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(The first publication appeared under the title "Kartographie" in: Stephan Günzel (Hrsg.): 
Raumwissenschaften, Frankfurt a. M., Suhrkamp, 2009, S. 175-190.)  
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Abstract 
The paper contains a historical overview of the development of cartography and its relations 
to other sciences, including astronomy, mathematics, geodesy and photogrammetry. Different 
approaches to understanding spatial concepts in cartography are presented. An approach to 
understanding cartographic space from the perspective of image and spatial sciences is further 
developed. This is mainly the concept of "concrete visual space" and its cartographic 
relationship. 
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1. Main spatial problems of cartography 
 
Cartography has had to deal with many space-related problems in its several thousand year 
history, which brought it into contact with numerous sciences. The first main problem arose 
in antiquity in the cartographic representation of the ecumene (the known or inhabited Earth), 
which involved transforming the spherical Earth into a two-dimensional form with as little 
distortion as possible. Claudius Ptolemy (2nd century, AD) worked out several proposed 
solutions for the two-dimensional representation of the spherical coordinate system and thus 
created the foundations of cartographic projection theory (net design theory), which he called 
geography. Furthermore, cartography was already closely connected with astronomy at this 
time, since it was mainly astronomical methods that were used to determine the size of the 
earth and to locate a few places. In the Renaissance, Ptolemy was received and further 
developed. Beginning in the 16th century, a whole galaxy of angle-faithful, area-faithful, 
distance-faithful and shape-faithful mesh designs emerged in connection with mathematics 
and descriptive geometry. In the second half of the 19th century, a critical-analytical 
evaluation of distortions (length, angle and area distortion) began, which led to the 
establishment of distortion theories. The map network design theory was also given a new 
problem by the fact that in the larger scales the sphere was no longer taken as the basis as an 
earth figure, but different rotational ellipsoids as geometric approximations to the geoid.  
 
The second main problem of cartographic representation of space, which affects maps at 
larger scales in particular, arose during the Renaissance: it concerned the development of 
mapping methods that would enable an exact topographic representation of a section of the 
Earth's surface. Although the first approaches to this were already present in antiquity, a 
decisive breakthrough was achieved from the second half of the 16th century onwards with 
the invention of the survey table and the basics of triangulation. Ordnance survey is a 
graphical method of determining the position of important points on the terrain, mainly by 
determining angles. Triangulation is used to create a trigonometric grid by measuring angles 
starting from a base line, the length of which is determined by exact measurements. It was not 
until the 19th century that it was used on a large scale in national surveys as a reference basis 
for the survey table. Today, the basics of survey methodology form a subfield of geodesy and 
photogrammetry.  
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The third main problem of cartographic spatial representation, the exact reproduction of 
relief, gained central importance in the second half of the 18th century, initially for military 
reasons and later due to the demands of the industrial revolution on cartography. The 
transformation of the three-dimensional relief into the two-dimensional map was just as great 
a challenge as the transformation of the globe into the surface. Cartographic relief 
representation underwent a paradigmatic development, was one of the most important 
subfields of theoretical cartography until into the 20th century and played a decisive role in 
the constitution of the independent scientific discipline of cartography. In this field, there was 
a close relationship to colour theory and descriptive geometry (with regard to the 
geometrisation of illumination effects) as well as to geomorphology. From the 1960s 
onwards, such drastic changes took place in cartography that the new cartography also 
distanced itself terminologically from its earlier status by calling it "classical cartography": 
The change took place through the inclusion of interdisciplinary approaches such as 
information theory, communication theory, model theory, language theory and semiotics. 
With the introduction of computer technology, cartography entered into an exchange with 
computer science, especially geoinformatics. Computer technology enabled the emergence of 
new cartographic visualisations, such as the interactive design of maps in geoinformation 
systems, the dynamic animation of maps for the reproduction of spatiotemporal information 
or the creation of virtual three-dimensional cartographic representations. Finally, space travel 
also opened up new possibilities by making satellite images of the Earth available and 
enabling the mapping of other celestial bodies, such as the Moon and Mars. The internet and 
navigation systems led to the spread of cartographic representations of space. The main 
problems of cartographic space representation that originated in classical cartography also 
remained in modern cartography. Although this brought forth new problem views of spatial 
representation, they are integrated as partial aspects to such an extent in a methodology that 
has become more complicated that their explicit and concise formulation is hardly possible. 
Cartography is currently an independent scientific discipline that has an interdisciplinary 
character due to its manifold spatial references. It belongs in equal parts to the spatial 
sciences, the geosciences, the image sciences and the communication sciences. It also has the 
characteristics of a technical science and is part of applied computer science.  

