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1. Introduction

Pursuant the report of the European Commission IP/11/624
(European Commission, 2011) in the years 1990-2000, 275 ha
of land was daily built-up in what was then the territory of
the European Union. The figure represents occupation of land
amounting to 1,000 km? a year. Although the report also quotes
that the trend decreased in recent years to 252 ha/day, expansion
of built-up areas is still the most important landscape change
attributable to human activities. The significance and the
increasing intensity of tracking this process has been confirmed
by the pan-European project of Urban Atlas (UA; component of
the Global Monitoring for Environment and Security - GMES/
Copernicus land monitoring services Programme) initiated by
the European Space Agency in 2009. The basic information

Tab. 1 - Nomenclature comparison between UA2006 and UA2012 (Meirich 2008).

about the use of urbanised areas is retrieved from the high-
resolution satellite images. An overview of their use in global
urban monitoring brings Weng ed. (2014).

The UA Project provides information about land use/cover
(LUC) for selected European cities. Slovak cities included in this
database are Bratislava, KoSice, Banskd Bystrica, Nitra, Presov,
Zilina, Trnava, and Trencin. The UA datasets are available at http://
www.eea.europa.eu/data-and-maps/data/urban-atlas (EEA 2010).

Availability and consistency of data about LUC of urban
environment offers the chance to analyse, assess and compare
different places and their changes over their growth. Classic
approaches apply first of all the data provided by the statistical
offices of particular countries or by the Eurostat.

The aim of this contribution is to present the graphical and
statistical outputs of the UA Project on the level of Large Urban

Nomenclature for UA2006

Nomenclature for UA2012

1 Attificial surfaces

Artificial surfaces

11 Urban Fabric

11 Urban Fabric

11100  Continuous Urban Fabric (Sealing Degree (S.D.): > 80%)

11210  Discontinuous Dense Urban Fabric (S.D.: 50-80%)

11220  Discontinuous Medium Density Urban Fabric (S.D.: 30-50%)

11230  Discontinuous Low Density Urban Fabric (S.D.: 10-30%)

11240  Discontinuous Very Low Density Urban Fabric (S.D.: < 10%)

11300  Isolated Structures

11100  Continuous Urban Fabric (S.D.: > 80%)

11210  Discontinuous Dense Urban Fabric (S.D.: 50-80%)

11220  Discontinuous Medium Density Urban Fabric (S.D.: 30-50%)
11230  Discontinuous Low Density Urban Fabric (S.D.: 10-30%)
11240  Discontinuous Very Low Density Urban Fabric (S.D.: < 10%)
11300 Isolated Structures

12 Industrial, ommercial, public, military and privates units

12 Industrial, commercial, public, military and privates units

12100  Industrial, commercial, public, military and private unit

12210  Fast transit roads and associated land

12220  Other roads and associated land

12230  Railways and associated land

12300  Port areas

12400  Airports

12100  Industrial, commercial, public, military and private unit

12210  Fast transit roads and associated land
12220  Other roads and associated land
12230  Railways and associated land

12300  Portareas

12400  Airports

13 Mine, dump and constructions sites

13 Mine, dump and constructions sites

13100  Mineral extraction and dump sites

13300  Construction sites

13400  Land without current use

13100  Mineral extraction and dump sites
13300  Construction sites
13400  Land without current use

14 Artificial non-agricultural vegetated areas

14 Artificial non-agricultural vegetated areas

14100  Green urban areas

14200  Sports and leisure facilities

14100  Green urban areas

14200  Sports and leisure facilities

2 Agricultural + Semi-natural + Wetlands areas

Agricultural + Semi-natural + Wetlands areas

21 Arable land (annual crops)

22 Permanent crops
23 Pastures

24 Complex and mixed cultivation patterns
25 Orchards

3 Forest(natural and plantation)

Forest (natural and plantation)
31 Forests
32 Herbaceous vegetation associations

33 Open spaces with little or no vegetation

4 Water

Wetlands

Water
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Fig. 1-The spatial distribution of UA classes of LUZ Bratislava for the years 2006, 2012 and their changes in 2006-2012.



