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Abstract: Due to natural phenomena as well as human activities, changes are occurring in land
use. Techniques and environment GIS have made it possible to process large amounts of data from
various sources. In Slovakia, mapping of topography and elevation is being carried out as part of
the elaboration of land readjustment projects. This is also a starting point for updating estimated
pedologic-ecological units (EPEUs). Therefore, it is necessary to make efforts to harmonize the real
state of the country with the data stored in the EPEU database, which are the basis for spatial analyses
in the country and the creation of price maps. The EPEU system was built in the 1970s; however,
only after 1990, due to changes in ownership and user conditions of the land, did it begin to seriously
address the issue of updating data. This study examines selected sources of altimetry data, especially
airborne laser scanning (ALS), and their potential role in processing purpose maps and harmonizing
boundary curves and slope and exposure characteristics at a stable 5-position EPEU local code. Based
on the obtained results, the use of ALS data and the Digital Terrain Model (DTM) derived from them
may lead to the streamlining of some processes in terms of planning and decision-making regarding
land use, even outside the context of the ongoing land reforms in the Slovak Republic.

Keywords: land policy; ALS; GIS; slope; exposure

1. Introduction

The priorities of European Union (EU) policies are sustainability and rural devel-
opment, as expressed in the preparation of the common agricultural policy after 2020
under The European Network for Rural Development (ENRD) (https://enrd.ec.europa.eu,
accessed on 15 September 2021). The need for effective implementation of the necessary
measures to achieve stable soil protection for its sustainable development is also artic-
ulated in the Thematic Strategy for Soil Protection [1]. In line with the United Nations
Agenda [2], the challenge is to ensure the sustainability of ecosystems worldwide and
the implementation of agricultural processes by 2030 to maintain soil while improving
its quality.

The European new growth strategy is based on the European Green Deal [3]. It
is concerned with environmental sustainability issues in a broader sense, including the
protection and optimization of natural resources and land as a basis of livelihoods. In the
context of the COVID-19 pandemic, European countries need to adjust their approach to
creating the conditions for environmental protection and ecology, and in so doing, pay
increased attention to the digitization process in terms of data quality. Targets were set in
the so-called Recovery Plans (NextGenerationEU) [4], where Member States agreed to set
the goals of improving and restoring valuable potential for future generations. The Slovak
Recovery Plan [5] was approved by the European Commission and presents a clear vision
for the next decade, also in terms of land consolidation.
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In many countries, users of agricultural land are considered to be individuals who
arbitrarily interfere with land structures, and in so doing, frequently violate legislation.
According to [6], a clear definition of the relationship between owners and agricultural
land is needed, as this relationship significantly affects its quality in the future, regardless
of the ongoing process of land consolidation (LC) in EU countries. The authors of [7] point
out the problems related to comparing the effectiveness of land improvements in different
countries. Improving economic efficiency and streamlining land use [8] were the impetus
for the implementation of LC. The Slovak Republic has been trying for several years to
implement LC according to Act No. 330/1991 Coll. on land consolidation [9].

Harmful human interventions on the landscape and negative side effects from human
activities [10] bring about soil change over time. Additionally, data on spatial boundaries
change, and their impact in secondary anthropogenic stress phenomena is shown in the
disruption of ecosystems [11]. This situation is also influenced by historical development
as a result of human activities, in which period of the political establishment, primarily
in the post-communist countries, among which Slovakia is included. Large-scale land
management, planned farming, and mining [12] have brought about irreversible changes
in agricultural land, significantly reducing its quality.

Remote sensing methods are currently being used to map the structure of, and
changes to, the landscape. The work of Friedl et al. [13] deals with country mapping
using MODIS data at regional and global levels. Another source of landscape mapping
data is Landsat [14-16], which makes NDVI and SSIC analyses possible when used in
combination with Google Earth images [17] or the Google Earth Engine platform [18,19].
Orthophotos from UAVs are used in cadastral mapping to capture objects and changes in
the landscape in more detail [20]. LIDAR is applied to monitor landslides on agricultural
land [21].

For precision agriculture applications, large amounts of data are needed on soil
characteristics, as well as on land relief (e.g., slope, aspect, curvature) [22]. This information
could be a starting point for decision making regarding local land-use methods. Remote
Sensing and Unmanned Aerial Vehicles (UAVs) are key sources of such information [23]. A
case study by Seeruttun and Crossley [24] showed the usefulness of DTM as a source of
data for planning, but also pointed to the need to pay attention to the accuracy of terrain
models. Digital terrain models provide source data for spatial analyses, and can also
serve as the basis for the creation of derived maps. One study [25] confirmed the effect of
topography on soil erosion and slope-varying soil properties, and emphasized the need to
take microreliefs into account.

