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Abstract

Th e Federal Offi  ce of Topography swisstopo’s rock and glacier 
representation is based on aerial photos and the photogrammet-
ric plot. Like all other map content, the terrain representation 
is generalized. Th e importance of caricatured or exaggeratedly 
drawn rock is illustrated by probably the most extreme example 
in a swisstopo map and the resulting benefi t for the map reader 
is explained. Finally, the necessity of 3D aerial photos in the 
swisstopo’s rock and glacier drawing is stated.

Introduction1. 

Th e Federal Offi  ce of Topography swisstopo has introduced 
a series of optimizations in the map production process. 
In 2007 swisstopo moved from analogue to digital aerial 
photography, and in 2008 map production starts switching 
from a CAD system to a geographic information system. 
Before the introduction of these optimizations, the visuali-
sation equipment for 3D aerial photos in the cartography 
department was put in question. Th e uncertainty was based 
on the fact that the analogue stereoscopic aerial photos that 
had been used thus far were no longer available. Th erefore, 
orthophotos and 3D aerial photos as source for mapping 
of rocks and glaciers were compared to each other. It was 
decided that 3D aerial photos are still necessary in the rock 
and glacier revision. Th is paper illustrates why 3D aerial 
photos are still essential for rock drawing.

Th e representation of rock, scree and glacier is generalized 
like all other map content. Important terrain features are 
emphasized, complicated forms are simplifi ed, and less 
important ones are omitted. Th e terrain is virtually carica-
tured so that the map reader can easily identify the mapped 
area and can relate the spatial pattern to recognizable physi-
cal features.

Rock drawing2. 

A photo is a precise representation of reality, while an artistic 
caricature not only shows the physical appearance of a fi g-
ure, but also adds information about its character and traits. 
For example, Fig. 1 shows a photograph and a caricature 
of Rowan Atkinson, alias Mr. Bean, where the caricature 
accentuates Mr. Bean’s waggish and doltish character.

In rock drawing, it is the same — but with the diff erence 
that cartographers aim at accentuating important land-
forms. Take for example an orthophoto that very accurately 
portrays small details of a rock formation (Fig. 2). Unfortu-
nately, orthophotos are very bad at showing the character of 
large terrain forms. In the area depicted in Fig. 2, the most 
important landform is the impressive cliff  of Fig. 5, which 
dominates the view in nature with its almost vertical face. 
In the orthophoto, however, it remains completely invisible. 
Another problem of orthophotos are cast shadows, which 
can disguise entire mountain slopes, as for example the rock 
faces oriented in north-western direction in Fig. 2.

Contour lines are an alternative means to show major and 
minor landforms (Fig. 3). Narrow contour lines are able to 
indicate the location of the impressive cliff  of Fig. 5. How-
ever, their technical nature is too abstract for many map 
readers, who are not able to easily interpret a contours-only 
representation. Orthophotos and contour lines depict relief 
from a vertical viewing point above the terrain. Hence, the 
impressive vertical cliff s cannot be rendered as seen by a 
mountaineer neither by an orthophoto nor by a contour-
lines-only representation.

Th e rock hachure representation, on the other hand, cari-
catures the terrain (Fig. 4). Th e cartographer accentuates 
main features of rock faces and glaciers and works them out 
to show them more clearly than on an orthophoto or on a Rowan Atkinson alias Mr. Bean as a caricatureFig. 1: 
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contour-only map. Rocks faces are drawn from a side view 
and appear as seen when walking straight towards the rock 
face. A side view requires more space than an orthogonal 
view, which is the reason why the cartographer enlarges the 
footprint of a cliff .

Fig. 4 shows a masterpiece of rock hachuring by the late 
Swiss cartographer Paul Ulmer. Rock features are crisply 
and well depicted; rock masses are distinctly outlined; the 
crest and gully lines are clearly indicated; and the vivid 
modulation of brightness imitates three-dimensional shad-
ing eff ects that simplify reading of the third dimension. Th e 
map shows the cliff  with the merited prominence due to 
the exaggerated footprint, the side view, and the darkness of 
the rock drawing. Th is exemplary piece of rock hachuring 
clearly achieves its goal to give the map reader an accurate 
and authentic “natural” impression of the mountain.