Tab. 2 - Statistical characteristics of the UA 2006 and UA 2012 data of LUZ Bratislava.

Zone (LUZ) Bratislava for the years 2006 and 2012 and to point
to the specific development of LUC in the same period.

UALUC classes 2006 (total areain ha)  Share (in %) 2012 (total areain ha)  Share (in %)

1 11,265 5.51 11,722 5.74

12 12,129 5.94 12,371 6.06

- 578 043 1533 0 2. Data and Methodology

14 1,953 0.96 2,041 1.00

20 94,032 46,03 92,525 4530 The primary aim of the UA Project is to generate the compara-
30 80,294 3931 80,269 39,30 ble data about LUC for selected 305 European cities and their
50 3,719 1.82 3,810 1.87 hinterlands (LUZs) for the year 2006 (+1 year) and 697 LUZs
Total 204,270 100 204,270 100 for the year 2012 (+ 1 year) at scale 1:10,000. These datasets also

Tab. 3 - LUC changes in LUZ Bratislava for the period 2006-2012 (in ha). “0" indicates changes smaller than 1 ha.

Hectares 2012

UA CODE 110 121 122 1123 1124 1130 1210 1221 1222 1223 1230 1240 1310 1330 1340 1410 1420 2000 3000 5000 Total 2006
11100 1,849 0 1 1 0 0 1,850
11210 1 6,417 0 0 3 0 0 1 14 1 5 6,442
11220 1 1 1,800 2 0 0 6 10 1,821
11230 4 805 0 1 2 5 0 816
11240 121 121
11300 212 1 0 0 2 216
12100 1 2 3 7,238 0 0 19 26 6 7,297
12210 0 560 0 0 0 561
12220 0 1 0 0 0 0 0 2,887 0 0 0 1 6 0 0 2,896

s 12230 0 0 583 0 583

o

~ 12300 0 130 130
12400 661 661
13100 5 3 0 363 1 15 8 2 5 403
13300 30 101 34 5 18 2 27 0 6 14 43 2 4 287
13400 2 3 1 2 9 14 3 150 2 2 189
14100 0 0 1 2 1 0 1 1 727 8 4 745
14200 1 3 0 4 1,201 0 1,208
20000 29 35 21 38 151 5 221 6 13 2 127 578 148 3 64 92,392 150 49 94,032
30000 3 1 1 2 0 13 0 0 16 9 1 7 1 80 80,112 49 80,294
50000 0 1 0 3 0 1 0 2 4 0 3,707 3,719

Total 2012 1,917 6,566 1,862 850 308 219 7,527 566 2,900 586 130 661 516 626 391 762 1,279 92,525 80,269 3,810 204,270

Tab. 4 - LUC changes in LUZ Bratislava for the period 2006-2012 (in %).

Percent 2012

UA CODE 110 121 1122 1123 1124 1130 1210 1221 1222 1223 1230 1240 1310 1330 1340 1410 1420 2000 3000 5000 Total 2006
11100 99.93 0.00 0.04 0.03 0.00 0.00 100
11210 0.01  99.62 0.00 0.00 0.04 0.00 0.00 0.01 0.22 0.01 0.07 100
11220 0.07 0.07 98.87 0.10 0.00 0.01 0.32 0.57 100
11230 0.45 98.66 0.00 0.14  0.19 0.55 0.00 100
11240 100.00 100
11300 98.28  0.62 0.00 0.17 0.93 100
12100  0.02 0.03 0.04 99.20 0.00  0.00 0.26 0.36 0.09 100
12210 0.00 99.97 0.03 0.00 0.00 100
12220 0.01 0.04 000 0.01 0.00 0.00 0.02 99.66  0.00  0.00 0.01 0.02 0.00 0.21 0.02 0.00 100

