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Abstract

The paper presents result of the case study asdlgsed on the reseach undertalen in the
framework of the PhD study at the Czech UnivrsityAgriculture in Prague. It was
undertaken in the productive agricultural landsciapsouthern Sweden and in the Eastern
Bohemia region of the Czech Republic between 17@B2006. The Lilla Uppakra study
site (321 ha) in Sweden and the Honbice study(84& ha) in the Czech Republic are
located in an open plain landscape characterizefdvmurable soil and climate conditions.
Landscapes characterized by similar natural cawditi but developing under different
national socio-economical conditions may serve aefarence which helps to better
understand international landscape change rel#tipeisOld cadastral maps (1703, 1805,
1813 and 1839) and aerial photographs (1939, 1088, 1966, 2003 and 2004) have been
interpreted to describe changes in land cover aasicblandscape micro-structural
characteristics such as the mean size and theveelaimber of landscape elements, the
relative length of linear objects and the indexasfdscape heterogeneity. Even though the
methods of landscape metrics have rapidly developed there is a wide range of various
landscape characteristics, their utilization foagtical implication is limited. However,
a set of quantitative characteristics that havenhesed in this thesis have been found as
sufficient to describe landscape changes in afaat®y manner.

Landscapes at both the sites concerned have b#aaniced primarily by agricultural
activities with the arable land as a dominatingdlaver (more then 85 %). While the
proportion of arable land increased until 1962 @)96t decreased from 1962 (1966)
onwards. Periods during which Patchiness (Q) aedntiean size of landscape elements
increased as a result of the intensification wetkdred by a decline and recovery. The
proportion of grassland decreased from 1703 (18891962 (1966) in both countries
followed by an increase after 1962 (1966) onwafsere was a higher proportion of
grassland in the Lilla Uppakra site in 1703 (270fpared to 4.7 % in the Czech Republic).
The relative number of grassland elements increagte the mean size of polygons
decreased, which refers to a higher degree of femggtion. Increasing intensity of the
animal husbandry as well as the increasing pomuatiom the beginning of the 19th
century might be among underlying reasons behiadjthssland loss.

Swedish agricultural history has had a shorteriticad (6,000 years) as compared with
the Czech Republic (7,000 years). However, theeesame common points. Even though
the changes in the Swedish and Czech agricultaraiscape were partly similar in their
character, they had a different timing. Some cbangelated to the agricultural
intensification due to land reforms occurred muobrer in Sweden (the turn of the™8
and 19 century) as compared with the Czech Republic (448 and after 1950). On the
whole, changes in the Swedish landscape as fromutineof the 18 and 18' century
should be viewed as a relevant consequence ofudtgrial innovations and of the overall
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technological revolution induced by political anat®-economical changes in Europe. In
addition, the Czech landscape would have probabbed these trends even if the
collectivisation had not occurred since 1950 innfer Czechoslovakia. The only
reservations refer to the high intensity of largals changes and their negative impacts on
the environment and the quality of life in the GzdRepublic (the diminishing ecological
quality of ecosystems, landscape character danfiagest damage or severe repression of
private landowners during 1950s etc.).

It might be concluded that even if some actionshim landscape may have had similar
reasons behind and they could even lead to sireffacts in the landscape structure, they
could have been driven by different political andcie-economical driving forces.
Moreover, they might have had different consequentem the social point of view
(economically governed land reforms in Sweden intiast with politically driven changes
during the collectivisation including repressiondarmer Czechoslovakia).

It must be stressed that only a limited part of #mire landscape history has been
recorded in either of the two countries (1703 —9.832006) although a wide range of
relevant source materials have been used for thysie. On the Honbice site, the first
exact map dates back to 1839 (Stabile Cadastre Baparlier source materials cannot be
used for quantitative analysis. Therefore, considler changes before 1839 were not
analysed, e.g the abolishment of large ponds imtirth-west part of the study site which
used to be located close to the present pond.erhibsis, only quantitative changes have
been analysed and no qualitative monitoring hasibaade. Quantitative responses of
some land cover types belonging to similar landscéypes to particular landscape
anthropogenic forming processes have been foum@liaidentical or similar in both the
countries regardless of whether they are locate@antral Europe or south Scandinavia.
The only difference is the timing and intensitystructural changes.

Key words: landscape structure, landscape metrics, Czechuliep Sweden, GIS,
European Landscape Convention

Introduction

Human society has passed through numerous ungpaieds which may be named
crises. In all these cases society has adaptecheéonéw situation by changing the
organisation and the economy or by applying a reskiriology. Changes in landscape are
caused by changes in society, which together v¢ghenvironment have interacted in the
long-term perspective. Environmental factors, sashmainly climate and hydrology have
long-term effect on the landscape. These changeseaquantified in terms of various
characteristics and indices and analysed using @pbig Information Systems (Lausch et
Herzog, 2002; Palmer, 2004; Pixova, 2005). Alllinlandscape changes appear as "visible
responses” to natural and man-made positive ortivegactions. By analysing the impacts
of such actions on landscape, we may establishiorthip between changes and their
driving forces in order to analyse positive and atdg factors from the landscape
ecological stability point of view. Then, we cart s¢ recommendations for the relevant
landscape planning and management strategy insfutur

Landscape is composed of many different and dynaonicponents. It is the result of the
interaction between the natural environment and’snaativities driven by actual needs
(Antrop, 1998). Landscape is characterised by dymamd continuous change, which may
be expressed by quantitative changes of landsdapetwsal characteristics. The rate of
change varies in accordance with fluctuations ofura and anthropogenic processes
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(Skénes, 1996). Natural conditions represent thet imgportant factors that set limits to the
utilisation of land. However, it is rather a franmWw for the way in which land is finally
used, as it is the farmer and his actions that éhidne last word” about the way in which
agricultural landscape will appear (Helstrom, 20@)anges in permanent structures of the
landscape will be focused on since they have peséffects on the ecological stability of
the landscape. According to Skage (1993) landsdgpamics should be studied on three
different levels: (1) Land as an “arena” for diffet activities, (2) Users who use the land
thus affecting its appearance, (3) Society, institial framework that influence actors.