In Slovakia, each plot is characterized by its properties, which are expressed through
estimated pedologic-ecological units (EPEUs). Based on these units, the value of land
comprising agricultural land and other terrain may be determined [26].

The building of a comprehensive information system of soil values in Slovakia began
to take shape in the period of collectivisation [27] and the association (according to the Act
No. 49/1959 Coll. on Unified Peasant Cooperatives) of agricultural land in the period of
Czechoslovakia, with the aim of evaluating of the productive capacity of agricultural soils.

In the period of 1961-1970, a detailed comprehensive soil survey (CSS) of agricultural
soils was undertaken, which laid the foundation [28] for the construction of a new soil
value information system (SVIS).

The focus of the mapping was agricultural land, notably in the rural areas of the
municipalities bounded by areas of homogeneous soil and ecologically homogeneous
EPEU units. The land types [28] were categorized as arable, hops, vineyards, permanent
grassland or orchards in the framework of the registry of land production potential.

Due to the changes in land ownership-user relationships in postcommunist countries
(after 1990 and the subsequent breakup of Czechoslovakia), more sophisticated procedures
began to be legislated in Slovakia. They consisted mainly of the implementation of more
precise parameters regarding the accuracy of the EPEU. At the same time, a minimum area
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of 0.25 ha was established, in accordance with an adjustment to the seven-digit EPEU code
implemented in the national legislation.

Most agricultural land in Slovakia is leased to entities that manage it in the form of
larger units. Ownership rights to this land are registered in the information system of the
Cadastre of Real Estate in the so-called legal state (designated documentation), which can
currently, land ownership can be characterized as fragmented [29].

In most EU Member States, agricultural rental has been and remains a common
trend [30]. Rental relationships between landowners and tenant are dynamic. In terms
of different legislation, each country has sought to improve the situation by introducing
processes related to the arrangement of ownership, such as LC projects [31], following the
present time land management under the allocated EU subsidies [32].

In addition to interpretations of the value of the EPEU, economic elements and thus
precise categorizations of land managers are, for the purposes of subsidies, also important.

Capturing change is a significant part of land-use decision-making processes. As part
of land improvement efforts in Slovakia, the mapping of elevation is also underway. The
present research focuses on the possibility of using existing digital terrain models for the
creation of purpose maps, as well as the need to harmonize data regarding boundaries,
slope and exposure at a stable, five-position local code EPEU. The methodology takes
into account changes that took place in the country over several decades. An area where
landscaping had not yet taken place was chosen as the study area. The analysis of the area
was based on available data on EPEU, airborne laser scanning, and DTM 3.5 and 5.0. Data
processing and output creation were performed in ArcGIS Pro 2.7.0.

2. Materials and Methods
2.1. Study Area

The cadastral unit of Podre¢any with an area of 1160.48 ha, located in the district
of Lucenec (Figure 1), was chosen for the study. The altitude ranges from 200 to 602 m.
According to the climate classification that Konc¢ek [33] prepared for the period of 1961-2010,
the area is classified as “warm” with T2 (warm, dry with mild winters), T4 (warm, slightly
dry with mild winters), and T7 (warm, slightly humid with cold winters) subregions. The
average monthly air temperatures are —2 to —3 °C in January and 20 °C in July. According
to the Slovak Hydrometeorological Institute, the average annual total precipitation is in the
range of 550-600 mm. In the winter months, there is snow cover in the locality.

Most of the territory of the Luenec basin and the valleys of the surrounding moun-
tains, to which the cadastral unit of the village of Podrecany also belongs, represent
large-scale arable land management. Agricultural land is intensively used, sometimes
comprising drained wetlands. Cereals (wheat), root crops (potatoes, sugar beet, and maize),
industrial crops (flax and rape), and fodder (red clover, pulp, and silage) are grown in the
selected area. Cultural meadows and clover are predominant in meadows and pastures.
Beeches and oaks are widespread in the forested area.

Soil type characteristics, which are the basic identification unit for the morphogenetic
and agronomic categorization of soils, are based on EPEU. The study site is mainly charac-
terized by dystric cambisols and cambic umbrisols, albic luvisols and eutric fluvisols, and
dystric planosols. A basic description of the main soil units (MSUs), as well as information
on the area of MSUs within the cadastral unit, is presented in Table 1.
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Figure 1. Study location cadastre unit of Podrecany.
Table 1. The main soil units according to EPEU.

