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1. Introduction

Political changes that took place in 17 countries of the Central
and Eastern Europe, that is, Albania (AL), Bosnia/Herzegovina
(BA), Bulgaria (BG), Croatia (HR), Czech Republic (CZ), Estonia
(EE), Hungary (HU), Kosovo (KV), Latvia (LV), Lithuania (LT),
Macedonia FYR (MK), Monte Negro (ME), Poland (PL), Romania
(RO), Serbia (RS), Slovakia (SK), and Slovenia (SI) after 1989 led
to the transformation of local economic systems. The collapse of
socialism in 1989 caused massive socio-economic and institutional
changes. The changes included the privatisation, shifts in land
ownership and use, and restitution of farmland. Agricultural sector
has been strongly influenced by these processes and transition of
agriculture has had a significant impact on the agricultural landscape
structure (e.g. Prishchepov et al. 2013).

Landscape of Central and Eastern Europe has experienced
significant changes in agricultural land. Farmland abandonment was
the main agricultural land use change after the collapse of socialism
(Prishchepov et al. 2013 or Frohberg and Weber 2002). The
significant socio-economic transformation occurred when many
Central and Eastern European countries joined the European Union
(EU) in 2004 and 2007 with marked effects on land change.

The process of structural changes on agricultural land and its
abandonment is obvious in the post-socialist Central and Eastern
European countries, where adoption of the market-oriented economy
after the era of socialism and the implementation of EU policies
posed the greatest challenge in recent decades. Changes or loss of
agricultural land and its territorial differentiation has been evaluated
by e.g. Taff (2005) or Kuemmerle et al. (2009). Agricultural
abandonment and the following reforestation in Latvia was
documented by Taff et al. (2010), in Poland by Angelstam et al.
(2003) and Kozak et al. (2007a); in the Czech Republic by Bicik et
al. (2010), and in Slovenia by Gabrovec and Kladnik (1997). Pazur
at al. (2014) analysed the spatial determinants of abandonment of
large-scale arable lands and grasslands in two time periods: the
transition period (1990-2000) and the EU accession period (2000-
2006). Cremene et al. (2005) investigated the changes of grasslands

in Transylvania and their impact on biodiversity.

The importance of understanding the patterns and drivers of
agricultural land use (LU) change in Central and Eastern Europe is
stressed in numerous studies focused on explaining the patterns of
land cover (LC)/LU changes (LCLUC), e.g. Bicik et al. (2010),
Lowicki (2008) based on qualitative explanations at coarse scales

(e.g. on the country level) or a quantitative approach to link LU

changes to its driving forces in Eastern Europe (e.g. Miiller et al.
2013). Kozak et al. (2007a) and Kozak et al. (2007b) investigated
the main trends and drivers of LU changes in the Carpathian Basin
and afforestation along with the diminishment of arable land. The
above-mentioned were the main long-term trends identified in these

studies.

A wide range of LC/LU data are available for Central and Eastern
Europe. Remote sensing methods have gradually become an
essential tool for monitoring the landscape changes. CORINE land
cover (CLC) data represent an important source about changes for
Europe. The CLC data of the late 1970°s and 1990°s were used for
the first time in order to identify the main types of landscape
changes: urbanisation/industrialisation, intensification of agriculture,
extensification of agriculture, afforestation, deforestation,
enlargement /exhaustion of natural resources, and other
anthropogenic changes including the Czech Republic, Hungary,
Romania, and the Slovak Republic (Feranec et al. 2000).The CLC
datasets of 1990, 2000, 2006, 2012 and 1990-2000, 2000-2006, and
2006-2012 changes offer an opportunity to observe the European
landscape dynamics by means of LC and its changes for the first
time in the recently published book of Feranec et al. (2016). Three
time horizons i.e. 1990-2000, 2000-2006 and 2006-2012 are
available at: http://www.eea.europa.ew/data-and-maps/data/data-
viewers/land-accounts and they constitute a valuable information

source about the mentioned changes in agricultural landscape.

