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1. Introduction

Image records obtained by the remote sensing methods, aerial 
and satellite images became, thanks to the reiterated imaging of 
Earth surface, irreplaceable information source for the analysis 
of landscape changes such as urbanisation, forestation or defor-
estation. Another important monitoring object is also the loss 
of farmland which is normally resulting of land withdrawal in 
favour of constructions. A specific example of farmland loss is 
abandonment often associated with disappearance of perma-
nent grassland (Kuemmerle et al. 2008; Prishchepov et al. 2013; 
Alcantara et al. 2013; Pazúr et al. 2014).

Operative acquisition of data about the dynamically chang-
ing land cover (especially concerning the occurrence of changes 
and their scope or size) requires the use of the new progres-
sive approaches to the collection and processing of data about 
landscape not only for the monitoring of dynamism of farmland 
but also from the point of view of implementation of supporting 
mechanism for agricultural entities in the EU. The main admin-
istrative tool for the management of subsidies in agriculture is 
the Integrated Administration and Control System (IACS). This 
system provides for the submission of applications for subsidy, 
administrative controls, in situ checks, payments and sanctions 
of farmers (Sagris, Devos 2009). The key component of the IACS 
system from the point of view of agricultural land is the Land 
Parcel Identification System (LPIS), legislatively defined in the 
EU Regulation of the European Parliament and the Council No. 
1306/2013. The LPIS provides for the identification and localisa-
tion of declared parcels and facilitates the control of duplicate 
declarations or over declarations. Primarily it serves as a refer-
ence database for verification of the data quoted in applications 
for subsidy provided for the farmed land. 

The LPIS is also a valuable information source about the 
dynamism of landscape on the local level. As Levin (2017) 
reports, data of the LPIS register collected in some European 
countries already at the beginning of the 1990s (EEC 1992) make 
possible the analyses of changes in agricultural landscape for 
almost two decades now. High Nature Value farmland (Lomba 
et al. 2017) has been analysed on the basis of the LPIS; other 
example is the assessment of conversion and abandonment of 
permanent grassland (Nitsch et al. 2012) or the analysis of the 
dynamism of the temporary grassland (Zimmermann et al. 2016). 
Barbottin et al. (2018) assessed applying the LPIS the dynamism 
of the area of farms identifying six basic types of dynamism 
regarding the enlargement or diminution of agricultural area 
and reconfiguration of landscape structure. Kopecká et al. (2019) 
presented, again based in the LPIS, the monetary evaluation of 

the farmland losses in favour of construction and abandonment 
of farmland in selected localities. 

Tomlinson et al. (2018) used the LPIS data aggregated into 
selected classes (arable land, permanent cultures, forest, per-
manent grassland, temporary grassland, and other) for mak-
ing maps of land use and identification of its changes in the 
years 2005–2013 in Great Britain. Losses of farmland were also 
analyzed in the territory of Denmark and Flanders (Kerselaers, 
Levin 2018) for selected five-year intervals by means of the LPIS. 
Several authors point to the fact that the LPIS is an alternative 
information source about land use as related to the statistical 
data derived of cadastral data. In difference from the cadastre, 
the LPIS is based on physical blocks delimited by natural borders 
and on user relationships (not owner relationships). It is one of 
the main reasons of rather distinct differences in the scope of 
landscape changes when comparing the data of these central 
databases (Vachuda 2016; Dimopoulou 2012).

The LPIS system operates in the Slovak Republic since 2004 
and its regular updating makes it possible to track the land cover 
changes including those in the area of the farmed land. It iden-
tifies and quantifies agricultural land by the following types of 
parcels: arable land, hop fields, vineyards, gardens, orchards, and 
permanent grassland. Other farmland in this system includes the 
one without a known user who did not apply for subsidy (the land 
has not been verified at a particular date). The LPIS has been built 
based on digital orthophotos not older than five years. A refer-
ential parcel, subject to the entire administration and the control 
of applications, is a parcel of the production block. Information 
contained in the database of reference parcels (inclusion into the 
LFA, Natura 2000 and other) must be always up to date and reflect 
the truest possible reality of the reference parcel including its 
area and borders. As far as the subsidy is concerned, it is defined 
as a minimum area of 0.3 ha in a reference parcel.

