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Abstract

The results of an analysis of land use development in the Morava River floodplain (Czech Republic) using
GIS from 1836 to the present, are the subject of this article. The results are based on the analysis of historical
maps, using the landscape matrix assessment of the Morava River floodplain. The final analyses were
processed from land use maps of the floodplain at a scale of 1 : 25,000 in five time horizons. These maps were
compared with the present state of landscape by GIS methods. The study area was assessed according to five
geomorphological areas from the northern/higher part to the southern/lower part of floodplain. In 1836 the
landscape matrix of the floodplain was composed of meadows and forests. Forest components decreased
minimally but the changes are more important. The grassland area (meadows and pastures) decreased
but arable land, as well as settlements, increased very significantly. In the 1950s the landscape matrix was
composed of a mosaic of alluvial forests, meadows and arable land. Currently, the predominant landscape
matrix consists of arable land and isolated forest complexes.
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1. Introduction

Issues of land use in the floodplains of large rivers
are a permanent subject of geographic research since
these areas have considerable economic and ecological
importance and were affected by human activities in the
course of historical development. Land use includes those
human activities that affect the spatial dimensions and
which causes changes in the geo-ecological conditions of
land. Studying the dynamics of development and land use
change is important with respect to management planning,
as well as for ecosystem services in floodplain areas. This
paper focuses on landscape changes in specific floodplain
areas of the Morava River in the Czech Republic (CR). This
research project is based on an interpretation of historical
maps compared with contemporary maps, using methods
based on geographical information systems (GIS).

2.Theoretical background

The landscape matrix is the dominant background land
use/land cover type of a landscape. Applications of the concept
of the landscape matrix (Forman and Godron, 1986) were

developed as the patch matrix model (PMM) in the 1980s
in order to quantify landscape structure (McGarigal et
al., 2009). The PMM can be considered as one of the first
conceptual models for landscape structure (Farina and
Belgrano, 2006). Because the PMM has compatibility with
data models in GIS, landscape structure based on the
PMM is useful as an indicator of biodiversity (Dauber et
al., 2003). The quantification of spatial and compositional
aspects of PMM promoted the developments of numerous
landscape indicators (Gergel, 2004), which can be applied in
conservation practice, e.g. in nature reserve design (Clark
and Slusher, 2000).

Landscape changes under PMM are influenced by natural
conditions and socioeconomic factors. Many authors have
assessed the influence of environmental drivers on landscape
changes or structure and their analysis of driving forces of
land use (Druga and Falfan, 2014; Havli¢ek et al., 2014;
Machar, 2012a). Oprsal et al. (2016) analysed changes in
landscape use and the related significance of some natural
factors using three municipal cadastral areas in Moravia,
CR. Environmental and socioeconomic drivers have been
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associated with PMM: for example, in a study of marginal
agricultural landscapes in Portugal (Van Doorn and
Bakker, 2007), and a study of farmland abandonment in
eastern China (Wu and Zhang, 2012). A study of a Swedish
agricultural landscape (Gustavsson et al., 2007) shows how
changes in management from mowing to grazing a century
ago may cause diversity declines similar to abandonment that
occurred 40 years ago. In this context, Benjamin et al. (2005)
notes that changes in intensity of land-use contribute to
a large range of habitat modifications, plant community
fragmentation and changes in landscape structure.

Geoinformation technology (GIT) encompasses the
modern processing of spatial data and support of PMM
by means of information technology. The rapidly evolving
information society sees GIT becoming an integral part
of many fields of human activities, among them science
subjects, which study spatial distribution of various
phenomena, their characteristics and relations. GIT has
applications primarily in geographic information systems,
remote sensing, global positioning systems and computer
cartography (Tomlinson, 2003; Longley et al., 2010).

A geographic information system (GIS) allows for the
collection, processing and management of geographic
data related to natural and human resources, aids
deeper understanding of the field, yields more accurate
information, is capable of a high-precision representation
of reality in a computer environment, and makes decision-
making processes easier (Al-Adamat et al., 2010; Pechanec
et al., 2015). It also allows its users to model a number of
natural processes, thus facilitating the planning of the
utilisation and predictions of natural resources management
development (Kubicek et al., 2011).

The Czech Republic has a sufficient amount of data
sources representing the landscape and its features
(Machar, 2012b). Their availability, up-to-datedness and a
highly diverse structure (with respect to both content and
format), however, pose some problems. The accuracy and
detail of input data influence the quality of consequent
analyses and outputs (Hlasny, 2007). Overviews of individual
datasets available in the CR and suitable for landscape
analyses are presented by Pauknerova and Kucera (1997)
and Pechanec (2012).

Digital landscape maps play a key role in GIS, as their
primary focus is the integration of several environmental
phenomena and their temporal and spatial modelling
(Tomlinson, 2003; Pechanec et al., 2011a). With respect to
implementation, such GIS must be equipped with a relevant
(expert) database. Landscape maps are cartographic models
of spatial differentiation and integration at the landscape
level of the Earth, changes in its structure from place to place
and dynamic trends. They should include cartographical
principles (Brus et al, 2010). In addition, maps of
contemporary (current) landscape also provide information
on land use and they are an essential source of much
information for any landscape study (Hrnéiarova, 2001;
Kolejka, 1987; Pechanec et al., 2011b).

The process of landscape analysis evaluates its structure,
function and dynamics. Particularly in the case of
development studies and actual landscaping projects, the
interest areas must be evaluated not only with respect to the
proportional representation of individual forms of land use,
but also with respect to the spatial distribution of individual
forms of land use, as well as the number, shape and
orientation of partial landscape segments (Hanna, 1999).

