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Abstraci

The strategic position of Catalonia in the Mediterranean
region, straddling the route between central Europe and
Alrica, propelled the development of cartography from
the Middle Ages onward. Because the territory is rug-
ged, detailed mountaim maps are an important part of
the Caalontan cartographic legacy, The Cartoteca de
Catalunya - the Catalan map library = has niee examples
al old taps centred in o mountain areas) Todav, advanced
technelogies are being implemented by the Instito Car-
togratic de Catalunya w generate a wide range of carto-
graphic products, including monimtain maps, These old
mraps and the cwrrent cartographic produces, preserved
or produced at the Instimt Cartografic de Camalunya,
contribute interesting examples of mountain cartogra-
phy to be offered ina publicaton focused in this opic,

This paper is divided into two parts, The first - after a
Briet mtreduction describing the Caralan reliel in order
to lacate the mountain areas in the werritory — gives a his-
torical overview of cartography in Catalonia, showing
some examples of old maps, This sverview 5 included in
the context of mounain cartography because o large
number of maps of Catalonia produced during the st
pwier centures wert centred in mountamn areas: This over-
view helps to explain the evolution of some mountain
maps untl the current production ar the Instionn Car-
tagratic de Catalunya, which comprises the second part
af the paper. Moreover, the thematic products related 1o
mountain cartegraphy = some series that include a large
number ol sheets of mountainons areas — will be also in-
cludedd in the paper. The paper is focused more on the
presentation of mountain cartographic products than on
i detailed descripnon of the processes or the problems
encountered n the producton of cach praduct, More
detailed information about some of the products can he
found on the Tnternet at htep:/ /wwwice.es,

Blanea Baella and Maria P, [usanue Cartografic de Catalunyas, Fare
e Menbuic, ORI Barcelona, Spann Tel: 54 93 3671500, Email:
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Catalonia: A Mountainous Country
atalonia s bocated in the northeast of the Theran
Peninsula, occupying approximatelv 32,000
square kilomeires, bounded by the Pyrenees in
the north; the Mediterranean Sea in the east, and other
regions of Spain in the west and south,

The mastly mountainogs 1311:_[51;:;1[_11-, with mare than
0% of the area being higher than 500 metres above sea
level, ean be classified into four physiographic regions,
T the north, the Pyrences reach altitudes greater than
30000 metres, and the pre-Pyrenees - a mountain range
that runs parillel to the Pyrenees — has altitudes berween
O and 2500 metres, In the east, 7Hmetre mountain
ranges Tin parallel to the central part of the coast. Nar-
row (lal areas can be tound along: the Mediterranean
and between these parallel mountain ranges - which in-
crease in elevaoon inland (the summits of Montseny,
Montserrat, and Montsant reach about 1600 metres). In
the southwest, the landseape is composed of high pla-
teans and eroded stopes that become gentler to the west
Alsoin thisarea, the basin of the Segre River forms a fla
aren with alttodes lower than 200 metres, Finally, in the
southeast, the Ebre River flows into the Meditercanean
Sea, wherd it has formed o delia,

The altitude and the velief are depicred in the hypso-
metric and shaded velief maps in Figures | and 9,

Cartography in Catalonia:

The Institut Cartografic de Catalunya
Caralenia has a long wadition in cartegraphy, During the
tourteenth century, the Kingdom of Aragon, which also
included the regions of Catalonia, Valencin, and Major-
¢i, founded an important school of cartography in Ma-
jurci, The school specialized in the producton of
portelans = nautical charts contaning detailed nforma-
tion [or sailors, The adoption of the compass as a naviga-
tional aid contributed e the increased use of portolans.
In addition, at least two portolans were required by King
FPere 1 (1319-1387) o be carried on all Caralan ships.
Portolans depict navigation routes, landmarks, terrestri-
al features, and map names, mainly in Catadian. The
coastline on these maps remained the most precise de-
piction available until the cighteenth century. One note-
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Fygure 1. Hypsowmeiric wap of Catelonia. Institut Cartogrific de
Claiterlienive,

Figiire 2. Sheded relief map of Catelome. Institut Caviogrific iy
Cataltenye.
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Fugure 3. Plolemaic mafs of the Iberian Peninsuln, Probably by Sebastian Miinster, Basel, ea. 1550, Cartotera de Catalunya, Distited

Curtografic de Catalunya.
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Figure 4. Detail of Cataloniae principatus descriptio nova
Publeshed an the Atlas sive cosmographicae meditationes
de fabrica mundi et fabrican figura, by Genardus Mercator
(Gerhard Kremers, Amsterdam, 1613, Cartoteca de Catabunya,
Mstitue Coartogmific ife Catalunya. .

worthy Majorcan portolan is the Atlas Catald of Abraliam
and Jatuda Cresques, Edited in 1575, it is preserved in
the Biblicthéque National of Paris and s considered a
masterpicer of medieval cartography.

