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1. Introduction

Landscape alternations and changes in land use and land cover
are crucial processes implying the undesirable environmental
changes (Rockstrom et al. 2009), leading, among others, to
the loss of biodiversity (Newbold et al. 2015), unsustainability
in food production or loss of freshwater and forest resources
(Foley et al. 2005). These changes are driven by various (driving)
forces (socio-economic, technological, cultural, natural or politi-
cal) materialized in a particular landscape by different agents
(Plieninger et al. 2015).

Possible directions for the research of driving forces have
been proposed by Biirgi et al. (2004). There, the authors suggest
that regions separated by administrative borders might represent
an area for investigation of the driving forces as they allow a
comparison of two areas with expected differences in political
and socio-economic driving forces. Such an approach addresses
the issue of impossibility to manipulate factors (e.g., legislation,
demography) in wide regions in order to examine their effect
on landscape change (Kuemmerle et al. 2006). The approach
could be divided into a) a temporal design (examining a region
in different periods, see Palang, 2010) and b) a spatial design
(cross-site or cross-border examination, see Senetra et al. 2013;
Sklenicka et al. 2014). The cross-site and cross-border (spatial)
research design is used for comparative purposes in many places
worldwide, often testing the impact of legislative interventions
or sectoral policies on a landscape. Such approach was used for
border-landscape research in Vietnam-Cambodia (Grogan et al.
2015), China-Hong Kong (Xie, Ng 2013), Angola-Namibia (Roder
et al. 2015), Mexico-USA (Zhao et al. 2017) Austria-Czechia
(Rasin, Chromy 2010) or along the former firm borderlines such
as the “Iron Curtain” (hereinafter IRC) line (Kupkova et al. 2013),
separating various political blocs of states. However, the final
condition of the landscape under study has resulted from many
complex forces (Plieninger et al. 2016), influenced by historical
circumstances (Ernoult et al. 2006) and recorded in the site/
region specific memory of a landscape (Balej et al. 2010).

2. Specific features of landscape development
in Central Europe

It was especially in northern, western and eastern Europe that
underlying political and socio-economic driving forces have
had a significant influence on the development of land use and
land cover (Plieninger et al. 2016). In central and eastern Europe
in particular, the driving forces related to the transition from
the Communist to post-communist regimes were frequently
mentioned as having major importance for land use and land
cover changes (Skokanové et al. 2016). Based on differences
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in historical political settings of the Eastern and Western blocs
in Europe (following the division by an official IRC boundary),
significant differences in the land use and land cover change and
trajectories were observed and described. Since the early 1950s,
major differences stemmed from the productivist (Western)
market and Communist (Eastern) centrally planned agricultural
management (Skokanova et al. 2016). In the West, the period last-
ing from 1950s till the 1990s followed a productivist agricultural
scheme with intensification of the agricultural output, which was
further accelerated by the Common Agricultural Policy (CAP,
1960s; see Strijker 2005). A similar process was described in the
East as well. It was fuelled there by the idea of self-sufficiency
(Prokopova et al. 2018). Contrary to general intensification of
the land use, extensification (mainly afforestation of farmland or
land abandonment) took place in remote areas and in the areas
with unfavourable conditions for agriculture both in the Eastern
(e.g., border areas of Czechia; see Bicik et al. 2001) and Western
blocs (Strijker 2005).

The transition towards market economies in the Eastern Bloc
in the 1990s had a major impact on general extensification of
land use (i.e. land abandonment). The extensification trend was
observed across the entire European continent as a predominant
proximate driver (Plieninger et al. 2016) with a higher accentua-
tion in Eastern Europe (van Vliet et al. 2015). This was due to such
factors as technological lags, price liberalization, competition,
abolition of subsidies or return of state-owned property (Levers
et al. 2018). Contrary to quite stable and intensive land use in the
West, the period before accession to the EU (all countries except
East Germany by 2004) led in the Eastern Bloc to a significant
shift towards de-intensification and afforestation (Feranec et al.
2017, Levers et al. 2018, Prokopovd et al. 2018). The trend of land
abandonment later diminished due to the CAP implemented in
the Eastern Bloc after accession to the EU. The implementation
of the CAP brough about improved sustainability of agriculture
and application of agri-environmental schemes, resulting in an
increase in grassland areas (Prokopova et al. 2018). A similar
trend, i.e., stabilisation of the land use intensity by the CAP, was
observed in the Western bloc in the decade between 2001 and
2011 (van der Sluis et al. 2016).

The research into landscape changes of the IRC border zone
has been rather scarce. Based on an evaluation of the land
change in a 15-km strip along the border, Bic¢ik et al. (2010) and
Kupkova et al. (2013) concluded that the land use in 1990, i.e., at
the beginning of the studied period, differed between the situa-
tion on either side of the border. In that year, the proportion of
arable land was higher in the eastern part of the borders, while
heterogeneous agriculture (a combination of small patches of
pastures, arable land or permanent crops on the same tract, etc.)
was more frequent on the western side. The higher volume of
arable land in the East results from a historical emphasis on



bigger plots and areas of arable land facilitating a higher finan-
cial profit and easier land management in the centrally planned
agriculture (e.g., Batary et al. 2017 for Germany, Sklenicka et al.
2014 for Czechia).

