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Abstract: This study compares different nationwide multi-temporal spatial data sources and ana-
lyzes the cropland area, cropland abandonment rates and transformation of cropland to other land
cover/land use categories in Slovakia. Four multi-temporal land cover/land use data sources were
used: The Historic Land Dynamics Assessment (HILDA), the Carpathian Historical Land Use Dataset
(CHLUD), CORINE Land Cover (CLC) data and Landsat images classification. We hypothesized
that because of the different spatial, temporal and thematic resolution of the datasets, there would
be differences in the resulting cropland abandonment rates. We validated the datasets, compared
the differences, interpreted the results and combined the information from the different datasets to
form an overall picture of long-term cropland abandonment in Slovakia. The cropland area increased
until the Second World War, but then decreased after transition to the communist regime and sharply
declined following the 1989 transition to an open market economy. A total of 49% of cropland area
has been transformed to grassland, 34% to forest and 15% to urban areas. The Historical Carpathian
dataset is the more reliable long-term dataset, and it records 19.65 km2/year average cropland
abandonment for 1836–1937, 154.44 km2/year for 1938–1955 and 140.21 km2/year for 1956–2012.
In comparison, the Landsat, as a recent data source, records 142.02 km2/year abandonment for
1985–2000 and 89.42 km2/year for 2000–2010. These rates, however, would be higher if the dataset
contained urbanisation data and more precise information on afforestation. The CORINE Land Cover
reflects changes larger than 5 ha, and therefore the reported cropland abandonment rates are lower.

Keywords: land abandonment; HILDA; CORINE Land Cover; Carpathian Historical Land Use
Dataset; Landsat

1. Introduction

Agricultural land abandonment is a widespread process [1–6] that shapes the cultural
landscape [7–10] and has both negative and positive effects. On one hand, abandonment is
associated with regional economic and population decline [11], loss of traditional agricul-
tural landscapes [12–15] and loss of species associated with management practices [16,17].
However, it also has the positive effects of reduced land use intensification, carbon seques-
tration and increased wilderness biodiversity [18–21]. Agricultural land abandonment in
Eastern European countries has been most distinct since 1989 and is associated with changes
in nations’ political, economic and social situations [22–26]. However, the recultivation of
agriculture in last two decades has been reported as an effect of EU common agriculture
policy (CAP) support [27,28] or as an effect of improved agricultural profitability in fertile
areas outside the EU [29,30].

The main milestones of agricultural development in Slovakia are collectivisation of
agriculture in the second half of the 20th century, change to a market-oriented economy after
1989 and EU accession in 2004 [31–33]. Agricultural collectivisation was politically driven,
and this minimised private property and consolidated agricultural land in large-scale fields
suitable for industrial agriculture. The small-scale agricultural mosaics were ploughed and
transformed into large-scale fields; they survived in less than 1% of Slovakia [34,35].
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The change to a market-oriented economy was accompanied by a general decline in
agriculture, and this resulted in agricultural land abandonment [36–38]. However, EU ac-
cession and implementation of the Common Agriculture Policy triggered the restoration of
agriculture in some areas [28,39–42]. The agricultural land abandonment in Slovakia mostly
occurred in the mountains, and it was strongly related to distance from the national capital
(Bratislava), annual mean temperatures, proximity to forest edges and slope steepness [43].
Abandonment primarily affected small-scale traditional agricultural landscapes [34], and it
caused adverse impacts on biodiversity and cultural heritage [44–46].

The extent and consequences of agricultural land abandonment influenced many
authors to focus on mapping [27,47,48] and then on analysing the abandonment at different
spatial levels [49–51]. Local studies brought deep knowledge, limited to specific study
areas [28,52]. The literature reviews mostly focused on specific questions [53], like the
application of remote sensing methods to detect agricultural land abandonment [22] or
assessment of the driving forces [24,54]. European studies, in particular, provide only a
rough picture of abandonment determinants [55] or the impact of past and future land
change [10]. Nationwide approaches are more appropriate to understanding and mitigating
agricultural land abandonment. The nationwide studies in Slovakia have concentrated on
CORINE Land Cover as their source of land-cover data [38,41,56], despite CORINE Land
Cover’s low sensitivity to land change detection [23,38].