Substantiated structured landscaping measures may be
proposed only on the basis of a detailed analysis of the
current land use, with the physical geographic relations in
the area taken into account (Brail and Klosterman, 2001).
GIS offer a wide spectrum of spatial analyses and modelling,
which find excellent application in landscape studies
(Zhang et al., 2011), as well as in the analyses of habitats
of individual plant and animal species and their mutual
relations (Nelson and Boots, 2005; Liang et al., 2011). They
allow researchers to conduct complex assessments of time-
changeable characteristics (Antwi et al., 2008; Otypkova et
al., 2011; Machar et al., 2014), assessments partly derived
from the evaluators’ subjective perceptions (aesthetic
characteristics) or evaluations of groups of features, such as
geosystem complexes which create conditions for preserving
biodiversity (e.g. Carlson et al., 2004; Hamilton, 2005;
Pechanec et al., 2014). Apart from the basic user interface,
GIS allows the application of specialised modules and tools
for landscape structure analyses.

The application of GIS in landscape management brings
several benefits: both for confrontation and communication
among specialists who used to take landscape-oriented
decisions only within the narrow scope of their individual
professions; they help visualise problems and hazards;
and, these systems allow the simulation of effects that
some phenomena might have and thus help minimise
incorrect decisions.

With respect to the efficiency of using geoinformation
technology in landscape management, the application
of analytical tools is desirable thanks to the speed and
exactness of processing they offer. The major strength of
GIS is manifested particularly in the process of creating new
information layers (maps) from data already obtained, with
the possibility of alternative scenario modelling (Pechanec
et al., 2011a; Zhang et al., 2011).

PMM has been applied as well at the national level in the
Slovak Republic (Feranec and Novacek, 2009) and in the
historical context of mountain Slovak landscapes (Hresko
et al., 2015). In Central Europe, there are numerous
regional and local studies which specify changes in
landscape matrices: for example, in Austria by Krausmann
et al. (2003); Kowalska (2012) in the middle Vistula River
valley in Poland; Hohensinner et al. (2004) around the
Danube River; and Dedk (2007) who covers habitat changes
and landscape use in the South-Tisza-valley, Hungary.
Changes in post-war agricultural land use in the former
East Germany in connection with the Elbe flood peaks
are described by van der Ploeg and Schweigert (2001) and
Feranec et al. (2010). The results show close relationships
between changes in socio-economic metabolism and changes
in land use and land cover.

In the Czech Republic, several authors have studied the
temporal and spatial development of the landscape matrix
at various scales, drawing on similar methods (Demek
et al.,, 2008; Cebecauerova, 2007; Havlicek et al., 2012;
Machar et al., 2009). Historical analyses conducted in various
areas were based on the study of cartographic materials
and other archive documents (e.g. Lacina et al., 2007 in
Zelezna Ruda town and its surroundings; Skalos et al., 2011
in the lowland area of Nové Dvory and Zehuéice; Demek
et al. 2012, in the south-eastern part of the CR). Skokanova
et al. (2012) studied the development of land use and the
main processes in the area around Zlin. Bi¢ik et al. (2015)
introduced an analysis of the socio-economics factors. There
are many studies applying the PMM at the regional scale in
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specific areas, such as the catchment area (e.g. Kilianova
et al., 2009, in the Trkmanka catchment). In addition,
Machar (2013a) studied long-term changes in the landscape
matrix in the Morava River floodplain under anthropogenic
impact; Demek et al. (2008) evaluated landscape changes in
the Dyjskosvratecky tival Graben and Dolnomoravsky tval
Graben; and Havliéek et al. (2009) demonstrated long-term
changes in land use in the Litava River basin.

The principal aim of this article is to present the
application of PMM to analyse changes in the alluvial
landscape. It is particularly timely in the context of the
increasing frequency of flood events in the alluvial plains
of rivers of Central Europe. At present, the Morava River
floodplain is an example of a cultural landscape in which
most ecosystems are affected by the socio-economic
activities of society.

3. Materials and methods

3.1 Study area

The study area represents the alluvial landscape of the
Morava River in the Czech Republic. The Morava River
floodplain has been defined based on geological maps at the
scale of 1: 50,000 for project No. 206/97/0162: “Recovery of
ecological continuum of Morava River” (Stérba, 1999). The
Morava River is a left tributary of the Danube River. It is
the main river of the eastern part of the Czech Republic -
Moravia, which derives its name from it. The river
originates on the Kralicky Snéznik Mts. in the north-eastern
part of Pardubice Region, near the border between the
Czech Republic and Poland, and has a vaguely southward

trajectory. The lower part of the river’s course forms the
border between the Czech Republic and Slovakia, and then
between Austria and Slovakia (see Fig. 1).

The length of the Morava River from its source to the
confluence with the Dyje River at the border of the Repblic
is about 270 km. The Morava River feeds the Danube River
with an average discharge rate of 120 m®s~ ! gathered from
a drainage area of 26,658 square kilometres. The Morava
River is unusual in that it is a European black water river.
The river's longest tributary is Dyje River (Thaya River),
flowing in at the tripoint of Austria, the Czech Republic and
Slovakia. The biggest tributary from the left is Be¢va River.

The Morava River floodplain is only a few metres wide in the
upper reaches and widens gradually towards the south up a
width of several kilometres. The boundary of the study area was
formed by the boundary of the Quaternary fluvial sediments of
the Morava River according to Stérba et al. (1999). The surface
area of the studied floodplain was 635.7 square kilometres,
and the elevation ranged from 900 m a. s. 1. (narrow floodplain
of the Morava in the Kralicky Snéznik Mts.) to 1561 m a. s. 1.
(confluence of the Morava and Dyje Rivers).

