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ABSTRACT

The aim of this study is to determine the influence of selected environmental factors on the dynamic changes in the landscape in the Czech 
Republic: 1) to detect land use changes between 1986–2013 along altitudinal gradients in two neighbouring Czech districts (Třebíč and 
Znojmo), 2) to test if there is a relationship between the spatial distribution of the main changes and selected environmental factors, 3) to 
identify differences in the sizes of agricultural fields between 1953 and 2013, and whether they are associated with changes in agricultural 
land use. Satellite Landsat TM/ETM scenes for 1986, 1994, 2002 and 2013 were used to define land cover categories (arable land, grassland, 
coniferous forest, deciduous forest, mixed forest, urban areas and inland water). The association between the distribution of changes in 
land-cover with environmental factors such as gradient, aspect, altitude, topographic wetness index (TWI), less-favoured areas (LFA), main 
soil units and climate zones was determined. Only a limited proportion of landscape changes were dependent on environmental factors in 
the study area. Over the period 1994–2013 there was a decrease in arable land and increase in grassland, mainly in the LFA zone. Slope of 
the terrain was a dominating factor in landscape changes. The association with TWI values was most significant in permanent arable land 
and in grassland in transition to arable land. There was an increasing trend in the annual average temperature and sum of solar radiation in 
both the districts, Třebíč and Znojmo. A change from small fields (1953) to large fields (2013) was recorded in the study area. Distribution of 
field sizes was different in LULC classes for different climatic zones and the main soil units.
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Introduction

Changes in land use / land cover (LULC) influence 
climate and weather conditions at local and global scales 
(Pielke et al. 2002). Local land use studies provide an his-
torical perspective and the current land use, which helps 
to learn changes in global scale landscapes and to fore-
cast future trends. Understanding the causes and conse-
quences of changes in land use has been one of the main 
research topics in the last decade (Turner and Robbins 
2008).

Recent studies reveal that changes in the landscape 
are determined by a complex set of interactions between 
environmental and socio-economic factors (Mottet et al. 
2006; Serra et al. 2008). Human activity is a major force 
affecting spatial and temporal changes in land use (Ols-
son et al. 2000; Krausmann et al. 2003; Bucala 2014). 
Olsson et al. (2000) report a significant increase in area 
of grassland areas at the expense of that of forest mainly 
as a result of human activity in the period 1960–1993 in 
Mid-Norway. A  direct effect of socio-economic chang-
es in Austria to changes in agricultural land use between 
1950 and 1995 is reported in Krausmann et al. (2003). 
Bucala (2014) agricultural abandonment and an increase 
in forest area explored over the period of 40 years (1954–
2004) in the Western Polish Carpathians, with a total de-
crease in the acreage of arable land of around 80% due to 
the human activity. Several studies indicate that the mag-
nitude of the LULC change differs depending on the time 
period considered (Weng 2002), geographical location 

(Rindfuss et al. 2004) and slope and altitude (Poyatos et 
al. 2003; Kindu et al. 2013). Serra et al. (2008) analysed 
the factors determining LULC by combining biophysical 
(mean temperature, solar radiation, precipitation, alti-
tude, slope) and human variables (agricultural area in use, 
agricultural holding by size, number of fields, total pop-
ulation, hotel capacities and others) for 1977–1997 in the 
north-east of Spain. These authors found, that landscape 
homogeneity depends on irrigated agricultural intensi-
fication on the coastal plain, and erosion and landscape 
degradation due to permanent abandonment of cropping 
in the transitional subregion and mountainous area. In 
Pyrenean mountains changes in land use is supported by 
an analysis of socio-economic drivers (various issues at 
village and farm level, land-tenure) and natural drivers 
(slope, altitude, type of soil, distance from cultivation and 
grazing) from 1980s to 2003 (Mottet et al. 2005). Verburg 
and Chen (2000) report that the spatial distribution of all 
land-use types in China is best described by an integrated 
set of biophysical and socioeconomic factors.

Changes in the landscape over the past 150 years (be-
fore 1999) in the Czech Republic, in particular the social 
forces, were analyzed recently (Bičík et al. 2001; Opršal 
et al. 2013), which revealed that social forces had a great 
effect on land-use changes during the period of the study. 
Opršal et al. (2013) selected three case studies as repre-
sentative of the diversity of natural conditions and ex-
plained the association between land-cover and environ-
mental factors. However, the time period (1938–2009) 
encompassed significant variations in the socio-eco-
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nomic conditions in Czech society. These authors show 
that highly dynamic landscape processes associated with 
political and socio-economic changes reduced the role 
of natural factors in the process of landscape changes. 
Changes in agricultural land are associated with chang-
es in field sizes, which indicate the degree of agricultural 
capital investment, mechanization and labour intensity 
(Rodriguez and Wiegand 2009; Janovska et al. 2017).

