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Abstract

Cultural historic landscapes are the result of huraetivities. They consist of abiotic,
biotic and cultural elements, which were changedl @tapted by people for many years.
Land use types make one landscape being different the other. Landscapes in the
European Union are shaped by agricultural processkeih are a result of Common
Agricultural Policy (CAP). Observation of changesigh landscapes undergo can be
used to evaluate and adapt the CAP.

Meeus classification provides information abouttnal historic landscapes in Europe.
This is the only available classification whichsgddies landscapes from cultural historic
perspective. Other study about landscapes, butaprdpfrom more bio- physical
perspective, is Mucher landscape classificatiore démbination of two studies is used to
prepare new cultural historic landscape classiboatso called Memus. It is further used
to identify the future landscape changes.

Landscape structure is important factor when amadyandergoing landscape changes. It
determines landscape vulnerability and resilientg ean serve as an identification of
predicted transformations.

The EURURALIS project is focused on estimating larsg changes in European Union
during next 30 years. The results are dependerscenarios and conditions ascribed to
them. The project prognoses changes, mainly fromimmated land, pasture and forest,
to urban areas and abandoned land. The amountofel is dependent on the land use
type being present in the given country and regidre scope of this research is to state
whether land use changes prognoses by EURURALI&asios can be used in assessing
landscape changes.

The identification of changes in cultural histofandscapes, as a result of land use
changes, is prepared. The obtained results idetiidy land use transformations have
limited impact on landscapes. Main changes arerbaruareas and to abandoned land.
However as the classification of original datagdsicher and EURURALIS) differs, it
influences the analyzed results.

As the EURURALIS results can not be fully used nedicting landscape changes, the
use of other alternative projects is proposed. ©hehem is BIOPRESS, which is
prepared for selected transects and windows in tédmgtory of European Union.
BIOPRESS analyses main land use changes between }@%0 and 2000. However the
results are only available for transects in thehdgands, so the usefulness in the
landscape studies can not be fully stated.

Assessment of European cultural- historic landssapehe scope of EURURALIS
project 1
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Chapter 1 Introduction

1. Introduction:

Landscapes are part of the environment in whicHivee There are many definitions of
cultural historic landscapes. The Council of Eurojpe the European Landscape
Convention defines landscape as “an area, as getcby people, whose character is the
result of the action and interaction of natural/asmrdhuman factors” (Council of Europe
2000). As landscapes were created over years, Viistcould mention “natural’
landscapes. They were changed by many factorsal&d ariving forces, which make
them transform (Blrgi 2004). The “natural” landseapwere shaped by forces like
tectonic movement, erosion, sedimentation or wegtheAs people started to put higher
pressures on the environment, other type of laqesaacurred, so called “cultural”
landscapes. People influence landscape by ac$iviilke: forestry, agriculture and
pasturing (Meeus 1995). Also other conditions (dgvforces) started to predominate
such as: socio- economy (market economy, globaizgt policy (law, policy),
technology (railroads, highways) and culture (Bi#@04). Although these processes are
continuously taking place it is extremely importatot know how landscapes are
important in people’s life. Landscapes contribwiedrmation of local cultures, human
well- being and consolidation of the European idgrfEuropean Landscape Convention-
Council of Europe 2000). The knowledge of the nwhéch landscape fulfills was a basis
of establishing the European Landscape Conventio20D0. Also other initiatives are
taking place, like World Commission on Protecteceds which classified protected
landscapes as Category V. The commission defines itan area of land where the
interaction between people and nature over time graduced an area of significant
aesthetic, ecological and/ or cultural value, aftdnowith high biological diversity”. The
awareness of the landscape importance is contihuguswing in European society.
Above mentioned initiatives are an example of neps which are aimed at protection
and proper management of landscapes.

The changes in land use are highly influencinguealthistoric landscapes. In Europe it is
very dependent on agriculture, which is seen ag weportant driving force of shaping
the landscape character. Changes in agricultuiatbgsification, enlargement of farms,
extensification, land abandonment and diversifacatall have its origin in Common
Agricultural Policy (Klijn 2000). They have its epgssion in landscape which changes
highly. Intensification of agriculture makes landifty monofunctional and takes away
biodiversity. The result is homogenization of lamgk and landscapes (Jongman 2002a).
Farmer's behaviors are driven by economic competitivhere yields are the most
important condition. Moreover the landscape isdhigy fragmentation. Building new
highways, roads and railroads disconnect existangddcapes (Jongman 2001b). The
small walls, hedgerows and trees, which divided&elare removed. Antrop (2000)
distinguishes several types of fragmentation: deasion (increase of isolated and non
connected elements), filling out space from bujdcentres, screening (building barriers
in sets of similar elements), isolating (removimgeections), sharpening (loss of smooth
gradients along borders) and cutting (dissectingesibles by infrastructures). Another
driving force shaping the landscape is urban sprésl people tend to migrate from
country to the city, more space is needed. Alsdahardrend can be seen as some people
want to move from town to more natural surroundihgauses that towns are expanding,

Assessment of European cultural- historic landssdapehe scope of EURURALIS
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Introduction

but also more and more houses are build in
country. It happens especially in the areas clos
valuable landscapes, like protected are
Moreover people are keen to travel. It results
building new highways, railways and airport
Those features attract settlement and commer
initiatives, which can be well noticed close to t
cross roads.

Landscape changes which are taking place
different among the European Union. Since
2004 ten new countries became new member
is vital to notice changes in agriculture af
landscapes in these countries. In Eastern Eur
agriculture is not as well developed and intens
as in western one. It is reflected in environmg
which is less polluted and threatened. Till 1989
most eastern countries there were many h
collective farming systems, which now a

undergoing changes. The privatisation is taki

Box 1.

European Unionr The economic
association of 25 European countries
which seek to create a unified, barrigr-
free market for products and services
throughout the continent, as well as|a
common currency with a unifie
authority over that currency.

Europe- it is 6th largest continent. It i
actually a vast peninsula of the great

Eurasian land mass. By convention, it|is

separated from Asia by the Urals and the
Ural River in the east; by the Caspian

Sea and the Caucasus in the southepst;
and by the Black Sea, the Bosporus, the
Sea of Marmara, and the Dardanelles|in

the south. The Mediterranean Sea gnd
the Strait of Gibraltar separate it fro
Africa. Europe is washed in the north by
the Arctic Ocean and in the west by the
Atlantic Ocean, with which the Nort
Sea and the Baltic Sea are connectged.
http://www.answers.com/topic/europe

place, fields are divided and traditional big area

farms are diminishing. On the other hand agriceltisr becoming more efficient; more
fertilizers are used so production is much higheant it used to be. It leads to
abandonment of agriculture land, which will be sfammed into forest or industrial/

settlement areas, resulting in changes in employm@ed societal structure of the rural
population, as well as landscape and biologicakmity (Mander, Kuuba 2004). As
changes in agriculture are similar to those takilage in the Western Europe, processes
influencing landscape are also similar. Moreovemedandscape types are becoming
extinct due to economical and societal reasons,diklective farming systems.

Landscapes are changing due to many conditionsupport identification of processes
taking place, the Driving Force- Pressure- Statgpdct- Response (DPSIR) framework
was developed. It aim is to help determine theattar of landscape. As many processes
influence landscape, its change is a responseato Emiving forces stimulate Pressures
(intensification, compaction), which results in t8tgstructure, diversity, quality). The
State evolve Impact (soil erosion, land use abaméor), which results in Response
(European Landscape Convention, CAP Agri- EnviromtneThe Response influence
Driving Forces, Pressures and States (Wascher 2004)

Analyzing changes in landscape requires knowledges eharacter and elements which
it contains. Landscape structure consists of thmaén layers (Wascher 2004): bio-
physical, vegetation and land use pattern and r@llalements (see Figure 1).

Assessment of European cultural- historic landssdapehe scope of EURURALIS
project 4
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Cultural elements:
Settlements & monuments
Infrastructure
other man-built objects

Vegetation & land use patterns:
Forest & riparian vegetation
Agricultural lands
Linear and punctual elements

I

i

I

| : =T Bio-physical main structure:

I P .Sxx.r e I .

e il Geology / soils

: = Topography
by ke R f;*

Yy @ o i Hydrology

y Sl

£ e o i

Figure 1. Landscape character described by 3 lagelel (Wascher 2004).

As landscape is defined as an area perceived lpleeanly elements like topography,
hydrology, vegetation and land use (defined assaltref people’s activity, so cultural
element), has an influence on people’s perceptiandscapes are the product of both
human activities and natural processes that atewimlg the vectors of driving forces
such as policies, demography, economy or climaséagh. The interaction from the past
determines the current character of landscape (Méas2004). The landscape can be
characterised from its structure, function and ®allihe structure of landscape show
interaction and relationship between environmemeatures (flora, fauna), land use
patterns and distributions (crop type), and mandenabjects (hedges, farm buildings).
Function which landscapes fulfil is to be a plat&wng, working, to enable agricultural
production, for society to be a place to visit amjoy, for environment to provide a
biodiversity and ecosystems, and lastly to providger supply. The value of landscapes
is hard to define and depend on point of view. Solele it for cultural, historical,
scenic and aesthetic conditions, while others fgicaltural production, consumption,
job satisfaction, or for ecology and biodiversiBafris 2004).

Assessment of European cultural- historic landseapéehe scope of EURURALIS
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Chapter 1 Introduction

As European cultural historic landscapes and itinexclasses cover relatively large
areas, it is important to notice that many processene landscape type occurs. In one
class of landscape many activities takes place, digriculture, urban settlement, natural
areas, protected areas as well as transportativworie So changes which are taking
place are very complex and disperse. To defineotrerall changes the knowledge of
landscape structure is extremely important. Asnadfeatures are not single, connections
which exist in space are crucial. The landscapebeaseen as a pattern, where a matrix is
a surface in which all features are established f@ulandscape fragmentation and also
habitats, the second one is defined as mainlandstartls (Opdam, Verboom 2003). The
species are moving from one habitat to anotherllysbg eco- corridors. The threat is
when habitats form islands which are further shnglor corridors are diminishing. The
bigger the mainland is and more species occupyth& more persistent and less
vulnerable it is. It is necessary to analyze lapdss from the perspective of spatial and
temporal scale. The spatial scale concerns lagjernts, where there is higher likelihood
that they will contain more habitat types. The rets established between regions may
contain features, which at regional scale, havaagrobability of persistence but which,
across several regions, or within larger regionay rhe expected to persist for much
longer periods. Factors that threaten the pergistehnatural features in a region change
through time in extent, rate, intensity and typag®n, Pressey 2002).