MSU Code Signature Characteristics Area (ha) Area (%)
11 FMag Eutric Fluvisols, gleyic, medium heavy, local arenic 97.93 8.44
56 [ Mag-PGal Albic L.uV1sols to Stagnic Glossmo.ls from lo.ess 122,49 10.55

and polygenetic loams, in the surface horizon medium heavy
57 PGa . Eutric to Dystrlc. Planosol‘, from loess and polygenetic loams, 102.08 3.80
in the surface horizon medium heavy to heavy, local very heavy
Dystric Cambisols and Cambic Umbrisols, acid to distinctly acid,
60 KMa ? from the weathering products of crystalline rocks, 110.62 9.53
medium heavy to arenic
65 KMm, KMI Cambisols and L1.1V1s01s Cambisols on slope loam, 86.47 7 45
medium heavy to heavy
Eutric Cambisols to Dystric Cambisols with Leptosols,
& KMa (m), RNk with shallow covers, from other substrata, medium heavy to arenic 2560 2.21
83 KMm Eutric Cambisols frgm other substrata on significant slopes: 21.58 1.6
12-25°, medium heavy to heavy
85 [ Mag-PGal Albic Luvisols fco Stagnic Glo§51sols tp Eutric Planosol§, luvisols, 11.23 0.97
from polygenetic loams associated with skeleton, medium heavy
built-up area 61.21 527
Without EPEU 521.29 44.92
Total 1160.48

2 most subspecies of agricultural land plowed to a depth of 0.35 m.
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2.2. Soil Value Information System (SVIS)

A number of GISs on soil have been created for the use and arrangement of agricultural
land, monitoring its changes, and processing information about its properties in Slovakia.

Currently, SVIS and agricultural soil monitoring are the most frequently used sources
of information on soils. Associated data are available for the government, institutions
belonging to the Ministry of the Environment, government departments, and public ad-
ministration [34].

SVIS data are shown in Figure 2, which also displays selected sets of data and map
products from information subsystems belonging to other state departments.

External data databases

Analog original maps EPEU Comprehensive soil survey SR
— map set EPEU <« Digitized maps EPEU .tiff) Soil map of Slovakia
Vector maps EPEU ( .dxf, .shp) Partial monitoring system -Soil

Geochemical atlas of Slovakia (GCHA)
Thematical database set EPEU

Integrated Administration and Control

TR o Soil user register System (IACS)
Set of economic and agroecological
information Land Parcel Identification System (LPIS)
— Set of other types of land Basic Data Base for the GIS-

orthophotomap, DTM

Figure 2. Soil value information system structure.

A reputable data bank (SVDB- soil value data bank) [35] has become a part of SVIS
(soil value information system), which is constantly being updated. It contains data on all
soil properties expressed by the EPEU code, and together with a set of useful databases has
come to define the taxonomic levels of soil-ecological units.

The SVIS also contains data on all EPEU according to the registry of users, and to
the cadastral units of municipalities and higher territorial units of the administrative
division of the state. Additionally, it includes economic and agroecological information,
and information on special types of land according to anthropogenic activities. This
database is managed by the National Agricultural and Food Center (NAFC)-Research
Institute Agricultural and Food Economics.

The genetic characteristics of soils (granularity, skeletonisation, soil depth), climate
(temperature and precipitation conditions, potential evaporation) and relief (slope and
exposure) are taken into account in descriptions of EPEU areas.

The technical basis for the the current boundaries of the EPEU are vector maps, which
were created by digitizing original maps (which were themselves based on the State Map,
derived at a scale of 1:5000) during EPEU mapping from 1972 to 1981. At present, the
database does not contain current data altitude and topographic data for the entire territory
of the Slovak Republic which is a needed for the specification of the EPEU boundaries on
agricultural land.

Registration of data in the form of boundaries and codes for individual areas to the
Cadastre of the Slovak Republic began after 1995, at which time a registry was created of re-
newed land records which also included EPEU vector maps submitted in the vector graphic
interface (* .vgi) format. Currently, updates to the registered EPEU boundaries serve well
in resolving land consolidation (LC) issues in individual cadastral areas, where part of the
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performed geodetic work has involved mapping topography and elevation by direct field
measurements and the subsequent use of data from ALS and orthophotomosaics.

As a result of the processing of soil data in individual regions, the soil ecological
unit system, i.e., EPEUs with a seven-digit alphanumeric code, were introduced in 1996.
(Figure 3).

EPEU CODE STUCTURE

Main soil- climate unit

Climate region Main soil unit Slope-Exposure V Skeleton-Depth Soil Granular Soil
X X XX X X X
00—10 00—99 [B=L] Q=9 =5

Figure 3. EPEU code structure.

The area of the EPEU is currently affected by the following factors:

(1) LCin the initial documents (EPEU update, value maps) [36] in accordance with the ap-
proved methodology and Act. No. 330/1991 Coll. On the Landscape Consolidations,
Land Ownership, Land Offices, Land Fund and Land Associations, as amended [9].