At swisstopo, the revision of rock hachures is based on (1) 
photogrammetric contour lines, (2) polygons delimiting 
areas of rock, scree and glaciers, and (3) 3D-aerial photos. 
Th e cartographer generalizes a skeleton of the main rock 
features to the scale of the map and outlines them on the 
map. Within this skeletal framework, the rock hachures 
are added with an average density of about 7 lines per 2 
mm. Each hachure line is jittered, imitating the rough tex-
ture of a rock surface, and its line width varies to imitate 

a shading eff ect. Where space permits, hachures are added 
inside the fi nely detailed and lightly portrayed skeletal out-
line framework in such a way that their combined eff ect 
corresponds to the tonal values of a previously prepared, or 
merely assumed, shaded image. In this way the rock hachure 
produces a detailed image with a vivid three-dimensional 
eff ect (Imhof, 1982).

Besides its merits, rock hachuring also has disadvantages. 
For example, only skilled and trained cartographers are 
able to produce satisfactory results. Rock drawing is also 
very time-consuming and production costs are therefore 
extremely high.

Photogrammetric compilation3. 

Rock drawing starts with a photogrammetric plot. Th e pho-
togrammetric operator compares the new stereoscopic aerial 
photos (Fig. 9) with the map being revised (Fig. 6). Diff er-
ences are marked in the photogrammetric plot (Fig. 7) – the 
blueprint for the cartographer. Th e rock, scree and glacier 
areas are rather diffi  cult to plot. Th erefore, the operator 
should have some knowledge of high mountain cartography 
to well serve the cartographers’ needs.

Swissimage orthophoto, southern part of Mürtschen-Fig. 2: 
stock, sheet 1154 “Spitzmeilen”, year of fl ight 2003.
© swisstopo 2007 (BA071335).

Contour lines. Same area as Fig. 2. 1:25,000, enlar-Fig. 3: 
ged. (Imhof 1982).

Rock hachures. Same area as Fig. 2. Rock drawing by Fig. 4: 
Paul Ulmer (Imhof 1982).

Oblique aerial photo of the rock face in Fig. 2 to 4, Fig. 5: 
looking in western direction.
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Cartographic revision4. 

A detailed and accurate photogrammetric plot (Fig. 7) is 
crucial for the revision of rock areas and glaciers. A good 
rock and glacier representation takes advantage of the small-
est movements in the photogrammetric contour lines to 
characterise the terrain features (geomorphology). Th e con-
tour lines in the area of rock drawing must correspond to 
the generalized rock features. swisstopo uses an equidistance 
of 100 m at the scale of 1:25,000. Maps at smaller scales 
do not contain contour lines in rock areas. Contour lines 
in rock areas must match with adjoining contour lines in 
areas of meadows, scree/shingle or ice. In fact, it is still nec-
essary to consult the aerial photos (Fig. 9) while drawing 
rocks, even when the blueprint has contour lines of very 
small equidistance. Th e geomorphology of rock and glaciers 
is only interpretable after examining the relevant photos.

A map revision based only on photogrammetric con-
tour lines (Fig. 7) would result in a wrong representation. 
Although the abraded look of the rock representation in 
Fig. 10 might seem logical – glacial polish – the depiction 
of the revised area is geomorphologically incorrect. Upon 

comparing the blueprint (Fig. 7) to the aerial photos (Fig. 
9), it is clear that the photogrammetric contour lines are 
not detailed enough for rock drawing (Fig. 8). A quick look 
at the pair of 3D aerial photos (Fig 9) reveals the defi nitive 
connections between the movements of the contour lines 
marking the crest and the gully lines in the rock drawing.

Th e example above confi rms Eduard Imhof ’s statement that 
“contours alone, even very exact photogrammetric contours 
with a small interval, are not adequate as a basis. Good 
aerial photos and terrestrial photography, taken at diff er-
ent times of the day, and stereo-photos, in particular, are 
indispensable. On the basis of geological maps and profi les, 
one should take into account the type of rock and rock 
bedding, in order to be able to recognize certain, perhaps 
blurred relationships and characteristic distinctions more 
easily” (Imhof 1982). Imhof lists here the ideal bases for 
rock drawing from scratch for shaded rock hachuring.

Enlarged extract from the swisstopo map 1269 “Aletschgletscher”, 1:25,000, 2002 (status of the map content 1999),Fig. 6: 
© swisstopo 2007 (BA071335).

Aerial photo (year of fl ight 2005), photogrammetric plot combined with enlarged extract of the map of Fig. 6 with the Fig. 7: 
obsolete map content already deleted. © swisstopo 2007 (BA071335).
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Aerial photograph (year of fl ight 2005). Only a single photograph of the 3D set is shown here. Rock formations, glaciers Fig. 9: 
and scree areas clearly appear as three-dimensional objects when pairs of photographs are viewed with stereo restitution.
© swisstopo 2007 (BA071335).

