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1. Introduction

The continuation of the CORINE (Coordination of Information 
on the Environment) Program in the sphere of land cover (LC) 
is an important contribution to knowledge of the European 
landscape. Geographers can use this data in the context of 
environmental and economic accounting (Uno and Bartelmus 
1998), assessment of landscape change and diversity, modelling 
of its properties, etc.

In June 2005 the European Environment Agency (EEA) 
approved the updating of the CORINE Land Cover 2000 
(CLC2000) database to the situation in 2006 and identifica-
tion of LC changes in Europe in the period 2000–2006 in the 
framework of the project under the title CLC2006 (EEA 2007) 
in June 2005. This project became part of the all European 
Global Monitoring for Environment and Security (GMES) Pro-
gramme, particularly its servicing section of Fast Track Service 
Precursor Land Monitoring (FTSP Land Monitoring). The data 
obtained in this Programme will satisfy the requests of users on 
all European and national levels for the preparation of various 
environmental strategies, evaluation of management in the net-
work of the NATURA 2000 protected areas, evaluation of the 
commitments adopted under agreements concerning climate 
change, evaluation of the common European Agricultural Pol-
icy and development of the rural area, the development of the 
INSPIRE infrastructure (Infrastructure for Spatial Information 
in Europe) and the like (Feranec 2008, Feranec and Nováček 
2009).

The so far accomplished activities in Slovakia under the 
CLC1990 and CLC2000 Projects have been described in studies 
of Feranec et al. (2000), Feranec and Oťaheľ (2001) and Feranec 
et al. (2005a, 2005b, 2007). Slovakia joined the all European 
CLC2006/GMES FTSP Land Monitoring Project in 2007. The 
Slovak Environment Agency (SEA) in Banská Bystrica coordi-
nated the Project on the national level while the Institute of 
Geography, Slovak Academy of Sciences (IG SAS) in Bratislava 
participated in interpretation of satellite images by means of 
which LC of Slovakia and its changes in the period of 2000–2006 
were identified (Feranec and Nováček 2009).

The aim of this paper is to provide maps of the newly 
derived CLC2006 layer and the layer concerning LC changes in 
Slovakia in the period of 2000–2006 (CLC2000/2006), mainly 
for geographical landscape assessment purposes.

2. Applied Data and Methodology

The introductory step of the applied methodology was the revi-
sion of the CLC2000 data layer according to the Landsat 7 ETM 
satellite imagery from 2000 (+/− one year) carried out by visual 
interpretation in computer environment of ArcView 3.2 (Tab. 1). 

The corrected CLC2000 data layer represented the basic dataset 
for the derivation of the new thematic CLC2006 layer (see CLC 
nomenclature, Tab. 1).

The new CLC2006 data layer was derived by the application 
of the IMA2006 geo-referenced base (IRS and SPOT satel-
lite images from two time horizons: IMA2006-1: images from 
June to September; IMA2006-2: images from spring or autumn 
months). The images from two time horizons made it possible 
to specify discrimination of pastures and arable land, annual 
and permanent crops, and the like.

The next steps of the methodology included: 
— Segmentation of the corrected copy of the CLC2000 vector 

data according to the sequence of topographic maps at scale 
1:100,000 that represented the initial CLC2006 data layer.

— Identification of CLC2006 classes by modification of the 
CLC2006 initial layer applying the satellite images IMA2006 
by computer aided visual interpretation (Feranec et al. 2007). 
The criteria for identification of individual CLC classes and 
their changes, apart from interpretation elements (shape, 
size, colour, texture, pattern and association), also included 
the minimum surface of identified change in the LC area in 
the initial layer of CLC2006 against the expression on the 
IMA 2006 was 5 ha, the least identified width of the change 
was 100 m, and the least surface of the newly identified area 
had to be 5 ha. 

— Identification of LC changes in Slovakia in the period 
of 2000–2006 (CLC2000/2006) by overlay of CLC2000 – 
CLC2006 data layers.

— Application of control procedures and tests (Feranec et al. 
2005b; Feranec and Nováček 2009).

3. Results

Map presentation of the derived CLC2006 data layer is 
documented in Fig. 1. Statistical characteristics of the quoted 
data layer are in Tab. 2 (see http://www.sazp.sk/corine and 
Mapserver SEA: http://atlas.sazp.sk). 

