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Abstract 

The constitution of general image science enriches both theoretical cartography and the history of 
cartography with new approaches. One such new aspect concerns the view of cartography from the 
perspective of image structures, which leads to the expansion of the semiotic view. The paper 
provides a systematic overview regarding the transformation of cartographic image structures in 
different historical periods. 
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Introduction 

The historical aspects of cartography form the subject of a special discipline of the science of 
cartography (Eckert 1921/25), the "history of cartography" (actually "cartographic historiography"), 
whose development began around the middle of the 20th century (Kretschmer 1989). This process is 
characterised, among others, by the classic work of Leo Bagrow (1951), the Lexikon zur Geschichte 
der Kartographie (cf. Kretschmer et al. 1986) as well as the large-scale project History of 
Cartography, within the framework of which three volumes have been published so far (cf. 
Harley/Woodward 1987 and 1998; Woodward 2007). As a result of the "iconic turn" and the "spatial 
turn" in the social and cultural sciences, the history of cartography has taken on an increasingly 
interdisciplinary orientation since the late 1980s, whereby its conceptual framework has been greatly 
expanded. John B. Harley (2004), a co-initiator of the emergence of critical cartography, played a 
special role in this (cf. Crampton 2010, 20ff.). Among other things, he pointed out that maps in their 
history not only function as politically neutral and objective representations, but also as instruments 
of power. This aspect, which had previously been discussed only marginally or exemplarily in the 
history of cartography, acquired central importance in comprehensive works on the history of 
cartography, such as the above-mentioned "History of Cartography" and the publication by the 
historian Ute Schneider (2004).  

The constitution of a general image science enriched not only the concepts of theoretical 
cartography, but also the history of cartography. However, the image-scientific consideration of 
cartographic image forms in a historically comprehensive framework remained a desideratum of 
cartographic history. This article attempts to provide a historically comprehensive overview of the 
diverse image forms that cartography has produced in its several thousand year history. Cartography 
received its first theoretical foundations in the 2nd century AD by Klaudios Ptolemaios. Cartography 
is thus one of the oldest visual sciences. The lack of attention paid to aspects of image science in 
cartography can be attributed to two reasons: The science of cartography, but also general linguistic 
usage, separate the term "map" from the term "image". A second reason can be seen in the fact that 
semiotics subsumes the concept of image under the concept of sign (cf. Nordsieck 2014). However, a 
differentiated analysis of cartographic image structures can only be achieved if it is assumed that 
there is an overlapp.ing relation between image and sign. Iconicity" is therefore understood here as a 
pictoriality in which self-reference is present. "Symbolicity", on the other hand, is a pictoriality 
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mediated by. Symbolicity, on the other hand, is a pictoriality mediated by signs (cf. Steinbrenner 
20014). Iconicity presents individual pictorial characteristics and is only associated with idealising or 
typifying abstraction. Symbolicity, on the other hand, results from generalisation through class 
formation. In the case when an icon functions as a sign, i.e. when the sign is an icon only from its 
origin, it is iconic symbolicity. In the case of the use of abstract, such as geometric signs, there is a 
non-iconic symbolicity (cf. Beck/Wöpking 2014). With regard to the proportion of these types of 
svmboliticity, the individual cartographic image structures show considerable variations. Spatial-
structural iconicity is an invariant and constiutive property of all cartographic image structures. 
Cartographic image structures are only partially connected to physiognomic iconicity, which plays an 
image-generating role in certain types of images, such as an aerial photograph, satellite image and 
the images of representational painting (cf. Sukale 2014) (cf. Pápay 2012).  

 
Image structures of prehistoric and early historic maps  

 
The map is one of the oldest types of image. Images with a cartographic character were probably 
already available 2000 years ago. They were created by objectifying mental images; consequently, 
the topological rather than the metrical spatial relationships were in the foreground. Another special 
feature was that these pictorial structures were associated with much greater abstraction than the 
mimetic images of cave painting. Therefore, it is not possible to determine with complete certainty 
whether the early abstract representations are cartographic.  

