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INFLUENCES OF ENVIRONMENTAL DRIVERS
ON LAND COVER STRUCTURE AND ITS LONG-TERM CHANGES:
A CASE STUDY OF THE VILLAGES
OF MALACHOV AND PODKONICE IN SLOVAKIA
0LFKDO'58*$9ODGLPtU)$/Ģ$1
Abstract
The influence of environmental drivers on long-term land cover changes in two mountainous villages in
Central Slovakia is assessed in this paper using generalized linear models (GLM). Historical cadastral maps
and aerial photographs were analyzed to describe the land cover change over five time horizons ranging
from 1860 to the present, using the CORINE Land Cover classification. The hypothesis that higher slope,
elevation and distance to settlement strongly influence lower intensities of land use was mostly confirmed, but
geology was also identified as an important factor. The category of ‘forests’ was the most accounted for land
cover class, while arable land and grassland were only considerably affected by the drivers in some periods.
On the other hand, shrubs were almost completely unrelated to the investigated drivers. The areas of land
cover change were not so well explained by the GLMs.

Shrnutí
Vliv environmentálních podmínek na strukturu krajinného pokryvu a její dlouhodobé
změny: případová studie obcí Malachov a Podkonice na Slovensku
Pøedkládaná studie hodnotí vliv environmentálních podmínek na dlouhodobé zmìny krajinného pokryvu ve
GYRXKRUVNìFKREFtFKQDVWĩHGQtP6ORYHQVNXDWRVY\XçLWtPNUDELFRYìFKJUDIďMHGQRGXFKpORJLVWLFNpUHJUHVH
D JHQHUDOL]RYDQìFK OLQHiUQtFK PRGHOď */0  6 Y\XçLWtP NODVLILNDFH &25,1( /DQG &RYHU MH DQDO\]RYiQ
krajinný pokryv na historických katastrálních mapách a leteckých snímcích v pìti historických horizontech
RGUGRVRXĀDVQRVWL+\SRWp]DçHYĥWåtVNORQQDGPRĩVNiYìåNDDY]GiOHQRVWNVtGOďPMHSĩtĀLQRXPHQåt
LQWHQ]LW\Y\XçtYiQtNUDMLQ\E\ODGR]QDĀQpPtU\SRWYU]HQDDYåDNNYì]QDPQìPIDNWRUďPSDWĩLORLJHRORJLFNp
SRGORçt 0RGHO\ QHMOpSH Y\VYĥWOLWHOQRX WĩtGRX NUDMLQQpKR SRNU\YX E\O\ OHV\ ORNDOL]DFH RUQp SďG\ D WUDYQtFK
SRURVWď E\OD Y QĥNWHUìFK ]NRXPDQìFK REGREtFK URYQĥç ]QDĀQĥ RYOLYQĥQD ]NRXPDQìPL SRGPtQNDPL ]DWtPFR
lesokøoviny na nich byly prakticky nezávislé. Velikosti ploch zmìn krajinného pokryvu byli pomocí GLM
relativnì ménì vysvìtlitelné.
Keywords: land cover change, farmland abandonment, environmental conditions, driving forces, generalized
linear models, CORINE, Malachov, Podkonice, Slovakia

1. Introduction
The structure of a cultural landscape is largely determined
by human decisions – by direct or indirect impacts of
human activities, or by choice of land abandonment.
This decision-making process is not chaotic, but rather,
judiciously based on many factors – the “drivers” of land
cover change. Changes in landscape structure significantly
affect its ecological stability (Lipský, 2001), as well as its
biological (Löfvenhaft et al., 2004), environmental and
aesthetic values (Nassauer, 1995). The investigation of
driving forces has therefore developed into an important
research topic recently.
Studies of land cover drivers use miscellaneous
methodologies, as there are different ways of understanding
and studying them at different spatial scales and in temporal
periods. It is suitable to determine the motivation of all
relevant stakeholders, either through oral history interviews
or studying relevant historical documents (e.g. Bürgi
et al., 2004; Mottet et al., 2006; Domon, Bouchard, 2007;
Schneeberger et al., 2007; Calvo-Iglesias et al., 2009). The
disadvantage of this approach is the weaker availability of

