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Bugár, G. Evaluation of Land-Use

Changes as a Result of Underground

Coal Mining—A Case Study on the

Upper Nitra Basin, West Slovakia.

Water 2022, 14, 989. https://doi.org/

10.3390/w14060989

Academic Editor: Richard C. Smardon

Received: 7 January 2022

Accepted: 18 March 2022

Published: 21 March 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

water

Article

Evaluation of Land-Use Changes as a Result of Underground
Coal Mining—A Case Study on the Upper Nitra Basin,
West Slovakia
Matej Mojses 1, František Petrovič 2,* and Gabriel Bugár 2
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Abstract: Mining activity has one of the most fundamental influences on the landscape (in terms of
both aesthetics and use). Its activity and manifestations, even when mining takes place underground,
have visual manifestations on the surface. The impact of subsurface mining has a synergistic effect
on the elements of the landscape structure. This manifestation is continuous in the context of mining
intensity. Using the Earth remote sensing method, we identified several fundamental changes. The
most significant of these was the creation of wetlands and the modification of watercourse lines. In
the area in which there was no permanent water sources, several water areas with a total area of
more than 30 ha were created. We also found that the length of watercourses has halved, the area
of grassland has doubled, and urban area has decreased. It was the creation of water areas that
supported not only better ecological stability of the landscape, but also the growth of biodiversity.
Wetlands can be a dynamic element of future development. Understanding the development of
land-cover changes is necessary for the purpose of planning nature and landscape conservation, as
well as to identify areas of conflict with economic use.

Keywords: landscape changed; mining area; created wetlands; Slovakia

1. Introduction

Land-cover changes, as well as the speed and intensity of changes, are the result
of various human activities. One of these activities is surface and underground coal
mining; therefore, we can include mining and industrial landscapes in the category of
fossil and relict landscapes [1]. The mapping of land-cover changes of mining areas using
aerial photography and satellite imaging results provides us with basic information on
the landscape character [2–9]. The effects of underground coal mining on the landscape
are similar in all regions with favorable geological predisposition, such as the Czech Re-
public [10–12], Poland [13,14], and Germany [15–17]. The impacts manifest themselves
in various ways, such as interventions in the relief of the territory, disturbing the aesthet-
ics of the landscape, and deforestation of slopes; in densely populated areas, significant
damages to houses and urban infrastructure occurs [18–20]. Coal mining causes enor-
mous damage, which can have a significant impact on the environment with lasting
changes [21–26]. This is a result of cumulative effects on the environment characterized by
spatial and temporal overlay and interaction [27]. The knowledge of landscape utilization
in different time periods reflects the changing human influence on the environment. Using
both historical spatial and non-spatial data sources processed by means of GIS tools allows
accurate measurement of the spatial distribution of landscape changes and their evaluation
in relation to the socio-economic development of areas affected by coal mining [28–31].
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Changes in land cover and land use are caused by interactions of environmental and
socio-economic factors. There are a number of studies that analyze the impact of envi-
ronmental factors on the dynamics of landscape [32,33], the influence of socio-economic
indicators [34–36], or a combination of both [37–39]. Land cover integrated with geomor-
phological characteristics enables monitoring of the intensity of processes in the landscape.
Due to significant structural changes to the dynamics of the landscape in recent years, some
authors [40–45] have focused on understanding the relation between changes in landscape
pattern and processes.

Analyzing landscape structure allows us to determine its characteristic spatial prop-
erties that predispose it to function, and also reflects development. When analyzing
land-cover changes—and to better understand the relationship between spatial patterns
and processes—indices have been developed which quantify spatial heterogeneity based on
landscape composition [46,47]. The assessment of land changes in mining-affected localities
is important for the design of further development, and has therefore been examined using
remote sensing technologies and GIS [48,49]. It is possible to quantify the state in which
changes are located through the assessment of environmental geofactors [50]; other options
are the assessment of landscape vulnerability [51], the study of vascular plants and selected
groups of animals [52,53], woody vegetation [54], or the use of ecosystem services [55].
In addition to assessing the state and development, it is important to determine how the
country could develop using simulation models [56–58].

If mining activity is terminated and the state of the country is evaluated, events can
proceed to the reclamation of the area. Reclamation processes are specific for each affected
area and the extent depends on the objectives of their future use [59–62].

From 2023, the Slovak government will stop financially subsidizing coal mining, and
by 2027, the mining and burning of brown coal in the region should be complete. This
will significantly affect the socio-economic development of the region, and therefore it is
necessary to know the trajectories of LC development. The choice of area was motivated by
the specificity of the area for the creation of wetland ecosystems due to undermining.

The aim of this paper was to report the results and to evaluate the land-cover changes
over the last 70 years in the Koš village cadastral area affected by underground coal mining.
The agricultural character of the landscape predominantly responds to favorable natural
conditions. Since the 1950s, the impact of mining activities has strangled economic and
social development in the municipality, and has also caused land abandonment in the
affected areas. The data obtained should form the basis of a data platform for proposing
further land use.

2. Materials and Methods

The research was based on GIS analyses, computer-aided visual photointerpretation
of historical and recent orthophotos, and the production of a geodatabase with polygon
vector layers of classified features by qualitative and quantitative information on land-
cover spatio-temporal changes. We used manual digitizing, an accurate and easy option,
especially for small-area studies where high resolution is important for identifying small
features, or where important features are more easily distinguished by visual shape and
pattern than by spectral distinction in remotely sensed imagery [63]. Moreover, the limited
radiometric quality of historical grayscale imagery supported the decision to use visual
photointerpretation techniques rather than automatic and semiautomatic ones [64]. The
features representing land-cover elements were digitized in scale ~1:1500, with a minimum
mapping unit (MMU) of ~10 square meters. A backdating principle was used during the
manual photointerpretation and vectorizing process to maintain spatial integrity of the
data [65]. Full coverage land-cover maps of the study area were produced for 6 temporal
periods (1949, 1976, 1990, 2002, 2010, 2017) for which the very high-resolution geodata of
~1 m/pixel were available (Table 1, Figures 1 and 2).
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Table 1. Characteristics of geospatial data sources and processing for land-cover classifications.