Among the earliest secure prehistoric cartographic sources are the site plans found in Çatalhöyük 
(today's Turkey) from the 7th millennium and in Val Camonica (today's Lombardy) from the second 
millennium BC. The Nebra Sky Disk, which is considered the oldest schematic but correct 
representation of the sky, also dates from this period. More diverse are the early historical 
cartographic traditions, especially from Babylon and Egypt. The invention of writing modified the 
pictorial structure of maps, as they acquired a non-pictorial element through linguistic explanations. 
The pictorial structure of maps produced from the third to the first pre-Christian millennium also 
underwent a modification in that the metrical relations were more correctly reproduced. The celestial 
maps also had a more correct representation of the constellations, such as the map found in the tomb 
of Senenmut from the second millennium BC.  

 
Image structures of antique maps  
 
In Greek antiquity, the idea developed in the 6th century BC to represent the entire known earth on a 
map as. so-called ecumene (from the Greek "oikumene", for "that which is inhabited"). It was in this 
context that the first cartographic theory emerged, which has a picture-theoretical aspect: although 
the spherical shape of the Earth was already known in the second half of the 5th century BC, the 
representation of the ecumene was first done in circular maps and later in the 1st century in a 
rectangular coordinate system, which led to a strong distortion of the metric properties, especially on 
the northern and southern peripheries. The problem arose of constructing such a transformation of 
the spherical earth into a two-dimensional image form in which the spherical shape of the earth is 
recognisable, but in which the metric distortions are also minimised. The first attempts to solve this 
problem probably date back to the 2nd century BC, but the optimal solution to this problem was not 
achieved until four centuries later by Klaudios Ptolemaios. Three types of projection were worked 
out by him, which embodied a successive enforcement of the principle of similarity. The third 
projection already has a perspective character (cf. Edgerton 2002). The pictorial structural 
peculiarities of the map (among others, higher degree of abstraction, generalisation through class 
formation) did not yet lead to a terminological separation of the map from the images. In ancient 
Greek, the map was also called "pinax", i.e. "picture" (cf. Mersch/Ruf 2014). In antiquity, moreover, 
a completely new, three-dimensional cartographic image form emerged, the globe. The first celestial 
globe was created in the 4th century BC. The first clearly documented globe of the earth was created 
by Krates of Mallos in Pergamon around 150 BC. However, the cosmos model constructed by 
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Archimedes in the 3rd century BC probably already contained a small schematic globe of the Earth. 
From Roman antiquity, only fragmentary maps have survived, such as a city map of Rome, "Forma 
Urbis Romae", between 203 and 211 AD, which prove that the surveying methods of the Romans, at 
least with regard to smaller areas, enabled a correct metric recording of space. There is no clear 
evidence for an analogous cartographic survey of larger areas, such as the entire Roman Empire (cf. 
Brodersen 2003). The fact that the medieval nautical charts, which are called "portolan charts" 
because of the ports they list, with a fairly correct depiction of the Mediterranean, possibly go back 
to Roman models, is therefore also not demonstrable (cf. Kretschmer/Dörflinger/Wawrik 1986, 618). 
The only surviving map with a depiction of the entire Roman Empire is the "Tabula Peutingeriana", 
a medieval copy of a late Roman road map made around the year 50. Due to its function, the metric 
correctness of this map was only limited to the distances between the individual places in line 
selectivity, i.e. along the roads. The other spatial relations were only reproduced in topological 
similarity. This gave the map a diagram-like structure. Similar cartographic image structures were 
not created again until the 19th century.  
 