Portolan production continued unal the eighteenth
century, In the Aiteenth century, henvever, most Major-
can cartographers emigrated (o [aly, Thereatter, during
the sisteenth and seventeenth centuries, forelgners em-
plosing the Payvs-Bas technical advances and arristic swles
mainly produced Caralan cartography (Figures 3 and 4)-
- From the last years of the seventeenth century unul
the beginning of rhe nineteenth cenouey, the wars
against France were the main reason for Catalonian BRI
production. Military engineers in the employ of the
Spanish, Freneh, English, or Austrian armics produced
maps of cities, routes, and sirategic regions (Figures 5, 6,
Toand 8).

The Insututo Geogrifico v Estadistico (16E), the pred-
voessor of the present Insdmto Geogrificn Nacional
L), was credated in Madrid in 18700 Its. fAagship
50 000scale serics, Mapae Topograficn Naconal (MIN) de
Hspann, was initiated in 1875 and completed in 1970,
Uhe first sheer of Caalonia was published in 1918. Dur-
mng the same period. the Army and the Navy developed
thelr own maps for military use and also collaborated in
the publication of the MTx 130,000 series {Figure 9,

In Caalonia during the nineteénth century and the
beginning of the twentieth century —a time of tight fi-
nances [on the Spanish government — most new carto-
graphic projects were undertaken to support indusirial
development. Private and local public initiatives, such as
the building of the railway network, hydrological pro-
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jects, and the improvement of the road nemwork, typifv
these cartographic products.

The last years of the nineteenth cenory witnessed the
growth of hiking as an outdeor activite. The Cluh alpin
frangais, created in 1874, published a significant number
of maps of the Pyrenees and other mountainous areds in
Catalonia. The Associacié Catalanista d Excursions Cien-
tifiques, founded in 1876 and predecessor of the presemt
Centre Excurstonista de Catalunya {cec), introduced the
need for a public mstitution o produce o topographic
map of Catalonia using the latest technical methods,

At the beginning of the twentieth century, the high de-
taned for energy for industeial purposes forced the devel-
opment of hydroelectric energy in moontain areas. Maps
to suppert the building of hyvdroelectric power stations
were the frst need of these huge projects, Cartographers
from Switcerland, France, and Canada introduced new
technologies, such as photography and photogrmmery,
tor the generation of this precise cartography. Most el this
cartegraphy depicted prime hiking areas and wasvery of
ten used as basic information in publishing hiking maps
at smaller scales, Examples include the Mape del Cadd an
FA0000 scale {1922y edited by Kimmerly & Freyin Bern,
the Mapa de Cabdeflaar 101000 seale (19230 edited by Fs-
tdics vy Construcciones Locher SA. from Switeerband,
the Mapa de Tuvasean ar 110,000 scale (1025) edited by
Societe frangaise de stéréotwopographie from France, the
Meapa del Mondsenyar LBOGOU scabe (1924 edited by kiom-
merly & Frey from Bern, and the Pyrenees maps edited by
Frane Sehrader (Figuee 103,

Ar the same time, local municipal and provineal gow
ernments stacted to publish maps at several seales cen-
red in their geographic areas. One of these organ-
wations was the Served del Mapa Geografic, Greated an
L9144 by the Diputacio de Barcelona, with support from
the Spanish  government, they  produced  the Meapa
Creaprefie de Catelwnyiral o seale of 1:100,000 (Figure 11),
Although not published vet. the 16 allowed car tograph-
i miormation cmnpitml for the strs 150,000 1w he
usecl. The series was o include 43 sheers, but production
was stopped in 1939 after the publication of anly 11
sheets because of the Spanish Civil War

During the short period from 1931 10 19349, the Gen-
eratitat de Catalunya (Catalan antonomaous government)
assumed the responsibilities of the Servet del Mapa Ge-
ografic, which was ransferved again w the Diputacio de
Barcelona after the Civil War: A map of Catalonia ac
1200000 scale was one of itsmain produces {Figure 127,