This study aims to improve our understanding of the 
influence of particular environmental factors on the re-
cent dynamic changes in landscape and potentially that 
of future landscape planning in the Czech Republic. It 
has a three objectives: 1) to detect land use changes that 
occurred between 1986–2013 along altitudinal gradi-
ents and geographically defined by two neighbouring 
Czech districts, 2) to test if there is a  relationship be-
tween the spatial distribution of the main changes in 
land use and particular environmental factors, 3) to 
identify differences in the sizes of agricultural fields 
between 1953 and 2013, and determine the association 
between changes in agricultural land use and the size of 
agricultural fields.

Materials and Methods

Study area
The districts of Třebíč and Znojmo cover an area 

of 3.150 km2 and are situated in South Moravian and 
Vysočina regions of the Czech Republic (Fig. 1). These 
districts vary in soil conditions, from very fertile soils in 
the South (Znojmo) to the less fertile in the Czech-Mora-
vian Highlands (Třebíč) and hence also in the intensity 

of agriculture. The area studied includes 6 agricultural 
climatic zones from very warm to slightly cold (Culek et 
al. 2013). The drainage systems built in 1960–70, occupy 
17% and 8% in the districts of Třebíč and Znojmo, re-
spectively.

Data
Satellite data

Satellite Landsat TM/ETM scenes of vegetation during 
the period from April to October of 1986, 1994, 2002 and 
2013 when cloud cover was less than 20%, were down-
loaded in GeoTIFF format from the Geological Survey 
web-page (http://earthexplorer.usgs.gov). The correction 
of atmospheric satellite data was carried out using ENVI 
5.1 software in FLAASH (Fast Line-of-sight Atmospheric 
Analysis of Spectral Hypercubes) module containing an 
MODTRAN atmospheric radiative transfer code (Kauf-
man et al. 1997; Adler-Golden at al. 1999). Satellite data 
were used to classify the types of land-cover in the study 
area.

Airborne historical data
Airborne panchromatic digitized images from 1953 

were used for obtaining the size of the fields in the agri-
cultural areas studied.

Digital altitudinal model
Digital altitudinal model (DEM) with a spatial reso-

lution of 25 m (State Administration of Land Surveying 
and Cadastre of Czech Republic, www.cuzk.cz) was used 
to obtain the topographic parameters of the area studied.

Less-favoured areas map
Less-favoured areas (LFA) are areas where farming is 

handicapped by geography, topography or climate and in 
which farmers are eligible for compensation for the extra 
costs incurred or income foregone (Glossary of Agricul-
tural Policy Terms, OECD). There are three existing cat-
egories of LFA: 1) mountain/hill areas, 2) areas in danger 
of abandonment of a  particular land-use, and 3) areas 
affected by specific handicaps. Each category has two 
grades – partial and total (source: Agricultural and rural 
development, http://ec.europa.eu/agriculture/rurdev/lfa 
/index_en.htm). The LFA map was used as an environ-
mental factor in the Canonical correspondence analysis 
(CCA).

Main soil unit classes
Main soil unit (MSU) classes from BPEJ (bonitovaná 

půdně ekologická jednotka, in Czech, Němec 2001) 
taking into account factors such as climatic zones, soil 
depth, granularity and texture were represented by 14 
MSU types from 6 climate zones (Table 1). MSU and cli-
mate zones were introduced into a further CCA analyses 
and an analysis of the distribution of the sizes of agricul-
tural fields to investigate their association with changes 
in land-cover.

Fig. 1 Location of the study areas: Znojmo and Třebíč districts.
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Table 1 Characteristics of the main soil unit classes (MSU) in the study 
area.