information for larger areas and longer time periods, as well
as the fact that the obtained information can often be nonspatial. Therefore it is difficult to quantify their impact on
land cover changes, which are spatial in their nature.
Hence, many studies apply spatially explicit characteristics
of environmental and socio-economic conditions as drivers.
These drivers affect land-use decision making indirectly,
or they explain the background to the decision making.
Although this approach does not directly explain reasons
for the changes, it profits from: better spatial and temporal
availability of the drivers data (Hietel et al., 2004); their
better comparability between different areas; and more exact
statistical methods, which are then possible. One of the main
motivations for research on the driving forces of landscape
change is to find general patterns, valid beyond the specific
situation under study (Bürgi et al., 2004).
Spatial drivers have been widely used in recent research
studies. Wear and Bolstad (1998) highlighted elevation,
slope and distance to roads as important factors in land
use change, and their importance was also confirmed in
deforestation models by Schneider and Pontius (2001).
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Many more environmental drivers were used by Rutherford
and Bebi (2007, 2008) to assess the land cover change drivers
in Switzerland; and also by Tasser (2007) in a local study
of natural reforestation on alpine pastures. Hietel (2004)
recommended the use of socio-economic variables to
increase the land cover change variance accounted for,
rather than using the environmental drivers alone. Yet,
later he stated that socio-economic drivers themselves
cannot explain land cover changes, but combined with the
environmental drivers they can faciliate the reconstruction
of the changes (Hietel et al., 2005).
On the other hand, both environmental and socioeconomic drivers were significantly associated with land
use changes in a study of marginal agricultural landscapes
in Portugal (Van Doorn, Bakker, 2007). Gellrich et al. (2007)
also succesfully applied both types of spatial drivers to
confirm the hypothesis that forest regrowth takes place
where cultivation costs are high and yield potential low.
Most socio-economic spatial drivers are only available at
the municipality level, however. Because many land cover
changes are detected only at more detailed scales, the focus
here is on the drivers which are spatially distinguishable at
these scales.
Topography seems to be the most common environmental
driver utilized in land cover change studies. Elevation is
applied as a proxy for temperature gradient (Rutherford,
Bebi, 2008), to distinguish flood areas (Schneider and
Pontius, 2001), but also to determine the vertical zonality of
soils (Florinsky, Kuryakova, 1996). Slope is a typical driver
utilized to represent cultivation costs in the area (Gellrich
et al., 2007). Higher values of slope angle were shown to be
correlated with higher land abandonment and reforestation
in Indiana (Harrison et al., 2008), the German Highlands
(Hietel et al., 2004), the Alps (Tasser et al., 2007), the
Pyrenees (Mottet et al., 2006), and many other areas.
Its influence, however, does not necessarily need to be
linear (Gellrich et al., 2007; Schneider, Pontius, 2001).
Similar effects of slope were reported also in the postsocialist
development of land use in Albania (Müller, Munroe, 2008)
and the Czech republic (Havlíèek, Chrudina, 2013). On the
other hand, farmland abandonment was lower in areas with
higher slope and elevation in Western Ukraine in the same
period, highlighting the fact that socio-economic reasons
for abandonment differ also among postsocialist countries
(Baumann et al., 2011).
The importance of the influence of slope aspect on land
cover was secondary, according to Hietel et al. (2004), but
a study of permanent meadows loss in the Alps showed
that its effect is significant (Monteiro et al., 2011). Because
aspect represents site conditions only indirectly, insolation
or solar radiation are preferred in some recent studies
(Martínez, 2011; Rutherford, Bebi, 2008; Serra et al., 2008).
The accessibility of areas is one of the most important
attributes determining land cover, which has been paid
attention since the first land use model (von Thunen, 1826).
Many studies have confirmed its strong effect on land cover
structure and its changes, such as farmland abandonment
(Mottet et al., 2006; Müller and Munroe 2008; Müller
et al., 2009; Prishchepov et al., 2013; Wu and Zhang, 2012).
Löw stated that the maximum commuting distance from
village to fields, established in Czech lands from the 13th
century until the introduction of mechanization, was 1.2 km
(Löw, Míchal, 2003). Gellrich (2007) described a non-linear
relationship of forest re-growth and the distance from roads
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in Switzerland, where re-growth decreases at very large
distances due to the fact that remoteness has only minor
effects on alpine pastures.
The effects of the spatial drivers slightly differ in the
various regions of Europe, reflecting different levels of socioeconomic development. Since Slovakia is historically situated
in the cultural and political influence of Western and Eastern
Europe, research in this country is promising.
Significant socio-economic changes have influenced
development in the region of the former Austro-Hungarian
Monarchy during last 150 years. These changes are well
described by Bièík et al. (Bièík et al., 2001): the freeing
of a large labour force after the abolition of serfdom
in 1848 led to extensive economic development and use of
resources. Expansion of agricultural lands was not possible
after the 1880s, therefore technological changes led to
industrialization and agricultural intensification in fertile
lowland areas. Later, the intensity of land use was positively
influenced by an extensive land reform and partial breaking
apart of the large estates after the establishment of the
Czechoslovak Republic in 1918, but negatively affected by
the increasing competition of cheaper imported grain, both
World Wars and economic crises. After WWII, continuing
general economic tendencies and farm collectivization led to
a serious agricultural extensification in less fertile regions
and further intensification in lowlands, but large areas
of agriculural land were confiscated for non-agricultural
activities. The most important processes after the ‘Velvet
Revolution’ in 1989 were: (i) the reintroduction of a market
economy; (ii) the restitution of private property and partial
privatization of state property; (iii) the transformation of
agricultural co-operatives into agricultural stock companies,
or co-operatives where the legal rights of landowners are
respected; and (iv) an increasing environmental awareness
among the population.
Even so, only scant attention has been paid to the spatial
drivers of land cover change in Slovakia. Land cover changes
themselves are relatively well described at the national
level (e.g. Feranec, Nováèek, 2009) and some regional and
local studies specified these changes at a more detailed
scale (Cebecauerová and Cebecauer, 2008; Kopecká, 2006;
2OiKHWDO%ROWLçLDUHWDO,YDQRYiHWDO 
Spatial correlation between topographic factors and land
cover was assessed by Šúri (2003) and Kandrík, Oláh (2010).
Senko modelled land cover and vegetation change using
insolation, precipitation and soil temperature drivers
6HQNRHWDO DQG)DOĈDQSUHVHQWHGVWXGLHVRQWKH
windthrow impact on vegetation on various “geotope”
VLWHVLQWKH+LJK7DWUDIRRWKLOOV )DOĈDQ3D]~URYi
)DOĈDQ HW DO   2OiK   LQWHUSUHWHG ODQG XVH
change in the Podpo¾anie region, by land-use form affinity
to landscape-ecological complex components. The study
by Lieskovský et al. (2013), analysing the driving forces
of vineyard abandonment, appears to be the only work
explicitly focusing on spatial land cover change drivers in
Slovakia.
Following on from the above-mentioned works, this
study attempts to describe the influence of spatially
explicit environmental drivers on land cover structure
and its changes in mountainous rural regions in Slovakia.
Because the influence of drivers may change over time
(Aspinall, 2004), we tried to use historical sources depicting
land cover, (1) with sufficent cartographic precision
and (2) for a long period of time. For these purposes,
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aerial imaging since 1949 and historical cadastral maps
from 1860 have proven beneficial. We focused on the
research of small areas at a detailed scale, because many
important land cover change processes and driver influences
are only detectable at these scales. Therefore, the areas
surrounding the villages of Malachov and Podkonice in
central Slovakia were chosen for analysis (Fig. 1). Various
statistical methods have been used worldwide to quantify
the effects of drivers. Because logistic regression is one of
the methods most often utilized to describe the influence
of land cover change drivers (Rutherford, 2007), and
generalized linear models have proven to be a useful tool
for land cover change modelling (Millington et al., 2007),
these methods were applied in our study.
We focused on following research questions:
1. which land cover changes occurred during the research
period?;
2. which environmental drivers mostly influenced the land
cover and its changes?; and
3. which land cover classes and which changes were mostly
influenced by the synergic effect of environmental
drivers?
Acording to the literature review above, we formulated the
following partial hypotheses:

