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Abstract

Therepresentationof verticalrock facesandunvegetatedrocky outcrops
are one of the most dif�cult cartographicendeavors. This reputationhas
it' s origins in the art of handdrawn rock hachures,which is a style used
by theSwissFederalOf�ce of Topography. Handdrawn rock hachuresare
anexpensive methodto implementandcanonly beproducedby specialists
[Hurni, 1995].

Cartographersmustusegraphicaltricks to give rock facesdepictedon a
mapequivalentvisual importance,ascomparedwhenanobserverviews the
samefeaturein the�eld [Schrader, 1911].
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1 Differ ent stylesof rock representation

Thedepictionof rock canbeachievedby contourlines,colourtones(obliquehill
shading),ridge lines,hachures,hairlinesandorthophotos.Many combinationsof
theformerelementsaretypically foundonmapsin additionto varyingthepropor-
tionsof ridgelinesandhachures.

It is usefulto groupthedifferentrockrepresentationmethods.Whenthegroups
werede�ned we lookedatdifferentdrawingswith theview of digital production.

Two main groupswereformedaccordingto the amountof slopeinformation,
thekey criteriabeingthenumberof contourlines.

1. noneof few lines

2. many contourlines

Rock drawing with noneor with few contour lines

Representationsbelongingto this groupusuallycontainedslopeinformation,as
indicatedby the directionof hachuresor by the graytonerelief. The densityof
slopeinformationis notashigh asthefollowing group.

Historic cliff drawings

In mapspublishedin early moderntimes mountainswere shown in an upright
projection,similar in appearanceto amolehill, see�gure 1 and�gure 2.

In 1706JohannJacobScheuchzerproducedasketchof lakeUri (�gure 3),where
the observer views the lake from a birds eye perspective but the cliffs remainin
an upright projection. The mapalsoshows many detailsof the cliffs, faultsand
nappes.

In the19thcenturymountainsweredrawn in orthographicprojection.Hachures
wereusedto show the elevation aswell asslope,light directionandrock depic-
tion. A historicorthographicprojectionis shown in �gure 4. Themaprepresents
rock hachures,althoughit is dif�cult to seethedifferencebetweenslopeandrock
hachures.

Hachures

Many mapsusehachuresfor rock representation.Although therearerulesgov-
erning how they shouldbe drawn, eachcartographerhasa different individual
style.Thereforewehave subdividedthisgroupinto threesubgroups:�ll hachures,
shadow hachuresandgeometrichachures.
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Figure1: MountainsdepictedasMolehills in themapCantonUnterwalden,drawn
by G.Walser, 1767.Source:[Kraiszl, 1930]

Figure 2: A post-modernversionof mountainsdepictedas molehills. Source:
http://www.spiegel.de/almanach/laender/0 1518CHE00.html

Figure3: A sectionof Scheuchzersmapof lake of Uri. Source:[Kraiszl, 1930]
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Figure4: Rockhachuresasdrawn in theearly19thcenturyby RovereaandGrun-
der. Source:[Kraiszl, 1930]

Fill hachuresstyle Rocksaredrawn with a thin andsimple�ll hachure.Nor-
mally the hachuresareshort,bentbut unshaken lines. Ridgelines arerelatively
thicker thanthe �ll hachuresandintersectthemorthogonally. Ridgelinesareal-
waysrepresentedby astroke.

Figure5: Fill hachuresstyle,asdrawn by Geyer. Source:Mittenwald mapof the
”topographischesBureaudesK.B. Generalstabes”,Austria(1904)

Shadow hachuresstyle Hachuresandridgesshow thein�uenceof avirtual light
source,which meansthey aresometimesnot represented.The contrastbetween
hachures,ridgesandbackgroundis of major importance.Thehachuresareoften
drawn slightly staggeredandbent.

Shadow hachuresstyle is oneof themostcommonstylesusedon Swissmaps.
Cartographerswho have usedthisstyleare:Stengel,Bétemps,Leuzinger(see�g-
ure7), Imfeld, Becker, Imhof, Oberli,Nelles,Mi Desheng,Gilgen,...

Geometric hachuresstyle In this stylehachuresarestraightandnot shaken or
they representsmall basicshapessuchasrhomboidsandtriangles.They arenot
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Figure6: Fill hachuresstyle, asdrawn by Yates. Source:KarakoramHimalaya
mapof theRoyal GeographicalSociety, 1939.

Figure7: Shadow hachuresstyle,asdrawn by Leuzingerin 1893.Source:Map of
Albulapass,SwissFederalOf�ce of Topography.
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exactin their form becausethey aremostlydrawn by hand[Pla,1998].

This style is usedin mapsfrom the Institut Cartogr�aphicde Catalunya, Spain
(see�gure 8).