After translers berween Spanish and Cuatalun govern-
ments; the Served del Mapa Geogralic was finally as
signed in 1983 to the Instinn Cartogrific de Catalunya
(rea, Iowas created one year earlier 45 an autonomaons
commercial, industrial, and financial organ of the Gen-
eralitat de Catalunyva, From the heginning, while carry-
ing on the work started by its predecessors, its over-
arching goal was to modernize cartographic studies and
production in Catalonia, Innovation was encouraged. In
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Figere 3. Plan du siege de la ville de Barcelone avec ki carte de la cote de la mar depuis le cap de Cervere jusquans
environs de Lioh vat, Pubiished in Les Gloricuses Conguestes de Louis le Grand, rov de France et de Navarr, Py,
TR9%, Charloters de Cetdalurye, Tnstitid Cartogrefic di Catadunya.
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Figare 6 Fragment of La Cawalogne, by B Placde, Paris, 1792, Cartotera do Cataluwnya, nstitud Cartografic de Catalunyea.
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agure 7. Faesimile of Xuaevn mma i elel Principado de Cataluna ¥ sus contines; by (Wegreer de Tiaverser ©d Avdena, Comte e
Darnius, Barcelona, 1726, Cartoteca de Catalunya, Institut Carlogrefic de Catalunya.
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Figure 8, Detal of Carta militare della Catalogna: per servire alla Storia delle buppe italiane nelle diverse posizioni ¢
spedizioni di piu esercin dal 1808 al 1813, Published in the atfay Stovia delle campagne o degli assedi degl'italiani in
Spagna, v Camilo Bacand, Mifan, 1823, Cartoteca e Cruitetleereva, Tastitut Covtogrific de Catalivnya,

1945, the 1o assumed the management of the Geologi-

cal Survey of Camlonia
The purpose of the Instinu Cartografic de Catlunya

i the development of cartographic and geologic intor

mition, specifically:

* Producing, reproducing, and disscminating the basic
cartographic work of various programs underway
throwghour Caralonia

* Densitving and surveving the lower-order geodetic net-
work

* Providing the cartographic products necessary 1o sup-
port moad construction and public works projects
thromgghour Catalonia

* Executing programs for the development of thematic
cartography, and using remote-sensing techniques o

CARTOCRAPFICA, VOLUME 32,6 L&, sPRING /SUMMER 2001

mentitor and evaluate nataral resources, such as este-
mating areis affected by fives, Land use, and geology

e Creauny. siructuring, and oreanizine the Cartoteca de
B = L

Caralunya {“The Catalan map library™), which coords-
nates the compilation and study ol the available oo
graphic and geographical documenation

« (Crealing cartographic databases that are veed with au-

tomated ‘systems for cartographic design and pro-
duction Besides basic cartography, this process also
Facilitates the immediate application of services such as
public works and official land regisory,

* Coordinating the cartographic workedone by public or

private institutions and, in some instances, conperat-
ing with public and private organizatnons with similar
L POses
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Figure 9. Costa oriental de Espana: Hoja xin: Desde el eabo de Tortosa hasei la punta de La Palomoera, Published Iy

Dizeccion de Hidrografia, 1. Rafeel Pardo de Figueroa, Madrid, 1890, Carioteca de Catadirya, Institut Cartogréfic de Catalunya.

Mountain Cartography Produced by the Institut
Cartografic de Catalunva
The production of the Institur Cartogrific de Caalunya
is hased on the generation of digital ropographic and
thematic databases and orthoimages bevween 15000 and
LiEZ50.000 scales. Paper and raster maps are derived s
ing these digital databases. The 1co cartographic produc-
ton related to mountain cartography can be classified
into twa generic vpes according o the contents: themat-
ie mountain products and topographic and image prod-
ness. Examples of thematic products are the snow
avitlanche database, its derived HAps, and hiking maps.
Some topographic and image series include a large
number of sheets of mountanous areas and also provide
good examples of mountain cartography.

TOPOGRAMIIG DATABASE OF CATALONIA AT
FIHO00 SCALE
The E5000scale Topographic Base of Catalonia — a top-
ographic database in vector format — covers the entire
region at the largest scale. The project was started in
1985, The digital vecror data were digitized using analog-
ical and analvtical photogrammetric sysrems, but the in-
formation was never structured to ereate a geographical

CARTOGRAPHICA, VOLUME 38, # 142, SPRING/SUMMER 2001

database for c1s purposes, so 11 s only “spagheni” data.
With the collected ropographic information, a digital
terrain mode] (pry) was produced in grid format with
one clevation point every 15 metres. This pTs was subse-
quently used in the orthopholo rectification and in the
generation of shaded relief for maps at smaller scales.
This first version was (:f;mpl:_-n}:d in 1995,

In 1996, updating was started using digial photo-
grammetric systems, which allow superimposition of ster-
en images and vector data, Some changes were
inntroduced in the data structure in order to obtain a cis-
oriented database and o tacilitate further generalization
at smaller scales. New database features include poly-
gons,  hvdrographic and  communication  networks,
blacks in urban areas that help o define the sirect net-
work, and classification of map names.