 higher slope, elevation and distance to settlement are
related to the classes with lower intensities of use, and
therefore they have:
1. a negative influence on the localization of builtup areas, arable land, and processes of agricultural
intensification and urbanization; and
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2. a positive indirect influence on the localization
of forests, shrubs, and processes of agricultural
extensification; and

 higher solar radiation should positively influence the
suitability for agricultural cultivation.

2. Material and methods
Spatial land cover data, serving as dependent or response
variables for the regression models, were obtained from
different sources. While cadastral maps for Malachov
in 1860 and Podkonice in 1866 provided data for the 19th
century, aerial photo-grammetric images from 1949, 1968
(1961 for Podkonice) and 1986 depicted 20th century
changes. Current land cover was described using
orthophotomaps from 2006, revised by detailed field
research in the summer of 2011.
Historical cadastral maps and aerial images were
geo-rectified to identify land cover class polygons. We
used the 4th level CORINE Land Cover method for this
FODVVLILFDWLRQ )HUDQHF 2ĈDKHO   ZLWK PLQRU FKDQJHV
to reflect the detailed scale of 1:10 000 in this study. The
minimal mapping unit was set at 0.25 ha and some classes
were defined more specifically (Tab. 1). In addition, land
cover classes were aggregated in six generalized classes for
most analyses (Tab. 1).
Descriptive statistics outlined changes in land cover in
the observed period and determined the most significant
processes. Each land cover class from each available year
was converted to a separate binary layer for regression
modelling (i.e., its presence or absence). Finally, land cover

Fig. 1: The geographical situation of the study areas
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code
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CLC 4 name of the class

Description of the class

Generalized
land cover class

1.1.2.2

Discontinuous built-up areas
with family houses

build-up areas in villages, including buildings and
courts, without adjacent gardens, fields or lawns

artificial surfaces (1)

1.2.1.1

Industrial and commercial units

mostly areas of cooperative agricultural farms

artificial surfaces (1)

1.2.2.1

Road network and associated land

visible areas of roads

artificial surfaces (1)

