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only visual variables applied are value and grain, once the shape, color and 
orientation are determined and fixed. This means that the filling of a line or a strip 
of a certain width varies in its color and grain. In order for those (and especially 
grain) to be visible, the lines and strips should have a certain thickness and width 
respectively. The results are generally rather misleading (Figure 8.20a). 

 

Figure 8.20. Linear representations with ordinal variables: semiotic tools and examples  
(see color plate section) 
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Other options can turn out to be more legible. In Figure 8.20b1, for example, we 
switch from discontinuous to continuous strokes and then to wider strokes to show 
the administrative hierarchy, although the last variation is a change of size – a visual 
variable conveying quantitative phenomena. In Figure 8.20b2 the status of roads is 
given solely by widening the strokes, which means that here also the visual variable 
“size” is employed.  

These solutions lead to an easier reading but do not obey the syntactic rules 
according to which only value and grain are suitable for representing ordinal data. 
Moreover, it is clear that in the case of increasing width the reader will not be able 
to tell apart a variation of size from an ordinal progression. What should be given 
preference: syntax or perception? Without a specific context it is impossible to 
decide to violate a grammar principle. 

8.2.2.3. Linear representations associated with quantitative variables 

In these representations the drawing remains exact but the signs illustrate 
quantitative variations, still relying, however, on the possibilities of semiotics. A 
line is an expression of a quantitative change and hence uses the visual variable size. 
Strokes and strips vary in thickness and width respectively. These techniques enable 
us to distinguish different paths by introducing an idea of quantity. 

The steps are sufficiently close to those for the previous maps, but the difficulty 
lies in the choice of proportionality: 

1. drawing of the map base: positioning the lines and, if necessary, outlines; 

2. identification of the extreme values and the range of the represented phenomenon; 

3. choice of a proportionality principle, with or without discretizing; 

4. application of the chosen signs to the corresponding lines; 

5. conception and design of the map legend. 

In principle, width is proportional to the value of the represented variable, but it 
is virtually impossible to perceive correctly all the variations of width along a line. 
Moreover, it is impossible to draw very wide lines both for technical reasons and 
because it encumbers the map. In practice, therefore, classes are defined using the 
methods presented in Chapter 1 (Volume 2) and the line widths are proportional to 
the class centers. The number of classes which the reader can perceive is even more 
limited than for the areal case: three or four seems to be the maximum (Figure 8.21). 
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Figure 8.21. Linear representations with quantitative variables: semiotic tools and examples 

The drawing is of course linear but its meaning can be linear or areal or even 
volumetric: a larger width of a road, for example, shows its higher capacity, more 
road traffic and hence a change of volume. Indirectly the meaning becomes 
volumetric, and this immediately brings us to the notions of flow and junction which 
will be discussed in the next section. 

8.2.3. Linear representations with areal meaning 

With the exception of ray-diagram maps, this category includes the techniques 
associated with the theory of graphs which gives rise as much to a cartographic 
representation as to a mathematical analysis of the constructed patterns. These 
techniques are very useful for exploratory analysis of networks. 

8.2.3.1. Definitions and vocabulary 

In this type of representation the drawing is no longer necessarily exact. It is the 
link between two points and its nature that matters, the existence of connections is 
prioritized because through these each node supplies something that the other nodes 
do not have. Thus, from a line we go to a network and the associated drawing is a 
diagram of lines between points forming a graph (Figure 8.22) – “a figure formed 
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by points called vertices (or nodes) and line segments connecting some of these 
points” [ORE 70].  

Switching to graphs preserves the topological relations among the vertices but 
the information about the spatial distribution of the points and the distances between 
them is lost10. Several definitions complementary to those given in Chapter 4 turn 
out to be useful for the description of this type of cartographic representation 
(Figure 8.22): 

– A graph is planar if it can be drawn on a plane so that the edges of the same 
level do not intersect except at the vertices. This is the case in a road network or a 
hydrographic network, for example. In the opposite case, the graph is called non-
planar. Physical networks are always planar. 

– A graph is strongly connected if all its vertices are linked with each other. It is 
empty if it consists of isolated vertices only. 

– Graphs can be of specific forms which have already been mentioned: a chain, a 
path and a cycle, to which we need to add a tree (a connected graph without cycles). 
Each of these forms can be associated with a geographic phenomenon. 

 

Figure 8.22. Graph types 

                              
10 Let us note that in a metric graph the distances are preserved. 
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8.2.3.2. Construction 

The representations associated with lines forming a network are graphs – a 
particular diagrammatic kind of map that should obey the principles formulated 
above for the representations of “lines”. They should also take into account the 
differences due to the levels of measurement of the attributes and the rules of 
semiotics. Hence, the steps of the construction are the following (Figure 8.23): 

1. Drawing of the map base: identification of the nodes and, possibly, drawing of the 
outlines. 

2. Identification of the characteristics of the data, namely of the vertices (i.e. nodes) 
and the links contained in the matrix: measurement level, direction, sense. 

3. Determination of the signs to be used at the vertices following the semiotic rules 
associated with point-based phenomena. 

4. Determination of the signs assigned to various links according to their 
measurement level, direction and sense. 

5. Drawing of the vertices and links and application of the chosen signs. 

6. Conception and design of the legend of the map. 

 

Figure 8.23. From a map to a graph 
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8.2.3.3. Choices and spatial meaning 

Although the construction relies on mathematical tools, the main choices in the 
representation are of a semiotic nature, both for the vertices and for the links. For 
the nodes the choice depends on what the points express and therefore on their level 
of measurement. The cartographer should apply here the usual rules defined for 
point-based representations. As for the links, their presence and characteristics are 
determined by the values contained in the matrix. If the map (the graph) should 
demonstrate the existence or absence of connections, it represents a binary nominal 
variable. The edges do not need to denote anything except the presence of a 
connection and their thickness should never change. The graph then consists of 
nodes and simple equal lines. If the meaning assigned to the connections has to do 
with an order and connections form a hierarchy (for example, based on the 
importance of roads – national, international – or on the category of rivers – brook, 
stream, river) then the edges should show this order using the visual variables 
“value” and “grain” together with the important visual limitations which they 
include. Finally, if the content of the connections is of the quantitative type, the 
edges vary in thickness or width in a proportional or discrete manner. This last 
option is much more preferable (Figure 8.24). 

The lines should also include another element – the orientation – since 
connections may have an orientation. In this case an arrow should show the 
orientation of the link. In graph theory we then have to work with oriented graphs. 
In cartography, the rules associated with arrows, direction and orientation will be 
addressed in the context of the flow representation in the next section. 

The starting point for constructing representations of the graph type is data 
associated with lines. Graphically they are shown by the links between points, but 
their spatial meaning is areal. These sets of lines cover areas and while their trace 
remains linear, their interpretation has to do with those areas. Therefore, there is a 
mismatch between graphical representations and their meaning, and this fact should 
never be forgotten in understanding or commenting on a document of this type. 

Finally, a major advantage of this class of representations is that a full-blown 
mathematical apparatus is available for it and many transformations are possible: 
going from a graph to a contiguity matrix or a connectivity matrix, etc. (see Figure 
2.11). We can therefore calculate the indices and obtain a matrix of the Tinkler 
coefficients of association [SMI 77] and uncover new underlying structures by 
constructing a transition matrix of a Markov chain, as S. Rimbert suggested using 
the migration of the founders of Yonabourg as an example [RIM 90]. Graph-type 
maps are therefore extremely helpful for exploratory analysis and understanding 
spatial structures. 
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Figure 8.24. Representations of lines with an areal meaning (see color plate section) 

8.2.3.4. A special case: ray-diagram maps 

We need to mention a particular representation mode, called ray-diagram maps, 
because they are used by various researchers and organizations, particularly in 
France. They are not related to graphs, at least explicitly, but also express the 
connections between points. The lines connecting the points usually have the same 
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thickness (rather small) and show only the existence of a connection. Depending on 
the values of the variable, however, they are sometimes distinguished by different 
colors (which creates a semiotic problem) or, very rarely, by a hierarchy of lines. 
This representation mode is considered “efficient when we are looking to express a 
polarized spatial organization because the links then arrange themselves like the 
spines of a sea urchin” [WAN 02]11. This technique is used for showing a 
polarized organization where the functional links are centered on several vertices 
which are considered the dominant poles of “regions” (Figure 8.25). Some models 
of spatial interaction (which will be discussed in Volume 2) seem to achieve much 
more satisfactory results than the “rayed” maps, both mathematically and 
cartographically. 

 

Figure 8.25. Ray-diagram maps 

                              
11 The work of P. Waniez, which was published in French, refers to these maps as “maps en 
oursin”, which literally translates as “sea urchin maps”. However, F. J.  Monkhouse and 
H. R. Wilkinson in Maps and Diagrams  [MON 76], refer to this type of map as “ray-diagram 
map”. 
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With the exception of the ray-diagram, all the representations related to the 
notions of junctions and links have to do with graphs and rely on their theory. These 
networks and connections provide support for exchanges, movements and flows, 
which require other cartographic techniques. 

8.2.4. Linear representations with volumetric meaning 

The representations discussed here concern lines as a support for movements or 
flows between two or more places, supply or import, dealing with quantities of 
people, goods or energy. These flows or movements happen along lines but have an 
essentially volumetric meaning which should be stated as such. In the usual 
approach to this type of phenomena the visualization techniques vary but only a part 
of them will be addressed here. The reason is that to convey the dynamics inherent 
to the exchanges it is necessary to make use of new techniques (for example, 
animation) which will be described in Volume 3. 

Flow maps have been around for a long time. According to G. Palsky [PAL 96a, 
PAL 96b, PAL 99], their representation was heavily influenced by the graphical 
semiotics of the military maps which in the beginning of the 19th century introduced 
“the expression of movement on a map”, as a precursor of dynamic images. The first 
flow maps as such, however, appeared in Europe in 1837 when H. D. Harness 
produced his maps of transportation of passengers in Ireland. This technique spread 
and between 1845 and 1864 [PAL 98a] C. J. Minard made a series of maps of the 
circulation of passengers by public transport (1845), imported quantity of cotton and 
wool in Europe (1858, 1852, 1863) and wines exported by sea (1864). 

Since these first attempts, the flow representation remained unchanged for 
almost a century. But starting from 1960 several modifications were introduced by 
W. Tobler [TOB 76c, TOB 78, TOB 81, TOB 82]. He published many works on 
this topic and created a cartographic computer program Flowmap [TOB 79c] which 
integrated movement modeling, gave a new view of flow cartography and was 
extremely rich in options. In order to understand the full scope of W. Tobler’s 
propositions we have to return to the notion of flows. 

8.2.4.1. From the notion of flows to their classification 

Flow is a movement quantity whose nature may vary: flow of water, in a phone 
or a road network. These are nominal-type characteristics, indicating only a 
differentiation in the nature of various flows. Flows can also differ by their 
significance which belongs to either an ordinal or a quantitative level of 
measurement. Hence, the approach to flows, as to any other linear phenomena, 
requires different representations according to the level of measurement. The same 
semiotic principles apply. Moreover, a flow can change its direction (that of the 
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support line which connects the endpoints) and orientation (the direction of 
circulation), which adds two crucial ingredients to all the preceding propositions. 
Although it is not necessarily as diagrammatic as a graph, the drawing of a flow is 
often highly generalized disregarding its physical support (if there is one) and 
possibly including the intermediate nodes. The latter play an important role in flows. 
These are the endpoints of the connections which conduct the one- or two-way 
movements (Figure 8.26) in the exchange considered. 

 

Figure 8.26. Flow representations: factors to consider 

These factors allow us to identify the classification elements for flows and their 
cartography: measurement levels, direction, orientation and nodes (Figure 8.27). 

Flows and movements, as data, are presented in a special form indicated in 
Chapter 5: they are described by square or rectangular matrices whose rows and 
columns contain the vertices among which the exchange is happening. The flows 
are given by the interior of the matrix according to the given level of measurement. 
The representation may use row vectors or column vectors, marginal sums, 
weighted or not, or even the entire matrix (Figure 8.28). 
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Figure 8.27. Flow representations: classification elements 

 

Figure 8.28. Flow representations: flow data table 
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Figure 8.29. Flow representations: selection of a flow for mapping 

The significant volume of these data grows exponentially with the number of 
vertices, which renders the map completely illegible if we want to depict all the 
flows (Figure 8.28a). Purely graphical solutions are too difficult and it is quasi-
unavoidable to resort to data reduction in order to compensate for their 
overabundance before proceeding to any representation. Flow selection is a 
possibility. We can keep, for example, only the strongest ones: the ones with above 
average value, or the upper 20% of the cumulative frequency curve of the flow 
ensemble (Figures 8.29b and c). 

We are, therefore, faced with a threshold problem for which W. Tobler proposed 
various solutions, tested in Strasbourg [REN 85, CAU 91a, KLE 07] and 
subsequently programmed by O. Kapps12. The choice of options depends on the 
topic in question. Another topic-related solution consists of selecting a particular 
place and taking into consideration the flow originating from it or coming towards it 
(Figure 8.30b and c). 

