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Abstract. In this contribution, a simple way of quantification of ecological changes in a territory is
proposed. Six degrees of ecological stability (from 0 for an anthropic element to 5 for natural and nature-
close environments) and a coefficient of ecological stability (CES) related to land cover have been used to
measure local ecological stability. The cadastral territory Bab (near Nitra, Slovakia) was segmented into
1 ha sized squares (1,870) to estimate ecological situation by fuzzy clustering. For each of the three time
horizons, well documented time snapshots (distant past, present and possible future) of the model
territory, three clusters with negative, neutral and positive ecological characteristics (CES based) were
identified. Positive as well as negative changes have been detected and localized in space. Negative (from
the past to the present state) and positive (landscape consolidation project based state) landscape
development has been observed in the study area. Introduced procedures can help to assess effects of
proposed ecological measures in land consolidation projects.

Keywords: coefficient of ecological stability, land time horizons, multicriterial analysis, clustering,
Slovakia

Introduction

Monitoring of particular land elements, their spatial representation, spatial
configuration, and dynamics (Lipsky and Kvapil, 2000; Angelovicova et al., 2015) is
used when observing landscape changes in time. Investigation of land development
from the distant past to the present times is important for ecological analyses leading to
proposals of sustainable land utilization. Many factors as climate change (Lovejoy and
Hannah, 2005), urbanization (Izakovi¢ova et al., 2017), deforestation (Padonou et al.,
2017), water quality deterioration (Dumbrovsky et al., 2016; Petrovi¢ et al., 2017),
natural disasters (Yu et al., 2010), soil degradation (Van Oost et al., 2000), loss of
biodiversity (Verburg et al., 2009) do play a role.

Spatial heterogeneity expressed by the landscape structure is linked to functional
properties of land and is determined by natural, semi-natural, and anthropogenic factors,
see e.g. Hoang and Denmukhametov (2015). Landscape structure can be described by
land use classes in a certain time (e.g. Munteanu et al., 2014). Detection of changes is
possible by comparing several time horizons. Every landscape is characterized by two
processes: the process of the destruction of the original structure and the consequent
development of a new one (e.g. Spulerova et al., 2016).

Slovakia’s landscape significantly changed particularly since the 50°s of the 20"
century when the large-scale farming was introduced (TarasoviCova et al., 2013;
Zabensky et al, 2016). For about 50 years, any obstacle (balks, unpaved roads,
drainage) was removed that hampered the large-scale land management. A landscape
with an average land unit of approximately 250 ha causes increased water and wind
erosion (Huska et al., 2017), deterioration of the water source quality (Pekarova and
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Pekar, 1996), low ecological stability and consequent decline in biodiversity (e.g. Bezak
et al., 2016), whirlwinds, floods (Urban et al., 2013), and droughts (Tarnik, 2017).

Since 1991, land consolidations (LCs) address the landscape issues in Slovakia,
Muchova et al. (2017). LCs are considered in many countries (Hartvigsen, 2014, 2016)
as unique tools, able to harmonize ownership (Noszczyk and Hernik, 2016; Jin et al.,
2016), functionality and ecological measures (Moravcova et al., 2017). Land ownership
defragmentation (Kwinta and Gniadek, 2017; Janus and Markuszewska, 2017; Muchova
and Juskova, 2017; Muchova, 2017) is a prerequisite for wider regional development of
rural areas, which includes improvements to public facilities in compliance with the
protection of natural resources (Pasakarnis and Maliene, 2010; Sallaku et al., 2010).

In this contribution, the level of anthropogenic impacts on the landscape is quantified
by detection, measuring, spatial localization, evaluation, and visualization of land use /
land cover changes. Presented procedures are intended for objective assessment of A)
the quality of ecological measures in a territory (proposals and implementations, current
and historical situation) and B) for directing decision-making activities in compliance
with the environmental protection.

Material and methods

Quantification of anthropogenic impacts on a landscape was processed as follows:

1. Selection of study area: A territory with finished land consolidation project was
chosen to allow for assessment of possible future changes in the landscape.

2. Land cover classification: Refined land use classes from Slovak cadaster of
real estates have been used as a basis for estimation of ecological stability of
particular landscape elements.

3. Use of time horizons: Three well documented time snapshots (distant past,
present and possible future) of the study area provided means for determining
landscape changes.

4. Determination of local ecological stability: Six degrees of ecological stability
and a coefficient of ecological stability have been introduced to measure and
visualize the state of the landscape in a given time.