Ridges

Ridgesarerepresentedby strokeswhichvary in thickness.Therocky areais �lled
with a singlecolour, which canbe thebackgroundcolourof themap(e.g. taken
from therelief).

Thisstyleis commonin mapsfrom Austria.Anotherexampleis themapof Pik
Lenin,Russia[Hauser, 1998] or �gure 9.

Colour tones

Onsomemapsspecialcolours,texturesandreliefsareusedfor rockrepresentation
(see�gure 10, 11 and12). Colourstonescanhave thesameeffect ashachuresif
themapis viewedfrom a distance.Theboundariesandtheridgesof thecliffs are
notsharp,thereforethisstyleshouldonly beusedfor synopticmaps.
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Figure8: A mapwith hachuresin 'geometricstyle'. Source:Institut Cartogr�apic
deCatalunya,Spain,2001.

Figure9: A testmapwith ridgelinesfrom theSwissFederalOf�ce of Topography
of 1926.

Figure10: Map of theUS NationalPark Serviceof 1972(CanyonlandsNational
Park). Notethetherocksaredepictedin thesamecoloursastherelief.
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Figure11: Rocksandrelief in the samecolour (the large dark areasare rocks).
Source:MapadeTenerife;AnselmoJ.Benitez,SanFrancisco,6y8,SantaCruzde
Tenerife;(noyear).

Figure12: Map with texturedrock areasby Tom Patterson.The�nal versionhas
contourlines[Patterson,2002].

Figure13: Rock representationwith few contourlines andcolour tones. A test
mapof Dentdu Midi, SwissFederalOf�ce of Topography, 1938.
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Rock drawing with contour lines

Rocksfacesareoftenvery steepandhencecontourlinesarevery closelyspaced
andmayintersect.Theresultis analmostunreadableimage.It is normaltherefore
to remove somelines in this group. Thedifferenceto the former group(noneor
few contourlines group) is the cartographerhastried to �ll the rocky areawith
regularequidistantcontourlines. In theformergroup,theequidistantcontourlines
arereducedby default.

Contour linesonly

It is possibleto representrock areaswith contourlines only if the contourlines
haveaseparatecolourfor rocky areas.Thusit is dif�cult to recognizethestructure
of therocks.Figure16 shows a testexamplewith contourlinesonly.

Figure14: Rockrepresentationwith contourlinesonly. Part of a testmapof Dent
du Midi, SwissFederalOf�ce of Topography, 1937.

Hachures

Therearetwo kindsof hachures:�ll hachuresandslopehachures.

Shadow hachuresstyle Herehachuresandridgeslook like theshadow hachures
with noneor few contourlinesbut arecombinedwith contourlines.

The shadow hachuresstyle is seldomusedin maps. An exampleis shown in
�gure 15. Several testmaps,e.g. [Imhof, 1965] Table3 and�gure 16. The rock
drawing of Ebster(see�gure 17) canalsobeput into this group,althoughheused
hairlinesinsteadof hachures1.

Slopehachuresstyle In thisstylethecontourlinesshow themaininformation.If
therockfacesaresosteepthatthecontourlinesbecometoocloselyspreadthelines
arereplacedby vertical hachures.Hachuresin �at areascanbe usedto increase

1Froma programmersview thedifferencebetweenhachuresandhairlinesis differencein stroke
width.
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Figure15: Rockrepresentationwith hachuresandredcontourlines.Source:Himal
Chuli map,KeioUniversity, Alpine Club,Japan,1964.

Figure16: Rockrepresentationwith contourlinesandshadow hachures.Part of a
testmapof Dentdu Midi, SwissFederalOf�ce of Topography, 1938.

Figure 17: Rock representationby Ebster. Source: Alpenvereinskarte
Geigenkamm,1953.
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theeffect of striation. Ridgesandedgesarenormallydrawn with thin linesanda
breakin thecontourlines.

The slope hachuresstyle was originally usedin the map of “Gl ärnisch” by
[Blumer, 1954] whichwaspublishedin 1937by “K ümmerlyundFrey”. Thestyle
hasbeenusedandadaptedsincethenby Brandsẗatter(see�gure 18) andhis suc-
cessorsMoser, GeissandFischer(all Cartographersof Alpenverein).

Figure 18: Rock representationafter Brandsẗatter. Source: Alpenvereinskarte
SteinernesMeer, 1969.

Ridges

In thisstylerocksarerepresentedby their ridgelines.Behindtheridgelinesthere
is oftena relief or abackgroundcolour.

Thisstyleis usedin testmapsof theSwissFederalOf�ce of Topographyandby
[Hurni, 1989], (see�gure 19 and20). Mapsof AschenbrennerandKrottendorfer
(Instituteof Geography, Universityof Salzburg) suchas”Hohe Riffel” (1993)and
”AlpinzenturmRudolfsḧutte” (1993)alsousetheridgesstyle.