Differences in the dynamism of farmland withdrawal for 
building and the overgrowing of various cultures of agricultural 
parcels by shrub and tree vegetation using the LPIS database 
were not analysed in Slovakia so far. It is the reason why is this 
study focused on the aspects of the assessment of changes of 
agricultural landscape and the aim is the identification, classifi-
cation, and assessment of changes in the use of farmland in the 
years 2004–2018 in two districts situated in the hinterland of the 
capital of the Slovak Republic. As character of the territory of 
these districts is quite different, first of all in terms of geomor-
phology, emphasis has been laid on the determination of the rate 
of abandoned land and land withdrawal for the construction 
in the frame of farmland losses and for the assessment of the 
quality of withdrawn land. 
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Fig. 1a — Superposition of LPIS layers from the years 2004 and 2018 in the territory of the Pezinok district.
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Fig. 1b — Superposition of LPIS layers from the years 2004 and 2018 in the territory of the Senec district.
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2. Methodology

The basic methodical procedure for the identification of changes 
of the agricultural landscape in selected model areas is the 
bitemporal analysis of the LPIS data layers combined with ortho-
photos and the PEU (pedological-ecological units) database in 
ArcGIS 10.5 (Kopecká et al. 2019).

LPIS layers from the years 2004 and 2018 authored by the 
National Agricultural and Food Centre and the Soil Science 
and Conservation Research Institute, orthophotos of the years 
2003–2017, borders of districts from the ZBGIS® database and 
the PEU map related to 2018 were used as the input data.

The first step consisted in superposition of the district bor-
ders and land blocks filed in the LPIS layers and the actively 
farmed agricultural land in the districts of Pezinok and Senec 
in the years 2004 and 2018 (Fig. 1) was identified. Subsequently, 
a layer of changes in the frame of the LPIS in time horizon of 
2004–2018 was created from the difference between these two 
layers which was submitted to a more detailed analysis. Polygons 
smaller than 0.3 ha were excluded from the database of changes. 

The remaining identified changes (in total 1,330 polygons) 
were classified into the following classes: 
1. Built-up: this class was originally that of agricultural areas 

changed by intensive anthropogenic activity. The following 
subclasses were identified in the areas of construction:
1.1. Construction of residential areas with family houses: 

areas with maximum two storied single family houses 
and the contiguous gardens, local communications 
including areas under construction.

1.2. Construction of production, service and transport 
infrastructure: areas with the industrial or agricultural 

production including family farms, logistic centres, 
motorways, roads, railway tracks, solar panels, etc. 

1.3. Construction of sport sites: football stadiums, golf 
courses, horse riding areas, dog training areas, a water 
park, etc.

1.4. Construction of dump sites: deposits of communal and 
industrial waste.

2. Abandonment of farmland: originally agricultural land (arable 
land, orchards, vineyards, permanent grassland) overgrown 
by woody vegetation (shrubs or trees) not showing any traces 
of cultivation. 

3. Gravel mining: originally agricultural areas with ongoing 
sand and gravel mining; part of the mining area is flooded in 
the majority of cases. 

4. Methodical and technical changes: changes in the database 
due to the changed methodology of mapping (e.g., exclusion 
of landscape elements from the original blocks, exclusion of 
field roads) or technical changes associated with updating 
of the database (e.g., changes of the numeric codes of the 
reference parcels because of their division or merging). As 
these changes in the database were not real changes in land 
they were not subject to further analysis.

Pedological-ecological units (PEU), soils with the determined 
quality, are the basic mapping and evaluating units which are 
relatively homogeneous areas with properties of similar or affini-
tive pedological-ecological forms. They were classified based 
on the assessment of homogeneity or affinity of climatic condi-
tions (T), genetic property of soils (P), soil-forming substrate (G), 
granularity (Z), gravel content (K), soil depth (H), inclination (S), 
and exposition of the area (E) by certain criteria (Fig. 2). 