The use of a digital terrain model (o) instead of
digital surface model (psm) in the orihophoto rectifica-
tion can generate distortions in bridges and high build-
ings, as is shown in Figure 13, To solve this problem, the
new data model was designed to store both the s and
the psy. Figure 14 shows the same orthophoto rectified
using & by Both models are available in irangulanon
and grid formats.
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Figure 11 Mapa geografic de Catalunya 1 100,000, Sheer of Tortovea. Published by the Manvomunitat de Catalunya, Barcelona,

P923. Cartotecu de Catatunya, Institut Cartografic de Catabenya.

Stercoplotied features for the prw generation include
profiles, breaklines; spot heights, and flar areas such as
poends or lakes. Only in a few areas with complex terrain
are contour lines directlv compiled to infer breaklines
during generation of the triangulation model. Moreover,
all planimetric feutures captured on the ground are used
a4 breaklines, In psu generation, the elevauon of areas
cowered by buildings or bridges substitntes for the ter-
1A,

I menmraineus areass the main problem s pocurately
modelling clifl arcas. Minimizing crossing errors re-

quires digitization of one breakline on top of the ¢lift

and another at the bottom. Sometimes the botram of thie
cliff is not clearly visible in the phatogrammetric stere:
opair, and 1t is difficult for the cartographer to make @
COorrect Interpretaion,

DTM data are verified during the datcapture stuge
by applving differen: techniques 1o detecr and corrert

CARTOGRAPHICA, VOLUME 38, # 142, SPRING /SUMMER 200]

crrors. Crodsing wests between allimetric Features allows
quewing and assigning the correct high value 1o the e
Foneous crossing points, Automatic generation of con-
tour dines allows the results of interpolation 1o be
analysed in relation o these elements. Finally, the gener
ation of shaded relief gives an idea of the tuality of the
trrat grid and helps in detection of small errors, All these
verification processes can be repeated until the digitized
data are of acceprable qualite. In data processing, special
applications are required during triangulation 1w avoid
vertical triangles, which are not supported by most com-
mercal software, In some areas, the poor resuls in the
generation of automatic contour lines show the need 16
improve the algorithms used w derive contours from el
evation databases. Although the result is accurate, it is
ditficult to obtain the same aesthetical cuality as that
achieved from manual compilaton,

From the 1:5000:scale Topographic Base of Catalonia,
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Figure 12, Mapa de Catalunya, Published by the Generalilar de Catalunya, Baveelons, 1936, Cartoteca de Catalunya, Institiut

Eartogrefic de Catelunsa,

the map is gencrated by applving automaue selection
and symbuolization of [eatures during ploting (Figure
15). Representation of cliffs s the main problem for
monntainous areas, where the high density of contour
lines can compromise legibiliy of the: map. The paper
map 1s plotted on demand at e using ink-jet plotters. A
eligital raster version is also distriboaned,

From this datubase, the topographic map at 1:10,000
seale s generated by applving carnographic generaliza-
tion, After analysing public demand for the 1:5000-scale
Topugraphic Map of Catalonia, it was determined that an
intermediate scale berween (the TA000 and  1:25,000

CARTOURAPHICA, VOLUME 55,4 142, SPRENG/SUMMER 2001

womld safishy the requirements of users who wanted o
cover areas with fewer sheets. Two main factors guided
the cholce of IO scale: the availability of existing
data and the potental for low cost i these data were o
be generalized, Using the LB0O0-scale Topographic Da-
Labuse: for generating the 110,000 series, the factor be-
tween the input and the outpui scales is low cnough o
avincl ]a:l'gc' Costs i lh!: overall generalization. The final
product s a map, not a database. In this case, the gener-
ation of a database ac LD scake is not justified e
canse it wiondd be oo close o the original ar LR000 scabe.
The new map doesn’t contain more information than
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Fugrre 130 The twage shows an erthophaote rectified wsing a Funre 14, The tmage shotey the saue o thaplota receified
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Figure 15 Datail of the Mapa wopogratic de Catalunva 15,000, Monestr de Montserran F999 Fastit Cartografic de
Clateliereye,
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Fagure 16, Detarl af the Mapa topografic de Catalunya 110,000, Monistrol de Montserrat, 2000, fustitut Coirtagrafic de

Crtalunva.

the original from which 1t was derived. It is distributed
en paaper and as a digital raster map, but not as a vector
database (Figure 16,

Anather product to be devived from the 1:5000 Topo-
graphic Base of Camlonia will be the Topographic Base
of Catalonia ar a scale of 125,000, This product aiso will
be created by applving automatic generalization. The
project bas just started and 15 focused mainly on obain-
myg a database,