Our aim is to compare the different land cover/land use data sources and analyse the
cropland abandonment rates in Slovakia. Herein, we combined the information from his-
toric and recent nation-wide multi-temporal land cover/land use data sources and analysed
the changes in cropland extent, magnitude of cropland abandonment, and transformation
of cropland to other land cover/land use categories.

2. Materials and Methods

Figure 1 highlights the four data sources we employed to analyse land changes. The
long-term changes were analysed from data derived from the HILDA model [57,58] and
from the Historical Carpathian dataset [59], and short-term changes were analysed from
CORINE Land Cover layers 1990, 2000, 2006, 2012 and 2018 [60] and Landsat satellite
images [48].

The Carpathian Historical Land Use Dataset (CHLUD) was produced for the Carpathian
Ecoregion, the Hungarian part of the Pannonian plains and the historic Moravia region [59].
The land use in Slovakia was mapped on a regular 2 × 2 km point grid for the following
periods: (1) maps of the second Habsburg military survey from 1819–1858 at 1:28,800
scale were used for the Habsburg period; (2) national topographic maps from 1923–1941
at 1:20,000 to 1:100,000 covered the Second World War period; (3) 1954–1958 national
topographic maps at 1:25,000 to 1:50,000 were employed for the Socialist period; (4) 2007–
2014 aerial images mapped the recent period. The dataset contained seven main land
use categories (Urban/Built-up, Agriculture, Grassland and Shrubs, Forest, Wetlands,
Bare Land) and 24 subcategories. The investigated cropland areas included both seasonal
and perennial agricultural classes, like orchards or vineyards [59]. Because the data are
represented on a point grid of 2 × 2 km, one point represented 4 km2 in cropland area.
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Figure 1. Selected area of the map of cropland abandonment rates visualised from four different data sources: (A) Carpathian
Historical Land Use Dataset (CHLUD), (B) Historic Land Dynamics Assessment (HILDA), (C) CORINE Land Cover, and
(D) Landsat dataset. Bottom maps: Area of Slovakia and selected region. Maps covering all of Slovakia are contained in
Supplementary Figures S1–S4.
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The Historic Land Dynamics Assessment (HILDA) model projects land cover changes
for 1900–2010 at 10-year intervals from the aggregated CORINE 2000 dataset. The HILDA
dataset contains five land cover classes: Settlements (including green urban areas), Crop-
land (including orchards and agro-forestry), Grassland (including natural grassland, wet-
lands, pasture and Mediterranean shrub vegetation), Forest (including transitional shrubs
and woodlands, tree nurseries and reforested areas for forestry purposes), and Other Land
(including glaciers, sparsely vegetated areas, beaches and water bodies) [57]. The land
cover classes were allocated by down-scaling sub-national statistics to 1 km grid cells on
probability maps. These were derived from historic maps for forest areas, and they em-
pirically quantified location factors for the other land cover types [57]. The resulting land
cover/land use maps provided the net changes, featuring direct changes from one class to
another, while the gross changes covered non-directional changes and summarised all area
gains and losses for the different land-cover types. Our analyses employed back-dated
gross changes reconstructed for 1900–2010, and the examined cropland areas included
orchards and agro-forestry areas [57].

The CORINE Land Cover [60] was mapped for 1990, 2000, 2006, 2012 and 2018, and
land cover was identified by computer-aided visual interpretation of satellite images [56,61].
The minimal mapping unit was 25 ha for polygon delineation and 5 ha for land cover
change detection, and analyses employed the land-cover change maps available on the
Copernicus website (https://land.copernicus.eu/pan-european/CORINE-land-cover ac-
cessed on 24 March 2021). The dataset contains five main land-cover categories in nomen-
clature class 1 (Artificial Surfaces, Agricultural Areas, Forest and Semi-natural Areas,
Wetlands, and Water Bodies), 15 land-cover categories in nomenclature class 2, and 44
land-cover categories in nomenclature class 3 [61]. For our analysis the cropland area
included arable land, permanent crops and heterogeneous agricultural areas (pastures
were not included).