MSU
Morphological 

soil type 
Texture Depth of soil

Cli-
mate 
zone

01
Haplic  
Chernozem

Moderate
Deep to very 
deep

2

08
Haplic  
Chernozem

Light 
moderate to 
moderate

Deep to very 
deep

2

10 Orthic Luvisol
Moderate to 
heavy

Very deep 1, 8

12 Orthic Luvisol
Moderate to 
heavy

Deep to very 
deep

4, 5

28 Eutric Cambisol
Moderate to 
heavy

Medium to 
deep

4

29 Eutric Cambisol Moderate
Medium to 
deep

2, 5, 7

32 Eutric Cambisol Light
Medium to 
deep

5, 7

37 Ranker
Light to mod-
erate

Shallow
4, 5, 
7, 8

47
Dystric  
Planosol

Moderate to 
heavy

Deep to very 
deep

5, 7

55 Eutric Fluvisol Light Very deep 5

68 Dystric Gleysol
Moderate to 
heavy and very 
heavy

Deep to very 
deep

5, 7, 8

64
Dystric  
Planosol

Heavy to very 
heavy

Deep to very 
deep

7

Climate zones are: 1 – warm, dry; 2 – warm, slightly dry; 4 – slightly 
warm, dry; 5 – slightly warm, slightly humid; 7 – slightly warm;  
8 – slightly cold, wet.

Agricultural parcel identification system
The Czech agricultural parcel identification system 

(LPIS) is a geographic informational system for agricul-
tural parcel identification, which includes recent data on 
the agricultural land use in the Czech Republic (www 
.lpis.eu). Shape files with borders of agricultural fields 
from 2015 were downloaded from LPIS (www.lpis.eu) 
for the area studied. Data were used for determining the 
changes in the sizes of agricultural fields between 1953 
and 2015.

Extraction of land-cover types
Object-oriented classification of satellite data was 

done in eCognition Developer software (Trimble) (Wal-
ter 2004). Segmentation procedure, object features (veg-
etation indices, simple spectral band ratios, mean and 
standard deviation values of spectral bands) and a nearest 
neighbour algorithm, were used to classify 7 land-cover 
types from satellite data, namely: arable land, grassland, 
coniferous forest, broadleaved forest, mixed forest, in-
land water and settlements. The training areas for the 
classification were derived from a field survey conducted 
at the time of the project CzechCarbo, from LPIS and ar-
chival aerial photographs. 

Extraction of topographic parameters
Topographic wetness index (TWI) was used as one of 

the quantitative parameters in this study to characterize 
the spatial distribution of potential soil moisture depend-
ing on orographic conditions (Burt and Butcher 1986). 
TWI was calculated based on DEM with a spatial resolu-
tion of 30 × 30 m using equation (1) (Beven and Kirkby 
1979):

TWI = ln(a/tanβ),                                                               (1)

where a is a specific catchment area calculated from ac-
cumulation image, tanβ is a slope of the pixel, calculated 
with reference to its neighbouring pixels.

Slope, aspect and altitude were calculated in the ge-
ographic information system (ArcGIS) based on DEM.

Canonical correspondence analysis
Canonical correspondence analysis (CCA) was used 

to explore the distribution of changes in land-cover along 
slope gradient, aspect, altitude, TWI, LFA, main soil unit 
classes, soil granularity with soil depth and climatic zone 
(Table 1) (Fig. 2). The analysis was done for the districts 
of Znojmo and Třebíč over three time periods: 1986–
1994, 1994–2002 and 2002–2013.

Analysis of climatic parameters
Climatic parameters (precipitation, temperature and 

solar radiation) were processed for the period of 1961–
2014. Data were interpolated into grid layers with a daily 
step and a resolution of 500 × 500 m using an interpola-
tion method based on the regression-Kriging technique. 
Altitude from DEM was a main predictor in the regres-
sion. It was smoothed for precipitation and solar radia-
tion and without smoothing for air temperature. Auxil-
iary predictors (terrain roughness, slope and exposure) 
were smoothed for processing of all climatic parameters. 
Precipitation, temperature and solar radiation were ana-
lyzed based on the altitudinal gradient at the study sites. 
The trend in annual precipitation, temperature and solar 
radiation in determining land cover changes was taken 
into consideration.

Fig. 2 Data input for canonical correspondence analysis (CCA).
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Mean values of climatic parameters were calculated 
for LULC classes (permanent arable, permanent grass-
land, arable to grassland and grassland to arable) in each 
MSU class for the period 1986–2013. 

Field size distribution and changes
Object-oriented image analysis was done in eCognition 

soft ware to extract agricultural fi eld borders from histor-
ical airborne orthophoto images. We clipped out current 
fi elds using LPIS polygons. Th e standard multiresolution 
segmentation procedure of eCognition was used in order 
to divide these polygons into individual homogenous ar-
eas of historical fi elds. Th e quantifi cation of agricultural 
fi eld size changes was performed in ArcGIS using a com-
parative analysis of the shape fi le from LPIS 2015 and 
shape fi le from object-oriented classifi cation of airborne 
historical data for 1953. A  frequency of occurrence of 

a specifi c fi eld size was estimated separately for the Znoj-
mo and Třebíč districts in 1953 and 2015. Th e distribution 
of fi eld sizes associated with agricultural land use chang-
es was estimated according to MSU using ArcGIS tools. 