LC changes in the period of 2000–2006 are documented in 
Fig. 2 and Tab. 3. In total, 76,925 ha of LC changed represents 
1.5% of Slovakia’s area.

LC changes, particularly those of agricultural, forest, 
seminatural and wet logged areas (211, … 412) into urbanized 
and technicised areas (111, … 142; see Tab. 4) in the sense of 
methodology by Feranec et al. (2004, 2009) represent a change 
referred to as urbanization/industrialization. This type of 
change has most distinctly manifested itself via the construc-
tion of new industrial areas (car manufacturing plants of PSA 
Peugeot Citroën near Trnava and KIA near Žilina, see Fig. 3), 
new shopping centres and warehouses (above all in Bratislava 
and its environs), residential quarters (quarters of family houses 
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Fig. 1 — CLC2006 of Slovakia
Source: CORINE LC



19

in hinterland of Bratislava, Košice, Nová Lesná in the Tatras 
and other bigger cities), and the construction of motorways and 
rapid roads (Basins of Ilavská, Bytčianska, Žilinská, Liptovská 
and Popradská).

Changes of agricultural landscape are evaluated by the 
rate of agricultural use by the criteria set by the Commission 
for Agricultural Typology of the IGU. The rate of agriculture 
is computed by the amount of work and means input per an 
area unit (Ivanička 1983). In this way, changes concerning the 
agriculturally less intensively used classes such as pastures (for 
example 231, 243) into arable land (211) or arable land into 
vineyards (221, see Fig. 4) and into orchards (222) are evaluated 
as intensification of agriculture (see Tab. 4).

This type of change in Slovakia associated with enlargement 
of arable land at the cost of meadows was identified in districts 
of Stará Ľubovňa, Svidník, Sobrance (north of Prešov; see 
Fig. 2), and Galanta (south of Trnava; see Fig. 2). An important 
change resulting in intensification of agriculture was identified 
in the district of Trebišov, in the area of Zemplínske vrchy Mts. 
(southeast of Košice; see Fig. 2), where the area of vineyards 
increased. The overall increase of vineyards (by 843 ha) was 
associated with the recognition of the Tokai Vineyard Region 
by the EU.

Changes of agriculturally intensively used classes into those 
less intensively used, for instance the change of classes 221 
and 222 into 211, or 211 into 231 or mosaics of arable land and 
pastures or permanent cultures (242) is assessed as extensifica-
tion of agriculture. The biggest changes resulting in agricultural 
extensification were produced by the new conditions of the 
agrarian policy on the national and EU levels. Reduction of 
subsidies manifested itself in changes of vineyards (1,066 ha), 
and orchards (494 ha) into arable land, but also the change of 

Tab. 1 — CLC nomenclature

1 Artificial surfaces 3 Forest and semi-natural areas
11 Urban fabric 31 Forests

111 Continuous urban fabric 311 Broad-leaved forests
112 Discontinuous urban fabric 312 Coniferous forests

12 Industrial, commercial and transport units 313 Mixed forests
121 Industrial or commercial units 32 Shrub and/or herbaceous vegetation associations

122 Road and rail networks and associated land 321 Natural grasslands
123 Port areas 322 Moors and heathland
124 Airports 323 Sclerophyllous vegetation

13 Mine, dump and constructions sites 324 Transitional woodland-shrub
131 Mineral extraction sites 33 Open spaces with little or no vegetation

132 Dump sites 331 Beaches, dunes, sands
133 Construction sites 332 Bare rocks

14 Artificial, non-agricultural vegetated areas 333 Sparsely vegetated areas
141 Green urban areas 334 Burnt areas
142 Sport and leisure facilities 335 Glaciers and perpetual snow

2 Agricultural areas 4 Wetlands
21 Arable land 41 Inland wetlands

211 Non-irrigated arable land 411 Inland marshes
212 Permanently irrigated land 412 Peat bogs
213 Rice fields 42 Maritime wetlands

22 Permanent crops 421 Salt marshes
221 Vineyards 422 Salines
222 Fruit trees and berry plantations 423 Intertidal flats
223 Olive groves 5 Water bodies

