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Abstract 
Around 1800, fundamental changes took place in topographic cartography. This period saw the 
transition to the creation of modern map series with extensive spatial reference. Modernisation began in 
France. There was then a contradictory transfer of knowledge to other states in the context of military 
conflicts. The most important aspect of modernisation concerned the greater homogeneity of 
topographic maps. In horizontal terms, the metrically homogeneous representation of space was 
established. In vertical terms, significant partial successes were achieved. The importance of the 
standardisation of map design was also already recognised. Homogeneous spatial representation in 
topographic cartography primarily served military spatial control; civilian concerns were still 
of secondary importance. 
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1. Introduction 
 
Maps are space-image models. In their many centuries of history, decisive changes took place 
with regard to their structural relationships to the respective object spaces. In early maps, 
homogeneity was usually achieved only in topological terms. In metric terms, maps were 
largely inhomogeneous even in the Renaissance. In painting, the representation of space as a 
continuum only became established in the 15th century through the central perspective 
construction of images, whereby foreground, middle ground and background were organically 
connected with each other. While a homogeneous representation of space was achieved in 
painting in this respect, efforts to achieve a homogeneous cartographic representation of space 
remained stuck in the early stages. In the 16th and 17th centuries, surveying methods were 
developed that made a metrically exact representation approximately possible. However, they 
were mostly limited to the cartographic coverage of relatively small areas. Some maps 
exhibited a functional selectivity with regard to metric accuracy. This manifested itself in the 
fact that certain routes (such as roads, borders, canals), which were of elementary importance 
in terms of the map function, were recorded quite accurately. They were measured with 
chains, among other things. The spatial structure of the other map elements that were 
secondary in terms of the map function, on the other hand, was determined with less effort, 
e.g. with the help of step counting or even on the basis of eye measurement.1 It was not until 
the second half of the 18th century that the tendency to map large areas, such as entire 
countries, precisely increased. There were more intensive efforts to map object spaces with 
large-scale map spaces in order to own them, to dominate them.  
 
Around 1800, the urge to dominate space, i.e. to take cartographic possession of spaces, 
resulted primarily from military interests. The large-scale land surveys that came to full 
fruition in the course of the 19th century were mostly undertaken within military frameworks. 

                                                 
1 Pápay, Zur Raumauffassung der Renaissance..., p. 175. 



The cartographic anthropologisation of object spaces was thus contradictory, but it also had 
non-military aspects and effects on the civilian control of space2 .  
 
The period around 1800 was a time of upheaval in topographic cartography, characterised 
above all by the transition to greater homogeneity. Homogeneity and inhomogeneity are not 
among the central concepts of cartography. Only occasionally do these terms appear in 
cartographic literature, for example in connection with the inhomogeneity of sources for a 
map. Homogeneity and inhomogeneity are usually described by different terms, such as 
uniformity, non-uniformity, standardisation, etc. There are very different types of 
homogeneity and inhomogeneity, which have so far been insufficiently explicitly stated by 
theoretical cartography, although they provide an insightful approach to the analysis of the 
relations of cartographic space to object space, especially from a historical perspective. They 
can be objectively given or subjectively conditioned. A cartographically inherent, unavoidable 
inhomogeneity of the spatial representation arises, for example, at smaller scales through the 
use of non-scale signatures.  Subjectively induced inhomogeneity arises, among other things, 
from inconsistent design of map signatures in a map series or from inconsistent 
generalisation. From a geometric point of view, topological and metric homogeneity and 
inhomogeneity can be distinguished. Euclidean geometry is based on a homogeneous spatial 
structure. In the central perspective images, the homogeneous object space structure is 
transformed into a central perspective image space structure. These image spaces are 
inhomogeneous with respect to Euclidean geometry, but not with respect to image perception. 
The spatial structure of the Earth's surface is also not homogeneous with respect to Euclidean 
geometry, since it has a spherical geometry. In the maps, i.e. in the levelling of the spherical 
geometry, only a selective homogeneity can be achieved, with regard to the surface fidelity, 
the distance fidelity or the angular fidelity. The large-scale maps (topographic maps, cadastral 
maps) are an exception. With them, the metric homogeneity related to the object space 
structure is largely achievable. The situation is different with metric homogeneity in vertical 
terms. Continuous metric homogeneity is not at all possible for the relief representation on 
two-dimensional maps. This can only be fully achieved by means of three-dimensional relief 
models. In modern topographic maps, an extensive approximation to continuous homogeneity 
is achieved through combinations of contour lines and shading.3 
 
