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AssTrRACT: The paper assesses the development of land use and a road network from 1836 to 2016 in the Hodonin region
(Czech Republic). The aim of the article is to verify relationship between the road construction and land use changes in
their vicinity. The intensity of land use change processes between adjacent periods was calculated at various distances
from roads. ESRI's geographic information systems and geostatistics were used. This helped in assessing significance
of impact of road vicinity on land use changes. The time interval of periods for comparison varied between 25 and
80 years due to availability of historical sources. In each period about 20% of the region was affected by land use
changes. After the roads were built, there was an increase in the intensity of land use changes in their vicinity. It has
been proofed that presence of a road can be considered one of the driving forces of long-term land use changes in this
region. This so-called technological driving force impacted mainly urbanisation and other anthropogenic processes,
agricultural intensification and grassing. Its significance is gradually increasing due to urbanisation, industrialisation,
motorization and the rising mobility. Our results from the Hodonin region indicate that urbanisation and other anthro-
pogenic processes have the closest relationship with the distance from major roads.
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Introduction

Transportation and land use are two different
aspects of a landscape, but their relationship, de-
spite not being clearly visible, is quite strong. One
aspect of this relationship is the direct impact of
developing transport networks and accompany-
ing construction on direct land acquisition, and
influence on the quality of surrounding soils
due to the operation and maintenance of roads
and railroads (Mothorpe et al. 2013). However,

§ sciendo

transportation also impacts land use indirect-
ly. The interaction between the development of
both transport and settlement in the past has led
to the dynamic growth of settlements on some
major transport routes, but may have also signif-
icantly impacted smaller settlements in conven-
ient location. At the same time, it is necessary to
take into account the attractiveness of adminis-
trative or industrial centres specifically for locat-
ing nodes of transport networks. As good trans-
port accessibility promotes urban development
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in the vicinity of a road, pressure on acquiring
land for new residential and commercial activ-
ities increases (Mothorpe et al. 2013). However,
there is a strong opposite link as well - the way
land is used and developed directly impacts
the demand for passenger and freight mobility,
hence the pressure for the construction of new or
reconstruction of present parts of the transport
network.

The historical development of roads based
on studying old topographic maps can be used
to locate original routes, identify the remains of
roads or anthropogenic forms in the landscape,
or to document preserved transport objects (parts
of roads, bridges, tunnels, milestones, indicators,
etc.) and to identify the construction materials
used (Ruiz et al. 2014). The historical develop-
ment of landscapes and their historical structure
including old roads, along with both their eco-
logical and cultural significance, have been con-
sidered by some authors in planning new roads
(Gustafsson 2014).

Long-term changes in land use across Central
Europe have been researched with the help of
both aerial photographs and old topographic
maps. Old topographic maps are usable for anal-
yses of land use changes since approximately the
1840s (Skokanova et al. 2012, Fuchs et al. 2015,
Havlicek et al. 2018). At that time, maps from
Central Europe (the former Austrian Hungarian
Empire and Kingdom of Prussia) started to be
based on detailed geodetic surveys and therefore
are quite precise.

Studies of long-term land use changes in
Central Europe have focused on abiotic condi-
tions (Havlicek, Chrudina 2013, Salovsky et al.
2017, Kilianova et al. 2017), landscape protection
and ecological networks (Renetzeder et al. 2010,
Skokanovéd, Eremidsova 2013), the development
of water bodies (Keken et al. 2015, Pavelkova
et al. 2016), visual characteristics of landscape
(Muchovd, Petrovic 2014) as well as the develop-
ment of the food industry (Havlic¢ek et al. 2013)
and other features. As yet, however, there are
very few studies linking the long-term develop-
ment of land use with road networks, even though
the development of road networks is considered
a major impulse for the further development of
settlements and industrial sites. Historical land
use was evaluated as a motivation for railway
trespassing (Skladana et al. 2018).