Intensively utilised agricultural landscapes hagedme a major subject of interest of this
research. In the Czech Republic, more than hathefentire country’s territory (54.1 %)
was used as agricultural land in 2003 of which ®b.@as arable land. In Sweden, 7.02 %
of the total land area was utilised as crop larfdyloich 84.4 % was arable land. While
there is a large disproportion in the proportionlarfd used for agricultural purposes in
Sweden and in the Czech Republic (7.02 % in cont@b4.1 %), a total amount of
agricultural land is similar in both countries (830 km2 in Sweden as compared to 42 650
km2 in the Czech Republic). While in Sweden croglaook up 5.93 % of the total
country’s territory, it was 38.7 % in the Czech Rklic, which is similar to the portion of
the County of Skane used as arable land (more4fan of the total area of the County of
Skane) (Statistics Czech Republic, 2006; StatiSigsden, 2006).

Main reason behind the choice is that the studgsarepresent examples of landscapes
that European Landscape Convention (Weber et &04)2 defines as an “ordinary
landscape”. Even if this is not characterised by special phenomena, it is valuable and
unique though because of its cultural heritage ezanalysis of landscape development
may provide with objective data and methods that lselp us to delimit values of such
ordinary landscape, e.g. landscape memory stru¢Bkaos, 2004, 2006).

Factors behind landscape change

Population pressure has become an essential ammdiihind all phases of expansion in
settlement and cultivation within the social andunal limits of the landscape. Population
thus represents an essential variable for a nurobatifferent developments, such as
formation of villages (urban areas) and resour@nd$cape) utilisation. Decline in
population has on the contrary been a cause ofesegm in the cultural landscape
(Berglund, 1991). In Sweden as well as in the CZRebublic, the population has been
almost constantly increasing, except during thes IMiddle Ages. While the population in
Sweden referred to more than 2 million people 0.8t had increased up to 9 million
until 2005 (9 047 752 inhabitants). In the Czeclpidic, the number of inhabitants had
increased from more than 4 million around 1800 apmore than 10 million in 2005
(10 234 092 inhabitants). The Czech Republic iscenpopulated country in contrast to
Sweden in terms of population density. While it ammied to some 130 inhabitants per sq.
kilometre in the Czech Republic in 2005, it wasyoR0 inhabitants per sq. kilometre in
Sweden. However, very rough numbers are receivea ifleal with the whole country. In
the County of Skane as such, population densitmugh higher and thus closer to the
Czech Republic in numbers — it was some 103 inhatst per sq. kilometre in 2005
(Statistics Sweden, 2006; Statistics Czech Repubie6).

Land ownership was an important factor behind sdweranges in the landscape. It has
been of continuing importance. Since World War i iacreasing number of outside
influences has reduced the role of the land owsemare outside restrictions have come
into existence (Berglund, 1991). Land ownershipcdtire in Sweden with the crown,
church and manors as dominating land owners hasHis®rically quite similar to that one
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in the Czech Republic. However, while private farsnbave become major ownership
subjects in the studied site Lilla Uppakra, larg@gte cooperatives own the major portion
of the study site Honbice. Moreover, developmerthefownership structure in the former
Czechoslovakia has been very dynamic, especiatity &ie World War Il. As soon as the
Communist Party took power in the former Czechomhkisv in 1948, state-owned
agricultural co-operatives inspired by Russian kolkes became dominant agricultural land
owners. After the political shift in 1989 ("Velv&evolution”), private ownership with the
later land privatisation process occurred agaitménCzech Republic (Low et Michal, 2003;
Jech, 2001).

Landscape history in the Czech Republic

In the first half of the 19th century, the InduatiRevolution began in Europe. This led to
the first significant impact on landscape. Up tdstlime, human activities had been
estimated as being in balance with natural proselseace creating what we refer to as so-
called “harmonic cultural landscape”. Despite raipidustrialisation at the turn of the 20th
century, even during the 1930s and the 1940s, raliltandscape was still regarded as
diverse and harmonic (Lipsky, 2000; Skid, 2003)

The end of WWII is taken as a breaking point (‘taghpoint’) for Czech society and for
the Czech landscape as well, which is true for wmwmle of Europe as well. Modern
technologies in agriculture began to develop, alaith intensification and specialisation.
Changes in landscape had never been so pronoumderk 11945. After the Communist
Party took power in the former Czechoslovakia dyihe Putsch in 1948, these changes
were characterised by large-scale Soviet way ahifag with agricultural co-operatives
(inspired by so-called Russian kolkhozes) as maggricultural land owners.
Collectivisation of agriculture stands for the amfeseveral significant actions in the history
of the former Czechoslovakia after 1945, which ggftat marks not at least on the face of
the Czech cultural landscape. It officially madestart in 1951 (Jech, 2001). That is to say
that apart from political, economic and landscapalagical consequences, Collectivisation
showed also negative implications from the socigi@lgpoint of view due to severe
repression of private landowners. Many of them weswend with duties, imprisoned, or
punished in other ways (Jech, 2001;¢Bka 2006). The so-called “Velvet Revolution” in
1989 brought about new economic and social conditias a framework for developing
institutional framework, and affecting landscaperasin the landscape arena. The period
from 1948 until 1989 may be further subdivided &veral phases according to several
authors. For example, Sykora (1998) distinguishetboiing periods: (1) Socialist
Collectivisation (1950 — 1970), (2) The concentmatdf agricultural production (1970s —
1980s). Low et Michal (2003) divide landscape hisia the former Czechoslovakia into
following distinct periods:

. Displacement of the German population from the 8uBegion and the following
resettlement by the Czech population (1945 — 1948),

. First phase of Collectivisation (1950s),

. Second phase of Collectivisation (1970s),

. Land Consolidation in cadastral areas (1970s —4)980

. Negative compensatory land reclamations (nahrakuiltivace),

. Designation of specifically protected areas,

. Ecological disaster of mountain forest ecosystems,
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The period after 1989 might be characterised by:ldad restitution, (b) political
contention, (c) national environmental protectiomliqy, and (d) complex land
consolidation.

Landscape history in Sweden

Cultural factors were probably more important themological restrictions in causing
landscape changes in south Scandinavia. The sooiweeiic correlation with territories
situated outside the study site locality grew imei During historical time the area became
more influenced by central Europe - eespeciallynfriihe 16' century onwards the area
became increasingly integrated with the agrariarrketaof Europe. Economic boom
occurred in the Early middle Ages and during Higlidtle Ages and it is still the subject of
the intensive debate whether it was due to an &s&rén population requiring techniques to
raise productivity, or to technical developmentgressively leading to population growth
(Berglund, 1991).