(2) significant changes in the territory, following the initiative of the soil service or at the
request of the landowner Act No. 220/2004 Coll. No 245/2003 Coll. on integrated
pollution prevention and control, and on the amendment to and supplementation of
certain acts (Soil Protection Act) [37].

(3) The occupation of agricultural land for nonagricultural purposes (permanent change)
Soil Protection Act and Act No. 162/1995 Coll. on the cadastre of real estate and on
the registration of ownership and other rights to immovable property, as amended
(Cadastral Act) [38].

2.3. Input Data

Data from airborne laser scanning (* .las), Digital Terrain Model (DTM 3.5, DTM 5.0)
and aerial photogrammetry (* .tiff) were used as input data. To display the EPEU borders,
data in vector form from the cadastre of real estate information system were used, as these
are considered reliable and legally binding [34] (§ 7). All source data were provided by the
Geodesy, Cartography, and Cadastre Authority of the Slovak Republic (GCCA SR). The
data were then processed in a GIS environment.

The Digital Terrain Model (DTM 5.0) was created based on aerial laser scanning data,
which took place at the site in the period of November 2018 to April 2019. The absolute
vertical accuracy of the obtained cloud points in the coordinate system (ETRS89-h) was
0.03 m, the positional accuracy of cloud points (ETRS89-TM34) was 0.11 m, and the average
density of the points of the last reflection was 19 b/m?. The altitude accuracy of DTM 5.0
in ETRS89-h, created from ALS data, was 0.03 m. The size of the raster cell was 1 x 1 m.

The Digital Terrain Model (DTM 3.5) is based on DTM3 (DTM3 was created by
vectorizing the elevation of topographic maps of scale 1:10,000, or of scale 1:25,000) and
was supplemented by remodeling the plains, basins, and valleys of large rivers. To this
end, photogrammetric data collected for ZB GIS were also applied. The result was a raster
model with a resolution of 10 x 10 m.

The collection of orthophotomosaic images took place in 2018. The images had a
resolution of 25 cm/pixel and an accuracy of RMSExy = 0.30 m, CE90 = 1.5175 x RMSExy
=0.45m and CE95 = 1.7308 x RMSExy = 0.52 m.

Map portals which illustrate the EPEU layer are available to the public (Figure 4):

e Soil portal under the jurisdiction of the National Agricultural and Food Center

(NAFC), and
e the ZB GIS (Basic database for geographic information systems) map client as an

agro layer.
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Figure 4. Map portals with EPEU layers: (a) Soil portal (Source: https:/ /portal.vupop.sk/portal /apps/webappviewer/
index.html?id=1b9830b956ac411e978%aac54effa744, accessed on 21 September 2021); (b) Geoportal ZBGIS (Source: https:
/ / zbgis.skgeodesy.sk/mkzbgis/sk/kataster?bm=orto&z=14&c=19.616018,48.400452&sc=n#, accessed on 5 September 2021).

ALS

Topographic maps +

maporthophotogaphs

Vector maps EPEU

Data from the European Union’s Copernicus Land Monitoring Service (https:/ /land.
copernicus.eu/pan-european/corine-land-cover, accessed on 20 September 2021) were
used to capture changes in the landscape structure of the surveyed site. Data on land cover
and its changes were obtained for the period from 1990 to 2018.

2.4. Methodology

The methodology for processing the input data, with the resulting analyses, is shown

in Figure 5.

ANALYSIS

Elevation
Slope
Exposure

Purpose maps

Terrain insolation
Horizontal and
vertical curvature
Slope length
Mechanization
availability

—»> Update EPEU code

Figure 5. Flowchart of the methodology used.

5 position
Slope-Exposure

As the input data were in different coordinate systems, it was necessary to transform
them into a single coordinate system, namely, D-UTCN (EPSG: 5514) and the Baltic vertical
reference frame after adjustment (EPSG: 8357) altitude system.

Qualitative requirements are given for topography and elevation mapping in land-
scaping projects, where ALS and orthophotomosaic data are available:

e  For orthophotomosaic, a minimum resolution of 0.25 x 0.25 m and mean position

error of <0.50 m, and
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e for DTR, a minimum resolution of 1 x 1 m and a mean height error of <0.25 m.

Details on the accuracy of the input data are given in the previous Section 2.3. The
input data were used to meet the required quality parameters.

In the territory where the ALS took place and the DTM was created, we were obliged
to use this data. As progress in ALS work is slow (an overview of localities can be
found at www.geoportal.sk/en/zbgis/als-dtm.html, accessed on 25 September 2021), it is
recommended to implement hypsography data from other sources, e.g.,, DTM 3.5. For our
processing, DTM 3.5 data were resampled to a resolution level of 1 x 1 m.