23 Pastures 51 Inland waters

231 Pastures 511 Water courses
24 Heterogeneous agricultural areas 512 Water bodies

241 Annual crops associated with permanent crops 52 Marine waters

242 Complex cultivation patterns 521 Coastal lagoons
243 Land principally occupied by agriculture, with significant areas of natural vegetation 522 Estuaries
244 Agro-forestry areas 523 Sea and ocean

Source: Heymann et al. (1994), Bossard et al. (2000)

Tab. 2 — Statistical characteristics of the CLC2006 of Slovakia

CLC class No of areas Total area (in ha) % from the country area

111 11 765.64 0.02

112 2,659 222,501.49 4.40

121 361 29,051.15 0.57

122 47 2955.28 0.06

123 3 187.75 0.00

124 21 2433.75 0.05

131 73 3228.27 0.06

132 30 1593.22 0.03

133 21 1279.36 0.03

141 23 1244.65 0.02

142 145 8697.40 0.17

211 1,750 1,701,234.84 33.66

221 283 23,883.00 0.47

222 181 11,115.97 0.22

231 3,082 284,107.12 5.62

242 869 69,176.50 1.37

243 3,994 331,324.96 6.56

311 2,070 1,115,793.56 22.08

312 1,213 520,469.20 10.30

313 2,456 410,817.70 8.13

321 135 30,262.87 0.60

322 84 14,978.88 0.30

324 2,754 215,255.60 4.26

332 7 6784.96 0.13

333 60 5373.01 0.11

411 61 3003.89 0.06

412 3 238.88 0.00

511 107 14,843.56 0.29

512 134 21,430.55 0.42

Total 22,637 5,054,033.00 100

Source: Feranec and Nováček (2009)



20

Fig. 2 — Land cover changes of Slovakia in 2000–2006
Source: CORINE LC



21

arable land into pastures (1,336 ha). Examples are the districts 
in Eastern Slovakia: Stará Ľubovňa, Svidník, Snina, Humenné, 
Michalovce and Sobrance (north and east of Prešov and Košice; 
see Fig. 2). Important changes also include the area enlarge-
ment of class 243 at the cost of class 211 (by 2,731 ha). This 
type of change was identified in districts Galanta, Šaľa, Dunaj-
ská Streda, Nové Zámky and Komárno (south and southeast of 
Trnava and Nitra; see Fig. 2) and it is probably associated with 
the new land users who apply the small-area land manage-
ment.

Among the most important changes in Slovakia are those 
in the forest landscape. Afforestation (see Tab. 4) also covers 
the change of class 231 into the class of transitional woodland 
shrubs (324). Grassland (231) in abandoned pastures with 
natural overgrowing wood species changed into class 324. 
This process was identified mostly in the mountainous and 
sub-mountainous areas of Slovakia where as much as 3,713 ha 
of pastures changed into the transitional woodland shrubs. 

Furthermore, afforestation includes the change of class 324 
into forest formations after cultivation into broad-leaved for-
est (4,020 ha), coniferous forest (1,193 ha) and mixed forest 
(4,133 ha). This type is represented by the alluvial lowland 
forest (along the Danube River) oak-hornbeam and beech 
forests, (districts Žarnovica, Poltár, Revúca, Rožňava Svidník, 
Medzilaborce, Humenné, Central and North-eastern Slovakia; 
see Fig. 2), eventually the mountain spruce forest (Poprad, 
Kežmarok, north of Slovakia; see Fig. 2).

Deforestation (see Tab. 4) represents the most distinct type 
of LC. As much as 32,555 ha of coniferous forest changed 
into class 324 after logging and wind calamities. This type of 
change is mostly owed to the windstorm that struck the area of 
the Vysoké Tatry (see Fig. 5) and Nízke Tatry mountain ranges 
on 19th and 20th November 2004. Important deforestation was 
also identified after logging in the forest landscape of districts 
Čadca, Námestovo, Brezno, Poprad, and Kežmarok (Northern 
Slovakia; see Fig. 2).