s 12230 0.00 0.00 100.00 0.00 0.00 100

o

~ 12300 0.00 100.00 100
12400 100.00 100
13100 1.22 0.72 0.00 90.19 020 3.81 2.06 0.60 1.21 100
13300 1040 3537 12.00 1.63 6.44 0.68 9.35 0.06 2.07 488 14.88 0.85 1.40 100
13400 1.25 1.55 0.53 1.03 474 7.54 139 79.70 1.20 1.08 100
14100  0.01 0.00  0.08 0.23 0.19 0.00 014 013 9754 113 0.55 100
14200 0.04 0.22 0.00 0.34 99.38 0.03 100
20000  0.03 0.04 0.02 0.04 0.16 0.01 0.23 0.01 0.01 0.00 0.14 0.62 0.16 0.00 0.07 98.26 0.16 0.05 100
30000  0.00 0.00  0.00 0.00 0.00 0.02 0.00 0.00 0.02 0.01 0.00 0.01 0.00 0.10  99.77 0.06 100
50000  0.01 0.01 0.00 0.07 0.01 0.03 0.00  0.06 0.11 0.01  99.68 100
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Tab. 5 - Total value of nature of LU in the Bratislava administrative region
in 2007-2012 (in hectares).

Type of land/year Agricultural  Forest Water Built-up Other Total
land land bodies areas areas
2007 94,805 75,245 5,777 15,679 13,809 205,315
2008 93,504 75,195 5,769 15,958 14,841 205,267
2009 92,802 75,014 5,676 16,129 15,643 205,264
2010 92,533 75,041 5,755 16,240 15,686 205,255
2011 92,143 75,054 5,787 16,332 15,952 205,268
2012 91,661 75121 5,820 16,434 16,228 205,264
Difference 2012-2007 -3,144 -124 43 755 2,419

include the LUZ Bratislava, whose territory is identical with
the Administrative Region of Bratislava (NUTS 3). Twenty LUC
classes for 2006 and twenty-seven LUC classes (plus one optional
class of Street trees) for 2012 (see Tab. 1) have been generated
primarily from SPOT 5 satellite images and from additional high
resolution images (2.5 m, Formosat-2, Kompsat-2, Quick Bird,
Rapideye and ALOS data) (c.f. Prastacos et al. 2011) applying the
computed-aided photointerpretation and object-oriented clas-
sification. Class 11 Urban fabric (see CORINE land cover - CLC
nomenclature, Heymann et al. 1994) has been disaggregated by
the degree of imperviousness into five classes (see Tab. 1). The
remaining classes with the exception of 113 (Isolated structures),
1221 (Fast transit roads and associated land), 134 (Land without
current use), 25 (Orchards) and Street trees (this class is void
of number) are identical with the classes of CLC nomenclature
of the second and third hierarchical levels (c.f. Heymann et al.
1994). The smallest identified area for urbanised areas is 0.25
ha with the minimum precision of 85% and for non-urbanised
areas it is 1 ha with the precision of 80%. The minimum width
of the identified linear elements (e.g., road, railways) is 10 m
(Montero et al. 2014).

In order to harmonize the UA LUZ Bratislava 2006 and 2012
data layers classes 2, 3, 4 and Street trees/2012 were aggregated.
In order to generate LUC changes, dataset were overlaid. The
LUZ UA Bratislava 2006 data served as the reference layer (see
Tabs. 2, 3 and 4).

800 -

400 -

Occurrence of LUC classes and their changes in 2006-2012
were assessed, quantified and visualised in ArcGIS 10 software
by means of raster data layers with the cell size of 2x2 metres.
Results obtained by the analysis of UA data layers were com-
pared with the official statistical data about the total values of
nature of land use as registered by the Geodesy, Cartography
and Cadastre Authority of the Slovak Republic. The data about
sizes of LUC classes and their changes in 2007-2012, provided
by the national statistics (NS), are shown in Tab. 5.