                              
12 Programs developed by O. Kapps for Macintosh: SuperfluxCX, 1991; Superflux2PPC, 
1996. 
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Figure 8.30. Flow representations: selection of poles 

When the reduction is performed, the flow representations are subdivided into 
two large families: descriptive – essentially relying on semiotics – and heuristic – 
based on mathematical techniques. 

8.2.4.2. Descriptive flow representations 

If we regard flows in a descriptive fashion, it means that we are once again 
relying on semiotics, and the principles formulated in the preceding sections 
continue to hold. However, there are important nuances and supplements, mostly 
introduced by W. Tobler [TOB 79c]. In addition to the selection of the basic shapes 
and their variations described earlier, we consider the endpoint design which is an 
expression of the orientation of the flow. If a line or a strip does not have an arrow it 
means that the orientation of the flow is not indicated, either because it is irrelevant 
for some reason or because we are considering a circulation between two points, i.e. 
the sum of two directed flows, sometimes called “turbulence” (Figure 8.31c). This 
type of endpoint is an expression of either a bi-directional flow or of a result of two 
separate flows (Figures 8.31a and b). It can be a simple arrowhead or a more or less 
elaborate arrow. 
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Figure 8.31. Flow representations: thematic choices 

 

Figure 8.32. Flow representations: variations of the sign system  
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As for the poles (network nodes), they can be shown (or not) with various signs. 
Figure 8.32 shows the possible variations of the sign system needed to depict flows 
taking into account their levels of measurement, direction and orientation, as well as 
the endpoints13. All representations which make use of this sign system are suitable 
for making maps which are linear by construction but volumetric in their meaning. 

As a consequence, the steps of making a flow map, even if only a descriptive 
one, involve a lot of choices: 

1. Drawing of the map base: identification of the nodes, possibly drawing the outline 
with or without internal boundaries. 

2. Identification of the characteristics of the initial data: vertices and links contained 
in the matrix, their level of measurement, direction, orientation, etc. 

3. Reduction and generalization of the flow matrix. 

4. Choice of the graphical signs to be applied at the vertices according to the semiotic 
rules associated with the point-phenomena. 

5. Choice of the graphical signs to be assigned to various categories of flows 
depending on their level of measurement, direction, orientation and the reduction 
performed earlier. 

6. Drawing of the vertices and the links; application of the signs selected for different 
flows. 

7. Conception and design of the legend. 

Two points deserve attention because of their consequences for the perception 
and interpretation of the map: the cut-out and the legend. From the technical point of 
view, the general rule of the cut-out (which we will discuss in Chapter 9) is that 
when there occurs superposition or overlapping of signs, small signs are favored at 
the expense of the larger ones. In the case of flows, both options are available: small 
flows preferred to the larger ones and vice versa. In fact, after the suggestions of W. 
Tobler [TOB 79c] and several experiments performed on groups of students14 it 
became clear that the graphical preservation of small flows at the expense of large 
flows leads to a loss in the global perception of the map in the case when the mass 
of the flows matters. The rule has to be inverted to favor the large flows (Figure 
8.33). 

                              
13 Here we follow the works performed on this subject in Strasbourg, namely, the DEA 
report by E. Renault [REN 85] and the programs written by O. Kapps (see the previous note). 
14 We carried out these experiments in 1984-1989. The results were not published. 
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Figure 8.33. Flow representations: semiotic choice (hierarchy of the flow priorities) 

 

Figure 8.34. Flow representations: semiotic choice (ascending and descending grayscales) 



Cartographic Transformations     323 

The same is true if we decide to express flows by variations of the graphical 
variable “value”. Usually, higher thematic values are conveyed by a darker filling. 
For flows, therefore, the opposite is preferable (Figure 8.34). As for the legend, its 
particularities will be discussed again in Chapter 9. 

8.2.4.3. Heuristic flow representations 

In all the representations shown so far the descriptive aspect has been prioritized. 
Turning to an even more analytical cartography approach, it is possible to assimilate 
the flow arrows into vectors, provided that the considered phenomenon is 
continuous, both spatially and thematically. We can trade the arrow design for the 
precision of a mathematical vector which has a norm and a direction. S. J. Lavin and 
R. S. Cerveny [LAV 87] proposed a unit-vector density method for mapping vector-
based flows [SLO 05]. They denote the magnitude and the direction of the 
movements taking place on a surface which is assumed to be continuous. Several 
years earlier, however, W. Tobler [TOB 81] had already proposed some vector-
based representations: resultant vectors, vector fields and trajectories. Only the 
method of the resultant vectors is described here. The others will be shown in the 
context of the areal representations. 

 

Figure 8.35. Flow representations: mean vectors 
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In the method of vectors [TOB 81] for each point of origin the flows in all 
directions are converted into vectors whose direction is given by the line connecting 
the origin with the destination, and whose norm is equal to the flow magnitude. For 
each point we then calculate the mean vector which “sums up” the vectors attached 
to this point (Figure 8.35). The preparation of such a map is a preliminary step in 
constructing a vector field, which boosts the interest in it. 

8.3. Areal representation modes 

The procedure classification for the representations of areal phenomena takes 
into account new features, but the division bases on their levels of measurement also 
remains. The basic criterion relies on the notion of continuity, and the question is 
posed as follows: is the region formed by distinct, separate spatial units (for 
example, administrative units or physical units identifiable in the real world, e.g. 
geological outcrops)? Or are they on the contrary continuous, with the marks 
expressing only some gradation or progression levels, such as the contours?  

Two major families of areal representations can be distinguished based on the 
notion of continuity. On the one hand, there are procedures associated with spatially 
discrete phenomena in which the attached thematic attributes can be on any level of 
measurement and the correspondence between [XY] and [Z] is done by transfer. On 
the other hand, we encounter procedures relying on spatial continuity, which can be 
associated only with quantitative attributes and which are in an agreement with a 
surface system. 

The second criterion is based on the notion of membership and gives rise to 
another classification. A cartographic object may clearly and uniquely belong to a 
certain group. This is the situation of a unique membership. But less obvious 
situations can sometimes be encountered, when a cartographic object partly belongs 
to one group, partly to another, and possibly, to yet another. Then we can talk of 
multiple membership. This is the case in the fuzzy subset approaches to space and in 
certain models of spatial interaction. The Venn diagrams express it well.  

The cartography of fuzzy sets is very particular and is not yet sufficiently 
developed, but some examples concerning the interaction models will be cited at the 
end of this chapter. Nevertheless, for us this classification is only secondary since 
most of the procedures presented in this work are based on the division in the strict 
sense where a cartographic object by definition belongs to one and only one group. 
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8.3.1. Discrete areal representations 

Discrete areal representations are representations in which the spatial units – 
adjacent or not – do not exhibit continuity in going from one unit to another. The 
values of the thematic attributes are assigned to these units. Each value corresponds 
to the entire area of the unit. Variations are possible in the levels of measurement of 
the thematic attributes but the discriminating criterion concerns the regularity of 
spatial units. Thus we can distinguish: irregular areal representations in which each 
entity has a different size, and regular areal representations in which all units have 
the same size.  

The first group encompasses heterochoric and choropleth maps as well as 
dasymetric and proximal maps.  

The second group is notable for its regular tessellations, such as lattices. Maps of 
both families are made according to the transfer system (Figure 8.36), but in some 
cases a special construction is associated with [Z] (dasymetric maps), with [XY] 
(proximal maps) or with both (square lattice maps). 

 

Figure 8.36. Discrete areal representations: classification 

8.3.1.1. Irregular discrete areal maps 

Areal maps with irregular spatial units can differ in their level of measurement, 
logic of boundaries and the making principle (Figure 8.37). The boundaries may be 
established by observation (chorochromatic, or heterochoric, maps with nominal 
variables), by a simple transfer of the attributes on the map base which plays the 
role of a background which dictates the units (choropleth maps with ordinal and 
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quantitative attributes), by operations on attributes which produce coherent 
ensembles (dasymetric15 maps). The spatial entities can also be constructed 
geometrically according to a proximity principle. This means that they are created 
by changing the spatial base of the map and this new map base serves as a support 
for the transfer of the attributes (proximal maps). In the last case the units possess 
the same irregularity as in the choropleth and the heterochoric maps. 

 

Figure 8.37. Irregular discrete areal representations 

8.3.1.1.1. Transfer maps with observable boundaries of attributes: heterochoric (or 
chorochromatic) maps 

By definition, chorochromatic maps are maps in which the spatial units are 
discontinuous, adjacent and observable in the real world. They correspond to the 
                              
15 The term dasymetric comes from the Greek δασύς (dasys) meaning thick, close, compact, 
not scattered. This word is in fact of Hittite origin (written “dassymetric” with double “s”). It 
conveys the idea of a density or a concentration. 
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thematic phenomena, whose modalities, with respect to a certain criterion, vary and 
this determines the units. The attributes are nominal. The adjective 
“chorochromatic” is old: maps of this type with colored patches were made in the 
18th century for geology and land use. The first such map in France belonged to J. I. 
Dupain-Triel the younger, in 1780 [PAL 98b]. This term, however, is very 
questionable because “chroma” means color: originally in this technique the 
nominal data were shown by colors. Subsequently the same principle of observable 
boundaries was extended to other representations with a black and white graphical 
code. Hence, the term “chroma” is not justified and leads to errors in 
communication. This is why we suggest the term “heterochoric”, which preserves 
the notion of an area or a space in its suffix “choric” (from the Greek χώρος – 
choros), the same as in the word “choropleth”. It also underscores the peculiarity of 
this technique – highlighting the differences in the attribute modalities with respect 
to a certain criterion – through its prefix “hetero” (signifying “other” in Greek). 

Construction of such maps requires several steps and involves field surveys and 
real data: 

1. Choice of the map base with discrete contiguous spatial units defined by surveying 
the terrain or equivalent techniques (satellite data, for example). 

2. Identification of the modalities corresponding to the observable cartographic units. 

3. Choice of signs to denote the modalities. 

4. Transfer of signs onto the spatial units according to their thematic modalities. 

5. Conception and design of the legend. 

The boundaries of the spatial units come from field surveys (geological and 
pedological maps, among others) or an equivalent procedure. They are related to 
observable phenomena which are assumed to be relatively homogenous in the 
region considered. The principle of covering each unit with an attribute is therefore 
completely admissible (Figure 8.38). 

The semiotic transformation plays a fundamental role in these maps because it 
allows us to distinguish the attribute modalities. Signs should be selected according 
to the meaning of different categories, and should express only the differences. 
Therefore, the visual variables “shape”, “orientation” and “color” should be used. 
As we have already mentioned, in the beginning this technique used colors, at least 
two. Geological maps are of this type. However, areal elements with varying shapes 
– pictorial or geometrical – are often used in combination with color. These maps 
are useful as inventory or informational maps. They need to be precise and accurate. 
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8.3.1.1.2. Transfer maps without attribute processing, with “arbitrary” boundaries: 
choropleth maps 

By definition choropleth maps are the maps in which spatial units generally have 
“artificial boundaries” created by the cartographer according to some criteria 
external to the phenomenon represented, such as administrative or political 
divisions. The spatial units are discontinuous but usually contiguous and not 
observable in the real world. The attributes projected on these units in a transfer 
system belong to quantitative or ordinal levels of measurement. However, the term 
choropleth is often used when nominal variables are depicted in “non-meaningful” 
units, despite the ending “-pleth” of the word. 

 

Figure 8.38. Heterochoric (or chorochromatic) maps (see color plate section) 

Choropleth maps appeared in the beginning of the 19th century under the name 
of “tinted maps”. Without a doubt the most famous of them is the map of C. Dupin 
(1826) of popular education, in which gradual tints were associated with the 
statistics and showing a progression along the scale of moral values: white denoted 
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the light, e.g. knowledge, the regions in which the number of educated people was 
high; black denoted ignorance [PAL 98b]. The technique spread quickly. A. Balbi 
and A. M. Guerry (1829) made a map comparing education and crime in France. A. 
Quetelet (1831) presented maps of crime against persons and property. A. 
d’Angeville (1836) created a map of crime between 1828 and 1832. Such maps are 
very popular even now. They serve essentially to represent statistics (ordinal or 
quantitative) which comes from a census which dictates their spatial units. However, 
despite their widespread use these maps contain a lot of dangers from the very 
beginning of their construction process. 

Construction 

To construct a choropleth map we need to have the map base with clearly 
identified contiguous spatial units and attributes attached to them. The steps of the 
process and the choices associated with them are often not known to the users and to 
the cartographers at the beginning, so it is necessary to explain them. Errors can 
occur both in the locations and in the attributes. 

1. Choice of the map base with contiguous discrete spatial units imposed by an 
external criterion (census or administrative divisions, among others). 

2. Verification of the homogenity of the phenomenon inside the units. 

3. Analysis of the attributes attached to the cartographic units: choice of classes 
(quantitative level). 

4. Selection of signs associated with the classes according to the class meaning. 

5. Transfer of the signs onto the spatial units according to their thematic values. 

6. Conception and design of the legend. 

Homogenity of units 

The units in the base map are dictated by an external criterion (administrative 
boundaries, for example). No freedom of choice is possible and verifying the 
homogenity of the phenomenon inside each unit is crucial. In fact, given that each 
unit is completely covered by a value of the corresponding attribute, no variation 
can be shown inside the units. If the mapped phenomenon is homogenous in each 
unit, assigning a value to the entire unit poses no problem. In the opposite case this 
introduces an error whose importance varies according to the degree of heterogenity 
in the spatial distribution (Figure 8.39). This topic, explored first by J. P. Grimmeau 
[GRI 77], constitutes the basis of what was later called the MAUP (modifiable area 
unit problem), identified and studied by S. Openshaw and P.J. Taylor [OPE 79, OPE 
81]. In this case, choropleth maps should not be used: they are more adapted to the 
phenomena uniformly distributed inside spatial units. 