It is well known that land use changes reflect
different phases of socio-economic development
and political climates, as well as environmen-
tal changes (Lowicki 2008). There are five major
types of driving forces that have spurred these
changes: political, economic, cultural, techno-
logical and natural/spatial (Schneeberger et
al. 2007, Skokanové et al. 2016, Paztr, Bolliger
2017). In this categorization, the construction of
road networks is a technological driving force,
and is mainly associated with the urbanisation
that already started in the 19th century due to
economic development and a high demand for
living space. Urbanisation linked with popula-
tion growth and the increased spatial mobility
of citizens was especially pronounced after the
Second World War (Sallay et al. 2012, Kanianska
et al. 2014). Economic growth associated with
post-war reconstruction and increased industri-
alisation contributed to the spread of urban areas
and the development of the transport infrastruc-
ture, which in turn further stimulated urbanisa-
tion (Miiller et al. 2010). This was caused by pro-
gress in technical innovations as well as political
decisions to subsidise road construction, as was
shown, for example, in a study by Schneeberger
et al. (2007). Road construction can also affect
agricultural intensification since it enables farm-
ers to reach inaccessible land (Hersperger, Biirgi
2009, Bir6 et al. 2013). The lack of roads or their
deterioration can also lead to the accelerated
abandonment of agricultural land (Haase et al.
2007, Lowicki 2008).

The growth of urban agglomerations and ac-
companying development of transport networks
is a very frequent topic when studying relation-
ships between land use and transport networks
(Aljoufie et al. 2013, Stanley 2014). Some research-
ers have also focused on assessing the impact of
the construction of highways and other impor-
tant roads on land use in their vicinity (Miiller
et al. 2010). Hrejla (2015) explores how steering
cultures in local authorities affect implementa-
tion of integrated public transport and land use
planning. Currently it is a very important topic
the integrating of interaction between transport
and land use into spatial planning (Colonna et al.
2012, Kii et al. 2016).

The transport geography in the Central
European area is studying the relationship be-
tween land use changes and transport quite



ASSESSING RELATIONSHIPS BETWEEN LAND USE CHANGES AND THE DEVELOPMENT OF A ROAD NETWORK

147

rarely. The world-wide review study of Kasraian
et al. (2016) does not comprise any paper from
this region and even Seidenglanz’s (2014) paper
on current state of Czech and Slovak transport
geography mentions this research agenda only
marginally. The following topics can be men-
tioned in particular: the current processes of
suburbanization (Dostal et al. 2010), changes in
urban patterns of postmodern cities (Krej¢i et al.
2016, Mulicek et al. 2016), integration into spatial
and mobility planning (Kortanova et al. 2010,
Malasek et al. 2011) or effects on regional devel-
opment (Kraft et al. 2014, Michniak 2015).

The aim of this article is to assess the develop-
ment of land use and the transport network in a
model region in the Central-European area from
1836 to 2016, to verify the relationship between
the construction of roads and land use changes
in their vicinity, and evaluate the impact of main
roads in the region on land use change process-
es. Another aim of this article is also to find out

whether the construction of roads can be consid-
ered one of the driving forces of long-term land
use changes occurring in the region.

Study area

The region of Hodonin is located in southeast
Moravia near the border with the Slovak Republic
(see Fig. 1) out of agglomeration area of Brno.
Its overall area is 1,099 km?, the lowest altitude
is 157 m (near the Morava River) and the high-
est altitude is 835 m (in the White Carpathians).
Approximately 92% of the Hodonin region lies at
an altitude lower than 400 m a.s.l. (Havlicek et al.
2013). The region is among the warmest and dri-
est regions in the Czech Republic. Average annu-
al air temperature in the lowlands and hilly lands
is about 8-9°C and average annual precipitation
is 450-550 mm (Hrn¢iarova et al. 2009). Hodonin
is one of the most significant agricultural regions
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Fig. 1. The Hodonin model region and surroundings with important roads.
Source: Czech National Geoportal, CENIA, 2017.
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of the Czech Republic - besides the usual produc-
tion of cereals and technical crops it also special-
izes in wine production (Svobodova et al. 2014),
which has a strong potential for tourism and rec-
reation (Foret et al. 2014). The largest sources of
oil and natural gas in the Czech Republic can be
found in the region, and areas around the towns
of Dubnany and Kyjov are rich in lignite, which
was mined from the beginning of 19th century
until 2010. Other mined raw materials include
sand and clay, which are often processed by lo-
cal industrial plants. Besides the food and mining
industries, other industrial sectors (e.g. machin-
ery, glass, wood processing, textile, etc.) have
developed in the region over the past 200 years.
Nowadays, the importance of the industrial cen-
tres of Hodonin, Kyjov, Veseli nad Moravou,
Bzenec, Dubiiany and Zdénice has significantly
decreased due to the decline of employment in
industry and the closure of a number of industri-
al enterprises. There are several important roads
going through the region that connect towns in
the vicinity (Bfeclav, Uherské Hradisté, Brno) as
well as with towns in Slovakia. A road along the
Morava River on the route Bfeclav - Hodonin -
Uherské Hradisté - Otrokovice - Hulin - Pferov
- Olomouc has international importance, and
was also important in the past as one of the alter-
native segments of the so-called Amber trail link-
ing important trade centres between the Danube
and Baltic regions (Kvét 1998).