2.1 Study area

The LUZ Bratislava with an area of 2,042.70 km? (4.2% of total
area of the country) is located in the south-western part of Slo-
vakia. As for the geomorphology of the place, in the west it is the
Zahorskd Lowland, the mountain range of the Little Carpathians
runs from the south-west to north-east, while the eastern and
south-eastern parts are covered by the Danube Lowland. The
climate of LUZ Bratislava is moderately warm or warm. Mean
yearly temperatures oscillate between 8.9°C and 11.1°C. The
territory is part of the watershed of the Danube river which
flows along the south-western edge of the study area. The 37 km
stretch of Danube river coincides with the Hungarian and Aus-
trian frontiers. The LUZ Bratislava is divided into 8 districts
(LAU1): Bratislava I, Bratislava II, Bratislava III, Bratislava IV,
Bratislava V, Malacky, Pezinok, and Senec. As of December 31,
2012, the population of LUZ Bratislava was 612,682 and the
mean population density amounted to 298/km2.

3. Results

3.1 Spatial aspects of LUC LUZ Bratislava classes
and their sizes

Artificial surfaces in LUZ Bratislava are mostly represented by
the class 12, with an area of 12,129 ha in 2006 and 12,371 ha
in 2012 (see Tab. 2). Classes 11, 14 and 13 (see Tab. 2) take in
smaller areas. The total surface area of classes of urbanised areas
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of the UA 2012 (11+12+13) is 25,628 ha (see Tab. 2), while the
NS records built-up areas on an area of 16,228 ha (see Tab. 3
and Tab. 5). In this comparison of UA with NS class built-up
areas we omitted the content of the UA class 14 which is closer
to NS class other areas (see Feranec, 2008). Fig. 1 demonstrates
the spatial distribution of UA 2006 and 2012 classes and their
changes.

Concerning the area of other classes, agricultural UA areas
are biggest class 20 - 94,032 ha (in 2006) and 92,525 ha (in 2012,
see Tab. 2). According to NS the area of class agricultural land
was 91,661 ha (in 2012, see Tab. 5). Forest and semi-natural areas
of the UA class 30 - 80,294 ha (in 2006) and 80,269 ha (in 2012,
see Tab. 2) are smaller. According to NS the forest plots stretched
on an area of 75,121 ha (in 2012, see Tab. 5).

The last class of the UA nomenclature is water bodies 50 with
an area of 3,810 ha (in 2012, see Tab. 2). NS contains a similar
class of water bodies with an area of 5,820 ha (in 2012, see Tab. 5).

3.2 Spatial aspects of changes of LUC LUZ Bratislava classes
and their sizes

One of the assets of the UA 2006 and UA 2012 data is the option
to draw information (spatial and statistical) about changes of
LUC. The extent of LUC changes in ha and in % (percentage of
the class of origin) is shown in Tabs. 3 and 4. Figs. 1 and 2 bring
their graphical representation for districts that form the area of
LUZ Bratislava.

Most important change in the LUZ Bratislava is the shrinkage
of agricultural land 2000 (arable land especially) in favour of
construction and extraction of minerals i.e. classes 1330 (578 ha),
1210 (221 ha), 1124 (151 ha), 1340 (148 ha), 1310 (127 ha) and
other classes (see Tabs. 3 and 4). These changes dominated in hin-
terland of the capital, that is, districts Senec, Malacky, Pezinok,
and Bratislava IV. In lesser extent they were identified in districts
Bratislava II, Bratislava III and Bratislava V (see Figs. 1 and 2).

Also prevalent group of changes, smaller in terms of size, is
related to the conclusion of construction of residential buildings:
changes of class 1330 in favour of classes 1121 (101 ha), 1340
(43 ha), 1122 (34 ha), 1110 (30 ha), 1210 (27 ha), and 1124 (18 ha)
(see Tabs. 3 and 4). These changes are observed mostly within
the districts Senec, Malacky and less within districts Bratislava
IT and Bratislava III (see Figs. 1 and 2).