Results

Types of land-cover, distribution and changes
Th e classifi cation of satellite data showed that arable 

land was the dominant type of land-cover during the pe-
riod of 27 years covered by this study in both districts 
(Fig. 3).

Land-cover change matrix (Table 2) indicates the 
changes between each of land cover classes between 1986 
and 2013 (in %). Th e values in each of the cells are the per-
centages of land that was converted from one type of land 

Fig. 3 Types of land-cover, distribution and changes in Třebíč (left) and Znojmo (right) in 1986, 1994, 2002 and 2013 (Summary of changes is in Table 2).

Table 2 Land use change matrix [%]. Summary of land-cover changes from 1986 to 2013 for the Třebíč and Znojmo districts.

Třebíč Arable land Grassland
Broadl. 
forest

Conif. forest Mixed forest
Water 
bodies

Settlements Total 2013

Arable land 46.7 0.4 1.3 2.8 1.6 0.2 0.1 53.1

Grassland 4.8 3.2 0.9 0.7 0 0 0.6 10.2

Broadl. forest 3.4 0.2 2.2 0.2 0.1 0 0.01 6.1

Conifer. forest 4.3 0.3 0.8 8.0 2.7 0 0 16.1

Mixed forest 3.3 0 1.0 2.2 4.8 0.02 0.3 11.6

Water bodies 0.1 0 0 0 0.2 0.7 0 1.0

Settlements 1.1 0.003 0 0 0 0 0.8 1.9

Total 1986 63.7 4.1 6.2 13.9 9.4 0.9 1.8 100

Znojmo Arable land Grassland
Broadl. 
forest

Conif. forest Mixed forest
Water 
bodies

Settlements Total 2013

Arable land 57.8 1.2 3.1 1.2 1.8 0.004 0.2 65.3

Grassland 2.4 2.5 0.2 0.1 0.6 0.01 0.1 6.0

Broadl. forest 4.7 0.2 2.5 0.2 0.6 0.1 0.01 8.3

Conifer. forest 1.6 0.1 0.6 1.3 1.5 0 0 5.1

Mixed forest 5.8 0.2 0.02 2.9 1.5 0 0 10.4

Water bodies 0.09 0 0.01 0 0 0.9 0 1.0

Settlements 1.7 0.1 0 0.1 0 0 2 3.9

Total 1986 74.1 4.3 6.4 5.8 6.0 1.0 2.4 100
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cover to another. The bold diagonal of the matrix is the per-
centage of the area of each class that remained unchanged.

Canonical correspondence analysis
CCA resulted in an ordination diagram. Arrows repre-

sent environmental factors. The length of an arrow is the 
correlation of a given variable with the extracted ordination 
axis on the diagram. The length of the arrow is proportion-
al to the rate of change. Points represent the transformation 
processes in land cover. The position of points indicates 
a  relationship with the corresponding variable (Fig. 4).

Analysis of climatic parameters
Analysis of selected climatic parameters showed that 

they fluctuated over the past 40–50 years (Fig. 5). Dis-
tribution of climatic parameters in LULC classes were 
estimated for the periods: before 1986, 1986–1994,  
1994–2002 and 2002–2013 and illustrated for the study 
area using a box and whisker chart (Fig. 6).

Distribution and changes in field sizes 
Agricultural fields extracted from a  classification of 

airborne historical data (Fig. 7a) and fields from LPIS 
2015 (Fig. 7b) were compared to determine the frequen-
cy of occurrence of specific field sizes in 1960 and 2015 

Fig. 4 CCA ordination of land-cover transitions in three time periods. 
Selected classes of land-cover: a – permanent arable land, b – permanent 
grassland, c – grassland to arable land, d – arable land to grassland,  
e – coniferous forest to broadleaved forest, g – broadleaved forest 
to arable land, h – arable land to broadleaved forest, i  – permanent 
broadleaved forest, j – permanent coniferous forest, k  – broadleaved 
forest to grassland.

Fig. 5 Changes in climatic parameters in the study area during the last 
40–50 years: Annual sum of solar radiation, average annual temperature 
and annual sum of precipitation.