Classified Year Geospatial Data Source Format Spatial Resolution Processing

1949 Aerial photographs

Archive of the
Topographic Institute

of the Ministry of
Defence (purchased

data)

8-bit grayscale raster
(TIFF), 23 × 23 cm

11,100 × 11,100
pixels, scale ~1:27,000

Radiometric
pre-processing,

orthorectification
(0.5 m/pixel),

manual vectorization
and classification of
land-cover features

1976 Aerial photographs

Archive of the
Topographic Institute

of the Ministry of
Defence (purchased

data)

8-bit grayscale raster
(TIFF), 16 × 16 cm

8550 × 8550 pixels,
scale ~1:37,000

Radiometric
pre-processing,

orthorectification
(0.5 m/pixel),

manual vectorization
and classification of
land-cover features

1990 Aerial photographs

Archive of the
Topographic Institute

of the Ministry of
Defence (purchased

data)

8-bit grayscale raster
(TIFF), 22 × 22 cm

10,800 × 10,800
pixels, scale ~1:26,000

Radiometric
pre-processing,

orthorectification
(0.5 m/pixel),

manual vectorization
and classification of
land-cover features

2002 Colour
Orthophotography

Geodis Slovakia
s.r.o./Eurosense s.r.o.

(purchased data)

georeferenced RGB
raster (JPEG) 1.5 m/pixel

Manual vectorization
and classification of
land-cover features

2004 Situation of damaged
areas (map)

Mining company
Hornonitrianske

bane Prievidza, a.s.
(borrowed for

scanning process)

Paper Print 1:10,000

Scanning (300 DPI),
georeferencing,

manual vectorization
and classification of
hydric features only

2010 Colour
Orthophotography

Geodis Slovakia
s.r.o./Eurosense s.r.o.

(purchased data)

georeferenced RGB
raster (TIFF, JPEG) 0.5 m/pixel

Manual vectorization
and classification of
land-cover features

2012 Colour
Orthophotography

Eurosense s.r.o.
(purchased data)

georeferenced RGB
raster (TIFF, JPEG) 0.5 m/pixel

Manual vectorization
and classification of
hydric features only

2015 Colour
Orthophotography

Eurosense s.r.o.
(purchased data)

georeferenced RGB
raster (TIFF, JPEG) 0.5 m/pixel

Manual vectorization
and classification of
hydric features only

2017 Colour
Orthophotography

GKÚ Bratislava, NLC
(open-source data)

georeferenced RGB
raster (TIFF, JPEG) 0.25 m/pixel

Manual vectorization
and classification of
land-cover features

2020 Multispectral satellite
imagery (Sentinel-2)

ESA online portal
(Copernicus Open

Access Hub)

georeferenced raster
(JP2) 10 m/pixel

Vectorization of
recent changes or
newly appeared

water areas
(illustrative purpose)

Additional geospatial data:

1949, 1976, 1990 DMR 5.0 (digital
terrain model)

Product of Aerial
Laser Scanning:

ÚGKK SR
(open-source data)

Float32 GeoTIFF 1 m/pixel

Used in
orthorectification

process and layout
contour basemap

1949 Military Topographic
maps (1955–1961)

geoportal.gov.sk—
National Geoportal
(open-source data)

raster WMS layer 1:5000

Helpful in
georeferencing
historical aerial

photos and
photointerpretation

as thematic
information source
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Table 1. Cont.

Classified Year Geospatial Data Source Format Spatial Resolution Processing

1976 Military Topographic
maps (1970)

geoportal.gov.sk—
National Geoportal
(open-source data)

raster WMS layer 1:10,000

Helpful in
georeferencing
historical aerial

photos and
photointerpretation

as thematic
information source

1990 Civil Topographic
maps (1990)

geoportal.gov.sk—
National Geoportal
(open-source data)

raster WMS layer 1:10,000

Helpful during
photointerpretation

and land-cover
classification

2017
Land Parcel

Identification System
(LPIS)

data.gov.sk—Central
Portal of Public

Services (open-source
data)

vector layer (ESRI
polygon shapefile) _

Helpful during
photointerpretation

as thematic
information
source—in

classification arable
land, grasslands, and

other agriculture
land such as
orchards, etc.

2017 ZBGIS topographic
map

GKÚ Bratislava
(open-source data)

georeferenced RGB
raster (TIFF) 1:5000

Helpful during
photointerpretation

as thematic
information source

and land-cover
classification
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Figure 2. Land-cover changes of study area.

Rapid changes in hydric ecosystems observed in last two decades forced to include
more geospatial data sources between years 2002 and 2017 for the analyses. For these, the
hydric features were vectorized only (Figure 3).
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Figure 3. Hydric ecosystem changes.

Since we did not have very high-resolution imagery of submeter spatial precision
available by the time of finishing the research, the Sentinel-2 data (captured in April 2020)
of 10-metre resolution was used to delineate newly generated water areas. This was made
for illustrative purpose only, to point out the ongoing process of land-surface deformations
(Figure 4).