1.3.1.2

Quarries

areas of quarries

artificial surfaces (1)

1.3.3.1

Construction sites

areas under construction development

artificial surfaces (1)

1.4.1.2

Cementeries

areas of cementeries

artificial surfaces (1)

1.4.2.1

Sport facilities

areas of playgrounds with associated buildings

artificial surfaces (1)

1.4.2.2

Leisure areas

areas of recreational cottages

artificial surfaces (1)

2.1.1.1

Arable land

areas of arable land

2.2.2.1

Orchards

areas of fruit orchards

2.3.1.1

Grassland prevailingly
without trees and shrubs

areas of grassland prevailingly without trees
and shrubs (less than 15%)

grassland (2.3)

2.3.1.2

Grassland with trees and shrubs

areas of grassland with trees and shrubs (15-40%)

grassland (2.3)

2.4.2.1

Complex cultivation patterns
without scattered houses

small patches of fruit orchards, annual and
permanent crops, belonging to village houses

permanent crops (2.2)

2.4.2.2

Complex cultivation patterns
with scattered houses

small patches of fruit orchards, annual and
permanent crops with scattered cottages

permanent crops (2.2)

3.1.1

Broad-leaved forests

areas of broad-leaved forests

forests (3.1)

3.1.2

Coniferous forests

areas of coniferous forests

forests (3.1)

3.1.3

Mixed forests

areas of mixed forests

forests (3.1)

3.2.4.1

Transitional woodland-scrub:
Young stands after cutting

areas of young stands planted by man after
cutting, or glades

shrubs (3.2.4)

3.2.4.2

Transitional woodland-scrub:
Natural young stands

areas of natural forest regeneration/recolonization

shrubs (3.2.4)

3.2.4.3

Transitional woodland-scrub:
Bushy woodlands

areas formed by shrubs (Juniperus, Crataegus,
Rosa, etc.) along with grassland and dispersed
trees, which do not form continuous canopy

shrubs (3.2.4)

arable land (2)
permanent crops (2.2)

Tab. 1: Definition of the land cover classes, used for the classification and for further analysis
change areas were aggregated into three major land cover
flows (Feranec et al., 2010):
1. agricultural extensification: including transitions from
arable land, or gardens and orchards, to grassland, to
grassland with scattered trees and shrubs, to shrubs,
or to forest;
2. agricultural intensification: including the opposite
transitions to those in extensification; and
3. urbanisation: including transitions to artificial surfaces.
Predictor variable

Unit

Elevation

m

Slope

°

Sine of aspect

– 1 to 1

Radiation

kJ/day

Topographic wetness index

index

Distance to settlement
Geological substrate

m
multinominal

Tab. 2: Environmental drivers used as predictor
variables in regression models
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The spatial extents of these processes were also used as
response variables in the regression models for each period
between subsequent years, and for 1949–2011 to assess total
change in the most turbulent period. Besides the assessment
of the land cover change, recognition of areas without change
during the observed period is of utmost importance, and
these are assessed in the models as “stable areas”.
Maps of the relevant spatial and biophysical drivers with
raster layers of 2 m resolution were used as independent
(predictor) variables for regression modelling. According
to the studies mentioned in the Introduction, the following
seven spatial drivers were used in this study: elevation,
slope, aspect, insolation, distance to settlement, topographic
wetness index (TWI) and geological substrate (Tab. 2).
The raster for direct distance to the settlement was
created by the ArcGIS distance module, and geological
substrate information was obtained by vectorizing
quaternary geological maps scaled at 1:50 000 and held
at Štátny geologický ústav Dionýza Štúra (2011). The
remaining drivers were derived from DEM, computed in
the GRASS GIS RST module (spline: 0.1; tension: 40).
The contours of a topographic map at 1:10 000 scale were
utilized as DEM interpolation input. The terrain aspect was
substituted by its sine function, thus defining its southerly
aspect (Rutherford, 2008), and insolation was computed
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in the ArcGIS solar radiation module as the average of
insolation for each half hour during each 14th day in the year
(difuse model: standard overcast sky; diffuse proportion: 0.3;
transmittivity: 0.5). Finally, the topographic wetness index
was calculated in GRASS GIS using the equation:

were dominated by meadows, which prevailed over pastures,
while forests covered the most unsuitable areas.
Before 1949, there was a significant decrease in arable
land, mainly in the steeper and most distant areas, with
grassland areas also diminished in favour of forests
and shrubs. Cooperative farms were then established
between 1961 and 1968, and subsequent collectivization
led to a remarkable loss of arable land. In addition, the
construction of farm facility buildings reinforced the
general increase in artificial surfaces, which was hastened
by the spread of family houses. Permanent crop areas
increased, especially through orchard establishment in
Malachov (Fig. 3 – see cover p. 2). Meanwhile, forests
expanded significantly, and grassland and shrub areas
grew closer to the settlements. The most significant overall
changes were noted in decreased arable land and forest
expansion, and these changes continued until 1986.