In agrarian society man started to change naturee mdgnamically than before. The
accessibility of soil nutrients has been the aitfactor in this development. The expansion
of the cultural landscape has passed through pedbdreal expansion followed by periods
of concentration. With increasing population it le®n possible to increase production by
improving productivity. It was possible due to imping (a) agrarian techniques, (b)
organisation and (c) land mobilisations (expangiof®il nutrient balance was a ruling
factor for the maintenance of productivity and gamg capacity of the agro-ecosystems.
Loss of nutrients has always to be compensatedn Rhe Late Bronze age, the loss of
nutrients was compensated by manuring. From thk diuagriculture until the Late Bronze
age, soil nutrient balance was maintained mainkouph slash-and-burn agricultural
practice. From the Late Iron Age, rotation systemswthe further tool to prevent the
nutrient reduction. Before 1700, cereal producti@s not on a very great scale due to bad
times for agriculture during 1658 — 1700 and negasffects of the Scania war (1670 —
1678). In the first part of the 18th century, thernfiing economy improved and as
commercial agriculture spread all over area dutimg 19" century, national economy
forces as well as international trade have becdmpeimary interest, also for the individual
farmer. Particularly over the last 200 years, tlestmapid and serious changes have taken
place within the Swedish landscape. Through the 288 years, technology gained in
importance promoted by the national agriculturdigyp by the introduction of agricultural
societies, general scientific progress and inténat influence. Lately, it has been
furthered by agricultural specialisation in ceréatming together with revolutions in
transport. During the 19 century, new agricultural techniques (e.g. deepugthing)
together with introduction of organic and mineroigefertilizers (marling, animal bones
etc.) were applied to compensate the loss of mitri@hen, commercial fertilizers occurred
after 1900. The high loads (firstly used after 1986th peaks during the mid 1970s) were
applied to reach the highest yields in history.sThas resulted in huge environmental
problems, including leaching nitrogen into rivensdastreams and eventually to ground
waters (Berglund, 1991; Sporrong et al., 1995; Hiedd, 1994; Gustavsson et Ingeldg,
1994).

Since the early ¥ century the cultural landscape has faced genarailification and
rationalisation in terms of land use and vegetatidre ecological result of this is a broad
spectrum of environmental problems associated (B#rglund, 1991):

. Fragmentation of ecosystems;

. Decreasing landscape, habitat, and species diversit
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. Threats to species populations;

. Chemical pollution by residues of pesticides;

. Increased nutrient leaching.

Among cultivation and cropping practices, five g@edures can be distinguished as
having the greatest impacts on the landscape shecéntroduction of permanent arable
(Berglund, 1991):

. Seed-bed preparation

. Nutrient additions: manure and fertilizers
. Cropping and fallow cycles

. Management of fallows

. Drainage

The period before 1945 is judged as well balancesh fa biological point of view. Since
WW I, the Swedish landscape has been confronted ainumber of serious changes.
Today's central settlement regions are the oldaluml settlements being colonised in
prehistoric times, while marginal areas were sgttteich later. Regions in south and mid-
Sweden were colonised during the Middle Ages atahih areas in Norrland even later.
Settlements in Sweden have always been strongtedirwith agriculture (Berglund et al.,
1991; Hagerstrand et Lohm, 1991; Rosén et Borged®@D; lhse, 1995; Skanes, 1996).

Swedish agriculture has undergone three substéngiak points during its history:

. Agrarian revolution (during the 19th century);
. New impetus (after the Second World War);
. New upheaval of nowadays (expected to continusdueral decades).

Reasons for studying Sweden

Relevant reasons behind choosing the comparatiny siite in southern Sweden can be
summarized as follows:

»  To study landscape changes in the Czech RepubiieifEuropean context;

*  To examine two faces of modernisation;

»  There are advanced methods of remote sensing ideye

e There is also the a long tradition of the systeenddrge-scale land survey in
Sweden (from 1628 onwards);

e  Toundertake a detailed large-scale analysis anghadson of landscape changes in
Swedish and Czech productive agricultural areasaty as from 1703. It is unlike
Vangckova (2003) who made similar investigations, busimaller scale in the limited time
extent (between 1912 and 2002).

Two faces of modernisation

Sweden, especially, has become a country whergid raodernisation has occurred.
This is typical of the former Czechoslovakia toait ihe modernisation appeared in
different background. However, consequent charggesn to be rather similar in both
countries. The end of WWII is taken as a breakiomtp(‘turning point’) for Czech society
and for the Czech landscape as well, which is farethe whole of Europe as well
(Johnsson, 1991). Modern technologies in agriceltbegan to develop, along with
intensification and specialisation. Changes in $mage had never been so pronounced
before 1945. After the Communist Party took powethie former Czechoslovakia during
the Putsch in 1948, these changes were charactdryskarge-scale Soviet way of farming
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with agricultural co-operatives (inspired by soledl Russian kolkhozes) as major
agricultural land owners. Collectivisation of agilitre stands for the one of several
significant actions in the history of the formere€hoslovakia after 1945, which left great
marks not at least on the face of the Czech cultanalscape. It officially made its start in
1951 (Jech, 2001). That is to say that apart frastitigal, economic and landscape-
ecological consequences, Collectivisation showesb alegative implications from the
sociological point of view due to severe repressbprivate landowners. Many of them
were bound with duties, imprisoned, or punishedthrer ways (Jech, 2001; R&k, 2006).
The so-called “Velvet Revolution” in 1989 broughboait new economic and social
conditions as a framework for developing institoibframework, and affecting landscape
users in the landscape arena. The same is nofdru8weden, where mainly economic
forces were behind changes. This thesis contriboyeproviding information on the two
different ways of modernisation after 1945 in ttee€h Republic and Sweden.

Similar changes under different conditions?

Substantial agricultural reforms resulting in lao@hsolidations occurred much sooner in
Sweden (at the turn of thel@nd 14' centuries) compared with the Czech Republic (after
the 1950s). Landscape changes after 1945 featorgasipatterns (intensification and
modernisation of agriculture, getting rid of wetlarareas and dispersed vegetation,
reducing density of communication infrastructure.)etn both countries (Lipsky, 1995;
Ihse, 1995). However, the driving forces behindséheountries are reported to be different.
In Sweden, there were mainly economic driving ferdehind landscape changes as
compared with politically oriented large-scale Stvsystem of farming characterised by
agricultural co-operatives according to so-calleg$an kolkhozes in the Czech Republic.