Medieval and early modern cartographic image structures  
 
In the medieval world maps known as "imago mundi" or "mapp.a mundi", the spatial relations were 
reproduced topologically for functional reasons. They were created in a theological context, such as 
the Ebstorf world map from around 1300. By reproducing the places of the salvation events, they 
functioned as a world map and world chronicle at the same time. By including the dimension of 
"time", these maps represented a special type of cartographic image. The metrically largely correct 
mapp.ing at larger scales was only tackled in Europe in the early modern period, in contrast to China, 
for example, where topographical cartography already reached a high level in the 2nd century BC. 
The visual revolution in the Renaissance provided important prerequisites for the development of 
European cartography in the modern era. Among other things, this included the enormous 
revaluation of the medium of images, which also initiated the search for new methods of image 
construction. According to Samuel Y. Edgerton (1974), cartography contributed to the emergence of 
central perspective image construction, in which Ptolemy's geography is said to have played a 
significant role. However, sources cannot confirm this view (cf. Pápay 1999). In the 16th century, 
numerous instructions on mapp.ing app.eared in which methods aiming at metrically correct 
mapp.ing were described, e.g. by Sebastian Münster in 1528, by Gemma Frisius in 1533, by Georg 
Joachim Rheticus in 1541 and by Paul Pfinzing in 1598. The realisation that pictures in painting are 
subject to a completely different rule of construction than maps due to their central perspective began 
the terminological separation of the map from the picture, among others by Philipp. Apian around 
1590. In the second half of the 15th century, Ptolemy's cartographic work "Geographia", translated 
into Latin, referred to the map in Latin as "pictura" - i.e. still as "picture". When inadequacies in the 
maps based on Ptolemy's data became app.arent, they were successively replaced in the course of the 
16th century by new maps that were no longer called pictures but "modernae tabulae".  

In the 16th century it became necessary to further develop the map network design theory as well: 
On the one hand, Ptolemy's grid designs had to be spatially extended as a result of the voyages of 
discovery. On the other hand, it was recognised that at smaller scales the reproduction of metric 
properties is only possible selectively. With the search for maps that were true to distance, true to 
angle and true to area, the development of numerous new map network designs began. A special 
position in this development was occupied by Gerhard Mercator, who in 1569 produced an angularly 
accurate design for maritime navigation in which the rhumb lines (curves intersecting the meridians 
at the same angle) app.ear as straight lines.  

Sixteenth-century nautical cartography produced another remarkable pictorial structure. In the 
Dutch nautical charts, such as the "Spieghel der zeevaerdt" from 1584 by Lucas Janszoon 
Waghenaer, the so-called "Vertonung" was used for the coastal representation, in which the coastline 
additionally app.eared in side view. So here a second image plane was added, which was rotated into 
the image plane of the map. This selectively achieved spatial-structural iconicity in vertical terms as 
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well. This method did not find its way into descriptive geometry until 200 years later. The creation of 
such an image construction was facilitated, among other things, by the fact that in cartography, in 
contrast to painting, where central perspective projection was already established in the Renaissance, 
the interweaving of different projections and image planes was still common in the early modern 
period. The basic construction principle of the map, the parallel-perspective top view, was combined 
with oblique views (e.g. in the depictions of places) and side views (e.g. in relief depictions).  

The eclectic pictorial structure of the Dutch nautical charts was initiated by the fact that the map as 
a spatial presentation was to be moved close to the landscape image. Attempts were therefore made 
to bring iconic symbolism closer to physiognomic iconicity. This resulted in a peculiar "picture-
within-a-picture structure", i.e. "non-map-image" pictures were incorporated into the map image. 
The "Bavarian Land Tables" from 1566 by Philipp. Apian and the maps of the first large modern 
atlases by Abraham Ortelius and from 1570 by Mercator, among others, had such a structure.  

With the use of iconic symbols, the aim was to give the maps, like the other images, a self-
explanatory character. As a result, the maps of this period largely got by without sign explanations. 
The replacement of iconic symbols by arbitrary, non-iconic signs, such as geometric figures, took 
place over a very long period of time. At first, non-iconic signs were used only sporadically, such as 
the representation of places by circles in the "Rome Way Map" by Erhard Etzlaub from 1500. 
Tilemann Stella used non-iconic signs much more extensively in the map of the Holy Land, which 
was produced in a first version in 1557 and which was also published by Ortelius. In the Ortelius 
Atlas, this map was the only one to receive a map legend.  

The increasing abandonment of iconic symbols over the next centuries occurred for various 
reasons: Due to the reproduction of increasing amounts of information, a graphic compression of the 
map symbols was necessary. The variety of information to be reproduced also increased, e.g. places 
were represented in a more differentiated way by taking different attributes into account. 
Furthermore, the arbitrary map signs had a better graphic combination ability in the reproduction of 
different attributes, which also resulted in multisemantic map signs. The reduction of iconic 
pictoriality in map design was mainly caused by the ever-improving methodology of map recording, 
which made it possible to capture the metric properties of spatial relationships more and more 
adequately. This led to the elimination of the eclectic image structure. With arbitrary map symbols, 
greater scale fidelity could be achieved than with iconic symbols. The pictoriality of the maps was 
increasingly relegated to the spatial syntax of the map signs.  