The second source of recent changes was the Landsat dataset. Land cover maps,
produced in 30 m resolution for 1985, 2000 and 2010, were generated by classifying the
multi-seasonal Landsat image composites for the Carpathian Ecoregion, including all of
Slovakia [48]. The Landsat images with cover cloud less than 70% were downloaded
from the the United States Geological Survey Landsat archive, and the image composites
that approximated spring, summer and fall seasonal states for the reference years were
produced. The resulting composite contained 56 spectral bands (18 for each reference
period) and an additional 27 bands of statistical metrics, capturing the spectral-temporal
variability of a given pixel for each season. Five land cover/land use classes were classified
using the Random forest classifier: Cropland, Built-up Areas, Forest, Grassland and Water.
The cropland area ranged from large-scale cropland and intensively managed orchards,
vineyards and hop fields to substance agriculture and kitchen gardens. The validation of
the maps showed 90% overall accuracy [48].

For the validation of the investigated datasets, we used the cropland map from the
Land Parcel Identification System (http://www.podnemapy.sk/lpis_verejnost/viewer.htm
accessed on 24 March 2021). This system is a geo-database of agricultural parcels precisely
mapped from aerial images, implemented for the allocation of agricultural subsidies [62].
We chose the LPIS data from 2010 because it was comparable with the analysed datasets
recording the land cover/land use from 2010 or 2012. As a cropland we considered
as classes arable land, hop gardens, vineyards, orchards, other agricultural land, and
agricultural land.

Although permanent meadows and pastures are included in the definition of agricul-
tural land [63], our study focused solely on cropland (Table 1). Here, we chose cropland
because the analysed data sources do not distinguish between grasslands used agricul-
turally and natural grasslands not used for agriculture (for example, alpine meadows).
Because of the low thematic resolution of the LANDSAT and HILDA datasets, we were not
able to separate specific cropland categories (arable land, permanent crops, agricultural
mosaics, vineyards and orchards) for a more detailed analyses. While different definitions

https://land.copernicus.eu/pan-european/CORINE-land-cover
http://www.podnemapy.sk/lpis_verejnost/viewer.htm
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of agricultural land abandonment depend on study context and content, the basic criterion
for abandonment estimation is land cover/land use change. Agricultural land is generally
considered abandoned when it no longer performs farming functions [22]. We consider
all cropland types abandoned when they are changed to a different land cover/land use
category (Table 1, Supplementary Figures S1–S4). These cropland types include arable land,
permanent crops, agricultural mosaics, vineyards and orchards.

Table 1. Land cover/land use class changes considered as cropland abandonment.