The entire study area was then divided into 10 × 10 m
grid cells as basic statistical units for analysis, with assigned
average values for dependent and independent variables.
Regression analysis consisted of several procedures. First,
we calculated regressions for each environmental driver
against each land cover area or change. We then tested the
multi-collinearity of the drivers using a correlation matrix.
Because the use of correlated predictor variables violates
the assumption of their independence, only one variable
from the group of highly correlated variables was used
in the multivariate model (Millington et al., 2007). The
correlation limit R > |0.8| was used for this purpose (see
Tab. 3), as seen in similar works by Gellrich et al. (2007),
Martínez (2011) and Rutherford (2008), and referenced to
Menard’s (2002) recommendation.

The land cover in 2011 depicted the changed socio-economic
conditions following the transition to a market economy.
The most important change was in grassland overgrowth
(Fig. 4 – cover p. 2). Here the decrease in bare grassland
without scattered trees and shrubs was particularly rapid,
almost equalling the rate of decrease in arable land following
collectivization, making cultivated meadows a threatened
land cover class. Areas affected by forest cutting spread
quickly and, combined with the overgrown meadows (Fig. 5 –
see cover p. 4), they caused an expansion of shrubs.

We used generalized linear models (GLMs) for analysing
the synergic influence of chosen environmental drivers on
land cover classes in different years, and for their changes,
as recommended by Millington et al. (2007). An individual
regression model was calibrated for each response
variable using the same set of predictor variables. Linear
combinations were used as predictors to incorporate the
synergic effects of drivers, and polynomial terms up to the 4th
degree (Rutherford, 2007) determined possible non-linear
relationships. Exceptions here were combinations with
geological variables, which deform the regression design,
due to the nominal character of the variables. Because the
incorporation of some variables and their derivations not
only increase, but can also decrease the model’s predictive
power, we used automated stepwise backward regression to
omit these types of variables.

3.2 Influence of environmental drivers
The spatial distribution of the drivers is depicted in
Figure 6. The multi-collinearity test in Table 3 defines
notable correlations between some factors, thus influencing
the interpretation of results. The correlation r > |0.8|, which
is critical for omitting one of the variables from the multiple
regression model, was attained only by radiation and the sine
of aspect. When higher interpretation values for radiation
were considered, aspect was omitted from the models.
The relationships between land cover and drivers in the
chosen years 1949 and 2011 are compared by box-whisker
plots in Figure 7, and quantified by simple regression analysis
in Figure 8. The most notable relation is the preference for
more intensive landuse to concentrate in less steep terrains,
thus confirming our hypothesis. This applies in both these
years, with the only remarkable change being the arable land
shift to the flattest areas in 2011. Regression analysis shows
that slope exerted a particularly strong influence on forest
areas, with the maximum observed in 1986. There was also
an important influence on the distribution of arable land,
especially in the pre-collectivization period, together with an
increasing effect on grassland.

3. Results
3.1 Land cover change
The land cover of the study area was identified in five
temporal horizons. The development of land cover class areas
and land cover spatial distributions in two characteristic
years is presented in Figure 2.
The cadastral maps of 1860/68 depict a land cover with
distinct boundaries between zones of different intensity of
use. Villages with built-up areas and gardens were surrounded
by a landscape matrix of arable land, while pastures and
meadows occupied less suitable areas. The more distant areas

The boxplot of the land cover relationship to TWI
depicts a similar linear trend to slope (Fig. 7).This is partly

Elevation

Slope

Sin aspect

Radiation

TWI

Distance

–

0,3557

0,1100

0,0405

– 0,2786

0,6850

Slope

0,3557

–

0,2423

– 0,2940

– 0,4933

0,3602

Sin aspect

0,1100

0,2423

–

– 0,8598

– 0,2200

0,4033

Radiation

0,0405

– 0,2940

– 0,8598

–

0,0909

– 0,3219

– 0,2786

– 0,4933

– 0,2200

0,0909

–

– 0,1764

0,6850

0,3602

0,4033

– 0,3219

– 0,1764

–

Elevation

TWI
Distance

Tab. 3: Spatial correlation of selected environmental drivers [r] with highlighted correlation (r > |0.8|)
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Fig. 2: Land cover of the study areas in the (model) years 1949 and 2011, and the development of area share of land
cover classes in all historical horizons
explained by the correlation of both drivers (r = – 0.49,
Tab. 3), as only weak R2 values were obtained for TWI
infuence models (Fig. 8). In relationships to elevation and
radiation, the expected difference between the intensively
and extensively used areas is notable, as those intensively
used areas mostly have values over 850 kJ.m– 2 per day
and are situated in areas under 550 m a.s.l. The influence
of distance clearly separates the arable land from the more
extensive land use classes, which occupied the more distant
areas in both 1949 and 2011 (Fig. 7). According to the simple
regression analysis (Fig. 8), geology was established as an
important driver for each land cover class. Also, elevation
and distance had significant influences on arable land and
grassland in the pre-collectivization era.