The accuracy of land-cover photointerpretation was not evaluated quantitatively.
Position errors were minimized using the backdating principle, where the “present” vector
layer was used as the base for producing the historic one, by means of vector editing
functions, final dissolving by land-cover code, and small feature eliminating (less than
MMU) using the longest border option. To minimized classification errors, a cross-check
interpretation of classified land-cover features was performed with ancillary information
sources (Table 1).

Data sources:
Geospatial data used in this research included historical BW aerial images, color

orthophotos, DEMs, topographic maps, and open-source vector and raster data. For
this study, the aerial photography provided the geoinformation of the highest spatial
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detail of around 1 m/pixel throughout the whole analyzing period of 70 years. Detailed
characteristics of the used data and processing are summarized in Table 1.
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Used software:
LPS Core® module of Leica Photogrammetry Suite 9.2® (Leica Geosystems AG, Part

of Hexagon) was used for the orthorectification of historical aerial photos (1949, 1976,
and 1990). Prior to orthorectifying images, radiometric corrections were performed using
the Leica Image Equalizer® module to improve grayscale balance and remove vignetting,
especially on 1949 images.

ArcGIS Pro® (ESRI, Inc.) tools for creating and editing vector data were used for the
land-cover map production for all classified years. Spatial statistics of GIS layers were
obtained by means of zonal functions in the Spatial Analyst toolbox. Map layouts were
also produced in ArcGIS Pro.
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The selected landscape metrics (Shannon’s Diversity Index and Shannon’s Evenness
Index) were calculated in ArcMap 10.8 with the extension Patch Analyst 5.2.

Further quantitative interpretations, statistics, and visualization of the results were
performed in MS Excel 365.

2.1. Coefficient of Ecological Stability of the Landscape

Several methodological tools have been developed to express the level of ecological
stability of a given area, most of which are based on the calculation coefficient of ecological
stability (CES). A key concept in the process of assessing the ecological stability of a land-
scape and calculating the CES is ecological stability, which Michal [66] defines as the ability
of ecological systems to persist even during exposure, to preserve and reproduce their es-
sential characteristics even in conditions of external disturbance. This ability is manifested
by a minimal change during the effect of interference (resistance) or a spontaneous return
to baseline, respectively, to the original developmental trajectory after a possible change
(resilience). This is a numerical value based on which the country is classified in a certain
degree of ecological stability. CES is a key element in the design of land-use measures
resulting from the proposals of local territorial ecological stability systems developed for
landscaping projects. The CES calculation is used as a standard in the processing of various
landscape ecological studies [67–75], in the spatial assessment of the landscape, etc. In
practice, CES is used within territorial systems of ecological stability, as documentation of
nature and landscape protection. ÚSES is also a part of various stages of spatial planning
documentation as well as landscaping projects. At present, the practical application of
the proposed methodological procedure for calculating CES is important, especially in
landscaping projects. Changes in landscape elements during the development have an
impact on the whole landscape structure as well as its ecological conditions and stability.

The ecological stability coefficient (CES) was determined according to Míchal [66]:

CES =
∑n

1 PKp
∑m

1 PKn

where CES—coefficient of ecological stability; PKp—the area of elements with stable or
positive influence (woody vegetation, grassland, orchards, vineyards, gardens, urban
vegetation, recreational and leisure areas, water bodies); PKn—the area of elements with
unstable and negative influence (arable land annually ploughed, built-up areas without
green urban areas and leisure areas); n—number of elements with positive influence;
m—number of elements with negative influence on the landscape.

We interpreted the values of this coefficient as follows:

- CES < 0.10—area with maximum disturbance of natural structures, basic ecological
functions must be intensively and permanently replaced by technical interventions;

- CES 0.10–0.30—above-average land use, with clear disturbance of natural structures;
- CES 0.30–1.00—land intensively used mainly by large-scale agricultural production,

weakening of self-regulatory processes causes their considerable ecological lability;
- CES > 1.00—almost balanced country, in which the technical objects are relatively in

line with the preserved natural structures.

2.2. The Selected Landscape Metrics (Shannon’s Diversity Index and Shannon’s Evenness Index)

Determination and evaluation of the landscape diversity and biodiversity represents
an important process of the landscape changes and its element research. The Shannon
diversity index (SDI) is a generally accepted method to obtain basic information about
time and space changes in land use. The diversity index allows a relatively large scale
for the interpretations but, on the other hand, has the problem of objectively assessing
important changes that have happened. Determining diversity change is very valuable for
knowledge regarding ecosystems and habitats, because it indirectly reflects the intensity of
the socio-economic activities on the landscape.
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The index is used to compare different landscape units or compare different time
horizons. Shannon’s diversity index quantifies landscape diversity in terms of the number
of different patch types and the proportional area distribution of patch types. The index
grows with the growth of different patch type numbers or with the growth balanced pro-
portional arrangement area between groups of the elements. The maximum of Shannon’s
index for the exact number of element groups is the case of all element groups in a similar
representation. The value of the Shannon index grows with ascending number of spots
and/or with ascending balance of proportional distribution of the area among the group
of spots.

The Shannon’s Evenness Index (SEI) expresses the distribution of landscape features
in an area. It is complementary to the Shannon Diversity Index (SDI). It expresses the
balance of species according to land cover in the community. The index of the evenness
is calculated as the ratio of observed diversity to maximum diversity of the landscape
elements. The Shannon’s Evenness uniformity index ranges from 0 to 1.

The landscape metrics (Shannon’s Diversity Index and Shannon’s Evenness Index)
were calculated in ArcMap 10.8 with the extension Patch Analyst 5.2 [76].