From the perspective of trends over the entire period of 1990-
2006 (Bicik et al. 2010, Kupkov4 et al. 2013), the most significant
difference was in the pace of afforestation that was much higher
in the East than in the West, where a slight tendency towards
deforestation was observed. When it comes to the dynamics of
changes, a significantly higher volume was observed in the Czech
parts of the eastern side of the border than in the remaining parts.
On the other hand, since the Austrian (western) part of the area
under study was stable, it only had a low volume of land use and
land cover changes. In general, major land use and land cover
changes on the western side of the borders were only detected in
parts of the former West Germany, which the authors explained
by inferior natural conditions for agriculture. A dominant type
of the land use and land cover transition on the Eastern side
between 1990 and 2006 is the transition to extensive forms of
land management (arable land to pastures, afforestation) with the
exception of south Moravia. On the Western side, the transition
from the forest stands to shrubs was the most common land use
change, though highly variable among the individual sections
of the border. The authors also predicted a further decrease in
the area of arable land, accompanied with the formation of new
forest stands and pastures on the Eastern side of the border.

Our aim is to examine landscape change on the former bor-
der between specific regions under different management/policy
in the past. For such a comparison, the bordering landscape
between former eastern and western blocs, separated by the IRC
in Europe, was chosen. There are the assumptions that differ-
ent political conditions (drivers) and transformation dynamics
must be necessarily reflected in the different structure of land
use and land cover changes between the states of the former
Eastern and Western blocs in the period after the fall of the Com-
munist regime as well as the individual sections of the borders,
defined by individual national border areas. In addition, there is
the expectation of convergence of the volume and structure of
individual processes (e.g., afforestation, urbanisation) between
the former Eastern and Western countries over time from 1989
onwards due to harmonization via supranational policies.

3. Study site and sampling design

The former line of the IRC, that persisted until the late 1980s,
serves as a good example of an area suitable for performing
research in a spatial setting/design. A border of more than
2,700 kilometres spanned from the Baltic to the Adriatic Sea
(Fig. 1a), separating the Eastern countries (the former East Ger-
many, Czechia, Slovakia, Hungary and Slovenia) with central
planning from the Western countries with market economies.
As regards biophysical characteristics, the landscape settings of
the IRC borderline are highly variable. Based on the LANMAP
(landscape) typology (Miicher et al. 2010; Table 1), the altitude
varies from 50 to 1,500 metres above sea level. The majority of
the sampling sites are located in the continental climate (54%),
followed by the Pannonian (23%) climate, with the rest belong-
ing to the south alpine, North Atlantic and Mediterranean moun-
tains climate. Correspondingly to the variation in climate and
altitude, the majority of the parent material forms are crystalline
rocks as well as migmatites (35%) and soft loam (31%), while the
rest includes calcareous rocks, sandstones and soft and hard
clayey materials.
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The higher variability of environmental settings in the study
area was a reason to choose the sampling site design instead of
evaluation of the entire border landscape. In order to verify the
extent of the differences between LANMAP landscape types on
both sides of the border (Table 1, Fig. 1b; cf, ¢, d) a statistical
comparison was made. The proportion testing was done by the
pairwise proportion test with the Bonferroni correction. Such
a rather simplistic comparison of the area (disregarding spatial
distribution) led to unequal proportion in 10 landscape types
(p<0.001) out of 20. Despite the fact that incongruent landscape
types covered only 12% (east) and 16% (west) of the area under
investigation, a more conservative approach based on sampling
plots was used. The localization of the 10x10 km square plots
respects the rule of placement equally on either part of the
border and in identical landscape types (LANMAP Level 3, Fig.
1b). The technique generated 25 sampling plots, unevenly placed
along the entire border. The border section of Italy-Slovenia was
excluded from the analysis due to the fact that only a single plot
met the above-mentioned criteria or sampling plot delimitation.

4. Methods and data

In order to gather information about the land use and land
cover change, CORINE Land Cover (CLC) data sets for three
particular years (Table 1) were employed on the level 2 of the
CLC classification (for details, see EEA 2021). For the sake of
homogeneity of the landscape under study, there was incorpora-
tion of the pan-European landscape typology of the LANMAP
project (Miicher et al. 2010). This data set divides the European
landscape according to the climate, altitude and geological com-
position into 76 classes (Fig. 1b) on the third level of classifica-
tion. The information on the delimitation of former Eastern Bloc
boundaries was obtained from the Mosaic project as a spatial
data set (Table 1).

After defining the sampling plots along the IRC border, it was
necessary to acquire data on the degree of transition of individual
land use and land cover types on the CLC 2 level. In other words,
it was necessary to detect the trajectory of land change on the
level of individual patches. The data from individual examined
years (1990, 2000, 2012) were mutually compared in the ArcGIS
environment (ESRI 2019) by intersecting the individual layers
in the chronological order. The change (or a lack of it) of the
intersections of the individual areas (Fig. 1c) between the years
1990-2000 and 2000-2012 was therefore observed.

In order to further analyse the transition of land use classes
between individual years (periods), the transition scheme was
created. The transition scheme (or matrix, Figure 2) was used to
generalise the processes of transition of land cover classes into
nine groups. In this way, the whole area of multiple land use
and land cover classes that belongs to the single process was
summed up. Thus, three internal conversion groups of anthro-
pogenic classes, agriculture and natural classes (Fig. 2G, H, I)
were distinguished. The antagonistic processes of urbanisation
and deurbanisation follow the transition to urban or urban-like
forms (Industrial, Mining, Dump and transport areas, Artificial
vegetated areas) from the rest of the categories and vice versa.
The naturalisation and denaturalisation processes express a con-
version from potentially valued natural classes (Open space,
Shrubs, Wetlands and Waters) to agricultural use or vice versa.
Finally, afforestation and deforestation processes are distin-
guished (Fig. 2C, D).