330     Thematic Cartography 1 

 

Figure 8.39. Choropleth maps and spatial homogenity of data 

Criteria of errors in [XY] 

Other parameters related to the locations are the number of units, their size and 
shape. The important issue from the spatial point of view is the size of the units 
which influences the accuracy of the map and which was studied by A. M. 
MacEachren [MAC 85]. If the number of units is too small it does not give enough 
information to the reader and statistical treatment of the attributes would not make 
sense. However, this parameter is not predominant. If the unit sizes are too different 
it leads to the wrong or at least a somewhat biased reading of the map since the 
larger units will appear more important even if their signs show nothing remarkable 
in the thematic importance. In this case, it is better not to use choropleth maps. 
Finally, if the shapes are too irregular this may also bias the reading: massive 
compact shapes stand out compared to stretched ones (Figure 8.40). 
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Figure 8.40. Choropleth maps: size and shape of units 

Characteristics of [Z] 

Parameters associated with the attributes concern the levels of measurement, the 
degree of aggregation of the data and above all the formalization of the variables: 
for example, absolute values, rates, “spatial” rates or density. As far as the levels of 
measurement are concerned, for an ordinal level the classes are imposed. For other 
quantitative levels the problem is in defining the classes in the case when we do not 
want to map all the values of a variable individually. This issue will be addressed in 
Chapter 1 of Volume 2 in a more general manner. However, the main danger for the 
attributes comes mostly from their formalization when the surface areas of the 
spatial units are too unequal. In this case the map is necessarily read erroneously if 
the mapped variable is expressed as absolute values or a rate without taking the area 
into account (see Figure 5.4). Only a variable whose definition involves area (for 
example, density) can be safely used in choropleth maps with unequal spatial units 
(Figure 8.41). 

Semiotic options 

Signs should convey the characteristics of the classes: progressions, oppositions 
or complementarities. If the geometric implantation is areal, although the level of 
measurement is mainly necessarily quantitative, using the visual variables “value” 
and “grain” is inevitable (shape, orientation and color are fixed), and thus some 
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information about the attributes is lost. Proposed scales of various categories are 
given in Chapter 9. 

 

Figure 8.41. Choropleth maps: formalization of attributes 
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Choropleth maps are especially suited to the phenomena in which abrupt 
thematic changes occur at the boundaries of spatial units, although these ruptures 
sometimes need to be smoothed out. This technique should not be used when there 
are variations inside the units. In fact, the validity of choropleth representations 
depends strongly on the number of classes as well as on the attribute limits defining 
such classes. This particularly applies to the communication of areas rather than 
point-based or linear elements. The number of classes leads to transferring more or 
less detailed information. Thus, it introduces more or less important errors into this 
transfer [JEN 71a, MUL 76a]. This issue will be pursued further in Chapter 1 of 
Volume 2. 

8.3.1.1.3. Transfer maps with spatial units determined by attributes: dasymetric 
maps 

Dasymetric maps are not widely known, yet are used in different applications, 
some of which are questionable. The technique is now old, cited by G. Palsky [PAL 
91] in connection with H. D. Harness’ map of 1837 where the population density 
was calculated taking into account the more and less populated regions. In a less 
precise form it was also suggested by E. de Martonne [MAR 02] for the map of the 
population density of Romania. Its principle was “to replace the administrative 
divisions on which all population density calculations are based by natural divisions 
for which we need to define the boundaries as precisely as possible”. 

Dasymetric maps consist of distinct units which correspond to the regions 
considered as homogenous in the represented thematic variable. The regions are 
determined by a calculation with the help of the ancillary variables as shown in the 
works of J. K. Wright [WRI 36]. Because of this definition dasymetric maps can be 
only associated with quantitative levels of measurement. They allow us to 
compensate for the inadequacies of the choropleth maps in the case when the spatial 
distribution of a phenomenon is heterogeneous. This technique produces a more 
realistic image of the spatial distribution. The spatial meaning of this areal technique 
is volumetric, as for the choropleth maps. 

Construction 

Dasymetic maps are rather complicated in their construction since the spatial 
boundaries need to be determined by a calculation with the help of ancillary data. 
The latter enables us to define the homogenous sectors of the mapped variable. It 
requires several steps: 

1. Selection of a map representing the ancillary information. 

2. Preparation of the ancillary map according to the chosen zoning principle. 
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3. Selection of the map base with contiguous discrete spatial units imposed by the 
source of the thematic attributes to be mapped. 

4. Calculation of the surface area (as a percentage) of each zone within each spatial 
unit. 

5. Calculation of the overall density. 

6. Calculation of the density for each zone of each unit using the overall density and 
the area percentage of each zone. 

7. Choice of the density classes. 

8. Choice of associated signs with the classes according to the class meaning. 

9. Transfer of the signs onto the zones of spatial units according to their calculated 
values. 

10. Conception and design of the legend. 

 

Figure 8.42. Dasymetric maps: examples of techniques 

The main difficulty of this method is finding the homogenous zones. Three rules 
of assigning values are possible based on the ancillary data. They are shown in 
Figure 8.42 using the example of the population distribution with the land use as the 
auxiliary variable: 
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– Binary method: land is divided into two categories: inhabitable and not 
inhabitable. The population values are assigned to the inhabitable zones. The results 
are generally crude. 

– Three-class method: the ancillary variable (land use) is divided into three 
classes. The values of the variable (population) are then assigned to each spatial unit 
with some weights according to the three categories defined for the ancillary 
variable. For example, the land is divided into a non-inhabitable zone, a rural zone 
and an urban zone; the population is distributed between the last two by means of 
two weighting coefficients. 

– Limiting variable method which goes back to the propositions of J. K. Wright 
[WRI 36]. The space is divided as before into several subsets using an ancillary 
variable. The global density for each zone is calculated. Maximal density thresholds 
are assigned to certain categories. If the global density exceeds the threshold, it is 
the threshold density that it ascribed to the category in question, and the excess 
population is allocated in the other categories on the map. 

An example (Figure 8.43) based on the descriptions of J. Campbell [CAM 84] 
and T. A. Slocum et al. [SLO 05] allows a better understanding of the method: 

 

Figure 8.43. Dasymetric maps: comparison of methods 
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– Let a given space have an area of 25 km2 and include 5,000 inhabitants. The space 
is divided into two sectors: prairies and urban zones. The total density D equals 
5,000/25=200 people/km2. 

– The threshold for the prairies is 10 people/km2, well below the total density of 200. 
The excess population should be attributed to the urban zones in all units of the initial 
space. 

– If the two sectors have unequal size in some spatial unit (n for the urban sector and 
m for the prairies) we calculate the density Dn of the n unit using the following 
formula established by J. K. Wright [WRI 36] for the case when the m percentage 
area am is 0.96% of the total area: 
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The validity tests of this method in the users’ perception were carried out by C. 
I. Eicher and C. A. Brewer [EIC 01]. They showed that the limiting criterion method 
leads to much more satisfactory results. Finally, it is worth mentioning that 
dasymetric maps are considered intermediate between choropleth and isopleth maps. 
They differ from the former, for example, in the thematic homogenity of the spatial 
units and from the latter, mainly by abrupt changes of value from one zone to 
another.  

Many works show that this technique is not used enough and that it deserves to 
be integrated into cartographic and GIS software since it alleviates a number of 
difficulties from which other methods suffer: homogenity of spatial units, taking 
areas into account in certain interpolations, and others. 

                              
16 J. K. Wright [WRI 36] demonstrated (and we reproduced the demonstration) that working 
with densities or directly with populations leads to the same result. 
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8.3.1.1.4. Transfer maps with geometrically constructed boundaries: proximal maps 

Maps of this type are made by changing the map base according to the principles 
described in Chapter 4. They are very different from the original construction and at 
the same time completely identical as far as their use is concerned. The fundamental 
difference is in the way the map base is established. The initial data are points in a 
given space expressing the presence or the absence of the represented phenomenon: 
for example, the centers of urban conglomerates for a study on attraction or 
pluviometric stations for a rainfall map.  

From these points we proceed to a partition based on a proximity principle. The 
boundaries of the units associated with points are made of the lines which are 
perpendicular to the lines connecting pairs of points and intersect these lines at the 
middle. This Thiessen-type tessellation produces a set of polygons which represent 
the areal units associated with the points via proximity (Figure 8.44). 

 

Figure 8.44. Proximal maps: construction 
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Once this support of distinct discrete units is constructed, it can be used to 
represent a thematic phenomenon like any choropleth map. Thus, all the problems 
and limitations of the choropleth maps apply here, in particular the significance of 
varying unit sizes. The only fundamental difference with the choropleth maps is that 
the boundaries are not arbitrary. By their very principle the proximal maps allow us 
to assign thematic variables to the interior of the units containing spatial data, since 
the units’ construction has been initiated by the proximity to specific points (Figure 
8.45). 

 

Figure 8.45. Proximal maps: examples 

8.3.1.2. Regular discrete areal maps 

Discrete areal maps with equal spatial units are constructions with regular 
tessellation. One of the most used techniques is a lattice. A lattice map, sometimes 
called a “tabulated” map, is a map whose surface is divided into equal geometric 
units (for instance, squares or hexagons) and where the thematic data is in the form 
of a matrix. The lattice technique distributes the surface of the Earth into a grid. 
According to G. Lajoie [LAJ 92] a lattice is “a representation model of geographic 
information involving a distribution of the space (a tessellation) and relating this 
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partition to the geographic information which enables us to characterize this 
distribution”. 

Lattice cartography had already been used a long time ago when cartographers 
thought of imposing a grid of Cartesian coordinates on the geographic surface as a 
solution for the difficulties of calculating the positions of the points on the reference 
ellipsoid. The Romans had already used this principle to make their cadastral maps 
[ANT 97] and in 1137 the Chinese engraved a hydrographic map with a grid using 
spherical trigonometry [COU 87] on a pillar. Afterwards, other kinds of lattices 
were introduced and used increasingly in thematic maps. However, there was a 
growing interest in lattice maps starting from the 1970s when W. Tobler proposed 
the matrix approach in cartography [TOB 67, TOB 75a]. The reasons for this were 
the proliferation of censuses (the atlases of Canada, Great Britain and Sweden), the 
availability of regularly localized data such as satellite images, the necessity of 
updating data and the technical possibilities opened by the new computer science 
hardware and software. One of the essential objectives of this technique is to 
suppress the effect of the unit size or of the regions of unequal sizes by creating 
comparable spatial and temporal units and thus achieving a generalization of the 
spatial data and a simplification in changing scales. 

8.3.1.2.1. Principle of construction 

Construction of a lattice to replace the existing spatial units requires various 
operations which involve making choices regarding the characteristics of the 
original data: 

1. Inventory of the data sources and characteristics of the documents used. 

2. Definition of the grid and choice of the shape and the size of the cell. 

3. Generalization of the shapes of the spatial units in the case of a discrete basic map. 

4. Assigning values to the cells using the methods adapted to the data type and the 
principles used. 

5. Choice of signs for the values or the modalities of variables according to the rules 
established for the heterochoric or the choropleth maps. 

6. Application of the signs to the cells according to the corresponding values. 

7. Conception and design of the legend. 

The cartographic objects that require a transformation can be obtained from 
different documents: pre-existing maps, external data from administrative databases, 
radiometric data after a thematic classification, images taken from satellites, data 
from imposed, discontinuous, irregular locations. Hence, we may encounter several 
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cases for which the procedures of discretization and assigning values differ (Figure 
8.46): 

 

Figure 8.46. Lattice: choice criteria 

1. Covering areal data available for discretizing. 

2. Data with imposed boundaries, already mapped or not. 

3. Overabundant regular areal data in which grouping is necessary. 

4. Non-areal data which needs to be made spatial before proceeding to discretization 
as in 1. 

8.3.1.2.2. Characteristics and effect of the grid 

The grid should be applied to all documents on a common basis, and its 
definition involves making decisions concerning the shape and size of the cells, as 
well as the generalization procedure. 

Shape of cells 

The shape should be chosen so as to minimize the information loss due to the 
change from irregular units to regular cells [SWI 75]. Three types of geometric 
figures can cover a surface in a compact fashion without overlapping and leaving 
holes, which restricts the information loss: squares, equilateral triangles and 
hexagons (Figure 8.47). 
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Figure 8.47. Lattice: different cell shapes 

Although hexagons are more suitable than squares in the sense that they are 
more compact, a square lattice is easier to construct, use and convert directly into a 
matrix. Hence, we usually work with square grids which also fit well with the pre-
existing grids (Lambert or UTM). 