Cultural historic landscapes have been undergoimgnges for many years. These
processes are continuously taking place and wi# fslace. The changes can be seen by
everyone: when we think about surrounding we cdit@@ difference between now and
what was 20 years earlier. However the changetakirg place during a limited number
of short periods, which are separated by longeog@srof rest or stabilization. During the
consolidation periods, the environment graduallgqes and incorporates the innovations
so that harmonization of the existing and the nmegally implemented elements is
possible (Antrop 2000). What can be done is idmatifon and monitoring of ongoing
processes. It will let us predict future changed anable correct management of space.
The role of land use planning, spatial planning Emdiscape planning is of importance.
Planners have a possibility to arrange space irh saicway that cultural historic
landscapes can sustain.

1.1. Problem statement

The European cultural historic landscapes are godsy changes. Few studies were
prepared to determine the size and place of ongprugesses. The research on
transformation of agricultural landscapes was prexppy Meeus (1993). The 4 scenarios
(optimizing agricultural production, the promotioof specific regions, optimizing
landscape preservation and sustainable use ofahagsources) of different agricultural
policies and their impact on 13 agricultural larajses were prepared. The study does not
cover the whole Europe. Moreover, it is not outdaas the Common Agricultural Policy
has evolved since that time.

Another approach was used by Klijn and Vos (2000)their research they tried to
predict major trends of changes and likely landeaasponses based on current changes

Assessment of European cultural- historic landseapéehe scope of EURURALIS
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in land use. The major trends they identified wexgricultural intensification and up-
scaling, agricultural extensification, marginalisat and land abandonment, urban and
infrastructural sprawl, the recreation and tourigaradox and water management. The
research lacks spatial dimension. Bethe (1997) goeeb a research on agricultural
changes in Europe and its impact on nature andstape. He used a soil suitability map
for Europe and took economic conditions into actodme study is limited to few
economic factors and does not include Eastern Europ

Although there are a number of studies about alltbistoric landscapes, none of them
fully covers the issue. Some are lacking spatialedision, whereas others are outdated.
All these researches do not take into accountralind) forces which influence land use
and landscape changes.

In this research the EURURALIS project (Klijn 200®)ll be used to determine the
changes in cultural historic landscapes. The EURUIRAs predicting land use changes
in Europe between years 2000 and 2030. The analysiee EURURALIS results (in 4
scenarios) will be prepared and its possibility use it for landscape changes
identification. The project results are based om@&dels: economic model (LEITAP,
GTAP), global environmental model (IMAGE) and thioeation of land use changes
model (CLUE). The research will be focused on thicome of CLUE model as it
presents the land use changes which influence ahéstape. The CLUE model was
developed to simulate land use change by usingraralyy quantified relations between
land use and its driving factors in combinationhwitynamic modelling of competition
between different land use types (Verburg 2004% iodel is divided into two modules:
non- spatial and spatial. In the non- spatial medahd use requirements are calculated
at aggregate level (for each country or group aintdes: Baltic countries are combined
as well as Belgium and Luxemburg) as part of séendn spatial model land use
demands are allocated to locations within the aeestThe land use change is modelled
with the spatial resolution of 1x1 km. The EURURALprovides results for land use
allocations in 4 scenarios. The scenarios are GlBbanomy, Global Co- Operation,
Continental Market and Regional Communities. Thépots of the project show an
increase in urban areas and decrease in agridudingas.

In the EURURALIS project not all conditions influging land use change were taken
into account. To evaluate the project results dair ffitness to use in identification of
landscape changes, also other factors have tokes tato consideration. As Antrop
(2004) states in his research, urbanisation doesmip take place around existing cities
but also among the country side. Another factduaricing both land use and landscape
is transportation network and its accessibilityaBarossing, stations and halting places
attract new developments. The new projects of tlaels have to be taken into account,
especially in the project which predicts changesh@ scope of next 30 years. Also
calamities directly change the landscapes althdhgi are not easy to predict (Antrop
2005). The situation in and around existing praddareas and ecological networks will
be studied on the basis of EURURALIS results. Thme & to define if the project
prognoses some changes in them. Ecological netwam&smportant as they connect
different landscapes and enable different speociestmute (Jongman 2004).

The EURURALIS project is based, by the CLUE modei, transition and allocation
rules of land use changes. However it does not tdkeonditions and factors into

Assessment of European cultural- historic landseapéehe scope of EURURALIS
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account. It may have an influence on the projestilte and projected land use changes.
However in this research the project is assumetetaccurate for investigation if it is
useful to assess landscape changes.

The European cultural historic landscape clasgiboawas prepared by Meeus (Meeus
1990) in 1989 for Western Europe and in 1995 ferEastern and Northern part (Meeus
1995). The conditions which Meeus took into accoamd: size and shape of parcels,
layout of farm yards, type of crops, soil and togipy, climate, existence of semi-
cultivated crops and woodland, altitude and gragliemd ownership or lease, degree of
enclosure, historical origins, EEC soil map, to@gdric maps and photographs, which
were consulted. In total 30 landscape types adfasspe are defined. Second landscape
classification, which is temporal accurate, wagppred by Micher (Micher 2003). The
division on landscape classes is done from biotid abiotic point of view. The
conditions which he took into account were: climageomorphology, soils, vegetation,
fauna, land use and land cover data. To asse&stheover, Micher used CORINE land
cover database, which contains 44 classes, groupe8l level nomenclatures. All
mentioned factors influence the shape and struatilandscape. The classification is
very wide and contains almost 220 classes. Botbsifieations are different from each
other so results based on them also will be differ€he classification which is better to
use in the study is Meeus as it provides cleaindisbn on cultural historic landscape
classes. However the investigation of differenced similarities between them will be
done based on cross table.

Landscape change diversely and it depends on Itesability and resilience. Some

landscapes are more valuable than the others. fbisdem is to define the most valuable
landscapes among existing, to monitor their charmes years and to protect them
whenever it is possible. The selection of rare s@ages on the European Union level is
aimed at identification of the most important orrurthermore the observation of

landscape class patches, their spatial distribuéind shape can provide information
about resilience/ persistence and vulnerabilitiantiscape classes.

To identify landscape changes the number of altearojects is proposed. As they are
still ongoing projects they could not be used iis tlesearch. Worth to mention is the
BIOPRESS project (Hazeu 2005), which is partlydimdad (February 2006). The project
identifies land use changes over last 50 year$itraining windows (30x30 km) and 59
transects (2x15 km). Furthermore future land usanghs will be identified. The results
can be used to predict landscape changes.

The main changes in landscapes are taking plaoaghout the whole European Union.
They can be identified on the level smaller thare aountry, but higher than the
municipality. Each country in Europe is dividedNiits 2 regions, which are most often
the provinces. On this administrative level thesean agency (or other governmental
body) which is responsible for implementation ananagement of CAP. Farmers react
on CAP and economy conditions by changing them&rboth in size as well as land use
types. As landscape changes are mostly resultgrdudtural activities and land use
changes (due to Common Agricultural Policy), thalgsis on Nuts 2 level can be linked

Assessment of European cultural- historic landseapéehe scope of EURURALIS
project 8



Chapter 1 Introduction

with CAP policy. Also changes in landscape clasaed ongoing processes can be
observed on this level. Furthermo E—

the Nuts fe_g'ons can enable Ilnklr_w Common agricultural policy (CAP): A set of
different project on the same spati| |egislation and practices adopted by the Europeaior
level. The division on Nuts regions i to provide a common, unified policy on agricultute.
also accepted and used [| aims to ensure that agriculture can be maintainest ¢
EUROSTAT. Presenting results of th the long term at the heart of a living countrysidée

h Nuts 2 | | will ) formal aims of the common agricultural policy catuge
research on NUts < level will serve as legal obligations of the European Union. They ast

guideline for politicians in eStab”Shin out in Article 39 of the Treaty establishing ther&ean
new rules and laws for agriculturg Community.

policy.

n

1.2. Objective

The impact of the 4 EURURALIS scenarios on the Eumpean cultural historic
landscapes will be assessed, on Nuts 2 level.

Research questions:

Q. 1. What data is available about cultural histtahdscapes on European Union level?
Q. 2. What are the differences between Meeus armthbtilandscape classifications?

Q. 3. How could the EURURALIS project been usetattkle the assessment of changes
of EU cultural historic landscapes?

Q. 4. How “good” is the assessment?

Q. 5. Which other projects can be used to assesscliianges in cultural historic
landscapes?

1.3. Overview

Chapter 2 discusses available landscape clas®fisatwhich are prepared for the
territory of Europe. Chapter 3 compares Meeus afididr landscape classifications and
outlines the limitations of both studies. It alsesdribes and characterizes the classes
which they contain. Furthermore the new landscadassification (Memus) is introduced
and characterized. Also the patchiness, vulnetabdind resilience of 3 landscape
classifications are described. Chapter 4 concetlRURALIS study and it analyses the
project results on Nuts 1 and Nuts 2 level. Moreovenvestigates future land use
changes which are predicted by EURURALIS. Chaptanalyzes possibility to use
EURURALIS outputs in the assessment of landsca@agds. The chapter studies if
predicted land use changes can be used in idextidfic of transitions in cultural historic
landscapes. Each chapter contains small conclusiotis are further elaborated in

Assessment of European cultural- historic landseapéehe scope of EURURALIS
project 9



Chapter 1 Introduction

Chapter 6. Chapter 6 also discusses the researshltsreand gives further
recommendations. In addition other projects whi@n de used in assessment of
landscape changes are pointed out.

The details about the datasets used in the stedgemcribed in Appendix 1.

Assessment of European cultural- historic landseapéhe scope of EURURALIS
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Chapter 2 Cultural histoli@ndscape data

2. Cultural historic landscape data

Landscape consists of various components: abibimtic and cultural ones. Some
components are depended on each other while oHrerandependent (independent
abiotic phenomena determine presence and natureelafively depended biotic

phenomena). The phenomena can be ranked and ardboedng increasing dependency
at lower levels, which is presented on Figure 2 ¢Miar 2003):

Climate/ geology
Geomorphology A
Abiotic
Hydrology
_ \4
Soils
Vegetation A .
Biotic
Fauna
Increasing A\
dependency Land use ¢ Cultural
Landscape pattern
\ 4
<«€<—— Landscape character —>

Figure 2. Landscape character and structure.

Landscape structure consists of all these compsn&hty are hierarchical, as presented
above, where lower ones are depended on upper ©Onebe other hand the components,
such as fauna or land use are a result of uppelitcams, as they are influenced by these
relations. Land use is an expression of all abowntioned conditions (except for
landscape pattern), but sometimes it is highlyuerficed by humans. Landscape pattern
reflects bio- physical conditions as well as spaiiad temporal aspects of human land
use. As landscape is defined as “area perceivgzebple”, changes in land use type and
its structure are the most important factors inflieg it.