2. Enforcement of the metrically homogeneous spatial representation in horizontal 
relation. 
 
In the second half of the 18th century there was an increased need for large-scale metrically 
homogeneous maps, both civil and military. The civil needs were mainly for maps to 
determine taxation and metrically homogeneous renderings of parcels of land. Although there 
were significant governmental interests in this regard, no large-scale parcel survey came about 
in Western and Central Europe until the end of the 18th century.4 A similar discrepancy 
existed in the military field. The need for maps was both strategic and tactical. In manoeuvre 
strategy during the absolutist period, the focus was on controlling space. Space was to be 
gained by using the costly army with as few losses as possible. The enemy was to be pushed 

                                                 
2 Johann Wolfgang von Goethe reflected on this aspect in 1809 in the novel "Die Wahlverwandtschaften". When 
the captain, who was "very skilled at recording", presented Eduard with the map of his estate, Eduard "saw his 
possessions grow out of the paper most clearly, like a new creation. He thought he was getting to know them 
now, they seemed to belong to him now more than ever."  (Chapter Three)    
3 Here, a special form of inhomogeneity is present in that two different methods of relief representation are 
combined with each other.  
4 Lexikon zur Geschichte der Kartographie, p.403.   



away, for example, by occupying key positions, such as the heights "dominating" their 
surroundings. 5 
 
Maps were actually indispensable for optimising strategic action, yet this need led to the 
implementation of spatially comprehensive national surveys relatively late, only at the end of 
the 18th century. In the Austrian Monarchy, a land survey was already conceived by the 
military around the middle of the 18th century. The Quartermaster General, Field Marshal 
Leopold Joseph von Daun (1705-1766) wrote a memorandum in which he complained about 
the lack of maps during the Seven Years' War (1756-1763): "How indispensable it is for the 
military to have exact knowledge of those lands in which war is being waged, of which the 
last war has given us sufficient samples.”6 Maria Theresa ordered the cartographic surveys in 
1764. This survey, known as the "Josephinische Landesaufnahme"7 after Maria Theresa's son, 
who was entrusted with military affairs in 1765, was completed by 1787. At about the same 
time as the Austrian Landesaufnahme, a topographic survey at a scale of 1:21,333 was carried 
out in Hanover by the Hanoverian Corps of Engineers between 1764 and 1784 under the 
direction of Georg Josua du Plat (1722-1795) and Johann Ludwig Hogrewe (1737-1814). The 
Saxon topographic survey was also carried out in a military context. It was compiled by the 
Corps of Engineers of the Saxon Army. In England, the official topographic survey was 
carried out by the Ordnance Survey, founded in 1791, in 1: 63,360. Although Frederick II 
attached great military importance to the map8 and the preparation of extensive map series for 
administrative tasks9 , he only ordered topographic surveys for Silesia and Brandenburg, but 
not for the entire Prussian Monarchy.  
 
The French national survey took on a special role in several respects. The proposal to create a 
modern map series came from science. The emerging field of geodesy played a major role in 
this. Degree measurements to determine the size and shape of the earth provided an excellent 
geodetic basis for the production of metrically homogeneous maps. The proposal for the 
"Carte géométrique de la France, was put forward by the director of the Paris Observatory, 
César François Cassini de Thury (1714-1784). Work on the map began with the financial 
support of the Parisian "Académie des sciences". This map, whose scale was 1:86,400, was 
the first detailed survey of an entire country based on complete basic geodetic 
measurements.10 The triangulation, which formed the geodetic basis, had already been carried 
out in 1739/40, the detailed survey began in 1750. However, state funding for the work soon 
ceased as a result of the Seven Years' War, so Cassini de Thury set up a joint-stock company 
to finance his map.11 After Cassini's death, the mapping work was taken over by his son Jean-
Dominique Cassini (1748-1845). He was then able to present the majority of the sheets to the 
National Assembly on 13 October 1789. This map series was the first modern topographic 
map series in Europe with a high metric homogeneity.12 However, the map did not appear in 
print until 1815, as Napoleon forbade its publication. Secrecy prevented the dissemination of 
topographic maps. An exception in this respect is the topographic map of the Duchy of 
Mecklenburg-Schwerin and the Principality of Ratzeburg (1:50,000), whose map sheets were 
published between 1788 and 1793. Although this map was pre-financed and published by the 

                                                 
5 Pápay, Die Geländeproblematik..., p. 246. 
6 Quoted after: Kretschmer et al., Österreichische Kartographie, p. 77. 
7 “Landesaufnahme” means topographic mapping of the entire country 
8 Zögner, Friedrich der Große... pp. 86 - 89. 
9 Scharfe, Abriß der Kartographie Brandenburgs. 
10 On the history of this map series, cf. Berthaut, La Carte der France...; Stavenhagen, Frankreichs 
Kartenwesen...; Konvitz, Cartography in France... 
11 Torge, Geschichte der Geodäsie..., p. 71. 
12 The accuracy studies on the border area between France and Switzerland show the accuracy of this map series. 
Cf. Rickenbauer, Französische Kartierungen..., p. 4. 