3. Study Area

The village of Koš is located between the towns of Nováky, Bojnice and Prievidza
(district of Prievidza, Trenčín Region). The cadaster has an area of 1358 ha (Figure 1). Koš
is located in the central part of the Upper Nitra basin. The Upper Nitra Basin as an inland
basin located in the Fatra-Tatra region of the Western Carpathians [77]. The altitude in the
center of the village is 262 m above sea level. The cadaster of the municipality ranges from
242 to 412 m above sea level.

The development of the population of the village of Koš, in terms of historical devel-
opment, was influenced by one main factor, namely the building closure due to the location
of lignite under the village in the lower part of the built-up area (Table 1). The village
of Koš is a settlement fatally affected by underground coal mining. Despite this, there is
still certain potential for development, which has been especially recognized in the last
decade. The cadastral area lies in the Prievidzská basin, rich in brown coal deposits of the
Handlová–Nováky coal field, where underground mining was activated in 1940. The main
coal seam is situated at a depth of 20–250 m, with thickness from 2.5 to 28.5 m. Mining
techniques have induced upper bed subsidence, affecting various forms of tensile cracks,
terrain depressions, and surface pits [78]. In the investigated area, hydrogeological units
are represented by irrigated clastic sediments of the Quaternary, irrigated tuffites of the
coal seam, and a limestone–dolomitic complex [79]. In 1950, a building prohibition valid
for the western part of the village was proclaimed due to the detection of a new lignite
deposit. Surface deformations occurred in the northwest part of the cadastral area and
partly damaged local roads, restricting work on agricultural land. During the 1980s and
1990s, the affected part of the village was evacuated with subsequent changes in land use
(Table 2). Since 1990, as the mining process proceeded, new depressions appeared on the
surface, changing hydrological conditions favorable for a generation of wetlands and small
lakes. This rapid rate of land-use change was remarkable, especially from an ecological
point of view. Recently, continuing mining progress further to the west induced a relocation
of the Nitra riverbed.

Table 2. Development of the population of the Koš village.

Year 1880 1890 1900 1910 1921 1930 1950 1961

Citizens 687 850 964 1238 1309 1645 2227 2835

Year 1970 1980 1991 2001 2009 2011 2014 2020

Citizens 3174 3110 809 881 999 1177 1149 1150
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4. Results

1949

In 1949, the village of Koš was a typical agricultural settlement (Figure 3, Table 4).
Arable land (mosaic) was the dominant element of the landscape with more than 72%
(981 ha) of cadastral area. The narrow fields were arranged vertically on the central axis
of the area—the Ciglianka stream. In its vicinity, the residential areas with house gardens
were located, representing 6.3% area of the cadaster. Permanent grasslands (meadows
and pastures) were the second largest element in terms of area, accounting for almost 7%
(residential areas—2.44%; gardens and orchards—3.78%), which represented an area of
94 ha. Local watercourses were mostly surrounded by grasslands, the largest areas were
located in the southern and northeastern part of the village. Several watercourses flowed
through the area, due to the Nitra River with a tributary of the Handlovka River in the
northwestern part. Riparian zones were identified in the vicinity of watercourses, on an
area of more than 10% (139 ha). We did not find any places with wet depressions directly
in the area. Production and service areas represented by the areas of the agricultural
cooperative (0.79%) were located in the western part of the area.

1976

The exploitation of the Nováky coal deposit below the village forced the construction
closure of the lower part of the village towards the Handlovka River (northern part of the
cadastre) as early as 1950. The nature of land use in 1960 was already influenced by political
and economic changes after 1948 and the subsequent collectivization of agricultural land.
By far, the largest part in this period was occupied by Arable land, which was changed into
large blocks (up to 831 ha) and occupied 61% of the cadaster area (Figure 3, Table 2). Arable
land as mosaic had been preserved to a small extent (4% of the cadaster—56 ha) only in
the vicinity of the house gardens, which increased slightly to 6.4% (86 ha). The grasslands
group covered an area of 167 ha (12%), of which meadows and pastures accounted for
the largest share. Their increase was related to the intensification of agriculture and the
change in riparian zones to grasslands in the southern part of the territory. Residential
areas increased to 3.5% (48 ha) despite the construction closure. Production and service
areas also increased to 1.5% (21 ha), mainly due to the construction of new areas of the
farmers’ cooperative in the south of the village and the construction of an industrial part in
the northern part of the village by the Handlovka River. The collectivization of agriculture
caused a decrease in riparian zones to 3.8% (51 ha). However, mining activity conditioned
the emergence of wet depressions with an area of 1.83 ha (0.13%). We identified six lakes
(Table 3).

Table 3. Number of lakes in 1949–2017.

Year 1949 1976 1990 2002 2010 2017

Number of lakes 0 6 4 22 27 28

1990

In 1985, a remediation study was prepared for the municipality of Koš, which also
determined the time stages of the demolition works and the disconnection of engineering
networks from the purchased houses. Coal mining began on January 1, 1988, under the
lower part of the former village. The house stock was demolished in this part of the village
(Figure 3, Table 2). Residential areas fell to 2.3% (31 ha). This decrease was also confirmed in
gardens and orchards 3.6% (49.4 ha), which followed the Residential areas. For arable land,
large blocks increased slightly—62.7% (852.6 ha)—at the expense of arable land mosaic,
which decreased by more than half compared to 1976 to 1.4% (18.9 ha). Grasslands grew
to 16.8% (229 ha), mainly in the east part of the village. The largest increase was recorded
in the production and services areas, which was almost doubled to 34 ha (2.5%). This
development took place in the vicinity of the expressway, at the southeast of the village.
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During this period, woodlands in the vicinity of watercourses also increased slightly (1.6%).
The mining company tried to eliminate the manifestations of mining activities in the locality
by the liquidation of wet depressions on agricultural land (they were covered with mining
waste). They decreased to 1.2% (0.13 ha) and the number of lakes decreased to 4 (Table 3).