Material and methods
Topographic maps

Land use changes were analysed on the ba-
sis of old and contemporary topographic maps
using geographic information systems. Five sets
of topographic maps were used for analyses that
depict the situation in the years of 1840s, 1880s,
1950s, 1990s and 2010s (Table 1). As these sets

cover the whole territory of the Czech Republic,
the analyses presented here can be reproduced
in any other region of the Czech Republic using
land use and road data from the same periods.

The tradition of producing topographic mili-
tary surveys was established in the 19th century
during the Austrian Monarchy under the reign
of the House of Habsburg, and continued after
the establishment of the Czechoslovak state in
1918. Unfortunately due to turbulent times in
the first half of the 20th century, results from
topographic surveys in this period covered only
minor parts of the Czech Republic (Skokanova,
Havli¢ek 2010) and therefore were not usable in
this study.

Mapping the road network

The road network was mapped on the basis of
the above-mentioned topographic maps, and in-
cluded only important roads. In the 19th century,
the most important roads were the imperial roads,
while since the 20th century the most important
roads are termed 1st class roads. Thus, mapping
concentrated on imperial (primary) and provin-
cial (secondary) roads that were depicted in the
maps from the 2nd and 3rd Austrian Military
Surveys, and on roads of 1st (primary), 2nd (sec-
ondary) and 3rd (tertiary) class that were depicted
on the Czechoslovak military topographic maps
and on the Czech topographic base maps (Fig. 2).

Data processing of land use maps

A total of 9 basic land use categories were
evaluated: arable land, permanent grassland, or-
chard, vineyard and hop-field, forest, water area,
built-up area, recreational area and other area
(Skokanova et al. 2012).

Analytical digital land use maps were creat-
ed in ArcGIS software. HawthsTools for ArcGIS
was employed to create a hexagonal grid with
centroids of the hexagons set to be 100 m apart,

Table 1. Topographic maps covering the Hodonin region.

Name of the map set Scale Year of publishing Time period
The 2nd Austrian Military Survey 1:28,800 1836-1841 1840s
The 3rd Austrian Military Survey 1:25,000 1876 1880s
Czechoslovak military topographic maps 1:25,000 1953-1955 1950s
Czechoslovak military topographic maps 1:25,000 1991 1990s
Czech topographic base maps 1:10,000 2016 2010s
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Fig. 2. Examples of the road network around the town of Veseli nad Moravou on maps from 1841, 1876, 1953,
1991 with the addition of road classification to the map.
Source: State Archive/Military Archive, Vienna, Geoinformatics laboratory, J. E. Purkyné University, Usti nad
Labem, Map collection Faculty of Science, Charles University of Prague, Military Geographic and Hydrometeorologic
Office, Dobruska.

creating the area of one hexagon 0.866 ha (Fig. 3). each period was determined for each polygon
In total, 164,714 polygons were created and only  (Fig. 3). The use of a hexagonal grid for catego-
polygons with more than 50% of their area cov- rizing land use maps enabled generalization in
ering the model region were used for further land use interpretation and the removal of land
analyses. Then, the prevailing land use class for  use inaccuracies caused by different map scales

iHatizen

2

Area 0,866 ha

Fig. 3. Example of a hexagonal grid and the interpreted land use map from 1955.
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and positional errors. This helped to avoid the
creation of narrow polygons, which often show
land use changes that are frequently caused by
inaccurate map drawing or interpretation rather
than actual changing conditions.

By comparing land use changes between two
adjacent time steps, six types of processes were
distinguished: afforestation - the conversion of
one of the land use categories into forest; grass-
ing - conversion into permanent grassland; ag-
ricultural intensification - conversion into arable
land, orchard, or vineyard and hop-field; the
construction of water areas - conversion into wa-
ter area; urbanization and other anthropogenic
processes — conversion into built-up area, recre-
ational area or other area; and stable areas - no
change between the two time steps (Skokanova
et al. 2012, Havli¢ek, Chrudina 2013).