FOPCHGRAPHIL DATABASE OF CATALUNIA AT
EIR0L000 SCALE
The 1:50000-scale Topographic Database of Camlonia
steries was initiated in 1990, The planimetric information
wits compiled by digitizing 2D vector data from 1:95.000.
seale colour orthophoto images, using digital svstems fon
the image display and data capiare. These basic darm
were supplemented with fleldwork and other informa
ton, mamly the rowd nework and natonal parks, ob-
tained [rom several departments of the Generalitar de
Catalunya, The contour lines and spot heights were ob-
tained from the 15000 Topographic Database, the con-
tenn lines, from the ptM, and the spot heights, from
manually generalizing the topographic daa. The origi-
ol s was collected ar L3000, and at this moment
there are nointelligent tools for 1s generalization to ob-
tam representatons at small seales. Simple 1o0ls on the
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grid data, such as sampling or smoothing, are used with
conservative parameters, woavodd eliminaion of main
characteristics of the terrain wgether with the details,
Autommatic contour lines derived from the generalized
OTM requires, in most cases, manual editing to achieve
acsthetivally satistving results,

The digital dutabase was created 10 provide 1opo-
graphical base information for is projects of several
public and private companies and to publish the series
Mapa Comarcal de Catalunya at 150,000 scale (Figure 17).
Forty-one maps - covering all of Citalonia — were pub-
lished beween 1490 and 1995, Formaued o show a
eomarce, 4 Catalan administrative unit, the map sheets
vary in size, depending on the ares and shape of the
comarca being represented. The digital shaded relief
usedd o these maps was generated antomatically from
the ors. The algorvithm was developed ar the 1oc and
tses the contrast as minimum and maximum percentage
it colour, the vertical exaggeration, and the light direc-
tivn as parameters. There are plans to also ake intg ac
count new parameters, such as the slope. The inter-
action between parameters makes it difficult o predict
resules; especially in mountainons areas, and  many
proots are required to obtain the final product, Dreskiiop-
publishing software was sometimes used o improve the
appearance of satomatically generated shaded relicl.

In 1996, the updating was started, using new digital
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Figure 17, Mapa comarcal de Catalureva 150000, Al
Ribﬂrg{rrf,'u. 1995, fustitud Cavtagrafic e Catalunya,

orthophoto images. The pressure to publish the updated
maps quickly did not allow concurrent updating of the
database, forcing 1he creation of wo related but differ
ent product lines: the database and the map. The second
edition of the map was completed in 1998 and the third
edition was completed in 2001, Updates ta the first ver
siont of the database were started tn 2000, and the second
version {related to the third edition of the maps) was
also completed in 2001,

Limited  numbers of  1:100,000=scale  topographic
maps of Catalenia have also been derived fromm the dara-
base. The first one, the Mapa Topografic de les Comargues de
{Lbre, published in 1996, is noteworthy for being the first
map produced using autematic generalization wols at
the 1.

THEMATIC MAPS OF CATALONIA Al FI2 5000 ScALE
The thematic series ar 125,000 scale mostly comprises
avalanche and geological maps, Other maps are centred
o national parks and areas of special socio-ceonomic m-
tevest, Producing topographical base information is the
maim problem plagoing thematic maps ar this scale,
which will be solved with the creation of the Topograph-
ie Basc of Catalonia at a scale of 1:25,000 derived by gen-
eralizution of the Topographic Base at 1:5000) scale.

_ The design of most of these maps includes shaded re-
liet, cliff drawing, and rock depiction in mountainous ar-
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eas, which s stll produced manually Testing  has
demonstrated that digital technigues lack sufficient qual-
ity to- be comsidered for fnal praduction. In the case of
Mapa topographic de Catglunya 1:25,000 Pare Nacional
o Adgilestories { bstany de Sant Mawrer, cliffs were drawn on
film by hand. Te begin this process, clifl areds were de-
lineated fromn orthophots images as polygons. Next,
within the polygons, the rock ardst drew six different
patterns to depict rocks, depending on their geologic
type. Finally, the drawing was scanned and incorporated
inte the lavout of the map (Figure 18),

The series Mupes de Zones d Allous at 125000 scale
comprises 14 avalanche path maps representing the are-
as affecled by avalanches in the Catlan Pyrenees: Re-
corded avalanche events are outlined on these maps.
The mapping of avalanches is based on e analysis, the
nterpretation of aerial photography or orthophote
maps without snow, and, linally, Oeldwork o compile
mare detailed informarion, particularly to determine av-
alanche dates, Additional information about avalanches
- their boundaries, characteristics (typology), frequency,
period, vietims, and destructive elfects, aswell as mereor-
ological and snow cunditions — s abtaimed by interview-
ing iocal people. Each avalunche path represented on
the map has a related ditabase containing its most reles

vant featires, Tnoorder te acquire, store, and manipulate
these data, o Gis is used. Eneh season's avalanche releas.
e5 produce new mformation, reguiring polygons on the
maps fo be updated when new events extend hevand the
Bondanies of presious avalanches,