Adjustments to the river stream were carried out first on
the middle part, in the first half of the nineteenth century,
and the lower part was regulated at the end of the century.
From 1969 to 1976 the Morava River was regulated between
Hodonin town and Lanzhot village. In 1977, the last summer
flood occurred. Changes at the Dyje and Morava Rivers
confluence were finished in 1988, and the last meanders
were cut. For two decades, regardless of climatic conditions,
water levels inevitably dropped and ground water levels have
decreased (Tab. 1). In the period under review, the Morava
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Fig. 1: Location of the Morava River and sectors of the Morava River floodplain (Sector 1 - Kralicky SnéZnik Mts.;
Sector 2 — Branenskd vrchovina Highland; Sector 3 — Mohelnickd brdzda Furrow; Sector 4 — Hornomoravsky tival
Graben; and Sector 5 — Dolnomoravsky tival Graben). Source: authors

1836 1877 1953 1999 2010
Length of Morava River 334.9 329.5 285.4 268.0 269.3
Length change -53 —44.2 -17.3 1.3
Tab. 1: Length of the Morava River (km). Source: authors’ calculations
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River was reduced approximately by 67 km. The largest
interventions were conducted in the first half of the 20
century on the middle and lower part of river. The most
affected parts were Mohelnickd brazda Furrow (Sector 3;
about 6 km), Hornomoravsky tval Graben (Sector 4; 13 km)
and Dolnomoravsky tval Graben (Sector 5; 48 km).

Regulated water beds with impermeable shores prevent
replenishment of ground water by soaking. The level of
ground water is the main determinant of the quality of the
root systems of floodplain forest, mainly of oak and ash.
The depth of the root systems of main bottomland woody
plants of age 51-104 years does not reach over 2 m (Bagar
and Klimének, 1999), so when ground water level drops,
the conditions of bottom land woody plants deteriorate.
Research in this area has shown that some growth reactions
of ash and oak are affected by the lowered level of ground
water (Madéra and [jradniéek, 2000).

In order to carry out further spatial analysis, the
floodplain area was split/divided into five sectors named
after geomorphological units (see Mackovéin et al., 2009),
as follows: Kralicky Snéznik Mts. (Sector 1) - northern,
the highest part of the floodplain in the source area of the
Morava River (a wide valley floor filled with river sediments);
Branenska vrchovina Highland (Sector 2) and Mohelnicka
brazda Furrow (Sector 3), representing the upper parts of
the middle course of Morava River; and Hornomoravsky
uval Graben (Sector 4) and Dolnomoravsky uval Graben
(Sector 5), wide floodplain of the lower course of the Morava
River (Fig. 1).

3.2 Data and methods

Assessment of the temporal changes was carried out
in the GIS environment at a uniform scale of 1 :25,000.
Map sheets of the 2" military mapping from 1836-1840,
the 3¢ military mapping from 1876-1878, and state maps
at 1:5,000, derived from the period around 1953, were
analysed. Further, field investigations from 1995-1997
(Stérba et al., 1999), and the situation from 2010 were used.
Cartographic materials used as a base layer for floodplain
condition around 1836 were the sheets of the 2°¢ military
mapping. This Second military mapping, called Franz’s,
was carried out in Moravia in 1836-1840 (1842-1852 in
Bohemia) using a fathom scale of 1:28,800. Its base layer is
the stable land registry, founded by patent in 1817. Numeric
geodetic mapping in Moravia and Silesia was carried out by
trigonometrical points of 1 to 3" degree of St. Stephan's
system (Cisar et al., 1966). The pantographically-shrinked
contents of the land registry map (1 : 2,880) were used as
a graphical topographical base layer. From the military
point of view, important topographical data (surfaces)
were denoted using 11 colours and landscape configuration
was shown using Lehmann hatching. Altitudes in Vienna
fathoms were shown only for trigonometrical points
(Boguszak and Slitr, 1962).

Another base layer was comprised of maps from the 3¢
military mapping from 1876 to 1880. This third military
mapping was carried out in the entire Austria-Hungary
Empire in the second half of the 19™ century (1867-1887)
at the scale of 1: 25,000 (Capek et al., 1992). In the period
1876-1878, a topographical map of Moravia was created at
the scale of 1 : 25,000, from which other maps were derived
(special 1 : 75,000, general 1 : 200,000, and brief 1 : 750,000).

In 1946 the unified map works on “State map economic
1:5,000” (SMH-5) were started. Topography is shown in this
SMH-5 map, altimetry is expressed using spot heights, and

contour lines are shown with base interval of 1 m. Its prints
have three colours: topography is grey, altimetry is brown,
and description is in black. Because the map could not be
created quickly, in 1950 the decision was made to create a
temporary map work of the entire area of the state (except
areas already shown in the economic map) called: “State
map 1:5,000-derived” (SMO-5) (http://geoportal.cuzk.cz/).
For this map, the original print has two colours - contents
in black and contours in brown (Boguszak and Cisa¥, 1961).
Topographical and topical contents of these maps at the
scale of 1: 5,000 were manually transferred into base maps
of scale 1:25,000. The sheets position was derived from a
planned (but according to a personal communication from
R. Capek, never published) map at 1:50,000, which was
divided into 10 columns and 10 layers of map sheets at
1:5,000 (Hojovec et al., 1987). For the creation of the map
of floodplain soils of the Morava River around 1953, 264 map
sheets of State map 1 : 5,000-derived (SMO-5) were used.

The situation from 1999 was taken from national project
No. 206/97/0162: “Recovery of ecological continuum of
Morava River” (Stérba et al., 1999). For this project, base
layers were supplied by single municipalities, where the
Morava River flows. The authors of the grant task had
digital maps of soil utilisation and the river network at their
disposal. Digitalisation of these maps was carried out from
maps at the scale of 1 : 25,000, published around 1994. After
improvements in accuracy and the addition of information
gathered by field investigation, these maps were considered
as representing conditions in 1999.