34

3.3 Explaining land cover classes and land cover changes
The synergic effects of the drivers on land cover were
evaluated by GLMs (Fig. 9). Most models had a coefficient
of determination between 20% and 40%. Higher values were
achieved for forests, with over 53% of the variance explained
at the last three time points, and for arable land with 42%
to 48% levels of explanation in the pre-collectivization
period. On the other hand, the models for shrubs explain
only a negligible part of the spatial variability. These results
were reflected also in the simple regression assessment of
individual drivers in Figure 8. Only forests and arable land
achieved notably strong relationships with some of the
drivers, while the remaining classes exhibited average or
weak relationships, especially in the case of shrubs.
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Fig. 6: Spatial distribution of selected environmental drivers in Podkonice and Malachov surroundings

Fig. 7: Distributions of land cover classes on the scale of different predictor variables in the years 1949 and 2011.
Note: The land cover classes are sorted according to the intensity of anthropogenic transformation of the
natural state (most to least)
35
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Land cover change processes were also assessed
by GLMs in subsequent years, as well as for the
period 1949– 2011 (Fig. 10). The models generally achieved
lower R2 values for changed areas than for the land cover class
areas themselves. Relatively higher values were established
for total change in the period 1949–2011 than for the
shorter periods between subsequent horizons. Agricultural
extensification had the highest level of explained variation,
followed by urbanization, while agricultural intensification
was explained the least.

4. Discussion
4.1 Land cover change
The land cover changes discussed here conform to those
in other studies in Slovakia (Kopecká, 2006; Cebecauerová,
Cebecauer, 2008; Kanianska et al., 2014), where two
changes in agricultural organization are noted: (1) the
transformation to cooperative farming, with subsequent
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land collectivization in socialist period; and (2) the reintroduction of the market economy in the 1990s.
The pre-collectivization loss of arable land and the
increase in forests are remarkable. This extensification was
most likely caused by the combined effects of technological
change, emigration and the decreased importance of
farming as a livelihood (compare Bièík et al., 2001; Kandrík
and Oláh, 2010). Land use extensification is documented
in both areas early on, in the period when intensification
took place in lower and more favourable areas (Havlíèek,
Chrudina, 2013). These changes concur with the results
of Kanianska, who described arable land expansion in
the lowland areas of Slovakia, a slight increase in the
submountainous villages, but with decreases in the
mountainous settlement areas (Kanianska et al., 2014).
This extensification underlines the repressing effect of
environmental drivers in mountain villages, but also the
effect of proximity to the town of Banská Bystrica, as an
industrialized centre offering employment.

Fig. 8: Influence of partial predictors on the spatial distribution of land cover classes. Simple linear regression
was used to calculate r2

Fig. 9: Coefficients of determination (R2) of GLMs
calibrated for different land cover classes in different
years. R2 shows the dependence of land cover spatial
distribution on the synergic effect of the drivers
36

Fig. 10: The influence of the predictors (represented by
R2 of GLMs) on the spatial distribution of areas of land
cover changes in different year intervals
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In the socialist period, there was a rapid decrease in
arable land in favour of grassland, despite the overall
trend of a spread of arable land as documented in the
period 1970–1990 in Slovakia (Feranec et al., 2007). This
concurs with the processes of agricultural extensification
in mountainous areas, documented in Slovakia (Oláh, 2003;
Kandrík, Oláh, 2010), but also in Western Europe
(MacDonald et al., 2000; Strijker, 2005). The general trends
to urbanization and industrialization also affected our study
areas, but no extensive wood harvesting occured during this
era. This is contrasted with the remarkable loss of forest
DUHDV DW WKH QDWLRQDO OHYHO )HUDQHF 2ĈDKHO   DQG
with the high dynamics of forest cover in the Carpathian
ecoregion (Griffiths et al., 2013; Main-Knorn et al., 2009),
and underlines the fact that forest cover changes are highly
dependent on forest management cycles.
The most important land cover process in Slovakia
following 1989 was an increase in the shrub-transitional
woodland class, which was reinforced by both wood harvesting
DQGWKHRYHUJURZWKRIJUDVVODQG )HUDQHF2ĈDKHO 7KLV
concurs with the results in Malachov and Podkonice, where
the percentage of shrubs (between 7 and 8% after 1949)
increased to 12% in 2011. While the forest area also continued
to increase, reflecting the national increase, the most notable
change involved the retreat of grassland without scattered
trees and shrubs, which decreased from 29% to 20%, greatly
affecting the actual landscape appearance.
Besides specific developments in some periods, the few
enduring trends throughout this study period are:
1. an increase in forest and artificial surfaces;
2. a very large decrease in arable land; and
3. a shift in classes closer to settlements.
Similar results are described for the moutainous areas
by Kanianska et al. (2014) in the village of Liptovská
Teplièka, by Kandrík and Oláh (2010) in the Lower Spiš
region, by Bièík et al. (2001) in the Czech Republic, and in
greater detail by Demek et al. (2012) in eastern Moravia. It
is possible to consider the areas of Malachov and Podkonice
(Fig. 11 – see cover p. 4) as representative of this kind of
village territory, since the land cover change processes
mostly concur with developments in other mountainous
village areas in Slovakia and the Czech Republic.