Assessment of European cultural- historic landseapehe scope of EURURALIS
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Box 3.
DEFINITIONS:

or currently covers the ground. This descriptioral#es various biophysical categories to
distinguished - basically, areas of vegetatione@rebushes, fields, lawns), bare soil, hard susfg
(rocks, buildings) and wet areas and bodies of m(@tatercourses, wetlands).
http://glossary.eea.eu.int/EEAGIlossary/

residential, industrial or commercial purposes, farming or forestry, for recreational d
conservation purposes (...).
http://glossary.eea.eu.int/EEAGIlossary/

and character are the result of the action of ahtand/or cultural (that is, human) factors. Th
definition reflects the idea that landscapes evaéhreugh time, as a result of being acted upon
natural forces and human beings. It also underlingsa landscape forms a whole, whose natural
cultural components are taken together, not seglgrat

Landscape Convention; Chapter I, Article 1, 38.

Landscaperefers to our perceivable environment and is a®rsid a common cultural commodit
The term ‘landscape’ is used as an abstract conbeptalso to refer to a particular example
reality. As an abstract concept, landscape hasondebs and refers to concepts such as scerf
system and structure. In a concrete use, diffdagniscapes are distinguished, each one referriag
more-or-less well-defined and bordered piece af.lan

Antrop 2000.

Cultural landscapescan be defined as recognizable parts of the sudathe Earth, which have
characteristic composition, structure and scerleagdscape types are distinguished by the degre
anthropogenic influence and are defined by a pdaicconfiguration of land form, soil, topograph
climate, vegetation, land use, history and scenery.

Meeus 1995.

Traditional landscapes can be defined as those landscapes having aafistimd recognizable
structure, which reflect clear relations betweea tlomposing elements and have significance
natural, cultural or aesthetical values. In mostesa such landscapes evolved slowly and t
centuries to form the above values. Their long onjstallowed all changes to be integrat
harmoniously with the natural conditions and witle fprevious cultural patterns. Consequentlyf
large variety of regional characteristic landscapese created, each of them possessing a ¢
identity, which is clearly expressed by their pnopames.

Antrop 2000.

(...) It contains the complex history of a place egion, which still can be read from its compositi
and structure. (...) Each traditional landscape esg@® a unique sense or spirit of plagen(us loc

that helps to define its identity.

Land cover corresponds to a (bio) physical description ofgheh's surface. It is that which overlays

Land use corresponds to the socio-economic descriptionctfanal dimension) of areas used for

Landscapeis defined as a zone or area as perceived by pewadle or visitors, whose visual featurgs

be
ce

for
bok
bd
,a
lear

Antrop 2005.
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2.1. Meeus cultural historic landscape classifioati

On European level only one cultural historic laragse classification exists. It is Meeus
classification prepared in 1990. The conditionsclhleeus took into account are: size
and shape of parcels, layout of farm yards, typerops, soil and topography, climate,
existence of semi- cultivated crops and woodlaftdude and gradient, land ownership
or lease, degree of enclosure, historical origielBC soil map, topographic maps and
photographs, which were consulted. The degree ehmgss and closeness as well as
urbanisation pattern is reckoned to have high itgpae in classifying landscapes. The
climate decides about division between mediternanaad marine conditions. The
topography and derived slopes differentiate themtenns and valleys. Photographs used
in the classification enabled to ascribe the degfemenness and closeness of landscape.
Meeus distinguishes 30 cultural historic landscapess Europe. In the European
Union 23 cultural historic landscape classes aesgnt (see Mapl).

Assessment of European cultural- historic landseapehe scope of EURURALIS
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0 250 500 1000 Kilometers
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- forest tundra - northern highlands - polder - coltura promiscus - eastern collective openfields
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I middle taiga [l atlantic bocage [ huerta [ continental openfields [ puszta
- southern taiga I:l semi bocage - kampen - aquitaine openfields

[ subtaiga B rediterranean semi bocage [0 poland's strip fields [JM central collective openfields

Map 1. Meeus cultural historic landscape clasdificafor European Union.
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The landscape types and their characteristicsr (Bfezzus 1990 and 1995) present in the
European Union are described in Appendix 2.

Meeus presents his landscape classification onti short description (Meeus 1990,
1995). On this basis it is hard to investigate wiipes of land use are present in each of
the landscape classes. It is main limitation, & $tudy as land use classes can not be
spatially located on a map. Changes in land usestppesent in the given landscape class
have an influence on this landscape. Moreoverghhssification is very general and does
not present details on a map. In addition Meeussdiaation is not available in digital
format, so it had to be scanned and geo- referenced

Nevertheless Meeus cultural historic landscapesiieation is the only study prepared
for the territory of the whole Europe. The naméhaf classes it provides is clear and easy
to understand. In addition the landscape classesdescribed as “open” or “closed”,
fields are “surrounded by hedges or walls” andagédls are “compact” or “sprawl!”
(Meeus 1990, 1995). The description provides ingrdrtinformation about cultural
aspect of classified landscapes. Meeus classifitad assumed to be the most suitable
study to use in the further research.

The landscape classes which are dominant in Eunopleéon are mediterranean open
field (15 %), atlantic open fields (10.2 %), nomrheaiga (8.1%), semi- bocage (7.9 %),
atlantic bocage (7.4 %), central collective opesld§ (7.2 %), mountains (6.7 %),
continental open fields (6.4 %) and delta (6.2 ¥hle landscapes which are the smallest
are eastern collective open field (0.2 %), aquéaipen fields (0.5 %) and huerta (0.7 %).

2.2. Mucher landscape classification

Other study concerning landscapes is Micher lapgsckassification. Micher based his
research on biotic and abiotic components (seer&ig). However not all data were

available for the whole Europe, so the followingsmnvere used in the study:

- Topography (GTOPO30, resample to 1km resolution),

- Parent material (ESDB 1:1M, resample to 1km nesmh),

- Land use (CORINE land cover database, resamgdlkrtoresolution).

The landscape typology is based on the attributetheo landscape mapping units. In

Mucher classification the first capital letter ised for topographic class, second for
parent material and third for the land use class.

Table 1. The division of Milicher landscape classes.

Topographic class Land use class Parent material
0-100 m: lowland arable land river and marine allav
100- 500 m: hills permanent crops glacio- fluviapdsits
500- 1500 m: mountains| pastures calcareous rocks
1500-2500 m: high heterogeneous hard clayey materials and siltstone
mountains agriculture
2500 + m: alpine forest Sands
shrubs Sandstone
open spaces soft loam
wetlands detrital formations
crystalline rocks and magmatites
organic materials
volcanic rocks
other rocks

Assessment of European cultural- historic landseapehe scope of EURURALIS
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Also 4 extra codes were added for: urban, inlanterwa@stuaries and lagoons areas, and
non- classified. As Micher based his study on CaRtdta, he reclassified land cover
types and used them in this study (for descriptibland use types see Appendix 3).

In total 2550 combinations of landscape types ekist in reality only 202 classes are
possible. The Map 2 presents the Mucher landsdagsification:

Assessment of European cultural- historic landseapéehe scope of EURURALIS
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Map 2. Miucher landscape classification.

Assessment of European cultural- historic landseapehe scope of EURURALIS
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Micher landscape classification provides very tldlainformation about landscape
classes. It is presented in a vector format witlygmns containing information about
parent material (soils), topography and land usee @olygon is described by these 3
characteristics, which make the resulting map bardterpret on the European level.
The contribution of Micher landscape classes impeir(limited to the area of Meeus
classification, so only EU25) is: hills with forgd9.6 %), hills with arable land (19.2 %),
lowlands with arable land (11.7 %) and mountainghviorest (8.2 %). The smallest
landscapes are: lowlands with open spaces or netatagn (0.0012 %), mountains with
artificial surfaces (0.0013 %), lowland with auiil surfaces (0.03 %), lowlands with
water bodies (0.03 %) and mountains with wetla®d31( %).

2.3. CORINE land cover database

The CORINE land cover database is available foteh&ory of Europe. It consists of 44
land use classes which can be aggregated to2
levels of details (Bossard, Feranec 2000). 7 Box 4. - _
database is publicly available and can | SORINE- COoRdination of INformation on
. the Environment. A program proposed |n
downloaded from European Environment 1985 by the European Commission, aimed at
Agency webpage. gathering information relating to the
CORINE database was used by Micher| environment on certain priority topics for the
preparation of landscape classification. | Eil;ftggzznegcm)o” (land cover, coastal erosion,
aggregated 44 original land use/ land co S S .
CORINE classes to 8 (see Appendix 3). http://glossary.eea.eu.int/EEAGIlossary/

2.4. Other landscape classifications

The CORINE land cover database was used to preparBominant Landscapes map.
The map is a part of the report “Environment in Ex@opean Union at the turn of the
Century”, prepared by European Environment Agengy1P99. The identified 7
landscape types are based on the CORINE land é¢awer1999. Other study prepared
by the Agency is Dominant Landscape Types of Eurdpés classification is presented
as a map in the report “State of the Environme®520The study identifies 7 landscape
classes, based on the CORINE land cover, whicldiffierent from the ones in the study
prepared in 1999. Both landscape classificatiores @ublicly available and can be
downloaded as maps from European Environmental é&\gemebpage.

Assessment of European cultural- historic landseapehe scope of EURURALIS
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2.5. Conclusions

There is significant lack of datasets about culthistoric landscapes, which would be
prepared for the territory of Europe or EuropeamodnThe only available classification
is Meeus study, but it is temporally and spatiailgccurate.

Datasets

Spatial resolution
P Meeus | Micher| CORINE

Europe
European Union
Nuts 1
Nuts 2

Black box indicates the level on which originalaksts were
prepared

Micher landscape classification although prepacedife territory of Europe does not
classify landscapes from cultural historic point wiew. The emphasis is put on
classifying the abiotic and biotic elements. Theaas valid for CORINE classification

which is temporal and spatially accurate, but ptesiinformation on land use/ land
cover classes and not cultural historic landscapés. advantage of CORINE is its
availability, accessibility and spatial dimensioovering the whole Europe. Landscape
classifications based on the CORINE land coveradse focused on identifying classes
from land use perspective.

Assessment of European cultural- historic landseapehe scope of EURURALIS
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3. Meeus, Miicher and Memus landscape classificatisn

Both Meeus and Mucher classify landscapes, butdbasedifferent datasets. Also time
accuracy is different as Meeus classification @1r1989, whereas Mucher from 2003.
To compare both classifications the data usedair fireparation has to be identified as
well as rules implemented to classify landscapes.

To analyze changes in the landscapes the knowlaldget the structure of landscape
classes in needed. In this chapter rare landsceflede selected as well as few
landscape indexes will be calculated. The res@tshe further used in identification of
future changes.