For the purpose of a comparison between the individual
processes on both sides of the former IRC line and time, the



Fig. 1 - (a) Localisation of the sampling plots on the Iron Curtain border (the borderline divided Germany into Western and Eastern parts; at the time of the Iron Curtain Czechia
and Slovakia (SK) create one state — Czechoslovakia, HU — Hungary; SL - Slovenia, at the time of Iron Curtain part of Yugoslavia); (b) position of the sampling plots within
landscape types, Chs = continental (climate) - hilly (relief) - sediments (parent material); Chr = continental - hilly - rocky; Cmr = continental - mountains - rocky; (c) 2010 state
of the land cover; (d) persistent features based on the intersection of the 1990 and 2010 (white patches indicate land use change between the time points) and (e) Landsat-5-TM

image, 1991 (U.S. Geological Survey).

Tab. 1 - Data sets used in the study

Name /Type Year Min. mapping unit  Original repository Source of digitized version Extent

CORINE Land Cover (CLC) 1990, 2000, 2012  25ha/100m Copernicus System, ESA EEA, 2021 European (Central European Contries involved)
LANMAP database (ver.3) - 11 km?2 Wageningen University Obtained via personal communication ~ European (Continent - wide)

Former boundaries 1989 line data Max Planck Institute for Demographic Research ~ MPDIR, 2021 Germany

Fig. 2 - Generalisation scheme - clustering transition of individual LULC classes into specific processes.
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Tab. 2 - Response variables and predictors used in the study (* response variables included, ** repeated measure)

Response variables

Values
min-max; mean=StD (ha per
year)

Afforestation*

The dynamics of afforestation, i.e. conversion of other than urbanized patches to forest (ha/year).

0-101.18; 17.01+24.02

Agricultural internal conversion*

The dynamics of conversion among Arable land, Heterogeneous agriculture, Permanent crops and Pastures (ha/year).

0-287.28; 60.33+71.98

Anthropogenic internal conversion

The dynamics of conversion among Urban Fabric, Industrial & Transport, Mine & dump and Artificial vegetated areas (ha/year).

0-7.73; 0.59%1.65

Deforestation*

The dynamics of forest loss, i.e. conversion of other than urbanized patches to other than forest (ha/year).

0-94.62; 10.18+15.66

Denaturalization

The dynamics of water, wetland, open space and scrubs loss, i.e. conversion of natural patches to agricultural use (ha/year).

0-13.08; 0.7+2.24

Deurbanization*

The dynamics of conversion from Urban Fabric, Industrial & Transport, Mine & dump and Artificial vegetated areas to other types (ha/year).

0-14.77; 2.02+3.45

Natural internal conversion

The dynamics of conversion among water, wetland, open space and scrubs (ha/year).

0-18.13; 0.41+2.13

Naturalization

The dynamics of conversion in favour of water, wetland, open space and scrubs (ha/year).

0-13.48; 1.12+2.35

Urbanization*

The dynamics of conversion in favour of Urban Fabric, Industrial & Transport, Mine & dump and Artificial vegetated areas to other types (ha/year).

0-39.79; 6.15+£7.79

Predictors

TIME ** Time period divided to span of (1) 10 and (2) 12 years; two levels (1)1990-2000; (2) 2000-2012
BORDER ** Division to old democratic and post socialistic regime; two levels (1) East; (2) West
REGION Part of the frontier divided according to specifics of bordering countries; five levels (see Fig. 7) (1) DE-DD: West and East Germany; (2) CZ-DE: Czechia and Germany;

(3) CZ-AU: Czechia-Austria; (4) HU-SK-AU: Hungary and Slovakia—Austria;
(5) SL-AU: Slovenia-Austria

rates of change between processes were calculated as a sum of
the particular land cover classes in transition between 1990 and
2000 and between 2000 and 2012. Such rates were divided by
the factor of 10 (years) for the first and 12 (years) for the second
period in order to normalise the results (dynamics in hectares
per year). As a result, this yielded relatively low values for par-
ticular processes, where the mean values plus standard deviation
did not exceed five ha per year and the group was omitted from
the later analysis (see Table 2). The data on the rates for both
the 1990-2000 and 2000-2012 periods and for all five remaining
processes (Fig. 2) were later employed for statistical modelling as
a response variable together with predictors of time (two levels
reflecting the periods) and side of the border (two levels - East
and West). The dynamics calculation was followed by a check of
comparability of the land use and land cover classes proportion
in the initial 1990-time segment by the pairwise proportion test
(R Core Team 2020) in order to find possible discrepancy in the
share of land use and land cover classes proportion.

In order to find out the influence of the border and of the time
period on the individual processes (Table 2), a statistical model
with the repeated measures (spatial BORDER and temporal
TIME dependency) was created. The violation of assumptions
for parametric testing made it necessary to use a nonparametric
test, namely the nonparametric analysis of longitudinal data
in factorial experiments (nparLD R package, Noguchi et al.
2012). As predictors of TIME and BORDER acted in the model
as repeated measures predictors, the twofold temporal (TIME)
and spatial (BORDER) dependency was articulated. Testing via
nparLD generated two types of results — the Wald statistics and
ANOVA type statistics. For the sake of reliability, a conservative
approach was adopted. The results were considered significant
only where both analyses (both the ANOVA type and Wald type)
yielded a significant result.