5. Segmentation and clustering: A grid with 1 ha sized squares was used to
segment the study area. Similarity of the ecological stability in particular
squares was estimated using a fuzzy analysis.

Study area

Cadastral territory Bab, 2,009.09 ha, (Fig. 1) is located in Nitra region, Nitra district.
Agricultural land covers 83.4% of Bab total area (arable land 76.4%), forests 6.9%,
water bodies 2.2%, build-up areas 5.1% and other areas 2.5%.

From the geographical point of view, the territory belongs to a hilly area with the
relief formed by medium to mildly steep slopes with significant manifestations of water
erosion and floods (Fig. 2A). The territory belongs to a dry and warm climatic area with
frequent droughts. It is a typical land of intensive agricultural use with top-quality soils.
The Bab creek flows through the territory with a small irrigation reservoir (Fig. 2B) of
18 ha and a capacity of 600,000 m®. Flora and fauna are dominated by xerophytic and
thermophilic species, especially of the Pannonian origin.
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Figure 1. Bdb location in A) Slovakia and region, B) region and district, C) district and
cadastral area; D) border of the cadastral area and the grid with 1 ha sized squares

Figure 2. A) Bab landscape, B) irrigation reservoir

Land cover classification

The Slovak cadaster of real estates recognizes 10 land use (LU) classes (arable land,
hop garden, vineyard, garden, orchard, permanent grassland, forest, water area, build-up
area, and other area). All official maps use this nomenclature. LU classes are not
suitable for quantification of ecological stability on a small scale, therefore refined LU

elements have been used (Muchova et al., 2009).

Time horizons

Three time horizons, well-documented snapshots of the land use in Bab cadaster in
distant past, present and possible future describe the landscape evolution. The first time
horizon (TH1, distant past) represents historic land use (Fig. 3) in the year 1839 (second
military mapping, also called Francis mapping, in the Austro-Hungarian Empire).

C
Arable land
Vineyard
Garden
Orchard
Permanent grassland
Wood land
Water area
Built-up area
Other area

82,46
23,4
0,00
324,68
— 41231
9,31
31,7
67,96

1056,77

Figure 3. Distant past land use, TH1: A) military mapping Il (geoportal.gov.sk), B) vectored
map of land use classes, C) land use classes in ha
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The second time horizon (TH2, present) represents current land use (Fig. 4). Detailed
mapping of the entire cadastral area was carried out in 2006 by Geotop Nitra and
Geodézia Bratislava (with accuracy of 0.14 m). The update from 2006 to 2016 was
performed by additional measurements by the authors of this article. Only minor
changes (on 1% of the territory) have been recorded.

C
Arable land 1534,87

Vineyard | 38,82

Garden |1 48,42

Orchard | 45,70

Permanent grassland | 7,36

Wood land 135,31

Water area |1 44,33
Built-up area 103,01

Other area |1 50,77

Figure 4. Present land use, TH2: A) orthophotomap (Eurosense), B) special purpose
topographic mapping with land use classes, C) land use classes in ha

The third time horizon (TH3, possible future) represents proposed land use (Fig. 5).
New functional arrangement of the territory after the land consolidation (LC) project
with new roads, erosion control, water management, and ecological measures is binding
and expected to be implemented in near future.

{|1C
Arable land 1460,67
Vineyard 63,05
Garden 44,94
Orchard 42,02
Permanent grassland 32,62

Wood land 139.45
Water area 26,02
Built-up area 121,89

Other area 76,48

Figure 5. Possible future land use, TH3: A) cadastral map (https://zbgis.skgeodesy.sk), B)
revised cadastral map with land use classes, C) land use classes in ha

Determination of local ecological stability

The ecosystems are best to be studied through elements of land use, as stated in
several sources (e.g. Asner et al., 2004). In general, individual elements (refined land
use classes) have a different character and different environmental quality
(environmental stability). Each element is assigned a degree of ecological stability from
0 to 5 according to the origin of vegetation (Low, 1995); 0 for an anthropic element,
without vegetation and artificially designed (e.g. built-up areas, paved roads), 1 (e.g.
intensively utilized, large-scale blocks of arable land), 2 (e.g. intensively used orchards,
vineyards, reclaimed meadows), 3 (e.g. lawn orchards), 4 (e.g. forests, meadows with
the predominance of naturally occurring species, natural water areas with semi-natural
vegetation) and 5 for natural and nature-close environments (e.g. natural forests, natural
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herbaceous communities, wetlands, peat bogs, watercourses with natural bottom, banks
and with characteristic water and coastal flora). Degrees of local ecological stability for
past, present and future are depicted in Figure 6.