Prussian colonel Friedrich Wilhelm Karl Graf von Schmettau (1743-1806), who was also a 
member of the Berlin Academy of Arts and Mechanical Sciences, it was not produced in a 
military but in a private entrepreneurial framework. 13 

 
The "Carte géométrique" had a great exemplary effect on European topographic cartography. 
However, the methodology used was not yet, or only partially, adopted.  The "Josephinische 
Landesaufnahme" with its mapping of an area of more than half a million square kilometres 
represented an enormous cartographic achievement, but this map series was by no means 
homogeneous. Due to the lack of a geodetic basis, the sheets could not be adjusted to each 
other. The scale, however, was considerably larger than that of the "Carte géométrique", it 
was usually 1:28,800. 14 
 
Topographic surveys based on triangulation, modelled on the "Carte géométrique", had 
already been carried out outside France before 1800, e.g. in England, the Netherlands and 
Denmark. In the German states, the process of basing topographic maps on geodetic 
principles began very hesitantly, e.g. in the state surveys of Hanover and Saxony. Moreover, 
triangulation was not carried out with the same precision as in France. Methodologically and 
metrologically, they lagged behind the French model. 
 
The Electoral Saxon survey was led by Major Friedrich Ludwig Aster (1732-1804). This 
Landesaufnahme was the first Landesaufnahme in the German states that was consistently 
based on a fixed point field whose coordinates were calculated from triangulation. This map 
series was not completely homogeneous metrically, as Aster was content with a single 
baseline. There were also no scale controls. As a result, the scale always increased with the 
distance from the baseline at Pirna.15 However, this map series surpassed the "Carte 
géométrique" in two respects. The scale of 1:12,000 was considerably larger and a much 
better hatching method was used for the relief representation.16 
 
There were several reasons for the reluctance of the military leadership to undertake national 
mapping. Cartographic interest was directed less towards the country's own territory and more 
towards potential theatres of war, towards enemy neighbouring territories. For this purpose, 
they tried to cover their map needs through maps of loot and cartographic espionage. In 
several states, such as Prussia, the fear of the enormous costs played a not insignificant role in 
the fact that spatially comprehensive national surveys were not undertaken.   
 
In the same period, however, there was a military need for large-scale maps not only for 
strategic operations, but also for tactical operations. For this, however, a completely different 
type of map was needed, maps or map sketches in very large scales that were updated on a 
daily basis and in which the enemy's positions were also recorded. Such sketch maps had to 
be produced as close as possible to the time of the battle.  Throughout the 18th century and 
even into the 19th century, this special form of spatial presentation, created by 
reconnaissance, played an important role. The results were map sketches (crocis) based on 
reconnaissance combined with cursory mapping (usually by eye, coup d'oeil). No metrically 
homogeneous precision could be achieved in these map sketches, which were often made at 

                                                 
13 Jäger, Die topographische Karte..., p. 9ff. 
14 On this Landesaufnahme cf. among others Regele, Beiträge zur Geschichte der staatlichen Landesaufnahme..., 
Hofstätter, Beiträge zur Geschichte der österreichischen Landesaufnahmen..., Kretschmer et al, Österreichische 
Kartographie, p. 77, p.172. 
15 Brunner, Neue Erkenntnisse...,p. 267. 
16 "In no other map before were these individual forms of the terrain recorded as precisely as in the mile sheets." 
Brunner, Wie Sachsen vermessen wurde..., p. 52. 



the risk of one's life. However, these map sketches had an indirect relationship to topographic 
cartography. To produce them, a large number of officers were needed who had mastered this 
type of mapmaking. For this reason, numerous military science works dealt with the 
methodology of "fast mapping” in the field and it became a subject of instruction in officer 
training.   
 
The French Revolution as well as the Revolutionary and Napoleonic Wars had direct and 
indirect effects on topographic cartography. The indirect effects included, for example, that 
the fear of a French invasion of England led to the topographic mapping of the south coast of 
England, which was carried out by the Ordnance Survey founded in1791 in 1:63,360. It was 
then extended to a topographic survey of the country on a trigonometric basis. 17 
 
One of the direct effects of the French Revolution was to change the institutional basis of 
topographic cartography in France. The decree of 2 April 1792 extended the powers of the 
"Dépôt de la Guerre", which was an institution of the Ministry of War, and made it 
responsible above all for cartography.18 It was also entrusted with the continuation of the 
"Carte géométrique". This institution not only dealt with practical questions of cartography, 
but also with theoretical-methodological problems, such as the standardisation of map 
symbols, the methodology of relief representation. Since 1802, it also published a periodical 
("Memorial du Dépôt de la Guerre"), which was of great importance for the further 
development of theoretical cartography. The Corps of Engineering Geographers was 
reorganised by General Étienne-Nicolas de Calon (1726-1806) and partially assigned to the 
"Dépôt de la Guerre". The training of the engineer geographers was also reformed. They first 
received their preliminary training in the "École des Ingeniurs Geographes" and from 1794 in 
the "École polytechnique". Then they were further educated in the "Dépôt de la Guerre". The 
consistent and rapid institutionalisation of topographic cartography gave strong and long-term 
impulses to cartography in France. The organisational form of topographic mapping realised 
in France became a model for other European countries as well.   
 