5. Results

5.1. Evaluation of the entire study area

If a look is taken at the entire study area, differences between
the individual examined periods were detected in almost all

processes (Table 3). The individual processes characterise
the grouped land use and land cover classes (see Fig. 2) that
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underwent changes or remained unchanged over the individual
periods. In order to clarify the situation before the analysis of
the dynamics (i.e., of increase/decline in the areas of individual
classes), the comparability of the initial situation in 1990 was
assessed (to allow a subsequent evaluation of the trajectory of
the processes). From the perspective of sampling areas along the
entire border, the proportions of land use and land cover classes
did not differ significantly between the two sides of the border;
the only exception was the category of shrubs (which includes
transitional forest development stages and shrubby formations
with sparse trees), the representation of which was bigger in
the East (W - 1.51%; E - 3.9% of the total area on the Eastern or
Western sides of the border, respectively).

The afforestation dynamics, i.e., an increase in the areas of
the land use and land cover class identified as forest, was sig-
nificantly different (Tab. 3, column BORDER) if the East and the
West are compared. Here, the dynamics was much more appar-
ent on the Eastern part of the border and in the second studied
period (Fig. 3a, b). The higher afforestation rate in the East is due
especially to a conversion from shrubs (Fig. 4) and to a smaller
degree to heterogeneous agriculture and arable land. A similar
transition was not apparent in the West in the first period when
the forest areas were solely increasing at the expense of shrubs.
In the second period, the afforestation dynamics had similar
patterns as in the East.

As far as the total converted area is concerned, agricultural
internal conversion was the dominant transition process. Fig-
ure 3c showed that the dynamics of the Eastern part of the
borders was relatively stable in both periods while in the West,
a significant increase in the dynamics can be observed in the
second period. In a more detailed assessment, the process of
internal agricultural conversion was consistent on the Eastern
side of the border throughout the periods, namely due to a con-
version of arable land into pastures. In the West, the situation
was more diverse. In both periods, the pattern was similar -
conversion from heterogeneous agriculture into pastures and
arable land; in the second period, a transfer of arable land into
pastures was an additional trend. The total values for the process
of agricultural internal conversion were caused by a higher rate
of change (15%) in the West (see Fig. 4).

As far as deforestation is concerned (Fig. 3d), a significant
change was only found between periods - a higher rate of
deforestation was seen in the second. This process was largely



caused by the losses in favour of shrubs (Fig. 4), which is not
surprising from the viewpoint of the forest life cycle in forestry
management. In the second period, however, one can observe
conversion of forests into arable land and pastures on both sides
of the border.

Deurbanisation and urbanisation processes, i.e., the conver-
sion to/from urban areas (including industrial use, etc.), were
marginal in the area of interest. A gradual increase in the dynam-
ics of both losses and rise in the urban areas can be, however,
observed in the second period (Fig. 3e, Fig. 3f) and a significantly
higher urbanisation rate was detected in the West (Fig. 3g). An
increase in deurbanisation processes in the second period can
be attributed to the transition to arable land and pastures on
both sides of the border. The opposite process, urbanisation, was
more pronounced in the West and it primarily occurred at the
expense of arable land.

5.2. A comparison of results for individual border segments

The Iron Curtain still passed through several countries with
various environmental conditions and different development
after 1989. For this reason, it is necessary to analyse the results
separately for individual regions (segments of the Iron Curtain).
Figure 5 and Table 4 present results of the dynamics of indi-
vidual processes for the first period. There was the detection of
significant differences in the individual border segments when
comparing their Eastern and Western parts for all processes
apart from deurbanisation. The most significant differences were
recorded in the afforestation dynamics, which was, compared to
the Western part, higher in three out of the five segments in the
Eastern parts of the border (all but the West German-East Ger-
man and Slovenian-Austrian sections). The volume of dynamics
of agricultural internal conversion significantly differed between
the sides of the border only for the Czech-German and West-East
German sections of the border. The deforestation dynamics was
also higher on the Eastern side of the Czech-German border when
compared to the Western side. The opposite trend, i.e., the higher
dynamics in the West, was observed on the Slovenian border.
The last process was urbanisation, whose dynamics was generally
higher in the Czech-Austrian segment of the borders than in the
others, with a higher rate of changes observed in the West.

No significant interaction (the segment of the Iron Curtain
vs. East/West) was detected in the afforestation dynamics in the
second period (Fig. 6). The only difference was in the Slovakian/
Hungarian-Austrian part where higher afforestation dynamics
could be observed in the East. The opposite trend, deforesta-
tion, differed significantly between Eastern and Western sides
of the border in both regions of the Czech border. In both, one
can see a lower deforestation rate in the East than in the West.
Surprising results were yielded by an analysis of agricultural
internal conversion. In the second period, the East-West sides
of the Czech-Austrian and Czech-German borders differed in
this respect. In both regions, the decrease in the dynamics in
the East and its increase in the West were apparent (Fig. 6b). In
the second period, differences were also detected in the border
segments as far as the deurbanisation processes were concerned.
Higher dynamics can be observed in the Western part at the
Czech borders (both “Czech” segments) than in the East. On
the other hand, this process was somewhat more intensive on
the Eastern side of the border (albeit to a minor extent) in the
Hungarian-Slovakian segment of the border. The opposite - an
increase in urban and urban-like areas — was recorded on the
Western side of the border in both “Czech” segments of the Iron
Curtain (Table 5).
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Tab. 3 - Principal differences between the investigated periods and the Western and
Eastern parts of the border

Time (1990-2000 Border Time*border

and 2000-2012)  (Eastand West) (interaction)
Afforestation Statistic 793823 16.05745 299354
p-value o ok 0.0836
Agricultural internal  Statistic 2.34147 0.08762 571783
conversion pvalue 012597 076722 *
Deforestation Statistic 14.47481 0.02413 1.2362
p-value ok 0.87655 0.26621
Deurbanisation Statistic 22.38388 0.09316 3.14791
p-value rkkk 0.7602 0.07602
Urbanisation Statistic 5.58815 6.77351 1.59114
p-value * *x 0.20716

Note: Asterisks express the significance levels as follows: *p < 0.05; **p < 0.07; ***p < 0.001;
**xkp < 0.0007; *****p < 0.00001; note: all results have to be significant in both Wald test and
ANOVA-type statistics (ats) to be considered significantly different.