Size of cells 

Selection of the cell size plays a more important role than that of the shape, but 
there is no objective criterion for making “a good choice”. J. C. Muller showed 
[MUL 77b] that depending on the basic cell size the error magnitude can be greater 
or smaller (in linear proportion to the cell size), the data may not have the same 
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spatial meaning and the generalization, indispensable for changing to a grid, may 
introduce a bias. 

 

Figure 8.48. Lattice: different cell sizes 
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The resolution of a grid depends on the desired precision, the scale of the initial 
document, the resolution of the available data (satellite images) and the nature of the 
represented phenomena. Once again there is a choice to be made between an  option 
of simplicity in which the grid is too crude and a grid so fine that it reproduces the 
original data and considerably hinders the subsequent operations (Figure 8.48). 
Having performed many tests and measured the error arising for different grids, J. P. 
Antoni [ANT 03] proposed a compromise solution. 

The practical rule is to look for the highest resolution among the data which is 
available, discernable and identifiable in the original document. Two cell sizes are 
sometimes possible, as in the atlas of Saint-Denis [COL 03], for presenting the 
urban data without weakening the data concerning the region as a whole. Thus, 
there is the possibility of an adjustable grid. 

Generalization of shapes 

The next step is the generalization of the shapes needed to transform the 
cartographic objects into a grid. Once the grid is imposed on the original document, 
the attribution of objects to cells depends on the object type and the most common 
principle is the rule of 50%: an element is preserved only if it occupies at least 50% 
of a cell. Performed manually, this step is quite long and it is difficult to apply this 
rule systematically. But when the procedure is automatic, we proceed for the first 
time to a rasterization of the original document (a procedure explained in Chapter 4). 

We obtain a very high resolution matrix to which we apply a method of pixel 
aggregation in order to obtain the desired lattice with a certain cell size. Even with a 
computer, however, ambiguous zones may appear (Figure 8.49). 

8.3.1.2.3. Taking attributes into account 

Generalization is in fact inseparable from the concerned attribute and from a 
cell’s value assignation,  namely i, the application of the thematic variable’s values 
to the cells of the grid. The techniques differ depending on the sources and can be 
grouped into two large families according to the data being taken from the map 
directly or indirectly from various other documents (Figure 8.50). 

Direct data collection 

In the case when the information is already present on the map with a scale at 
which all the pertinent data are legible, we should first impose a grid on the map. 
Then we assign values to the cells keeping in mind two factors: the original 
geometry of the data (point, line or area) and the variables’ level of measurement: 
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Figure 8.49. Lattice: generalization of a shape 

 

Figure 8.50. Lattice: principles of assigning thematic values 
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– If the data is point-based, consisting of distinct elements considered as points, we 
take a count (e.g. the number of houses) within each cell. 

– If the data is linear, we note the presence or the absence of a line within each cell 
(roads, streams, etc.). 

– If the data is areal (e.g. forests or prairies), we can collect the information in a 
binary form (presence/absence) or in a quantitative form (area measurements). If the 
information is of the nominal type, we need have certainty about the values assigned 
to each cell since it will not be possible to compute the mean values afterwards. 

Indirect data collection 

Three sources of indirect collection can be identified: census reports, satellite 
images and the data attached to points. 

When it comes to census reports that (with the exception of some countries) are 
based on a variable spatial base (Figure 8.51), we can opt for: 

– Standard assignments, meaning that the value of an administrative unit is 
attributed to the set of squares corresponding to this unit provided that the attribute 
is neither an absolute value nor a count. 

– Weighted assignments of the value [Z] among the squares which correspond to 
the unit considered, provided that the variable is an absolute value or a count. The 
most common option is to attribute the same average value Zi/ni to all the squares 
(here Zi is the thematic value for unit i and ni is the number of squares composing 
this unit). However, other options are possible, such as gradually diminishing the 
values away from the central square by assigning coefficients to neighboring 
squares. 

In the case of very rich data such as satellite images, the values are already in 
the pixel form and the problem is to group them by applying local operators17 
(mean, moving variance, etc.) or more complicated procedures (for example, 
supervised classification). 

If the data are attached to points, we first need to extend the information to the 
whole space, for example by interpolation. Then we can proceed to calculating the 
cells and using the techniques suggested for the direct data collection. 

Lattice cartography has numerous advantages. It eliminates the spatial bias 
which can be an issue in reading choropleth maps due to variable unit sizes and 
irregular boundaries.  It makes it possible to compare mixed data temporally and 
spatially by establishing a common database from the diverse original documents. 

                              
17 See the article by W. Tobler [TOB 73a] entitled “Linear operators applied to areal data”. 
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The degrees of similarity can be easily calculated, for example the KAPPA 
coefficient [COH 60] which measures the degree of resemblance between two 
ensembles of categorical data [CAR 84]. It also enables changes of scale and all 
sorts of transformations. Finally, it can be updated “on the fly” even if the spatial 
base – the source of the data – is modified (for example, a change in the community 
boundaries). 

 

Figure 8.51. Lattice: influence of the source document 
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8.3.2. Continuous areal representations 

In a contrast with the preceding modes, continuous areal maps are 
representations in which thematic variables are necessarily quantitative and 
continuous, and the basic requirement is spatial continuity because the map 
construction involves interpolations and therefore computing derivatives. The most 
well-known maps of this type are maps of isolines, but there are also vector fields 
and the smoothing transformation. 

8.3.2.1. Areal maps with isolines 

Maps of isolines (statistical surfaces) have different names: isometric maps or 
isovalued maps. The lines describe an observable phenomenon (altitude or rainfall) 
measured at specific points. The expression isopleth maps is used if the isolines are 
constructed from the conceptual points, abstract or not observable in the real world, 
which summarize an area and thus are an expression of a volumetric quantity (for 
example, iso-densities). Isolines are lines on a surface which connect the points with 
the same value of a given phenomenon. They only describe a passage from one 
value to another, from one part of a line to another. The gradient can be calculated at 
any point of the map. These maps are constructed from point-based data to which 
thematic values are attached so that values for all points of an area can be 
calculated. 

Historically, such maps appeared very early on, perhaps in the 16th century. The 
map of the lines of equal declination made in 1536 by Alonzo de Santa Cruz seems 
to be proof of this. However, the first maps with isolines which were recognized as 
such were the work of E. Halley in 1701 (a map with curved isolines of magnetic 
declination), who did not invent the concept but generalized it. In 1792 Du Carla 
and J. I. Dupain-Triel mapped the configuration of the surface of the Earth by means 
of two maps with isolines. The method was increasingly used in the 19th century. In 
1804 A. von Humboldt produced a map of isodynamic zones, and in 1817 a map of 
isotherms. Isothermal lines appeared in the atlas of H. Berghaus in 1838, and 
isohyete lines in 1841. Afterwards the method somewhat fell out of use since it is 
far from being simple. 

8.3.2.1.1. Principles and steps of construction 

Several elements play a role in the process of making an isopleth map. Only the 
most important ones will be considered, namely the basic points, the geometric 
principle of spatial distribution of the values and the interpolating function (Figure 
8.52). Maps with isolines can be an expression of observable phenomena as well as 
theoretical, abstract characteristics. Once the working criteria are established the 
result is unique but what we have to investigate further is the “good” choice of the 
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criteria, since each component is important and can lead to the creation of very 
different maps. 

Constraints and hypotheses 

Construction of maps with isolines is carried out in several steps, but it can only 
be applied if we accept two hypotheses H1 and H2 and a “law” which W. Tobler 
proposed [TOB 70]: 

– H1: the space is continuous and so is the quantitative phenomenon which is 
being represented. 

– H2: it is possible to find the values at all points of the space based on the data 
known only in some points of the space. 

If these two hypotheses are not accepted, interpolation is impossible. 

– Tobler’s Law: “Everything is related to everything else, but near things are 
more related than distant things”, so nearby points play a more important role than 
distant ones. This law is a strong constraint which induces the weights in the 
interpolation. Since the nearby points are more important than the distant ones, 
higher weights are assigned to them. These weights need to be taken into account 
for estimates of the values at the unknown points. 

 

Figure 8.52. Maps with isolines: criteria of variation 
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Steps 

Once these hypotheses and constraints are accepted the making of maps with 
isolines becomes possible and produces statistical surfaces which can express 
gradual progressions both globally and locally. The steps include alternatives 
depending on different choices of relevant criteria (Figure 8.53): 

 

Figure 8.53. Maps with isolines: criteria of choice and steps of interpolation 

1. Preparation of the initial data. 

2. Creation of the spatial base with the aid of a grid or a triangulation [XY]. 

3. Application of the values at each point by interpolating the spatial base [XYZ]. 

4. Drawing of the isolines. 

5. Choice of semiotic options. 

6. Conception and design of the legend. 

8.3.2.1.2. Input data 

To create a map of isolines we need to start with a set of points described by 
their coordinates [XY] and the associated thematic values [Z] (Figure 8.54a). To this 
we can add the outline of the zone of study, if needed. If these points are distributed 
almost regularly (Figure 8.54b) the second step will be simplified. If the spatial 
distribution of the points is irregular (Figure 8.54c), it is important that all the zones 
of interest are covered because it is dangerous to interpolate in a sector which is 
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almost devoid of data. A very irregular distribution can be a source of error unless 
special techniques are used. 

Control points 

The points considered to be the basic points or the control points of the 
interpolation play a fundamental role for the validity of the interpolation. These 
points can belong to one of the three types: 

– Type 1: points in fact correspond to concrete, observable, point-locations 
(pluviometric stations or any other observation points). These are the predetermined 
control points. Each point has a precise meaning, and we assume that the values 
measured at this location are indicative for a close vicinity of the point. 

– Type 2: control points are calculated (like the center points) and summarize the 
position of a set of points when the latter are too dense or too close. 

– Type 3: selected points are constructed to sum up the areal information 
contained, for example, in a city block. They represent averaged attributes and their 
definition involves the notion of area (Figure 8.54d). They are an expression of a 
mass which needs to be preserved for the final map to be as precise as possible 
[TOB 79a]. The validity of a created control point is crucial and depends on the area 
which the point represents, its size, shape and, of course, the position which we 
assign to the point: it can be the weighted mean center of the area or arbitrary [BAR 
78]. The constructed points summarizing areas are used when the original data come 
from discrete areas. We can also ask whether this transformation into continuous 
information possesses thematic and spatial meaning – this should be verified when 
the interpolation is performed. 

Envelope 

Another issue to address is that of the envelope of the zone of study. The 
interpolation works in geometric regions determined by the farthest points in [XY], 
in squares or rectangles. Generally speaking, geographical boundaries are not fixed 
by these points and do not form regular shapes. Hence, they are not taking into 
consideration in the calculations. 

It is therefore necessary to introduce external perimeters consisting of 1, 2 or k 
pieces which will delineate the “geographically invalid” zones (Figure 8.54e). 

When the data are organized in a table and in a form required by the computer 
programs, it is possible to establish the spatial base of interpolation. Such a base – a 
triangular or square (possibly, rectangular) grid – is crucial and is made in two 
distinct steps: the geometric construction and the assignment of the values to the 
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nodes. In the triangular case, however, the second phase is combined with the 
tracing of the isolines. 

 

Figure 8.54. Maps with isolines: input data 
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8.3.2.1.3. Spatial base of interpolation 

The spatial base of interpolation can be made by two methods: triangulation and 
a grid. 

Construction with a triangular network 

This technique was the only option when maps of isolines were made manually. 
It is interesting pedagogically but is no longer used except in digital elevation 
models (DEM) which will be discussed in Volume 2 (the TIN (triangular irregular 
network) method). To work out the spatial base of interpolation in this case it is 
necessary to construct the Delaunay triangles. The space is divided into triangles 
whose vertices are the control points with the values attached. No triangle sides 
intersect each other. Such triangles are dual to the Thiessen polygons and their 
external edges form a convex envelope of the point distribution, that is to say, the 
smallest polygon which contains all the points. For this construction to be unique 
the Delaunay principle should be supplemented by the Lawson principle which 
chooses the triangulation in which “the smallest of the six angles in a pair of 
triangles is larger than the smallest of the six angles in the configuration obtained by 
choosing the other diagonal of the quadrilateral” [ARN 00]. With this rule the total 
of the triangle edges in the construction is minimal (Figure 8.55). 

Construction with a grid 

Construction of a grid implies a transformation of the initial data. The latter are 
in the form of a series of coordinates [XYZ], spatially distributed irregularly in a 
table of values (a matrix), but with regular spacing. This option is the most frequent 
and requires determining the boundaries of the grid, the choice of the size and the 
shape of the grid cells, the numbers of rows and columns and the adjustment of the 
grid (Figure 8.56). Here we encounter the problems similar to those in making 
square lattices which have been described in depth by W. Tobler [TOB 79b]: 

– Boundaries of the grid: interpolation is carried out inside a rectangular grid whose 
boundaries are normally determined by the farthest points of the zone of study. In 
fact, no information outside the zone is possible, unless erroneous data are introduced. 
The problem of the boundaries is related to the boundary conditions which need to be 
determined and which we will not consider here. 

– Shape of the cells: grids are always formed by regular cells (for instance, hexagons, 
rectangles or squares). Squares are easy to construct and are most frequently used as 
already explained. 

