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Abstract

Therepresentationf verticalrock facesandunvegetatedocky outcrops
are one of the mostdif cult cartographicendeaors. This reputationhas
it's origins in the art of handdrawn rock hachureswhich is a style used
by the SwissFederalOf ce of Topography Handdrawn rock hachuresare
an expensve methodto implementandcanonly be producedby specialists
[Hurni, 1995.

Cartographersustusegraphicaltricks to give rock facesdepictedon a
mapequialentvisualimportance ascomparedvhenanobsener views the
samefeaturein the eld [Schrader1911].
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1 Different stylesof rock representation

The depictionof rock canbe achiezed by contourlines, colourtones(obliquehill
shading)ridgelines, hachureshairlinesandorthophotos.Many combinationsof
theformerelementsaretypically foundon mapsin additionto varyingthe propor
tionsof ridgelinesandhachures.

It is usefulto groupthedifferentrock representatiomethods Whenthegroups
werede ned we looked at differentdravingswith theview of digital production.

Two main groupswere formedaccordingto the amountof slopeinformation,
thekey criteriabeingthe numberof contourlines.

1. noneof few lines

2. mary contourlines

Rock drawing with noneor with few contour lines

Representationbelongingto this group usually containedslopeinformation, as
indicatedby the direction of hachuresor by the graytonerelief. The densityof
slopeinformationis notashigh asthefollowing group.

Historic cliff drawings

In mapspublishedin early moderntimes mountainswere shavn in an upright
projection,similarin appearance a molehill, see gure 1 and gure 2.

In 1706JohannlacobScheuchzeproducedasketchof lake Uri ( gure 3), where
the obserer views the lake from a birds eye perspectie but the cliffs remainin
an upright projection. The mapalsoshavs mary detailsof the cliffs, faultsand
nappes.

In the 19thcenturymountainsveredravn in orthographigrojection.Hachures
were usedto shav the elevation aswell asslope,light directionandrock depic-
tion. A historic orthographigrojectionis shavn in gure 4. The maprepresents
rock hachuresalthoughit is dif cult to seethe differencebetweerslopeandrock
hachures.

Hachures

Many mapsusehachuredor rock representation Although thereare rules gov-
erning how they shouldbe dravn, eachcartographehasa differentindividual
style. Thereforewe have subdvidedthis groupinto threesubgroups:ll hachures,
shadawv hachuresindgeometrichachures.
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Figurel: MountainsdepictedasMolehills in the mapCantonUnterwalden,dravn
by G.Walser 1767.Source[Kraiszl, 1937
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Figure2: A post-moderrversionof mountainsdepictedas molehills. Source:
http://www spigyel.de/almanaclaende/0 1518CHE00.html

Figure3: A sectionof Scheuchzersapof lake of Uri. Source[Kraiszl, 193(
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Figure4: Rockhachuressdrawn in the early 19th centuryby Rovereaand Grun-
der Source:[Kraiszl, 193(

Fill hachuresstyle Rocksaredravn with a thin andsimple Il hachure.Nor-
mally the hachuresare short, bentbut unshakn lines. Ridgelines arerelatively
thicker thanthe Il hachuresandintersectthemorthogonally Ridgelinesareal-
waysrepresentetly a strole.

Figure5: Fill hachuresstyle,asdravn by Geyer. Source:Mittenwald mapof the
"topographischeBureaudesK.B. GeneralstabesAustria(1904)

Shadow hachuresstyle Hachuresandridgesshav thein uence of avirtual light

source,which meansthey are sometimesot represented.The contrastbetween
hachuresridgesandbackgrounds of majorimportance.The hachuresare often
drawn slightly staggere@ndbent.

Shadev hachurestyleis oneof the mostcommonstylesusedon Swissmaps.
Cartographerssho have usedthis style are: Stengel Bétemps)euzinger(see g-
ure7), Imfeld, Becler, Imhof, Oberli,Nelles,Mi DeshengGilgen,...

Geometric hachuresstyle In this style hachuresare straightandnot shalen or
they represensmall basicshapesuchasrhomboidsandtriangles. They arenot
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Figure6: Fill hachuresstyle, asdravn by Yates. Source: Karakoram Himalaya
mapof theRayal GeographicaSociety 1939.

Figure7: Shadev hachurestyle,asdravn by Leuzingerin 1893. Source:Map of
AlbulapassSwissFederalOf ce of Topography
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exactin theirform becausehey aremostlydravn by hand[Pla, 1998.

This style is usedin mapsfrom the Institut Cartogaphic de Catalurya, Spain
(seegure 8).

Ridges

Ridgesarerepresentedy strokeswhich vary in thicknessTherocky areais lled
with a singlecolour, which canbe the backgroundcolour of the map(e.g. taken
from therelief).