 
2. Cartographic spatial concepts 
 
The explanations of spatial concepts in cartography are limited to a few isolated approaches, 
which will be briefly outlined here: The Georgian cartographer Aleksandr E Aslanikasvili, 
who wrote important papers on the general theory of cartography in the 1960s and 1970s, 
emphasised that space-time must be conceived as a fundamental category in cartography. In 
his "Metakartografija", published in 1974, he calls for the consideration of dialectical 
materialist philosophy as well as the insights of relativity theory for dealing with the 
cartographic space-time problem: according to him, the content of the map is formed by the 
reflection of the material content (its "fullness" or its "core") and the spatial relations of the 
material objects (their "envelope" or "shell"), which are in a dialectical relation to each other. 
This explicit treatment of spatial structures in cartographic theory, for example also in 
William Bunge's "Metacartography" (1962), was by no means justifiably criticised by leading 
Soviet cartographers such as Aleksandr Mihajlovic Berljant (1975) as a one-sided 
overemphasis on this aspect of cartographic representation. The impulses given by 
Aslanikasvili were unfortunately not followed up in Soviet cartography. Another point of 
criticism concerned the question of whether Einstein's concept of space should actually be 
taken into account in determining the cartographic concept of space (Pápay 1983). The 
argumentation was as follows: The terms "space-like" and "time-like" were specified by 
Einstein with the help of the concept of motion, because space, time and motion are mutually 
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dependent: connections between two events that are mediated by particles moving at sub-light 
speeds can, according to Einstein, be described as time-like: If the mediation were to take 
place through particles moving at faster than light speed or infinite speed, then the connection 
could be described as space-like according to Einstein. In cartography, on the other hand, one 
only needs to speak of space-like because the distances recorded by cartography are 
comparatively small compared to the speed of light and one can thus disregard the finiteness 
of the speed of light and understand it as infinitely fast movement. For the same reasons, it is 
possible and methodologically advantageous to separate space and time in cartographic 
mapping.  
 
At the beginning of the 1990s, Ulrich Freitag, who is one of the most important theorists of 
modern cartography, provided a remarkable approach to the cartographic conception of space: 
he pointed out that the study of the relationships between object space (relationships between 
real objects, phenomena and properties) and sign space (relationships between cartographic 
signs) is the task of cartographic semantics. Since the signs in the sign space are defined by 
geometric and graphic attributes, the position, substance and state parameters of the objects of 
the object space must be transferred into the attributes of the signs in such a way that they can 
in turn be transformed into the object space by the map reader without loss of information 
(Freitag 1992).  
 
Jürgen Bollmann (1992), who contributed to the expansion of theoretical cartography with 
numerous studies, used the terms "object space" and "sign space" in a different meaning than 
Freitag: According to Bollmann, the ground plan and the spatial relationships of objects are 
depicted in the object space of the map. In the drawing space of the map, on the other hand, 
the two-dimensional geometry of the signs is reproduced. For objects that can be represented 
to scale, the geometry of the drawing space is identical to the geometry of the object space. In 
the case of objects that cannot be represented to scale, on the other hand, which are 
represented with line or point signatures, only their spatial reference points belong to the 
object space, such as, for example, the centre line in the case of road signatures and the centre 
point in the case of place signatures. Consequently, the map contains both spatially relevant 
information (information of the object space) and non-spatially relevant information 
(information resulting from the projective distortion in the map plane, furthermore 
information of the sign space resulting from the geometry of the signs, and finally information 
referring to the graphic design of the signs). Bollmann saw essential differences between the 
perception of real space and the perception of the depicted space in maps primarily in the fact 
that reality is spatially reduced and transformed several times in the cartographic 
representation.  
 