Th e map of Fig. 6 with correctly updated rock drawing published in 2007. Th e map revision is in black and dark blue. Fig. 8: 
Th e existing map content is in grey and light blue. Th e map revision is based on the photogrammetric plot and the 3D aerial 
photographs. © swisstopo 2007 (BA071335)

Th e map of Fig. 6 with incorrectly updated rock drawing. Rock areas are graphically nicely represented, but the depic-Fig. 10: 
tion is geomorphologically incorrect. Th e index contour line in the rock area (equidistance 100 m) has been smoothed and the 
rock area is too polished. Th e map revision is in black and dark blue. Th e existing map content is in grey and light blue. Th e 
revised part is based only on the photogrammetric contours without consulting the aerial photos. © swisstopo 2007 (BA071335).
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Mapping geomorphologic features: Rock, scree 5. 
and glacier areas

A well-drawn caricature portrays the appearance and the 
character of a person in a simplifi ed way. For example, Fig. 1 
shows the mischievous, googly-eyed and bourgeois-clothed 
Mr. Bean as a “humorous simpleton”. A well-done rock rep-
resentation, on the other hand, also shows the appearance 
and character of rocks in a simplifi ed way so that the map 
reader can easily identify the mapped terrain and can relate 
to it in nature. Th e idea to apply charicatural techniques in 
digital cartography is not new, for example Lecordix et al. 
(1997) present caricature algorithms for the generalization 
of road lines.

Th e reader is invited to have a look at Fig. 11 to 14 and 
answer the following question: Which one of the represen-
tations in Fig. 12, 13 and 14 is most easily related to the ter-
restrial photo of Fig.11? Is it the map at 1:50,000 in Fig. 12, 
the map at 1:25,000 in Fig. 13, or the orthophoto in Fig. 
14? Th e question will be answered at the end of this paper 
from the author’s perspective.

A good rock drawing depicts the geomorphology well 
adjusted to the scale. Th e main rock features (visible in aer-
ial photos) drawn at 1:25,000 are: 

- Demarcation lines (limits of rock masses, particularly 
   those associated with scree, vegetation or permanent 
   snow and ice)
- Crest lines (watersheds = positive skeletal lines)
- Ravine or gully lines (drainage ditches = negative skeletal 
   lines)
- Cliff s (= main feature, as they look impressive to the 
   mountaineers and can only be ascended by well
   equiped climbers)
- Flat, or almost fl at, rock areas (= minor feature, as they 
   are not perceived as a barrier by mountaineers)
- Sedimentary rock, the bedding might be folded and 
   contorted (layers of diff erent kinds of material called 
   beds or strata) 
- General appearance of surface (eroded angular or
   polished round)

Rock face “Hardermandli”, Interlaken.Fig. 11: 

 swisstopo map 254 “Interlaken”, 1:50,000, 2003, Fig. 12: 
enlarged. Rock drawing by Friedrich Siegfried. Th e cliff , a 
tourist attraction, is exaggerated in size and drawn as it is seen 
outdoors, according to the terrestrial photo (fi g. 11).
© swisstopo 2007 (BA071335).

swisstopo map 1208 “Beatenberg”,  © swisstopo Fig. 13: 
2007 (BA071335). 1:25,000, 2001, enlarged. Th e rock 
representation is based on the photogrammetric plot and the 
aerial photos only. Th e impressive cliff s (barriers for mountai-
neers) are well depicted.

Orthophoto, Swissimage (year of fl ight 2000), Th e Fig. 14: 
impressive cliff s are hardly recognizable. © swisstopo 2007 
(BA071335).
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Th e perfect scree representation depicts the features in 
nature according to the scale. Th e typical and recognisable 
features in aerial photos are:

- Trenches (straight, often cut sharp by streams and
   landslides down the steepest slope in the debris cone)  
- Moraines
- Deltas
- Glacial erratics  (boulders)
- Inclination of terrain (steep to fl at)
- Finer-grained materials generally lie at higher elevations, 
   while the larger blocks come rather to rest on the valley 
   bottom or even on the opposite slope

A well-done glacier representation shows the features of the 
ice generalized to the map scale. As glacial features change 
much faster than rock or scree, the cartographer’s goal is 
to represent zones of phenomena, rather than to depict the 
reality exactly.