Tab. 4 - Differences in the dynamics of processes in the individual regions (segments
of the Iron Curtain, e.g., Czechia—Austria) and the East-West classification in the first
period (1990-2000)

1990-2000 Region (e.g. Border Region*border
Czechia, Germany) (Eastand West) (interaction)
Afforestation Statistics 793823 16.05745 2.99354
p-value 0.04492; atsn.s.  FFxx* FHAAX
Agricultural internal  Statistics 2.34147 0.08762 5.71783
conversion p-value wkk 0.08997 *orkx
Deforestation Statistics 14.47481 0.02413 1.2362
p-value rkk 0.14535 rkkk
Deurbanisation Statistics 22.38388 0.09316 314791
p-value ek 0.10648 0.34667
Urbanization Statistics 5.58815 6.77351 1.59114
p-value ok 0.45118 0.20935

Note: Asterisks express the significance levels as follows: *p < 0.05; **p < 0.07; ***p < 0.001;
*rxky < 0.0001; *****p < 0.000071; note: all results have to be significant in both Wald test and
ANOVA-type statistics (ats) to be considered significantly different.

Tab. 5 - Differences in the dynamics of processes in the individual regions (segments
of the Iron Curtain, e.g., Czechia—Austria) and the East-West classification in the first
period (2000-2012)

2010-2012 Region (e.g. Border Region*border
Czechia, Germany)  (Eastand West) (interaction)
Afforestation Statistics 793823 16.05745 299354
p-value Fhkkkk 0.11925 0.00159 (ats n.s.)
Agricultural internal  Statistics 2.34147 0.08762 571783
conver5|0n p'Value *kkkk * k% *kkkk
Deforestation Statistics 14.47481 0.02413 1.2362
p-value FRIAK 0.20058 *x
Deurbanisation Statistics 22.38388 0.09316 3.14791
p-Va'Ue *kkkk *kkkk *kkkk
Urbanisation Statistic 5.58815 6.77351 1.59114
p-Va|Ue *kkkk *kkkk *kkkk

Note: Asterisks express the significance levels as follows: *p < 0.05; **p < 0.01; ***p < 0.001;
**rxp < 0.0007; *****p < 0.00001; note: all results have to be significant in both Wald test and
ANOQVA-type statistics (ats) to be considered significantly different.



Fig. 3 - Differences in the process dynamics for the entire Iron Curtain border. (c) red - EAST, blue - WEST. Note: Median values with 95% confidence interval for median based
on bootstrapping (normal method, R = 10,000).

Fig. 4 - Transition scheme for LULC classes at the general level for both sides of the border (East, West) and both time periods (1990-2000, 2000-2012). Circles represent the
area under transition (indicated in the bar to the left of the circular graph; for example, the circular graph for the West 1990-2000 presents only 5% of the entire area as only 5%
underwent transition). Each colour of the perimeter stands for a particular LULC class. Inner bands depict the part of the LULC class transitioning to another LULC class (to a differ-
ent colour of the perimeter).
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Fig. 5 - Comparison of the rate of changes between individual segments of the Iron Curtain - the segments in the first period (1990-2000); Note: Median values with 95%
confidence interval are based on the bootstrap method (normal method, R = 10,000); asterisks indicate significant differences between the East and the West.

Fig. 6 - Comparison of the rate of changes between individual segments of the Iron Curtain in the second period (2000-2012); Note: Median values with 95% confidence
interval are based on the bootstrap method (normal method, R = 10,000); asterisks indicate significant differences between the East and West.
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6. Discussion and conclusion

Based on an evaluation of landscape structure in 1990 (the first
year of the study period) and using the sampling plots on the
same land use and land cover type, a similar composition of land
use and land cover categories in the West and in the East was
revealed. Bicik et al. (2010) and Kupkova et al. (2013) reported
a higher representation of arable land in the East and of hetero-
geneous agriculture in the West. The results differ due to the
different approaches to the extent of the processed data adopted
in the studies. Smaller samples on the same landscape type are
likelier to show similar proportions of individual land use and
land cover classes than when comparing entire landscapes differ-
ing in environmental settings. On the other hand, the aforemen-
tioned disproportion between the higher area of heterogeneous
agriculture in the West and arable land in the East in 1990, cited
in the works by Bicik et al. (2010) and Kupkova et al. (2013), is,
however, indirectly observable in this study as well. The evalua-
tion of development trajectories of all sampling plots revealed a
dominance of different land change processes in the East and in
the West. In the West, transition from heterogeneous agriculture
is the main process while in the East, it is transition from arable
land. The differences in the character of these trajectories can
be interpreted as a tendency to utilise the dominant agricultural
land use and land cover class (reserve) for conversion into other
land use and land cover classes.