The published avalanche sheew incdude Tal d 'Aran
Norel (19970, Vil o Aran Sied (1997} (Figure 199, Patlaren
Movd-Mavimedeva (10987, and NiriaFreser {20003, In addi-
tion to-avalanche dara, the maps conbiain altimetric infor-
mation, including  shaded  relief,  and planimetnic
information,

Since the published maps do not depict avalanche
risk, a dailv bulletin including o forecast of avalanche
danger for the Caralan Pyvrenees is published during the
winter on the oo Web page (horpe/ /wwwicc.es). e abso
gives short- and medinm-term weather forecasts, snow
distribution, up-to-date snow-layer conditons, and pre-
dictions for 24, 48, and 72 hoars,

HLKING MATS

In 1946, the Editorial Alpina initiated the publication of
hiking maps in Camlonia, mainly ac 125,000 and
140,000 seales, which were included in hiking guides.
The el was the French hiking miaps available for the
northern side of the Pyrences. Topographic mapping
wis the main objective, although addinonal thematic in-
formation was included for mountainous arcas. These
maps were a milestone in Caralonian cartography during
the second hall of the wentieth century, The topograph-
icinformanon came from the sy 150,000 the themal-
ie informarion was provided by hikers, and names were
always in Catalan. Absence of competitors, low prices,
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Figure 18 Mapa topogrific de Catalunya 125,000, Parn Naddonal d Nigtivstartes ¢ Estany oy Sant Maurici, 997, Fustitut

Ceringritfic de Catalunya,

and pentup demand tor high-quality hiking maps made
them overwhelmingly popular. Two generations of Cara-
lonians learned map-reading skills from these maps,

From 1946 until 1991, 64 maps were puldished cover-
myg all of the Pyrenees as well as other mountain areas in
Spain, meluding Picos de Europa, Sierra de Gredos, and
Sierra de Guadarrama, Today, the company continues its
map-publishing tradition under the name Fdicions Car-
wgrafiques Salvador Llober, 5:A,

The Institut Cartografic de Catalunva began collabo-
ratng with Edicions [:‘.11‘[u;:1’ﬁﬁql]€‘$ Salvador Llaber,
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SAL starting in 1996, To date, three maps at 1:40.000
scale lave been produced: Ley Gamearres: Massis de fiegier/
Ciostee Brava (1995), Mortseny (1997) (Figure 209, and
L lugames (1999}, The topographic information and map
names are exuacted from the oo digital databases at
scabes of EAOO, 125,000, and 150,000, Edicions Car
tografiques Salvador Llobet, 5.A. provides the thematic
mformation,

Since 1995, the o n collaboration with Randonndes
Pyrénéennes from France has been producing the

LB0000-scale map series Mapa exeorsionita — Carte de
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Figure 19, Mapa de zones o 'allaus de Catalunya 1:25,000
Vall d’Aran sud, 1997 Instiinud Caringrafie de Ceatelunya,

vandonnses of the Pyrenees, which contain themaric in-
formation for hikers and tourises: The project is coti-
nanced by the Europesn Union. The series presently
includes 25 maps, 6 of which have been published by the
e, They are Putgmal-Costabona {1995), Plea d Fstats-A ne-
ta {1959) [ﬁgut'l‘ 21, Cadwrnie-Chredesa (20000, Aneto-Po-
aedy (2001, Ansi-Flecho (2000), and Andorrg-Claeds (2001,

Contour lines. spot elevations, shaded relief, and rock
depiction of cliffs and rocky areas provide altimetric in-
tormation. The cliffs are generated as vector data using a
cambination of ared patterns, composed of dots ar dif-
ferent sizes and linear patterns. Interactive manual edit-
ing gives the rocks a random natural appearance (Figure
23,

IMAGE CARTOGRAPIIY

Orthoimage mapping plays an important role in the oo
cartagraphic production. When the oo was Founded in
the early 19805, updated maps of Catalonia were unmail-
able. Maps based on asrial enthophotos and satellite or-
thoeimages allowerd quick coverage of the territory, Even
today, orthoimages pravide a method for fast updates,