When talking about landscape changes, we havekitdo account that landscape is
changing all the time. The notion of flexible landpe serves as an example of changing
land use but not changing landscape. Flexibilityansea capacity to assimilate land use
changes without threat of ecological disaster aiatcunrest (Meeus 1990). However
there is also a threat that high land use tramsitwill change the landscape. The problem
is with identification of the border until whichéHandscape remains unchanged (or the
amount of pressure which change the landscape)kidwledge landscape structure, its
vulnerability and resilience can help in predictitie changes. Processes shaping the
landscape are long and short term. Some landsegreassimilate both whereas long
term processes influence all types of landscap@sekample climate change, erosion as
well as land use changes has an influence on distapes, but results are seen in
different time periods.

The analysis of datasets used in Meeus and Muahdstape classifications:

- Meeus and Mucher use topography/ elevation and lsed land cover datasets,
as these are important elements of landscape assassThey also study the
parent material (soil), which is quite importanttfar, but it is rather constant and
does not change so dynamically in time. Comparizsed on parent material can
be analyzed as the same in both classifications.

Meeus does not explain background of using the datpreparation of his
classification. Land use in Meeus classificatiobased on natural conditions and
land cover. In description of different landscadasses he provides a short
explanation of all elements being a part of thetssses. However from
description it is not possible to locate differehtracteristics (land use types) of
landscape classes in space.

Micher’s land use classes are based on CORINEdawer which is temporal
accurate assessment, providing 44 land use clabselsis research Micher
aggregated these classes to 8 land use types aeadlga 4 extra codes.

Mucher classification, as based on detailed datataburopean landscape (parent
material, topography, land use), is used in furthesearch as a basis for
supplement of Meeus landscape classes charaderigts mentioned above
Meeus lacks spatial location of land use types)daipart of one landscape class.
Mucher classification is very broad so only fact(aata) highly influencing the
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landscape and determining its character will bedusgpography and land use.
Soil data, although being a part of landscape &tracis aggregated and assumed
to not have an influence in differentiating langsealasses (the land use type and
vegetation is partly a result of soil type). Aldomate is a factor influencing the
landscape but it is aggregated and assumed to ax& & high influence on
landscape classes in the scope of 30 years. Thét 1836 landscape classes
instead of 220 in the original classification. Tbembined Micher landscape
classification will be used in further research.

3.1. Combining Meeus and Micher landscape clagsidic

There is a need of combining both landscape claasdns, as if they would be use
separately non of them would provide sufficienbmnfiation. They are based on similar
type of datasets (from different time periods), thaty classify landscapes from different
perspective. Mucher lacks cultural data and itssda are hard to interpret. On the other
hand, Meeus provides information about culturaltdnis landscapes but it lacks
characteristics and spatial locations of land yped being part of these landscapes.

The combined landscape map is based on Meeusalutistoric landscape classification
where all classes are characterized by Micheruaedlasses. It enables characterization
of all cultural historic landscapes by means of ohamt land use type. In total there could
be 828 combinations possible, but only 379 landssago really come forward. The
water body and urban classes were aggregated igtoubs so they are not treated as
landscape type. The result is 339 landscape classes

In 23 Meeus classes there are 36 Micher class#s $wdlasses from mask- urban, flats
and water body). The number of landscape clasees Kiticher in Meeus differs from 3
in arctic tundra and eastern collective open fietds30 in mountains (see Appendix 4).
The Mucher landscape classes which are presemhaise often in Meeus are: hills with
forest (21), urban (20), water body (20) and lowllavith arable land (19). The landscape
classes present the less often are: alpine with spaces (1), lowland with open spaces
with little or no vegetation (2), mountains withrp@nent crops (2), mountains with
wetlands (2), mountains with artificial surface$ éd hills with open spaces (3). When
comparing the area in which the landscape clapsesent, the smallest is lowland with
open spaces (48 Kmpresent in 2 Meeus landscape classes), mountaihsartificial
surfaces (51 kf present in 2 landscapes), mountains with wetlgA@d8 knf, present in

2 landscapes), lowlands with water bodies (1236, lgresent in 7 landscapes) and hills
with artificial surfaces (1274 kin present in 13 landscapes) (see Appendix 4). The
Memus classification is presented on Map 3.

Assessment of European cultural- historic landseapé¢he scope of EURURALIS
project 22



Chapter 3 Meeus, ReErcand Memus landscape classifications

Map 3. Memus landscape classification.
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Table 2 presents Meeus cultural historic landscégeses with its characteristics of main
Micher landscapes (land use classes). Each newdapel class is characterized by land
use and can be identified spatially on a map. Nema dvill be named Memus

(combination of MEeuS MUcher).

Table 2. Characterization of Memus cultural histdeindscape classes.

Meeus class

Characterization from Mucher

Forest tundra

Hills with forest 55 %

Hills with shrubs and herbaceous vegetation 40 %

Northern taiga

Hills with forest 68 %

Lowlands with forest 16 %

Middle taiga

Hills with forest 90 %

Southern taiga

Hills with forest 54 %

Lowlands with forest 15 %

Hills with heterogeneous agriculture areas 14 %

Subtaiga

Hills with arable land 33 %

Lowlands with forest 32 %

Lowlands with arable land 17 %

Hills with forest 15 %

Northern highlands

Hills with shrubs and herbaceous vegetation 74 %

Lowlands with shrubs and herbaceous vegetation 12 %

Mountains

Mountains with forest 30 %

Hills with forest 16 %

Atlantic bocage

Hills with pastures 26 %

Lowlands with pastures 16 %

Lowlands with forest 13 %

Lowlands with arable land 11 %

Lowlands with heterogeneous agriculture 10 %

Semi bocage

Mountains with forest 25 %

Hills with arable land 25 %

Hills with pastures 12 %

Mediterranean
bocage

sen|

iMountains with forest 29 %

Hills with arable land 16 %

Hills with forest 14%

Mountains with shrubs and heterogeneous vegeta8c¥

Polder

Lowlands with arable land 50 %

Lowlands with arable land 38 %

Delta

Hills with arable land 33 %

Lowlands with arable land 17 %

Hills with heterogeneous agriculture areas 13 %

Huerta

Hills with shrubs and herbaceous vegetation 19 %

Lowlands with arable land 16 %

Hills with heterogeneous agriculture areas 15 %

Mountains with shrubs and herbaceous vegetatic¥ 12

Kampen

Lowlands with arable land 41 %

Assessment of European cultural- historic landseapé¢he scope of EURURALIS

project

24



Chapter 3 Meeus, ReErcand Memus landscape classifications

Lowlands with forest 20 %
Lowlands with pastures 13 %
Lowlands with heterogeneous agriculture 11 %
Poland’s strip fields | Hills with arable land 76.8 %
Hills with forests 14 %

Coltura promiscus | Hills with arable land 23 %

Hills with forest 19 %
Mountains with forest 18 %
Mountains with heterogeneous agriculture 11 %
Lowlands with arable land 10 %
Atlantic open fields | Lowlands with arable land 32 %
Hills with forest 20 %

Hills with arable land 17 %
Lowlands with forest 12 %
Continental open Hills with arable land 44 %
fields Hills with forest 29 %

Aquitaine open fields| Lowlands with arable land 28 %
Hills with arable land 26 %
Urban 20 %

Hills with pastures 15 %
Central collective Hills with arable land 50 %
open fields Lowlands with arable land 22 %
Hills with forest 14 %

Eastern collective Hills with arable land 89 %

open fields Hills with forest 11 %
Mediterranean openhMountains with arable land 19 %
land Mountains with shrubs and herbaceous vegetatich 16

Mountains with forest 11 %
Hills with arable land 10 %
Puszta Hills with arable land 46 %
Lowlands with arable land 45 %

As indicated above some landscapes consists of famw land use types (coltura
promiscus, atlantic bocage) whereas the others foahy 2 (Eastern collective open
fields, puszta, Poland’s strip fields, middle tamyad polder). On this basis changes in
cultural historic landscapes can be assessed. dlgednformation for Meeus
classification is provided.

Memus data is assumed to represent all culturgdricslandscapes in Europe with their
main land use types. The number of classes isrrailga for the territory of European
Union. However on Nuts 1 and Nuts 2 level the nundidandscape classes present in
the given country or region is much lower. As reshé proposed number of landscape
classes can be used in further research.
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3.2. ldentification of rare landscapes

Cultural historic landscapes are continuously changcross Europe. It is vital to
identify landscapes which are highly valued. Ongdinagmentation and homogenization
are main threats for landscapes (Jongman 2002ynfeatation may lead to increased
vulnerability and shrinkage of the given landscéyee. As the result it may become
extinct and rare. Selection of importapt
landscapes is a very C(_)mplex task. On Sg)r(esiandscape type:The one present the
European l.evel’. as In th'.s research, there less often (in the smaller number of places)
problems in identification of the mMOS in the European Union and occupyirlg
important (valuable, rare) landscapes. Thq relatively small area. As present in limited
are a number of policies aimed at protection| places in EU it is the most unique and negds
natural areas (concrete type of species to be preserved. In this re_sea_rch selected| for
habitats), but they do not analyze landsca tcrl'gsse'vs'emus cultural - historic — landscape
from cultural historic perspective. It evolves '

need in identification of rare landscape types

on a basis of occurrence of landscape types indeuigee Appendix 4).
In this research the criteria for selecting thesatandscapes are based on Gaston (2002)
and the rules of thumb. The criteria are:

- the smaller the area the landscape has, the targr small area is defined as
smaller or equal to 5% of maximal area (less tHE890 knf);

- the smaller the number of landscape type occurré@m¢be whole Europe, the
rarer it is; the smaller number is smaller or eqoal/4 of maximal number of
occurrence (less than 5);

- the smaller the average area per Meeus class wlibie Europe, the rarer it is;
small average is defined as 5% of maximal avertegs (han 754 ki

- the occurrence of landscape type is more impottent area;

- the land use types determines the importance dbtzpes (presented on a scale):
forest, shrubs and herbaceous vegetation, wetlapds) spaces (1) pastures,
heterogeneous agricultural areas, water bodies (2arable land, permanent
crops, urban, flats (3).

On this basis the rarest landscapes across Eurepe selected and grouped into 6
classes, where the criteria for assigning to ascheye:

Class 1. the smallest occurrence, area and landnysertance 1 or the smallest

occurrence and land use importance 1 or 2;

Class 2: the smallest occurrence, smallest areégaaddise importance 3;

Class 3: the smallest occurrence, land use impoetaror 2;

Class 4: the smallest area, land use importanec&1 o

Class 5: the smallest area, land use importance 3;

Class 6: the rest- adheres to classes 4, 5 and 6.