Objectives

Knowledge of the historical land use may serve &ssis to understand processes that
have contributed to the creation of the preserddaape. On the whole, this knowledge can
be applied in the landscape planning procedurerderoto reach a relevant landscape
management (Lannér, 2003). The objectives are:

(1)To quantify changes in landscape structure in thallite (eastern Czech Republic)
and Lilla Uppakra (southern Sweden) case studg bigéween 1703 and 2006;

(2)To identify factors behind landscape changes df Bites;

(3)To find relationships between changes and facteinsnl;

(4)To identify positive and negative factors from thadscape ecological stability point
of view;

(5)To identify similarities and differences betweendacape changes in the Czech and
Swedish case study site;

(6)To examine importance of the landscape change siadiyr the landscape planning
practice;

(7)To test the applicability of the proposed methods.
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Material and methods

Data collection
The way in which the data is collected and findligated has the most considerable
impact on the quality of results (Fek, 1998).

Official statistics

Statistical data for the whole country, for the @uof Pardubice and a former District
of Chrudim has been analysed and used as a backbnothe discussion chapter. There is
a unique database of historic statistical dataaod use covering almost the entire territory
of the Czech Republic. This database was estadlisheing 1990s at the Faculty of
Science of Charles University in Prague. These sktisirelate to four time horizons, which
might be taken as breakipgints in the country’s and landscape history (184818, 1990
and 2000). Data is available for app. 9 000 adrmatise units (BEik, 2004). This data was
closely analysed by Skalo$ (2005) for the caseyssitd of Sttany (159 ha) located nearby
in the same landscape type. Thus, statistical olatdne area of main land cover types for
the whole country and for the county of Skane h&een analysed and used as a
background in the discussion chapter. However, seti@s on land use have had a shorter
tradition compared to the Czech Republic (from 1&t0the whole country and from the
beginning of the 20th century for a county of SRasence any data from the municipality
or parish level is not centralised and unifiedtas in the Czech Republic, only data for the
country and county level has been used (StatiStiesden, 2006; Vaxikova, 2003).

Graphical source data

Old maps

Stabile Cadastre Maps from 1839 (original scald:02880) fall within the map series
produced during 1825 — 1843 for taxation purpoSsmotanova, 1988, 2002; Trpak et
Trpékova, 2002; Skletka, 2003). They are unique since they show thesleaqge character
at the turning point between the rural and indaktiiansition. As they are geodetically
objective, characteristics that are interpretechftbem can be quantified in GIS.

Since Sweden is characterised by a long traditibiand survey, first geodetically
objective maps occurred as early as in the 17thucer{Sporrong et Wennstrom, 1990;
Skanes, 1996). In this work, following maps haverbased to analyse landscape changes.

Geometriska kratan from 1703 (original scale 1:@)0shows the real situation of the
18th century open field landscape in the south ®wed his map records a landscape
character before land reforms. It is a large-so@@, which is an outcome of the landscape
survey whose main objective was to registry landaf@evenue collection. Consequently,
this map gives detailed information on a differgnglity and character of particular land
covers. It records arable land, different typesgadssland, built-up areas, and so-called
common land in the centre of the village. It is kear with red to reddish colour with dots.
This is the village green where cattle were kepirdunight. The land over the village
green consisted normally of grass, some trees andlla(Sporrong, 2006). A landscape
mosaic is highly diversified consisting of a largember of holdings.

Storskiftet kartan from 1805-1806 (original scalet@00) gives information on the same
land cover types as it does the previous map.otiges with the picture of the landscape
after the first phase of the “Storskiftet” land aeh, which was completed in 1805
(consolidation of fields into few large ones withdweaking the village structure).
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Enskiftet kartan from 1813 (1817) — shows consibleraffects of the “Enskiftet” reform
during which even farmhouses were moved out of/iltege centres with large field blocks
attached to them. There is a big uncertainty alto@it“measure of reality” in the data
presentation on the Enskiftet map from 1813. liésause this map may record rather the
state, which was supposed to achieve within lafmfmes instead of what was finally done
in the landscape.

Ekonomiska kartan from 1910 is a large medium soadg (1: 20 000) recording the
landscape during time when many statistical indickaracterises landscape ecological
quality to reach the most negative values, e.gptisportion of grassland is the far lowest
in the history.

Aerial photographs

The Czech Republic owns an extensive series ddilgatbtographs that represent a result
of the systematic monitoring of the country’s temy from 1936 onwards. The first aerial
photographs were taken in 1936, and then they aettalised in 5-7 year intervals. In this
study, aerial photographs from 1950, 1966 and Z603e Honbice study site have been
utilised. Sweden has had a long tradition of rensstesing from 1930s onwards. The first
aerial photographs were taken in 1939, later omadised in ten-year intervals. In this
study, aerial photographs from 1939, 1962 and 22 been used.

Mapping of the present state of landscape

Since mistakes might occur concerning interpreatib aerial photographs, the present
state of the landscape has been mapped in sittder to obtain actual information on the
real state of relevant landscape structure charstits. However, methods developed by
Vondruskova et al. (1994) were avoided since thkl fmapping classification system had
to comply with the whole study classification systd-ield mapping in situ was undertaken
in October 2006 within the borders of the Honbitedy site. To receive more realistic
image over the study site landscape, several pistwere taken.

Data verification

In order to verify information read from graphicusce materials, following procedures
have been applied:

e  Terrain inspection in situ;

. Interpretation of additional graphic source datat tvas not originally used in the
study (e.g. Register of the Real Estate Map fro6619 “mapa Evidence nemovitosti”);

»  Study of text references dealing with the histofytlee village or surrounding
landscape;

e Study of archival materials (undertaken within 2002007 at the State District
Archive in Chrudim)

. Use of the statistical data on land use has beed as an additional reference
material;

. Interviews with farmers and withesses (undertake®dtober 2003 and November
2006 in Sweden, and in January 2007 in the Czegulblie at the Honbice Municipality
Office).
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Data processing

Old maps and aerial photos transformed into the VB&&rid System since a common
based reference frame had to be applied. Transtbrdsa was digitised using GIS
software TopoL XT 8.0 and ArcView 3.2, and 9.1. EBach data layer, polygons that could
be visually distinguishable were vectorised. Thergorrection of the polygon minimum
size was done in order to avoid statistical disangges. In this study, polygons smaller
than 10 M were excluded. Then, each polygon was classifiedraing to the classification
scheme as mentioned bellow.