The current condition (2010) was created using a
combination of digitalisation of aerial imagery, base map
layers of the national portal CENIA, and field investigations.
These methods were used for the creation of actual floodplain
land use of the Morava River in 2010. The prevalent method
was the interpretation of orthophotomaps. Field investigation
was used mostly for obtaining additional information in
areas hard to interpret and unclear areas. Areal imagery was
taken by GEODIS BRNO, s. r. o. in the period 2008-2010,
their transfer was carried out using a WMS web services
via the national geoportal run by CENIA agency. WMS is a
map service which enables views of map layers in intranet or
Internet environments (Longley et al., 2010).

The categories used in forming the landscape matrix
were identified based on an available visual key (Skalo§
et al., 2011). Within the study area, the following categories
were identified: Forests, Meadows, Pastures, Arable land,
Gardens and Orchards, Urban areas, Water surface and
Transport areas or others. The level of classification used
here reflects the best possible level that can be identified on
old maps (Mackov¢in, 2009).

Forest areas were mapped without differentiation of
coniferous and broad-leaved forests. Small forests and
bosques were classified as forests if their size was at
least 1.5 ha (linear dimension at least 0.5 cm). Bushes and
bushy formations were classified on one of the military maps,
but were not used on maps from the 1950s; therefore, their
areas were also included in the forest category. Boundaries
of land utilisation are lines between adjacent areas, used
for different purposes, which do not comprise another line
element. Meadows and pastures were identified based on
their symbology in maps.

The cartographic contents of the digital historical maps
were compared with a digital map of the current land use
of the Morava River floodplain, and thus the information
on the representation of all mapped land use categories in
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different time periods was obtained. This information was
organised into a data system that allows analysis of changes
in the evolution of the landscape and individual landscape
elements, in the studied time period.

The digitisation was followed by the processing of a
detailed network of digitised lines. Each point was assigned
by coordinates and an unique identifier to which additional
descriptive information was linked. Each point was then
assigned information from the table of codes expressing the
use of the area. Finally, the names of towns, forest units and
water courses were created in the ArcGIS attribute table.
After further necessary topological adjustments, a digital
map was created which could be then statistically analysed
using traditional GIS tools. The resulting statistical data
(number of individual spots, their size, sum, length of water
courses, etc.) were processed into tables and graphs that
allowed interpretation of results.

4, Results

4.1 Development of land use in the entire floodplain area
of the Morava River

From 1836 to 2010 the entire floodplain of the Morava
River has witnessed evolutionary periods from the land
use point of view (Tab. 2). The most significant trend
is the growth of areas of arable land during this period,
reaching its peak at the end of 20" century, with a
slight subsequent decrease. The dynamics of the growth
of arable land has its effect also in the spatial structure
of the land. At the beginning of the period, the matrix
of land is formed by meadows and pastures (47.54%),
forests (27.89%) and arable land (21.5%). Towards the end
of 19% century (1877), meadows and pastures still cover
the majority of the land (38.72 %), but the area of arable
lands (189.45 square kilometres, i.e. 29.8% of the floodplain
area) is already higher than the area of forests (158.2
square kilometres, i.e. 24.89%). In the 1950s, arable land
already covered the majority of the area (37.77%), with
meadows and pastures (26.81%), the area of which had
surpassed the forest areas (23.89%). Arable lands (51.87%
of the Morava River floodplain in 1999) are dominant at
the end of 20" century. Forest areas are the second highest
percentage (25.53%), while meadows and pastures cover
only 8.48% of the area. At present (2010), the lands of
the Morava River floodplain are covered by arable land
at 47.14% and forests at 27.81%, while meadows and
pastures cover only 7.94% of the area.

Changes in land use also affect changes in the appearance
and character of the land, land structure and biodiversity,
in each part of the floodplain. The floodplain character,
descending and widening along the water stream, is changing
along with changing physical geographical conditions and
its use. Therefore, one can find quantitative differences in
particular parts of the floodplain of the Morava River.

In this floodplain, the surface is constituted mostly
from stable ecosystems - meadows, pastures and forest
ecosystems. From the species point of view, completely
changed agroecosystems, i.e. fields, have dominated the area
since second half of the 20* century.

In 1836, the Morava River floodplain was relatively well
preserved from the ecological point of view. Most of the
surface area was composed of meadows, pastures and forests.
Arable land prevailed in the Morava River floodplain in the
second half of the 20 century. The trend of a growing area
of human settlements within the floodplain is discernible
over the whole time period.

Changes of land use in the Morava River floodplain
from 1836 to the present are shown in Table 2. The table
shows that spatial changes of different land use categories
in the Morava River floodplain in different time periods
are visible. Forests represent the most stable areas. The
maximum decrease of their surface area by 25.43 square
kilometres (i.e. 4.00%) was recorded in 1953 as compared to
the situation in 1836. At the present, forests cover 27.81% of
the Morava River floodplain. The area of forests decreased
by about 0.08% between the time periods, however, the trend
has reversed since 1953.

Meadows and pastures, which accounted for 302.22 square
kilometres (i.e. 47.54%) at the beginning of the studied
period, almost disappeared from the alluvial landscape.
Over time, their area has declined to only 53.94 square
kilometres (i.e. 8.48%). The loss of these important
landscape elements in the Morava River floodplain was
caused by their conversion to arable land. The area of
arable land increased 2.5 times during the studied time
period (from 21.5% to 51.87%), which is a notable increase.
Furthermore, a substantial portion of arable land has been
added in the last decades compared to previous periods.