Camalonian image maps produced by the oo have
H000 o 1250000, Production is
buased on aerial photography for scales of 1:25,000 o
Larger, and satelite images are used for scales of 1:50,000
or smaller (Figure 23). In some cases, image maps have

scales ranging [rom

also been published as reliel maps using the nrm {Figure
243, The e isalso producing image cartography of oth-
er countries, including Argentng, Venezuela, Namibia,
and select regions in Spain,

In the last two vears, radar images have allowed maps
o be generated despite poor visibility (typically caused
by clond cover) —a factor that limits the usefulness of
aerial photography and satellite images for mapping.
The 1cc has used radar technology to map a rainforest
area south of the Orinoco River in Vencracla: a 1:50,000-
scale project that covers 270,000 square kilomemres. By
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tsing radar images, 4 detailed psy of the area has heen
obtained by applving interferometry techniques (Figure
253,

Conclusion

The main problems in the o0 mountain cartography are
derived from the lmitatons in reliel modelling and rep-
resentation. Although seme processes are fully auromart-
ic, many must sl be linished manually, of which ¢lifl
vepresentation and shaded rvelief are clear cx;uuplu.g_
The enrichment in the 10 elevations data madel and
the Improvements in the gvnurulixmiml-;mr] represen -
L u!gnrir.hm.q — in development now — will h;;[r_. to [ti-
CTEASE AULGIIALION.

New data :chuisiiiun sources tested or used recently
at the 1ce, such as satellite imagery at high resolutions,
radar tinages. or laser data, will facilitate the mapping of
areas with poor visibility or limited access and also de-
crease the updating cvele of informaton. For example,
in mountain areas, available updated data are essenial
for mapping snow avalanches.

Finally, in the near future, new tools will be developed
tr clistralne the wailable mountain oo information us-
ing the new communication lechnologies,

Zusammenfassung  [he strategische Lage Kamloniens in
dler Mittelmeerregion — beidseits der Route awischen Fu-
ropa und Afrika — trieb die Enowvickiong der Rarmographie
seit dem Mitelalter an, Wegen des unwegsamen Gehbiers
charakters sind dewillierte Gebirgskarten ein wichtiger
Bestandteil des karwographischen Vermichmis Faralo-
mens. Die Cartoteca von Raalopien, die Ratalonische
Rartenhiblicthek, hat schone Beispiele von alten Karten,
dic in den Gebirgshereichen ihren Mitelpunkt haben,
Hewte werden newere Technologien vom Instn fir Kar-
tographic von Katalonien cingesetat, um eine grofle
Auswahl von kartographischen Produkien, einschlicBlich
Gebirgskarten, 2u erzengen. Diese alten Barten und die
gegenwartigen kartographischen Produkie, dic am Inso-
tut fiir Kartographic von Katalonien bewahrt biw, erzeugt
werden, tagen dazu bei, dass interessante Beispiele der
Gebirgskartographie in einer —anf dieses Thema konzen-
mrierten — Publikanon verbrettet werden.

Dieser Aufsarz wird i ewei Teile geglicdert. Der erste,
nach einer kurzen Einlithoung in die Beschreibung des
Eatalonischen  Relicfs, um die Gehbirgshereiche  in
diesem Gebiet an lokalisieren, gibt cinen historischen
Uberblick iiber Kartographie in Katalonien mit einigen
Beispielen an alten Karten. Der histarische Uberblick ist
in der Gebirgskartographie eingebetter, da eine gralle
Anzahl der Rarten, die wihrend der leteten swei Jahr-
hunderte produziert wurden, Katalonien in den Gehirgs-
hereichen  darstellen.  Dieser Uberblick  hilfn,  die
Entwicklung einiger Gebirgskarten bis zar heutigen
Produktion am Institut fiir Kartographie von Katalonien
eu erkliren, der den sweiten Teil dieses Aufsarzes hilder,
Zudem dtehen die thematischen Produkie in Zusam-
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Frgure 20 Mapa | Guia Excursionista, Parc Naowal del Montseny, Fscala 1540000, 7947 sttt Cortoimidfic de Catalihyn
g I ; g

and Ediaims Cartografigues Salvador Liohet, 5.4

menhang i der Crebirgskariographie. Finige Scrien,
die cine grofle Angahl an Blitern von Gehirgshereichen
beinhalten. werden ebenso in dieseny Aufsat enthalten
sein, Der Aufsarr kenzentriert sich mebr auf die Prasen-

tatiom von gebirgskartographischen Produkwen, als auf

cine ausfiihrlichen Beschreibung der Prozesse oder der
Probleme hinsichilich der Erzeugung cines einzelnen
Produktes. Austiihehichere Informationen fiber elnige
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der Produkie kénnen aul den Webseiten (www.ict.es)
nachgeschlagen werden.