4.2 The influence of environmental drivers
The first hypothesis about the effect of elevation, slope and
distance on land cover has been mostly confirmed, as shown
by the box-whisker plots (Fig. 7). This influence, though well
analyzed in other countries, has been only roughly described
in Slovakia by Šúri (2003) and Kandrík, Oláh (2010), and
it has not been assessed by advanced statistical methods
at a detailed scale. The influence is particularly obvious
in the slope plot, where land cover classes with higher
anthropogenic modification preferred less steep terrain in
both depicted years. Also elevation and distance diversified
the spatial distribution of land cover classes significantly.
The absolute maximum distance of fields from a settlement
was 1.5 km in 1949 (Fig. 7), slightly exceeding the maximal
diameter of 1.2 km, stated by Löw and Míchal (2003).
Individual regression analyses specified the influence of
the drivers (Fig. 8). The influence is not so dominant for all
land cover classes, and it also changes over time (compare
Aspinall, 2004). Models relating slope and forests had the
highest coefficients of determination, and this confirms the
strong relative predisposition of steep areas for forestry. This
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influence has increased in recent years, most likely because
steep areas were often previously used as pastures in the
zone of intensive agriculture and as forests in the extensive
zone, while they are all usually reforested now. The relatively
strong influence of slope was detected by the models for
arable land before collectivization, and for grassland after it.
Since transition of many fields into meadows followed the
introduction of collectivization, these models most likely
partly depict relationships occurring in the same area.
This underlines the shift in agricultural demands on the
environment, where fields held by private farmers in the
past are now suited only to tractor mowing.
According to many studies, elevation and distance
are typically strong factors (e.g., Martínez, 2011; Hietel
et al., 2004). In this study, these factors are particularly
important for the localization of grassland and arable
land, especially in the pre-collectivization period. This
confirms the previous statement that the zones of intensive
and extensive agriculture had distinct boundaries. The
influence of elevation and distance is relatively similar for
all land cover classes, mainly because of their corresponding
high spatial correlation. We assume that this correlation
is high for most villages in mountainous regions, as they
are situated on the valley floor. Such high correlations
are a reason for omitting elevation from the models in
some studies (Gellrich et al., 2007; Millington et al., 2007).
Therefore it is reasonable to aggregate these variables in
one variable which defines area accessibility, although this
would ignore the climatological aspects of elevation.
Verification of the second hypothesis about the insolation
effect on land cover is disputable. According to the box-plots,
there is a weak trend distinguishable, where grassland, shrubs
and forests occupy areas with higher amplitude and decreasing
insolation (Fig. 7). This relationship is not very strong because
the effect of insolation is practically insignificant for each land
cover type, according to the simple regressions. On the other
hand, insolation is valuable in the multiple regression models
because it is seldom correlated with other variables and has an
important discrete interpretation.
Geology was used as a proxy for the physical and chemical
attributes of the soil substrate in the regression models,
since available soil maps were not sufficient at this scale.
In other studies (Hietel et al., 2004; Martínez, 2011) soil
attributes have mostly minor or average influence, although
Baumann (2011) found an important influence of cambisols.
Geology appears to be one of the most important drivers
according to the models (Fig. 8) in this study, however.
This may be validly interpreted by considering the fact that
geological data were used at the nominal scale, with 11 classes
defined as individual binominal (or dummy) variables, and
with many of them occurring only in limited areas. Another
possible interpretation is that the spatial distribution of
individual geological substrate classes carries aggregated
information on more landscape attributes. For example,
the villages are preferably established on the valley floor.
This area has a better correlation with the extent of fluvial
sediments, than with low slopes or high TWI. Interpretations
based solely on geological substrate type could therefore
be misleading. This finding could be an argument for
using predictor variables with aggregated information in
simple regressions, because these could explain land cover
spatial variability more precisely than individual landscape
parameters. In multiple regression, however, these variables
should be replaced by variables defining landscape properties
more specifically to avoid the problems of multicollinearity.
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TWI was used to express water availability and soil
wetness (Martínez, 2011; Rutherford, Bebi, 2008), but its
interpretation appeared to be problematic in this study.
Since TWI is derived from the catchment area and the slope,
most of its R2 can be explained by its correlation with slope,
rather than as a unique influence. Therefore an alternative
index, not derived from slope, may provide better assessment
of the actual wetness influence. Another solution is the use
of (1) GLMs calibrated with the complex of environmental
drivers, and (2) hierarchical partitioning, which would be
able to estimate the individual contribution of TWI to the
total variance explained by a model (Millington et al., 2007).