As regards convergence of individual processes, i.e., a ques-
tion whether or not some processes tend to be harmonised as
an effect of, e.g., similar incentives, a detailed assessment has
revealed that if the border is analysed as a whole, the volume
of agricultural internal conversion differs significantly on both
sides of the border and in both periods. The volume of such
changes is significantly higher in the second period in the West
compared to the East. This can be explained by a higher eco-
nomical readiness of farmers in the West to respond to subsidy
policies and agri-environmental schemes such as the Common
Agricultural Policy (CAP). In the initial year of this study (1990),
the CAP underwent a transformation: a significant shift from
supporting the volume of production to supporting the farmer’s
income. This change in the CAP policy was intended as support
for increasing the effectiveness (intensification) of production
and in principle resulted in two major impacts on the landscape.
One of the described paths (van Zanten et al. 2014) made the
farmers adopt the long-awaited and long-expected intensifica-
tion of production (increase in competitiveness on the world
market). The other brought about a gradual abandonment of
less profitable farmland. Such areas were then converted into
forests or pastures. The pastures are also subject to subsidies and
despite criticism and a change in definition (the CAP reform in
2013) towards the support of wood pasture, there is still a major
support for their preservation on the supranational EU level
(Plieninger et al. 2015).

In accordance with Bicik et al. (2010) and Kupkové et al.
(2013), there was the finding of a higher degree of afforesta-
tion in the Eastern part of the border and in this study, it even
increased in the second period. The character of this land use
and land cover change is similar on both sides of the border -
namely a transition from shrubs. According to the CORINE data
definition, shrubs are a transitional forest stage or a more open
type of forest on former pastures. This type of conversion con-
tinues at a higher pace in the East. As a result, it can be probably
explained by the gradual succession by forests on abandoned
plots, a deliberate increase of forests or a cultivation cycle in for-
estry. Another interesting result at the level of the entire border
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is the similarity of land use and land cover classes transitioning
into forest in the second period, clearly indicating abandonment
of certain land-use types (arable land, heterogeneous agricul-
ture, pastures) to the benefit of forest stands. In agreement with
Plieninger et al. (2016) and van Vliet et al. (2015), this is typical
of the phenomenon of agricultural land abandonment. The tran-
sition between arable land and forest stands can be explained
by another tendency towards agriculture intensification, which
leads to preferring agricultural plots with a higher yield. If a
smaller number of agricultural plots can result in similar yields
due to the intensive agriculture, the less fertile plots can be
utilised for extensive land management such as forestry. This
phenomenon was found on both sides of the border, but it was
more pronounced in the East.

The greatest volume of changes can be seen in the internal
agricultural conversion category. A relatively stable (higher)
volume of changes in the East is a result of an obvious exten-
sification when arable land is transformed into pastures. The
same process can be observed in the West (here, heterogeneous
agriculture is the source). A strong focus on the transfer to pas-
tures can be attributed to the land extensification here as well (in
accordance with the conclusions by Bicik et al. 2010; Kupkova
et al. 2013). The transition of land use and land cover into pas-
tures is also apparent in the deforestation volume as a part of
the forests is also converted into pastures. Another difference
between the East and West is a higher degree of urbanisation in
the West. This trend is most likely explained by the limitations
to the urban area development before 1989, when most border
segments in the East were subject to building limitations, pre-
venting new construction activities in the Iron Curtain border
zone. Despite a higher pace of urbanisation (although marginal
as far as the total area is concerned), the second period was
also associated with a higher deurbanisation pace. This can be
caused by land reclamation and transformation of brownfields/
abandoned plots.

If one disregards the possibility of an uneven impact of envi-
ronmental conditions, i.e., if it is accepted that the sides of the
border are comparable, differences in land use and land cover
trajectories exist. It is therefore necessary to look for driving
forces of the land use and land cover change. Wilson and Klages
(2001) studied the changes in agriculture in the former commu-
nist states in Central Europe (CECs) and found similarities in the
transition pattern from centrally planned to market economies.
An exception can be observed only in the transition of Poland
and Slovenia (the latter can be also observed from our results
for the Slovenian part). In all countries, this transition brought
about a period of “transition recession” (see Kornai 2008 for
details), coupled with an increase in the income imbalance and
unemployment, but later resulting in a relatively rapid adapta-
tion to the market economy and a rise in productivity compared
to the period prior to 1989 (usually since approximately 1995).
As a result, the transition recession could be part of the driving
forces mosaic reflected by land abandonment tendencies in the
East during the first period.

Based on the data discussed above, it is obvious that the trans-
formation process triggered spatially different changes in the
case of the cross-border comparison (East-West). The resulting
trajectories may be divided into three groups:

1. The first category: East-West German border regions - the
transition was faster, under one leadership and therefore a
stable, single political course. These are most likely the prin-
cipal factors resulting in the similarity of the trends (towards
the second period) on both sides of the border in the case of
the West-East German part of the Iron Curtain.



The second category: the Slovenian-Austrian segment of
the border, which is, due to a historical context and specific
environmental conditions, relatively stable as far as land use
and land cover changes are concerned.

The third category includes such regions as Czechia, Slovakia
and Hungary. On their borders with traditional democratic
countries, the differences in land-use changes between the
sides of the border were the highest. This was probably
predominantly caused by the significantly worse position
of agriculture (especially) in the first period compared to
the “Western” countries, which only stabilised following
the accession to the EU and associated agri-environmental
subsidy schemes.

References

BALEJ, M., RASKA, P., ANDEL, J., CHVATALOVA, A. (2010): Memory
of a Landscape — A Constituent of Regional Identity and Planning? In:
Andél, J., Bicik, I, Dostal, P., Lipsky, Z., Shahneshin, S.G. (eds.): Landscape
Modelling. Springer Netherlands, Dordrecht, 107-121.

BATARY, P., GALLE, R., RIESCH, F., FISCHER, C., DORMANN, C.F.,
MUSSHOFF, O., CSASZAR, P., FUSARO, S., GAYER, C., HAPPE, A. K.,
KURUCZ, K., MOLNAR, D., ROSCH, V., WIETZKE, A., TSCHARNTKE,
T. (2017): The former Iron Curtain still drives biodiversity-profit trade-offs
in German agriculture. Nature Ecology and Evolution, 9, 1, 1279-1284.