A very large increase in settlements was recorded. Their
size increased from an original 16.3 square kilometres
(i.e. 2.56%) to 75.54 square kilometres (i.e. 11.88%)
in 2010. The size of urban areas within the floodplain has
increased sharply since the turn of the 19" and 20" century
and especially in the second half of the 20 century. This

1836 1877 1953 1999 2010
km sq. % km sq. % km sq. % km sq. % km sq. %

Forests 177.27 27.89 158.20 24.89 151.84 23.89 162.30 25.53 176.79 27.81
Meadows and Pastures ~ 302.22 47.54 246.13 38.72 170.45 26.81 53.94 8.48 50.47 7.94
Arable land 136.65 21.50 189.45 29.80 240.08 37.77 329.72 51.87 299.68 47.14
Gardens and orchards 0.85 0.13 7.03 1.11 14.18 2.23 0.47 0.07 3.46 0.54
Settlements 16.30 2.56 23.41 3.68 38.22 6.01 66.23 10.42 75.54 11.88
Water surfaces 2.02 0.32 10.85 171 18.78 2.95 22.65 3.56 28.49 4.48
Transport areas 0.39 0.06 0.63 0.10 2.15 0.34 0.39 0.06 1.27 0.21
Total 63,570 100 63,570 100 63,570 100 63,570 100 63,570 100

Tab. 2: Development of land use in the Morava River floodplain

Source: authors’ calculations
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change can be explained by the development of industry,
whose production facilities were located in the floodplain.
Since the 1950s, when large-scale agriculture originated
and agricultural cooperatives were established, the area of
settlements has been enlarged by these economically and
agriculturally used areas. Residential areas of towns and
cities have expanded too, which is related to population
growth and migration into them.

Transport areas (railway stations and their adjacent
transshipment and manipulation areas) were mapped within
the built-up areas. Some railway stations, which were located
outside of town in the 19" century, are now part of the urban
area. New rail lines have been built over time. The surface
area of transport infrastructure has therefore increased
from an original 0.06% (in 1836) to the current 0.21% of the
floodplain area.

The extent of floodplain forests is rather stable in the
area of interest. Despite that, the extent of floodplain
forests decreased (1836-1953) but then increased to their
original extent. Generally, changes in forest areas happened
within single parts of the forest. Only in one case was there
a complete clearance of an isolated complex of floodplain
forest. On the other hand, it happened only in a few cases
that the current extent of single sections of forest is the
largest in the period under consideration; 124.7 square
kilometres of forest areas (i.e. 19.6% of the territory in the
period of 1836-1953) and 115.9 square kilometres of forest
areas (i.e. 18.2% of the territory in the period 1936-1999)
were stable areas, i.e. they remained forest areas in the
period. When expressing the persistence (the proportionate
representation of stable areas relative to the areas at the
starting point), the persistence of forest areas is 70.3 (1836—
1953) and 60.4 (1936-1999) which can be rated as high
stability. Settlements can be rated similarly. Water surfaces
and meadows and pastures, on the other hand, have a very
low persistence.

4.2 Land use changes in the five sectors of the Morava
River floodplain, 1836-1999

When changes are observed in the defined sectors of the
Morava River floodplain, they are very different. In areas
which were mostly covered by arable land at the beginning of
the period, changes are minor. Conversely, areas with a high
percentage of grassy areas have undergone major changes.

Meadow and pastures formed 47.54% of entire area in the
period 1836-1840 (Fig. 2), and almost 28% of the surface was
forested. In contrast with ancient forestation, the actual forest
area is not large but in this period it is the largest observed.
The spatial pattern is not uniform - the most forested area is
in the south — Dolnomoravsky tval Graben (Sector 5).

The northern part of the Morava River floodplain on the
slopes of Kralicky Snéznik Mts. (Sector 1) is covered by
forests, and in open valleys we can find meadows. In areas
where the floodplain widens, near Cerveny Potok village, we
can see fields as well. Forest areas in this area are located
only at the edges of the floodplain, where they descend from
valley slopes. In comparison, the floodplain in Branenska
vrchovina Highland (Sector 2) has a very small percentage
of forests (1.9%). The major vegetation components in this
part of the floodplain are meadows and pastures (46.7%).
Very little forest and bosques can be found in Sector 3,
Mohelnicka brazda Furrow, only 0.6%. From Stavésice
village southwards there are meadows, which are then
connected to the forest areas of the Litovelské Pomoravi
Protected Landscape Area (PLA).

In Hornomoravsky tval Graben (Sector 4) forests
form 25.9% of the area, but their distribution is uneven.
In the northern part of this sector, mostly forests of the
Litovelské Pomoravi PLA are located, but in the floodplain
segment between Olomouc city and Tovacov town there are
no forests except for the pheasantry Kralovstvi. In contrast,
larger forest areas are located in the southern part of
Hornomoravsky tval Graben (Sector 4). In this sub-area, an
almost continuous forest area is located on the left bank of the
Morava River. There is an important complex of continuous
forests between the Morava and Mala Be¢va Rivers. Meadows
and pastures, the prevailing vegetation component (41.8%),
are located unevenly. In most cases they follow the forests of
water streams. Dolnomoravsky Gval Graben (Sector 5), has
a high percentage (38.5%) of forests, most of them located
in the area of the confluence of the Morava and Dyje Rivers,
much of it a quite preserved complex.

In the period of the 3" military mapping (Fig. 3), meadows
and pastures still cover the major part of the Morava River
floodplain area, 38.7% of the total area. Arable land covers
almost one third of the floodplain and 24.9% are forest
areas. Settlements are located mostly on the outskirts of
the floodplain, covering only the edge or a small part of it,
although some settlements are exceptions, e.g. Olomouc city,
Uherské Hradisté city, etc. Water surfaces cover only 1.7% of
the floodplain.

The highest altitudes in the floodplain areas of the
Kralicky Snéznik Mts. (Sector 1) are covered by forests,
followed by meadows at 68%. The floodplain land use is
significantly changing, with arable land forming a majority.
Forest areas in Sector 2 (Branenska vrchovina Highland)
in the floodplain are located only marginally (0.16%), only
as line of riparian woods following river beds, and in the
Mohelnickd brazda Furrow (Sector 3) forests are also
rare (1.5%).