Triangulation got a boost in France, especially in connection with the determination of the 
metre. In 1790, the French National Assembly decided to create a uniform system of 
measurement. A commission was set up at the Paris Academy to draw up a proposal for a 
measure of length derived from nature. The commission decided on a unit of length equal to 
ten millionths of the Earth's meridian quadrant. For this purpose, the measurement of the 
meridian arc between Dunkirk and Barcelona was carried out between 1792 and 1798. A 
bimetallic base measuring apparatus was used, which solved the problem of length changes 
caused by temperature variations.19 The trigonometric measurements in France also had a 
direct impact on topographic mapping by extending them for the purposes of land surveying. 
Furthermore, the transition to the metre led to the replacement of non-round scales with round 
ones.20 With the above trigonometric activities, a development began in the course of which 
large parts of Europe were covered with triangular nets by the middle of the 19th century. 
Modern topographic cartography unfolded on this basis. Initially, the triangulation network 
was extended from the Paris Observatory via the Greenwich Observatory in 1791-1794 to the 
western tip of Cornwall. From 1795, a network was established over the Netherlands (of the 
then Batavian Republic), which was renewed in 1802-1811. Jean-Joseph Tranchot (1752-
1815) connected the left Rhine triangular network to this network. Antoile-François Épailly 

                                                 
17 Hewitt; Map of a Nation..., p. 124ff. 
18 Stavenhagen, Frankreichs Kartenwesen..., p. 179. 
19 Torge, Geschichte der Geodäsie..., p. 68. 
20 Lexikon zur Geschichte der Kartographie, p.476f. 



(1769-1859) laid out a similar network for Hanover from 1804 to 1806. Maurice Henry 
(1763-1825) then continued Tranchot's triangulation through Alsace to the Swiss border.21 
 
The scientific basis of topographic cartography was also improved by the further development 
of trigonometry and by the development of the compensatory calculus, which served to 
eliminate measurement errors. From the French side, the mathematician Adrien-Marie 
Legendre (1752- 1833), who was a co-worker of Cassini de Thury, was particularly involved 
in this, as was Carl Friedrich Gauss (1777-1855) at the same time.22 Gauss used this method 
for the land survey of the Kingdom of Hanover (1821/25). At the beginning of the 19th 
century, the measuring technique was also further developed. The theodolite was introduced 
and basic measuring equipment was improved. 23 
 
Indirectly, the French Revolution had an impact on topographic cartography in that it brought 
about a fundamental change in army organisation and overall military doctrine. In the 
Revolutionary Wars and the Napoleonic Wars, linear tactics were replaced by column and 
tirailleur tactics, which allowed better use of the specifics of the terrain. The independent 
action of the individual commanders and even of the individual soldiers, also with regard to 
the use of terrain under conditions of dissolved order and targeted single fire as well as 
bayonet charge, was not only possible but even necessary. With this new tactical approach, 
the battle gained spatial depth and breadth. This gave rise to a new need to use the map as a 
tactical tool. There were also fundamental changes in strategy. The concentration of forces for 
the decisive battle in the deployment of massed armies made the flawless coordination of 
troop units necessary, for which reliable planning documents were needed.24 For Napoleon, 
maps were very important. 25 Hardly any general before him used the map as intensively for 
planning military actions as Napoleon. In 1813, a Saxon lieutenant colonel described 
Napoleon's close relationship with maps: "The map always had to be ready, for it was 
Napoleon's portable home, seemed to bee dearer to him than other needs of life"26. Maps 
resulting from topographical surveys were used by Napoleon primarily for strategic purposes. 
For this reason, he arranged for the extension of the "Carte géométrique de la France" to the 
occupied territories at a relatively small topographic scale of 1:86,400. The use of topographic 
maps for tactical purposes came decades later. At that time, cursory map sketches still 
retained their importance.  The production of cursory map sketches through terrain 
reconnaissance as part of reconnaissance still retained its importance. 
 
