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CORINE LAND COVER MAP OF EUROPE
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CORINE land cover map of Europe

Abstract: The paper demonstrates compilation of land cover map of Europe making use of the
CORINE land cover (CLC) data and subsequent printing of the map by computer technology at
the scale ca 1:5 000 000. The topographic base in azimuth equivalent projection consists of:
state borders, capitals, selected roads, a part of river network, which is not covered by the CLC
data and the shaded terrain. The thematic overlay contains CLC data from 2006 on the first hie-
rarchic levels and selected classes on the third level (broad-leaved, coniferous and mixed for-
ests). The map was printed by the hybrid digital printer equipped with the piezoelectric inkjet
printing heads with four levels of grey scale and a variable size of the print drop from 14 to 42
picolitres. Existence of such map makes possible simultaneous perception of the land cover pic-
ture of the different parts of Europe.

Keywords: CORINE, land cover data, topographic base, thematic map, hybrid digital printer,
Europe

Introduction

Present computer technologies, particularly the Geographical Information Systems (GIS) make
it possible to collect various statistical characteristics concerning landscape objects both in nu-
merical and graphical forms. Maps are such outputs. Kraak and Ormeling (1996) listed the types of
data most frequently applied in map-making:

— Data obtained by terrestrial survey;
— Data obtained by photogrammetric survey;

— Data obtained by satellite images (sources of the corresponding thematic information appli-
cable to mapping via analogue and digital interpretation techniques);

— Data of the Global Positioning System (GPS), which improve the accuracy of existing geo-
referencing methods or can be used in field surveys;

— Data obtained by digitizing or scanning of analogue maps (by vector or raster approach);

— Existing state boundary files, for instance those concerning the borders of administrative
units, communications etc.;

— Socio-economic statistical files provided by national statistical services;

— Environmental data files — one of them is the CORINE database (Coordination of Informa-
tion on the Environment) (Heymann et al., 1994).

The study Pravda et al. (1998) describes examples for application of the CORINE land cover
(CLC) in thematic map making (Tab. 1). The table shows that the published CLC maps only char-
acterize land cover (LC) of some European countries or their parts. So far no CLC map of Europe
has been made and published.
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The main reason why the preparation of the Land Cover Map of Europe at scale 1:5 000 000
(this scale was appropriate for dimensions of posters used at the 26" International Cartographic
Conference ICA in Dresden, 25-30 August 2013) is here commented and demonstrated is con-
nected with the existence of the CLC2006 database at scale 1:100 000 for 38 European countries
(except for Greece where the data available are from 2000). Reality concerning the occurrence of
LC class areas characterised according to a single nomenclature is recorded via this database. Rep-
resentation of CLC classes in Europe on a single map may provide information about their occur-
rence and simultaneously offer the option to observe spatial relationships between them.

Table 1. Some characteristics of issued CLC maps (Feranec and Pravda, 1999; Pravda et al.,

1998).
Map Issued Scale Numbers of Numbers of Minimal
(year) colours screens areain
map (mm?)
1. Grand-Duche de Luxembourg 1990 1:100.000 24 - 16
2. Mapa d’usos del sol de Catalunya 1990 1:250.000 20 - 0.5
3. Mapa CORINE Land Cover de 1993 1:250.000 42 8 1
Catalunya
4. Mapa CORINE Land Cover de 1993 1:250.000 42/56 6/16 1
Catalunya (lleg. europea)
5. Land Cover Forms. Map sheet 1994 1:50.000 24 24 2
M-34-133-C (Surany)
6. CORINE Land Cover. Map Sheet 1995 1:500.000 44 - 0.5
C7-Dublin and C8-Cork
7. CORINE - Land Cover Liege- 1995 1:100.000 24 5 25
Namur-Leuwen
8. Land use. In Atlas of Poland 1996 1:1.500.000 13 - 0.1
9. Mapa CORINE Land Cover de la 1996 1:500.000 42 - 1
Mediterrania Occidental
10. Mapa d’usos del sol de Catalunya 1996 1:250.000 21 - 0.5
11. Slovakia — CORINE — Land Cover 1996 1:500.000 30 13 2
Tourist Map
12. Slovakia — CORINE — Land Cover 1996 1:500.000 30 21 2
Map
13. CORINE Land Cover France 1997 1:1.000.000 44 - 0.5
14. Land Cover. Territory: Zvolen- 1998 1:100.000 19 19 2

Detva-Krupina
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lunya, Barcelona.

/11/ Slovakia — CORINE — Land Cover Tourist Map. (1996). 1:500.000. Geodeticky a karto-
graficky Ustav, Geograficky Ustav SAV, Bratislava.