 
Processes of change since the second half of the 18th century with regard to cartographic image 
structure 

 
Beginning with the second half of the 18th century, a revolution took place in topographic 
cartography, in the course of which a considerably more precise metric reproduction of spatial 
relations was achieved, initially in horizontal terms. The "Carte geometrique de la France" begun by 
César François Cassini de Thury around 1750, which used the surveying technique of triangulation, 
had a great exemplary effect on European topographic cartography. An improvement in the scientific 
basis of map recording was also achieved through the further development of trigonometry and the 
development of the adjustment calculation, which served to eliminate measurement errors. Adrien-
Marie Legendre and Carl Friedrich Gauss were particularly involved in this.  

In the small-scale maps, which represent a larger section of the earth's surface, the reproduction of 
the metric relations is more problematic than in the topographic maps: In these, a certain discrepancy 
arises between the correct reproduction of the metric attributes in horizontal terms and the spatial-
structural iconicity due to the fact that the metric is related to the two-dimensional spatially 
homogeneous map surface for the map readers and not to the actual cartographic reference system, to 
the grid of degrees, with the help of which the elliptical or spherical spatial structure is levelled. 
spherical spatial structure. In such cases, the spatial-structural iconicity thus leads to a distorted 
perception of the metric attributes. From the mid-16th century to the present, numerous map network 
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designs were elaborated. This resulted in an enormous variety of maps with different metric image 
structures.  

Topographic cartography was devoted to the problem of rendering the relief of the earth's surface 
metrically correct and at the same time immediately vivid. Efforts to achieve an optimal 
app.roximation of such a representation shaped both practical and theoretical cartography from the 
end of the 18th century into the 20th century. The abandonment of the side view and the perspective 
view by the representation method of "hatches" (strokes illustrating the inclination of the terrain) 
meant progress, but with the subjectively designed hatches, the metric properties of the relief could 
only be reproduced selectively, for example with regard to the extent of the mountains.  

From the point of view of military spatial control, however, the correct reproduction of slope and 
elevation relationships became increasingly urgent: the efforts to deal with this problem led to the 
emergence of a cartographic methodology within a military science framework. This was the first 
attempt at theory formation with regard to an explicit cartographic image problem. This was the first 
paradigmatic development in theoretical cartography (cf. Pápay 2002): A particularly important role 
was played by the Saxon lieutenant Johann Georg Lehmann, who in his 1799 paper "Darstellung 
einer neuen Theorie der Bezeichnung der schrägen Flächen im Grundriß oder der 
Situationszeichnung der Berge" (Presentation of a new theory of the designation of inclined planes in 
the ground plan or the situation drawing of mountains) conceived a hatching representation method 
that ingeniously combined the arbitrary visualisation of slope degrees with the imitation of 
perpendicular illumination. This achieved a balanced synthetic combination of non-iconic 
symbolicity with physiognomic iconicity.  

 
Processes of change since the beginning of the 19th century with regard to cartographic image 
structure 
 
In the first half of the 19th century, the balance of this synthesis was changed in two opp.osite 
directions: For military reasons, such hatch scales were developed, e.g. in Prussia, where the 
emphasis was shifted to visualisation. The graphic structure of the hatches was designed in such a 
way that the slope classes were easier to read. The other line of development dispensed with the 
visualisation of the slope classes and placed the iconicity in the foreground by replacing the vertical 
illumination with oblique illumination, which gave the relief a much greater plasticity. This type of 
representation was particularly suitable for the depiction of high mountains and it achieved a 
breakthrough in Switzerland with the map later named after the military officer Guillaume-Henri 
Dufour, which was produced between 1845 and 1864.  