– Size of cells: the size of cells determines the number of rows and columns and thus 
the fineness of the grid. The finer the grid, the better the data uptake, but the heavier 
the calculations. Conversely, a coarse grid takes less data into account. It is best to be 
between the two extremes (Figure 8.56). The usual grid of spatial probability theory 
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is chosen with such a cell size that each point has a chance to end up inside a square. 
For a square grid we have:  

X Y S nΔ Δ= = , 

where: XΔ and YΔ are the length and the width of the cell;  

S is the zone area; and 

n is the number of observation points. 

– Grid adjustment: for the results to be generalized to other scales, it is desirable that 
the origin and the axis orientation of the grid are identified with the coordinate 
reference system or any other projection system. 

 

Figure 8.55. Spatial base of interpolation: construction with triangles 
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Figure 8.56. Spatial base of interpolation: construction with a grid 

8.3.2.1.4. Application of values to the grid nodes 

Once the spatial base is formed we need to assign values to it. In the case of a 
triangulation this step is combined with finding the drawing of the isolines (step 4), 
since the most significant points are already assigned a value. In the case of a grid 
we need to go from the irregularly spatially distributed points with values to the 
values at the nodes of the grid, which are regularly distributed in the space. The 
estimated value at each node is determined by that of the neighboring points. What 
is understood as “neighboring” plays a crucial role here, as the following formula 
shows: 

1
' j ij i

i
Z n b Z

=
= ∑  

where: ' jZ  is the estimated value at node j; 

iZ  value at the observation point i; 
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ijb  point weights around the node; 

n  number of points taken into account. 

 

Figure 8.57. Quantification of the interpolation grid: choice of the weighting criteria 
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Choice of points and associated rules 

Several choices have to be made: 

– The number of points: we can choose the number of points a priori, based on the 
logic of the data. It can be a fixed number or a number chosen from a range defined 
by an upper and a lower bound. Depending on the case the values at the nodes change 
(Figures 8.57a and b). 

– The search radius: in some cases we can decide to use the points within a certain 
radius and give negligible weights to the points which are too distant. However, the 
number of points may be too small or too high. The choice of this radius is therefore 
related to the preceding choice of the number of points (Figure 8.57c and d). 

– Taking into account the orientation: in order to account for the spatial variation of 
direction in the spatial distribution we divide the space around each node into k 
sectors. We use the same number of points in all directions even if this requires 
increasing the search radius. (Figures 8.57e and f). 

Interpolation methods 

When all these interconnected decisions are made we can proceed to applying 
the values to the nodes of the grid. This means that we need to choose the 
interpolation method from a variety of options. We can point out the following 
functions commonly used with observed or calculated points (Figure 8.58): 

– Inverse distance to a variable power: the weights of the points decrease with the 
distance. 

– Kriging: one of the most popular techniques nowadays. It demonstrates the 
decreasing influence of the phenomenon with the distance from each node. 

– Polynomial regression with a variable degree: it determines the major underlying 
trends and is better known as “trend surfaces”. 

– Linear interpolation, generally associated with triangulation. This is a fast method, 
well-adapted for small datasets. 

The choice of an interpolation method is neither obvious nor automatic. This 
domain remains largely unexplored and oftentimes experience alone can help to 
make a decision. T. A. Slocum et al. [SLO 05] suggested a number of criteria for 
selecting an interpolation method and checking its validity, but the choice remains a 
difficult one despite the existence of (not very practical) tests: 
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– correctness of the data value estimates at the control points; 

– correctness of the data value estimates at other points; 

– ability to deal with discontinuities; 

– time of execution; 

– ease of understanding the working principles. 

 

Figure 8.58. Classification of the spatial interpolation functions 

Finally, we should not forget the interpolation problems when the basic points 
represent areas. To account for volume preservation, W. Tobler [TOB 79a] 
developed a special method of making a pycnophylactic map which preserves 
densities. An example is presented by N. Lam [LAM 83] and later again by 
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T. A. Slocum [SLO 05]. Unfortunately, only a few computer programs include this 
function and its application remains rare18. 

8.3.2.1.5. Isoline drawing 

 Once the nodes have values it is time to draw the isolines. The thematic values 
are now attached at the nodes of the grid or at the triangle vertices. Several decisions 
need to be made in order to determine the shape of the isolines: which isolines to 
draw, their placement, possible improvements and, sometimes, masking the 
irrelevant zones: 

– Choice of isolines: the values of the isolines show in fact the changes in the value of 
the variable. Hence, there are discretizing problems which will be discussed in 
Chapter 1 of Volume 2. 

– Placement of isolines: this is determined via another interpolation – often linear or 
bilinear, to be precise – in between the pairs of triangle vertices or nodes of a cell 
(Figure 8.59). Other procedures can also be used, especially when working with a 
triangulation where steps 2 and 3 are executed together. Examples of Luxembourg19 
(Figure 8.60) allow us to visualize different functions and the corresponding drawing 
of isolines. Although some maps are rather similar (kriging and minimum curvature), 
others are somewhat different (the fourth power of inverse distance and the bicubic 
polynomial) and yet others diverge considerably (linear triangular base). 

– Possible improvements: when local variations are very important or when the 
drawing of the isolines shows trends (calculated functions) it can be desirable to get 
rid of the irrelevant variations by smoothing. The principles of this technique will be 
shown in section 8.3.2.2. 

– Masking: working with geographic outline it is convenient to impose or to 
incorporate into them a mask in order to get rid of the zones outside the studied 
geographical space. This is, however, a technical procedure related to the use of 
computers and not a logical step. 

                              
18 We can cite the programs of W. Tobler (Santa Barbara, USA) and W. R. Rase (Bonn, 
Germany). 
19 The examples of accessibility in Luxembourg are based on the data from the monograph 
of J. Braun [BRA 84]. 
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Figure 8.59. Isoline drawing 
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Figure 8.60. Maps with isolines: examples of Luxembourg 

8.3.2.1.6. Semiotic options 

Once the maps are established and the isolines are drawn, we can modify the 
representation using different graphical options. The lines themselves can be drawn 
thin, black or white. They can be absent or show variations in the phenomenon’s 
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importance by varying width. Such lines make use of the visual variable “size”. This 
option is rarely used since such lines are difficult to read when they are many and 
crowded. It is also possible to enhance an existing progression between a line and 
the next one by introducing a pattern of variations in value or grain. This, however, 
makes the level of measurement ordinal and no longer quantitative. 

In fact, since the maps with isolines have an areal or volumetric meaning it is 
logical to use areal signs even though the changes of values are shown by lines 
(Figure 8.61). 

The quality of an interpolated map depends on all the choices, but some are 
more important than others: for example, the number and location of the basic 
points and the interpolation model. 

 

Figure 8.61. Maps with isolines: semiotic options 

8.3.2.2. Smoothed maps 

Very often choropleth maps or lattice maps depict rapid thematic changes in 
passing from one spatial entity to another. In reality, there is little chance that these 
breaks are clear cut, since what happens on one side most likely affects what 
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happens on the other. For example, the population density does not usually jump 
from 30 to 70 persons per km2 just because of an administrative boundary! It is 
therefore desirable to attenuate such sharp changes by a smoothing procedure which 
preserves the important variations and reduces or eliminates the local ones 
altogether. Strictly speaking, smoothing is not a representation mode but an 
enhancement intended to suppress the irrelevant fluctuations and to accentuate the 
important variations. 

Smoothing is based in the hypothesis that the thematic values in different spatial 
units are not independent of each other [WAN 00]. In order to execute this 
transformation we can apply different local operators such as those suggested by W. 
Tobler [TOB 73a]: average of points neighboring in two directions or weighted 
average in which the number of points can change. Figure 8.62 gives an example of 
smoothing by averaging four points in the immediate neighborhood of each other. 

 

Figure 8.62. Smoothing: manual example of construction 

This kind of improvement can be used in discrete areal maps, as indicated above 
(Figures 8.63c, d and e). It can also be useful for continuous isopleth maps. In fact, 
if the interpolation was done by a global application of a polynomial function and 
therefore shows a trend, we can apply smoothing in order to enhance the isolines’ 
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correct expression of this function and eliminate small irrelevant variations. In a 
linear adjustment, for example, the isolines are made straight and parallel (Figures 
8.63a and b). Maps can undergo more or less substantial modifications depending 
on the map and the operator used. 

 
Figure 8.63. Smoothed maps: examples of Luxembourg 
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8.3.2.3. Vector field 

A vector map has a form of a vector field at every point of the surface. The 
direction and the norm of each vector express a thematic phenomenon. Starting from 
the 17th century we can find maps which demonstrate trajectories, close to vector 
fields, such as the map of oceanic winds and monsoons between South America and 
Africa, made in 1686 by E. Halley. 

To understand this kind of map better it is indispensable to revisit some 
definitions and establish the terminology. When a physical quantity takes a certain 
value at each point of the space, the set of these values constitutes a field. If a single 
number is sufficient to represent each value the field is called scalar. If at each point 
of space fixed by its coordinates [XYZ] there is an associated vector determined by 
its components [XYZ] we say that the set of these vectors constitutes a vector field 
(for instance, a field of velocities or forces) [VIN 94]. A map of a vector field is 
made from a grid with a vector at each node. The arrow is oriented in the direction 
of the slope and the vector length depends on the slope magnitude or steepness. 
Only the phenomena which express a change can be represented by this map type: 
vehicle speeds, flows, spatial variations of density between two dates, etc. 

In order to construct a vector field we need to start with the data in the form of a 
matrix corresponding to regularly spatially distributed points with values assigned. 
Specifically, in the case of a grid, the simplest thing to do is to use an interpolation 
matrix. Then we calculate the slope in every direction at each node of the grid: 

– Let the grid spacing be g = 10; 

– Let P0 be the node at which we want to compute the norm and the direction of the 
vector; 

– Calculate the value change in both directions: the slopes in X and Y; 

– The slope px in the X direction (from west to east) is given by the difference of 
values of the neighboring points weighted by the distance between them associated to 
the grid spacing: 

( ) ( ) ( ) ( )2 1 2 15 10 2 10 0.25xp P P g= − × = − × =  

- Similarly, the slope py in the Y direction is 

( ) ( ) ( ) ( )4 3 2 12 18 2 10 0.3yp P P g= − × = − × =−  

- The direction of the vector is given by the angle θ: 

( )tan 0.25 0.3 0.5x yp pθ = = − = − , which gives 51θ = − ° ; 
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- Calculate the gradient, the maximal slope at this point: 

grad 0P = ( ) ( )
1 12 22 2 2 20.25 0.3 0.3905x yp p⎡ ⎤ ⎡ ⎤+ = + =⎢ ⎥ ⎣ ⎦⎣ ⎦

 

The cartographic representation of these values (Figure 8.64) is done by vectors 
but it may be useful to separate the two components (norm and direction) and 
establish the isolines of the norm, or to dissociate the two directions to show what is 
happening in each of them. 

 

Figure 8.64. Vector field 

From the semiotic point of view the vector lengths should be chosen to match 
the scale of the map graphically in order to avoid superposition or, on the contrary, 
seemingly empty maps. Regardless of the vectors themselves, their norms can be 
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expressed by a grayscale which leads to an information loss since we are using the 
visual variable “value”, characteristic of the ordinal level. 

8.3.3. Areal maps and multiple membership20 

In the introduction of areal representations it was mentioned that their 
classification was based on two criteria: continuity and  membership. Continuity 
was prioritized since the representations with this characteristic are by far much 
more common while the membership criterion is only beginning to show its power. 

 

Figure 8.65. Map of multiple membership: example (see color plate section) 

Until now the described techniques have matched the criterion of a unique 
membership (a partition). Cartographically speaking, a partition is adequate because 
its subsets are visually well-differentiated and the possible options are known. In 
this section, however, we are interested in the methods where multiple membership 
is the rule, that is to say, where some spatial units may have several memberships 

                              
20 We suggest the expression “membership map” to identify a family of maps, but a more 
appropriate term may appear in the future. We will, therefore, use this expression as a 
provisional term: its meaning is clear but the name needs to be validated.   
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and others may have none. The representations of this family are based on the 
models which assign to the zones one or several classes. Thus, a municipality A can 
belong to a city B for high-end services and to a city C for everyday commerce 
because the latter city is closer. Therefore, the municipality A belongs both to B and 
C. The Reilly21 model allows us to construct the maps of this type whereupon 
drawing the isochrones for each site of attraction and attributing values to them we 
obtain the overlap zones or, on the contrary, empty sectors (Figure 8.65). 

The important fact is that each point belongs (or does not belong) to one or 
several categories simultaneously. The fuzzy set theory gives the mathematical 
solutions which are not yet sufficiently used in cartography, although there has been 
significant progress in recent years. Therefore, we will not dwell on it here, although 
this domain is important and is beginning to be developed. 

8.4. Conclusion 

The range of possibilities is vast, although in some cases the choice can be 
difficult. In conclusion we propose a diagram which should help cartographers in 
their decisions. Such a diagram (Figures 8.66a and b) forms a first step towards an 
expert system as conceived by such authors as J. C. Muller [MUL 86a, MUL 90c]. It 
is also an attempt to integrate the suggestions of different cartographers. In the 
columns we find: 

– Characteristics of the spatial components: geometrical implantation, meaning, 
continuity, transformations, positions. 