4.3 The explanation of land cover classes
and land cover changes
GLMs were calculated to assess the overall and combined
effect of environmental predictors (drivers) on land cover:
several significant findings have been revealed.
The most remarkable finding is the decrease in arable land
variability explained by the model during collectivization
(Fig. 9). This means that the extent of arable land became
less determined by the influence of environmental
drivers. The decrease may be interpreted as the effect of
agricultural re-organization under cooperative farming,
where environmental conditions were not reflected to the
same extent as in earlier private farming. The R2 increase
in grassland is associated with this arable land decrease,
reflecting the process of direct transition between these two
land cover classes as described previously.
The highest R2 values were attained by the models of forest
area variability, concurring with the results of the simple
regressions. Their slightly increasing trend indicates that
the overall increase in forest area was the optimalization
of use of areas unsuitable for agriculture. The ability of
the models to explain the spatial distribution of artificial
surfaces and permanent crops is relatively low, but they still
achieved notable values between 20% and 30%. The artificial
surfaces R2 tended to increase with overall area increase.
The permanent crops R2 decrease can be interpreted by
the establishment of orchards in Malachov in the area
where fields previously existed and which have different
environmental conditions from areas of gardens. The spatial
distribution of shrubs is almost completely unrelated to
the selected predictor variables, as they exist in a variety
of areas, ranging from glades to field boundaries. Dividing
them into separate categories, however, would increase their
explanation by the models, and this is also our suggestion
for other land cover change driver studies that apply the
CORINE Land Cover methodology.
Many land cover change studies focus solely on the areas
of change (e.g., Martínez, 2011; Millington et al., 2007;
Schneider, Pontius, 2001; Tasser et al., 2007). In this study
the land cover changes were noticeably explained more poorly
by the models, compared to the land cover classes in separate
years. Therefore we suggest that focusing on the areas of the
land cover class real extent in different years, in addition
to the area of change, could help to better understand the
spatial driver effects.
Our land cover change models explained agricultural
extensification processes better than both agricultural
intensification and urbanization, similar to the results of the
Rutherford and Bebi (2008) study. Also the processes in the
longer period between 1949 and 2011 were evidently better
explained. This indicates that total areas of change over
this long period were more homogenous than the areas with
38
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partial change in subsequent years. In turn, this suggests
that extensification and urbanization process drivers act
over longer periods, with possible inner fluctuations.

5. Conclusions
This detailed analysis has confirmed that land cover
development in these two study areas mostly reflected
similar developments to those described in Slovakia more
generally. The most important processes were the rapid
reduction of arable land, the spread of forests and increases
in artificial surfaces, as well as an excessive spread of shrubs
and reduction of grassland in the most recently observed
period. The minor differences highlighted in this discussion
delineate the variability of land cover processes recorded
in different areas and at different scales. This finding
underlines the need for detailed land cover classifications in
other studies at a local level.
The hypothesis, that higher slope, elevation and distance to
settlement were related to the classes with lower intensity of
use, was mostly confirmed. Generally, slope exhibited notable
influences in each model, while elevation and distance from
settlement were significant in individual cases. Geology was
also important for each land cover class distribution, which
was probably caused by the fact that this variable was defined
at a nominal scale with 11 geological substrate classes.
The synergic influence of drivers on land cover and its
changes was assessed by generalized linear models (GLMs).
Forests were the most explicable land cover class (R2 values
ranging from 43% to 53%), while arable land during precollectivization and grassland in post-collectivization
were also considerably related to the drivers. On the other
hand, shrubs were almost completely unrelated to these
investigated drivers. The extent of areas of land cover
change were not so well explained by the GLMs, although
relatively better results were achieved with the analysis of
change over a longer time period (up to 22%), and also for the
extensification changes (R2 from 9% to 14%).
The statistical tools used in this study were adequate for
depicting and quantifying the relationships between land
cover and environmental conditions. Interpretation requires
a logical approach, however, as results can reflect not only
actual influences but also other effects, including the multicollinearity of the drivers and differences due to the mixed
use of nominal and interval scaled data.
Land cover change is influenced by a much greater
number of spatial drivers than those assessed by our models,
including the area’s biophysical conditions, structural
properties and socio-economic background. Land cover
change itself, moreover, remains dependent on landowners
who decide on the usage or abandonment of a particular
area (Gellrich et al., 2007; Van Doorn, Bakker, 2007). In
conclusion, the most valuable variables which could increase
the explanatory power of statistical models should reflect
real land use decision-making processes.
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