Data Source Land Cover/land Use Classes Included
in Cropland Area

Change in Land Cover/Land Use Class Mapped as
Cropland Abandonment

HILDA Cropland

Settlement
Forest

Other Land
Water

CHLUD Agriculture

Urban/Built-up
Grassland and Shrubs

Forest
Wetlands

Water
Bare Land

CORINE Land Cover
Arable land,

Permanent crops,
Heterogeneous agricultural areas

Artificial Surfaces
Pastures

Forest and Semi-natural Areas
Wetlands

Water Bodies

Landsat Cropland Grassland
Forest

3. Results
3.1. Data Validation

The most suitable records for the data validation and comparison were the records
from 2010 and 2012 because cropland area was recorded in those years by all four inves-
tigated data sources (Figure 2). The largest 20,675 km2 area was reported by CORINE
Land Cover (CLC), followed by Landsat with 16,199 km2, HILDA with 14,024 km2 and
CHLUD with 13,536 km2. According to reference data from the Land Parcel Identification
System (LPIS), the area of cropland covered 14,184 km2. Even the HILDA model estimated
almost the same cropland area as LPIS; the lowest overlay was with the LPIS (69.6%) and
high commission (22.67%) and omission rates (23.33%). The 1 km HILDA pixels could
not identify the cropland in sufficient detail, and large areas were incorrectly included or
excluded from cropland. The cropland area estimates of the CHLUD dataset were close to
LPIS, with an overlay rate of (75.9%) and a commission rate of (16.30%). The omission rate
was not calculated due to the point representation of the CHLUD dataset. CORINE Land
Cover strongly overestimated the total cropland area; therefore, the commission rate was
high (32.57%) and the omission rate was low (2.48%). The Landsat estimates were closer to
the reference dataset, and the commission and omission rates were relatively low (11.62%
and 11.98%, respectively). The validation showed that the most precise was the CHLUD
dataset; therefore, it was more suitable for the long-term analyses. Both short-term datasets
overestimated the cropland area; however, the Landsat data showed better accuracies
(Table 2).
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Figure 2. Cropland area reported by analysed land use/land cover data sources.

Table 2. Comparison of cropland area derived from the analysed datasets with the reference data
from Land Paracel Identification System.

HILDA CHLUD CORINE Landsat

Overlay 9867 km2 2693 points 13,823 km2 12,251 km2

Commission 4157 km2 691 points 6852 km2 1865 km2

Omission 4318 km2 361 km2 1931 km2

3.2. Cropland Area

The considerably larger area reported by CLC may be explained by its higher the-
matic resolution, recognising agricultural mosaics as a specific land cover class entitled
“Heterogeneous agricultural areas”, which covers 4203 km2 and is still an important part
of Slovak agriculture [64]. The remaining analysed land cover/land use datasets included
agricultural mosaics in grassland, cropland, agricultural land or other categories. A further
reason for higher CLC cropland area values could be the low CLC sensitivity to land
cover change with consequent lower reflection of the agricultural land abandonment that
occurred in Slovakia after 1990. The relatively higher values were also mapped by Landsat.
The high spatial resolution images (30 m) recognized even small cropland fields, but there
is possible inaccuracy in the remote sensing approach.

Both the CHLUD and HILDA long-term land cover datasets showed an increase in
cropland area at the beginning of the study period. While the CHLUD dataset highlighted
a decrease after 1938, the HILDA model depicted the decrease after 1990. The long-term
statistical data showed a continual decrease in arable land after 1960 [36], and this was
better reflected in the CHLUD dataset. All analysed datasets showed a decrease in cropland
after 1990 due to transformation to a market-oriented economy [23,41]. Abandonment was
more intensive in the first years of this transformation, and this was reflected in both CLC
and Landsat datasets. The CHLUD dataset, however did not directly reflect the regime
transformation because it lacked land cover data for the beginning of this period.

3.3. Abandonment Rates

The HILDA model recorded the relatively stable 15–17 km2/year abandonment level
until 1990. There was then a very sharp increase, ranging from 49.9 to 290.8 km2/year,
following the change to a market-oriented economy (Figure 3). The Carpathian dataset
for 1836–1937 had slightly higher values than HILDA’s 19.64 km2/year. There was then
an increased abandonment of 154.44 km2/year during the Second World War, and a
lower abandonment of 140.21 km2/year during communism and the market-oriented
economy period.
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Figure 3. Cropland abandonment rates analysed from the land use/land cover data sources.

The CLC reported the highest abandonment of 21.73 km2/year after 1990 and then a
decrease and stabilisation after EU accession. The Landsat data recorded the same trend,
though it had much higher values at 142.02 km2/year for 1985–1999 and 89.42 km2/year
for 2000–2010.

3.4. Changes in Land Cover/Land Use

Prevailing conversions of cropland to grasslands were reported by all datasets, except
the CLC, which reported prevailing conversion to grasslands only for 1990–2000 (Figure 4).
The average percentage of cropland converted to grassland was 47.91% for the HILDA
model (83.12% for 2000–2010), 49.40% for the CHLUD dataset (54.34% for 2000–2010),
28.02% for CLC (22.86% for 2000–2010) and 99.35% for the Landsat dataset (99.88% for
2000–2010). This prevailing conversion to grassland was expected because overgrowth by
grasslands and shrubs is the natural consequence of cropland abandonment.