BICIK, 1., JELECEK, L., STEPANEK, V. (2001): Land-use changes and their
social driving forces in Czechia in the 19t and 20 centuries. Land Use
Policy, 1, 18, 65-73.

BICIK, 1., KABRDA, J., NAJMAN, J. (2010): Land-Use Changes Along the
Iron Curtain in Czechia. In: Andél, J., Bicik, I., Dostdl, P., Lipsky, Z.,
Shahneshin, S. G. (eds.): Landscape Modelling. Springer Netherlands,
Dordrecht, 71-85.

BURGI, M., HERSPERGER, A.M., SCHNEEBERGER, N. (2004): Driving
forces of landscape change - current and new directions. Landscape
Ecology, 8, 19, 857-868.

EEA (2021): CORINE Land Cover, European Environment Agency, https://
land.copernicus.eu/ (14. 7. 2021).

ERNOULT, A., FREIRE-DIAZ, S., LANGLOIS, E., ALARD, D. (2006): Are
similar landscapes the result of similar histories? Landscape Ecology, 5,
21, 631-639.

ESRI (2019): ArcGIS Pro. Version 2.3. ESRIL

FERANEC, J., SOUKUP, T., TAFF, G.N., STYCH, P., BICIK, I. (2017):
Overview of Changes in Land Use and Land Cover in Eastern Europe.
In: Gutman, G., Radeloff, V. (eds.): Land-Cover and Land-Use Changes in
Eastern Europe after the Collapse of the Soviet Union in 1991. Springer
International Publishing, Cham, 13-33.

FOLEY, J.A., DEFRIES, R., ASNER, G.P., BARFORD, C., BONAN, G., CAR-
PENTER, S.R., CHAPIN, F.S., COE, M.T., DAILY, G.C., GIBBS, HK,,
HELKOWSKI, J.H., HOLLOWAY, T., HOWARD, E.A., KUCHARIK,
C.J., MONFREDA, C., PATZ, J.A., PRENTICE, I.C., RAMANKUTTY,
N., SNYDER, P.K. (2005): Global Consequences of Land Use. Science,
5734, 309, 570 LP-574.

GROGAN, K., PFLUGMACHER, D., HOSTERT, P.,, KENNEDY, R.,
FENSHOLT, R. (2015): Cross-border forest disturbance and the role of
natural rubber in mainland Southeast Asia using annual Landsat time
series. Remote Sensing of Environment, 169, 438-453.

KORNALI J. (2008): The Great Transformation of Central Eastern Europe:
Success and Disappointment. In: Institutional Change and Economic
Behaviour. Palgrave Macmillan UK, London, 1-37.

KUEMMERLE, T., RADELOFF, V.C., PERZANOWSKI, K., HOSTERT, P.
(2006): Cross-border comparison of land cover and landscape pattern in
Eastern Europe using a hybrid classification technique. Remote Sensing
of Environment, 4, 103, 449-464.

KUPKOVA, L., BICIK, I., NAJMAN, J. (2013): Land Cover Changes along the
Iron Curtain 1990-2006. Geografie, 118, 2, 95-115.

LEVERS, C., SCHNEIDER, M., PRISHCHEPOV, A. V., ESTEL, S., KUEM-
MERLE, T. (2018): Spatial variation in determinants of agricultural land
abandonment in Europe. Science of The Total Environment, July, 644,
95-111.

123

MPDIR (2021): Historical GIS datafiles, Max Planck Institute for Demographic
Research,https://censusmosaic.demog.berkeley.edu/data/historical-gis-
files (14.7.2021).

MUCHER, C.A., KLIJN, J.A., WASCHER, D.M., SCHAMINEE, J.H.J. (2010):
A new European Landscape Classification (LANMAP): A transparent, flex-
ible and user-oriented methodology to distinguish landscapes. Ecological
Indicators, 1, 10, 87-103.

NEWBOLD, T., HUDSON, L.N., HILL, S.L.L., CONTU, S., LYSENKO, I.,
SENIOR, R.A., BORGER, L., BENNETT, D.J., CHOIMES, A., COLLEN,
B., DAY, J., DE PALMA, A., DIAZ, S., ECHEVERRIA-LONDONO,
S., EDGAR, M.].,, FELDMAN, A., GARON, M., HARRISON, M.L.K,,
ALHUSSEINI, T., INGRAM, D.J., ITESCU, Y., KATTGE, J., KEMP, V.,
KIRKPATRICK, L., KLEYER, M., CORREIA, D.L.P., MARTIN, C.D.,
MEIRI, S., NOVOSOLOV, M., PAN, Y., PHILLIPS, H.R.P., PURVES,
D.W., ROBINSON, A., SIMPSON, J., TUCK, S.L., WEIHER, E., WHITE,
H.J., EWERS, R.M., MACE, G.M., SCHARLEMANN, J.P.W., PURVIS, A.
(2015): Global effects of land use on local terrestrial biodiversity. Nature,
7545, 520, 45-50.

NOGUCH]I, K., GEL, Y.R., BRUNNER, E., KONIETSCHKE, F. (2012):
nparLLD: An R Software Package for the Nonparametric Analysis of Lon-
gitudinal Data in Factorial Experiments. Journal of Statistical Software,
12, 50, 1-23.

PALANG, H. (2010): Time boundaries and landscape change: collective farms
1947-1994. European Countryside, 3, 2, 169-181.