Around 1850, the use of contour lines in topographic maps began, initially in combination with 
hatching and from the end of the 18th century with shading, predominantly oblique shading. Shading 
is a special pictorial element because it depicts the relief with physiognomic iconicity and, in contrast 
to the system of symbolisation signs, has a non-separated structure. In the representation of relief in 
topographic maps, the synthetic combination of visualisation and iconicity aimed for around 1800 
was thus abandoned and replaced by an analytical combination, which is also used in the present. 
The contour line method provides a direct but selective i.e. non-continuous metric visualisation of the 
elevations, with which a certain iconic effect can only be achieved in individual cases (such as 
through the dense shading of the contour lines). Shading, on the other hand, represented the relief 
forms without gaps and with great iconic effect, but with it metric relations could not be reproduced 
in a measurable way. The possibility of achieving plastic effects by means of shading was already 
known in the 17th century. However, it could only find its way into printed maps after the invention 
of lithography.  

In the high mountain maps, the rocks could not be represented with contour lines, but were 
reproduced with nature-like rock drawings. Here, too, oblique illumination prevailed, as for example 
in the "Topographical Atlas of Switzerland", in the so-called Siegfried Map, which was produced 
from 1870 to 1922. The effort to lend physiognomic iconicity to the representation of the relief was 
particularly pronounced in Swiss cartography. In the second half of the 19th century, several 
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topographic map paintings were produced, such as the "Relief Map of the Canton of Glarus" by 
Fridolin Becker (1889). Becker tried to bring cartographic representation close to art. This line of 
development was later taken up by Eduard Imhof (1965), among others, in his school wall maps from 
the 1930s onwards. The so-called Swiss manner combined the correct metric representation with an 
artistic effect. In maps at smaller scales, attempts were made in the 19th century to visualise relief by 
means of non-iconic symbolism. This is how the hypsometric colouring came about, in which the 
intensity of the colours of the height levels was increased either upwards or downwards. Karl 
Peucker (1898) attempted to give this diagrammatic pictoriality a certain spatial effect through the 
psychological spatial effect of the colours by means of the treatise "Schattenplastik und 
Farbenplastik: Beiträge zur Geschichte und Theorie der Geländedarstellung" (Shadow Sculpture 
and Colour Sculpture: Contributions to the History and Theory of Terrain Representation). Peucker's 
colour sculpture found limited use, as did the stereoscopic rendering of the relief by means of the 
image-superimposing anaglyph process (cf. Schröter 2014). Three-dimensional effects can also be 
achieved in two-dimensional maps with the lenticular technique even without stereoscopic glasses. 
The image structure of such maps is created by multi-image visualisation, for which stereo images 
divided into strips are used. It can be assumed that true 3D maps on autostereoscopic displays will be 
widely used in the future (cf. Azócar Fernández/Buchroither 2013).  

In addition to the central image form, the map, other cartographic forms of representation with 
special image structures developed in the history of cartography. One of the older map-related forms 
of representation is the relief model (also called "Hochbild" or "Geoplastik"). The first cartographic 
relief models were created in Switzerland at the beginning of the 18th century. This image form also 
reproduces the earth's surface vertically with spatial-structural iconicity, but there is usually a 
divergence between the horizontal and the vertical metric structure. To achieve greater plasticity, the 
height scale is enlarged compared to the horizontal scale. Digital relief models, such as those from 
Google Earth, have become much more widespread than classical relief models. Another map-related 
cartographic form of representation with a spatial-structural iconicity in vertical terms is the 
panorama, which is also referred to as a circular image (cf. Buchholz 2014). The earliest known 
panorama was created in Italy in the first half of the 14th century. A broader app.lication took place 
in the 16th and 17th centuries. According to the construction principle, different types can be 
distinguished, such as the vertical panorama (depiction on a vertical cylinder) and the bird's-eye 
panorama (depiction on an oblique or horizontal picture plane). The coastal representation in the 
Dutch maps, the so-called "Vertonung" is actually a combination of the map with a vertical 
panorama.  