The second most important change was the conversion to forest: this was 8.29% for
the HILDA model (12.48% for 2000–2010), 34.35% for the CHLUD dataset (24.95% for
2000–2010), 5.32% for CLC (0.57% for 2000–2010) and 0.65% for the Landsat data (0.12% for
2000–2010). The third most pronounced change was conversion to urban areas: this was
43.80% for the HILDA model (4.4% for 2000–2010), 14.56% for the CHLUD dataset (18.67%
for 2000–2010) and 53.49% for CLC (71.97 for 2000–2010). The Landsat data did not map
conversion to urban areas.

The CLC layers had a lower proportion of conversion to grasslands and a higher
proportion of conversion to cropland. Part of the abandoned cropland was also recognized
as “Scrub and/or herbaceous vegetation associations”, while other datasets included
shrubs under grasslands or the forest category. The high proportion of urbanised area
may be explained by lower sensitivity to small land cover changes. Abandonment often
occurred on small areas under CLC resolution, but urbanisation occurred on large blocks
recognized by CLC. In contrast, the Landsat dataset showed only minor parts of areas
converted to forest, and it did not reflect urbanisation. Therefore, Landsat was less suitable
for analysis of cropland conversion areas, and we consider that the total abandonment rates
reported by Landsat would be higher if the dataset included urbanisation and provided
more precise information on afforestation.
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4. Discussion

Herein, we analysed cropland abandonment in Slovakia from four different datasets:
The Historic Land Dynamics Assessment, the Carpathian Historical Land Use Dataset,
the CORINE Land Cover dataset and the Landsat images classification. These datasets
have different origins, cover different time periods and have different spatial, temporal
and thematic resolution; these differences must therefore be considered in interpreting our
analytic results. The historic Carpathian dataset is unique because it describes existing
land use from the Austro-Hungarian monarchy era. However, this first 1836–1937 period
covers 100 years, and it provides no information on land changes within this time period.
The collapse of the Austro-Hungarian monarchy, the First World War and the altered
land-management regime from the “Innovations and Rights to Intensification” at the end of
19th century [65] certainly influenced land change trajectories [66]. Land change intensity
was generally lower in the past [67,68], and this was confirmed by our results. The second
period of the historic Carpathian dataset then covers the effect of the Second World War.
Armed conflicts can lead to both more intensive and less intensive land use [69]; the
historical Carpathian dataset highlights increased cropland abandonment at this time.

The HILDA model is advantageous here because it records historic land cover/land
use in 10-year intervals from 1900. Its data, however, are based on modelling [57,58];
this can initiate uncertainties, errors and inconsistencies, as was seen in comparison with
the Land Parcel Identification System data. For example, the HILDA model reported an
increase of the abandonment rates in 1990–2000 (49.9 km2/year) and an extreme peak
in the period 2000–2010 (290.8 km2/year). Increased abandonment after transition to a
market-oriented economy in the period 1990–2000, followed by a decrease due to EU
accession support in the period 2000–2010, was reported for Slovakia [36,41,43] and for
other post-socialistic countries [24,70,71]. Because of the uncertainties related to historical
land cover modelling and because of the validation results, we consider that the CHLUD
dataset is a more reliable long-term data source. Visual interpretation of historic maps and
aerial images employed in CHLUD mapping [59] is considered as a reliable method for
historical land cover/land use mapping [1,72,73]. Although we consider HILDA model as
a useful data source, especially for analyses at the European level [72,74], we prefer the
historic Carpathian dataset for overall interpretation of long-term land changes.

The CORINE Land Cover dataset [26,75,76] and the Landsat images [2,77,78] were
used for analysing the land use changes in various countries. The advantage of the CLC is
its detailed temporal and thematic resolution, but it has the disadvantage of low spatial
resolution and low sensitivity to land cover change [41,79], especially for arable land
and permanent grasslands [80]. Therefore, the CLC is suitable for describing the trends,
locality and relative magnitude of change, while the Landsat data based on the images
with 30 m spatial resolution is more appropriate for estimation of the actual magnitude
of change. This is clearly noticeable in our comparison, where the magnitudes of land
changes mapped from the Landsat were sometimes more than 10 times higher than those
analysed from CLC. The comparison of both datasets with the data from the Land Parcel
Identification system showed that the Landsat data were more precise. However, the low
thematic resolution still remains a disadvantage of the analysed Landsat dataset, and the
definitions of land change processes are less complex than those in CLC.