When the Morava River enters Hornomoravsky tval
Graben (Sector 4), the floodplain widens and the river
bifurcates into arms that flow from north-west to south-
east through the forests and meadows of the Litovelské
Pomoravi PLA. Forests and meadows cover 50% of the
area of this local floodplain. The floodplain segment south
of Olomouc is the most cultivated part, as arable land
forms 60% of the area. Forest areas cover only 2% of this
section. The southern part of the Hornomoravsky tval
Graben (Sector 4) is covered by forests at about 27%, and
the forests are surrounded by meadows and pastures, which
form 45% of the area of this floodplain segment.

In the northern part of Dolnomoravsky tval Graben
(Sector 5) a very colourful mosaic of various uses is found. In
the vicinity of the Morava River bed, one finds meadows (53%)
and forests (21%). Arable land, which forms around one third
of the area, is located often at the edge of the floodplain, only
rarely near the water stream and mostly near settlements. In
the southern part, the land appearance changes dramatically -
from a heterogeneous mosaic to large continuous units.
Forests form 50% of the area, 43.9% consists of meadows,
following the forests from the western side.

In the period of mid-20"" century (Fig. 4) arable land
forms the majority use of the floodplain of the Morava River,
taking up to 37%. Forest areas are recorded at their smallest
extent in this period, having dropped to 23.89%. Meadows
and pastures take up an area of 170.45 square kilometres,
i.e. 26.81%. Sources of spatial information are scarce in
showing vegetation as neither coastal forests nor as dispersed
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vegetation is recorded. Forest areas are drawn in a detailed
way within the larger scale, but with no information about
the type (coniferous - broad-leaved).

The northern part of the study area at the slopes of
Kralicky Snéznik Mts. (Sector 1) is characterised by forests,
which together with small forests and bosques in the valley
floodplain up to Hanusovice town, form 23.5% of the area.
They are located near the water stream, or descend from
valley slopes down to the floodplain borders. In comparison,
Branenska vrchovina Highland (Sector 2) is highly arable:
arable land forms 33.6% of the area, while forest areas
comprise only 2.4%.

The Morava River floodplain in Mohelnické brazda Furrow
(Sector 3) is highly arable - arable land forms over 52%.

More grassland is located to the south, where meadows are
followed by the forests of the Litovelské Pomoravi PLA, but
overall there is only a small percentage of forests (3.15%).

In some areas of (Hornomoravsky tval Graben) (Sector 4)
meadows are almost absent. Forests are condensed into
larger bodies (Litovelské Pomoravi PLA, Krélovstvi,
Tovacovsky Forest), comprising up to 21% of the area. The
northern part of Dolnomoravsky tval Graben (Sector 5)
is mostly arable around the settlements, but the southern
forests and meadows form a majority, covering together more
than 75% of the floodplain area.

Some elements are missing in the base layers for land use
from 1999 (Fig. 5). Pastures were excluded from grasslands
and the category of gardens and orchards is included as a
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Fig. 2: Land use in floodplain sectors of the Morava River in 1836-1840 (in %)
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part of settlements. The dominant type of land use within
the Morava River floodplain at the end of 2" millennium
is arable land, comprising almost 52% of the area, with
the second highest category as forests with 25.5% of area.
Meadows form 8.5% and settlements around 10.4% of
the area. Water surfaces are an eminent land element,
covering 3.6% of Morava River floodplain.

In Kralicky Snéznik Mts. (Sector 1), forests are located
in the lower floodplains at lower altitudes as the forests
descend to the edges of the floodplains from surrounding
slopes (Fig. 5). In this sector 12.4% of the area in total
is forested. The floodplains in Branenska vrchovina
Highland (Sector 2) have an area with very low percentage
of forests (2.6%), a small percentage of meadows (24%),
but high percentage of arable land (43%). In Mohelnicka
brazda Furrow (Sector 3) arable land covers 74% of the
area, and along water streams meadows are located,
covering more than 12.7% of this segment. Forests are also
located around streams as a part of coastal vegetation, on
old, overgrowing dead arms. Apart from areas along water
streams, they are located only around Bohuslavice village.
The cover is 2.5% in total.

Hornomoravsky tval Graben (Sector 4) at this time is
covered by arable land to 54.2%. Forests are located in
complexes such as the Litovelské Pomoravi PLA, Kralovstvi,
Citovsky or Bitovsky Forest — 22% in total, while the middle
part of this sector — from Olomouc city to Tovacov town — has
only 11% forests.

Arable lands (44.9%) dominate in Dolnomoravsky tuval
Graben (Sector 5), in its northern part in particular, and
forests are distributed evenly. In the northern part of the
sector around 22% of the area is comprised of several forest
complexes; in the southern part they form a compact body
with an area of 68 square kilometres, i.e. 49% of this segment.

4.3 Present land use situation

The dominant type of land use in the Morava River
floodplains was arable land in 2010, forming more than 47%
of the area (Fig. 6). Forest areas comprise 27.8% of the
area, which is close to forest conditions at the beginning
of 19 century. Meadows and pastures cover almost 8%
and settlements cover 11.88% of the area, which confirms
the rising trend of built-up areas in the floodplains. Water
surfaces cover 4.5% of the Morava River floodplains.

In the Kralicky Snéznik Mts. (Sector 1), the Morava River
floodplains traverse forests, and at lower altitudes in the
valley floodplains forests descend to their boundaries from
valley slopes and cover 12.8% of the area. The floodplains in
Branenska vrchovina Highland (Sector 2) have a very low
percentage of forests (3%), as forests are located around water
streams as part of coastal vegetation, and in the vicinity of
old, overgrowing dead arms. Apart from areas along water

streams, they are located only around Bohuslavice village.
Forest areas in Sector 3 (Mohelnickd brazda Furrow)
comprise more than 3% of the floodplain area.