This styleis commonin mapsfrom Austria. Anotherexampleis the mapof Pik
Lenin, RussigHauser 1999 or gure 9.

Colour tones

Onsomemapsspecialcolours texturesandreliefsareusedfor rock representation
(see gure 10,11 and12). Colourstonescanhave the sameeffect ashachuresf
themapis viewedfrom a distance.The boundariesandtheridgesof the cliffs are
not sharp thereforethis style shouldonly be usedfor synopticmaps.
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Figure8: A mapwith hachuresn 'geometricstyle'. Source:Institut Cartogapic
deCatalurya, Spain,2001.
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Figure9: A testmapwith ridgelinesfrom the SwissFederalOf ce of Topography
of 1926.

Figure10: Map of the US National Park Serviceof 1972 (CaryonlandsNational
Park). Notethetherocksaredepictedn the samecoloursastherelief.
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Figure11: Rocksandrelief in the samecolour (the large dark areasare rocks).
Source:Mapade Tenerife;AnselmoJ.Benitez SanFrancisco,6y8SantaCruz de
Tenerife;(noyear).

Figure12: Map with texturedrock areashy Tom Patterson.The nal versionhas
contourlines[Patterson2003.

Figure 13: Rock representationvith few contourlines and colour tones. A test
mapof Dentdu Midi, SwissFederalOf ce of Topography1938.
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Rock drawing with contour lines

Rocksfacesare oftenvery steepandhencecontourlines arevery closelyspaced
andmayintersect.Theresultis analmostunreadablémage.lt is normaltherefore
to remove somelinesin this group. The differenceto the former group (noneor
few contourlines group)is the cartographehastried to Il therocky areawith
regularequidistantontourlines. In theformergroup,theequidistantontourlines
arereducedoy default.

Contour linesonly

It is possibleto representock areaswith contourlines only if the contourlines
have aseparateolourfor rocky areas.Thusit is dif cult to recognizehestructure
of therocks.Figure16 shaws atestexamplewith contourlinesonly.

Figurel4: Rockrepresentatiowith contourlinesonly. Part of atestmapof Dent
du Midi, SwissFederalOf ce of Topographyl1937.

Hachures

Therearetwo kindsof hachures:ll hachuresandslopehachures.

Shadow hachuresstyle Herehachuresindridgeslook like theshadev hachures
with noneor few contourlines but arecombinedwith contourlines.

The shadawv hachuresstyle is seldomusedin maps. An exampleis shavn in
gure 15. Severaltestmaps,e.g. [Imhof, 1965 Table3 and gure 16. Therock
drawing of Ebster(see gure 17) canalsobe putinto this group,althoughhe used
hairlinesinsteadof hachures.

Slopehachuresstyle In thisstylethecontoudinesshav themaininformation. If
therockfacesaresosteephatthecontoudinesbecomeoo closelyspreadhelines
arereplacedby vertical hachures.Hachuresn at areascanbe usedto increase

!Froma programmersiew the differencebetweerhachuresandhairlinesis differencein strole
width.



1 DIFFERENTSTYLESOFROCK REPRESENATION 10

Figurel5: Rockrepresentatiowith hachuregndredcontourines. Source:Himal
Chuli map,Keio University Alpine Club, Japan1964.

Figurel6: Rockrepresentatiowith contourlinesandshadev hachuresPart of a
testmapof Dentdu Midi, SwissFederalOf ce of Topography1938.

Figure 17: Rock representationby Ebster  Source: Alpervereinskarte
Geigenkamm1953.
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the effect of striation. Ridgesandedgesarenormally dravn with thin linesanda
breakin the contourlines.

The slope hachuresstyle was originally usedin the map of “Glarnisch” by
[Blumer, 1954 whichwaspublishedn 1937by “K immerlyund Frey”. Thestyle
hasbeenusedandadaptedsincethenby Brandséatter (see gure 18) andhis suc-
cessordoser GeissandFischer(all Cartographersf Alpenverein).

Figure 18: Rock representatiorafter Brandsétter Source: Alpernvereinskarte
SteinernedMeer, 1969.

Ridges

In this stylerocksarerepresentedly theirridgelines. Behindtheridgelinesthere
is oftenarelief or abackgroundaoloutr

This styleis usedin testmapsof the SwissFederalOf ce of Topographyandby
[Hurni, 1989, (see gure 19 and20). Mapsof AschenbrenneandKrottendorfer
(Instituteof GeographyUniversity of Salzlurg) suchas”Hohe Riffel” (1993)and
"AlpinzenturmRudolfshitte” (1993)alsousetheridgesstyle.