EJES 2 2017 5641.indd   112 01.12.17   13:52



European Journal of Environmental Sciences, Vol. 7, No. 2

Analysing changes in land cover in relation to environmental factors 113

(Fig. 8), and by the distribution of field sizes according to 
MSU classes (Figs 9, 10).

Discussion

Types, distribution and changes in land-cover
The classification of satellite data revealed that arable 

land was the dominant type of land-cover accounting for 

from 63.7% to 53.1% in the Třebíč landscape and from 
74.1% to 65.3% in the Znojmo landscape over the 27 year 
period of this study (Fig. 3). Forest occupied around 20% 
and 30% of the Znojmo and Třebíč sites, respectively. 
Distribution of land-cover types along a  slope gradient 
indicated, that arable land was dominant on gentle slopes 
at both sites. On moderate slopes, forest was the dom-
inant cover: broadleaved in Znojmo and coniferous in 
Třebíč. Mixed forests were mainly typical of moderate, 

Fig. 6 Means (the red crosses) and medians (the central horizontal bars) of climatic parameters (Temperature, Radiation and Precipitation) calculated 
for LULC classes (st_ar – stable (permanent) arable, st_gr – stable (permanent) grassland, ar_to_gr – arable to grassland and gr_to_ar – grassland to 
arable) for the periods: before 1986, 1986–1994, 1994–2002, 2002–2013
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steep and very steep slopes. Distribution of the different 
land-covers was associated with wetness (TWI index). 
Forest dominated in dry areas at both sites: coniferous 
forest prevailed at Znojmo, and mixed and coniferous 
forest at Třebíč. Arable lands occurred mainly in average 
to very wet areas (high TWI).

The use of about 66% of the land in Třebíč and 69% 
in Znojmo remained unchanged during the study peri-
od (Table 2). Most of changes were from arable land to 
grassland in both districts. Almost 16% and 13% of ar-

able land was converted to grassland in the Znojmo and 
Třebíč districts, respectively, in the different time periods. 
Mixed and broadleaved forests increased by 25% in Znoj- 
mo on account of an increase in coniferous forest. An in-
crease in conifers by 7% was recorded in the Třebíč dis-
trict. The increase in mixed forest resulted not only from 
the conversion of one type of forest to another, but also 
from afforestation of arable land and grassland. About 
5% of all changes in Třebíč and 3% in Znojmo districts 
occurred on drained soils. Bičík et al. (2001) analyzed 

Fig. 7 Fragments of image and shape file with agricultural fields: a – 1953, airborne image (left) and agricultural fields extracted from object-oriented 
classification (right); b – 2015, airborne image (TopGIS, www.topgis.cz) (left) and agricultural fields downloaded from LPIS (agricultural parcel 
identification system) (right)

a

b
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Fig. 8 Back to back histograms of field size frequency in Třebíč and Znojmo in 1953 and 2015

Fig. 9 Distribution of field sizes in LULC classes according to MSU (Main Soil Unit) and climate zone (from Table 1) in Třebíč; a – permanent arable, 
b – permanent grassland, c – arable to grassland, d – grassland to arable.
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LULC changes for the whole Czech Republic and report, 
that arable and grassland areas decreased over the period 
1970–1990, whereas we recorded a slightly increase in ar-
able at the Třebíč site and no change in arable and grass-
land at Znojmo and Třebíč over the period 1986–1994. 
The key tendencies post-1990 according to Bičík et al. 
(2001) is a decrease in arable land, great increase in grass-
land (pastures) and slight increase in forests, which is in 
agreement with our results for the Znojmo and Třebíč 
sites for the period 1994–2002.

Canonical correspondence analysis
The environmental variables in the ordination di-

agrams are significantly correlated with CCA axes at p 
< 0.01 according to the Monte Carlo permutation test. 
The CCA results indicate that only a  limited propor-
tion of the changes in landscape were dependent on 
environmental variables (Fig. 4). Transition of arable 
land to grassland was connected with climate zones in 
1986–1994 and 2002–2013, and with LFA classes in the 
period 1994–2002. Transition of grassland to arable land 
and broadleaved forest to arable land was associated with 
moderate TWI values in 1994–2002. Permanent arable 
land was also associated with TWI in 1994–2002. Perma-
nent broadleaved and coniferous forests were associated 
with slope during the whole time period. The landscape 
changes were independent of the main soil unit classes. 
Transition of coniferous forest to broadleaved forest was 
associated with soil parameters (depth and granularity) 
in 1994–2002. Opršal et al. (2013) state, that the effect of 
slope was the greatest of the environmental variables con-
sidered (altitude, aspect, area, distance) in land transfor-

mation in Moravia. Studies of Chen et al. (2001) and Hie-
tel et al. (2004) support the association between slope and 
land-use in small catchments in China and the Lahn-Dill 
Highlands in Germany, correspondently. As in the LFA, 
agro-ecological zones (AEZ) were used as a conditional 
factor for LULC changes by Kindu et al. (2013), where 
the transition of grassland to cropland was typical for 
AEZ in sub-humid highlands with slight slopes (0–5%).