Tab. 3 — Statistical characteristics of the CLC2000/2006 changes in Slovakia (area in ha)

CLC00

CLC06 131 132 133 142 211 221 222 231 242 243 311 312 313 321 324 331 333 Total area

112 195.42 7.38 92.38 16.66 15.14 326.97

121 7.92 916.76 15.91 20.34 20.97 14.75 996.64

122 214.43 214.43

131 280.10 6.37 16.82 16.48 12.23 10.43 342.44

132 26.45 7.90 34.35

133 1,372.74 65.20 157.87 15.38 146.51 22.05 9.57 58.26 5.86 1,853.43

142 74.76 33.36 5.75 113.88

211 94.70 1,066.50 494.78 1,262.00 95.83 116.44 3,130.25

221 843.09 843.09

222 129.99 129.99

231 27.11 1,336.28 100.03 15.99 348.02 1,827.43

242 2,731.18 2,731.18

243 31.84 31.84

311 4,020.94 4,020.94

312 1,193.23 1,193.23

313 4,133.58 4,133.58

324 37.81 10.50 3,713.78 13,105.67 32,555.63 4,969.77 50.58 65.54 333.18 54,842.45

512 109.54 7.04 20.40 6.41 15.06 158.45

Total area 37.81 27.11 570.75 7.38 7,886.82 1,231.72 521.28 5,140.69 166.84 685.19 13,150.61 32,613.53 5,044.21 50.58 9,391.33 65.54 333.18 76,924.56

Source: Feranec and Nováček (2009)

Tab. 4 — Conversion table

  Classes in 2006

  11 12 13 14 21 22 23 24 31 32 33 41 42 51 52

Classes 
in 2000 

11 0 7 7 7 7 7 7 7 7 7 7 7 7 7 7

12 7 0 7 7 7 7 7 7 7 7 7 7 7 7 7

13 7 7 0 7 7 7 7 7 7 7 7 7 7 6 7

14 7 7 7 0 7 7 7 7 7 7 7 7 7 6 7

21 1 1 1 1 0 2 3 3 4 4 7 7 7 6 7

22 1 1 1 1 3 0 3 3 4 4 7 7 7 6 7

23 1 1 1 1 2 2 0 2 4 4 7 7 7 6 7

24 1 1 1 1 2 2 3 0 4 4 7 7 7 6 7

31 1 1 1 1 5 5 5 5 0 5 5 5 7 6 7

32 1 1 1 1 2 2 2 2 4 0 5 7 7 6 7

33 1 1 1 1 2 2 2 2 4 4 0 7 7 6 7

41 1 1 1 1 2 2 2 2 4 4 7 0 7 6 7

42 1 1 1 1 2 2 2 2 4 4 7 7 0 6 7

51 1 1 1 1 7 7 7 7 4 4 7 7 7 0 7

52 1 1 1 1 7 7 7 7 4 4 7 7 7 7 0

Note: 1 – urbanisation (industrialisation), 2 – intensification of agriculture, 3 – extensification of agriculture, 4 – afforestation, 5 – deforestation, 6 – water bodies construction and management, 7 – other changes 
(recultivation, dump sites, unclassified changes, etc.)
Source: Feranec et al. (2009)
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Fig. 3 — Changes near Žilina (the new car manufactory plant KIA), left: 2000, right: 2006
Source: http://www.sazp.sk/corine

Fig. 4 — Changes of arable land into vineyards near Veľká Tŕňa, left: 2000, right: 2006
Source: http://www.sazp.sk/corine

Fig. 5 — Destroyed forest near Starý Smokovec, left: 2000, right: 2006
Source: http://www.sazp.sk/corine
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Changes connected with the new water bodies (after 
extraction of gravel in the Podunajská Lowland, southeast of 
Bratislava, see Fig. 2) or other changes are not important in 
terms of size.

4. Conclusions

The newly derived CLC2006 data layer along with CLC2000 
and CLC90 data layers are important information sources 
which facilitate analysis, assessment and map representation 
of varied environmental aspects of the landscape both on the 
national and all European levels. 

Other obtained results reveal that in Slovakia in the period of 
2000–2006, 76,925 ha of land cover changed. The figure includes 
above all the change of 54,842 ha of forest into transitional 
wood/scrub, followed by the change of 9,348 ha of transitional 
wood/scrub into forest, but also changes of 2,731 ha of arable 
land into complex cultivation pattern or change of 1,373 ha of 
arable land into construction areas and 1,336 ha of arable land 
into pastures and other changes.
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