Degree 0 Degree 2 MM Degree 4
Degree 1| Bl Degree 3 MM Degree 5

Figure 6. Degree of ecological stability for A) distant past land use, TH1, B) present land use,
TH2, C) possible future land use, TH3

A coefficient of ecological stability (CES) can be defined (Muchova et al., 2009;
Muchova et al., 2016; Kupkova, 2001; Stred’ansky and Simonides, 1995) as (Eq. 1):

R +P, +P,

CES =
P,+P +F

(Eq.1)

P; variables (i from 0 to 5) denote the areas of refined land use classes of a given degree
of ecological stability. CES is < 0.4 for a landscape / area with very low ecological
stability, 0.41 — 0.80 low ecological stability, 0.81 — 1.20 stable, > 1.21 high ecological
stability.

Segmentation and clustering

A grid with 1 ha sized squares was used to segment (see e.g. Muchova et al., 2015;
Stejskalova et al., 2013) the Bab cadaster (Fig 1D). Local ecological stability (degrees
of ecological stability of land use classes / elements and coefficient of ecological
stability) was determined for each segment as described above.

Fuzzy clustering (R Core Team, 2017; Maechler et al., 2017) was applied to
determine similarity of individual squares.

Ecological risk was estimated for each cluster using the CES value. Spatial analyses
and map sets were processed by the GIS tool ArcMap 10.2 (ESRI, 2017).

Results and discussion

1,870 defined squares were assigned into three clusters (i.e. three for each time
horizon) based on the similarity in local ecological stability (Fig. 7).
The clusters can be described as follows:
e Cluster characterized as negative contains 945 squares mostly in the degree 1
of ecological stability for the historical land use (TH1), i.e. 50% of the
territory. 1,161 squares belong to it in present land use (TH2), also primarily in
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the degree 1 of ecological stability, covering 62% of the territory. 778 squares
are members of it in the possible future land use (TH3), mostly degree 1 of
stability (41% of the total area).

e Cluster with neutral characteristic contains 592 mostly ecological stability
degree 2 squares (31%) for the historical land use (TH1). 361 predominantly
stability degree 2 and 3 squares (19%) are assigned to it in present land use
(TH2). 599 (32%) mostly ecological stability degree 2 squares are members of
it in the possible future land use (TH3).

e Cluster with positive characteristic contains 333 mostly ecological stability
degree 5 segments (17%) for the historical land use (TH1), 348 squares (18%)
of predominantly stability degree 3 and 5 in present land use (TH2) and
493 mostly ecological stability degree 5 squares (26%) in the possible future
land use (TH3).
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Figure 7. Local ecological stability for time horizons (in ha) and results of the cluster analysis
A) TH1 (past), B) TH2 (present), C) TH3 (future)

The results of clustering have been visualized by marking individual segments
according to cluster membership (Fig. 8).
Based on the spatial distribution of ecologically similar areas, the time evolution of
the landscape can be observed (Fig.9). 805 squares of land changed between past
(TH1) and present (TH2) and 686 between TH2 and possible future (TH3).
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B Negative [ Neutral Bl Positive

Figure 8. Cluster membership of individual segments A) historical land use (TH1), B) present
land use (TH2), C) possible future land use (TH3)

L T

Ml Squares of grid with change " ISquares of grid without change

Figure 9. Local land cover changes: A) between past (TH1) and present (TH2), B) between
TH2 and possible future (TH3)

A desirable (positive) local change can be identified when a segment moves from a
lower to a higher category of cluster in time (Fig. 10A, B), negative change (Fig. 10C,
D) means moving in the opposite direction in time.

B Positive change M@Negative change

Figure 10. Positive changes A) from TH1 to TH2, B) from TH2 to TH3. Negative changes C)
from TH1 to TH2, D) from TH2 to TH3

Ecologically negative changes clearly dominate in the landscape evolution from the
past (TH1) to the present (TH2) state (463 squares, Fig. 10C). Positive changes are rarer
(341 segments, Fig. 10A) and are connected to construction of road bodies with natural
elements increasing the ecological stability such as tree lines, windbreaks or other
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habitat corridors (Fig. 11). The negative transformations are related to: ploughing the
balks, groves, and small-scale elements of non-forest woody vegetation; construction of
new buildings; turning marshlands and water areas into large-scale arable land or
removing forest covers (Fig. 12).