Negligible changes in terms of size were those of class 3000
in favour of classes 2000 (about 10 individual patches with an
area of 80 ha; most probably incorrectly identified areas), 5000
(49 ha), 1310 (16 ha), and 1210 (13 ha) (see Tabs. 3 and 4). These
changes occurred especially in the Little Carpathian Mts. par-
ticularly in districts Malacky and Pezinok (see Figs. 1 and 2).

Insignificant in sense of area size were changes identified on
areas with the finished economical exploitation or transforma-
tion. Class 1210 changed in favour of classes 1340 (26 ha), 1330
(19 ha) and 2000 (6 ha). Small parts of class 1121 changed in
favour of classes 1410 (14 ha) and 2000 (5 ha) while classes 1122
changed in favour of classes 2000 (10 ha) a 1410 (6 ha) (see
Tabs. 3 and 4). They were identified in the areas of Malacky,
Pezinok and Senec districts (see Figs. 1 and 2).

Obvious differences show the comparison of individual LC
classes of UA and the corresponding areas of NS plots. Differ-
ences in built-up territory are likely caused by the differences in
definition of individual classes as well as the way of their aggre-
gation into higher homogeneous unit (Feranec 2008). Different
definitions are likely the primary cause of differences in the area
of agricultural land, forest and semi-natural areas between UA
and NS. Moreover, in the frame of agricultural land there is large
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discrepancy between the real and legal status of plots, which had
been exempted from the land fund because of future construc-
tions. For various reasons, however, these constructions were
never accomplished. The fact resulted in a considerably greater
shrinkage of agricultural land in NS records than those identi-
fied by the UA. Under the UA methodology, which makes use of
the physiognomic characteristics in identification of landscape
objects such plots appeared as unchanged while on the other
side the change did appear in the cadastre. It is also obvious
from the comparison of Tab. 2 and Tab. 5.

Although they confirm that in the period 2007-2012 2,661 ha,
were administratively exempted from the agricultural land fund
for construction, the increase of built-up area in the same period
was only 755 ha. Tab. 5 shows that the most distinct decrease
of agricultural land in favour of construction was in 2008. It
was the same year when the preparation of the Directive of
the Slovak Government No. 376/2008 effective from 1 January
2009 stipulating a new amount of fees for the exemption of land
from the agricultural land fund. Such a policy contributed to
the increased demand of developers to take out their properties
from agricultural land fund. It was why a considerable part of
agricultural land was reclassified into other areas in the above-
mentioned period although its use in reality did not change.
The discrepancy between the real and legal status is also fre-
quently observed when areas of vineyards are identified and
documented (Lieskovsky et al. 2013). A discrepancy between
the UA and NS data was also observed in case of water bodies.
These areas are smaller in UA data compared to those of NS
(see Tabs. 2 and 5). It must be noted here that UA contains only
areas larger than 1 ha and parts of rivers and channels wider
than 10 m (c.f. Feranec 2008).

4. Conclusion

Obtained results demonstrate and quantify the largest conver-
sion of agricultural areas to built-up areas with different density
of fabric (continuous or discontinuous) for different use (urban
fabric or industrial, commercial, military, private areas) in differ-
ent stages of construction (concluded or ongoing).

Changes of construction sites in LUZ Bratislava in favour of
areas with different density of urban fabric rank second.

Compared to data obtained from cadastre related to entire
administrative units, the advantage of UA data is beyond dispute
in the definite localisation of changes in landscape. As they are
derived from the physiognomy of landscape recorded by satellite
images, the assessment of landscape changes using these data
is not subject to administrative discrepancies that exist between
the real and legal status of plots.

Hence, the UA data represent a unique ancillary information
source for a quality and spatially verifiable observation of devel-
opmental trends for the European cities and their immediate
hinterland.
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