/12/ Slovakia — CORINE — Land Cover Map. (1996). Appendix to the Geographia Slovaca
11/1996. 1:500.000. Geograficky Ustav SAV, Bratislava.
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The Land Cover Map of Europe can be effectively accomplished if there is available a harmo-
nized European Spatial Data Infrastructure (SDI). As only partial initiatives and programmes for
the preparation of such infrastructures exist so far (Hopfstock, 2012), it was decided to use spatial
pan-European data accessible to authors of this paper. The aim is to demonstrate the LC Europe
map making based on CLC data and the topographic data used for compilation of thematic Euro-
pean maps at synoptic scales at the European Environment Agency (EEA) and its printing by
computer technology.

1. Methods and data

Derivation of LC Europe database became the integral part of the CORINE Programme in
1985 initiated by the European Commission with the aim to create a consistent and compatible da-
tabase about the environment of the EU Member states. The first CLC1999 project ran under aus-
pices of the European Commission in 1995; the second CLC2000 Project was auspiced by the
EEA and the Joint Research Centre (JRC) of the European Commission in 2000, and the third
CLC2006 Project became part of the Global Monitoring for Environment and Security (GMES)
Project — first-track service on land monitoring (Buttner et al., 2004; EEA-ETC/LUCI, 2007; Fera-
nec et al., 2007; Steenmans and Perdigao, 2001). At present the CLC2012 Project runs in the con-
text of the GMES Initial Operation (GIO) land framework (currently, CLC2012 is been produced
under the umbrella of Copernicus, the GMES successor) (Feranec et al., 2012).

Areas of CLC2006 classes were identified via computer aided visual interpretation of satellite
images SPOT-4 and/or IRS LISS Il (for two dates in 2006 +1 year) with the geometrical accuracy
of images < 25 m, the least size of identified area of 25 ha, and thematic accuracy of identified
CLC classes was > 85% (Heymann, 1994).

Part of the thematic content are areas of CLC2006 classes of the first hierarchic level and se-
lected classes of the third level (44 classes of the CLC nomenclature are aggregated and general-
ized into 8 classes) (Heymann, 1994):

1. Artificial surfaces (all classes 1),
2. Agricultural areas (all classes 2),
3. Broad-leaved forest (311),

4. Coniferous forest (312),

5. Mixed forest (313),
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6. Shrub and/or herbaceous vegetation and open space (321, 322, 323, 324, 331, 332, 333, 334
and 335),

7. Wetlands (all classes 4),
8. Water baodies (all classes 5) and the river network from the topographic source.

The thematic content was modified — classes of the first hierarchic level of nomenclature were
assigned three classes of its third level, part “Forest and semi-natural areas” — 311, 312 and 313.
The map with the proposed content emphasizes classes of the European forest landscapes. The
content of map legend prepared based on CLC data though, can be adapted to the purpose for
which the map will be issued.

1.1 Topographic base
The topographic source of the thematic LC map are the following layers:

— borders with lettering of states (copyrighted by the EEAl)i

— European capitals with lettering (copyrighted by the EEA"),

— selected roads (Road data (highways) copyrighted by the Open Street Map (OSM)).

— waters — they complement the river network which was not identified by satellite images
(pursuing the criteria of the CLC project, rivers or their parts wider than 100 m, water bodies
larger than 25 ha were identified) (copyrighted by the EEA").

Shaded terrain derived from GTOPO30 dataset. GTOPO30 is a global digital elevation model
(DEM) with a horizontal grid spacing of 30 arc seconds (approximately 1 kilometer). GTOPO30
was derived from several raster and vector sources of topographic information. Completed in late
1996, it was developed through a collaborative effort led by the U.S. Geological Survey's Center
for Earth Resources Observation and Science (EROS). For the map purposes, version of
GTOPO30 data processed and distributed by the EEA for presentation purposes has been used.

1.2 Integration of the topographic base with generalized CLC data

For the final map compilation, CLC data were combined with selected layers (see part 1.1.)
and shaded terrain of Europe. The CLC data, nowadays obtained under the European GMES ser-
vice (Global Monitoring for Environment and Security), arise from primarily digital seamless vec-
tor layer covering 38 countries of Europe. Regarding the resolution and size of the original vector
layer and the subsequent need of generalization, a derived raster layer with resolution 100 x 100 m
distributed by the EEA was used for the purpose of this map. The CLC data were integrated with
state borders, state lettering, capitals with lettering, selected roads and water bodies. Shaded terrain
uses elevation data derived from GTOPO30 dataset.