– Specificities of the attributes: level of measurement, formalization, perceptual 
properties. 

– Graphical choices concerning the usual semiotics, hence the visual variables. 

– Possible representation modes, since it is rare that a cartographer has only one 
imaginable option. 

As for the rows, they are divided into the major categories of geometric 
implantation: point, line and area. Volumetric implantation will be addressed in 
Volume 2. 

This table is in no sense an absolute guide. It is simply meant to help the 
cartographer to navigate amongst the ever growing number of possible options and 
                              
21 This gravity model of isochrones was studied in detail and applied by H. Reymond [RAC 
73]. Let us recall that an isochrone map differs from the classical maps of isolines in that it is 
made using the information contained in the base map (for example, a road map) or in the 
database, and does not involve an interpolation between the control points. 
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to avoid serious mistakes. Moreover, this table will need to be constantly updated 
and adapted due to the fast technological developments and advances in the domain 
of visualization. 

 

Figure 8.66a. Cartographic transformations: decision diagram 
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Figure 8.66b. Cartographic transformations: decision diagram 

 



Chapter 9 

Cartographic Design 

Throughout this volume we have shown how the production of a map goes 
through many transformations which offer a variety of options to the cartographer 
for conveying the topic of the map. But the cartographer’s solutions are not yet 
visible to the user. To achieve this, the last stage is necessary which converts the 
preceding decisions into a  material product on a support. This stage portrays – most 
of the time graphically – the information contained in the map in order to 
communicate it to the reader. It should facilitate the understanding and the reading 
of the document by a reasonable arrangement of various elements, no matter what 
the research phase at which the map has been produced. This stage has sometimes 
been overlooked in recent decades, but it is far from being unimportant, especially if 
the map is to be distributed to the general public. The place of this stage has varied a 
lot with time, mostly in relation to technological developments. 

Material conception of a map includes a logical component which covers 
translating all of the options into signs in order to facilitate the consultation or 
analysis of the document, and a very strong technical component which realizes the 
choices of the logical component and which is subject to its own constraints 
concerning text, drawings, their layout and their role in facilitating the reading (for 
example, by means of contrast or cutting-out). In order to achieve a satisfactory 
result (all the limitations of this term being understood) the cartographer needs to 
know all the elements which are to be placed on a sheet of paper or on a screen, 
organize them in a careful and hierarchical fashion, modify them according to the 
data type, their processing, technological developments, display modes and, finally, 
according to the recipient and the production stage to which the document belongs. 

© 2010 ISTE Ltd.  Published 2010 by ISTE Ltd.
Thematic Cartography and Transformations        Colette Cauvin, Francisco Escobar and Aziz Serradj 
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9.1. Map elements: a guided inventory 

Even before listing the elements to be included in the map, it is essential to 
determine the available space and the setting in which these elements will be placed. 
The map which includes the mapped area1 and the dressing2 is circumscribed by a 
frame, visible or not. This term is very general and requires an explanation. 

We need to be familiar with the imposed characteristics, namely, format and 
justification. Format describes the size, length and width of the support on which a 
map is drawn: a sheet of paper, a tracing paper, a page in the book in which the map 
will be published or a screen in the case of a computerized display. Cartographers, 
however, never use the entire format but limit themselves to a part of it: a space 
which is considered available for the map and which is described by justification3 
(Figure 9.1). The frame border includes all the map elements and is an expression of 
a choice: the author may or may not want to restrict the space of the map, and the 
presence of a line allows the reader to concentrate more easily on the map. Often the 
frame is shown by a line which usually indicates the information related to the 
meridians and the parallels. 

Two major ensembles can be identified within this space: the mapped area 
denoted as the neat line and the components surrounding it. Some of the latter are 
permanent (text). They depend on the intended recipient of the map, on the spatial 
features, on the data and their processing or else on the context of the production. 

9.1.1. A ubiquitous component: lettering 

Maps contain large amounts of text which helps the readers to identify the 
places, to find their bearings, to interpret the signs on the map and, in the legend, to 
use the explanatory elements, etc. This abundance of lettering constitutes what we 
may call a “necessary clutter” [FAI 93] since a map without text, a mute map, is 
useless (Figure 9.2). The reader should have some reading clues, be it in a 

                              
1 The space occupied by the map in the strict sense, that is to say, by the depiction of the 
studied geographical zone, is called a “neat line” (“a continuous line circumscribing the area 
normally used as the mapping surface” [CFC 70]). 
2 The French term “habillage” is broadly accepted as the set of elements (title, North arrow, 
additional text, legend and so on) included in a map which are not part of the purely 
geographical information occupying the main and central position of the final mapping 
product. Not being able to find an accurate equivalent in English we have adopted the term 
“dressing” to refer to the mentioned set of mapping elements. 
3 This popular term is mostly applied to text where it denotes “the length of the typeset text 
lines” [CFC 70]. By analogy, however, it is often used to denote the space available for 
drawing a map and the elements of its dressing. 
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topographic or a thematic map. It is, however, a nuisance since the text overloads 
the map and it can sometimes be made absolutely illegible when the amount of text 
patches masks the map elements. 

 

Figure 9.1. Format, justification and frame 
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Figure 9.2. A mute map and a map with lettering 

Old maps already contained text, but it was hand-written and required a 
repetition of specialized and tedious tasks. The invention of typography in the 15th 
century, however, completely revolutionized the calligraphy and first led to 
decorative excesses and embellishments of the lettering, thus obfuscating the maps. 
This lasted until the 19th century or thereabouts. Beginning from this period 
standards were researched and introduced in order to make placing the text in the 
maps efficient. Currently, cartographical software includes tools – of various 
degrees of complexity – which offer a variety of options for inserting text. However, 
automation has turned out to be difficult because each lettering has its own 
constraints and peculiarities so that even now manual intervention by the 
cartographer remains necessary. 

Lettering is intended to help in recognizing the map elements, their location, 
orientation4 and attribute values5. Lettering differs in it is characters, locations and 
positioning with respect to one other. An excellent presentation of these elements 
can be found in J. Denegre’s work written in 2005 [DEN 05]. 

                              
4 As a rule, the name of an element should be parallel with the element’s orientation. 
5 For example, cities of various sizes can be differentiated by using characters of different 
sizes. 
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9.1.1.1. Font and style 

Letters with the same characteristics form a font. Generic families of fonts are 
recognized, depending on the styles detailed below. Some examples include: 

– serif, characterized by a short stroke at the base of each letter, a useful feature 
for continuous reading; 

– gothic, the opposite of the serif, less accentuated, does not include the stroke; 

– “classic” fonts, similar to the letters used by calligraphers and designers, 
resemble hand-written texts; 

– “modern” fonts, also called “roman” due to their resemblance to the lettering 
of the Roman Empire. 

 

Figure 9.3. Variations in lettering 
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Within each font, characters are identified by their style which can vary in 
several features (Figure 9.3): 

– Incline: upright (roman) and slanted (italic) characters. The italic style is used 
for hydrographic elements (rivers, lakes, oceans, canals or water reservoirs). 

– Form: capital, small capital (an uppercase character of the height of a 
lowercase one) and lower case. It is advisable to limit the use of uppercase 
characters on maps. 

– Size: the character size is the vertical space occupied by a line of characters. 
Each character is subdivided into three parts: head, body and foot. Size is normally 
measured6 in points, a point being equal to 0.35 mm. 

– Width (lateral dimension of the character): narrow, normal, wide. 

– Weight or the thickness of the character outline: light, regular and bold (with 
intermediate degrees of thickness in between). It is better not to use bold characters 
to avoid “dirtying” the map. 

– Presence or absence of serifs: horizontal strokes at the character’s extremities. 

Using these features it is possible to express by letters as well as by signs a 
hierarchy or a difference, or to attract a reader’s attention to one term or another. 
Changing the color of the characters introduces an additional criterion for 
differentiating lettering.  

The description of characters also includes the description of their association 
with the following particulars: spacing between two characters, words and lines, as 
well as the justification of the text (left, right, center or justified). The spacing 
between characters and between words should not be too large to avoid losing the 
unity of the words and their association. 

9.1.1.2. Placement and layout of text 

Placement and layout of the text are the last choices which a cartographer needs 
to make concerning the text. Placement refers to point-objects and determines the 
exact location of the beginning of a word. Text should be as close as possible to the 
signs, without, however, getting glued to  it. Generally, a common policy is adopted 
for similar objects (such as cities) as far as it is possible. However, if there appear 
obstacles or if the text placement hinders the reading, the policy should be locally 
amended. The ease of reading takes priority over the uniformity of presentation. As 
for the layout, it has to do with linear and areal objects and is determined by 

                              
6 The measurement is from the head to the foot, even if a character consists of only two parts. 
Thus, the letter “g” in Arial 12 pt has size [(12 x 0.35)/3] x 2 =3.04 mm. 
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complementary criteria: the placement which specifies the position of the beginning 
of the word and the orientation. For the latter there are many rules: 

 

Figure 9.4. Placement and layout of lettering 
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– Globally, text should be oriented the same way as the map. 

– If a text accompanies a line, it should follow it – at least in its less inflected 
parts – and stay above the line (a road or a river)7. 

– If a text is associated with an area, it can be horizontal, inclined or vertical. 

– If a text corresponds to natural elements, it should be slightly curved. 

– The text orientation should always be chosen so that it corresponds better to 
the area in question, and also so that the users do not have to turn their heads to read 
the inscriptions (Figure 9.4). 

The signs and texts which are related to the map location or accompany the map 
elements should be simple and easy to read and to understand. They should also 
state exactly what they are supposed to express (for example, order or differences). 
If secondary text and signs are too conspicuous, they may annihilate the efforts to 
improve the map’s communication with the recipient. Finally, special attention 
should be paid to the text in languages different from that of the country where the 
map is made. To assist in this matter the International Federation of Geometers 
(FIG) established a commission called “Commission on Geographic Names” which 
is in charge of creating standards for naming the locations of the planet in all 
languages. Nevertheless, errors may occur because of term repetitions, as a result of 
not knowing certain words. Thus, expressions like “Rio Grande river”, “Systrafoss 
waterfall” or “Vatnajokull glacier” are pleonasms because “rio” means “river,” 
“foss” is “waterfall” and “jokull” is “glacier.” 

9.1.2. Mapping area: a component related to the objective of the map 

The mapped area corresponds to the studied geographical zone in which a 
certain topic is represented. This space is delimited by the reference elements 
regardless of the selected construction type and the signs used. The options for 
specifying these elements concern the text and the complementary signs, regardless 
of their spatial dimensions (point, line or area), shape, outline, layout or cutting-out. 
The choice depends on the aim of the map. The size of the mapping area depends on 
the format of the publication or of the display and on the associated justification, as 
well as on the room necessary for the additional elements. But it is essential that the 
space reserved for the map is as big as possible. 

                              
7 Until recently, the text for rivers had to be italicized and blue. The latter requirement, 
however, has now been abandoned for the sake of easier printing of maps in different 
languages. This way, only the text layer needs to be modified (and the cyan layer is no longer 
necessary). 
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9.1.2.1. Wayfinding signs of a map 

Wayfinding signs on a map can adopt the form of points, lines or surfaces. Point 
signs can identify the points of survey on the terrain or cities on a map with a 
medium or small scale. Their shapes can be different, but the preferences are clear: 
the signs should be easily identifiable and have a certain minimal size. Signs which 
are too small only add to the confusion in the map and hence should be avoided. If 
several categories of point data are present in the document, we need to find out 
what they convey – differences, opposition or order – in order to choose the 
appropriate signs. If the signs are placed on linear or areal objects, cutting-out is 
necessary to make them more legible. A general rule is to use point signs rather than 
the other dimensions (Figure 9.5). 

 

Figure 9.5. Point wayfinding indications 
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Linear signs mark, for example, zone boundaries (borders, administrative lines, 
etc.), water flows, shorelines or communication routes. They, too, vary, but it is 
desirable to keep the symbolism simple since the modifications of shape, value, 
grain or size are rather difficult for the recipients to perceive, as we indicated in 
Chapter 7. Like for point signs, linear landmarks can convey differences or 
hierarchies and the selected symbols should exhibit this. If the lines cross each other 
or cut across areal elements, cutting-out is necessary. Finally, several specifications 
prove to be useful for making the drawing more appealing: when a linear shape 
contains angles, they have to be well-marked and not rounded off, which is often a 
problem with the drawing programs. Moreover, in dashed or dotted lines, a point or 
a “mini-line” must always be kept to indicate a change of direction (Figure 9.6). 

 

Figure 9.6. Linear wayfinding indications 

Areal wayfinding signs are generally uncommon in thematic maps. They often 
indicate the terrain relief of the land use, but they should be completely excluded 
from the transformations. Whatever their meaning, they should never obscure the 
signs expressing the studied thematic phenomenon and remain in the background, 
barely visible. 

9.1.2.2. Inset: a complement to the mapping area 

When an area is too crowded with signs, it is desirable to have an inset 
representing the same area enlarged. Within the inset the same exact elements are 
present as on the map. However, they are no longer stuck together and allow for a 
correct reading since the available space is larger while the signs have the same size 
as in the original map (Figure 9.7). An inset can also serve another purpose: to 
locate a place in a larger setting: for example, Luxembourg in Europe. 
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Figure 9.7. Map and inset 

9.1.3. Components which depend on the recipient: title and legend 

The recipient is always the main priority in the choices made by the 
cartographer. Two elements in particular are organized and composed with the user 
in mind: the title and the legend. 