This article presents the trend of changes in agricultural
landscape and its spatial distribution and intensity in Central and
Eastern Europe during the periods 1990-2000, 2000-2006, and
2006-2012. Macro-scale map presentation using the CLC data
enables the assessment of intensifying and extensifying trends in
agricultural land in the whole territory of Central and Eastern

Europe.

2. Methodology

LC changes can be regarded a relevant information source about
processes (flows) in landscape. The methodology applied in Haines-
Young and Weber’s study (2006) categorizes LC changes into LC
flows (LCFs) on the basis of the second CLC data level (see Tab. 1)
and presents the spatial aspects of LC changes through LCF
intensity maps. The changes grouped into LCFs represent two major
LU processes (Feranec et al., 2010, 2012, Soukup et al., 2016):
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- (LCFI) Intensification of agriculture is a flow, which represents
the transition of LC types associated with lower use intensity
into higher use intensity. E.g. changes of natural areas (classes
32, 33, 41 and 42) into agricultural land (classes 21, 22, 23 and
24) or changes of agricultural land from the lower use intensity

(e.g. class 23, 24) into higher use intensity (e.g. class 21, 22).

- (LCFE) Extensification of agriculture is defined as a flow, which
represents the transition of the LC type associated with the higher
use intensity (classes 21 and 22) into the lower use intensity

(classes 23, 24, 32 and 33).

These changes can be expressed by the statistics via tables and
graphs which demonstrate enlargement or diminishment of
individual LC classes. As these changes take place in space, the

most appropriate means of their representation is a map which

complements the statistics.

Map representation of LC changes has been accomplished in two

ways:

- A single map representing changes between two or more time

horizons;

- Multiple small maps also representing changes between two or

more time horizons.

Table 1 — CLC nomenclature (Heymann et al. 1994; Bossard et al. 2000)

1 Artificial surfaces
11 Urban fabric
111 Continuous urban fabric
112 Discontinuous urban fabric
12 Industrial, commercial and transport units
121 Industrial or commercial units
122 Road and rail networks and

associated land

123 Port areas
124 Airports
13 Mine, dump and constructions sites
131 Mineral extraction sites
132 Dump sites
133 Construction sites
14 Artificial, non-agricultural vegetated areas
141 Green urban areas
142 Sport and leisure facilities

2 Agricultural areas
21 Arable land
211 Non-irrigated arable land
212 Permanently irrigated land
213 Rice fields
22 Permanent crops
221 Vineyards
222 Fruit trees and berry plantations
223 Olive groves
23 Pastures
231 Pastures
24 Heterogeneous agricultural areas
241 Annual crops associated with
permanent crops
242 Complex cultivation patterns
243Land principally occupied by
agriculture,with significant areas of
natural vegetation
244 Agro-forestry areas

3 Forest and semi-natural areas
31 Forests
311 Broad-leaved forests
312 Coniferous forests
313 Mixed forests
32 Scrub and/or herbaceous vegetation
associations
321 Natural grasslands
322 Moors and heathland
323 Sclerophyllous vegetation
324 Transitional woodland-scrub
33 Open spaces with little or no vegetation
331 Beaches, dunes, sands
332 Bare rocks
333 Sparsely vegetated areas
334 Burnt areas
335 Glaciers and perpetual snow

4 Wetlands

41 Inland wetlands
411 Inland marshes
412 Peat bogs

42 Maritime wetlands
421 Salt marshes
422 Salines
423 Intertidal flats

5 Water bodies
51 Inland waters
511 Water courses
512 Water bodies
52 Marine waters
521 Coastal lagoons
522 Estuaries
523 Sea and ocean

The approach used in this article demonstrates representation of
LC changes in 1990-2000, 2000-2006, and 2006-2012. It is based on
the comparison of real value sizes (yearly changed areas) of the
appurtenant LC change type (in ha) in a 3 x 3 km square in three
time horizons. The referential value was the LC change in 1990-
2000. The result was the spatial representation of squares where LC

changes:

- enlarged (reaching greater or equal value compared to the

referential value. They are represented in red);

- diminished (reaching always smaller value compared to the

referential value. They are represented in blue);

- reached alternating values (enlargement and diminishment
compared to the referential value or the change was not identified
in the referred time horizon and took place in the following time
horizons; such changes are represented in magenta) (Feranec and
Soukup 2015).