1.3 Software

ESRI ArcGIS (c) software has been used for the map generation. Adobe Photoshop (c) soft-
ware has been used for map finalization and final high resolution print-ready files generation.

1.4 Printing of the map on the hybrid digital printer

Copy of the map was printed on the hybrid digital printer equipped with the piezoelectric inkjet
printing heads with four levels of shade of grey and a variable size of the print drop from 14 to 42
picolitres. The printer works in the system mixing CMYK colours hardenable by UV radiation
with the Light Cyan and Light Magenta inks added. The used inks are optimised for printing of
firm slab and flexible roll material with high resistance to external effects.

! GIS EEA map data and templates - downloadable EEA map templates and small scale vector
data available at http://www.eionet.europa.eu/gis/. Data and templates are provided under EEA
standard re-use policy i.e. unless otherwise indicated, re-use of content on the EEA website for
commercial or non-commercial purposes is permitted free of charge, provided that the source is
acknowledged (http://www.eea.europa.eu/legal/copyright).

Copyright holder: European Environment Agency (EEA).
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2. Results

The CLC2006 data represented by Table 2 and Figure 1 provide the topical view of the Euro-
pean LC.

Artificial surfaces (class 1) including the areas of urban fabric; industrial, commercial and
transport units; mine, dump and construction sites and artificial, non-agricultural vegetated areas
with total area of 21,494,919 ha (3.18%) (see Tab. 2).

Agricultural areas (class 2), all CLC classes 2 (Heymann, 1994) cover 244,177,622 ha in 38
countries and represent 36.12% (see Tab. 2). Areas of this class are most numerous in lowland and
hilly landscape.

Forests of Europe include the areas of classes 3, 4 and 5, Broad-leaved (311) occupy
54,932,363 ha, Coniferous (312) 74,115,710 ha and Mixed (313) 34,200,846 ha (see Tab. 2) are at
the second position in terms of area 163,248,919 ha (24.15% of 38 countries’ area). They occur in
mountain ranges, but also in lowland and hilly landscapes.

Shrub and/or herbaceous vegetation and open space (class 6), which covers e.g. natural grass-
lands, transitional woodland/shrubs, moors and heathland, sclerophylous vegetation, beaches,
dunes, sand plains, bare rocks, sparsely vegetated areas, etc. occupy the area 115,249,777 ha
(17.05%). This area occurs in the range from high mountains to the sea or ocean coasts (see Tab. 2
and Fig. 1).

The two last classes include Wetlands (class 7) occupying 13,501,840 ha (2%) and Water bod-
ies (class 8) with the surface of 14,851,271 ha (2.2%) (see Tab. 2 and Fig. 1).

Table 2. Statistical characteristics of the CLC2006 classes in pan-European context

CLCclasses * CLC2006

(1st, 2nd and 3rd levels) Total area (in ha) Share (in %)
1. Artificial surfaces (all classes 1) 21,494,919 3.18

2. Agricultural areas (all classes 2) 244,177,622 36.12

3. Broad-leaved forest (311) 54,932,363 8.13

4. Coniferous forest (312) 74,115,710 10.96

5. Mixed forest (313) 34,200,846 5.06

6. Shrub and/or herbaceous vegetation and 115,249,777 17.05

open space (321, 322, 323, 324, 331, 332,
333, 334 and 335)

7. Wetlands (all classes 4)

8 W bodi ol 5y 2 13,501,840 2.00
. Water bodies (all classes 5) 14,851,271 220
Total 572,524,348 100.00

! CLC nomenclature see (Heymann, 1994)
2 Excluding Greece, not available for CLC2006. It was substituted by CLC2000 data in final map.

% Sea and Ocean is excluded as there is large 523 buffer around CLC datasets and it would completely hide
inland water share.

Conclusion

The map demonstrated one of possible ways for the production of thematic maps of landscape
in the pan-European context by application of the vector CLC database. The map also provides the
basic information about occurrence and area of LC classes and their mutual interactions at a con-
cise scale of 1:5 000 000, which may facilitate an overall comprehension of the current European
landscape structure.
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Figure 1. Land cover map of Europe (state in 2006) — the whole map is accessible at:
http://services.qgisat.cz/clcmap/mapzoom.html



http://services.gisat.cz/clcmap/mapzoom.html
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Resumé
Mapa krajinnej pokryvky Eurépy