Land use categories as well as land use change
processes were assessed at various distances
from roads, using the following distance rang-
es: 0-100 m, 100-250 m, 250-500 m, 500-1000 m,
1000-2000 m, and outside of the vicinity of road
network (more than 2000 m from a road). The
assessment of land use development was associ-
ated with roads from the same period (i.e. land
use from the 1880s corresponded with the road
network from the 1880s). When assessing land
use change processes in the vicinity of a road
network, the process maps were related to the
road network from the first assessed period (i.e.
land use change processes between the 1840s and
1880s were related to the road network from the
1840s).

This takes into consideration the hypothe-
sis that significant land use changes could have
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o

happened along an existing road network. In
addition to the simply evaluating the relation-
ship between land use changes and the road net-
work, we also assessed the relationship between
the level (class) of a road and associated land
use change. For this, roads and their vicinity in
each period were divided into three basic cate-
gories according to their importance in the given
period.

Results

Development of the transport network

In general, the total length of the road net-
work significantly increased due to the gradual
addition of all road categories. At the same time,
the proportion of areas 2000 m away from the
nearest road significantly decreased (Fig. 4).

In the 1840s, the river Morava was a signifi-
cant natural barrier for roads, predominantly
associated with the lack of stable bridge con-
struction in the region. While a railroad from the
southwest (town of Bfeclav) to northeast (town
of Staré Mésto) led along the right bank of the
Morava, the road network connecting the south-
west and northeast was developed on the left
bank of the Morava. Unlike the present, there
was a significant road, categorized as an impe-
rial main road, from the north (town of Veseli
nad Moravou) to the south (town of Hodonin)
through the important Slovak (then Hungarian)
town of Skalica south of the Hodonin region
(the middle road in Fig. 4 left). Main imperial
roads were also situated in the western part of

Buffer (m)
I 100
[ 250
500
[ 1000
[ 2000

Fig. 4. The road network in the Hodonin region in the 1840s (left) and 2010s (right) with distance zones from a
road axis.
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the region. They connected the town of Hodonin
with the city of Brno via two different routes -
one south and one north forking in the village of
Cej¢ near the western border of the region (the
left road in Fig. 4 left). Side imperial roads con-
nected towns in the northern part of the region
(Bzenec and Veseli nad Moravou). An important
provincial road also had a north-south direction,
connecting another Slovak (Hungarian) town
with towns outside of the region (the rightmost
road in Fig. 4 left).

In the 1880s the road network dynamically
grew in response to needs for transporting agri-
cultural commodities, building materials, energy
materials, industrial products, as well as passen-
gers at both medium and local distances (Table
2). The north/south imperial road was still sig-
nificant. However its route was slightly changed
by the building of a bridge across the Morava,
which resulted in a weakening importance of
routes running through Skalica. Two imperial
routes connecting Hodonin with Brno were still
major roads. A new imperial road was built from
Hodonin to the town of Dubnany, situated north-
west of Hodonin and an important mining and
glassmaking centre in the region. Another imperi-
al road was built in the western part of the region
from the village of Cej¢ to the town of Bfeclav,
but this road was not finished. Provincial roads
were built mainly in the north-western and east-
ern part of the region. A route between Hodonin
and Bieclav also gained the status of a provincial
road.

In the 1950s the proportion of the highest road
class in the network (1st class, formerly imperial
roads) did not significantly change in comparison
to the previous period (Table 2). The importance
of the southern route between Hodonin and Brno
and the road between Hodonin and Dubnany
was reduced, and the north-south road from Cejé
to Bfeclav became even less important. 2nd class

Table 2. Lengths of road classes in the Hodonin
region (in km) in the 1840s, 1880s, 1950s, 1990s, and

2010s.

Road class | Primary | Secondary | Tertiary | Total
1840s 59.5 16.8 24.6 100.9
1880s 88.3 6.4 155.0 249.7
1950s 85.2 99.3 327.8 512.3
1990s 1221 163.3 247.8 533.2
2010s 1144 171.8 247.8 534.0

roads that corresponded to provincial roads from
previous periods became more important, pre-
dominantly connecting towns and villages in the
northern and eastern parts of the region.