3. Results

3.1 Changes of LCFI intensity

Assessment of the LCFI area for the whole tracked study period
and the whole territory suggests that this change took place on the
overall area of 6,380 km?, which represents almost 1% of total
farmland area as of 2012. As far as the LCFI in individual study
periods are concerned, the top values have been reached in the first
period of 1990-2000 (583 km?/a year). After 2000, LCFI markedly
decreased followed by an increase after 2006 (238 km?/a year).
Concerning the LCFI changes (value of yearly changes, percentage
of total country area; see Tab. 2) 17 Central and Eastern European

countries form three groups:

- 0.096-0.07% representing areas from 1,366.53 km? to 782.24 km?
in absolute values for the whole period of 1990-2012 (for precise
numbers of years see Tab. 2); this group contains EE, LV, LT,
and HU (see Fig. 1),

- 0.069-0.01% representing areas from 266.98 km? to 248.15 km?
in absolute values for the whole period of (see Tab. 2); this group
contains: SK, CZ, KV, HR, RO, and BG (see. Fig. 1),

- < 0.01% representing areas between 481.70 km? and 2.42 km? in
absolute values for the whole period (see Tab. 2); this group
contains: RS, BA, PL, MK, Al, ME, and SI (see Fig. 1).

Yearly changes of LCFI (% of agricultural land in 2012) were
greatest in EE (0.32%), in LV (0.21%), LT (0.14%), and in HU
(0.13%), etc. From the temporal point of view, it is possible to
discriminate groups of countries with high LCFI in the first period
and the decreasing trend in the following years, for instance HU,
PO, RO, SK etc. from the group of countries with the opposite trend,
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that is, higher intensity after 2000. In CZ intensity after 2006 was
much higher than in 2000-2006, while SR recorded higher value in
2000-2006. Rapid increase of LCFI after 2006 was observed in BG
(almost eight-fold increase compared to the previous period, see
Tab. 2). Fig. 1 displays territories with permanently increasing
intensity after 2000 (in red), i.e. south and northeast of HU,
southern Moravia in CZ, in contrast to the north of SK, northeast of
RO and the majority of LV territories with a permanent intensity

decrease.

3.2 Changes of LCFE intensity

In terms of LCFE, this change took place on an overall area of
9,426 km? regarding the whole tracked territory and the whole
tracked period. It is over 3,000 km? more than in case of LCFI and it
represents over 1.3% of total farmland as of 2012. LCFE in
individual periods, Iike in case of LCFI, the topmost values were
reached in the first period of 1990-2000 (847 km?/a year). After
2000, LCFE markedly dropped (181 km?a year in the period of
2000-2006). Increase was observed after 2006 albeit with the
intensity that accrued only to a third of that recorded in the first
period. Likewise, the rate of LCFE change (for the value of yearly
changes, that is, percentage of total country area see Tab. 2) can be

classified into three groups:

- distinctly highest value of this type of change (0.28% representing
4,481.41 km?, see Tab. 1) was identified in CZ (see Fig. 2),

- values of change ranging between 0.07 and 0.04% (from 1,306 to
370 km?) were identified in HU, EE, LV, and SK (see Fig. 2),

- values smaller than 0.04% were identified in LT, RO, RS, HR, BG,
MK KYV, PL, AL, BA, ME, and SI (areas of this type of change in
km? varied depending on size of countries from 640 km? to 0.28
km?, see Fig. 2).