The military interests for accurate topographic maps provided diverse impulses for 
cartography. The institutionalisation of practical cartography (topographic cartography) took 
place largely within a military framework. Furthermore, interest in methodological questions 
of cartographic representation and map reading deepened. This led to cartography becoming a 
significant part of officer training. Cartographic methodology also received opportunities for 
its institutionalisation in the military framework. In view of this development, it seems 
somewhat paradoxical that the preparation of a new topographic map of France was not 
undertaken during the Napoleonic period, although there was a great need for a topographic 
map on a larger scale than the "Carte géométrique". Only the cadastral survey for a more 
modern form of taxation was undertaken during the Napoleonic period (1808).27 Secrecy also 

                                                 
21 Ibidem, p. 822.  
22 Ishahara, Die Vermessbarkeit..., p. 51f. 
23 Torge, Müfflings geodätisches Wirken..., p. 97. 
24 Pápay, Die Geländeproblematik..., p. 249f. 
25 Vachée, Napoléon..., p. 69f. 
26 Cite after: Treitschke, Kriegführung und Karte, p. 225. 
27 Lexikon zur Geschichte der Kartographie, p.403. 



played a certain role, but the decisive reason was that the French army was operating on 
distant battlefields and consequently there was no particular interest in mapping France.  
 
For the further development of topographical cartography of the German lands, the mapping 
carried out by French cartographers during the Coalition Wars was of particular importance. 
In the period from 1798 to 1802, the French General Jean Hardy (1762-1802) carried out a 
survey of the Hunsrück, which was also published.28 General Jean-Victor Moreau (1763-
1813) had parts of south-western Germany mapped at a scale of 1:100,000 from 1800 
onwards. The resulting map series was published under the title "Carte topographique de 
l'ancienne Souabe" 1803-1813.29 After the territories on the left bank of the Rhine were 
assigned to France by the Peace of Luneville, Napoleon ordered in 1801 that the "Carte 
geometrique de la France" be extended to these territories as well. To fulfil this task, the 
"Dépôt de la Guerre" established a topographic office in Aachen, which moved to Trier in 
1807. Colonel Jean Joseph Tranchot (1752-1815) was appointed head of this office. He laid 
out the triangular grid already mentioned, the angles of which were measured with 
Bordaschen repitition circles. Initially, the survey was carried out at very large scales 
(1:14,400, from 1802 at 1:10,000), but was later continued at 1:20,000 to speed up the work. 
By 1812, most of the department on the left bank of the Rhine had been surveyed.30 
Napoleon also had a topographical office established in Munich in 1801, whose task was to 
survey Bavaria, which was then carried out from 1801 to 1806. In addition to the large-scale 
surveys mentioned above, a number of small-scale surveys were also carried out by the 
French engineer-geographers, for example by Epailly in Hanover. Talented young people 
from the local population were also called in for this survey work. In this way, for example, 
the important cartographer Heinrich Berghaus (1797-1884) received his cartographic 
training.31 Such a direct transfer of knowledge and experience regarding the methodology of 
topographic cartography was particularly effective in Bavaria, where Bavarian officers were 
also involved in the French mapping work.32 
 
The French recording work was continued by the German side after the removal of French 
rule. The most significant example of this is the linking to the Tranchot map by Prussian 
officers in accordance with a cabinet order issued by the Prussian King Friedrich Wilhelm III 
in 1814. For this purpose, a mapping and drawing office was set up in Koblenz 
(Ehrenbreitstein) under the direction of Major Friedrich Ludwig Carl Knackfuß (1772-1842), 
which included an average of thirty officers. This office was under the command of Major 
General Philipp Friedrich Carl Ferdinand von Müffling33 (1775-1851), who became familiar 
with the methodology of topographic reconnaissance at the beginning of his officer career and 
was an initiator of the continuation of Tranchot's reconnaissance. The extension was carried 
out by observing the French principles, and thus a complete topographic representation was 
created under the title "Kartenaufnahme der Rheinlande durch Tranchot und v. Müffling 
1801-1828". This survey had a decisive influence on the further development of topographic 
mapping in Prussia. In Bavaria, a systematic survey was carried out from 1811 onwards, for 
which the French work formed the basis.  
 

                                                 
28 Konvitz, Cartography in France..., p. 47ff. 
29 Rickenbacher, Kartierungen von Schweizer Gebieten..., p. 16. 
30 Albrecht, Colonel Ingénieur Tranchot...; Die Kartenaufnahme der Rheinlande durch Tranchot...; Müller-Miny, 
Die Tranchot - v. Müfflingsche Kartenaufnahme... 
31 Berghaus, Wallfahrt durch's Leben..., p. 133. 
32 Stigloher, Die Militärkartographie in Bayern..., p. 96. 
33 It is possible that Müffling served as a model for the captain in the "Elective Affinities" (note 2) with regard to 
mapping. Behr, Lebensbild, p. 12.  