Between the 1950s and 1990s the total length
of the road network very slightly increased (by
about 5%) but there were significant chang-
es in the length of roads belonging to different
classes. The length of 1st class roads increased
by more than 40% and the length of 2nd class
roads increased by about 64% (Table 2) at the
detriment of 3rd class roads, which decreased by
25%. These numbers indicate that the basic de-
velopment of the road network (construction of
roads) was finished by the 1950s. Since then the
Hodonin region experienced only a slight densi-
fication of the road network; however, there were
significant changes in the categorization of roads.
These changes reflect the turbulent political and
economic changes of the period. The qualitative
increase in the road network was also enhanced
by the gradual increase of motorization connect-
ed with the increase in mobility of both goods
and people.

Between the 1990s and 2010s basically no new
roads were constructed in the region. The only
new construction was associated with a rounda-
bout in a village on one 1st class road. Table 1 also
shows that no significant changes occurred in the
length of road categories. However, a detailed
analysis revealed a switch between 1st class and
2nd class roads resulting in a slight decrease in
the length of 1st class roads (by 6.3%).

The development of land use

The Hodonin region is an important agri-
cultural region in the Czech Republic. The pro-
portion of arable land was highest in all periods
(Table 3, Figs 5, 6). Thanks to the agricultural
revolution in the second half of the 19th centu-
ry and the development of the food industry, the
proportion of arable land increased to 55% in the
1880s. A further increase of arable land (by 3%)
in the 1950s was associated with the collectivi-
zation of agriculture as a form of agricultural in-
tensification. This occurred not only in lowlands
and hilly lands but was also actively practiced
in the mountains of the White Carpathians and
Chiiby. In most cases, arable land was convert-
ed from the original permanent grassland. In the
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Typ of road Land use

=== primary [ arable land
= secondary permanent grassland
— tertiary [ garden and orchard
vineyard and hop-field
e town I forest

[ water area

I built-up area
Il recreational area
other area

Fig. 5. The road network and land use in the Hodonin region in the 1840s.

later periods (1990s and 2010s) the proportion
of arable land declined, predominantly through
a transition to built-up areas or large vineyards
and orchards.

The largest changes were seen for permanent
grassland, where the proportion significantly
dropped from 26% to 7%. Grassland areas were
destroyed especially along rivers and in hilly
lands (Figs 5, 6). Nowadays, the majority of per-
manent grasslands are situated in the mountains
of the White Carpathians, Chtiby and Zdanicky
les; some meadows and pastures were restored
with the help of state subsidies.

The area of forest gradually increased. Forests
were found in both lowlands around Hodonin
in the south and Bzenec in the north and in the
mountains (Table 3, Figs 5, 6). The most signifi-
cant change connected with forest was associat-
ed with the systematic afforestation of a formerly

pastoral area around Bzenec that occurred in the
second half of the 19th century.

The proportion of vineyards and orchards
was highest in the last two periods, and signifi-
cantly increased in the period of large-scale so-
cialist agricultural management. Water areas
were largely drained in the second half of 19th
century and turned into arable land. On the other
hand, the majority of water areas in the Kyjovka
basin (north-western part of the region) have
been gradually re-established for fish produc-
tion. Built-up areas gradually increased (Table 3,
Figs 5, 6), and this growth accelerated in the sec-
ond half of the 20th century. This was associated
not only with urbanisation in the cities due to the
construction of residential, service, industrial and
transportation sites, but also with the growth of
villages linked with the construction of agricul-
tural sites. Recreational areas were represented

Table 3. Land use in the Hodonin region (proportion in%) in the 1840s, 1880s, 1950s, 1990s, 2010s.

Land use 1840s 1880s 1950s 1990s 2010s
Arable land 45.60 54.45 57.56 51.28 50.94
Permanent grassland 26.24 16.66 8.71 6.48 6.85
Garden and orchard 0.85 0.42 1.52 2.15 2.36
Vineard and hop-field 3.50 3.00 2.18 5.22 3.93
Forest 20.93 22.96 24.93 26.30 27.10
Water area 0.67 0.05 0.46 0.57 0.66
Built-up area 2.21 2.44 4.49 7.53 7.68
Recreational area 0.00 0.00 0.02 0.29 0.34
Other area 0.00 0.02 0.13 0.18 0.14
Total 100.00 100.00 100.00 100.00 100.00
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Fig. 6. The road network and land use in the Hodonin region in the 2010s.

by colonies of secondary homes in the foothills of
the White Carpathians and Ch#iby, and garden
colonies in the vicinity of the towns of Hodonin
and Kyjov. The proportion of these recreational
areas increased especially over the last 20 years.
Other areas are mainly associated with sand and
clay pits and dump sites.