Analysis of climatic parameters
Changes in the climate in the area studied over the 

past 40–50 years were characterized by an increase in 
annual average temperature and sum of solar radiation 
(Fig.  5). Annual sum of precipitation did not change. 
These trends indicate the possible causes of the drying 
of the Central European landscape (Trnka et al. 2015). 
Analysis of the distribution of climatic parameters in 
LULC classes indicate, that radiation and temperature 
values were higher in permanent arable areas than in 
other land use classes during the study period (Fig. 6). 
Permanent grassland was located in areas with the lowest 
temperature and precipitation. The highest precipitation 
was recorded in areas with arable to grassland type land 
use except in 2002–2013, when the highest precipitation 
was recorded in permanent arable areas. Temperature, 
radiation and precipitation medians were the same in ar-
able to grassland and permanent grassland classes in the 
period before 1986 and in 1986–1994.

Distribution and types of change in field sizes
The transformation from small to bigger fields was 

recorded in the Třebíč and Znojmo districts with the 

Fig. 10 Distribution of field sizes in LULC classes according to MSU (Main Soil Unit) and climate zone (from Table 1) in Znojmo; a – permanent arable, 
b – permanent grassland, c – arable to grassland, d – grassland to arable.
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average field size of 0.5 ha (Třebíč) and 1 ha (Znojmo) 
in 1953, and around 40 ha (Třebíč and Znojmo) in 2015 
(Fig. 8). Land consolidation, unemployment rate and soil 
fertility were main factors, which are significantly associ-
ated the size of agricultural holdings in the Czech Repub-
lic (Cay et al. 2010; Janovska et al. 2017).

The largest field sizes were recorded in the Třebíč 
(70 ha) and Znojmo districts (up to 90 ha) with 13% fre-
quency in 2015. The magnitudes of these values are close 
to those reported by Janovska et al. (2017), who record 
a maximum field size of 91.4 ha in the Czech Republic. 
There were small fields (about 0.1 ha) in both districts 
with a  5–10% frequency in 1953 and 2% frequency in 
2015. The field sizes of 0.2–2 ha and 0.1–0.5 ha were more 
frequently recorded in the Znojmo (up to 8%) and Třebíč 
(10–17%) districts in 1953. The sizes of 13–70 ha were 
the most common (20% frequency) field sizes in both 
districts in 2015.

Analysis of the distribution of field sizes in LULC 
classes according to MSU revealed the largest field sizes 
were recorded on cambisol soils with a slightly cold and 
wet climate zone in permanent arable class and grass-
land to arable class at Třebíč (Fig. 9). The smallest field 
sizes were recorded in permanent grassland and arable 
to grassland LULC classes on glues with a slightly warm 
climate in Třebíč. Znojmo district had the largest fields 
on modal cambisol soils in slightly cold and wet areas 
and in slightly warm climate zones in permanent arable, 
arable to grassland and grassland to arable LULC classes 
(Fig. 10). Smallest fields occurred only on modal cambi-
sol and brown soils with warm and slightly dry climates 
for all LULC classes in Znojmo.

Conclusion

The distribution of changes in land-cover revealed 
a decrease in arable land and increase in grassland, main-
ly in the less-favoured areas (LFA) during the period of 
1994–2013. The CCA results indicate a  strong correla-
tion of landscape changes with particular environmental 
factors in the area studied. The slope of the terrain was 
a  dominant factor in landscape changes. The influence 
of TWI values was most significant in permanent arable 
land and also in the transition of grassland to arable land. 
Increase in the average annual temperature and solar ra-
diation was recorded in the Třebíč and Znojmo districts. 
A transformation of small fields to bigger fields was re-
corded in the study area. Distribution of field sizes was 
different in LULC classes in different climatic regions and 
main soil units. This study revealed a moderate associ-
ation of particular environmental factors with dynamic 
changes in the landscape. The degree of association may 
be affected by socio-economic driving forces operating 
in the area studied. These results should prove useful in 
future landscape planning in the Třebíč and Znojmo dis-
tricts of the Czech Republic.
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