Resumé  La siwation stratégique de la Catalogne an
sein e la région méditerrandéenne, & mi-chemin enire
PEuwrope et UAfrique, v a permis un développement pré-
coce (Moven-Age) de I Cartographie. Etc'est a cause du
carncrére rude de co erritoire, que la eartographie déail
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L

i 27 Mapa excuréionista-carte de randonndes Piea d'Estats-Aneto. 2999 fushitar Cartopmefic de Catalunva and
Mundannées Pyrénéennes,
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P 23 Mapa d'image saél i dels Pirineus 1540000000,
P99 Institud Cavtogriific de Catalurya,

lée de montagne fait partie intégrante de Mhérage car
topraphique catalan, La » Cantoceca de Catlunya «, 1a
cartotheque catalane, posséde quelques exemples in-
teressants de cartes de montaene, De plus, Navancée wech-
nelogique acmelle de Ulnstn de Cartographic de
Caralogne lui permet la création d'une larpe gamme de
produits cartographiques, v compris des cartes de mon-
fagne, Ces vicilles cartes et ces produits cartographiioues
dactuels, créés ou conserves 4 1 Tnstiiat de Carragraphie de
Catalogne, constitient un fond intéressant pour b difiu-
sion dune publication concernant ce sujel.

Cor artcle est dmase en deux partics. la premiére,
apres une bréve introdoction décrivant les reliefs cata-
lans afin de repérer les zones montagnenses au sein du
territoire, propose un apergu historique de la CArtogr-
phie en Cawmlogne a Puide de quelques exemples de
cartes historigques. Laperen historique est inelos an sein
de la cantographie de montagne car un grand ngmbre
de cartes produites en Catalogne durant ces deox derni-
ers sigcles représentaient des zones montagneuses, Cet
apercu permetira notmamment dexpliquer Uévelution de
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Figure 24, Detail of Mapa en rellen d'image saelin de
Catalunya 1100000, 7991, fnstitut Cartografic  de

Clertedbunya,

guelques cartes de montagne, vers les productions ac
tuelles de Ulnstitur de Cartographie de Catalogne qui
constituent la seconde partie de cet article. En plos des
productions thématiques relatives 4 la cartographie de
montagne, un ensemble de cartes de régions montag-
neuses sera également proposé, Ce papier est plus cen-
e sur la présentation de produits de cartographie de
montagne, que sur une description déillés des proces
sus et problémes concernant Ia production de ces pro-
duits, De plus amples informations concernant ces
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Figure 25, Radar orthormage Fnstetut Certogrific de Cate
e

produits peuvent ére  mrouvées sur les pages weh
SHIVANTES - www, 0. o8 .

Resumen  La posicion estrarégica de Catalung en el drea
mediterrines, en la rum entre Europa Central v Africa,
favorecio la produccion de cartografia va desde fa Edad
Media, Debido al cardcter monmnoss de sa aragrafia, los
mapas de montana constituven una parte muy significati-
va del legado cartogrifico de Cataluia. La Cartoteca de
Catalufia guarda bellos gjemplares de MIAPGES ANTguos
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representando zonas de montana, En la actualidad, €] Tn-
sttut Cartogralic de Catalunva (1CC) implementa algu-
nas de las mis avanzadas tecnologias para obtener una
amplia gama de productos cartogrificos, incluyends car
tografia de montana. Tanto los mapas antiguos comao los
productos cartogrificos actuales, conservados o elabora-
dos en el 1CC, aportan ejemplos interesantes para una
publicacion monografica de cartografia de montana,
Elarticulo esta dividido en dos partes. En la primera,
despues de una breve descripeion del relieve de Ca-
aluna que permite localizar las dreas montafiosas en s
Lerritorio, se presenta una hreve vision histérica de sy
cartografia, mostrando algunos ejemplos de mapas an-
tiguos, Ld vision histdrica estt incluida en el contexto de
cartografia de montana debido 4 que un gran nimero
de mapas publicados durante log qltimos doscientos
anos, estin centrados en este tipo e regiones. Esm
vision avuda a explicar Ia evolucidn de algunos mapas de
montana hasta fa produccién actual realizada por el
ICC, que se incluye en la segunda parte del articulo.
Ademas de los producios tematicos relacionados con
esta cartografia, tambicn se deseriben algunas series que
incluyen un gran niimera de hojas en dreas montanosas,
El articulo esta enfocado a Ia presentacion de producios
de cartografia de montaria, mis que a la descripeion de-
tallada de los procesos o problemas para elaborarlos, En
las paginas web del [CC (www.icc.es) se puede encontra
informacion mas deallada sobre estos productos,