Figure19: Rockrepresentationwith ridgesandcontourlines.Partof a testmapof
Dentdu Midi, SwissFederalOf�ce of Topography, 1938.
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Figure20: Rockrepresentationwith ridgesandcontourlinesby [Hurni, 1989].

Colour tones

Thisstylecontainsrockrepresentationwith specialcolours,texturesandhill shad-
ing. It is equivalentto thecolourtoneswithout contourlines.

Thestyleisoftenusedin synopticmapssuchasthatshown in �gure 21,although
sometimesit is dif�cult to recognizetherock area,e.g. see�gure 22. Sometests
weremadeby [Finsterwalder, 1925] and[Finsterwalder, 1928] (see�gure 23 for
examples).Anothertestexamplefrom theSwissFederalOf�ce of Topographyis
shown in �gure 24.

Figure21: Map of YosemiteValley, US Departmentof the Interior, Geological
Survey, 1938and1949.

Orthophotos

Orthophotomapsusuallyhave contourlines,but for rock representationthey have
no other information(seee.g. �gure 25). In someorthophotomapsrock is rep-
resentedby symbolization,althoughit is rarely used. An exampleis shown in
�gure 26. In thisexampleridgeshave beencombinedwith theorthophoto.
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Figure22: A testof a very simple rock representation(”Fels in reinerKurven-
darstellung”).Original scale1:10000,1922.Source:[Kraiszl, 1930].

Figure 23: Grey rock area. The steeperthe rock the darker the colour.
Source: Alpenvereinskarte Loferer Steinberge, wissenschaftlicheAusgabe
[Finsterwalder, 1925].

Figure24: Rockrepresentationwith contourlinesanda colourtone.Part of a test
mapof Dentdu Midi, SwissFederalOf�ce of Topography, 1938.
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Figure25: Orthophotomapof MonteLeone.Source:[Hurni, 1989].

Figure 26: Orthophotomapwith ridge lines, drawn by Hölbling. Source:
[Pillewizer, 1976].

A generalclassi�cation

Thegroupingof rock drawingswill never becompletebecausetherepresentation
of rock canbe individualistic. We have attemptedto groupall known representa-
tions. Figure27 shows anoverview of thegroupingswe made.Sometimesit was
dif�cult to put a mapinto onesinglegroup,e.g. theRussianmapof Switzerland
1:50000hasa mix of �ll andshadow hachures.SomeChinesemaps2 have used
mainly ridgelinesbut have shadow hachuresaswell.

Rock represent ation

No/few contour lines Contour lines

Historic

Hachures

Ridges

Coloured areas Hachures

Ridges

Coloured areas

Orthophotos

fill shadowgeometric slope

relief slope textures

only

Figure27: Differentstylesof rock representation.

A possiblegroupingordercanalsobedeterminedby light directionandtheuse

2Such as the Mount Qomolangma(Mt. Everest)map 1:100000 by Mi Desheng,Chinese
Academyof Sciences
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of colours.Furtherthegroup'shadow hachures'canbesubdividedbecausethere
aremany mapsusingthisstyle.

Several stylespresentedin this paperwere only producedfor test purposes.
Such test mapsare often madeby researchersand not by cartographers3, e.g.
[Finsterwalder, 1928]. They arethereforenot comparableto othermaps,because
of thefollowing reasons:

- the graphicalquality of a researcherswork is not equivalent to a cartogra-
phers[Imhof, 1938],

- researchersplacesemotionsin their style[Arnberger, 1970],
- researcherdraw on their own style, whereasa the cartographermust re-

producethe style of someoneelse,e.g. compare[Finsterwalder, 1925] to
[Gilgen,1998],

- every stylehasmadeanevolution4 [Finsterwalder, 1928], in a testmapthis
evolution is missing.

2 Effectiveness

It is interestingto considerwhich style is the mosteffective. From this we can
determinea representationthatcouldbegenerateddigitally.

An effective rock representationis (amongstother things) “gute Lesbarkeit,
Vollständigkeit, geschmackvolles Äusseres,[...] anschaulich,für jedermannles-
bar” [Finsterwalder, 1925] page232. Theformertranslatesinto Englishas: 'read-
able,completeness,tastefulappearance,[...] descriptive, readablefor everybody'.

To saywhichrepresentationis themosteffectivewemustmeasureandorderthe
valuesof theterms.A simplemeasurementscaleis to assigna trueor falsevalue.

Out of theseexpressionscompletenesscouldbemeasurablebut only if thereis
an ideawhat completenessmeans.Unfortunatelyno rulesexist concerningcom-
pleteness.Several rulesexists for readability. Onesuchrule is to have enough
contrastbetweenelements,e.g. [Räber, Jenny, 2001]. But it' s not not really mea-
surableif this rulesarefull�lled. For theotherparameterswe have no rules. For
example in consideringclearness,light direction will in�uence clearness. For
[Brunner, 1998] a changein light direction is not clear enough5. Finsterwalder
prefersan orthogonallight source. In his opinion it is easierto seehow steepa
rockactuallyis (see[Arnberger, 1970] page101).