 
Picture structure of thematic maps 

 
Thematic maps, which accentuate certain elements of the earth's surface (e.g. road maps) or depict 
certain objects or facts (e.g. geological conditions, population density) that are not visible elements 
of the earth's surface in spatial relation to the earth's surface, also produced a variety of pictorial 
structures. Early thematic maps were, for example, the "Tabula Peutingeriana" and the 
"Romwegkarte" by Etzlaub. In the 16th century, the number of thematic maps increased, especially 
due to the history maps. The first thematic atlas was a historical atlas that Ortelius added to his atlas 
as a "parergon" (Greek for "supp.lement") from 1579. Thematic cartography experienced a great 
boom in the 19th century. The development of the natural sciences and statistics provided important 
impulses for this. With the advent of thematic maps, iconic symbols, such as pictograms, were again 
used to a greater extent in cartographic image structures. From the first half of the 19th century, 
diagrams gave the map image a new type of pictoriality resulting from the visualisation of 
quantitative attributes. The diagrams were also suitable for depicting changes over time. For 
example, in 1869 Charles-Joseph Minard used so-called band cartograms for this purpose, in which 
distance, temperature and troop strength were represented both cartographically and in tabular form 
(cf. Günzel/Nowak 2012, p. 14). However, the first attempts to visualise temporal changes began 
earlier, in the second half of the 17th century. Through the spatialisation of time (cf. Ott 2014) , such 
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as by means of lines of movement, the representation of time also acquired a spatial-structural 
iconicity. The maps with different time references are still called "dynamic maps" today, although 
truly dynamic maps could only be produced from the beginning of the 20th century: first through 
cinematographic animations and later through computer animations.  

In both static-temporal and dynamic-temporal maps, several image types can be distinguished with 
regard to the reproduction of the temporality of spatial, qualitative or quantitative attributes: In the 
static-temporal maps, different temporal levels are usually connected by a special form of "picture-
in-picture structure". In the dynamic-temporal maps, spatio-temporal iconicity can also be achieved 
if the temporal animation of spatial structures is made continuous. In thematic maps, the rendering of 
metric spatial features can be of great importance, such as in cadastral maps. However, there are also 
a number of thematic maps in which such image structure is secondary. The map images of 
topographic and general geographic cartography can be called "primary images", since here there is a 
direct pictorial reference to the earth's surface. The map images of thematic cartography, on the other 
hand, are in many cases "secondary images" embedded in primary images, since the thematic content 
is reproduced through visualisations by means of arbitrary signs. The relationship between primary 
and secondary images in a concrete thematic map is extremely diverse. It can be synthetic, for 
example, when the metric properties of the primary image remain unchanged and the thematic 
content is represented by varying graphic attributes, such as colour. It can also be analytical-additive 
when the sign bodies of the thematic rendering "tear up" the spatial structure of the primary image, 
so to speak, providing it with "holes", for example when using diagrams. This creates a new type of 
"picture-in-picture structure". Another form of this structure, the combination of the parallel 
perspective top view with the oblique view, which was already used in the early modern period, is 
used in certain modern maps, such as those with a tourist function.  

Theoretical cartography received important stimuli from thematic cartography, e.g. it contributed 
to the emergence of a cartographic image logic that was based, among other things, on a certain 
congruence between the structure of the represented object area and its graphic reproduction. In the 
cartographic literature, however, it was mainly developed in a semiotic context, e.g. by Jacques 
Bertin (1974), and only implicitly in a picture-theoretical context. Through the digital revolution, 
cartography underwent a transformation. The diversity of cartographic image structures increased 
significantly, e.g. through the connection of maps with databases by means of GIS technology (cf. 
Schramm 2009), through the interactive animation possibilities and through the improved 
methodology of dynamic and three-dimensional map structures (cf. Bedö 2014).  

 
Image structure of the map anamorphoses and the cartoids  
 
Finally, two cartographic forms of representation should be mentioned that have special image 
structures: the map anamorphosis and the cartoid, which belong to the older map-related 
representations. Three different types of image structure can be distinguished in map anamorphoses. 
In the first type, the metric relations are reproduced at different scales. This type includes, for 
example, city maps that depict the city centre at a larger scale than the peripheral areas. The second 
type reflects the spatial structure of an additional object space, in that the metric relations refer, for 
example, to travel time, to transport costs or to the size of the population. The third type refrains 
from representing any metric relation and the representation is limited to the topological relations. 
This type of anamorphosis includes, for example, schematic transport network representations.  

Cartoids go beyond the metric and topological idealisation of spatial structure by generalising 
spatial relationships. This includes graphic models developed by the economist and spatial theorist 
Johann Heinrich von Thünen (1826) and by the geographer Walter Christaller (1933). It is in the 
transitional area to abstract models that reflect the spatial structures in natural or formalised 
language.  
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