In Anglo-Saxon cartography, the concept of space had already been used frequently since the 
1970s, but it was rarely explicitly problematised theoretically. The reason for this seems to lie 
primarily in the fact that space was considered merely a synonym for the surface of the earth 
(or of another celestial body) or for a part of the earth's surface (territory, region, landscape). 
In the book "The Nature of Maps" (1976) written by the US cartographers Arthur H. 
Robinson (then president of the International Cartographic Association) and Barbara Bartz 
Petchenik, a separate chapter was dedicated to space under the title "The Conception of 
Space", but the theoretical explanations here are limited only to the mental grasp of space on 
the part of the map reader. Alan MacEachren, in his 1995 textbook "How Maps Work", which 
helped shape modern cartography, also gave no theoretical explanations of the concept of 
space, although he used this term in more than twenty word combinations. The same situation 
can be observed in the work of the social geographer John Pickles (2004): Although he has 
presented a history of space from a cartographic perspective, it lacks an explicit characteristic 
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of the cartographic concept of space. The US geographer James M. Blaut is somewhat of an 
exception in that he has devoted himself to the cartographic concept of space in several 
publications since the 1960s. According to Blaut (1999), two concepts of space, space as a 
macro-environment on a geographical scale and space as a form or timeless moment (form-at-
a-timeless- instant) - which corresponds to the naïve geometric concept of space as pure space 
- are mixed together. For Blaut, space-time forms an inseparable unity, which is why both the 
map and the mapped territory have a spatio-temporal structure.  
 
In recent years, the concept of space has also found its way into cartographic reference works: 
in the "Lexikon der Kartographie" (Dictionary of Cartography), editor Bollmann defines 
"space" in the corresponding entry as a "frame of reference for the arrangement and depiction 
of material and intellectual objects with the help of positions, distances, neighbourhoods and 
connections" (Bollmann 2002, 256). The reproduction of geo-space in the maps is described 
as follows: "On the one hand, the geo-objects are reproduced as an elevation or as a three-
dimensional object shell, i.e. in the form of a true Euclidean spatial structure. On the other 
hand, non-spatial quantities, such as values or value relations, are transferred into visualised 
mathematical spatial structures and depicted, for example, as diagrams" (ibid., 257). The 
concept of geo-space, which replaced the term "earth's surface" in map definitions only a few 
years ago, is interpreted in different ways: Rolf Harbeck, who made great contributions to the 
development of the Official Topographic Cartographic Information System for Germany, 
regards geo-space as a vertical section of the geosphere, to which the entire living and activity 
space of humans belongs. Wolf Günther Koch, who made significant contributions to the 
theory of modern cartography, sees in the "mathematically defined geo-space together with its 
inventory" (Koch 2007, 25) the object of cartographic mapping, in which, however, isometry 
is not always given due to the specifics of cartographic representation. According to the 
Leipzig cartographer Konrad Großer (2001, 319), this term refers only to the geometric-
spatial aspect of the geosphere. He thus abstracts from the material and structural features and 
the forms of movement in the geosphere. The Austrian military cartographer Reinhard Mang, 
on the other hand, understands it as "the three-dimensional, Euclidean, descriptive space 
containing physical matter" (Mang 2004, 206). However, he questions whether a geo-space 
defined in this way can be considered the object of cartographic illustrations, since it cannot 
be represented geometrically exactly either geodetically or cartographically and can therefore 
only be considered a topological reference space (reflecting neighbourhood relations) for 
cartographic illustration. Furthermore, Mang points out that maps also contain objects, such as 
contour lines and lettering, that are not present in geospatial space.  
 
From the sketchy list of spatial concepts of theoretical cartography given here, it is evident 
that although they are remarkable approaches, they do not have a system character.  
 