The title 

According to J. Bertin [BER 67] a title is “an external identifier”, an element via 
which the reader establishes a contact with the map. It declares the topic which the 
map presents for a given geographic space and it needs to be noticeable to avoid any 
ambiguity. An efficient title is a concise indicative formula without an article or 
preposition at the front and, if possible, also without verbs. The readers should be 
able to perceive it easily at a glance. To simplify things, a title may be decomposed 
into a title and a subtitle. In this case the content and the lettering should possess a 
hierarchy in which the title indicates what is essential and the subtitle adds precision 
to it. It is also possible, especially in the case of a series of maps of the same area 
and with the same topic, to reserve a “line” for the common text of the series and 
another “line” to express the specifics of each map in the series. We used the term 
“line” here because it is up to the readers to decide what is more important – the 
commonality or the particularity – and thus to decide which of the two inscriptions 
is the title and which is the subtitle. The text can be placed anywhere in the map 
where there is room. No strict rule exists, even though in practice there is a tendency 
to put the title at the top. The important thing is that the title is visible and does not 
obscure the rest of the document (Figure 9.8). 
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Figure 9.8. Title and legend 

In one form or another, a title is essential for a map of any purpose, but it should 
always be adapted to the recipient. For the uninformed public it is preferable to have 
a short “catchy” title in order to draw their attention. A more expert user will accept 
a longer but more precise and more descriptive title. If a map is made for an ongoing 
research project it is even permissible to have a whole phrase in the title, since this 
document is not intended for mass reproduction and distribution. 

The legend 

There is another element of the map which should also be created keeping in 
mind how the map will be used: it is the legend which constitutes an “internal 
identifier” of the map and enables recognition of all the elements within the 
document itself. The legend gives the reading and interpretation keys to the 
document. It is an expression of the author’s thoughts and message. Despite its 
importance, however, this element will not be further described in this section to 
avoid repetitions, since an entire section will be devoted to it later. 

9.1.4. Ubiquitous information associated with the container 

We complete our discussion of the landmark elements with the remaining 
indications concerning the locations: the scale, the projection system and the 
orientation. 

The scale 

A scale should always accompany a map in some graphical form. In fact, the 
map may be later enlarged or reduced in size, but the graphical scale will remain 
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correct. A numerical scale in this case would preserve its descriptive numbers which 
would no longer correspond to the true scale of the map. Several representations are 
possible: a simple horizontal bar with thinner perpendicular ticks indicating the 
principal distances (meters or kilometers) or a double horizontal bar with one 
component thicker than the other. The inscriptions show the units and the distances 
are normally placed above and quite close to the horizontal bar, but coalescence 
should be avoided (Figure 9.9a). The position of the scale is not dictated but it is 
advantageous to have it close to the mapping space. One thing must be noted, if a 
map covers a very large space, then the scale is not constant for the whole mapping 
area. In this case a variable scale should be devised, associated with the grid and the 
projection system of the map. 

 

Figure 9.9. Scale, grid and orientation 

The projection system 

The projection system should be indicated by a line of text or by means of a grid 
of the meridians and the parallels. Text is sufficient most of the time, but it is 
essential that the reader can peform measurements on the map and perhaps compare 
it to other cartographic documents. The grid or its indicators (or a lattice system 
such as Lambert or UTM) are suitable for maps on medium or small scales or for 
“sewing” together several maps (Figure 9.9b). They show the scale and the 
orientation of the document simultaneously. 
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The orientation 

The orientation is very often overlooked or considered unimportant, but it is 
essential, especially for lesser known geographical areas. The north can be indicated 
by a wind rose or by an arrow. Styles vary, but it is desirable to avoid exaggerated 
arrows (Figure 9.9c). 

9.1.5. Additional informative text 

This information may concern the data or the context of the production. It is 
secondary but needs to be shown so that the readers can use the document without a 
risk of error in the interpretation. Informative texts are sometimes long. They should 
be subdued in the final document. 

9.1.5.1. Usual information about the data and their processing 

A number of indicators should be furnished to the reader. Depending on the 
reader they can be more or less detailed. As a rule, they are in the text form: 

– sources: for the map base and for the data; 

– date: of the data used and of the production of the map; 

– performed processing: transformations of the data, data processing, and so on. 
Depending on the user, a name or a short explicative phrase is desirable; 

– software used. 

These texts need to be included but discreetly, so as not to clutter up the map. 
They should be placed in a secondary position within the map and have small but 
legible characters. 

9.1.5.2. Information about the context of the map production 

It is important for the users to know who conceived and made the map, at what 
date and in what context it was made. The latter point is particularly important to 
avoid errors in understanding. This information should be written in small 
characters and placed in a secondary position on the map. 

9.2. A fundamental component: the legend 

On a par with the mapping space, the legend is a principal component of a map. 
A map cannot be used without it. The legend should give a clear description of the 
content of the map and include at least all the signs and their identifying texts. The 
text, the layout and the composition of the legend vary depending on the recipients. 
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9.2.1. Basic elements 

A legend, therefore, contains all the signs present in the mapping space which 
should be identified and arranged in a legible and appealing fashion. Their meaning 
should be easy to understand which implies that a legend should not be overloaded, 
or it will look repulsive. Four basic rules must be obeyed: 

– Signs of the legend should be exactly identical to the signs on the map: same 
size, same orientation and same spacing. 

– Signs precede the text which explains them. The readers in fact go from the 
signs shown on the map to the legend. Therefore, it is the signs that the readers are 
looking for. 

– Linear signs should all occupy a space of the same height and width. This 
space should be as close as possible to the box size of the areal signs. 

– Areal signs are placed within boxes, preferably rectangular and identical for 
the signs of the same type. This is important for quantitative phenomena. Those 
signs which express natural phenomena or land use are often shown in irregular 
shapes (Figure 9.10). 

 

Figure 9.10. Placement of signs in a legend 

Another note about  text in legends is in order. The phrases which identify the 
signs can be in singular and in plural. The convention is the following: singular 
indicates that the sign represents just one element and plural indicates that the sign 
represents several elements. 

The signs – points lines or areas – and their descriptions should be laid out 
according to a certain alignment and interline spacing. This has been demonstrated 
very clearly by T. A. Slocum et al. [SLO 05]: 

– The signs and the associated text can be globally distributed vertically or 
horizontally. 
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– Once the elements are distributed, they can be horizontally centered, aligned to 
the left or to the right, vertically centered, aligned at the top or at the bottom (Figure 
9.11). 

 

Figure 9.11. Distribution and alignment of signs and text 

These general rules need to be modified according to what the signs represent, 
especially those signs which are related to the topic of the map. 

9.2.2. General legends 

Some legends have similar characteristics for virtually all maps, even though 
their content differs. Such are the point-based or areal legends which describe 
variations of size (quantitative variables), progressions (ordinal variables or the 
variables considered as ordinal) or oppositions. 

9.2.2.1. Quantitative variations of point phenomena 

When a point phenomenon varies quantitatively, the visual variable to be used is 
“size”. In this case the point signs are usually geometric shapes: circles, squares or 
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spheres. Their area is proportional to the thematic values which they express. 
Several presentations can be used (Figure 9.12): 

– Hollow or filled symbols. If the symbols are filled on the map, they should be 
filled in the legend. 

– Symbols arranged vertically or horizontally. In the former case they should be 
centered and in the latter – aligned at the bottom. 

– Symbols distributed in the space with separations or with slight overlaps. The 
second option is mostly used for a vertical arrangement. 

– Completely overlapping symbols. This layout is unfortunate since it does not 
allow filled symbols, which means that the symbols in the legend may differ from 
the symbols on the map. 

– Symbols presented with the help of a continuous or broken parabola. 

 

Figure 9.12. Presentation of proportional point symbols 

9.2.2.2. Progressions of quantitative or ordered areal phenomena 

Areal progressions of quantitative phenomena are expressed by variations of 
either value, or grain with or without color, for the reasons indicated in Chapter 7. 
Signs are placed in boxes of the same size as the accompanying text. Their layout is 
governed by certain rules (Figure 9.13): 

– horizontal or vertical arrangement of the boxes, with or without spacing; 

– alignment dictated by the regular sizes of the boxes; 

– in a vertical arrangement the text is placed to the right of the boxes and can 
have several possible alignments: 



388     Thematic Cartography 1 

 

Figure 9.13. Presentation of progressions (areal phenomena) 

- if the class limits are denoted only by numbers, the alphabetic text is aligned 
on the left, integer numbers are aligned on the right and decimal numbers are 
aligned at the decimal point, 

- if the class limits consist of upper and lower limits they are shown in square 
brackets and the text is aligned with the brackets on the left, 

- if the class limits consist of upper and lower limits but are not shown in 
square brackets and instead are separated by a dash or a semicolon, the text is 
centered at the separation mark; 
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– in a horizontal arrangement the text can be placed above or below the boxes, 
and it can be horizontal or slanted (the latter is not always suitable). 

9.2.2.3. Oppositions of quantitative or ordered areal phenomena 

Presentation of oppositions is roughly the same as that of progressions. The 
important change is in showing the differences which exhibit the opposition. Such a 
difference is a double progression (separated by a neutral class or not). In the light 
of the progression representations, several options are open for a cartographer to 
mark the change line: 

– In the case of an opposition without a central class various presentations are 
possible:  

- in a vertical arrangement the boxes can be spaced out or not. If they are 
spaced out, a horizontal line between the two parts of the legend separates the two 
groups. If they are not spaced out, the line can be horizontal, either on both sides of 
the column or only on the right, not touching the accompanying text. Alternatively, 
the separation can be marked simply by a space between the two blocks; 

- in a horizontal arrangement there is also a difference between spaced-out and 
adjacent boxes. If the boxes are spaced out, the change line can be shown by a 
vertical line. If not, the line can be broken into two parts in the same way as for a 
vertical arrangement, or the two blocks can be simply separated by a space.  

– In the case of an opposition with a central class the options are similar to the 
above, but the separating lines are placed on both sides of the neutral class (Figure 
9.14). 

Nevertheless, these classical general presentations have to be modified 
depending on the expected readers. 

9.2.3. Presentations to be adapted 

It has been said many times in this book that among the choice criteria the 
fundamental crterion has to do with the users. This is also true for the legends which 
depend strongly on the recipients and which currently develop with the 
technological changes in the map display. 

9.2.3.1. Presentations according to the user 

For an exploration or a communication map the legend should be complete and 
precise, but the layout can be different. A legend should be adapted to its users. 
Hence, the same map intended for two different groups of readers can be supplied 
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with two different legends. No “absolute” rule exists but there are several principles 
which can guide the cartographer and which we will demonstrate using examples. 

 

Figure 9.14. Presentation of oppositions (areal phenomena) 

9.2.3.1.1. Variations in progressions and oppositions 

A general legend demonstrates progressions and can be adapted for its users by 
modifying the arrangement of its components and the accompanying text. The latter 
often denotes the class values: 

1. In the general case these values are expressed in a “real” form, with the 
original units of the data. However, when the class limits are given by standardized 
values (see Volume 2, Chapter 1), the numbers are identical for all variables since 
their values are given in standard deviations: -1.5, -0.5, 0.5 and 1.5. Three options 
are then available: 

- indicate only the standardized values. This presents no difficulty to a 
specialist reader (Figure 9.15d); 
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- show the real values corresponding to the standardized numbers. This is 
important for the readers unfamiliar with statistics (Figure 9.15a). Moreover, the 
real values must make sense to the reader. Thus, in the accessibility example, 
although the measurement gives the values in minutes, they will be much more 
meaningful to a non-specialist if they are expressed in hours (Figure 9.15b); 

- show the two values next to each other so as to satisfy both categories of 
readers (Figure 9.15e). 

2. If the map recipient is entirely unfamiliar with the methodological aspects of 
the map it is desirable to replace the numerical values with words which express an 
order: for example, “low”, “medium”, “high.” Of course, this reduces the 
geographic information, but does not make it wrong and the readers will not ask him 
or herself useless questions (Figure 9.15f). 

3. The presentation can be improved by adding an arrow parallel to all of the 
boxes in order to emphasize the direction of the progression. The arrow can also be 
supplemented by “minus” and “plus” signs (Figure 9.15c). 

Legends expressing oppositions can be varied in the same way as those 
expressing progressions. Only the arrows have to be changed to two arrows coming 
out of the center and pointing to the opposite ends. 

9.2.3.1.2. Adaptations of graphical legends 

Some studies use chart representations, as we will demonstrate in Volume 2, 
Chapters 2 and 3. They may or may not correspond to a mathematical processing. 
Depending on the user, several legends are possible for the same method: 

– When the signs (points, lines or areas, depending on the phenomenon studied) 
have been assigned to the categories identified on the chart, they can be placed one 
under the other, each one accompanied by a word or a text which explains the 
classification (Figure 9.16a). This option should be used for the non-specialist 
readers. 