2002

The share of residential areas continued to decline in 2002 (Figure 3, Table 2). They
covered an area of 19.18 ha (1.4%). On the contrary, the production and service areas slightly
expanded to 35 ha (2.6%). This landscape element was expanding in the area adjacent
to the village towards the expressway. As the population increased slightly during this
period, there was also a partial transformation of arable land (large blocks) to arable land
(mosaic). Arable land (mosaic) grew to 29 ha (2.1%), mainly close to the yards. There was
also a development of agriculture in the village (increase in area of orchards). It was during
this period that wet depressions increased to 10.3 ha (0.7%) and their number increased
to 22 (Table 3). They were clearly locally linked to the northern part of the territory under
which the mining activity took place. The growth of woodlands to 25 ha (1.8%) was also
linked to the surroundings of these wet depressions.

2010

Residential areas were already stable during this period (Figure 3, Table 2) and even
increased slightly (19.7 ha). Arable land (large blocks) recorded a slight decrease at 797 ha
(58.7%). This decrease occurred mainly in the vicinity of water bodies, where wetland parts
were transformed into grasslands. Production and service areas also increased slightly to
36.3 ha (2.7%). On the contrary, parts of the orchard were transformed into grasslands and
fell to 48.9 ha (3.6%). Wet depressions continued to grow to 15.8 ha (1.16%) and 27 localities.
There was a connection of several localities in the central part and the creation of the largest
wetland locality in the area.

2017

In the central part of the village, grasslands fell to 200 ha (14.7%) in the context of the
expansion of sports facilities (22.1 ha—1.6%). Significant growth in the northwest part of
the built-up area was recorded by bare soil and destructed areas, which increased from 8 to
19 ha. This was caused by the modification of the original mining area and the alignment of
damaged buildings in the fallen areas. The area of orchards in the central part continued to
decrease to 33 ha (2.4%). Wet depressions increased by one locality to 28, but with an area
of up to 24.5 ha (1.8%). This increase occurred mainly in the northwestern part, where there
were more significant declines in the terrain around the already existing wetland localities
and their subsequent flooding.

Landscape change 1949–2017
The overall visual appearance of the country changed significantly. In 1949, the

dominant narrow-banded fields in the mosaics, forming 982 ha (72%), fell to 25 ha (1.8%).
On the contrary, in 2017, a large block arable land occupied 812 ha (59.8%) in the agricultural
landscape, while in 1949 they were not identified at all. The rest of the agricultural land
consisted of grasslands, which increased from 95 ha (14.7%) to 200 ha (14.7%). As a result
of the eviction of part of the housing estate, living areas decreased from 33 ha to 17 ha.
The seat originally located in the axis of the territory was located and developed only
in the SE part in 2017. Areas of production and services with the development of main
agriculture increased by 10 ha to 38 ha. The bare land and disturbed areas in the context of
the liquidation part of the settlement increased from 1.9 ha to 19 ha. However, this fact is
also important for the increase in water areas from 10 ha to 38 ha, mainly in the northern
and western part of the territory, but Riparian zones decreased from 138 ha to 4 ha.

The ecological stability assessment according to Míchal [66] emphasizes the presence
and scope of positive elements in the landscape regardless of their varied ecostabilizing
properties. The changes in the study area over the course of 50 years were very dramatic.
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Table 4. Land-cover changes from 1949 to 2017.

Area (Hectares/Percent)
Land Cover 1949 1976 1990 2002 2010 2017
Woodlands 11.67 0.86 12.31 0.91 21.87 1.61 25.23 1.86 34.83 2.56 47.58 3.5
Grasslands 95.71 7.4 167.77 12.34 229.11 16.86 236.6 17.41 230.61 19.81 200.69 14.77
Arable land (mosaic) 981.83 72.24 56.57 4.16 18.91 1.39 29.17 2.15 29.39 2.16 25.25 1.86
Arable land (large blocks) 0.00 0.00 831.74 61.2 852.57 62.74 820.51 60.38 797.99 58.72 812.12 59.76
Gardens and orchards 51.42 3.78 86.77 6.38 49.41 3.64 54.16 3.99 48.99 3.61 33.22 2.44
Municipal, leisure and sport greenery 1.55 0.11 10.32 0.76 11.24 0.83 9.8 0.67 14.52 1.7 22.13 1.63
Residential areas 33.15 2.44 47.92 3.53 31.02 2.28 19.18 1.41 19.73 1.45 17.75 1.31

Houses 8.86 0.65 12.62 0.93 8.5 0.63 4.1 0.3 4.37 0.32 4.25 0.31
Yards 24.29 1.79 35.3 2.6 22.52 1.66 15.17 1.12 15.36 1.13 13.5 0.99

Production and services areas 9.74 0.72 20.91 1.54 34.06 2.51 35.26 2.59 36.32 2.67 37.57 2.76
Buildings 2.17 0.16 3.49 0.26 8.36 0.62 7.95 0.59 8.4 0.62 9.25 0.68
Grounds 7.58 0.56 17.42 1.28 25.69 1.89 27.31 2.1 27.92 2.5 28.32 2.8

Bare soil and destructed areas 1.9 0.08 32.95 2.42 10.8 0.79 6.41 0.47 8.8 0.59 19.29 1.42
Transport network 23.58 1.73 29.25 2.15 32.81 2.41 31.28 2.3 30.48 2.24 30.4 2.21