A IR

Figure19: Rockrepresentatiowith ridgesandcontourlines. Part of atestmapof
Dentdu Midi, SwissFederalOf ce of Topography1938.
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Figure20: Rockrepresentatiowith ridgesandcontourlinesby [Hurni, 1989.

Colour tones

This style containgock representatiowith specialcolours texturesandhill shad-
ing. It is equivalentto the colourtoneswithout contourlines.

Thestyleis oftenusedn synopticmapssuchasthatshavnin gure 21,although
sometimest is dif cult to recognizetherock area,e.g. see gure 22. Sometests
were madeby [Finstervalder 1925 and[Finstervalder 1928 (see gure 23 for
examples).Anothertestexamplefrom the SwissFederalOf ce of Topographyis
shawvnin gure 24.
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Figure 21: Map of YosemiteValley, US Departmentof the Interior, Geological
Suney, 1938and1949.

Orthophotos

Orthophotomapssuallyhave contourlines, but for rock representatiothey have
no otherinformation (seee.g. gure 25). In someorthophotomapsock is rep-
resentedoy symbolization,althoughit is rarely used. An exampleis shavn in
gure 26. In this exampleridgeshave beencombinedwith the orthophoto.
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Figure 22: A testof a very simple rock representatiotf’Fels in reiner Kurven-
darstellung”).Original scale1:10000,1922.Source:[Kraiszl, 193(.

Figure 23: Grey rock area. The steeperthe rock the darker the colour
Source: Alpervereinskarte Loferer Steinbege, wissenschaftlicheAusgabe
[Finstervalder 1925.

Figure24: Rockrepresentatiowith contourlinesanda colourtone. Part of atest
mapof Dentdu Midi, SwissFederalOf ce of Topography1938.
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Figure25: Orthophotomapf Monte Leone.Source:[Hurni, 1989.

Figure 26: Orthophotomapwith ridge lines, dravn by Holbling. Source:
[Pillewizer, 1974.

A generalclassi cation

Thegroupingof rock dravingswill never be completebecausehe representation
of rock canbeindividualistic. We have attemptedo groupall known representa-
tions. Figure27 shawvs anoverviev of the groupingswe made.Sometimest was
dif cult to puta mapinto onesinglegroup,e.g. the Russiarmapof Switzerland
1:50000 hasa mix of Il andshadev hachures. SomeChinesemapg have used
mainly ridge linesbut have shadav hachuregaswell.

Rock represent ation

No/few contour Ilnes Contour lines
Hlstm onlm}ohotos
Hachures Coloured areas Coloured areas Hachures
TS
/Npe textures
fill geometric shadow slope

Figure27: Differentstylesof rock representation.

A possiblegroupingordercanalsobe determinedy light directionandtheuse

2Such as the Mount Qomolangma(Mt. Everest) map 1:100000 by Mi Desheng,Chinese
Academyof Sciences
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of colours. Furtherthe group'shada hachures’canbe subdvided becausghere
aremary mapsusingthis style.

Several styles presentedn this paperwere only producedfor test purposes.
Suchtest mapsare often madeby researchersind not by cartographers e.g.
[Finstervalder 1928. They arethereforenot comparableo othermaps,because
of thefollowing reasons:

- the graphicalquality of a researchergvork is not equivalentto a cartogra-
phers[imhof, 1939,

- researcherplacesemotionsn their style [Arnberger, 197(,

- researchedran on their own style, whereasa the cartographemust re-
producethe style of someoneelse,e.g. compare[Finsterwalder 1923 to
[Gilgen, 1999,

- every style hasmadean evolutiort* [Finstervalder 1929, in a testmapthis
evolutionis missing.

2 Effectiveness

It is interestingto considerwhich style is the mosteffective. From this we can
determinearepresentatiothatcould be generatedligitally.

An effective rock representationis (amongstother things) “gute Lesbarleit,
Vollstandigleit, geschmackslles Ausseres]...] anschaulichfur jedermanries-
bar” [Finstervalder 1929 page232. Theformertranslatesnto Englishas: 'read-
able,completenesgastefulappearancd,..] descriptve, readabldor everybody'.

To saywhichrepresentatiois the mosteffective we mustmeasurendorderthe
valuesof theterms.A simplemeasuremerscaleis to assignatrue or falsevalue.

Out of theseexpressioncompletenessould be measurabléut only if thereis
anideawhat completenesmeans.Unfortunatelyno rulesexist concerningcom-
pleteness.Several rules exists for readability One suchrule is to have enough
contrastbetweerelementse.g. [Raber Jenty, 200]. Butit's not notreally mea-
surableif thisrulesarefull lled. For the otherparametersve have no rules. For
examplein consideringclearnesslight directionwill in uence clearness. For
[Brunner 1999 a changein light directionis not clear enougR. Finstervalder
prefersan orthogonallight source. In his opinionit is easierto seehow steepa
rockactuallyis (seg[Arnbemger, 1970 pagelOl).