Based on above criteria, there are 10 rarest Mdemdscapes. They consist of Meeus
and Mucher rare landscapes, which are:
1. alpine open fieldsn mountains- occupies 0.1 % of Mucher area inogarand
1.96 % in Meeus class mountains;

Assessment of European cultural- historic landseapé¢he scope of EURURALIS
project 26



Chapter 3

Meeus, ReErcand Memus landscape classifications

. hills with open fieldsin northern taiga, mountains and mediterraneam dgued-

they occupy 0.069 % of Micher classes and follovarnga in Meeus classes: in
northern taiga 0.01 %, in the mountains 0.14 % ianthe mediterranean open

land 0.39 %;

lowlands with open fieldsn polder and atlantic open fields- in total in &hier

they occupies 0.001 % of area, whereas in Meepslater 0.05 % and in atlantic

open fields 0.01 %;

Mucher classes and in Meeus 0.15 % northern taigdd 1l % mountains;

mountains with wetlandé northern taiga and mountains- occupies 0.02f% o

high mountains with open fieldsn total it is 0.26 % of Miicher classes andhe t

following Meeus classes the percentages are asam®llin mountains (3.62 %),
semi- bocage (0.07 %), mediterranean semi- bodag& ¢6) and mediterranean

open land (0.01 %);

flats occupies 0.014 % of Mucher classes and in Measses it is: in the atlantic

bocage (0.06 %), semi- bocage (0.0045 %), poldér¥g), kampen (0.02 %) and

atlantic open fields (0.01 %);

whereas in Meeus in mediterranean open land (1.@®bhuerta (0.76 %);

8.

0.01 % of northern taiga and 0.01 % of semi- bodemya Meeus classification;

9.

promiscus and mediterranean open land;
10. high mountains with shrulbmccupy 0.6 % of Micher and the following of Meeus:
in the mountains (6.32 %), semi- bocage (0.19 %&diterranean semi- bocage
(1.8 %), atlantic open fields (0.01 %) and medéeean open land (0.57 %).

mountains with permanent crops Mducher classification occupies 0.26 %,
mountains with artificial surfacesccupies 0.001% of Miicher landscapes whereas

high mountains with foresh the mountains, mediterranean semi- bocageyreolt

The selection of rare landscapes is one of theoagpes which can be used to analyze
the landscape changes. The proposed proceduresasaahed at selecting the most
interesting Nuts 2 regions in European Union.

3.3. Analyses of landscape classes

Knowledge about the landscape structure providdgiadal information about it. When

patches are small the landscape is m
heterogeneous, whereas when they

larger, it is more homogeneous. On t
other hand, small patches are vulnera
to change during time, as they are le
persistent/ resistant. Average area

patch indicates the vulnerability t
change- the greater the size of

individual area, the higher the likelihoo
that individual features will persist
Moreover larger areas are more likely

Box 6.

Persistence means an ability to survive i
changing (unsuitable) conditions.

(Gaston 2002)

Resistance means the ability of an organism to liy
in the presence of environmental stress, pathod
or pests.
http://glossary.eea.eu.int/EEAGlossary/R
Vulnerability - means the receptiveness on
exposure to changes in the conditions. Vulnergbi
is not only dependent on the area but also on
type of species occupying the region.

N

e
ens

it
the

Gaston (2002)

contain greater amounts of habitat typi

and different succession stages. As changes doniptake place in space but also time,
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it is important to notice that factors threatenipgrsistence of natural features are
changing through time (Gaston 2002). Based on defBnition the most persistent
Memus landscapes across Europe are: hills wittsfqeverage area 36 642 Rmhills
with arable land (37 704 K lowlands with agricultural land (24 163 Kmand
mountains with forest (23 012 Kjn However the number of patches and its area do no
determine straight forward the landscape classgtense and vulnerability. The shape of
patches is also an important factor, which willflseher studied.

In long time periods, when changes are slow, theuwence of eco corridors is
important. Species can migrate from one area tmther, unless the habitat is shrinking
continuously (Gaston 2002). As cultural historiadacape classification provides only
general description of classes and its land usestyip is not possible to assess it in this
research. However the detailed study on the preseispecies types and eco corridors is
of interest.

To compare the patchiness of 3 landscape cladsiinsa(Meeus, Micher and Memus),
the FRAGSTATS software (McGarigal, Marks 1995) waed. It enables the analysis of
both vector and raster datasets, and providestsefsula number of landscape indexes.
The indexes were calculated for landscape classdoa landscapes as a whole entity.
Selected indexes were used by Eiden and KayadjgR@®0) to provide information
about heterogeneity and fragmentation of landscafies selected indexes are: number
of classes, number of patches, Edge Density in&annon’s Diversity index and
Interspersion Juxtaposition index.

The indexes calculated for landscape classesand&tape classifications are:

1. Number of classedhe simplest index to derive the diversity of lacape. The
more landscape classes are present the more doserisé the area is. However it
does not provide any information about the numbeshape of patches.

Meeus landscape classification has 23 classes.
Mucher classification has 40 classes.
Memus classification has 341 classes.

2. Number of patcheghe index indicates in how many places one lamgsdype
occurs. It can be used as an indication of fragatemt of landscape. However it
is important to stress that this index does novigeany information about size,
shape or density of patches.

Meeus landscape classification consists of 23 lzaquks types present in
EU. The number of patches is diversified from 1d8rhediterranean open land to
only one for forest tundra, middle taiga, Polandtap fields, aquitaine open
fields, eastern collective open fields and puszta.

The Micher landscape classification consists ofck@ses. Each class
consists of a number of patches which differs frbnfor lowlands with open
spaces, 2 for mountains with artificial surface3hills with open spaces to 549
for lowlands with arable land and 666 urban areas.

Memus landscape classification consists of 341selsThe number of
patches vary from 1 present in 65 landscape clddse®xample: forest tundra in
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high hills with shrubs, northern taiga in lowlandgh shrubs, middle taiga in
high mountains with arable land, polder in lowlavdsh open spaces), to 101
patches in central collective open fields in hilgth forest, 119 patches for
northern taiga lowlands with forest, 97 patchesami bocage in hills with arable
land, 96 patches in mediterranean open land imihentains with arable land and
92 patches in mediterranean open land in hills alittubs.

The landscape types with the highest patch- indddevare the most vulnerable
to pressures. The mentioned 65 landscape typaberaost resilient as being the
less patchy. The measure taking into account nigtthe number of patches but
also the area provides more detailed results. Therdandscapes which are very
patchy, but the area of each patch is relatively. ther landscapes can be
present in only one patch but it may have smalhard as result be more
vulnerable to pressures (northern taiga in hillhwipen spaces, atlantic open
fields in mountains with pastures or Poland’s sfrigdds in the mountains with
arable land). The analysis of landscape structarerot be based on only one
landscape index, as it does not take into accadimer @onditions and relations.

3. Edge density indext takes into account shape and the complexithefpatches.
It is a function of edge length on a per unit apaais, which enable comparison
of different patch sizes. The higher the indexriwe edges are present and there
are more patches of one landscape class presewneudo as index takes into
account length, higher values also means that dtehps are more diversified in
shape (more heterogeneous).

Meeus- The highest values are for atlantic bocde388), atlantic open
fields (0.0480), mediterranean open land and fori-sbocage (0.0378).

Micher- The index is the highest for hills with laiealand (0.30) and hills
with forest (0.28).

Memus- The highest index values are for: northaigat in hills with
forest (0.07), atlantic open fields in lowlandsiwétrable land (0.07) and in central
collective open fields in hills with arable land@®).

The comparison of index with the number of patabfethe given landscape class
indicated that higher index does reflect that thisr@igher number of patches.
There are classes which are very patchy, but tbexins low. The index is a
measure of amount (length) of borders in the gil@mdscape class (how
heterogeneous it is), but not the number of patohese class.

The index indicates which landscape classes ina8sifications have the most
borders and are the most heterogeneous.

The measure of landscape heterogeneity and fragtiamis dependent on the landscape
classification that is compared. In 3 landscapessilizations number of classes is
different. Moreover, Micher classes were aggregated the influence of soils and

climate was neglected. The patchiness of 3 classifins as a whole entity was

calculated by use of selected indexes:
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1. Number of patches:
Meeus landscape classification consists of 23 etasshich are divided in
401 patches (the number of all landscape types).
Mucher classification consists of 40 classes wraoh divided in 4351
patches.
Memus classification consists of 341 classes whrehdivided into 5944
patches.

Comparison of landscape
classifications
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Figure 3. Comparison of Memus and Micher clasgiboa.

2. Edge density index:

Meeus classification has a value 0.3153.

Mucher is 1.0530.

Memus is 1.5077.
The index shows which landscape classification hHtheepatchiest classes. Memus has
the highest number of classes, which results iatively high number of patches being
present. It also means that the given patches g/ borders, which means that the
landscape is more heterogeneous.

3. Shannon’s Diversity Indext quantifies the diversity of the landscape basad
two components: the number of different patch tyaed the proportional area
distribution among patch types. Commonly the twonponents are named
richness and evenness. Richness refers to the murmobepatch types
(compositional component) and evenness to the drsaibution of classes
(structural component). The index increases astimeber of different path types
(classes) increases and/ or the proportional bigtdn of the area among patch
types becomes more equitable.

For Meeus classification it is 2.7690.

Mucher classification has index 2.5638.
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Memus classification has index 4.5801.
The highest value is for Memus as this classificattonsists of the higher number of
landscape classes. Further more the classes migghtldm evenly distributed. The
comparison of results for Meeus and Micher classifins shows that although Micher
has higher number of classes, but they are notesayedistributed as Meeus classes.

4. The Interspersion Juxtaposition Inddk4is based on patch adjacencies, not cell
adjacencies (takes spatial configuration of pagples into account). Each patch is
analyzed for adjacency with all other patch typed measures extend to which
patch types are interspersed. Low values charaeténdscapes in which patch
types are distributed disproportional or are cludhfiasses are bordering only a
few other classes). High values results from laagedn which the patch types
are equally adjacent to each other (each classahesmmon border with all
others).

Meeus classification has index 62.3603.

Mucher classification is 67.7561.

Memus classification is 56.2577.
The index shows that in Miicher classification dnediscape classes are the most adjacent
to each other. It also indicates the complexityhed landscape classification. However it
is important that number of classes in Micher islmiower than in Memus.

The selection of rare landscape types for Memussifleation was based on the number
of criteria. One of them was the amount of occuweeof one landscape type in European
Union. The analysis of patchiness of selected leardscapes indicated that some classes
are very patchy and fragmented whereas the otihensad. It is important to mention that
the patchiness of landscape classes is also dememl¢he area of the given landscape
class. As such it is assumed that selection of leardscapes on the basis of number of
occurrence in EU is correct.

The proposed two methods for analyzing landscapagss: rare landscape selection and
landscape vulnerability and resilience, are antifieation of studies which can be done.
The proposed indexes provide a general overviewtaBdandscape classifications and
their structure. They can be also used to predictré processes which landscapes may
undergo. To asses the impact of landscape fragt@ntan habitat loss, further research
should be done. This evaluation is more from laapgscecology point of view and as
such is better to monitor on smaller scale.