The Prussian colonel Karl Ludwig von Lecoq (1754-1829) also adopted the achievements of 
French surveying and mapping. Under his direction, the survey of Westphalia was carried out 
between 1796 and 1805. He based his trigonometric grid on the French triangular grid. He 
also based his scale and sheet cut on the "Carte geometrique de la France".34 This survey 
became necessary when the army of observation raised at the Franco-Prussian demarcation 
line after the Peace of Basel (1795) found a lack of sufficient maps. Carl Friedrich Gauss 
(1777-1855), among others, was called in for astronomical work and theoretical advice.35 
 
Due to the decision of "Dépôt de la guerra" to extend triangulation to the neighbouring states, 
a large number of "ingénieursgéographes militaires" were sent to Switzerland in 1803. 
Maurice Henry (1763-1825), who had previously worked in Bavaria, became "Chef du bureau 
topographique de la Suisse".36 According to Napoleon's orders, the aim was to produce a map 
of Switzerland at 1:100,000 as part of the great map of Europe. When French power came to 
an end in 1814, the work had to be discontinued, but with it important preliminary work was 
done for an accurate map of Switzerland. Under Henry's direction, a triangular grid was laid 
from Strasbourg to Geneva. South of Colmar, he carried out a basic survey in 1804. In doing 
so, he was able to use a base measuring apparatus built by Jean Charles Borda (1733-1799), 
which had already been used in 1792 for the arc measurements to determine the metre.37 At 
the same time, a triangulation was carried out in eastern Switzerland under the direction of 
Johannes Feer (1763-1823). It was ordered by the OberstQuartermeister Hans Konrad Finsler 
(1765-1839). However, the networks of western and eastern Switzerland were not connected 
until thirty years later, partly because of the difficult orographic conditions in central 
Switzerland. 38 The first triangulation in Austria was started by the Triangulation Office of the 
Quartermaster General's Staff in 1807.39 Thus, in the Second (Franziszeische ) 
Landesaufnahme (1806-1869), in contrast to the First Landesaufnahme, it was possible to 
achieve extensive metric homogeneity. 
 
The French Revolution and the subsequent wars had contradictory effects. One particularly 
negative effect was that surveying and mapping became divided. With regard to achieving 
homogeneity of large-scale maps, it would have been more favourable if cadastral surveying 
and topographic mapping could have been built on top of each other, within the framework of 
a uniform form of organisation. Only in a few exceptional cases, such as in England and in 
Württemberg, was such an optimal form of organisation chosen. Mainly for military reasons, 
cadastral surveying and topographic mapping were separated from each other. In those 
German territories where the topographic survey was carried out under French influence, a 
topographic survey based on the cadastral survey was also out of the question, as this would 
have slowed down the surveying work to a great extent and this did not correspond to military 
interests. At Napoleon's instigation, mapping was carried out on a smaller scale than 
originally planned, for example in the Rhineland and Thuringia.40 The centralisation of the 
entire surveying and mapping system was also prevented in Austria and Prussia primarily for 
military considerations. 41 
 
In summary, it can be stated that the impact of the French Revolution on the development of 
topographic cartography took place on different levels and in different forms. The 
                                                 
34 Zögner, Preußens amtliche Kartenwerke..., p. 9. 
35 Pesch, Über die ersten amtlichen topographischen Karten..., p. 153f. 
36 Caminada, Pioneers of Alpine Topography..., p. 71. 
37 Ibidem, p. 184. 
38 Ibidem, p. 76. 
39 Kretschmer et al., Österreichische Kartographie..., p. 172f. 
40 Torge, Geschichte der Geodäsie..., p. 94, p. 101. 
41 Hafeneder, Überblick über das militärische Geowesen..., p. 24. 



modernisation efforts already present in French cartography were activated to a significant 
degree by the Revolution, with both the direct effect (e.g. institutionalisation of topographic 
cartography) and the indirect effect (increase and expansion of the need for maps, especially 
through the transformation of the military system) playing an important role. The French 
Revolution, the Revolutionary Wars and the Napoleonic Wars thus contributed significantly 
to the modern development of topographic cartography in the German territorial states around 
the turn of the century and at the beginning of the 19th century. 
 