Fig. 2 — Map fragment of changes of agricultural land and the PEU map.
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3. Areas of Interest 

Districts of Pezinok and Senec are located in the Self-government 
Region of Bratislava (NUTS3) in western Slovakia (Fig. 3). The 
overall area of the Pezinok district is 375.40 km². Parts of three 
landforms extend to the territory of the district: the Little Car-
pathian Mts. Podunajská nížina lowland and Podunajská pahork-
atina hill land, especially its part Podmalokarpatská pahorkatina 
hill land. Beech and oak woods prevail in the area of the Little 
Carpathians. Apart from the Protected Landscape Area Malé 
Karpaty there are also several nature reserves in the district and 
the most important of them is the wetland Šúr in the municipal-
ity of Svätý Jur with rare flora and fauna thriving in what is the 
remnant of the original boggy-fen alder wood and a peat bog. 
The rest of the territory is agricultural landscape, mostly arable 
land, and the prevailing permanent culture is vineyards. The 
cadastre data reveal that out of the 16,813 ha of farmland there 
are 11,437 ha of arable land, 3,166 ha of vineyards, 1,437 ha of 
permanent grassland, 727 ha of gardens and 47 ha of orchards. 
The area of forest plots (16,123 ha) is comparable to that of 
agricultural land; built-up areas cover 2,408 ha, 456 ha corre-
spond to water bodies and other areas cover 1,754 ha (Geodesy, 
Cartography and Cadastre Authority of the SR, 2018). There are 
three towns in the district: Pezinok, Modra, and Svätý Jur and 
14 communes. In 2004, the population of the district was 55,043 

and it increased before 2017 to 62,459. It means that the district 
population increase during the study period was more than 13% 
(Source: datacube.statistics.sk). 

The area of the Senec district is 359.75 km²; it is situated 
prevailingly in the Podunajská rovina plain, and marginally 
in the Trnavská tabuľa plain. The relief is flat. The territory of 
the Senec district is plain with thermophilic Pannonian vegeta-
tion covered by heavily exploited Chernozems, Fluvisols and 
Chernitsas. Farmland (total 26,911 ha) consists of arable land 
which, with an area of 25,191 ha, distinctly prevails. Gardens 
account for 1,042 ha, vineyards for 388 ha, orchards for 128 ha, 
and grassland covers 163 ha. In terms of size of the share in the 
land pool, built-up areas are the second largest (3,288 ha), fol-
lowed by the remaining areas (2,917 ha), water bodies (1,531 ha) 
and forest plots (1,342 ha) (Geodesy, Cartography and Cadastre 
Authority of the SR 2018). 

The territory is situated in the river basin of the Malý Dunaj 
with a rich deposit of gravel and sand. Apart from the town 
Senec there are 28 communes which experienced intensive con-
structions in recent years. Population of the district amounted 
to 81,412 in 2017 which compared with the year 2004 (53,763) 
represents an increase by more than 51%.

Regarding the fact that the two districts are situated in hinter-
land of the capital Bratislava they were subject to an accelerated 
suburbanisation process. Axes of the development are the motor-
way corridor D1 and the road II/502 running through the sub 
Little Carpathian communes where the changes of land cover 
are most conspicuous (Šveda 2011).

4. Results

In 2004, the area of agricultural land recorded in the LPIS data-
base for Pezinok was 163.19 km², that is, 43.5% of total district 
area. Before 2018, this recorded area dropped to 147.16 km² 
(39.2%). Comparison of these two LPIS data layers made it 
possible to identify 3,898 areas with an overall surface area of 
16.03 km², including 724 ones with an area of 15.25 km² which 
met the defined size criterion of the minimum area of more 
than 0.3 ha.

The diminishment of agricultural land in the Senec district 
filed in the LPIS database was even more pronounced. Out of its 
original area of 276.77 km², that is, 76.9% of district area in 2004, 
the share of agricultural land dropped to 71.3% (256.42 km²). 
The total of 1,823 polygons included 606 with an area exceed-
ing 0.3 ha.