Land use changes and their relation to the
road network

Land use changes were assessed by using
land use change processes. Plots in stable use
always significantly prevailed between the peri-
ods compared (Fig. 7), with a proportion of about
80% in the first three periods. The time interval of
periods for comparison varied between 25 and 80
years due to availability of historical sources. In
each period about 20% of the region was affect-
ed by land use changes. The interval between the
last two periods was only 25 years, and yet land
use changes occurred in about 12% of the region.

Agricultural intensification, i.e. conversion to
arable land, orchards and vineyards, was always
among the most important processes (Fig. 7).
Afforestation was also high between the 1840s and
1880s and between the 1880s and 1950s, when it
was associated with afforestation of the so-called
Moravian Sahara near Hodonin. Urbanisation and
other anthropogenic processes dominated during
the 20th century (Fig. 7). Besides the construction

of residential areas (both family houses and
blocks of flats), this was reflected in the construc-
tion of agricultural and industrial objects and the
establishment of mining sites and dump sites.
The intensity of this process decreased in the last
twenty years, caused by the economic decline of
the region. During the past twenty years the pro-
cess of grassing slightly increased (Fig. 7), mostly
in mountain areas and spurred by state subsidies.
The construction of water areas was insignificant
from the perspective of the area affected; this pro-
cess was most significant between the 1880s and
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Fig. 7. Land use change processes in the Hodonin
region in four comparative periods.
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Fig. 8. The proportion (%) of stably used areas in the

Hodonin region at various distances from existing
roads.

1950s when a fish pond system was renewed on
the river Kyjovka.

Our assessment of the relationship between
land use changes and the road network showed
that stable areas were situated farther from roads
(Fig. 8). Remote localities and inaccessible terrain
were covered mainly by forest. The only excep-
tion occurred in the 19th century (between the
1840s and 1880s). In this period, strong agricul-
tural intensification, systematic afforestation and
draining of water areas dominated in areas more
than 2000 m away from a road. Stability in the
last comparative period was influenced among
other factors by the fact that there were stable
settlements or stable arable fields near roads, and
changes between the 1990s and 2010s were less
intensive.

Between the 1840s and 1880s, the importance
of a high-quality road network for transport of
agricultural goods, namely technical crops for
sugar factories, distilleries, mills and other man-
ufacturing industries, was clear. Due to limited
transportation options for farmers and food pro-
cessors in the 19th century, suitable grassland
areas in the vicinity of roads were converted to
arable land (Fig. 9). This could be observed espe-
cially around imperial roads. In later periods the
dynamics of agricultural intensification in the im-
mediate vicinity of roads decreased. The second
half of the 20th century experienced quite strong

Process: agricultural intensification
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Fig. 9. Agricultural intensification (in%) in the
Hodonin region at various distances from existing
roads.

pressure for acquiring new areas with arable land
due to the socialist agriculture system associated
with political decisions to obtain self-sustained
agriculture. This was reflected in the spread of
arable land farther from roads and was further
stimulated by better accessibility for agronomic
equipment (tractors, harvesters). The landscape
farthest from roads was usually less attractive for
agriculture and therefore agricultural intensifica-
tion there was mostly avoided.

Process: urbanization and other anthropogenic processes
12

10
5 1\

AN
SN

2 ]

Area (%)
[}

0 T T T
0-100 100-250 250-500 500-1000 1000-2000 over 2000

Interval distance (m)

Comparative period
= 1840s x 1880s 1950s x1990s
= 1880s x 1950s === 1990s x 2010s

Fig. 10. Urbanisation and other anthropogenic
processes in the Hodonin region at various distances
from existing roads.
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Urbanisation and other anthropogenic pro-
cesses were clearly linked with the vicinity of
roads, because roads served as a link between
settlements, and with the exception of the old-
est imperial roads and present highways were
systematically routed between individual settle-
ments (Fig. 10). This process was strongly mani-
fested from the end of the 19th century until the
end of the 20th century. The tight relationship
with the vicinity of roads was associated pre-
dominantly with the location of industrial and
agricultural sites on the outskirts of settlements,
since the distance from a factory to a road was
usually a determining prerequisite for building
such sites (easy access for transport of goods, less
impact on residents, etc.). Dump and mine sites
did not require direct connections to high-quali-
ty roads and therefore were established in more
distant localities.