3.4. Memus and Nuts 2 regions

The rarest landscapes (as defined and describee atzwe for the territory of the whole
European Union) can also be located on the lev&lui$ 2 regions. The Nuts 2 regions
contain different number of rare landscapes, dfi@ating from 1 to 6. The Nuts 2 which
have the highest number of rare landscapes (dkdsié 1, 2 or 3 and consisting of 6, 5,
4 or 3 landscapes- except for flats, which is migioate land use type) will be used as
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training windows for further research. The seleckds 2 regions with their Meeus

landscape types are described in Appendix 5.
In total 53 Nuts 2 regions were selectg
including ones used for studying BIOPRES
results.

Selection of rare landscapes (from Mem
landscape classification) is aimed to be
method for selecting training Nuts 2 region
Further monitoring of land use changes
Europe is done only for selected regions. T
assumption is made that selection procedure

Box 7.

The Nomenclature of Territorial Units
for Statistics (NUTS) was established b
EUROSTAT more than 25 years ago |n
order to provide a single unifor
breakdown of territorial units for th
production of regional statistics for th
European Union. NUTS subdivide eag¢h
Member State into a whole number of
NUTS 1 regions, each of which is in tufn
subdivided into a whole number of NUT

2 regions and so on.

methOdOIOQy used In rare landsca http://europa.eu.int/comm/eurostat/ramor}/n

identification is sufficiently accurate for thi
research. The location of selected Nuts 2 and
rare landscapes is presented on Map 4 (see Appsediion).

cBomrs meseBommes  cmen (54

5 e Bentim = Ml

The Nuts 2 level is assumed to be the right levetletails to analyze the landscape
changes. The area of Nuts 2 differs however inssiadich may result in problems with
analyzing the results. Undergoing changes in laaquse are assumed to be visible and
possible to identify.

3.5. Conclusions
As Meeus and Micher classify European landscapms filifferent perspective, the
Memus landscape classification is very importargrepare further research. The number
of Memus classes, although large, is sufficientdoalyzing landscapes on Nuts 1 and
Nuts 2 level. Memus classes are well defined ag tomsist of Meeus cultural historic
landscapes and Micher land use classes. The analykind use changes can provide
necessary information on processes taking platanoscapes.

Identification of rare landscapes in European Unisnimportant when the ongoing
processes are going to be observed

They mainly lead 0 | spatial resolution Datasets
homogenization and fragmentatio Meeus |__Mucher] Memus
of existing landscapes. In thi [EuoPe

research two methods fo | European Union X X
landscape changes analyses wi | Nutsl X
proposed: selection of ran | Nuls2

landscapes and identification of tr | Selected Nuts 2 X
most vulnerable and resilien | Rarelandscapes X
landscapes. The observation « The black boxes indicate the level on which theiosl

processes in rare |andscapes ¢ dataset was prepared whereas the “X” shows on which
enable identification of threats. | level of details the research was done in thisws

is important as rare landscapes may become eximt¢he European level. Analysis of
patchiness (landscape structure) of landscape edagsn 3 different landscape
classifications) is important in identification dhe most vulnerable landscapes.
Nevertheless the analyzed classification has dneinfe on results. The areas are the
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same, but the degree of vulnerability and resikersca result of methodology used in
preparation of the given classification.

The proposed indicators for assessing landscapetste are examples of analysis which
can be prepared for European landscapes. As Melassification is assumed to be the
most suitable to be used in further research, tlesviedge about patchiness of its classes
is important.
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4. Characterization of EURURALIS study

To evaluate the EURURALIS study (Klijn, Vullings @), the methodology and data
used in a project preparation are studied, basaemhenndicator: land use.

The CLUE-s model consists of two distinct modulgsatial and non- spatial one. In the
non- spatial module the total land use type reguéms for a country or a group of
countries are calculated on the aggregate levees@hrequirements are calculated
independently from CLUE model and are taken fromABMTMAGE model to specify
the demand for agricultural land use types. Demémdsther land use types are based on
this development and the scenario specifications.

In the model 7 land use types are identified wretkaing simulation one more occurs:
build-up area- including urban/ residential aredustry, recreation, airports;

non- irrigated arable land;

permanent pastures;

forest, nature and natural grasslands;

inland wetlands;

irrigated arable land- including rice fields;

other land use types that are considered statiogltine simulations- including
beaches, rock outcrops, glaciers, coastal wetlands;

8. abandoned farmland.

NogosrwbE

The EURURALIS study main objective is to model lamgk changes on the cell by cell
basis. The results are analyzed with the focu®puhe transition from one land use type
present in a given cell to the other one. The stgdyot landscape oriented (does not
include transitions rules in the scope of largeraa) and as such land use types can not
be treated as landscape types.

EURURALIS provide results in 4 contrasting scensiri@lobal Economy Al, Global Co-
Operation B1, Continental Market A2 and Regionaim@aunities B2. The scenarios are
based on two axes: one representing globalise yeegjionalised world, whereas second
representing world with low versus high governmkimtérventions. Main scenarios,
their conditions, consequences as well as additiorfarmation about the study are
presented in Appendix 6.

The main objective of this research is to invesdgehether the changes in land use types
prognosis by EURURALIS can be used to indicate rieitchanges in cultural historic
landscapes.

The EURURALIS results are analyzed on the 3 sp#iatls: European Union, Nuts 1
(countries) and Nuts 2 (regions) level.

The project provides results in 4 scenarios inngtsteps. In this research the changes
between years 2010-2000, 2020-2010 and 2030-2@@ar monitored as they do not
have an influence on the final assessment of tdtahges. The focus is put on changes
between years 2000 and 2030, not including theyaisabf processes happen in between.
The results are presented per scenario, but undgrgsumptions, politics and transition
rules are not studied.
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In scenario Al the urbanization is largely extegdthrough out the whole European
Union. In total it is 18.9 % of all changes (congzhthe areas of changes and calculated
as % of total area changes). Another land use wigeh is significantly increasing is
abandoned land. These changes are for the costrofrngated arable land, which is
extremely decreasing. This is due to populatiomlugtrial and economic growth. In
scenario A2 pressure on agricultural land for boddpurposes can be also seen. The
urban changes are even higher than in scenaridBdndoned land and pastures are also
growing. All increases are on the cost of non atégl land and forest. Scenario Bl
characterizes big change in non irrigated aralvid. | is shrinking highly and consists of
50 % of all changes. In this scenario also foresf arban areas are increasing.
Abandoned land and pastures are changing slightlijcies in this scenario are aimed at
maintaining natural areas. Scenario B2 characteraesignificant decrease in non
irrigated areas, which consists of 50 % of all e The rest of land use types are
increasing, with the highest values for forest,ralmmed land, urban areas and pastures. It
is presented on Figure 4.

% of change Land use changes
40,00
30,00
20,00

W urban

@ non-
irrigated
O pastures

O forest

@ abandoned

Scenarios

Figure 4. Land use changes in EU in 4 scenariosf(EJ) area change).
The irrigated land, static land and wetlands atechanging during time.

From above mentioned results it can be seen thgallyiag different policies to the
scenarios condition, results in big diversity afdause changes. As scenarios Al and A2
are focused on urban growth, the B1 and B2 prognbiggher changes in forest. However
the large shrinking of non irrigated land in Euraaa be seen.

The results of EURURALIS are studied on Nuts 1 &lds 2 level. They are analyzed
per scenario, land use types, area change fn(fen Nuts 1 and Nuts 2) and percentage
of land use being changed (relatively to Nuts 2 areas).
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4.1. EURURALIS and Nuts 1

When analyzing the results on Nut 1 level (for eat25 countries) it can be seen that
changes over time are different among scenariog] lsse types and countries. The
changes in the areas by means of lare not comparable between countries, as they
differ in sizes. Absolute values can not be compas® the results are presented as
relative values- the percentage of share of one lese type in the total area of country.
The result of analyzing the changes is as follows:

a) Land use changes in countries per scenaricAseendix 7)

1. Scenario Al:
The highest values of changes +15 % are for urdadh lise in Malta, Belgium (+ 13.36),
the Netherlands (+ 7.33 %) and Luxemburg (+ 6.45 Blgn- irrigated arable land is
diminishing in all countries, whereas the highesiues are in the Netherlands (- 13.96
%), Luxemburg (- 19.9 %) and Hungary (- 13.44 %grriPanent pastures are not
changing highly in Europe, except for Belgium (iecdeases by 6.15 %) and in
Luxemburg (decrease by 10.2 %). Abandoned lanmacigasing in most countries, except
for Malta, Latvia and Lithuania.
Static land use, inland water and irrigated arédodel are not changing during time as no
transition and allocation rules were implementeldeyt are assumed to be static).
However after preparing the comparison it occuttteat in Malta inland wetlands are
increasing by 1.35 % and static land use is deitrgéy 1.35 %.
The most significant changes in 2 land use typdkisiscenario are presented, on Figure
5!

Figure 5. Land use changes per country in Sceddrio
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2. Scenario A2:
The changes which are taking place in years 20@0-20e as follows. Urban areas are
growing in all countries, especially highly in Malf10.81 %), Belgium (8.64 %) and the
Netherlands (4.69 %). Non irrigated arable landésreasing with the highest values in
Malta (- 11.26 %) and Portugal (- 10.61 %), butithuania (5.12 %) and Cyprus (2.02
%) it increases. Permanent pastures are increamimy decreasing across Europe,
however the highest increase is in Lithuania (1282 Inland wetlands, static land use
and irrigated arable land are not changing at aling 30 years. Abandoned land
increases in all countries, with the highest valuesortugal (4.59 %). The highest
changes in the scenario in different countriespaesented on Figure 6, as the example
for 2 land use types.

Figure 6. Land use changes per country in Sced&io
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3. Scenario B1:

In this scenario urban areas are growing in alhtoes, but in Malta (9.01 %), Belgium
(6.70 %) and Slovakia (4.62 %) those values arénifpeest. Non irrigated arable land, in
general is decreasing among Europe, with the highadses in Luxembourg (- 17.3 %),
the Netherlands (- 16.67 %), Italy (- 13.73 %) &wrmany (- 11.77 %). It increases in
Lithuania (9.22 %) and Estonia (0.06 %). Permampastures are not changing across
Europe, except for Luxemburg where it increasesl®yp8 %. Forest and nature are
changing differently in all countries. The highe&crease is in Lithuania (-11.84 %),
whereas the Netherlands (1.25 %) and Italy (11.h&g high increase. Inland wetlands,
static land and irrigated arable land are not clmngt all. Abandoned land is changing
very slightly in all countries. The most signifitathanges in 2 land use types in this
scenario are presented on Figure 7.