Paved roads 6.71 0.49 12.77 0.94 20.72 1.52 20.93 1.54 19.97 1.47 20.69 1.52
(km) 13.59 16.60 21.72 22.08 20.91 21.96

Unpaved roads 15.4 1.11 11.8 0.82 6.45 0.47 4.72 0.35 4.87 0.36 3.98 0.29
(km) 72.64 25.32 14.43 10.34 10.41 8.68

Railways 1.83 0.13 5.4 0.4 5.63 0.41 5.63 0.41 5.63 0.41 5.36 0.39
(km) 3.40 5.89 6.20 6.20 6.20 5.47

Water bodies 10.78 0.79 10.98 0.81 10.73 0.79 20.42 1.5 30.25 2.23 38.1 2.8
Water courses 10.78 0.79 9.81 0.72 10.27 0.76 10.7 0.74 10.7 0.74 8.62 0.63

(km) 38.69 25.76 25.32 24.54 23.86 21.40
Stagnant water 0 0 1.18 0.09 0.45 0.03 10.35 0.76 20.18 1.48 29.48 2.17

Wet areas 138.54 10.19 51.55 3.79 56.41 4.15 71.63 5.27 77.74 5.72 75.21 5.53
Riparian zones 138.54 10.19 49.71 3.66 55.18 4.6 59.56 4.38 61.92 4.56 50.65 3.73

Wet depressions 0 0 1.83 0.13 1.23 0.09 12.7 0.89 15.82 1.16 24.56 1.81
1358.93 100 1358.93 100 1358.93 100 1358.93 100 1358.93 100 1358.93 100
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CES confirmed the positive impact of mining activities on elements of the landscape
structure. Areas of negative elements declined and, on the contrary, those of positive
elements increased. CES values were in the category of the third interval, as an area
intensively used mainly by large-scale agricultural production. From the beginning of
mining, de-urbanization took place, which was reflected in the decline in built-up areas.
Consequently, wetlands emerged in these areas as a positive element of ecological stability.
These factors were also reflected in the gradual increase in CES (Table 5) from the start
of mining until 2010, after which there was a slight decrease in wetland management in
2017, as they were covered by mining and mine management. At the moment, this form of
management is no longer underway, and CES growth is again expected.

Table 5. Coefficient of ecological stability of the landscape.

Year 1949 1976 1990 2002 2010 2017

Coefficient of
ecological stability 0.32 0.38 0.42 0.46 0.57 0.44

Monitoring the diversity of land cover allows for the monitoring of natural and
anthropogenic processes taking place in the country and contributes to the objectivity of
proposals for changes in land use. Provided that the input databases are regularly updated,
it is possible to monitor the effects of the various ecostabilization measures in this way, as
well as the effectiveness of the funds that will be used for this purpose. SDI confirms the
positive impact of subsurface mining on increasing the number and area of new elements
in the area (wetlands, riparian vegetation), despite the homogenization of the landscape at
the time of the collectivization of agriculture. Table 6 shows, with the exception of 1990,
a continuous increase in SDI values, which confirms the increase in the number and area
of mainly wetlands. The growth of SDI is also supported by the growth of SEI, which
confirms the increase in the diversity of the country under study.

Table 6. Landscape metrics—Shannon Diversity Index (SDI) and Shannon’s Evenness Index (SEI).

Land-Cover Data SDI SEI

LC 1949 1.2561 0.4434
LC 1976 1.4555 0.4781
LC 1990 1.3900 0.4566
LC 2002 1.4231 0.4674
LC 2010 1.4578 0.4788
LC 2017 1.4599 0.4795

Hydric Ecosystem Changes

Water is a landscape element that is significantly influenced by man’s anthropogenic
activity. The extent of changes may take the form of a direct impact on a particular habitat,
or be a result of a secondary impact of land-use change. The researched area of the village
of Koš cadastral area is clear proof of that. Four types of landscape habitats were selected
to best capture the land-use changes of hydric ecosystems. By tracking changes in the nine
time horizons, we tried to map the changes as accurately as possible. In 1949, the area was
without significant anthropogenic interference. There were natural smaller watercourses
(streams) with typical waterlogged localities, which is characteristic for habitats in the
vicinity of unregulated watercourses. The habitats mentioned above had a dominant
representation within the allocated hydric ecosystems (Table 6). The following decades
were associated with changes typical of former socialist states, such as the creation of
large-scale plots by merging narrow fields while at the same time regulating watercourses.
This was reflected in the reduction in the riparian zone area to 1/3 of their original area. In
1990, the consequences of underground coal mining began to manifest themselves. The
most significant feature was the disturbance of the geological strata above the mining fields,
manifested by the emergence of depressions and by the disturbance of runoff processes.
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Land-use changes also affect groundwater level. Therefore, at the turn of the century, we
recorded the emergence of new habitats—standing water and wet depressions (together,
they occupied an area of about 22 ha in 2002). After 2002, with expanding underground
mining, the areas of these habitats expanded to almost 51 ha (year 2017). Currently, there
are 27 wet depressions in the cadastral area, although their number changes depend on
where underground mining takes place in the area (Table 3, Figures 3–6). It is assumed
that water areas will increase, which has been confirmed by the added data from 2020 in
Figure 4, in the western part of the territory where the largest body of water in the area
was created.
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The intensity of the changes was also reflected in the qualitative parameters of surface
water quality. The quality of surface water in the selected localities was significantly
influenced by the age and area of the wetlands themselves. In the years 2007–2009, the
measured pH values were in the range of 6.17–10.81, and conductivity values were between
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16.56 and 245 mS.m−1. An important factor that influenced the hydrological regime of
the area, and thus the quality of water and the level itself, was the part of the coal district
that mined brown coal. The hydrological regime of the area was significantly affected
by the reclamation processes of the wetlands themselves, but also by sites potentially
threatened by declines. In these localities, soil weighing by a mining company was carried
out as a preventive measure based on mining calculations. To a lesser extent, it was
also the precipitation itself [80]. This also resulted in the high variability of water levels
in wetlands [81].