– When a chart serves directly to identify the groups (for examples, triangular or 
quadrant charts), it can be used as a legend. Then it is necessary to simplify it and 
two possibilities are conceivable:  

- the corresponding signs are placed directly in the chart. This option is 
suitable for point signs. It is not appropriate for areal ones (Figure 9.16c); 

- numbers are placed into the chart sections which define the categories 
(Figure 9.16d). The signs are shown one under the other, as in the first case. Each 
one is accompanied by the identification number of its class and an explanatory text 
(Figure 9.16b).  
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Figure 9.15. Adaptation of progressions to different groups of readers 

– When the processing involves creating a chart for each spatial unit and a 
subsequent classification of the set of these charts, the signs of the categories can be 
associated with a characteristic chart of the corresponding category and 
supplemented by an explanatory text as before (Figure 9.16e). 
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Figure 9.16. Proposed legends for graphical processings 

If a mathematical treatment involves a chart as an input or as an output the 
options are the same. For the specialized audience all the options remain open while 
for the general public it is preferable to use the option which is the easiest to 
understand. An explanatory paraphrase is often the best solution provided that it is 
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not too long and that it uses simple terms. For a specialist it is essential to provide 
all the necessary statistical data. Thus, for a regression we need to indicate the 
fitting formula, the correlation coefficient and the standard deviation. 

9.2.3.2. Presentations according to the technological changes 

Other transformations are currently possible due to technological changes. In 
particular, if a map is displayed on a screen and not on paper, many opportunities 
arise and greatly simplify the cartographers’ work. Legends can be interactive; they 
can appear and disappear, or expand. However, in this section we only outline the 
range of possibilities since it will be addressed and described in detail in Volume 3. 

9.3. General layout and thematic meaning 

Until now we analyzed one by one the elements which have to be present on a 
map. But it is their composition that makes the map appealing and easy to 
understand. Their arrangement is essential since it conveys the logic and the 
conception of the map. Several factors, both technical and conceptual, have to be 
kept in mind when we think about this arrangement, and we have to follow certain 
principles in order to achieve the required qualities of the final document. 

9.3.1. Organizing factors 

Several factors are important for the conception and the global arrangement of a 
map, namely, the user (and hence, the research stage for which the map is being 
made), the context of the demand for the map, the transformations and the treatment 
performed, the display mode and the information transmission mode. 

9.3.1.1. The “user” factor 

Depending on the user, the required map can be a provisionary document or a 
permanent, definitive image. Provisionary documents (and, in general, those 
intended for specialist users) do not require a sophisticated dressing. It is only 
important that all the scientific information is present, and the mapping space with 
the legend obviously remain a priority. The options are numerous, however, for 
definitive documents intended for the public whose specialization varies. For an 
expert, the same information as before has to be displayed, but in a careful and 
organized fashion. For non-expert it is most important that they can easily 
understand the map without needing to spend hours staring at it. Therefore, the map 
has to be very structured and contain only what is necessary. 
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9.3.1.2. The “production context” factor 

From another point of view (linked to the preceding issues) the general 
arrangement is determined by the person or the institution which commissions the 
map. In the case of an institution or, for example, a research group, the map is made 
to their specifications so that some options may be impossible. Moreover, if the user 
is someone different from the initial recipient, it is important that the user knows in 
what context the map has been produced. 

9.3.1.3. The “display” factor 

The organization of the map differs according to the display and transmission 
modes, that is to say, whether or not the map is drawn on a permanent support or 
displayed on a screen. The available space is not the same in these two cases. On 
paper this space is determined by the justification, it is known from the start and 
cannot be changed. Therefore, all the information needs to be displayed within the 
justification borders, which dictates the choice of the size of the characters. The 
readers, however, will presumably have a long time to read the map and will be able 
to return to the document if they did not understand something the first time. The 
situation is different for a map on a screen. Here, the space is often more restricted 
but it is possible to use zoom for reading small sections. The text can be handled 
interactively, it can appear and disappear. The limited space is in fact augmented by 
the possibilities which the technology offers, but the reading time is sometimes 
limited. This is often a negative aspect for the users. It is therefore clear that the map 
organization cannot be exactly the same for different display modes, even though 
the same elements are in play. 

9.3.1.4. The “transformations and processing factor 

Finally, we discuss the last factor which directs the cartographer’s choices: the 
transformations and the treatments. Some of them are in fact very simple or involve 
very standard representations, for example, in the case of a single thematic variable 
expressing a progression. Others, however, demand clarifications, additional 
information and even a presentation of several maps simultaneously. This is the case 
for factor analysis or trend surfaces, among others. The general arrangement is thus 
dictated by the treatment types, but it is impossible to make an exhaustive list of 
them in this section. Their description will be given in Volume 2 when the 
associated methods will be presented. 

9.3.2. Governing principles 

In order to achieve a better general organization of a map several principles have 
to be obeyed. 
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Firstly, the arrangement has to be structured so that it is adequate to the 
hierarchy revealed in the cartographic study. This means that it has to take into 
account the revealed significant elements. A visual hierarchy draws the readers’ 
attention to the important elements of the map. The layout should be in blocks. The 
cartographer joins the elements which need to be included into the document into 
coherent groups and then establishes the group hierarchy on a logical and 
conceptual level. 

Secondly, the arrangement has to form a balanced and harmonious visual 
composition as an ensemble of the represented elements and the empty spaces 
among them. It should be balanced visually as well as from a graphical and esthetic 
point of view. The possible arrangements should avoid empty sectors and exhibit 
the contrasts without monotony. As T. A. Slocum et al. [SLO 05] wrote, the 
contrasts refer to the distinguishing visual differences among the features of the 
map. Highlighting certain map characteristics and giving them a visual weight helps 
attract the reader’s attention to certain levels of the transmitted information. A good 
contrast between the background and a figure also enhances the map. Thus, simple 
empty circles drawn on the background lead to a poor and unappealing map. 

9.3.3. Crucial qualities 

A map should possess some well-determined qualities in order to be useful to its 
recipients: 

– clarity, thanks to the legible signs and no ambiguities; 

– legibility, due to a well-chosen size of the characters and the known reading 
conditions; 

– balance, involving the contrasts and the absence of empty zones; 

– order, due to a hierarchy of the elements. 

9.4. Conclusion 

The realization of the choices which have been made all along the process of 
map making is not necessarily guided solely by a technical logic. In particular, the 
general organization of the elements is governed by a conceptual logic since this 
organization conveys which information the cartographers wanted to emphasize, 
and which one they thought secondary. This final step of map production is too 
often considered unimportant. In fact it plays an essential role, since without it, the 
map cannot exist. 



General Conclusion 

Throughout this first volume we have defined and described the stages 
indispensable in the production of a map, regardless of the context and the 
techniques used. We wanted to provide a guide which would be useful to anyone 
who wishes to make a map, whether or not this person is a cartographer, knows how 
to use the GIS or the cartographic software and computer graphics. We use the word 
“guide” deliberately. It would be wrong to view it as a strict instruction from which 
one cannot deviate. Quite the contrary, this guide is meant to be adapted to the 
current needs, time and the available technologies. As presented here, it is meant as 
a guiding thread to save time for mapmakers who get lost in the labyrinth of the 
program options; to enable them to make confident decisions and produce quality 
maps; in short: to create “sensible” maps. 

In order to achieve this, some stages are indispensable no matter what equipment 
is used. It is stages like these that we concentrated on in the first volume of the 
book, where we put the accent on the concept of transformation. Indeed, 
cartography is a discipline of transformations. At each stage in the production of a 
map, one or several specific transformations are performed. The map is a result of 
these transformations. Each of them requires competence in a specific field, 
involves certain constraints and depends on the other transformations. Experts from 
different domains are needed to make a map (geometers, topographers, 
geomaticians, etc.). However, it is also important to keep an eye on the order of 
stages and their interrelations. A map can only be created by a team. 

Once the scope of questions, the aims and the context of the map have been 
determined by the two co-authors: the thematician and the cartographer, the 
conversion of the geographic entities (the real world) into the cartographic objects 
(the map) requires logical decisions about the pertinence of the entities. It often 
concerns the thematician more than the cartographer. They also need to choose the 
options for the transformation of the cartographic objects, both their locations and 

© 2010 ISTE Ltd.  Published 2010 by ISTE Ltd.
Thematic Cartography and Transformations        Colette Cauvin, Francisco Escobar and Aziz Serradj 



400     Thematic Cartography 1 

their attributes (T1). A location database is created and forms a central hub of the 
cartographic production. The quality of the map depends on this database since all 
the subsequent choices are related to it. Therefore, the role of a DBMS specialist is 
crucial in cartography. Transformations of the localizers [XY] come next. They are 
very important. On the one hand they make the map easier to understand thanks to 
the generalization of the shapes, while on the other, they adapt the map to the topic 
of study by changing the map base. 

Only now can the actual mapmaking begin. It starts with the association of the 
[XYZ] by means of the cartographic transformations (T3), in other words, by means 
of the possible representation modes. This part of cartography is poorly defined and 
still insufficiently explored. Nevertheless, it is fundamental for the future of the 
discipline because it turns the map into a “construction”. Calling a map a 
construction means that its elements are organized in a defined order; each element 
depends on the others and can be identified as such only in relation to the others. 
Anyone who constructs the map following the same principles and the same rules 
will achieve the same results. The map, as a construction, can be contested on its 
principles, but never on its sign components as they belong to the perception realm. 

 The next stage – the semiotic transformation (T4) – is also irreplaceable. But it 
does not have the same pre-eminence as it used to in the past. It is quite possible that 
one day we will have at our disposal the representation modes which give rise to 
constructions for all types of the [XYZ] associations. Limitation of the modes by 
means of signs only is essential because it enables us to give the cartographic 
semiotics its true role: making the map visible  to the recipient. The choices can be 
governed by the aim of the map: Reference? Exploration? Discovery? 
Communication? Consultation? Moreover, the range of the possible options is 
currently undergoing an expansion to include other (not necessarily visual) types of 
signs. This is happening due to the technological progress which makes it easier to 
find the best adapted solutions. 

Finally, in addition to these interrelated steps, we should not forget to provide 
users with the reading clues by taking care to design the page layout, the legend and 
everything that accompanies a map. 

We gave a brief overview of the stages which are inherent to the production of a 
thematic map. This is why they were presented in the first volume. However, 
without the transformation of the [Z] (stage T2b) the final representation often turns 
out to be misleading as a result of overloaded notation. The contribution from the 
quantitative methods is essential here. The first part of Volume 2 will demonstrate 
this. Three chapters will be devoted to the preliminary processing of the [Z], meant 
to reduce the amount of information and to visualize only the essential features. 
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We have mentioned on a few occasions that the new technologies have 
completely transformed the landscape of cartography and directed this discipline 
towards geovisualization. The “display” transformations play a prominent part in 
this change process. They facilitate the application of those methods which have 
been long known but little used because of the limited technical means available at 
the time of their invention (the cartographic transformations of position, 3D). 
Moreover, the display transformations open up a new field of boundless possibilities 
thanks to animation, interactivity and all the other means offered by multimedia. 
Time and movement cartography, virtual globes and electronic atlases are only a 
few examples of these innovations. The methods “revitalized” by the technology 
will be discussed in Part 2 of Volume 2. As for the really novel methods, which are 
steering cartography into uncharted waters, they will be the subject of Volume 3. 

If Volume 1 is focused on the cartographic reasoning and the unavoidable 
stages in the production of a thematic map, Volumes 2 and 3 deliberately 
concentrate on the “new cartography”, on the contributions from the quantitative 
methods and the display transformations, related to the technology but integrated 
into the logic of cartography. 
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Software Used 

Arc/Info: a GIS program for PC and stations, ESRI GIS and mapping software, 
http://www.esri.com/software/arcgis/arcinfo/index.html. 

ArcGis, versions 8 and 9: a GIS program for PC and stations, ESRI GIS and mapping 
software, http://www.esri.com/software/arcgis/index/html. 

Cartes & Données, version 5: a cartographic program with integrated statistical processing. 
Société Articque (37 Fondettes), http://www.articque.com. 

Flowmapper: a Windows program for flow maps, designed and developed by W. Tobler 
(1987, 2003). Center for Spatially Integrated Social Science (CSISS). Spatial Resources 
for the Social Science, with a tutorial by W. Tobler (2004), http://www.csiss.org/clearing 
house/FlowMapper. 

Geocart: a program for spatial analysis, developed for MacIntosh by B. Guérin and for PC by 
G. Noeppel and G. Vuidel in 2005-2006, Laboratoire Image et Ville, UMR 7011, 
Strasbourg, http://imaville.u-strasbg.fr/index.html. 

Illustrator CS2: a computer graphics program in the vector mode, produced by Adobe, 
http://www.adobe.com/products/illustrator/. 

PhilCarto: a cartographic program with modeling possibilities, developed by P. Waniez, 
http://perso.club-internet.fr/philgeo. 

Superflux: a program for flow maps, developed for MacIntosh by O. Kapps. Laboratoire 
Image et Ville, UMR 7011, Strasbourg, 2 versions: 1991, 1996, http://imaville.u-
strasbg.fr/index.html. 

Surfer, version 8: a program for isoline maps in 2D and 3D, Golden Software, Inc. 
(Colorado), www.goldensoftware.com. 
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