Analysis of data

Time delimitation

Changes in the study site landscape have beentigatesl during 1703, 1839 and 2006
respecting the rise of the first geodetically exaep of Stabile Cadastre in 1839. Then,
a field mapping in situ of the present state ofllrape was undertaken in 2006.

Analysed landscape elements

Built-up and other areas, communications, arahte,lgardens, grassland, water areas,
non-forest wood species category, permanent lapdssiuctures (PLS), small biotope-
((natural or semi-natural up to 0.5 hectares).

Quantitative characteristics

Landscape macrostructure

* Area (P) in hectares or as a proportion in %;

. Coefficient of ecological stability (CES) according Michal et al. (1985) and
Miklos (1986);

. Proportional change (in percentage compared todahee from previous year). This
characteristic was calculated for each of abovetimeed characteristics;

. Change intensity (in units per one year). This abtaristic describes changes in ha
or number of elements per one year, thus givingrinhtion on the speed of change.

Landscape microstructure

e Total number of elements — n (No);

. Relative frequency of landscape elements (fragnienfa— Q (No.hd) was
calculated as a rate between the numbers of plartieund cover elements to the area of the
land cover;

. Patch density (Qp) (No.Hx was calculated as a rate between the numbers of
particular land cover elements to the total arethefstudy site;

e Average size of elements — P mean (ha);

. Maximum size of polygon — P max (ha).

Characteristics of interaction

. Relative length of linear objects of ecotones kn.ha")

. Index of landscape heterogeneity (V) refers to tireitorial heterogeneity of the
concrete ecosystem of the local importance). It @egdsulated according to (Mimra, 1993).
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Study areas

The study site Honbice (244 ha) is located appraéty 7 km to the south-east of the
former District City of Chrudim, or 15 km of the waty city of Pardubice (Fig. 1). Altitude
ranges from 257.7 m (Lezak River) to 300.9 mettas/a sea level (terrain elevation to the
south-west of the study site). The study site welsrdted in accordance with cadastral
boundaries. Study site Lilla Uppakra (321 ha) isated in the southernmost part of
Sweden, some 10 km to the north-east of the citiafmd (Fig. 1). The site belongs
administratively to Skane County, one of 21 cowniilin) that are a part of the local
government (Elg, 1990). Elevation within the studite ranges from 20 to 30 metres

above the sea level.

Fig. 1: Localisation of case study locations indpe

100 0 100 Kiometers
ccr—a

Results and discussion

Landscape macrostructure
Arable land has occupied a slight larger proportibthe study site Honbice (on average

89.9 %) as compared to Lilla Uppakra (86.5 %) dyri03 — 2006. While the proportion

of arable land reached its peak in Lilla Uppakrd®i0 and 1962 (92.1 %, 92 %, i.e. 296,
294 ha), it happened in 1966 in Honbice (97 %, BaL In Lilla Uppakra, these results
resemble with official statistical data as well wi&h information found in references

(Hagerstrand et Lohm, 1991; Bernes, 1994; Ros@&@orjegard, 1999). A minimal degree
at which landscapes of both sites were ploughedroed in 1703 in Lilla Uppékra and in

1839 in Honbice. The proportion of arable land &yvsimilar in both sites at present
(89.35 % in Lilla Uppakra as compared with 89.42%ilonbice) (Tab. 1, 2, Fig. 2).
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Tab.1: Land cover development in the Honbice sitly(244 ha)

Honbice study site (244 ha)

Land cover categories

70

Area in %
Scattered | Scattered
Arable | Built Water| Non-forest | veg. veg.
Year | land -up | Other | Comm.,| Gardeng Grasslangdareas | veg. village| comm. landscape | PLS
1839 89.06| 0.50 1.06 2.71 - 4.70 1.97 - 0.00 4
1950 90.62| 1.1 0.82 1.73 0.10 1.82 0.p5 2.31 1.08 0.42 3.32
1966 90.67| 1.20 1.25 1.23 0.14 1.49 0.p3 2.71 0.74 054 2.81
2006 89.42| 1.13 1.79 0.91 0.72 3.03 0.p8 1.17 1.0l 0.79 4.90
Tab 2: Land cover changes in Lilla Uppakra (321 ha
Lilla Uppakra (321 ha)
Land cover categories
Areain %
Arable | Built- Water | Non-forest| Scattered | Scattered
Year | land up Other | Comm| Gardens| Grasslang areas village comm. landscape PLS
1703| 69.90| 0.63 0.00 1.53 0.41 27.53 0.00 0.0 0.0p 0.00 27.53
1805| 86.85| 0.13 0.05 1.49 0.35 11.11 0.02 0.0¢ 0.0p 0.00 11.13
1813 | 86.26| 0.16 0.05 1.93 0.32 11.2§ 0.02 0.0¢ 0.0p 0.00 11.28
1910| 92.10( 1.40f 0.28 4.33 1.18 0.53 0.02 0.0d 0.00 0.16 0.70
1939 | 89.43| 0.92 0.77 1.11 0.44 4.81 0.01 1.60 0.61 0.29 5.73
1962 | 91.56| 0.69 0.78 1.91 0.49 3.20 0.01 0.91 0.36 0.10 3.66
2006 | 89.35| 0.70 1.65 1.86 0.81 3.90 0.00 1.54 0.15 0.06 4.10
Fig. 2 : Proportional changes of arable land — canispn between Honbice and Lilla
Uppakra study sites
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Grassland

The proportion of grassland has shrunk as it has Ipboughed due to a need for more
arable land owing to the intensification of wooaguction and decreasing intensification
of animal husbandry (Ihse, 1995; Lipsky, 1995). age proportion of grassland during
1703 — 2006 has referred to 2.8 %, which is thieg fewer in Honbice than in Lilla
Uppakra. The smallest proportion was observed lia Uppakra in 1910 (0.5 %), with the
second minimum in 1962 (3.20 %). In Honbice, thaimum amounted to 1.49 % in 1966.
Proportional increase of grassland after 1966 kas lobserved in both study sites (Fig. 3).

Fig. 3: . Proportional development of grasslandmjgarison between Honbice and Lilla
Uppakra study site
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Non-forest wood species

Analysis of the total category of non-forest wo@eaes is rather tricky as it consists of
several subcategories characterised by a diffehgmamics. Then, particular subcategories
have become a subject of the interest (Fig. 4).