The accuracy of EPEU breakpoints taken from the real estate cadastre can be clas-
sified in terms of the accuracy characteristics of the determination of mxy coordinates,
according to which the EPEU breakpoint can be classified into the accuracy class-mxy
without distinction.

Current legislation and technical regulations do not stipulate the required accuracy of
the breaking points for EPEU boundaries. Based on the input data we used, it is possible to
determine the accuracy class in a range mxy from 0.10 to 0.26 m for the future update of
the EPEU breaking points. Accuracy was also affected by the results of the soil survey and
the accuracy of boundaries in forest maps.

Slope and exposure are among the most basic morphometric characteristics of terrain
relief. The values of the rasters as a result of analyses Slope and Aspect in ArcGIS Pro were
reclassified according to the EPEU guidelines [28] (Tables 2 and 3).

Table 2. Slope codes.

Code Description Slope (°)
0 Flat without area water erosion events 0-1
1 Flat with the possibility of water erosion events 1-3
2 Gentle slope 3-7
3 Moderate slope 7-12
4 Strong slope 12-17
5 Very strong slope 17-25
6 Extreme slope above 25

Table 3. Exposure codes.

Code Description
0 Flat
1 South expsoure
2 East and west exposure
3 North exposure

Terrain insolation represents the potential amount of received incident radiation. This
may be determined based on a combination of slope and exposure relief rasters [39,40].
The obtained values were divided into seven classes.

The curvature of the relief is considered a second order morphometric parameter.
Horizontal curvature is in the direction of the contour, while normal curvature is in the
direction of the tangent to the contour. Curvature can be either positive or negative.
Positive and negative values indicate convex and concave (hollow) shapes, respectively.
The vertical curvature of the relief describes curvature in the direction of the slope curve,
while normal curvature is that in the direction of the slope curve. This curvature can be
either positive or negative. Curvature is a significant indicator for assessing the direction
of movement, be it of water or material, down the slope. Calculations performed in ArcGIS
Pro were used, based on the procedure put forward by Zevenberg and Thorne [41].

The length of slopes is defined as the length of a line from a particular point to water
divide. This line represents the slope curve along which surface runoff takes place; it is the
sum of the water erosion calculation in the USLE/RUSLE equation.
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CORINE Land Cover
Code

I 112 Discontinuous urban fabric
I 131 Mineral extraction sites
[ 1211 Non-irrigated arable land

[ 1231 Pastures

[ 243 Land principally occupied
by agriculture, with significant
areas of natural vegetation

[ 311 Broad-leaved forest

[ 324 Transitional woodland-shrub

Mechanization accessibility describes the slope accessibility for various agricultural
mechanisms, which is influenced by slope. A purpose map illustrating this information
was created by reclassifying the slope map into three classes according to the categories in
Table 4.

Table 4. Mechanization accessibility classes.

Class Slope (°) Description

MI 0-8 All standard mechanisms

MII 8-10 Lighter standard mechanisms with adjustment
MII 10-15 Specially designed equipment

3. Results and Discussion

Information on land use and cover was used to capture and monitor the changes
occurring in the landscape [42] that may have been caused by human activities. By
comparing Corine land cover data for the period from 1990 to 2018 (Figure 6), changes in
the spatial representation of the different land cover classes in the study area were visible.

2012

Figure 6. Corine Land Cover for the selected time period.

Details of the recorded changes are given in Table 5. Between 1990 and 2006, a Mineral
Extraction Sites (131) class was identified in the area. In 2012, the area was classified as
transitional woodland-shrub (324), while in the next reporting period in 2018, it merged
with the broad-leaved forest layer (311). Therefore, direct encroachment on the landscape
due to human activity was visible at the site.
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Table 5. Representation of each CLC class for the selected period.

CLC Code 1990 Area (ha) 2000 Area (ha) 2006 Area (ha) 2012 Area (ha) 2018 Area (ha)

112 57.204 56.629 56.629 60.133 57.593

131 59.976 58.475 58.475

211 470.734 470.893 471.063 472.909 475.449
231 61.075 61.316 61.330 56.932 59.132

243 11.332 15.919 15.926 14.339 14.431

311 500.155 497.245 466.823 481.034 553.873
324 30.232 75.130

In the past in the cadastre unit of Podrecany, magnesite was mined on the surface,
before gradually transitioning to underground operations. The magnesite deposit was
discovered in 1952, and mining started in 1956. A historical orthophotomap from 1950
(Figure 7a) shows the area with agricultural land prior to starting mining. Magnesite
mining ceased in the early 1990s. The condition of the landscape after mining had ceased
is shown in Figure 7b. There is a dump of waste mining material and a flooded mining pit.
The dump has become overgrown with vegetation, which is also visible on the orthophotos
(Figure 7b).