[Brandsẗatter, 1983] wrotethathisstyleismoreaccuratethanthecommonshadow
hachuresstyle. Thereareseveral reasonswhy rock representationswith noneor
few contourlinescanbepreferredto thegroupwith contourlinesin mapproduc-
tion:

3RichardFinsterwaldercalledoneof histestmaps'wissenschaftlicheKarte'. Thisdoesnotmean
that a 'normal' map can't be usedfor researchand that it was not donewith the knowledgeof
research.But a 'normal' mapis notcartographicresearch.Here[Imhof, 1938] is in error.

4An exampleof evolution is in 'slopehachuresstyle' from Blumer, Brandsẗatterto Moser, Geiss
andFischer[Brunner, 2001].

5a view supportedby theauthorof thispaper.
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- Informationconcerningheightaresometimesnotaccurateenoughto beable
to draw contourlines.

- It is not requiredto producea map that is more accurate(an increasein
accuracy oftenresultsin cost[Ingensand,1997]).

- Themapcanbemorereadable.Thismeansthedistancebetweenthecontour
linesis toosmall[Brandsẗatter, 1983].

- Map usersarenotwell trainedin readingcontourlines.

For theformerwedonothaveana priori rule to demonstratewhichrepresentation
is moreeffective.

In facttherearenorulesto indicatewhichpresentationsaremoreeffectivehence
we cannotincorporatethedifferentstylesin anorder.

3 Suitability of digital generation

Everythingthatcanbedrawn by handcanalsobedigitally drawn. Thequestionis
whetherthecostsfor drawing arehigh or low. Four levelsof costingareusedto
to grouptherepresentations.A representationcanbeassignedto a level if at least
oneof thefollowing pointsis true.

1st level

- Therepresentationcanbedrawn easilywith standardgraphicsoftware.
- Thereis a full automaticsoftwareto producethis representation.

In this level costsarelow.

2nd level

- Therepresentationcanbedrawn with a specialtool usingstandardgraphic
software.

- A semi-automaticsoftwareto producethis representationexists.
- A softwareextension(Plug-in)toproducetherepresentationexistsfor astan-

dardgraphicsoftware.

3rd level

- Partly drawablewith standardgraphicsoftware
- The representationcanbedrawn with specialtoolsor semi-automaticsoft-

ware,but needspost-editing.
- Thereis no specialsoftwarebut a cleardescriptionof how to paint (like a

cookbook).Thereforesoftwarecanbewritten.



4 CONCLUSIONS 17

4th level

- Thereis no softwareto producethis representation,this meansthey have to
bedrawn pixel by pixel

- The representationis paintedby a specialistor artist usinga high level of
intuition. It is thereforedif�cult to write asoftwareprogram.

In this level costsarehigh.

Examples

By comparingtherock representationswith the former levelsproducetheresults
shown in table1.

level style comment

1st contourlines simpleBeziercurves
colouredareas verysimple
colouredrelief program'shadow' [Hurni et al.,2001]
orthophotos- withoutediting asimplerasterimage

2nd historic(molehill)
colouredtextures needssomeexperience

3rd old stylehachures Plug-in[Hurni et al.,2001], needsedits
ridgelines(partly) Plug-in[Hurni et al.,2001], needsedits

4th romantichachures partlysolved[Hurni et al., 2001]
geometrichachures
ridgelines
slopehachures
orthophotos- with editing is anartistswork

Table1: Levelsandstyles

If representationsaremixed, thereis morework to do, thereforecostsbecome
higher. Wecountedthelevel of eachpart.E.g.:

- Thecostsof representationfor �gure 22 are:simplebackgroundcolourand
contourlines.This meanswehave twice thework of level 1.

- Therepresentationof �gure 2 hasonly molehillsprojections.Thereforewe
have theequivalentof level 2.

- Therepresentationof �gure 20 hascontourlinesandridges.This resultsin
acombinedequivalenceto level 1 andlevel 4.

Unfortunatelyvaluescannotsimply be addedbecausethe levels arenot linear in
costs.But wecancomparetherepresentationsat leastin someparts.

4 Conclusions

Rockrepresentationexist in differentsymbolization.Theserepresentationscanbe
groupedin differentstyles. The mostcommonstyle is rock representationwith
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shadow hachures.

Looking at theeffectivenesswe arenot ableto comparetherepresentationsbe-
causetheprinciplesfor effectivenessarenotmeasurable.

A possibility to groupdifferentrock representationstylesis to determinehow
dif�cult it is to generatethemdigitally. Themostcommonstylesareratherdif�cult
to generate.
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