Figure 11. Unpaved roads with accompanying vegetation as an example of a positive change
between the past (A, TH1) and the present (B, TH2) landscape

Figure 12. Examples of negative transformations (e.g. removing forest covers, ploughing balks)
between the past (A, TH1) and the present (B, TH2) landscape

Land consolidation project (possible future land use, TH3) in the Bab area did not
neglect ecological aspects as witnessed by the number of segments with positive
changes between the present (TH2) state and the proposed (TH3) one (652, Fig. 10B).
Through the LC project in the model territory, positive ecological changes were
proposed on 35% of the total land area. Positive transformations (Fig. 13) include e.g.
reinforced unpaved roads enriched by accompanying green such as windbreaks, habitat
corridors, disruption of slopes by ditches; grassing the valley lines.

Figure 13. Localization of some positive changes (protective vegetation mostly) between the
present (A, TH2) state and the proposed (B, TH3) one after the LC project
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Negative changes (between the present state and the proposed one) have been
detected on 34 squares only (Figs. 10D and 14).

Figure 14. Localization of main negative changes (construction related) between the present
(A, TH2) state and the proposed (B, TH3) one after the LC project

The changes observed when moving from the historical land structure (TH1) to the
present day one (TH2), see Table 1, can be characterized by a significant increase in
arable land (+45.24%) and built-up areas (+324.95%) accompanied by a decrease in
permanent grassland (-97.74%) and forests (-67.18%).

Table 1. Changes (in ha) between TH1 (past land use) and TH2 (present land use), AL -
arable land, V - vineyard, G - garden, O - orchard, PG - permanent grassland, F - forest,
WA - water area, BA - build-up area, OA - other area

TH2/TH1| AL \% G O PG F WA BA OA |SUM TH2
AL 946.05| 3252 | 3.05 | 0.00 |241.32|255.53| 3.13 5.18 | 48.09 | 1534.87
\% 0.26 | 3142 | 030 | 0.00 176 | 4.38 | 0.00 0.14 | 0.56 38.82
G 10.82 | 0.00 8.22 0.00 | 1159 | 6.24 | 045 8.70 2.40 48.42
@) 17.93 | 11.69 | 0.12 0.00 | 449 | 858 | 0.00 0.00 2.89 45.70
PG 1.72 1.44 0.29 | 0.00 1.47 | 054 | 0.05 0.25 1.60 7.36
F 12.68 | 0.41 0.03 | 0.00 7.43 |113.18| 0.01 0.10 1.47 135.31

WA 14.54 | 0.00 094 | 0.00 | 13.55 | 11.49 | 3.08 0.60 | 0.13 44.33
BA 36.45 | 0.33 8.66 | 000 | 31.01 | 591 | 0.75 | 1571 | 4.19 103.01
OA 16.32 | 4.65 179 | 0.00 | 12.06 | 6.46 1.84 1.02 6.63 50.77
SUM TH1 |1056.70| 82.46 | 23.4 | 0.00 |324.68|412.31| 9.31 | 31.70 | 67.96

Land use changes from TH1 to TH2 definitely represent a negative development
trend (particularly in relation to the ecological stability of the landscape). Many authors
also do consider land interventions of the 50’s of the 20" century negative due to the
application of radical land reforms (Schmitt, 1993; Mathijs, 1997). According to Kabat
and Hagedorn (1997), the primary goal of collectivization was to provide large-scale
agricultural production and production increase at the expense of the land.
Homogenization of the land and removal of its microstructure are typical features of the
socialistic agriculture, see e.g. Bezak and Mitchley (2014). The original mosaic of
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arable land, meadows and pastures, marshlands, balks and groves, and unpaved roads
turned into homogeneous areas of arable lands or meadows. Availability of the land
both for biota and for humans decreased due to it (Young et al., 2007). According to
McDonald (2013), a problem of the land future is also the farmer — their relationship
with the land was destroyed during the socialist period by the forced collectivization
with the consequent much more inconsiderate behavior of land users towards the
environment.