The results of land change analyses depend on spatial resolution (more detailed data
bring more changes, as was noticed from a comparison of CLC with the Landsat data), tem-
poral resolution (if the time periods are too long, some areas could survive more changes)
and thematic resolutions of the data sources. The definitions of the analysed land change
processes need to be considered as well. The definition of agricultural land abandonment
is vague and dependent on approach and on context for different studies [22]. Some stud-
ies [8,73] use exclusive definitions of the process, where one type of land cover/land use
change could be the subject of one process (for example, change of arable land to an urban
area is exclusively defined as urbanisation, while it could be also defined as agricultural
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land abandonment). This must be considered when interpreting the analytic results of
landscape changes.

For our analysis, we used data from historical maps and historical land-cover models
as well as the data derived from optical remote sensing products. The use of additional
data sources like historical cadastral data [70,81] or pollen data [82] could reveal more
information about the historical development of agriculture. The recent agricultural land
abandonment could be also analysed from available global land cover products like MODIS
Land Cover [83] or from LiDAR data [27,84].

5. Conclusions

In this study we compared different nationwide multi-temporal spatial data sources
and analysed the cropland area, cropland abandonment rates and transformation of crop-
land to other land cover/land use categories in Slovakia. We combined the information
from different datasets to obtain an overall picture of long-term cropland abandonment
in Slovakia.

The comparison of investigated datasets with the detailed cropland data from the Land
Parcel Identification System showed that most accurate dataset is the Historic Carpathian
Land Use dataset. The CORINE Land Cover dataset and data derived from Landsat images
overestimates the cropland area, but the Landsat data are more accurate.

The Historic Carpathian Land Use dataset (CHLUD) is most reliable for long-term
land change analyses. This provides an average of 19.65 km2/year cropland abandon-
ment in 1836–1937 and 154.44 km2/year in 1938–1955. The average abandonment rate
for 1956–2012 is 140.21 km2/year, but this average includes the increased abandonment
following transition to the market economy after 1989. Here, the Landsat data records
142.02 km2/year for 1985–2000 and 89.42 km2/year for 2000–2010, but it does not include
urbanisation and maps only a minor part of afforestation. Therefore the total abandonment
rates for 1985–2010 are most likely 20–40% higher than CHLUD records. In contrast, the
290.8 km2/year abandonment for 2000–2010 recorded by the HILDA model appears over-
estimated and the 49.9 km2/year for 1990–2000 is under-estimated when abandonment
associated with the 1989 market economy is considered. The CORINE Land Cover data
show substantially lower values due the low sensitivity to land cover changes and are not
suitable for quantification of the land cover changes. The advantage of CORINE Land
Cover is the high thematic and temporal resolution; therefore, it is suitable for mapping
the spatial distribution of land cover changes and the relative magnitudes of changes.

Total cropland area increased during the 19th century and the first half of the 20th
century, but then decreased after the Second World War and the transition to communism.
This was followed by a greater decrease after the 1989 transition to the market economy.
The different datasets vary in their estimates of cropland area as follows: the HILDA
model has 14,024 km2 for 2010; the Carpathian Historic dataset records 13,536 km2 for 2012;
the Landsat has 16,199 km2 for 2010; the CORINE Land Cover has 20,675 km2 for 2012.
In addition, the Land Parcel Identification System, which is a precise database based on
interpreting aerial images for the allocation of agricultural subsidies, registered 14,506 km2

of cropland area in 2011. Different investigated data sources record varying percentages of
land cover/land use transformation in different periods, but the recorded transformations
are mostly from cropland to grassland. The Carpathian Historical Database allocates
transformation to different categories, with 49% conversion to grassland, 34% to forest and
15% to urban areas. The CORINE Land Cover data show increased urbanisation in last
years; however, the 61–88% urbanisation seems to be overestimated.