Fig. 4 : Proportional development of the entireegary of non-forest wood species —
comparison between Honbice and Lilla Uppakra ssitly
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Scattered vegetation in the open landscape

It has developed differently in both sites. It hacupied 0.44 % on average in the
Honbice site while it has been 0.15 % in Lilla Upa This category has proportionally
increased in the Honbice site (from 0 % in 1839.8 % in 2006), which might be viewed
as a surprising fact respecting overall withdraefalandscape greenery in the intensively
utilised agricultural landscape. This successianlmexplained by two factors:

(1) Scattered vegetation has developed on sitedddmn steep land in the west part of
the study site where the intensive agriculturahtégues are limited, thus allowing such
greenery to develop;

(2) It could be explained as a consequence of @efpb anthropogenic plantation
activities on steep slopes in the west part ofténgtory. Dr. Stach, a liberal person who
lived in the Honbice village during the first paiftthe 28" century organised this planting
activity in 1930s (Urbanek, 2007).

It is not the case of the Lilla Uppéakra site, whitrere are no such convenient conditions
and most of the landscape-scattered vegetatiorbéas cut down from 1939 onwards.
A slight increase between 1910 and 1939 in Lillapfkra could be a consequence of the
inconsistency of different source data (Fig. 5).

Fig. 5 : Development of scattered vegetation innofaadscape — comparison between
Honbice and Lilla Uppakra study site
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The coefficient of ecological stability (Michal et., 1985)

It has been more dynamic in Lilla Uppakra as agdhes Honbice site. The average value
of the coefficient of ecological stability betwe&i@03 and 2006 has been higher in Lilla
Uppakra (0.125) than in Honbice (0.066) as thers avhigher portion of grasslands in Lilla
Uppakra in 1703 (27.5 %) than in Honbice in 1839 %). The coefficient of ecological
stability is almost identical both, in Lilla Uppakand Honbice in 2006. In Lilla Uppakra,
the coefficient of ecological stability had beercidssing until 1910 when it reached the
minimum (0.019) because of ploughing of grassla”dgin, it decreased again after 1939
because of a decreasing area of fallow land (Big. 6
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Fig. 6 : Coefficient of ecological stability (Michat al., 1985) — comparison between
Honbice and Lilla Uppakra study site
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Permanent landscape structures

The average size of the mean plot size for perntalaemiscape structures has been
a lightly smaller in Honbice (300 %nthan in Lilla Upp&kra (700 fduring 1703 — 2006.
Changes in the mean size of polygons for permalagniscape structures have reflected
two processes in Sweden: (1) consolidation of agtical land plots between 1703 and
1813, and (2) fragmentation after 1813. In the Homistudy site, the only fragmentation
process has influenced the mean size of permaardsd¢ape structures after 1950. From
1939 (1950) to 1962 (1966), the mean size haveedsed in both sites. Then the increase
in the mean size of the permanent landscape steugtiots has been common for both
study sites (Fig. 7).

Fig. 7: Changes in the mean size of PLS elememsmparison between Honbice and
Lilla Uppakra study site
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Fig. 8.: Land cover in Lilla Uppékra 1703

Land cover 1703 (Lilla Uppakra, 321 ha)
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Fig. 9: Land cover Lilla Uppakra 2006

Land cover 2006 (Lilla Uppakra, 321 ha)
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Fig. 11: Land cover Honbice 2006

Land cover 2006 (Honbice, 244 ha)
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Landscape microstructure

Arable land. Mean (P mean) and maximum size ofdaape elements (P max). Changes
in the mean size of arable land fields reflect @feof the agricultural land intensification.
On average, the mean size of arable land fielddbas two times larger in Lilla Uppékra
(4.60 ha) compared to Honbice (2.33 ha). Whilertfaximum mean size was reached in
1813 in Lilla Uppakra (14.6 ha), it was in 1966h@) in the Honbice site. Maximum values
of the mean arable field size are results of thécalgure intensification. It occurred at the
beginning of the 19 century in Lilla Upp&kra as well as in the Honbkiee. However,
consolidation of arable land fields began as latéal950s in the former Czechoslovakia.
From 1939 (1950) until 1962 (1966), the mean sizietds increased in both sites. Then,
while it has slightly decreases in the Honbice @lte- 3.6 ha), it keeps increasing tendency
on the Lilla Uppéakra study site (3.7 — 5.2). Thiaynimplicate more intensified character of
agriculture in Sweden at present in contrast taddhech counterpart (Fig. 12).

Fig. 12: Mean size of arable land fields — comparisetween Honbice and Lilla
Uppakra study site
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Relative frequency of arable fields (Q). The averaige of the relative frequency of
arable fields has been similar between Lilla Uppdknd Honbice study site during 1703 —
20086, just a little higher in Lilla Uppakra (0.72Ma") compared to Honbice (0.70 No.ha
1. The maximum degree of the arable land fragmiemtatas reached in 1703 in Sweden
(2.9 No.h&) in contrast to Honbice in 1950 (1.31 No'haFrom this year respectively, this
value has decreased as an affect the agriculteisification. The increase between 1813
and 1939 was caused by a different character afceodata from 1813 and 1939. After
1962, it has increased in the Honbice site becafifee decreasing intensity of agricultural
land use (Fig. 13).
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Fig. 13: Relative number of arable land fields (Q¥omparison between Honbice and
Lilla Uppakra study site
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Linear features

The relative length of the linear objects in laragse can more truly respond to changes in
landscape microstructure in contrast to the aregroportion of communications. On
average, relative length of communications betw&@03 and 2006 has been almost
identical at both localities (0.030 km:han Lilla Upp&kra, 0.026 km.Rain Honbice).
While this characteristic reflects only a decreiashe density of rural roads in Honbice (no
new main roads have been constructed in the lgkailiis not true for Lilla Uppakra since
a brand new motorway was constructed in 1954 cdimgeMalmé with Lund. From 1703
to 1813, impacts of new redistribution of land plat relation to land reforms been also
observed. Then, a rapid decrease in the densitprmimunication network has occurred in
both localities from 1939 (1950) (Fig. 14).