3. Attempts to enforce the metrically homogeneous spatial representation in vertical 
relation. 
 
In the Renaissance period and for many decades thereafter, the relief representation was the 
map element that was most removed from metric homogeneity, because the relief was 
rendered in a pictorial-schematic side view, with the so-called "molehills". The side view was 
later replaced by an oblique view, and with the bird's-eye view the slow approach to the other 
map elements reproduced in plan began. The resulting inhomogeneity of this representation 
was unacceptable from a military point of view. Wendelin Schildknecht, for example, 
criticised the perspective representation in his "Harmonia in fortalitiis", written for "art-loving 
soldiers" and published in 1652 in Alt-Stettin, because in it "one obscures the other, like that 
adulteress her paramour under her fur."42 In the 17th century, there was already an occasional 
ground plan representation of the relief, which became widely accepted in the 18th century in 
large-scale maps. At first, the relief shapes were indicated with strokes of the contour lines, 
i.e. with hatches. Gradually, attempts were made to assign metric properties to the hatches. 
The military requirements for the representation of the relief, which partly resulted from the 
manoeuvre strategy, led to an irrational task. From a military point of view, it was important 
to know both the accessibility of the slopes for different types of weapons and the height 
ratios of the neighbouring elevations. Therefore, the hatching method should not only indicate 
the slope angles, but also the height ratios. During the second half of the 18th century, this 
principle ran like a red thread through the German-language publications on cartographic 
relief representation. Schmettau, for example, demanded of the hatching representation that in the case 
of neighbouring mountains it should be recognisable which mountain "militarily speaking, commands 
the other". 43 
 
The following problem emerged in order to achieve a higher metric homogeneity with the hatch 
representation. The conventional cartographic doctrine had to be abandoned by assigning a single metric 
property to the hatch representation.  The realisation of this task was complicated by the fact that it also 
required renouncing an overriding military doctrine that largely dominated the minds of military 
authorities at the time. There was an almost passionate infatuation for the "dominant" high 
altitudes. This mania for heights persisted among the Prussian military until the last phase of 
the wars of liberation.44 It is particularly noteworthy that this doctrine was rejected by the 
Saxon lieutenant Johann Georg Lehmann (1765-1811), who was a teacher at the Saxon 
Military Academy, even before the Napoleonic Wars. "One hears mention of a mountain's 
height above all others as its most important characteristic; they say of every higher mountain 
in relation to the lower one next to it: it dominates, dominates or commands it; whether it is 
steep or flat, flat or undulating, they pay little attention to that. It seems as if the word 
dominate, because of similar circumstances among men, sounds so sweet to their ears, so 
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sublime, that it wants to hear nothing else and the eye wants to see nothing else but dominate 
and be dominated ..." 45 
 
Lehmann's paradigm shift was not caused by changes in military practice and thus not by new 
needs for cartographic representation. Such a change only took place when Lehmann's theory 
was already available. German-language cartographic writing of the 18th century reached its 
peak in the work of "Darstellung einer neuen Theorie der Bezeichnung der schrägen Flächen 
im Grundriß ...” (Presentation of a new theory of the designation of oblique surfaces in plan 
view…), which appeared anonymously in Leipzig in 1799. Here, Lehmann presented his 
method of relief representation by means of standardised slope hatches, which were primarily 
intended to facilitate the control of space from a tactical point of view. The work attracted 
great attention. Napoleon had this work translated into French for his officers. Lehmann's 
theory caused numerous publications on relief to appear in the following period.46 It made a 
significant contribution to the constitution of the methodology and theory of topographic 
cartography as a special discipline of military science. 
 
At this time, French-language methodology only had a selective modernity advantage over 
German-language methodology, e.g. in that in France the contour line method received 
explicit reflection and application fairly early on. Marcellin Ducarla-Bonifas (1738-1816) 
presented a study on the contour line method to the Paris Academy of Sciences in 1771. The 
physicist Pierre-Simon Laplace (1749-1827) mentioned this method in a treatise published in 
1777. Jean-Louis Dupain-Triel (1722-1805) drew the first contour line map in 1782. The 
French military engineer François-Nicolas Benoît Haxo (1774-1838) and Pierre-Antoine 
Clerc (1770-1843) were among the first to draw contour lines based on height measurements 
in 1801 and 1809/11.47 This also provided evidence that the contour line method could 
accurately represent two metric properties, slope and elevation. Lehmann already knew the 
contour lines. However, he only recommended them as the construction basis for his hatching 
method. This method, however, found hesitant application in topographic maps, only decades 
later. There were several reasons for this. It was mainly due to the fact that determining 
heights was more difficult than determining positions. Around 1800, heights were mostly 
determined barometrically. Although trigonometric height determination was known at that 
time48 , its accuracy over longer distances was hardly higher.49 For example, Johann Georg 
Tralles (1763-1822), professor at the Bernese Academy, determined the heights of some 
mountains in the canton of Bern in 1788.50 Spatially comprehensive levelling was already 
carried out around 1800, but it was not "area-wide", instead it was limited to the trigonometric 
triangular network. In the first decades of the 19th century, nationwide height grids were 
established in the German states. This was also the case in Austria, for example, through 
precision levelling.51 The height grids were inhomogeneous, as each country used its own 
height datum.52 The contour line method only became generally accepted in topographic 
maps around the middle of the 19th century. Military concerns also played a role in its late 
application. In contrast to the hatching method, this method did not offer an immediate 
visualisation of the relief forms, which was very important for the military. In the 
characteristics of the contour line method, it must also be noted that the reproduction of 
metric features is not continuous. It is actually selective-homogeneous. The very small relief 
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forms between the individual contour lines are not captured. For these reasons, the contour 
lines were initially combined with hatches.  
 