5. Discussion
5.1. Evaluation Changes to the Mining Landscape

The evaluation of changes to the landscape structure and land use is necessary in
terms of its further planning. Areas affected by coal mining are specific for their terrain
diversity which, in the case of underground mining, results in terrain deformations in
the form of subsidence [82–88]. If we compare the assessment of the development of
landscape cover with other localities affected by mining activities in most cases, the country
was negatively affected [89,90]. The evaluation of the LCLU (land cover and land use)
development of the studied area can be divided into four phases [91]. The first phase
represents the period before the start of mining. The development of the landscape was
identical with other comparable areas with the same natural and ecological conditions.
After the Second World War and collectivization, there was an intensification of agriculture
and the number of inhabitants in the village grew significantly. The changes occurred
after the decision to start intensive underground mining in the area, which is associated
with significant interventions represented by the displacement of the population and
interventions in hydrological regimes in the area. At the beginning of the second phase (the
period between 1960 and 1990) the transformation of the LCLU was followed continuously
by changes resulting from underground mining itself. Development here between 1960 and
1990 was similar to that in other regions with the characteristic processes of urbanization,
agriculture intensification of crop cultivation, and extensification due to extending grazing
areas [92]. At the end of the 1980s, there was a process of de-urbanization caused by a legal
limitation on housing development; this was the only deviation with a great spatial extent,
significantly affecting development in areas affected by coal mining [82].

Several studies carried out in coal mining regions show that the effects on environ-
ment, landscape, and species diversity can also be favorable. This is especially apparent
in the development of subsiding terrain depressions, as new quasi-natural biotopes in-
crease the total balance of natural species. However, this applies principally to water and
hygrophilous biotopes [13]. Besides the wetland generation, there were other important
processes with environmental impacts during 1960–1990, e.g., agriculture intensification
affecting landscape connectivity. The disturbance of hydrological processes by removing
and regulating water stream beds weakened landscape functions, which is exceedingly
common in mining regions [13,87,88]. In the following phase, we included a period when
the processes and changes to the territory were no longer so intense; we can state that the
country entered a certain transition period, i.e., it did not fulfil its original function because
anthropogenic influences were predominant. During the period 1990–2008, the ratio of the
main processes changed. Although the predominance of intensification and extensification
still persisted, the extent of urbanization and de-urbanization decreased. Extensification
and land abandonment in this period represented an opposing process to the intensification
of the previous period, although this was not so spatially extensive. Intensification also
took up space, but this had a different origin. Unlike past expressive land unification, this
process was actually more connected with changes from intensive pastures to arable land,
owing to a decrease in livestock breeding in this region. Besides ecological influences, the
effects of changes in landscape utilization upon the social and economic situation of the
region was also obvious [93–97]. Delimited areas of de-urbanization and urbanization
reflect the processes of resettlement, including demolitions, new housing constructions,
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loss and/or changes of jobs, and changes in environmental quality [11,15]. In contrast,
some positive effects of underground coal mining emerged in relation to biodiversity. Due
to subsoil subsidence, a number of terrain depressions were generated, changing hydro-
logical conditions and making them wetland friendly. The results of a study carried out
by Svitok et al. [81] confirmed the rapid development of vegetation in depressed wetlands
within an agricultural landscape. In addition to successive changes, the average depth of
water and conductivity also plays a significant role in shaping the diversity and species
composition of wetlands. Besides this phenomenon, several other processes affecting the
landscape structure were identified by classifying land-cover changes. Thus, the side effects
of mining have been fully demonstrated in newly generated wetlands, with open water
bodies and adjacent wet areas together composing the third largest type of land-cover
change known as “swamping”.

The last phase began with the start of the reclamation processes in the affected area.
Currently, mining progress continues with attendant effects on the landscape. In 2008, the
Nitra and Handlovka riverbeds were transposed, and so was a portion of the railway to
Prievidza. In addition, some of the existing wetlands were reclaimed by means of backfill
to reconstruct the state that existed before the mining influence (Figure 4). Due to the
changed hydrological conditions, but also the implemented anthropogenic interventions,
there was an insufficient water supply in some wetlands, which caused drying out. Gradual
development leads to the degradation of littoral vegetation [98]. The changes in the period
2008–2017 are a reflection of the underground mining in the new coal district, located
below the northwestern and western part of the cadastral area. Mining calculations assume
the creation of new terrain depressions with subsequent flooding over an area of 58 ha,
which will continue to significantly change the land cover over a relatively short period
of time [80]. The decrease in the length of watercourses is crucial. In 1949, the length was
38.69 km; in 2017, a decrease of half (21.4 km) could be seen. This trend was also confirmed
by our research (Figure 4).

5.2. Managed versus Spontaneous Succession Restoration

The key task of land-use planning for an affected area in the short, but especially in
the long term, is to establish a land-use strategy [87,95]. The proposal for a future zoning
plan must be based on the agreement of all parties involved—the mining company, the
government, and the local government—in order to take measures that will ensure the long-
term sustainability of ecosystems established on mined land. Case studies of brownfield
regeneration and redevelopment require problem solving related to urban structures, but
they must also combine environmental, socio-economic, and cultural aspects [99–101]. The
use of model software in a GIS environment for the quantitative assessment of landscape
impacts seems to be a suitable tool for the design of reclamation plans [102–104]. Analyses
of proposed reclamations from other post-mining areas highlight the demand to take into
account and support the landscape heterogeneity and biodiversity of the area through
ecological networks [105–107].