3. Proposals for a cartographic theory of space 
 
The first step towards the development of a cartographic theory of space could be the 
identification of the basic properties of cartographic space, which is attempted below. A 
methodological novelty here is that the determination of the invariant properties of 
cartographic spaces is carried out from the perspective of image science and spatial science. 
Such an integrative perspective is made difficult by the fact that the traditional view that maps 
are not images is still widespread in cartography, and further by the fact that a theoretically 
comprehensive analysis of image spaces is a desideratum of general image science. In our 
opinion, image spaces belong to a type of space that has not been explicitly identified so far. 
Previous types of space have always been associated with a high level of abstraction; even the 
conception of space in physics, which understands space as the spatial relation between 
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bodies (Einstein 2006, 94), describes spatial structures with the help of abstract geometry. 
However, most image sciences, including cartography, require a further, more concrete and 
thus also a more anthropological conception of space that reflects the spatial relations between 
the visually heterogeneous appearance elements of bodies. This type of space, which results 
from the simultaneous visual disparity of real objects, could be called concrete visual space. 
Concrete spaces are extremely diverse, including the space of the starry sky, the space of a 
landscape, the space of a flower meadow, the space of a house façade, the space of a stained 
tablecloth or even the space of the text page of a book. The visually perceivable reality is a 
complex of macro-, meso- and micro-spaces. The concrete visual spaces emerge and pass 
away with the change of visual disparity. This conception of space is undoubtedly a long-
overdue profanation of the conception of space, which could be interpreted as a continuation 
of the "practical desacralisation of space" called for by Foucault (Foucault 1991, 67). The 
pictorial spaces themselves belong to this type of space, for they too are created through 
visual disparity. The image space of two-dimensional and static images, to which standard 
maps (two-dimensional and static maps) also belong, is a patch space created by the extent of 
the individual patches and their spatial relationships to each other. The image space differs 
from other stain spaces (such as ornaments or wallpaper patterns) in that it has reference 
objects for which the stains contain information. The stains and their configurations function 
as signs (Bertin 1982, 186). Thus this pictorial space, and thus cartographic space, is a sign 
space, or more precisely a sign model space, in which the following aspects can be 
distinguished:  
1. the extension of the individual sign-vehicles or elements of sign-vehicles;  
2. the positional relationships of the individual sign-vehicles or elements of sign-vehicles to 
each other; 
3. the position of the individual sign-vehicles or elements of sign-vehicles in the image space.  
 
The first two aspects concern the spatial structure, which is always iconic, because visual 
attributes without encoding indicate visual attributes of the reference object (Pápay 2005a, 
15f.). Even in images that use arbitrary signs (such as maps), the spatial structure remains 
iconic. The relational iconic spatial structure is therefore an invariant property of image 
spaces. The third spatial aspect does not concern the relative position of the individual sign-
vehicles or elements of sign-vehicles, but their absolute position in the respective image 
space. The reference system is generated by the image surface, by the extent of the entire 
concrete image space. Thus the image surface functions as a container, in Einstein's terms: as 
a container. It determines, among other things, what is above, below, right, left or in the 
middle. With certain types of images, there are further reference systems for determining the 
position, such as coordinate systems. In maps, the grid of degrees forms an additional 
reference system. Even though this spatial aspect is usually described as banal, it is of great 
importance for image spaces because it serves to determine the position of the image 
elements.  
 
A further characteristic of the image spaces can be made by their relations to the object 
spaces: The object space can be a concrete or an abstract space (for example, a cognitive 
space or a social space), and combinations are also possible. If the object space is a concrete 
visual space, then its representation in an image space is a representation, since object space 
and image space are of the same essence. Aerial and satellite images, for example, contain 
representations of space. In cases where the object spaces are concrete non-visual spaces or 
abstract spaces, they are transformed into image spaces through visualisation. In spatial 
representation, a distinction should therefore be made more consistently than before between 
spatial representation and spatial visualisation. Furthermore, a differentiation of image space 
elements can be made according to whether they have an object space reference or no object 
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space reference: For example, in a map in which a forest area is indicated with schematic tree 
signatures, the spatial relations between the tree signatures are an image space structure 
without an object space reference. The outlines of the forest area and its extent, on the other 
hand, have a reference to the structure of the object space. Image space components that 
spatially visualise non-spatial attributes (quantitative or qualitative properties) also do not 
have an object space reference, such as in maps where the size of place signatures is varied 
based on population numbers. Temporal changes can also be spatialised, i.e. spatially 
visualised, as is the case with certain map diagrams.  
 