[Brandsétter 1983 wrotethathisstyleis moreaccuratehanthecommonshadev
hachuresstyle. Thereare several reasonsvhy rock representationgith noneor
few contourlines canbe preferredto the groupwith contourlinesin mapproduc-
tion:

3RichardFinstervaldercalledoneof histestmapswissenschaftlichéarte'. Thisdoesnotmean
that a 'normal' map cant be usedfor researchandthat it was not donewith the knowledge of
researchBut a'normal’ mapis not cartographicesearchHere[Imhof, 193§ isin errot

4An exampleof evolution is in 'slopehachurestyle’ from Blumer, Brandskitterto Moset Geiss
andFischer{Brunner 2007.

Saview supportedy the authorof this paper
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- Informationconcerningheightaresometimesiotaccurateenougho beable
to drawv contourlines.

- It is not requiredto producea mapthat is more accurate(an increasen
accurayg oftenresultsin cost[Ingensand1997).

- ThemapcanbemorereadableThis meangshedistancebetweerthecontour
linesis too small[Brandshtter 1983.

- Map usersarenotwell trainedin readingcontourlines.

For theformerwe do nothave ana priori rule to demonstratevhich representation
is moreeffective.

In facttherearenorulesto indicatewhich presentationaremoreeffective hence
we cannotincorporatehedifferentstylesin anorder

3 Suitability of digital generation

Everythingthatcanbedravn by handcanalsobedigitally dravn. The questionis
whetherthe costsfor draving are high or low. Four levels of costingare usedto
to grouptherepresentationsA representatiosanbe assignedo alevel if atleast
oneof thefollowing pointsis true.

1stlevel

- Therepresentationanbedravn easilywith standardyraphicsoftware.
- Thereis afull automaticsoftwareto producethis representation.

In this level costsarelow.

2nd level

- Therepresentatioganbe dravn with a specialtool usingstandardgraphic
software.

- A semi-automatisoftwareto producethis representatioexists.

- A softwareextension(Plug-in)to producetherepresentatioaxistsfor astan-
dardgraphicsoftware.

3rd level

- Partly dravablewith standardyraphicsoftware

- Therepresentatioganbe dravn with specialtools or semi-automatisoft-
ware,but needgpost-editing.

- Thereis no specialsoftware but a cleardescriptionof how to paint(like a
cookbook).Thereforesoftwarecanbewritten.
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4th level

- Thereis no softwareto producethis representatiorthis meanghey have to

bedrawn pixel by pixel
- Therepresentatiotis paintedby a specialistor artist usinga high level of

intuition. It is thereforedif cult to write asoftwareprogram.

In thislevel costsarehigh.

Examples

By comparingthe rock representationwith the former levels producethe results
shavnin tablel.

| level | style | comment |
1st | contourlines simpleBeziercurves
colouredareas very simple
colouredrelief program'shadev' [Hurni etal., 2007

orthophotos without editing | asimplerasterimage
2nd | historic(molehill)

colouredtextures needssomeexperience
3rd | old stylehachures Plug-in[Hurni etal., 2007, needsdits
ridgelines (partly) Plug-in[Hurni etal., 2007, needsedits
4th | romantichachures partly solved[Hurni etal., 2007
geometrichachures
ridgelines
slopehachures
orthophotos with editing is anartistswork

Tablel: Levelsandstyles

If representationare mixed, thereis morework to do, thereforecostsbecome
higher We countedthelevel of eachpart.E.g.:

- Thecostsof representatiofor gure 22 are: simplebackgroundtolourand

contourlines. This meanswve have twice thework of level 1.
- Therepresentationf gure 2 hasonly molehills projections.Thereforewe

have theequivalentof level 2.
- Therepresentationf gure 20 hascontourlinesandridges. This resultsin

acombinedequivalenceto level 1 andlevel 4.

Unfortunatelyvaluescannotsimply be addedbecauséhe levels are not linearin
costs.But we cancompargherepresentationatleastin someparts.

4 Conclusions

Rockrepresentatiosxist in differentsymbolization.Theserepresentationsanbe
groupedin different styles. The mostcommonstyle is rock representationvith
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shadav hachures.

Looking atthe effectivenessve arenot ableto comparethe representationke-
causeheprinciplesfor effectivenessarenot measurable.

A possibility to group differentrock representatiostylesis to determinehow
dif cult it isto generatéghemdigitally. Themostcommonstylesareratherdif cult
to generate.
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