(c) GEODIS SLOVAKIA

(¢) Topbgraficky Gstav

(¢) TU Zvolen

4 o

Figure 7. Changes in land use (a) 1950 (Source: mapy.tuzvo.sk/HOFM/, accessed on 29 September 2021); (b) 2018 (Source:
www.geoportal.sk, accessed on 27 September 2021).

The character of the landscape has changed from the time it was used for agricultural
purposes. Although mining in the area has ceased, signs of the mining activity remain,
constituting an environmental burden for part of the area. The mining area has been closed,
and only the defined protected area remains.

The extent of changes to the terrain due to mineral extraction is documented, and may
be seen by comparing digital terrain models from different time periods. The DTM 1957
model was created on the basis of a topographic map at a scale of 1:10,000 from the period
1957-1971. The DTM 5.0 model was used for comparison. The height differences, shown
in Figure 8, are +41.4 m and —40.5 m. However, most of the territory remained relatively
unchanged. Changes are most visible in the area where the extraction of minerals took
place. There is also a dump in the study area, which is mainly made up of tailings.
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Figure 8. Elevation changes in the deposit area: (a) comparison of DTMs for the years 1957 and 2019; (b) topographic map
from 1957 (Source: https:/ /geoportal.gov.sk/sk/map?b=19.6012652,48.406453, accessed on 23 September 2021).
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Due to the time which has elapsed since the end of mining activities in the investigated
area, the heap has become naturally afforested. Figure 9 shows the terrain profile of the
heap based on LiDAR data, where the terrain is shown in brown and high vegetation is
shown in light green. By comparing the generated DEM and DSM from the LiDAR data,
the height of the trees was estimated to be approximately 9 m.

e N A S Sy P oo

S e

Figure 9. Terrain profile of the heap created based on LiDAR data.

Land consolidation has not yet taken place at the study site, and was not even planned
for this year (2021). Given the number of cadastral areas in Slovakia (3559) and the number
of completed complex land improvements (431) [43], it is necessary to use available data
sources to create elevation and purpose maps and to capture changes in land use. In
cases where ALS data are available (as well as the DTM created based thereon), while
maintaining the required accuracy parameters, the model can serve as a basis for updating
EPEU maps and creating new purpose maps. Direct alignment of the elevation in the field
was carried out only in cases involving changes in the terrain that may have occurred
since the creation of the DTM, and only in identified cases (i.e., following changes in the
landscape due to construction activities, soil erosion).

Two models are available in the examined locality, namely DTM 3.5 and DTM 5.0.
The DTM 3.5 model was resampled to a resolution of 1 x 1 m by the Nearest Neighbor
method. A comparison of the two models is shown in Figure 10. It was surprising to
find significant height differences in the model ranges, reaching values of —49.9 m to
19.8 m. The maximum negative values were in the locality where the extraction of mineral
resources had taken place and a mining pit had been created. The DTM 3.5 model, created
by combining contours and photogrammetric images, did not capture these changes, and
it is limited in terms of its resolution. The expected differences were in the wooded and
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hilly terrain, where the actual course of the terrain could not be accurately captured by the
methods used by creation DTM 3.5.

[ Boundary of EPEU
DTM 5.0 - DTM 3.5

Value
19.8
[ |
0
._49_4 0 250 500 1000 m
S S S N—|

Figure 10. Comparison of height differences DTM 3.5 and 5.0.

Based on this comparison, the DTM 5.0 model is suitable for creating purpose-built
maps based on elevation. The following selected maps (Figure 11), in addition to being
useful in landscaping projects, could serve as a basis for calculating soil erosion, in road
designs, for assessments of local territorial systems of ecological stability and for defining
general principles of functional land use.
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Figure 11. Cont.
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Figure 11. Purpose maps in land consolidation (a) terrain insolation; (b) Slope length; (c) Plan curvature; (d) Profile
curvature; (e) Mechanization availability.

The EPEU represents a homogeneous area and it is the essential for the production
of the land valuation map. For this reason, it is necessary to pay particular attention to
the quality of the data in terms of their timeliness or accuracy. In the time period since the
legal creation of the areas, changes in the landscape may have occurred due to both natural
phenomena and anthropogenic activities.

There are a total of 41 (including 26 sites with different codes) EPEUs in the study area.
The total area of the cadastral unit with defined pedologic-ecological units is 715.84 ha,
representing 61.68% of the total area of the unit. Their representation and number of
occurrences are shown in Figure 12. The largest area, i.e., 119.3 ha, comprises the EPEU with
code 0411002, while the smallest area, making up just 1.5 ha, was designated as 0560442.
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Figure 12. Estimated pedologic-ecological units in the cadastral unit Podre¢any.