Arable lands cover the majority (almost 54%) of the
Hornomoravsky dval Graben (Sector 4), but forests form
almost 23% of the floodplain area, in complexes such as
Litovelské Pomoravi PLA, Kralovstvi, Citovsky or Bitovsky
Forest. Dolnomoravsky tval Graben (Sector 5) is currently
covered by arable land at about 44%, mostly in its northern
part. Forests are distributed evenly: in the northern part
of this sector about 22% of the area is forested in several
complexes; in the southern part, they form a compact
body with an area of 68 square kilometres, i.e. 40% of this
segment. In sector 5, Dolnomoravsky tval Graben forest
areas cover 36.8% of the floodplains areas in total.

5. Discussion

The patch matrix model (PMM) provides a key to
understanding land use systems and changes by interpreting
quantitative landscape indicators (Hoechstetter et al. 2008).
The PMM approach is limited to a two-dimensional
representation of landscape structures, although efforts
have been made to incorporate higher dimensions into its
landscape representation (Stupariu et al., 2010). In the
frame of analysis of historic landscape patterns, the PMM
is reduced to available or interpretable data of land use
classes (Kienast, 1993), such as shown in the Morava River
floodplain Machar (2013b). But this disadvantage cannot
be a handicap if our emphasis is on the evaluation of the
human view of landscape, as in this article.

The lack of general relations between landscape structure
and ecological processes can be overcome using the gradient
model (GM), which represents landscape structure on the
basis of continuous data, where the only discrete unit is a
pixel or grid cell in a raster-based data model (McGarigal
and Cushman, 2005). The GM represents landscape
structure as continuous data, which usually originated
from remote sensing, and using GM landscape models
should help to improve our understanding of species-
landscape interactions (Cushman et al., 2010). GM-based
models, however, usually evaluate only one variable of
interest in the landscape - such as elevation or habitat
quality for single species or green vegetation density — but
this corresponds only to one land-cover type or category in
the PMM (Lausch et al., 2015).

In European floodplains, the history of human press
on the landscape plays a major role in shaping landscape
structure (Trémolieres and Schnitzler, 2007). High land-use
intensity in floodplain areas tends to control or fix vegetation
patterns and landscape structure both in space and time.
Such anthropogenic-dominated landscapes are primarily
composed of homogenous areas with distinct boundaries
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Fig. 6: Land use in floodplain sectors of the Morava River in 2010 (in %)
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in a specific matrix. The resulting landscape structure in
this landscape is therefore best represented with the PMM
approach, distinguishing patches of uniform land-cover
delineated by sharp boundaries (McGarigal et al., 2009). This
is the main reason why we used the PMM in order to assess
historical changes in landscape structure in the Morava
River floodplain.

Potential perspectives for applications of the PMM
currently suggest studies based on the joining of historical
land structure changes with mathematical models for
prediction of the future development of floodplain ecosystems
(Simon et al., 2014), which can be implemented by landscape
conservation management of the floodplain (Machar, 2010).
The future predicted changes in floodplain landscape
under climate change (Tockner and Stanford, 2002) enable
researchers to consider the PPM based on GIS as a support
decision tool for landscape management, as demonstrated in
a case study from the Morava River floodplain by Kopecka
et al. (2013).

The historical development of land use in the study area
of the Morava River floodplain has been strongly influenced
by social and economic conditions. These factors represent a
possible influence on differences in the development of land
use in the Czech Republic (CR) and in the study area. The
first difference in the land use structure (Tab. 3) is the very
high percentage of meadows in the Morava River floodplain,
which already in 1836/1845 exceeded the Czech average
by 33.73%. It can be explained by natural conditions — the
floodplain with its high ground water level and frequent
floods did not allow other uses. Waterlogged meadows
provided fodder but it was not necessary, and probably
not even technically possible, to cultivate them. This also
explains the low representation of arable land (compared
to the country as a whole) and its location in acceptable
parts of the floodplain. The initial low share of forests
in the floodplain is surprising, as well as the following
development tendency (relatively stable) compared to the
CR. In the studied time period, the share of forests increased
by 4.9% in the CR but decreased by 4% in the Morava River
floodplain (status as of 1953).

It is worth noting that the share of built-up areas in the
floodplain greatly exceeds their average share in the CR. It
is five times higher even though some settlements are only
partly situated within the floodplain. This situation can be
explained by the location of ancient human dwellings and

settlements in the proximity of rivers that were providing
water and livelihood (Rulf, 1994). The settlement structure
is therefore denser in the floodplain and its neighbourhood.

There are several different trends in the development of
individual forms of land use in the CR and the floodplain in
the studied period. Example of changes are visible on Figure 7
in Sector 4, Hornomoravsky tval Graben, where the number
of changes were calculated between 1877, 1953, 1999
and 2010. The momentuos loss of meadows and pastures
in the Morava River floodplain and the dramatic increase
in the area of arable land, which currently exceeds the
average share in the CR by 9% indicate strong pressure on
highly productive land in recent decades. The area of arable
land in the floodplain increased by 219.3% of the original
area (status in 1836). In contrast, in the CR it decreased
to 79% of the original area (status in 1845). Meadows and
pastures represent very dynamic land use categories in the
Morava River floodplain. Their area decreased to 16.7% of
the original size, while the biggest decrease was recorded
in the second half of the 20 century. The reduction of
the area of forests, which were also transformed to arable
land, has increased the difference in the share of forests in
the floodplain and the CR. The trend of decreasing area of
forests was reversed in the mid-19%" century in the CR, but
the same cannot be said for the Morava River floodplain,
where this trend had not reversed before 1953.

There is a gradual upward trend in the size of built-up
areas in the CR, as the size of built-up areas has increased
by 278.3%. In the floodplain it has increased by 464%, while
up to 1953 the area increased only by 234.5%. The increase
in the area of settlements in the floodplain is relatively
recent, when there was a development of industry, large-
scale agriculture and housing construction. Flood risk was
underestimated, probably due to drier climatic conditions in
the 20™ century and awareness of the water management
paradigm. Even so, floods are a natural factor in the
development of floodplains and their vegetation cover.