With regard to the rendering of object space structures, another question needs to be clarified: 
What about the continuity and homogeneity of image spaces with regard to the rendering of 
object space? The representation of space as a continuum did not become established in 
painting until the 15th century through the central perspective construction of the picture, 
whereby foreground, middle ground and background were connected with each other without 
breaks. Today, pictures with spatially continuous pictorial spaces have become a matter of 
course, not least due to photography. But are such pictorial spaces also metrically 
homogeneous? - Not at all, because there are considerable differences between foreground, 
middle and background in that objects of the same size appear in different sizes. Since 
Euclidean geometry presupposes homogeneous spatial structures, the question arises whether 
central perspective images can be characterised as Euclidean. Furthermore, the parallel axiom, 
which is necessary to justify Euclidean geometry, does not apply in the central perspective 
construction, since it allows certain parallel lines to meet at the vanishing point.  
 
The realisation that central perspective images are not Euclidean leads to the consequence that 
a general reassessment of image types should be made as to the extent to which they have a 
Euclidean or a non-Euclidean structure. Theoretical cartography should also undertake a 
revision of cartographic forms of representation in this respect. Up to now, they have been 
understood as Euclidean, including the central-perspective map-related forms of 
representation. Only map anamorphoses, whose geometry is deliberately distorted in relation 
to a source map according to certain rules, have been an exception so far.  
 
The consensus in cartographic theories that all maps follow Euclidean geometry cannot be 
maintained either. Their inhomogeneous structure does not result from a central perspective 
construction, of course, but from the fact that the curved object space cannot be rendered 
metrically homogeneous in the standard maps. Only maps with a large scale, which refer only 
to a small section of the globe or the rotational ellipsoid, are an exception; otherwise, only a 
selective homogeneity, with regard to the surface fidelity, the distance fidelity or the angular 
fidelity, can be achieved, because it is a question of a levelled structure of elliptical geometry 
or spherical geography, which does not belong to Euclidean geometry. While a homogeneous 
metric spatial structure in cartographic space is only achievable under certain conditions, in it 
the object space structure is always correctly reproduced in topological terms.  
 
In iconic-symbolic pictorial sign models, to which maps also belong, the object space is not 
represented by sign-element-sign-element relations (as in the photographs or pictures of art), 
but by sign-sign relations: Through symbolic denotation, which is always associated with 
generalisation, cartographic spaces acquire a segmentary and disjunctive structure, resulting 
in another form of metrical inhomogeneity. The design of the graphic variables (especially 
size and colour) of the individual signs can also have an effect on the rendering of the object 
space structure - for example, by using non-scale signs or by making areas appear larger in 
intense colours than in less intense colours. A remarkable semiotic feature of maps (for that 
matter of any images) is that the syntax (spatial structure) can have an effect on the semantics 
of the signs (Pápay 2005a, 16f.). The iconic denotation of spatial structure is not associated 
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with generalisation, but only with certain forms of abstraction, with idealising and typifying 
abstraction.  
 

 
Fig. 1: The cartographic spaces in the system of space types 

 
Another characteristic of cartographic spaces, already mentioned, is that they usually have 
two constitutive reference systems: the grid of degrees and the map surface. The divergence 
between the two reference systems can lead to misinterpretations when reading maps if the 
inhomogeneous metric structure of the map is interpreted as metrically homogeneous. 
However, there are also cartographic representations in which an inhomogeneous metric 
structure is aimed at by showing certain parts (such as the city centre in urban maps) at a 
larger scale than others. In map anamorphoses, the metric relations represent the spatial 
structure of an additional object space, such as a transport or economic space, for example, in 
that the metric relations relate to travel time or transport costs. In cartographic literature, these 
map-related representations are traditionally referred to as non-Euclidean, as opposed to 
maps. Such a distinction is questionable, however, because it is a combination of concrete and 
abstract spaces, whereby the spatial structure of the concrete space, the geospatial space, is 
rendered exclusively topologically. In the marginal areas of cartography there are other 
remarkable representations (cartoids) that go beyond topological idealisation by generalising 
the spatial relations, but represent the generalised spatial structures pictorially (Pápay 2005b, 
292). They form a transition to those representations in which abstract spaces (such as social 
spaces, communication spaces, cognitive spaces) are visualised through concrete pictorial 
spaces. Although they are not maps, they are called "maps" (for example, in the exhibition 
Places & Spaces: Mapping Science 2007 in Oak Ridge). They have a purely external 
relationship with maps in that the sign design used in them bears a certain resemblance to the 
design of map signs. 
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