The terrain characteristics are also an important part of the EPEU coding system,
namely, the slope gradient and the orientation of the slopes relative to the cardinal points
(compass direction), expressed by the slope and exposure code (position 5). This value
is given for the entirety of each EPEU area, and is expressed as a combination of the
slope and exposure code. In order to update these values, the results of purpose-built
altimetric and planimetric surveys are used in accordance ongoing land consolidation
projects in individual cadastral units. The Slovak Republic is currently processing data
from airborne laser scanning (www.geoportal.sk/en/zbgis/als-dtm.html, accessed on 22
September 2021); it is possible to use this data source to update these two parameters (see
Section 2.3 Input data). The data reconciliation solution was based on existing EPEU areas
and analyses of the digital terrain model (DTM 5.0) in the selected cadastral unit.

Slope gradient is also an important parameter that is part of the seven-digit EPEU
code. Figure 13a shows the slope of the terrain according to the values in the EPEU
code. In the study area, the most frequently occurring code, i.e., 2, occurred a total of
18 times, representing an area of 210.96 ha. The second most prominent code was 0.1, but
with a larger area of 235.75 ha. The slope gradient created from the digital terrain model
(Figure 13b) represents the current state of the terrain.

The slope code applies to the entire EPEU area. To confirm the existing code harmo-
nization or to identify the need for updates, we used two approaches. Figure 13c presents
the slope code assignments based on the calculated average value for each site. In this case,
21 distinct areas were identified. In the second approach, we created a histogram for each
area according to the basic interval distribution; subsequently, each area was assigned the
most frequently-occurring value. The results of this process are shown in Figure 13d. The
values expressing the slope were different in 13 cases.
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Figure 13. Slope code values assigned based on Table 2 (a) by EPEU; (b) by DTM 5.0; (c) by mean; (d) by histogram.

To compare the second parameter, we based the exposure data on the EPEU code and
the exposure according to our analysis of the digital terrain model available for the area.
Of the 41 EPEUs, 15 areas had the exposure parameter set to 0 (flat), representing 235.75 ha
(33%) of the total 715.84 ha EPEU area. According to [28], the data were divided into three
basic classes (Figure 14a). When analyzing the DTM and using the Aspect function, it was
found that only five raster cells could be categorized as “flat”, representing an area of just
5 m?. For comparison, the data were equally classified (Figure 14b).

Based on our spatial aspect analysis, the most frequently occurring value was cal-
culated for each EPEU unit (see Figure 14c). According to this value, it was possible to
classify all units as south-oriented (code 1) or east- and west-oriented (code 2), according

to the EPEU classification.
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Figure 14. Exposure (a) by EPEU; (b) by DTM 5.0; (c) by histogram.

Updating EPEU areas is especially necessary for locations where changes have oc-
curred due to human activity or natural factors. These changes include soil damage due
to landscaping, changes in soil properties as a result of mining activities and subsequent
reclamation, or significant surface damage caused by landslides.

Over time, the land use of the site has changed, as shown in Figure 15a. The red line
shows the areas from the Land Parcel Identification System (LPIS) database. The database
contains agricultural land boundaries in vector form with an attached table of attributes
(unique code, area, crop, land use, etc.). The data also served as a basis for applications from
farmers for subsidies. The yellow line shows the boundary of the EPEU area code 0560212.
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Figure 15. EPEU layers and LPIS use boundaries; (a) existing EPEU status; (b) proposed EPEU area.

The characteristics of the area according to the given EPEU code are:

05 climatic region-relatively warm, dry, basin, continental,

60 main soil unit-dystric cambisols and cambic umbrisols, acid to distinctly acid, from
weathering products of crystalline rocks, medium heavy to arenic,

2 slope-gentle slope 3-7° (code 2) and exposure-south, east and west (code 1,2),

1 stoniness-weakly skeletal soils,

2 depth-shallow soils up to 30 cm.

Since the subject of EPEU mapping has been primarily agricultural land, and until the
1990s, mineral extraction was taking place in the area, the area that is currently beginning
to be repurposed as agricultural land is not captured in the EPEU system. The vector
base from the LPIS can be used to define the boundary of the proposed EPEU area. The
green diagonal lines in Figure 15b show the possible alignment of the proposed 3.26 ha
EPEU unit.