Yearly changes of LCFE (% of agricultural land in 2012) were
greatest in CZ (0.56%) followed by EE (0.22%), LV (0.14%) and
HU (0.12%), etc. (see Tab. 2). Apart from EE the most intensive
changes of LCFE took place in the first period (1990-2000) in all
tracked countries. The most dynamic LCFE in this period were seen
in CZ and LV with the calculated values of 361 or 119 km?%a year.
EE and HU experienced a slightly higher intensity in the last tracked
period compared with the 1990-2000 period. Generally, LCFE was
less intensive in 2000-2006 in a considerable part of countries (see
for instance the Baltic countries or RO. A drop to an approximate
third of what it was in the previous period was observed in CZ, PL,
SK and HU.

Intensity of LCFE increased after 2006; marked dynamism was
observed in HU and EE. On the other side, SK, RO or LV in the
same period reached the least values compared with the period

before 2000. Absolutely highest values in all tracked periods were

reached in CZ (Tab. 2). The huge dynamism of LCFE inCZ is
evident in Fig. 2. High share of territories afflicted by LCFE is to be
found in the Baltic States and HU. Lower share of LCFE has been
identified in RO, SK and RS which were characterised by a much
higher intensity in the first period. In case of PL it not possible to
trace up any distinct spatial concentration of LCFE while in CZ or
RO this change mostly concentrated in mountain and submontane

areas.

4. Conclusions

The total area of identified LCFI was 6,380 km? in the observed
period 1990-2006, that was approximately 0.05% of yearly changes
of agricultural land in 2012. LCFE was identified on the total area
9,427 km?, that is, 3,000 km? more than LCFI. LCFE yearly changes
of agricultural land in 2012 accrued to 0.07%. The greatest changes
in both LCFI and LCFE occurred in the first period 1990-2000.
Much less intensity was observed in 2000-2006 while after 2006 the
dynamism accelerated (Tab. 2 and Tab. 3).

The results show that significant changes occurred on agricultural
lands in the study region. LCFI was the most intensive in the first
period 1990-2000, and it decreased in the second period. LCFI of
agricultural land shows a high intensity in Central and Eastern
European areas with favourable conditions for arable land, which
included the new vineyards and orchards, e.g. HU, south of CZ or
east of SK. According to our results the documented LCFI restarted
its intensity after 2006, especially in the new EU member countries
(BG, EE, LV, and CZ). Implementation of the Common Agriculture
Policy (CAP) could have been the driver of the new intensification
on agriculture land. Farmers were given a new opportunity to obtain
subsidies from the EU budget.

LCFE was a more intensive trend than LCFI with concentration
in Central Europe (CZ, HU and the north-western part of SK, see
Fig. 2) and in the Baltic countries as well. LCFE was a very
intensive trend especially in CZ. It was absolutely the highest of the
total LUCC (Bi€ik et al. 2010). LCFE process mostly occurred in
unfavourable areas with low quality soils, in SK, RO or CZ
particularly in the mountain and submontane areas (Bi¢ik and
Jancak 2003).

There are territorial differences in observed trends. Countries in
the central part of study area and the Baltic countries were affected
by more intensive changes. On the other hand, intensity of changes
in the southern countries (e.g. BG, BA, ME), SI and the central parts
of PL and RO was lower. Transitional processes led to very
intensive changes. Countries in the central part of the study area and
the Baltic countries were able to join the EU more readily than other
countries, that is, in the first accession wave in 2004. The economy

of these countries had to adopt the EU market and agricultural
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policy in a short period. These factors were important drivers of
changes with the tendency to deepen the polarization between the

north-central countries and the southern parts of the study area.

This assessment of change of agriculture land based on CLC data
(mostly applying satellite image analyses) is a very good source for
the appraisal of different data source validity, e.g. national statistical
datasets or cadastral evidence. Results of this study may be as well
followed by deeper analyses of driving forces. A validation of
detailed scale case studies and comparisons of changes and drivers

might be useful for continued research as well.
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