Changes between present land structure TH2 and the possible future one (as
proposed in the LC project) TH3 (Table 2) include a slight decrease of the arable land
areas (-5.00%). Splitting of large-scale land units by green areas can help to limit
consequences of natural disasters. Permanent growth of built-up areas (+18.00%) is
caused mainly by establishing industrial zones and housing construction, which is
typical for those cadastral territories located in close vicinity of district towns (Bab lies
near Nitra on a highway). There is an expected increase of green spaces (+444.42%),
mostly in the form of protective vegetation — functional vegetation, original and
unoriginal non-woody vegetation.

Table 2. Changes (in ha) between TH2 (present land use) and TH3 (projected future land
use), AL - arable land, V - vineyard, G - garden, O - orchard, PG - permanent grassland, F
- forest, WA - water area, BA - build-up area, OA - other area

TH3/TH2 | AL \% G 0] PG F WA BA OA |SUM TH3
AL 1453.95| 0.42 2.19 0.00 0.01 0.10 161 1.60 0.79 | 1460.67
\% 23.06 | 36.49 | 0.00 2.82 0.00 0.00 0.00 0.00 0.68 63.05
G 0.04 0.00 | 4454 | 0.03 0.00 0.00 0.02 0.00 0.31 44.94
O 0.01 0.00 0.00 | 41.88 | 0.00 0.00 0.00 0.00 0.13 42.02
PG 15.04 | 0.01 0.13 0.21 3.39 0.04 9.85 1.77 2.18 32.62
F 0.00 0.00 0.00 0.00 0.00 |134.24| 0.00 0.00 521 139.45

WA 0.19 0.00 0.00 0.01 0.00 0.00 | 25.59 | 0.00 0.23 26.02
BA 15.05 | 1.28 0.65 0.33 0.62 0.07 0.57 | 97.43 | 5.89 121.89
OA 26.75 | 0.08 0.95 0.44 3.32 0.87 6.75 251 | 34.81 76.48

SUM TH2 |1534.09| 38.28 | 48.46 | 45.72 | 7.34 |135.32| 44.39 | 103.31| 50.23

Since 1991, 427 LC projects and 23 implementations have been started in Slovakia.
Correctly conceived LC projects are tackling the landscape issues as a whole. The
realization of expected benefits requires interdisciplinary coordination (e.g. Pasakarnis
and Maliene, 2010) and compliance with a methodology since the projects are related to
areas as regional development, environment, agriculture, infrastructure... The ratio of
positive to negative changes in properly designed land consolidation projects, as is the
case for the Bab area, objectively shows that a project can bring positive (ecological)
landscape interventions and reduce impacts of anthropogenic land interventions.
Extensive land consolidations in the Czech Republic (Juskova and Muchova, 2014)
with numerous realizations of proposed ecological measures (Moravcova et al., 2017)
also provide experiences that point to a positive impact (Kaulich, 2013) of
comprehensive transformations of rural landscape. The success in resolving landscape
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issues (including the ecological ones) is so predominant (Sklenicka et al., 2009) that
comprehensive landscape consolidation projects have priority and are expanding there.
Correct quantification (detection, measurement, evaluation, localization, visualization)
of impact of proposed measures on ecological stability is evidently possible (as
documented above) and can help to ensure the materialization of expected benefits of
regulated landscape interventions.

Conclusion

In order to be able to assess the ecological stability of a territory in the course of
(anthropogenic) land interventions a correct quantification of the changes is needed.
The aim of this paper was to propose a way to do it. Measurement of the ecological
stability was based on six degrees of ecological stability and a coefficient of
ecological stability (CES) related to land cover / origin of vegetation (from O for an
anthropic element to 5 for natural and nature-close environments). The study area
(cadastral territory Bab near Nitra, Slovakia) was segmented into 1 ha sized squares
(1,870) for the evaluation purposes. Similarity of ecological situation was estimated
using fuzzy clustering. Three clusters with negative, neutral and positive ecological
characteristics (CES based) were identified for each of the three time horizons, well-
documented time snapshots (distant past, present and possible future) of the model
territory. Positive (segment moves from a lower to a higher category of cluster in
time) and negative changes (segment moves from a higher to a lower category of
cluster in time) have been detected and localized in space. The cadastral territory of
Bab served as an example of both a negative landscape development (from past to the
present) as well as positive interventions (proposed future state from the finished
landscape consolidation project). The second case documented that properly designed
land consolidation projects can bring about significant improvement of ecological
stability (on 35% of the total area). Procedures introduced in this contribution can help
to quantify effects of proposed ecological measures in land consolidation projects and
thus aid in correct decision making.
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