3. First approaches to greater homogeneity with regard to map design  
 
Before the appearance of Lehmann's theory in 1799, there were only isolated comments in 
cartographic literature on the inhomogeneous design of map elements.  Johann Friedrich 
Keferstein (1752-1806), who taught mathematics at the Knight's Academy in Brandenburg, 
emphasised the necessity of standardisation in cartographic representation as early as 1778: 
"Indeed, it would be very good if such signs could become quite general, because this would make 
similar drawings clear and usable for everyone.53 At that time there were no instructions for the design 
of the individual topographic map series.54 A certain standardisation came about around 1800 through 
the fact that in those areas where mapping was carried out under French influence, such as in Bavaria, 
in Italy, in Savoy and in Switzerland, coordination was to be ensured through French 
regulations. The main focus was on enforcing the newly created unit of measurement, the 
metre.55   
 
In 1802, General Nicolas Antoine Sanson (1756-1824), Director General of the "Dépôt de la 
guerra", convened a commission consisting of 21 members in order to achieve a certain standardisation 
in the French surveying and mapping system.56 It included representatives from the war, mining and 
forestry sectors, as well as road and canal construction. This commission also made a significant 
contribution to the topographical representation in the French maps. However, no uniformity was 
achieved with regard to the standardisation of relief representation.57 The standardisation of relief 
representation was one of Lehmann's primary intentions. As he considered his method to be the only 
correct cartographic relief representation method, he hoped that this method would lead to the 
standardisation of relief representation in topographic maps. In France around 1800, there were many 
supporters of oblique illumination, as it enabled a very vivid representation of the relief forms, but was 
associated with an inhomogeneous reproduction of the slopes, in that the illuminated slopes appeared 
much brighter than the less illuminated slopes. In the German countries, the supporters of perpendicular 
illumination predominated, but Lehmann's method, which was based on a mathematical justification of 
perpendicular illumination, was nevertheless able to establish itself only hesitantly and in part only in 
modified form.  
 
In the German-speaking area, there was a particularly lively publishing activity in the field of 
cartographic methodology after 1800. Lehmann's study (1799) played a major part in this, as it triggered 
a multitude of modification proposals. However, it indirectly prompted the extension of unification 
proposals beyond relief to other map elements. One such approach was discussed in the Military Society 
founded by Lieutenant Colonel Gerhard Scharnhorst (1855-1813). In this society, Major Karl Friedrich 
von dem Knesebeck (1768-1848) gave a lecture in 1803 in which he stated that in the "art of situation 
signs" there was a "confusion of language like the construction of the tower of Babel"58 . Another 
approach to the standardisation of military maps came from Johann Lorenz (Lauratius) Julius von 
Gerstenbergk (1748-1813). He served in the Weimar artillery corps between 1770 and 1779, and then 
worked as a surveyor in the Duchy of Weimar and as a professor at Jena University. In 1808, he 
published instructions to the mathematical-topographical drawing theory ("Anleitung zur 
mathematisch-topographischen Zeichnungslehre”), which he dedicated to Napoleon. This 
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publication was the first manual of topographic cartography in the German language that went 
beyond elementary explanations. Here, general rules and concrete provisions were given for the 
drawing of the individual map elements.59 In his book, published one year later and dedicated to Duke 
Carl August of Weimar, Gerstenbergk emphasised the necessity that the map sketches made during 
reconnaissance should be given "regulations".60 In 1811, the Hessian engineer geographer and captain of 
the general staff Ludwig Jakob Friedrich Wilhelm von Lyncker (1780-844) also gave detailed 
design instructions for the individual map elements in his "Anleitung zur Situationszeichnung" 
“Instructions for the situation drawing”). His instructions were distinguished above all by the fact that he 
devoted great attention to generalisation. He not only outlined the factors influencing generalisation, such 
as scale, purpose and peculiarity of the objects of representation, but also their various forms, 
generalisation by object selection, by structural simplification and by class formation (term 
generalisation). 61 
 
After 1815, a uniform map design gradually prevailed in the topographic mapping. The homogeneity in 
this respect within the large topographic surveys was ensured by corresponding regulations. One 
example of this is the "Instruction für die topographischen Arbeiten des Königlich Preußischen 
Generalstabes" (“Instruction for the topographical work of the Royal Prussian General Staff “) issued by 
General Müffling in 1821. Müffling, who was also a member of the Military Society in Berlin, was 
familiar with the early approaches to standardising map elements. When he was appointed Chief of the 
General Staff in 1821, he was able to enforce the homogeneous design of Prussian topographic maps. 
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