The long term land cover/land use data based on vectorization of historical digital
sources has proven more reliable than the data based on modelling. The historical sources
are limited by their availability in certain time steps. The potential for improvement is the
digitalization of other existing data sources (for example, in Slovakia, the aerial photos
from half of 1960s and the end of 1980s are not digitized). However, there will be still gaps
for certain, especially older, time periods; this provides an opportunity for the modelling
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techniques. The recent data based on classification of satellite images are detailed and
precise, but limited in their thematic resolution. With the advances in remote sensing
sensors and techniques, the quality of remote sensing products continues to improve, and
feature datasets will be more applicable for detailed land change analyses.

Supplementary Materials: The following are available online at https://www.mdpi.com/2073
-445X/10/4/334/s1, Figure S1: Cropland abandonment derived from the Carpathian Historical
Land Use Dataset, Figure S2: Cropland abandonment derived from the Historic Land Dynamics
Assessment model, Figure S3: Cropland abandonment derived from the CORINE Land Cover, Figure
S4: Cropland abandonment derived from Landsat images.
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31. Izakovičová, Z.; Oszlányi, J. The landscape of Slovakia, its nature and transformations. In Lost landscapes: Reflections from Central
European Border Regions; Elmar, C., Ed.; Regional Development Agency Mura: Murska Sobota, Slovenia, 2012; pp. 115–131. ISBN
978-961-93442-1-7.
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35. Špulerová, J.; Dobrovodská, M.; Lieskovský, J.; Bača, A.; Halabuk, A.; Kohút, F.; Mojses, M.; Kenderessy, P.; Piscová, V.;
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2014, 22. [CrossRef]

41. Pazúr, R.; Bolliger, J. Land Changes in Slovakia: Past Processes and Future Directions. Appl. Geogr. 2017, 85, 163–175. [CrossRef]
42. Pe’er, G.; Zinngrebe, Y.; Moreira, F.; Sirami, C.; Schindler, S.; Müller, R.; Bontzorlos, V.; Clough, D.; Bezák, P.; Bonn, A.; et al. A

Greener Path for the EU Common Agricultural Policy. Science 2019, 365, 449–451. [CrossRef]
43. Pazúr, R.; Lieskovský, J.; Bürgi, M.; Müller, D.; Lieskovský, T.; Zhang, Z.; Prischchepov, A.V. Abandonment and Recultivation of

Agricultural Lands in Slovakia—Patterns and Determinants from the Past to the Future. Land 2020, 9, 316. [CrossRef]
44. Dobrovodská, M.; Kanka, R.; David, S.; Kollár, J.; Špulerová, J.; Štefunková, D.; Mojses, M.; Petrovič, F.; Krištín, A.; Stašiov, S.; et al.
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56. Feranec, J.; Nováček, J. The Corine Land Cover Database of Slovakia and Its Changes in the Period 2000–2006. Morav. Geogr. Rep.
2009, 17, 2–10.

57. Fuchs, R.; Herold, M.; Verburg, P.H.; Clevers, J.G.P.W. A High-Resolution and Harmonized Model Approach for Reconstructing
and Analysing Historic Land Changes in Europe. Biogeosciences 2013, 10, 1543–1559. [CrossRef]

58. Fuchs, R.; Herold, M.; Verburg, P.H.; Clevers, J.G.P.W.; Eberle, J. Gross Changes in Reconstructions of Historic Land Cover/Use
for Europe between 1900 and 2010. Glob. Chang. Biol. 2015, 21, 299–313. [CrossRef]

59. Lieskovský, J.; Kaim, D.; Balázs, P.; Boltižiar, M.; Chmiel, M.; Grabska, E.; Király, G.; Konkoly-Gyuró, É.; Kozak, J.;
Antalová, K.; et al. Historical Land Use Dataset of the Carpathian Region (1819–1980). J. Maps 2018, 14, 644–651. [CrossRef]

60. European Environmental Agency (EEA). Corine Land Cover (CLC) 2018; Version 20; EEA: Copenhagen, Denmark, 2019.
61. Bossard, M.; Feranec, J.; Otahel’, J. CORINE Land Cover Technical Guide—Addendum 2000; European Environment Agency:

Copenhagen, Denmark, 2000; p. 105.
62. Zverková, A.; Sviček, M. Slovak Land Parcel Identification System. In Proceedings of the 1st International Congress on Soil

Science, XIII National Congress in Soil Science, Soil–Water–Plant, Belgrade, Serbia, 23–26 September 2013.
63. FAO Food and Agriculture Organization of the United Nations (FAO). FAOSTAT—Statistical Database on Land Use. Available

online: http://www.fao.org/ag/agn/nutrition/Indicatorsfiles/Agriculture.pdf (accessed on 1 July 2020).
64. Špulerová, J.; Bezák, P.; Dobrovodská, M.; Lieskovský, J.; Štefunková, D. Traditional Agricultural Landscapes in Slovakia: Why

Should We Preserve Them? Landsc. Res. 2017, 42, 891–903. [CrossRef]
65. Jepsen, M.R.; Kuemmerle, T.; Müller, D.; Erb, K.; Verburg, P.H.; Haberl, H.; Vesterager, J.P.; Andrič, M.; Antrop, M.;
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Long-Term Land-Cover/Use Change in a Traditional Farming Landscape in Romania Inferred from Pollen Data, Historical Maps
and Satellite Images. Reg. Environ. Chang. 2017, 17, 2193–2207. [CrossRef]

http://doi.org/10.1016/j.scitotenv.2018.06.326
http://www.ncbi.nlm.nih.gov/pubmed/29981521
http://doi.org/10.5194/bg-10-1543-2013
http://doi.org/10.1111/gcb.12714
http://doi.org/10.1080/17445647.2018.1502099
http://www.fao.org/ag/agn/nutrition/Indicatorsfiles/Agriculture.pdf
http://doi.org/10.1080/01426397.2017.1385749
http://doi.org/10.1016/j.landusepol.2015.07.003
http://doi.org/10.1016/j.gloenvcha.2014.06.003
http://doi.org/10.1016/j.landurbplan.2003.10.002
http://doi.org/10.1016/S0169-2046(99)00043-2
http://doi.org/10.1080/1747423X.2016.1241317
http://doi.org/10.37040/geografie2018123020253
http://doi.org/10.1080/17474230802645881
http://doi.org/10.1007/s10113-017-1192-7
http://doi.org/10.1177/0309133309360141
http://doi.org/10.1016/j.landusepol.2016.12.001
http://doi.org/10.1007/s10021-011-9441-y
http://doi.org/10.1016/j.landusepol.2018.06.017
http://doi.org/10.1016/j.rse.2014.11.027
http://doi.org/10.1016/j.rse.2018.05.005
http://doi.org/10.1088/1748-9326/11/6/064020
http://doi.org/10.3390/rs12152484
http://doi.org/10.3390/land8110165
http://doi.org/10.1007/s10113-016-1063-7


Land 2021, 10, 334 15 of 15

83. Friedl, M.A.; McIver, D.K.; Hodges, J.C.F.; Zhang, X.Y.; Muchoney, D.; Strahler, A.H.; Woodcock, C.E.; Gopal, S.; Schneider, A.;
Cooper, A.; et al. Global Land Cover Mapping from MODIS: Algorithms and Early Results. Remote Sens. Environ. 2002, 83,
287–302. [CrossRef]

84. Kolecka, N.; Kozak, J.; Kaim, D.; Dobosz, M.; Ginzler, C.; Psomas, A. Mapping Secondary Forest Succession on Abandoned
Agricultural Land with LiDAR Point Clouds and Terrestrial Photography. Remote Sens. 2015, 7, 8300–8322. [CrossRef]

http://doi.org/10.1016/S0034-4257(02)00078-0
http://doi.org/10.3390/rs70708300

	Introduction 
	Materials and Methods 
	Results 
	Data Validation 
	Cropland Area 
	Abandonment Rates 
	Changes in Land Cover/Land Use 

	Discussion 
	Conclusions 
	References