PLIENINGER, T., KIZOS, T., BIELING, C., LE DU-BLAYO, L., BUDNIOK,
M.-A., BURGI, M., CRUMLEY, C.L., GIROD, G., HOWARD, P., KOLEN,
J., KUEMMERLE, T., MILCINSKI, G., PALANG, H., TROMMLER, K.,
VERBURG, P.H. (2015): Exploring ecosystem-change and society through
a landscape lens: recent progress in European landscape research. Ecol-
ogy and Society, 2, 20, art5.

PLIENINGER, T., DRAUX, H., FAGERHOLM, N., BIELING, C., BURGI, M.,
KIzZOS, T., KUEMMERLE, T., PRIMDAHL, J., VERBURG, P.H. (2016):
The driving forces of landscape change in Europe: A systematic review
of the evidence. Land Use Policy, 57, 204-214.

PROKOPOVA, M., CUDLIN, O., VCELAKOVA, R., LENGYEL, S., SALVATI,
L., CUDLIN, P. (2018): Latent Drivers of Landscape Transformation in
Eastern Europe: Past, Present and Future. Sustainability, 8, 10, 2918.

RASIN, R., CHROMY, P. (2010): Land use and land cover development along
the Czech-Austrian Boundary. In: Bicik, I., Himiyama, Y., Feranec, J. (eds.):
Land Use/Cover Changes in Selected Regions in the World. Institute of
Geography, Hokkaido University of Education, Asahikawa, Japan, 57-65.

R CORE TEAM (2020): R: A language and environment for statistical com-
puting. R Foundation for Statistical Computing, Vienna, Austria. https://
www.R-project.org/.

ROCKSTROM, J., STEFFEN, W., NOONE, K., PERSSON, A., CHAPIN,
F.S.I., LAMBIN, E., LENTON, T.M., SCHEFFER, M., FOLKE, C.,
SCHELLNHUBER, H.J., NYKVIST, B., DE WIT, C.A., HUGHES, T., VAN
DER LEEUW, S., RODHE, H., SORLIN, S., SNYDER, P.K., COSTANZA,
R., SVEDIN, U., FALKENMARK, M., KARLBERG, L., CORELL, R.W,,
FABRY, V.J., HANSEN, J., WALKER, B., LIVERMAN, D., RICHARD-
SON, K., CRUTZEN, P,, FOLEY, J. (2009): Planetary Boundaries: Explor-
ing the Safe Operating Space for Humanity. Ecology and Society, 2, 14,
art32.

RODER, A., PROPPER, M., STELLMES, M., SCHNEIBEL, A., HILL, J.
(2015): Assessing urban growth and rural land use transformations in a
cross-border situation in Northern Namibia and Southern Angola. Land
Use Policy, 42, 340-354.

SENETRA, A., SZCZEPANSKA, A., VETEIKIS, D., WASILEWICZ-PSZCZOL-
KOWSKA, M., SIMANAUSKIENE, R., VOLUNGEVICIUS, J. (2013):
Changes of the land use patterns in Polish and Lithuanian trans-border
rural area. Baltica, 2, 26, 157-168.

SKLENICKA, P., SIMOVA, P., HRDINOVA, K., SALEK, M. (2014): Changing
rural landscapes along the border of Austria and the Czech Republic
between 1952 and 2009: Roles of political, socioeconomic and environ-
mental factors. Applied Geography, 47, 89-98.

SKOKANOVA, H., FALTAN, V., HAVLICEK, M. (2016): Driving forces of
main landscape change processes from past 200 years in Central Europe -
differences between old democratic and post-socialist countries. Ekoldgia
(Bratislava), 1, 35, 50-65.

SLUIS VAN DER, T., PEDROLI, B., KRISTENSEN, S.B.P., LAVINIA
COSOR, G., PAVLIS, E. (2016): Changing land use intensity in Europe —
Recent processes in selected case studies. Land Use Policy, 57, 777-785.



STRIKER, D. (2005): Marginal lands in Europe - causes of decline. Basic
and Applied Ecology, 2, 6, 99-106.

VAN VLIET, J., DE GROOT, H.L.F., RIETVELD, P., VERBURG, P.H. (2015):
Manifestations and underlying drivers of agricultural land use change in
Europe. Landscape and Urban Planning, 133, 24-36.

WILSON, O., KLAGES, B. (2001): Farm restructuring in the ex-GDR: towards
a new farm model? Journal of Rural Studies, 3, 17, 277-291.

XIE, Y.J., NG, C.N. (2013): Exploring spatio-temporal variations of habitat
loss and its causal factors in the Shenzhen River cross-border watershed.
Applied Geography, 39, 140-150.

VAN ZANTEN, B.T., VERBURG, P.H., ESPINOSA, M., GOMEZ-Y-PALOMA,
S., GALIMBERT]I, G., KANTELHARDT, J., KAPFER, M., LEFEBVRE, M.,
MANRIQUE, R., PIORR, A., RAGGI, M., SCHALLER, L., TARGETTI,
S., ZASADA, 1., VIAGGI, D. (2014): European agricultural landscapes,
common agricultural policy and ecosystem services: a review. Agronomy
for Sustainable Development, 2, 34, 309-325.

ZHAQO, C., JENSEN, J., ZHAN, B. (2017): A comparison of urban growth and
their influencing factors of two border cities: Laredo in the US and Nuevo
Laredo in Mexico. Applied Geography, 79, 223-234.

Acknowledgement

I would like to express special thanks to dr. Miicher for the provi-
sion of the LANMAP data set, dr. Hrach for consultation of the
statistical modelling part and Pavel Raska for a discussion in the
initial stages of the study.

124