The localization of main routes (both imperial
and provincial roads) together with the localiza-
tion of crossroads had fundamental impacts on
the development of settlements. This was reflect-
ed in the spread of settlements along these roads,
and in some cases the settlements became linked
both physically and administratively. The locali-
zation of a settlement on an important crossroad
manifested not only in the increase of residential
area but also in the construction of new industrial
factories and service establishments.

The intensity of afforestation was always high-
er in more distant parts of the region (Fig. 11). The
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Fig. 11. Afforestation in the Hodonin region at
various distances from existing roads.
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Fig. 12. Grassing in the Hodonin region at various
distances from existing roads.

difference was especially pronounced between
the 1840s and 1880s when a forest-pastoral area
around Bzenec with no significant roads was af-
forested. In the last twenty years differences in
the intensity of afforestation at different distanc-
es from major roads were very minor, due to the
high density of the road network since the 1990s.
Figure 11 also shows a decrease of afforestation
in remote areas after 1880. This was caused by the
already-mentioned relative stability of land use
in these areas with predominant forests.

The process of grassing was most widespread
at intermediate distances from roads (Fig. 12),
with mainly the steep slopes of uplands and
mountains being grassed. These slopes are gen-
erally at intermediate distances from major roads
and are accessible predominantly by local roads.
The drop in the intensity of grassing in areas
more than 2000 m away from major roads can be
again explained by the relative stability of land
use in these areas.

Discussion

The method presented here of using hexagonal
grids has been used in geographic studies since
the 1930s, first used in Germany in Christaller’s
Central Place Theory (Von Boventer 1969). For
studying land use changes in the Czech Republic
they were already used in the 1980s in a case
study from South Moravia (Kolejka 1987). The
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principle of hexagonal grids for studying land
use changes is also being used currently, e.g. in
the works of Terra (2014) or Debnath et al. (2016).

We believe that the main benefit of using a
hexagonal grid instead of the simple vectoriza-
tion of polygons lies in the generalization of in-
dividual landscape structures, which minimizes
the number of inaccuracies created either during
past field surveys or during the digitalization and
vectorization of historical map sources. On the
other hand, since this method leads to the sim-
plification of landscape structures it can produce
inaccurate results that can be crucial at smaller
scales, e.g. for the presence and movement of or-
ganisms or for some ecosystem services.

Our results from the Hodonin region indicate
that urbanisation and other anthropogenic pro-
cesses have the closest relationship with the dis-
tance from major roads. The interaction between
this group of land use change processes and the
construction of roads, has been confirmed and
its importance increases over the long term. The
construction of settlements, industrial buildings
and sites drives the demand for high-quality
transport links via roads and vice versa - the
construction of major roads stimulates the con-
struction of settlements and industrial and com-
mercial complexes. The strongest link between
urbanisation and roads was found at distances
up to 1000 m from a road, which can be consid-
ered as the common distance between built-up
areas. The historical importance of road construc-
tion was confirmed as one of the driving forces
of urban urbanization, the other being the dy-
namic growth of population in the 19th and 20th
centuries. The significance of urbanisation and
population mobility connected with the devel-
opment of motorization in Europe as one of the
major driving forces of land use change has also
been mentioned by other authors (Kanianska et
al. 2014, Sallay et al. 2012). Urbanisation man-
ifested most strongly in the second half of 20th
century. This was mainly related to economic
development and industrialisation after World
War II, and several authors have also mentioned
that the development of transport infrastructure
further stimulated urbanisation (Miiller et al.
2010). The specific relationship between suitable
transport infrastructure and built-up areas in the
Hodonin region can be documented by the locali-
zation of sugar factories, glass factories and other

industrial plants near major roads; in many cases
their localization instigated improvements of the
road infrastructure in their vicinity (Havlicek et
al. 2013).