Figure 7. Land use changes per country in Sceiirio
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4. Scenario B2:

The urban areas are growing slightly in all cowstnvith the highest values for Belgium
(2.19 %) and Malta (5.41 %). Non irrigated aralaled is generally decreasing especially
highly in Italy (- 13.51 %), the Netherlands (- 83.%) and Portugal (- 15.31 %). The
increase is in Hungary (1.02 %) and Lithuania (&5 Permanent pastures are changing
slightly, both increasing and decreasing, with tighest increase in the Netherlands
(3.31 %). Forest in general is increasing in alirdoes, with the highest values in
Portugal (11.79 %) and Italy (9.1 %). The biggestrdase is in Hungary (- 1.59 %) and
Lithuania (- 2.25 %). Inland wetlands, static lamgk and irrigated arable land do not
change at all. Abandoned land is increasing ircalintries with the highest values in
Italy (4.41 %) and the Netherlands (4.04 %). Thesthsignificant changes in 2 land use
types in this scenario are presented on Figure 8.

Figure 8. Land use changes per country in Scei&io

The EURURALIS provides results for 7 land use types4 scenarios. There are
differences between them as assumptions, alloctmd transition rules differ. It is

important to investigate changes in land use tyj#only in the separate countries, but
also in general, by characterizing land use chamgesuntries.
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b) Comparison of land use changes in different&ges across the countries

1. Urban areas:
In all 4 scenarios the highest changes are in MBk#gium and the Netherlands. In the
rest of the countries the changes are not so tigh,there is a difference between
scenarios. The highest increase in urban areas ssdnarios A1 and A2 whereas the
lowest in B2.

2. Non- irrigated arable land:
There is high decrease across Europe, in all 4asicen(the highest in Luxemburg, the
Netherlands, Portugal, Italy and Malta). In Lithigarthe non irrigated arable land
increases significantly in 3 scenarios.

3. Permanent pastures:
It is changing both increasing and decreasinglis@narios. The highest increase is in
Luxemburg in scenarios Al, A2 and B1. Also the Nétmds show high increase in A2
and B2.

4. Forest
In scenarios B1 and B2 there is a big increas®iiested areas, especially in Italy, the
Netherlands and Portugal. However in Lithuaniaftivest decreases highly. In scenarios
Al and A2 the changes are not so high, but theynijndake place in Portugal and
Belgium. The Portugal is a country which is affelciee most by changes in forest across
Europe. The rest of changes are more diversified.

5. Wetlands
There is no change across Europe except for Mahare it increases slightly.

6. Static land use
There is no change across Europe except for Makliare it decreases slightly.

7. Irrigated arable land
There is no change across Europe.

8. Abandoned land
It increases slightly in all countries across E@rophe highest increase in all scenarios is
in Italy and the smallest is in Luxemburg.

EURURALIS prognoses changes from one land use tgpthe other. However, as
mentioned above not all land use types are changimg is presented below:

Table 3. The change in land uses prognoses by EURISR
2030

2000 Urban | Non Pastures| Forest Static Wetlands Irrigated Abandoned
irrigated

Non irrigated
Pastures
Forest

Static
Wetlands
Irrigated

X ¢ |
x|
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In Table 3 rows (for year 2000) indicates land tyg& which is changing to the land use
type presented in columns (for year 2030). So mogaited land is changing to urban,
pastures, forest and abandoned land.

The investigation of possible changes in proteetexhs (based on World Database on
protected Areas 2005) reveled, that EURURALIS maglémented in CLUE model the
restriction areas. No change in national parksfoasd.

c) The highest changes in % per countries acr@ssdénariogsee Appendix 8):

The highest changes were calculated by summingéheentage of changes in all land
use types (relative values, summary of increasedantease- the result is positive value).
It can be seen that there is a group of countriegtware highly changing in 3 of 4

scenarios. These are Luxemburg and the Netherldndsvo scenarios the highest

changes in land use have ltaly, Lithuania, Maltastiyal and Belgium. The highest
changes only in one scenario have Germany and Hynga&an be seen that the highest
changes are in the countries which have relatiselgll areas.

d) The highest changes in areas {kper countries across the scenarios:

The changes in areas are different in all 4 scesawWhen analyzing changes per country
it has to be mentioned that the area being chadgpdnds on scenario. In scenario Al
508 843 km are changed, in A2 267 814 knB1 464 248 krhand in B2 400704 kfn
High differences between scenarios Al and A2 caseea.

The biggest changes in areas in scenario Al (piesess percentage of area which
undergone change in the given country) are in Geyn{a3.51 %), Spain (10.11 %),
France (12.59 %), Italy (12.56 %) and Poland (1246 The smaller changes are in
Malta (0.01 %), Luxemburg (0.09 %), Latvia (0.80%)yprus (0.13 %) and Slovenia
(0.28 %)

In scenario A2, although the area of change isefit, the percentages are similar:
France (13.64 %), Italy (15.26 %) and Germany (224. The smallest changes are in:
Cyprus (0.20 %), Estonia (0.85 %), Luxemburg (0281 Malta (0.02 %) and Slovenia
(0.40 %).

Scenario Bl presents changes in area as followsbitjgest changes are in Germany
(18.05 %), France (13.64 %) and ltaly (17.68 %).emas the smallest in Estonia,
Luxemburg (0.2 %), Belgium (0.90 %), Cyprus (0.0, Uatvia (0.87 %), Malta (0.01
%) and Slovenia (0.05 %).

In scenario B2, which is similar to B1 the resudte as follows: the biggest changes are
in Germany (15.43 %), Spain (19.10 %), France @343} and Italy (20.45 %), whereas
the smallest in Slovenia (0.10 %), Malta (0.01 RPa)xemburg (0.11 %) and Cyprus (0.12
%).

Comparison of all scenarios leads to the concluthahthe highest changes in areas are
in the biggest countries. The more objective aridble research is based on relative
values: the average area of land use type per ioand further changes of it. The
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percentage approach indicates that in smaller desnimore areas are undergoing
changes than in the bigger ones, but these chamgdsoth increase and decrease of the
given land use type.

4.2. EURURALIS and Nuts 2

In Europe there are 287 Nuts 2 regions. To prefregaletailed investigation of changes
which EURURALIS prognoses, the Nuts 2 were seleatedhe basis of rare landscapes
(mentioned in paragraph 3.4.).

The selected Nuts 2 are assumed to be representatithe whole territory of European
Union and being the most interesting for furthemitaring in details. On their territory
the rare landscape types are present as well aslatid use types.

The changes the project prognoses are the samaropdan Nuts 1 and Nuts 2 level, but
changing the spatial dimension and scale provide® metailed information. Monitoring
changes on the regional level, can serve as d@dquoiepare a correct policy (CAP policy
is adapted by each country to the Nuts 2 region).

The total changes in areas per Nuts 2 region #ereht in 4 scenarios. The total change
means that in year 2030 the land use types wilhghacomparing to initial year 2000.
The changes are both shrinking and expanding ardde transformation from one land
use type to the other (they are presented as a surhey are always positive values).
Figure 9 presents the areas being changed (f) iknselected Nuts 2 regions, where the
changes are the most significant (see also Apped)dix
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Land use changes in selected Nuts 2
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Figure 9. Total area changes in’im selected Nuts 2 regions.

The same values calculated as the % of area claag®esented on Figure 10.
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Figure 10. Total area changes in selected Nuts?2 @i total changes.

From the Figures 9 and 10 the significant changthéninterpretation of EURURALIS

results can be seen. The important is that Nuegns in European Union are different
among each other in sizes. Nuts 2 in Sweden haviéasiarea to the Netherlands (which
is divided into several Nuts 2 regions). As resafger regions will have bigger area
changes (although the land use types present irethen is also important factor). It can
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be seen on Figure 9 that large Nuts 2 have highea ehanges (ES 61 and FR81).
However when analyzing the same numbers in % & enange (Figure 10), the results
are different. The regions undergoing the highkahges are these which are the smallest
(NL 13, NL 32, NL 42, PL 25 and IT 93). The moreliable and unhampered
presentation of results in by % of area change.

Comparison of changes in Nuts 2 for 4 scenariosvshgignificant variations. There are
regions which have the highest area changes irasoefl, whereas the others in A2, B1
or B2. This is caused by presence of different laed types in the given regions and
their changes. Furthermore the scenarios are atsedaat taking into account economic
differences between countries and regions. It tesulhigh variations between regions in
one country. Furthermore there are regions whenstaat land use types are present as
well as protected nature areas, which have aldoimgact on monitored changes.

The comparison of changes in area in selected Rlinsdifferent scenarios shows high
differences (see Appendix 9). In scenario Al 158 &&7 are changing, in A2 91513
km?, in B1 194292 krhand in B2 165616 kfn It leads to the differences in the areas
within regions which are changing. When compariegjons in different scenarios it can
be seen that the highest changes in areas in arseeiare in ES61 also ES42 and ES24.
The smallest changes in areas are in 1T12, UK3&(hoe in 3 scenarios), AT34 and
NL12 (both in 2 scenarios). When analyzing differes from percentage point of view,
the highest changes are in NL42 (in 4 scenarid®93 I(3 scenarios) and in NL13 (2
scenarios). The smaller percentage of changes iSHA8 (3 scenarios), FI15 (3
scenarios), UK33 and SL (2 scenarios).

Few Nuts 2 regions are described in details with ifdication of land use types
undergoing changes. The focus is put on the obsenvaf the places where the most
interesting changes are undergoing (more Nuts eactexistics are in Appendix 10):

AT 21:

In this region there are big areas covered by fordesscenario Al urban areas are
changing highly. In general in EURURALIS big urbaneas change more than the
smaller ones, but in these region even small \ellagre changing. The changes are
especially from pastures to urban so the resuligyg urban areas have elongated shape.
The existing big urban areas are developing alliradoit. In this scenario there is also
significant change from pastures to abandoned lenB1 urban areas are changing very
slightly (small units not at all). The high chanfyem non irrigated land to forest is
visible, whereas other changes are much smallé82larban is changing slightly (only
bigger areas). Non irrigated land is changing gsig@ificantly to pastures.

AT 33:
As in this region forest is a dominating land ugeet there are no big urban areas and the
changes are rather small. However it can be nottbedl undergoing changes have
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extended shape, as pasture which is turning irtarutand has this shape (Al). Forest
and static land are both dominating land use type$1 urban is not extending and
mainly pastures are changing to forest. In B2 atmaoschange is present. Changes are
presented on Figure 11 and the main city is Inndbru

Al Bl

A2 B2

Figure 11. Land use changes in region AT 33 inehatos.
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AT 34:

In this region the forest is dominating land uspetyln Al urban areas are growing,
because pastures are changing into it. Pastureslsrechanging to abandoned land and
forest. When comparing with A2, where pasturesnatechanging, the big differences in
land use types are noticed. Also urban areas amesalnot growing at all. In B1
relatively big area of pastures is changing inte$t. In B2 non irrigated land is changing
to forest as well as pastures.