- Crevasses
- Séracs (a pinnacle, sharp ridge, or block of ice among the 
   crevasses of a glacier)
- Ice cliff s

Diffi  cult to depict are sometimes the blending of:
- Small rock forms with scree and/or earth surface
- Scree on glaciers

Understanding caricatures to improve recogni-6. 
tion

From Wikipedia – Caricature: “Caricatures have been stud-
ied in experimental psychology, with interesting results. 
Rhodes and collaborators [..][(Rhodes 1997)] compared 
recognition of caricatures to anticaricatures. Th e latter are 
created using the Brennan formalization [Brennan (1985) 
formalized the process of caricatural exaggeration as the dif-
ference from a mean face] but instead of exaggerating the 
individual diff erences from the mean, the individual diff er-
ences are deemphasized (moved toward the mean face) by 
an equivalent amount. Th e anticaricatures were much more 
diffi  cult to recognize, taking four times longer than the cari-
catures on average. More surprisingly, her study found that 
caricatures are recognized twice as fast as the default veridi-
cal (uncaricatured) drawing” (Fig. 17).

It is unknown to what extend these fi ndings can be applied 
to cartography and specifi cally rock hachuring. However, 
personal observation has shown that a caricatured rock 
drawing following the guidelines outlined above can be suc-
cessfully interpreted by many map readers.

A personal answer to the question in section 57. 

Section 5 invited the reader to have a look at Fig. 12 to 14 
and to identify the representation that is most easily related 
to the terrestrial photograph in Fig. 11. (Fig. 18 to 21 show 
enlarged sections and will be used to answer the question).

Th e author of this paper can relate the map of Fig. 19 at a 
scale of 1:50,000 very quickly to the terrestrial photo, the 
default veridical, as it is the map reader’s usual perception 
of the landscape. Th e mapped rock face helps the observer 
to orient and locate the position from where the rock face is 
observed. Th e map of Fig. 20 at 1:25,000 is more diffi  cult to 
relate to the terrestrial photo, since the face is not depicted 

swisstopo map 254 “Interlaken”, 1:50,000, 1980, Fig. 15: 
enlarged. Rock drawing by Othmar Wyss. Th e (White) Spider 
(a name well known to alpine climbers) was deleted in the 
following edition because it was considered to be too exaggera-
ted as a representation. © swisstopo 2007 (BA071335)

North face of Eiger. Th e (White) Spider is only visible Fig. 16: 
at certain snow and light conditions.

Emphasized / deemphasized portrait.Fig. 17: 
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in the map. Th e orthophoto (Fig. 21) is certainly the most 
diffi  cult one to relate to the terrestrial photo (Fig. 18).

Note: Th e rock area in the map at 1:25,000 (Fig. 20) was 
considered to be too large for a pictographic representation 
as in the 1:50,000 map (Fig. 19). For this reason, the rock 
representations diff er from each other. However, the name 
of this rock face (“Hardermandli”, with “Mandli” meaning 
short man) is labelled on the 1:25,000 map, which was con-
sidered to be suffi  cient (see Fig. 13).

Th e author’s result seems to be in accordance with the study 
by Rhodes (1997). Th e most exaggerated and caricatured 
cliff  representation (Fig. 19) is the one that is easiest to rec-
ognize.

What is your answer to my question, dear reader?

Conclusion8. 

Th e rock hachure representation has its cartographic advan-
tages compared to other methods. A good rock represen-
tation gives the reader the necessary information to easily 
identify the mapped area. Th e depicted spatial pattern relates 
to recognizable physical features.

To date, the stereoscopic aerial photos have been essential in 
rock drawing and will continue to be indispensable in the 
future. Together with detailed photogrammetric plots, they 
are indispensable in rock and glacier revision at swisstopo. 
Certain details to be mapped are invisible even in the best 
photogrammetric plot as well as in orthophotos. Currently, 
the applied multispectral (RGB + PAN + IR) stereo aerial 
photography of remote sensing, unveils important informa-
tion necessary in the process of rock and glacier map revi-
sion.

Terrestrial Fig. 18: 
photo. Default veri-
dical = usual percep-
tion of landscape by 
walking, hiking or 
biking map readers.

Map Fig. 19: 
1:50K, 254 
“Interlaken”, 
enlarged.

Map Fig. 20: 
1:25K, 1208 
“Beatenberg”, 
enlarged.

Ortho-Fig. 21: 
photo Swissimage.