Road construction in the Hodonin region also
substantially impacted agricultural intensifica-
tion. In the first comparative period, between
the 1840s and 1880s, the intensity of this process
was highest in the immediate vicinity of roads
(up to 100 m), but was also quite pronounced at
other distances up to 2000 m. The availability of
high-quality roads in the second half of the 19th
century was regarded as an advantage for the
transport of technical crops to industrial facilities
(namely sugar factories, distilleries and mills),
later to the closest railway stations. The impor-
tance of good public transport and motivation to
convert permanent grassland to arable land has
also been documented by the location of scales
for weighing agricultural goods directly next to
imperial and provincial roads (Havlicek et al.
2013). In the period between the 1880s and 1950s
agricultural intensification dominated at the
distance 250-500 m from roads. This was partly
due to fact that land in the immediate vicinity of
roads had already been used for agricultural pur-
poses, and partly due to strong urbanisation. A
decrease of agricultural intensification at distanc-
es more than 2000 m from roads was typical for
all periods. Areas at such distances are remote or
steep and were therefore used as forests and per-
manent grassland. Results from the Hodonin re-
gion concerning agricultural intensification cor-
respond with those of Schneeberger et al. (2007).

As expected, afforestation was strongest at
distances of more than 2000 m. This was caused
by both natural conditions (relief, geology, cli-
mate, etc.) and the certain remoteness of forests
within the spatial organisation of municipalities.
Roads with their optimal operational and techni-
cal parameters in the predominantly agricultural
landscape of the Hodonin region avoided larger
forest complexes with the exception of forests in
the lowlands. The second half of the 19th century
was a specific period with a quite intensive man-
ifestation of this process due to the large-scale
systematic restoration of a formerly overgrazed
pastoral forest near the town of Bzenec (Havlicek,
Chrudina 2013). The impact of roads on the lo-
calization of forest complexes was minimal.
Interpretation of our results rather reflects spatial
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relationships and links with natural conditions of
the region, and our findings are consistent with
studies on the impact of abiotic factors on land
use in Central Europe (Havli¢ek, Chrudina 2013,
Salovsky et al. 2017).

Grassing was less pronounced in this impor-
tant agricultural region. Restoration of several
grasslands occurred after 1990 thanks to state
subsidies (Lowicki 2008, Havlicek, Chrudina
2013, Havlicek et al. 2018). The impact of roads
on this process was indirect - in the historical
context grasslands in the immediate vicinity of
roads were ploughed or converted to built-up
areas and the process of grassing occurred in ar-
eas at intermediate distances from roads (namely
500-1000 m).

Comparisons of the effects of distance from
a road on land use stability corresponded with
land use change processes. The highest pro-
portion of areas in stable use was mostly found
more than 2000 m from roads. The only excep-
tion was at the end of the 19th century due to the
already-mentioned restoration of forests near
Bzenec that were situated outside of the vicini-
ty of roads. Correspondingly, the smallest pro-
portion of areas in stable use was found in the
immediate vicinity of roads where urbanisation
and agricultural intensification were most inten-
sive. These findings are in line with general as-
sessments of the distribution of stable areas in a
landscape (Skokanova et al. 2012, Salovsky et al.
2017).

Conclusion

Research results confirm that the construction
of roads is one of the main driving forces of land
use changes. It can be considered a technological
driving force (Schneeberger et al. 2007, Skokanova
et al. 2016), yet it has also both economic (avail-
ability of funds for construction of roads) and
political (will of government to subsidise con-
struction) aspects. In the region studied here, this
driving force mainly affected urbanisation and
other anthropogenic processes, as well as agri-
cultural intensification, and to a lesser extent also
grassing and the localisation of stable areas. The
importance of this driving force was already seen
in the 1840s and gradually increased with the in-
crease of road network density, residential areas,

industrialisation, motorization and the transport
of goods and later passengers.

The localisation of Hodonin region outside
the Brno agglomeration but still on the devel-
opmental axis defined by Spatial Policy of the
Czech Republic, places it among the semi-rural
areas. Therefore, it was possible to observe the
processes typical for agglomeration in the small
extent only concerning the town of Hodonin with
a population of 25 000 inhabitants. Due to the ab-
sence of motorways or express roads in the area,
itis possible to study the potential impact of these
types of roads on land use. However, if a planned
motorway along the river Morava is constructed
such an assessment will become quite attractive.
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