There are two basic approaches to reclamation. The first approach is to leave the site
to self-development with as few anthropogenic interventions as possible. An example of
this is the territory of Schlabendorf, located in the Lower Lusatia region of Germany [108].
The second approach is planned reclamation. A comprehensive proposal for the managed
reclamation of a mining area should ensure a balance between environmental and economic
aspects (61). If two different approaches are combined, conditions can be created for
comparing developments in reclaimed and non-reclaimed localities affected by mining
activities.

According to a study conducted in the Czech Republic, it has been confirmed that,
in terms of diversity, primary succession leads to a more preferable environment for
amphibians compared to reclaimed water bodies [109]. Therefore, the unilateral goal of
reclamation should not be to modify the terrain to the original state of the landscape, as rare
wetland ecosystems have emerged in the study area. This is important because the most
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important factor in designing reclamation is often the economic aspect, and the ecosystem
approach to the problem is often pushed to the background. The fundamental problem in
such cases is that the ecological value of wetlands, as well as the value of ecosystem services,
are not taken into account. The specificity of such areas affected by former coal mining
is the influence of several environmental factors, which lead to the creation of different
types of habitats, leading to intense dynamics of colonization of different groups of animals,
such as Arthropoda [53,110], Heteroptera [111] or Odonata [54]. According to David [98],
the economic benefit from the agricultural production of a reclaimed area (wetland) is
several times lower than the legally determined value of the occurring protected plants
and animals before reclamation. One of the ways to solve the problem is to legislate
the allocated ecologically valuable sites within protected areas, giving a certain degree
of protection, as is already the case in some EU countries [112]. By applying the given
procedure to our researched area, the preservation of the newly created wetland ecosystems
would be achieved to a substantial extent, and the area would gain the status of regional
biocentres. The creation of conditions for the continuation of the processes of spontaneous
development will mainly provide but also support the landscape–aesthetic function of the
territory. This is another positive element, as the country’s visual side should be taken into
account in spatial planning. Research in areas similarly affected by surface mining confirm
the fact that the inhabitants of these areas are influenced by the visual perception of physical
attributes of mining and post-mining landscapes. Individual landscape elements can be
perceived positively, e.g., water areas and non-forest woody vegetation; however, on the
contrary, technical elements related to mining and built-up areas are in most cases perceived
negatively [113]. Awareness of these facts and the implementation of the knowledge in our
research area can ultimately positively affect further socio-economic development.

The Horná Nitra Region (Slovakia), to which the research area belongs, will be one of
the three pilot regions of the new Platform for Coal Regions [114,115], set up by the European
Commission to work together and help find concrete solutions for their transformation.

The decline in lignite mining in Nováky, and thus also lignite mining in this region,
is approved until 2023. Slovenské elektrárne (SE), for which coal is mined, has long
emphasized that the operation of the Nováky power plant is unprofitable for them, and
they operate only due to a government decision that obliged them to produce and also
provide support services. According to SE, the Novácka power plant is morally obsolete
in spite of the investments made in 2015, which increases its failure rate. The company
assumes that this will cause more and more need for repairs and maintenance, which will
cause a decrease in the planned supply of electricity. Therefore, after 2023, SE does not
anticipate further operation due to the technical life of the power plant.

6. Conclusions

The Novácko–Košské wetlands are a special element of the created landscape. They
are a direct consequence of deep coal mining in the Nováky deposit. At present, from
an ecology viewpoint, it is possible to characterize this area as a locality with the most
intensive biodiversity within the inner Carpathians of the Slovak Republic. Depressions,
flooded and transformed into wetlands, together with spontaneous woody vegetation, are
positive elements of the scenery of otherwise monotonous large-scale fields, and give the
landscape a new specific character. This creates an ideal opportunity to preserve the newly
created landscape elements to optimize the use of the landscape, and has the potential to
be perceived positively from a visual point of view.

Based on the information obtained, it is necessary to focus on the implementation of
the following key proposals:

- Given the existing legislation, we would propose to preserve those wetlands that
have a conservation perspective for the future. The basic criterion should therefore be
whether the wetland is connected to watercourses in order to ensure the supply of
water to the wetland ecosystems;
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- Revitalization of depressed areas on which grounding was carried out. Focus on
locations where there was individual housing construction in the past;

- Optimization of ownership of land (redemption into state ownership) that has been
affected by mining activities and will no longer fulfill the original land use (especially
wetland ecosystems);

- Design management measures for wetland ecosystems such as habitats of anthro-
pogenic origin. Conditions will be created for maintaining landscape diversity;

- Construction of an educational trail for educational activities and relaxation use, as the
area is located near the towns of Prievidza, Nováky and also the spa town of Bojnice.

For a fair transformation of the Upper Nitra region, we need to engage local, regional
and national representatives in a professional debate. We will gain valuable cooperation
that will help overcome the challenges of transformation in this region. Thanks to the
European Union and the willingness of several representatives, the Upper Nitra can thus
become an example of how to prevent social and environmental problems. This change
has already taken place in the region, as exemplified by the professional debate and the
proposal to declare part of the territory (NW part) a protected site. The results of this
study alone provide the basis for sustainable management, environmental planning or
environmental impact assessment and environmental planning, which can be applied to
sites equally affected by mining activities.
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