Classification of recorded changes in the Pezinok district 
reveals a distinct dominance of abandoned areas also in terms 
of the polygon number and the area of changes (Tab. 1). Most of 
the abandoned land was identified in Modra (315 ha) followed 
by Pezinok (190 ha) and Svätý Jur (128 ha). Abandoned land 
appeared first of all in the localities of former vineyards which 
were transferred from the cooperative husbandry to private 
owners (Fig. 4). Extensive losses of agricultural land were in 
favour of construction (almost 30%) while the construction of 
single family homes prevailed. But the share of construction of 
production and service sites, and transport infrastructure was 
also substantial. The greatest withdrawals took place in Pezi-
nok (132 ha), Slovenský Grob (100 ha), and Limbach (55 ha) 
(Figs. 5 and 7). Other types of the tracked changes were only 
marginally represented.

Losses of agricultural land in the Pezinok district were identi-
fied in total of 116 various PEUs. The greatest losses are owed 
to the construction on trenched Cultisols (PEU code 0174231; 

Fig. 3 — Situation of the Pezinok and Senec districts in the Self-government Region 
of Bratislava.
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Fig. 4 — Example of changes in reference parcel blocks in the LPIS database due to the abandonment in the Modra municipality, Pezinok district: year 2004 (left), year 2018 (right). 
Orthophoto © GKÚ, NLC.
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Tab. 1 — Classification of agricultural land loss in 2004—2018 in the Pezinok district

km2 % No. of polygons

Pezinok District 375.40 100

LPIS 2004 163.19 43.5 2,045

LPIS 2018 147.16 39.2 1,390

Change 2004—2018 16.03 4.3 3,898

Changes over 0.3 ha 15.25 4.1 724

Class km2 % No. of polygons

1. Built-up 4.52 29.6 182

1.1 Construction of residential areas 
with family houses

3.34 21.9 123

1.2 Construction of production, service 
and transport infrastructure

1.07 7.0 51

1.3 Construction of sport sites 0.04 0.3 5

1.4 Construction of dump sites 0.07 0.5 3

2. Abandonment 10.43 68.4 501

3. Gravel mining 0.06 0.4 2

4. Methodical and technical changes 
in the database

0.24 1.6 39

Sum 15.25 100 724

Fig. 5 — Loss of agricultural land in hectares due to construction and abandonment 
in 2004—2018 in the municipalities of the Pezinok district.

Fig. 6 — Loss of agricultural land by PEU groups in hectares in 2004—2018 in the 
Pezinok district.
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Fig. 7 — Classification of LPIS changes in 2004—2018 in the Pezinok district.
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Tab. 2 — Classification of agricultural land loss in 2004—2018 in the Senec district

km2 % No. of polygons

Senec District 359.75 100

LPIS 2004 276.77 76.9 1,075

LPIS 2018 256.42 71.3 722

Change 2004—2018 20.35 5.6 1,823

Changes over 0.3 ha 20.01 5.6 606

Class km2 % No. of polygons

1. Built-up 15.70 78.5 408

1.1 Construction of residential areas 
with family houses

11.06 55.3 298

1.2 Construction of production, service 
and transport infrastructure

3.87 19.3 87

1.3 Construction of sport sites 0.66 3.3 19

1.4 Construction of dump sites 0.11 0.5 4

2. Abandonment 2.81 14.0 147

3. Gravel mining 1.16 5.8 14

4. Methodical and technical changes 
in the database

0.34 1.7 37

Sum 20.01 100 606

Fig. 8 — Example of changes in reference parcel blocks in the LPIS database due to construction in the Malinovo municipality, Senec district: year 2004 (left), year 2018 (right). 
Orthophoto © GKÚ, NLC.