Fig. 14: Changes in the relative length of rucalds — comparison between Honbice and
Lilla Uppakra study site
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Landscape heterogenity

The increase of the landscape heterogeneity imdbwth countries between 1962 (1966)
and 2006 might have been caused by the increathe inumber of landscape elements in
the urban area. In the following research, the daage heterogeneity index should be
therefore quantified for the landscape excludingaar areas that probably falsify final
results (Fig. 15).

Fig. 15: Index of landscape heterogeneity — corsparbetween Lilla Uppakra, Honbice
and Svaldv (Va&kova, 2003).
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Summary of factors behind landscape changes in tika Uppékra site

In this chapter, factors behind landscape changdbd study sites Honbice and Lilla
Uppakra have been summarized based on resulte dfttily. Even though the summary
was to provide systematic and logical informatiirmight be found as largely schematic
and generalised.

Tab. 3.: Main factors behind landscape changdseitbnbice study site

Primary Secondary Tertiary factors | Consequences for Evaluation from nature and Timing
factors factors landscape landscape conservation
perspective
Population | Extensification | Introduction of Increasing area of arable land Negative 18th and 19th
growth, and shifting century
political and | rationalisation | cultivation
socio- of agriculture | practice
economical Abandonment of | Decreasing area of grassland  Negative
changes until the fallow land
1950 practice

Rationalisation of| Decreasing number of smal| Negative
animal husbandry| biotopes

Introduction of new crops Negative

Decreasing diversity of Negative
agricultural crops
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Attempts at first
land reforms (not

Decreasing mean size of
arable land fields (only

Positive

after 1918

completed) locally, limited)
Sporadic and Plantation Increasing area of scatterefd Positive 1930s
purposeful activities vegetation in landscape
nature
conservation
practices
Socialist Introduction of Increasing area of arable land Negative 1950 — 1970
collectivisation | machinery
characterised b
. the Large scale use of Increasing mean size of Negative
|ntenS|f|é:at|on artificial fertilizers | arable land fields
an
SPZC'?gzﬁE:); ol Large scale use of Decreasing area of grasslar[d  Negative
9 pesticides
Fragmentation of grassland Negative/Positive
Recession of small biotope§ ~ Negative
Population, - - -
political and Increasing area of built-up | Negative
socio- and other areas
economical Decreasing length of rural Negative
changes afte roads
WWII (1950
- 1989)
Concentration | Construction and | Landscape character damagéNegative 1970 - 1989
of agricultural | situating of large | - decreasing aesthetical
production | farm buildings and potential of landscape
complexes in the
landscape
Increasing area of built-up | Negative
and other areas
Political New legislation Agricultural Decreasing area of arable | Positive 1990-2004
changes after (e.g. Act No. subsidies land
1989 114/1992 on
("Velvet" nature and
revolution) landscape
protection)
Property Changes in the Decreasing mean size of Positive
restitutions ownership arable land fields
structure
Land Recovery of grassland Positive
consolidations | Reorganisation of
land plots
Entry to the | Revision of Increasing landscape Positive 2004
European Union national heterogeneity
legislation
Maintaining of grassland Positive
thanks to agricultural
Agricultural subsidies
subsidies
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Tab. 4 : Factors behind landscape changes in tleeUppékra site

Primary Secondary Tertiary factors | Its consequences for landscape| Ewaation from Timing
factors factors nature conservation
perspective
Extensificatio | Introduction of Increasing area of arable land Negative 18" and
nand shifting 19" century
rationalisation| cultivation
of agriculture | practice
Abandonment of | Decreasing area of grassland Negative
the fallow land
practice
Rationalisation of | Decreasing number of small Negative
animal husbandry| biotopes
Introduction of new crops Negative
Decreasing diversity of Negative
agricultural crops
Population
growth and Land reforms Increasing mean size of arable | Negative Turn of the
political and land fields 18" and
socio- —— - 19" centur
economical Diminishing area of grassland Negative y
changes until _ _
1945 Decreasing number of small Negative
biotopes
Decreasing Index of landscape | Negative
heterogeneity
Decreasing area of built-up and| Positive
other areas
Dissolution of the settlement Positive
structure - removal of farmhouses
out of the village to the landscape
Increasing length of main roads Negative
Decreasing length of rural roadg Negative
Population Intensification| Introduction of Increasing area of arable land Negative 1945 - 1989
growthand | and machinery and
political and | specialisation | large scale use of[ncreasing mean size of arable | Negative
socio- of agriculture | pesticides and land fields
economical artificial fertilizers Decreasing area of grassland Negative
changes after|
from 1945 - - - —
1995 Fragmentation of grasslands Negative/Positive
Recession of small biotopes Negative
Increasing area of built-up and | Negative
other areas
Increasing length of main roads Negative
Decreasing length of rural roadg Negative
The Governmental The large area of cropland being Positive 1990 - 199
parliamentary | financial support | set aside for other purposes than
decision on available to growing crops, e.g. Grassland
food policy reduce grain
concerning surplus and
deregulation | enhance the
of the diversity of
Swedish agricultural
agriculture landscape
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New Decreasing area of arable land Positive
legislation
(e.g. Nature Decreasing mean size of arable| Positive
conservation land fields
i\;;;rom Recovery of grassland Positive
) Still existing remnants of small | Positive
biotopes
Increasing landscape Positive
heterogeneity
Population Entry to the | Revision of Maintaining of grassland thanks| Positive From 1995
growth and European national to agricultural subsidies
political and | Union legislation
socio- Agricultural
economical subsidies
changes from[ Environmenta The same as mentioned at the | Positive
1995 | Code 1999 Nature conservation Act from
(including 1991
Nature
conservation
Act 1991)
Conclusions

1) Intensively utilised agricultural landscapes hawedme a major subject of the
interest in this study. The main reason behindcth@ce was that they are representatives
of landscapes that the landscape European LandSiapeention defines as an “ordinary
landscape”. Even if it this is not characterisedaby special phenomena, it is valuable and
unique at least because of its cultural heritagaevaAnalysis of landscape development
may provide with data that can help to delimit wswf such ordinary landscapes, e.g.
landscape memory structure. The main task for tiheré seems to be an identification of
such values as well as finding ways for their impdatation in the landscape planning
practices. Methods of landscape change analysistingsnyprovide instruments that help to
delimit and quantify such landscape values;

2) Methods applied in this study have shown to bevegieprocedures that we can use
to analyse and assess changes in the culturaldapelsHowever, their accuracy is higly
limited by the quality of the source data and bg thay they are processed, e.g. in
Geographic information systems (GIS). Then, eveugh we dispose of the unique old
Military map from 1785, we can not objectively ays# landscape changes from 1785
onwards due to geodethical inaccuracy of this nvélpat is more, its processing in GIS
gives unsuffcient results;

3) It must be emphasized that only a limited parthef entire landscape history has
been recorded in both countries (1703 — 1839 — pa@@kough a wide range of relevant
source materials have been used for the analysthelHonbice site, as the first exact map
dates back to 1839 (Stabile Cadastre Map) andeeadiurce materials can not be used for
the quantitative analysis. Therefore, considerabkenges before 1839 were not analysed,
i.e. abolishment of large ponds in the north-wesstt pf the study site that used to be
located close to the present pond) (Appendix Igj. Bi).