Generovanie informdcii o priestorovych charakteristikach objektov krajiny je ¢asto spojené s vyuzivanim
pocitacovych baz tdajov. Stcasné pocitacové technoldgie, reprezentované najmé geografickymi informac-
nymi systémami (GIS), dovol'uju ziskat’ rézne $tatistické charakteristiky o objektoch krajiny v ¢iselnej, ale aj
grafickej podobe. Jednym z takychto vystupov st aj mapy. Cielom prispevku je dokumentovat’ tvorbu mapy
krajinnej pokryvky Eurdpy na baze idajov CORINE land cover (CLC) a jej tla¢ pocitatovou technoldgiou.
Zaroven zdoraziiujeme, ze charakteristiky o krajinnej pokryvke Eurdpy mozno optimalne prezentovat pro-
strednictvom mapy, ktora umoziuje sledovat’ vyskyt, ako aj vzt'ahy medzi jej jednotlivymi triedami. Tato
mapa, reprezentujica interpretovanu Cast obsahu satelitnych snimok, sprostredkuje informécie o sucasnej
priestorovej diferenciécii objektov krajiny v celoeur6pskom kontexte.

Topograficky podklad mapy v azimutdlnom ekvivalentnom zobrazeni tvoria: zemepisna siet’ s hustotou
5°, brehova Ciara, riena siet’, ktord nie je ¢iasto¢ne obsiahnuta aj v baze Gdajov CLC, hranice §tatov s ich
hlavnymi a vybranymi mestami a komunikacie (Zeleznice, cesty). Mapa je v mierke cal:5 000 000.

Sucast'ou tematického obsahu st arealy triedy CLC z roku 2006 prvej hierarchickej Urovne a vybrané
triedy z tretej Grovne (44 tried legendy CLC je agregovanych a generalizovanych do 8 tried:

1. Artificial surfaces (urbanizované a technizované aredly; vsetky triedy 1),
2. Agricultural areas (pol'nohospodarske arealy; vsetky triedy 2),

3. Broad-leaved forest (listnaté lesy; 311),

4. Coniferous forest (ihlicnaté lesy; 312),
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5. Mixed forest (zmieSané lesy; 313),
6. Shrub and/or herbaceous vegetation and open space (kroviny alebo travne arealy; 321, 322, 323, 324,
331, 332, 333, 334 and 335),

7. Wetlands (zamokrené arealy; vSetky triedy 4),

8. Water bodies (vody; vSetky triedy 5) a rieCna siet’ z topografického podkladu.

Triedy CLC a d’al$ie prvky mapy st odliSené farebne takto: 1 — ervena, 2 — bézova, 3 —svetlozelend, 4 —
tmavozelena, 5 — strednezelena, 6 — hneda, 7 — tmavomodra, 8 — svetlomodra, siva — Uzemie bez Udajov CLC,
tmavosiva — popis §tatov a ich hranice, ¢ierna — hlavné mestd, siva rastrovand — tiefiovany reliéf.

Mapa bola prezentovana na paneli pocas 26. medzinarodnej kartografickej konferencie v Drazd’anoch
(v auguste 2013). Jej tla¢ sa realizovala na hybridnej digitélnej tlaciarni vybavenej technologiou piezoelek-
trickych inkjetovych tlaovych hlav so Styrmi Groviiami Skaly Sedej a s variabilnou velkost'ou tlacovej kvap-
ky v rozmedzi od 14 do 42 pikolitrov. Tlaéiareti pracuje v systéme mieSania UV Zziarenim vytvrditelnych fa-
rieb CMYK doplnenych o inky LightCyan a LightMagenta. Pouzité inky su optimalizované pre potlac pev-
nych doskovych aj flexibilnych rolovych materialov s vysokou odolnostou na posobenie vonkajsich vplyvov.

Mapa dokumentuje jednu z moZnosti tvorby tematickych map o krajine v celoeuropskom kontexte aplika-
ciou vektorovej bazy Gdajov CLC. Zaroven poskytuje zakladné informacie o vyskyte a rozlohe tried krajinnej
pokryvky, ako aj o ich vzajomnych vztahoch v prehladnej mierke 1:5 000 000, ktoré pomdzu lepsie pochopit’
Struktaru sucasnej krajiny Eurdpy.

Digitélna verzia mapy je dostupna na: http://services.gisat.cz/clcmap/mapzoom.html

Obr. 1 Mapa krajinnej pokryvky Eurdpy (stav v roku 2006) — v elektronickej verzii je mapa dostupna na:
http://services.gisat.cz/clcmap/mapzoom.html

Tab. 1 Vybrané charakteristiky vydanych map CLC
Tab. 2 Statistické charakteristiky tried CLC2006 v celoeuropskom kontexte
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28


http://services.gisat.cz/clcmap/mapzoom.html