Fig. 9 — Loss of agricultural land in hectares due to construction and abandonment 
in 2004—2018 in the municipalities of the Senec district.
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Fig. 10 — Loss of agricultural land by PEU groups in hectares in 2004—2018 
in the Senec district.
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Fig. 11 — Classification of LPIS changes in 2004—2018 in the Senec district.
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65 ha), Chernitsas (0027003; 36 ha and 0126002, 33 ha) and 
Chernozems (0032065; 30 ha); abandonment prevailed in the 
PEU areas without code (forest plots), 216 ha, on trenched Culti-
sols recreated by terracing (0171242; 181 ha) and on Cambisols 
on pronounced slopes (0280882; 47 ha and 028088; 30 ha). In 
terms of the Regulation of the Government of the SR No. 38/2013 
about levies for seizure and unauthorized withdrawal of agri-
cultural land, all agricultural lands are classified into 9 groups 
of soil quality according to the appurtenance to the PEU. The 
top quality soils are in the 1st group and the worst quality ones 
are in group 9. Pursuant the Law about protection and use of 
agricultural land No. 220/2004 the best quality soils in each 
municipality are legally protected albeit they can be used for 
other than farming purposes temporarily or permanently only in 
indispensable cases where there is no other option. Fig. 6 brings 
a survey of agricultural land losses by individual PEU groups 
in the Pezinok district. It is obvious from the diagram, that the 
losses due to abandonment and constructions took place first of 
all in land of inferior quality (Kopecká et al. 2019). 

Regarding the flat territory and the good accessibility of the 
capital Bratislava, withdrawals in favour of construction pre-
vailed in losses of farmland in the Senec district (Tab. 2). Like 
in the Pezinok district, construction of single family houses pre-
vailed (55.3%), and as rule it was carried out next to the existing 
built-up area in individual communes. Important share (almost 
20%) corresponds to the production, service and transport infra-
structure with the dominating superregional logistic centres next 
to the D1 motorway not far away from the town Senec.

The greatest withdrawals motivated by construction took 
place in the municipalities of Senec (380 ha), Chorvátsky Grob 
(207 ha), Bernolákovo (168 ha), Miloslavov (131 ha), Rovinka 
(102 ha), and Nové Košariská (commune Dunajská Lužná 87 ha). 
Šveda (2011) reports that these localities stand out for a highly 
dynamic increase of construction of the new residential zones 
with traits of the Western European suburbs (small plots and 
blind alley network) (Fig. 8). Accelerated construction is also 
associated with an increased extraction of gravel and sand 
which accounts for the loss of 116 ha of farmland during the 
tracked period. Abandonment of farmland was observed in 
about 280 ha, but in difference from the Pezinok district in this 
case it is not abandoned vineyards but arable land which is des-
tined for future construction. Most of the abandoned land was 
identified in Bernolákovo (59 ha), Chorvátsky Grob (36 ha), and 
Senec (26 ha) (Figs. 9 and 11).

As the spatial heterogeneity of the territory is lesser, losses of 
agricultural land in the Senec district were identified in 62 differ-
ent PEUs, i.e. considerable less than in the Pezinok district. The 
greatest losses in favour of construction were on Chernozems 
(PEU code 0032062; 239 ha) and Fluvisols in plains (PEU codes 
0015005; 125 ha and 0001001; 110 ha); abandonment prevailed 
in areas without PEU codes (forest plots) 29 ha, on Fluvisols 
(0001001; 23 ha), Chernozems (0032062; 19 ha) and Chernitsa/
Chernozems (0017002; 18 ha). Survey of the losses of agricultural 
land by individual groups of farmland quality in the Senec district 
is in Fig. 10. Construction took place especially in the soil quality 
groups 6 and 5, but relatively big withdrawals were also recorded 
in the categories of top quality soils (Kopecká et al. 2019).

5. Conclusion

The LPIS primarily serves as a reference base for verification 
of data quoted in applications for support provided for worked 
agricultural land. Data from the LPIS database are also valuable 

information about the real use of farmland; they made it possible 
to identify its changes on local level and combined with the 
information about PEU establish the losses of farmland pursuant 
the existing legislation. Marked losses of farmland in two dis-
tricts in the hinterland of Bratislava, i.e. Pezinok and Senec were 
analyzed in this study. In the years 2004–2018 about 20 km² 
of agricultural land was permanently withdrawn for construc-
tion. Consequences of the abandonment and degradation of 
farmland are a considerable economic loss. Results of this study 
demonstrate the abandonment of more than 13 km² of farmland. 
Its effects are negative both from the economic point of view 
and the overall appearance of landscape. Losses of farmland 
were prevailingly observed in land of inferior quality but also in 
case of high quality soils which should be subject to increased 
protection. The presented analysis applying combination of the 
LPIS and PEU data may contribute to better understanding of 
processes in cultural landscape along with their environmental 
and economic effects.
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