4) Old maps and aerial photographs stand for the aelesource data that enables us
to trace back quantitatively landscape history tjtetively. However, satisfying results
based on the data interpretation can be obtaingdpsaviding that different methods for
a verification of interpreted data are applied, thg terrain inspection in situ, interpretation
of additional graphic source data, the study of teferences dealing with the history of the
village or surrounding landscape, the use of théissical data on land use, and has been
used as an additional reference material, intervieith farmers and witnesses:;.
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5) Even though methods of landscape metrics have lyapielveloped, and there is
a wide range of various landscape characteristiesr use for practical implication is
limited. However, a set of quantitative charactarssthat have been used in this study have
been found as sulfficient to describe landscapegehana satisfactory manner.

6) In the study, only quantitative changes have beeslyaed and no qualitative
monitoring has been done. For example, it was stdyed that the area of grassland or
scattered vegetation in the landscape had incredsedho information on changes in the
species composition or other qualitative charasties was given;

7) Quantitative responses of some land cover typesnbilg to similar landscape
types to particular landscape anthropogenic fornmpngcesses have been found largely
identical or similar. Comparable landscape typesisigentical structural responds to some
landscape anthropogenic forming processes (i.ed leforms, land consolidations,
agricultural extensification, intensification angesialisation) regardless whether they are
located in Central Europe or south Scandinavia. Mghly differs is timing and intensity of
structural changes. These landscape anthropogeniging processes include e.g. land
reforms, land consolidations, agricultural exteinaiion, intensification and specialisation;

8) On the whole, changes in the Swedish landscape tinerturn of the 18th and 19th
century should be viewed as a relevant, ratherafiagteffective consequence of agricultural
innovations and overall technological revolutioduced by political and socio-economical
changes in Europe. In addition, the Czech landseepaéld have probably faced these
trends even if the Collectivisation had not occdrfeom 1950 onwards in the former
Czechoslovakia. The only reservations refer tohilgl intensity of large-scale changes and
their negative impacts on the environment and tislity of life in the Czech Republic
(decreasing ecological quality of ecosystems, blicdg a deteriorating of biological and
landscape diversity, also the increasing air piolfuand water contamination, soil erosion,
landscape character damage, forest damage or se@ession of private landowners in
1950s etc.

9) apart other aspects, this study confirms that ahtwnditions as well as political
and socio-aconomic background stand for the mogibitant factors behind landscape
changes.

Positive trends such as the increasing propomibgrasslands or slowing down the
removal of small biotopes might have been an efféseveral factors.

In Sweden, they were:

. New conservation legislation adopted by the Pasian{Environmental Code from
1999, which replaced former particular acts, éng.Nature Conservancy Act)

. Governmental financial support available to redgc&in surplus and enhance the
diversity of agricultural landscape (up to 1993s tbupported had been granted for a total
area of 2 576 ha);

»  Agricultural subsidies available to support envir@ntal aspects of the agricultural
land use (after the entry to the EU in 1995);

*  The parliamentary decision on food policy from 198fhcerning deregulation of
the Swedish agriculture. It resulted in a largeaané cropland being set aside for other
purposes than growing crops.
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In the Czech Republic, they were:

»  The change in the political system in 1989 (Velk@tolution), which led to the
creation of suitable background for legislative amtitutional transformation;

. Restitutions of the real estate properties;

. New conservation legislation adopted by the Pasiam(mainly the Act No.
114/1992 from 1992 on nature and landscape proteetc.)

. New subsidies to agriculture before and after titeyeo the EU in 2004).

Similarities and differences in the Czech and Swadlandscape history

Parallels

* Some land cover types in the Swedish and Czechsively utilised case study
sites respond similarly to land reforms; regardiédisthey were large land reforms of the
turn of 18" and 19 century in Sweden or if they were a part of theciest
Collectivisation from 1950s in the former Czecheskia. There is only a difference in
timing and intensity of changes between Swedertlma€zech Republic;

. Grasslands shrunk between 1703 (1839) and 19626)1®6 both case study
landscapes;

. Proportional decrease of grasslands as well astissity was the highest during
the period until 1703 (1839) until 1939 (1950);

* The increase in the area of grassland and its ezgdas been observed since 1962
(1966) in both sites;

. Fragmentation and the reduction of natural habiiatd 1962 (1966) was common
for both sites;

. Decreasing length of rural roads has become thermmieature in both study sites;

. In both sites, an above-average proportion of drdtéry has been occupied by
arable land (over 80 %);

*  The proportion of built-up and other areas as waelgardens has increased in both
sites (with the only exception in Sweden during3701.805).

Differences

A larger portion of the Lilla Uppakra study site sveovered by grassland in 1703 (27.5
%) as compared to the Honbice site (4.7 % in 1839);

. In Lilla Uppéakra, the highest proportion of arabdénd was observed in 1910
(official statistics refer to the maximum proportiof arable land in 1920s) in contrast to
the Honbice study site (1966);

While large-scale land reforms took place in Swedsrearly as at the turn of the
18" and 19 century, it firstly occurred after 1918 and theftem 1951 in the former
Czechoslovakia;

. Swedish land reforms from the turn of thé"l#hd 19 century should be viewed
rather as the land consolidation process (pozemkpvavy) in the Czech Republic. It is
because they meant only reorganisation of ploteowit changing the ownership structure,
which is typical for land reforms;

. Built-up and other areas were characterised byfardnt dynamics as compared to
the Honbice study site due to land reforms thaseduhe split of villages;

. Basic infrastructure was renewed and newly constclisooner in the Lilla Uppakra
study site (after 1805) owing to earlier land refer
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