Due to the continuity of the areas of the existing EPEU site and the proposed site,
it was possible to assign the local code 0560212. To verify the slope and exposure code
(5 positions), slope and aspect analyses were performed with subsequent reclassification
of the data to the required classes. From the output shown in Figure 16a, and the fact
that the highest incidence of slope was within the range of 3-7° (Figure 16b), code 2 for
slope was assigned. Figure 16c shows that the orientation is south, east, and west, so the
exposure code is 1.2. According to the process described in [28], the resulting value is 2,
and it corresponds to the code value at the fifth position of the existing EPEU unit.

Updated EPEU data is recorded in different government systems; as a result, the data
on EPEU areas differ in terms of their processing format and the delivery of the results in
vector documents for EPEU map updates. According to different legislative regulations
and the procedural processes and methodologies of state authorities, these are stored in
the information system of the cadastre of real estate, databases of land departments of
individual district offices, SVIS, as well as in databases of other government departments.
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Figure 16. Verification of the EPEU code of the proposed area (a) slope analysis; (b) histogram from the slope analysis;
(c) exposure analysis.

An example is the erroneous course of EPEU boundaries implemented by LC. Figure 17a
shows the yellow line of the EPEU areas in the ZBGIS application (agro layers), which is
available to the public. The figure on the right (Figure 17b) shows the progression of the
updated EPEU boundaries after the implementation of LC from the land registry records.
The EPEU data in the real estate cadastre were updated in some areas following terrestrial
geodetic surveys (Global Navigation Satellite System) and field surveys.

(b)

Figure 17. Illustration of differences in the registration of EPEU areas in the cadastral unit after LC registration into the real
estate cadastre: (a) Agro layer of ZBGIS; (b) from the real estate cadastre.

It can be stated that, with regard to the digitized EPEU boundaries in the 1980s, which
were determined without a geodetic basis, the update at the initial stage of the LC is a
reliable basis for the positional determination of the break points of the EPEU boundaries
outside the built-up area of the municipalities.
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4. Conclusions

The implementation of past and current EU strategic policies on land protection and
use has also been reflected in changes to legislation in many countries, which ultimately
seek to create a set of accessible and harmonized data that can be used over time in terms
of land sustainability. On one hand, there is the influence of European policy. On the other
hand, there is already existing and only partially amended legislation and insufficiently
interoperable functioning systems based on building on historically established ways of
recording information. These often cannot be considered trustworthy. Importance must
be given to effective land conservation strategies, new technologies in the creation of
high-quality digital models that will bring new knowledge and information to landscape
processes located outside the built-up area with agriculturally usable land types.

Maintaining up-to-date data and characteristics in the EPEU system is an essential
condition for the use of soil valuation. The results of soil valuation are a non-negligible
factor of the economic aspect in the evaluation and valuation of soils. The determination
of the official price of land, the rental value of land, and the levy for land deprivation are
all important and relevant parts of state policy in connection with land protection and
sustainable agriculture.

In Slovakia, there is a clear lack of interministerial and supraministerial coordination
regarding individual processes related to agricultural land. EPEU data describing the state
of the landscape (e.g., contours-DTM, boundaries of agricultural as well as nonagricultural
areas, built-up areas, water areas) could be updated using data from airborne laser scanning
and orthophotomosaics. The boundaries of agricultural areas are also recorded in the LPIS,
in which GSAA data have been incorporated. GSAA (www.gsaa.sk/, accessed on 10
September 2021) contains up-to-date crop and boundary data, produced following geodetic
measurements taken on the ground.

The lack of interoperability of land information systems has resulted in a lack of
integration of imaging and interpretation. This creates an opaque situation in terms of
evaluations of agricultural land for end-users, be they landowners or tenants, between the
map outputs of the actual positioning of EPEU boundaries and more correct approaches.
This is indicative of inefficient use of already depleted funds, in the form of different EPEU
registration in the information system of cadastre of real estate and the ISVS. Updating
the boundaries and elements in the EPEU database is the subject of the methodology,
which presents a proposed solution in the form of using existing, freely available data to
accelerate the amelioration of the currently unused approach for processing existing EPEU
data, given that the implementation of LC is proceeding in the SR at a slow pace (out of a
total number of 3569 cadastral units, 431 LCs have been carried out).

The role of the state should be to respond more flexibly to the needs of society in the
21st century, focusing on new and modern technologies in the form of better procedures
and professionally trained personnel. An example of this can be found regarding the
digitization of a comprehensive soil survey as part of the development of a soil quality IS
in the Czech Republic. In this process, the INSPIRE Directive (standardization) is being
implemented, using the KPP database from the 1980s and the World Reference Base for Soil
Resources WRB by FAO (www.fao.org/3/i3794en /13794en.pdf, accessed on 16 September
2021). The aim should be to make high quality and reliable soil data available from the
European Soil Data Centre (ESDAC) system.
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