It is interesting to monitor the development of water bodies.
In the CR, the area of lakes, reservoirs and ponds has increased
by 230%, whereas in the Morava R. floodplain they represent
the most dynamic land use category. Their size has increased
by 1,400%. This huge increase is linked to the formation of
water reservoirs in the areas of extracted fluvial sand and
gravel, which were established in the floodplain in relation to
the development of the construction industry in recent decades.

MRF CR MRF CR MRF CR MRF CR MRF CR

1836 1845 1877 1897 1953 1948 1999 2010
Forests 217.89 28.80 24.89 28.90 23.89 30.20 25.53 33.40 27.81 33.70
Meadows and Pastures ~ 47.54 17.60 38.72 14.20 26.81 12.90 8.48 11.30 7.94 12.5%
Arable land 21.50 48.20 29.80 51.60 37.77 49.90 51.87 39.30 47.14 38.14
Gardens and orchards 0.13 1.10 1.11 1.50 2.23 1.90 0.07 3.00 0.54 3.04
Urban areas 2.56 0.60 3.68 0.70 6.01 1.10 10.42 1.96 11.88 1.67
Water surfaces 0.32 0.90 1.71 0.50 2.95 0.60 3.56 1.99 4.48 2.07
Other 0.06 2.80 0.10 3.00 0.34 3.40 0.06 9.05 0.21 8.89
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Tab. 3: Comparison (in %) of the development of land use in the Morava River floodplain (MRF) and the Czech
Republic (CR) over time. Sources: authors’ calculations and Czech Statistical Office
Note: *Since 2000 Czech Statistical Office does not record areas of ‘Meadows and Pastures’, but mark them in

summary as ‘Grasslands’
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Fig. 7: Number of changes in the Hornomoravsky tival Graben (Sector 4) between 1877, 1953, 1999 and 2010

Source: authors’ calculations

When we compare the results of this study to the general
development trends of the cultivated rural landscape in
the CR, we can see that overall landscape heterogeneity
and ecological stability increased during the 20 century
(Lipsky, 1995). The change in the observed landscape
attributes in the study area in the first half of the 20%
century was triggered by the transition from the ‘coppice
with standards’ forest type to that of a high production
forest (Machar, 2009). The intensive and centuries-old forest
management processes in the floodplain forests of the Morava
River is a conditionally natural state of the floodplain forest
geobiocenoses, with unusually high biodiversity (Madéra
et al., 2013).

The development dynamics of Central European
floodplains is very rapid (Macka, 2009; Salvati and
Tombolini, 2013), from which follows a very dynamic
ecological stability in the floodplains themselves. This was
described by Bucek and Lacina (1994, pp. 28-50) as the
“fluvial dynamic series of successional floodplain biotopes”.
Research on the development of land use in the floodplains
of European rivers provides similar results, despite the
diversity of investigated areas, their size, scale, time periods
and processing methods. Although such research projects
may differ in their objectives and their methods, the results
show similar trends in development.

In the last ten years there have been changes in the basin
that are minor. One identifiable trend is the slight increase
in grassland in the form of dry polders, as reactions to the
devastating floods in 1997 and 2001 (Brus et al., 2013).

The dynamics of the various categories indicating the
development of land use is influenced by many natural and
socio-economic factors. In South Moravia Skokanova et
al. (2012), Demek et al. (2008) set the category vineyard and
hop field, and recreational area category in the second half
of the 20™ century. Lacina et al. (2007) used comparable
categories distinguishing between built-up rural / urban
built-up areas. The development trends of the forests, arable
areas and grasslands are therefore comparable to many
conducted studies in South Moravia. Moreover, legends are
similar with the definition provided by Mackov¢in (2009).

6. Conclusions

In the area of the Morava River floodplain in the period
from 1836 to 1999, some important changes in the areas
of forms of land use and their spatial arrangement are
observable. Meadows and pastures, which formed the major
proportion (47.54%) of the land at the beginning of the
investigated period, currently comprise only one fifth of its
original area (7.94%). For forests, the area decreased by 4%
at most by 1953, and since then has increased to its current
value of 27.81%. Arable land is a very dynamic form of
land use and its area has increased from an original 21.5%
t051.87% by 1999 and currently at 47.14%. The built-up area
has recorded a great increase, with a share that has changed
from 2.56% in 1836 to 11.88% now. The most dynamic
change is reported for water surfaces, because at the end of
19t century old ponds had ceased to exist and in the second
half of 20" century new water surfaces were created as a
result of submerged sandy gravel quarries. Regulation of
the Morava river bed began before 1836 (straightening and
village) with shortening by 10 km, and the largest technical
alterations were observed around 1900, when the river was
shortened by 60 km in total.

From the analysis of relations between river bed
adjustments and land use changes we can observe certain
links. Forest areas did not go through such extreme
changes as was the case for meadows. We can assume,
however, that in the composition of species or the condition
of forest ecosystems, we can track responses to altered
local conditions.

Urban areas have grown greatly: their total area in the
floodplain has increased by 464%, which, given current
conditions, cannot be assessed as a satisfactory situation.
From the analyses carried out and computed coefficients of
ecological stability (Kilianova et al. 2012), it follows that the
land of the Morava R. floodplain has low ecological stability.

Land use changes in the Morava River floodplain have
affected the overall appearance of the landscape impressively.
During the last 175 years, the Morava River floodplain has
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changed from an extensively used agricultural landscape
with prevailing permanent grassland to an intensively used
agricultural landscape dominated by arable land.

Changing the landscape structure affects the performance
of the ecosystem services provided by the river landscape.
Further research is required on the rate of decline in the
performance retention and sedimentation function in
biophysical and economic units.
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