GR24:

The region is covered mainly by forest. Urban arages changing very slightly in all
scenarios. In Al there is a big change from ndgated to abandoned land. In B1 there
is high transformation from non irrigated land ¢todst, whereas in B2 from non irrigated
land to abandoned land and forest.
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ES61:

Non irrigated land and forest are dominating lasd types in this region. Also irrigated

arable land is represented quite significantly,olhs rather uncommon in Europe. In A1
non irrigated land is changing highly to abandoteedl, forest and urban. Urban areas
are growing but it is possible only in places whiergated land is not present. It results
in the shape of new urban areas. In A2 forest angimg to non irrigated land and to

urban areas. In Bl there is a very big change fnom irrigated land to forest and non

irrigated land to abandoned land. In B2 it is samibut with lower values. Changes are
presented on Figure 12 and the main city is Seville

Al Bl

A2 B2

Figure 12. Land use changes in region ES 61 iredAasios.
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IT2:

The region consists mainly of forest, non irrigatetdd and urban areas. Urban is
growing significantly in A1 on the cost of pastuassd forest, whereas in A2, B1 and B2
on the cost of non irrigated land. In A2 non irtegh land is changing highly to
abandoned land. In B1 non irrigated land and pestware changing to forest. B2
prognoses a high change from non irrigated to atraed! land. Changes are presented on
Figure 13 with the city of Milan.

Al Bl

A2 B2

Figure 13. Land use changes in region IT 2 in hades.
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Pattern in land use changes:

The investigation of land use changes taking ptac®&uts 2 level showed some pattern
in ongoing processes. The Map Comparison Kit soBw@/isser 2004) enables to
compare 2 maps from different time periods. Thigdage for the territory of European
Union. The resulting maps indicate areas where gdmgmare taking place (from one land
use type to the other) on the basis of cell by aathparison and per category.
EURURALIS provides results in land use changes Sotand use types. There is
significant pattern, which is a result of impleneghtransition rules (not changing land
use types and protection rules). The areas undeygdianges are different and depend
on the scenario specifications, but it can be gbahmajority of land does not change.
Figure 14 presents changes in land uses, with fooutrested areas in region AT33.
The initial situation in year 2000 is presentedvad as changes in year 2030 in scenario
Al. New areas are expanding only in places whestupas or non irrigated land were
present (urban, wetlands, irrigated land and skatid are not diminishing).
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Land use types in 2000. New land use types in year 2030 are
indicated as unequal areas

The changes in forest land use type.
Figure 14. Identification of pattern in land usewges (in forest areas).
It can be seen that in this region main land usengls are to forest areas. The pastures

from 2000 are changing mainly to forest, which Hhssin the elongated shape of new
forest areas.
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The other example of changes is presented on Figune region ES61. In this region the
changes are mainly taking place on the cost ofinayated land. Below are presented
areas where land use types are changing.

Land use types in 2000. The changes in urban land use type.

New land use types in year 2030 are
indicated as unequal areas.

Figure 15. Identification of pattern in land useawcbes (in urban areas).
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The land use type to which main changes are tadage is urban land. It can be seen
that this land use type grows significantly in tlegion, but only in places where non
irrigated land was present.

4.3. Conclusions:

The EURURALIS study is prepared to provide inforimaton land use changes, based
on simulation of economic and demographic procesEle division on 4 contrasting
scenarios serves as an indication of processeshwhay take place and which are
dependent on assumptions ascribed to them. Assamsp&ind conditions of scenarios
determine the areas where land use changes ang falleice (changing land use types) as
well as the size of changes (ascribed to scenawimtries and Nut 2 regions). They also
determine which transitions are possible and whiehnot (constant land use types and
protected areas). EURURALIS is a very helpful stwdyen agricultural processes are
going to be studied. It is due to the use of ecanamodel which is studying detailed
conditions in agricultural sector. However it is@la limitation of the project as it does
not study land use changes from landscape pergpecti

When analyzing the _ _ Datasets

land use changes, i Spatial resolution Meeus | Micher| Memus Eururalis
become visible that Europe

there are further | European Union X X

limitations of Nuts 1 X X
EURURALIS  (some Nuts 2 X
land use types are nc Selected Nuts 2 X X
changing). It influences Rare landscapes X X

analyzed results, both ir The black boxes indicate the level on which theindl dataset was
areas of change as We prepared whereas the “X” shows on which level dilie the research
as in observed patterns was done in this stuc

Constant land use types

are working as restriction areas. Analyzes of lasel changes on different spatial levels
(European Union, Nuts 1 and Nuts 2) provide resulteh can be differently interpreted.
Land use change varies between countries and megiwhich are the result of
implemented rules.

Important condition in EURURALIS is classificatiaa the given land use class. As the
cell size is 1 krfy it means that the land use type is a mixturetbéotypes, which are
present in the cell (the given area).

Analyzing EURURALIS results on Nuts 1 and 2 levetan provide additional
information (on the smaller scale more details banidentified). There can be seen a
pattern in land use changes taking place, whichewgp on land use types being
transformed. As one land use type turns into therptit takes the shape of the changed
land use type.
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5. EURURALIS scenario’s impact on landscapes

The possibility to use the EURURALIS results inntlécation of changes in Memus
landscapes will be prepared for selected Nuts Bmeg EURURALIS study provides
information about changes in 7 land use types, @d®emMemus has 339 landscape
classes. The methodology used to identify the leaqols changes is presented on Figure
16.

EURURALIS Meeus Mucher
— landscape landscape
classification classification
{ NUTS regions ] Memus landscape
classification

"/ N\ /

[ Analysis of ] [ Selection of rare Iandscape}

EURURALIS results and Nuts 2 regions

N/

[ Identification of J
S|

landscape change

Figure 16. The methodology used for assessing landscape change

To identify changes which will take place and hare influence on landscapes it is
important to compare initial situation in year 20@bth EURURALIS and Memus

(combination of Miicher and Meeus landscape clasgifin) are based on CORINE data.
However the land use classes are different in bd#ssifications (the applied

classification rules were different) which resuits problems when comparing and
analyzing the data (some areas are classifiedréiffly). This is due to interpretation of
CORINE data and its classes both in Memus (Mucheddcape classification) and in
EURURALIS (Mtcher 2003 and Verburg 2006).

In EURURALIS the land use map of year 2000 was thasethe CORINE land cover

map from 1990. As CORINE provides classes whichdccowt be implemented in the

economic (IMAGE/GTAP) model, the aggregation antlassification of data was done.
The result was 6 new classes instead of 44. Tlssi6itzation for artificial surfaces is the
same in EURURALIS and CORINE studies; the othess#a are different. A new class
called irrigated arable land was introduced. Alseeaa classified as forest in
EURURALIS consists of forest, shrubs and agro- goxeareas from CORINE dataset.
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Areas classified as complex classes (in heterogenagriculture class) were reclassified
on the basis of national statistics (FAOSTAT). Rartnore new class static land was
implemented (based on background document of EURURA

The comparison of EURURALIS and Memus studies ifHlsws:

- Urban areas in Memus and EURURALIS are the s@ig cities have similar shape
and areas, however smaller villages are not preisehe Memus classification, as
EURURALIS provides more accurate data on this ¢lass

- Pastures- they are similar; the areas classiiecBURURALIS have more detailed
shape (they are patchier), but the total area &lemthen in Memus. There are areas
which in Memus are classified as pastures, butUlRBRALIS they are forest or non
irrigated land. The same is also for some areaslwim EURURALIS are defined as
pastures but in Memus they are not. Larger areaxs $e be classified correctly in both
studies; however the borders are usually different;

- Arable land- in EURURALIS there is a division gmon irrigated arable land and
irrigated arable land, whereas in Memus classiboathere is not such distinction (only
one arable land). The classification is similaareas where the arable land is big. When
it is patchier and areas are smaller, the claseesnat similar to these provided by
Memus (it is due to the size of given landscape ippMemus- based on Mucher);

- Water bodies- they are the same, but in EURURALHS shape seem to be more
detailed and they are classified as static land,;

- Static land in EURURALIS is classified as opeasgs or shrubs in Memus;

- Forest- it is almost the same;

- Artificial surface- it is class from Memus, nategent in EURURALIS. It is related with
urban land in Memus, but in the areas where ibistoo compact and mixed with other
land use types;

- Permanent pastures from Memus classificationctassified as non irrigated land in
EURURALIS;

- Shrubs in Memus are forest in EURURALIS;

- Heterogeneous agriculture is present only in Memot in EURURALIS, where these
areas are a mixture of non irrigated land and pestu

- Wetlands from Memus are classified as wetlandissaatic land in EURURALIS.

The above mentioned differences are also presamtbe Table 4 (how different Memus
land use types are classified in Eururalis):
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Table 4. Comparison of land use classificationsl@amus and EURURALIS studies.

EURURALIS
Memus Urban| Non Pastures] Forest Static Wetlands Irrigated Abandaned
irrigated land

Urban X
Artificial X
surfaces
Shrubs X
Wetlands X X
Arable land X X X
Water bodies X
Forest X
Open spaces X
Pastures X X X
Permanent X
crops
Heterogeneous X X
agriculture

To enable the assessment of impact of EURURALI®emus landscape classification,
the reclassification of the data has to be preparéé EURURALIS results for years
2000 and 2030 in 4 scenarios are combined with Melamdscapes (in selected Nuts 2).
Furthermore the datasets are reclassified on this barules presented below. As a result
the calculation of changes between years 2000 @84 iy different landscape types can
be prepared.

The criteria for reclassification are as followsl¢s of thumb):

- The Memus classification (based on Micher and Uddandscape classifications) is
more accurate than EURURALIS- the classificatiodesuare known (rules for
classification of CORINE data are known- Micher 2080 when the classes are
incompatible the class from Memus is assigned, rewsome exceptions are made
(irrigated- non irrigated land);

- Whenever areas in both classifications have #meesnames, it remains (urban- urban;
forest- forest), but additional information from Mas is taken (about landscape type:
mountains, alpine etc.);

- The new classification is presented in the Appead.

The main assumption is that classification to défé classes is less important than
monitoring changes. Even if one land use type Wl classify wrongly, the overall
assessment of EURURALIS results can still be dofs. classification rules for
EURURALIS for initial year 2000 are not describeddetails, the assumption is made
that classes from Memus (based on Micher) landsciassification will be assigned.
The classes are given when there is a different@elea compared areas. The overall
scope of the research is to evaluate what kinchahges in landscapes can be identified
(as changes between years 2000 and 2030) on tlseddd&dJRURALIS study. It can be
still done although some classes may be wrongigasd.

The reclassification of initial situation in yead@ resulted in aggregation of Memus and
EURURALIS classes from 4081 to 222. The new lanpsocaasses consist of Memus
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cultural historic landscapes and EURURALIS land alssses. It means that landscape
classes are characterized by land use classes peiagnt in these areas. Some classes
are disappearing and changing to the other clemsible land” to “non irrigated” or
"irrigated” land. The further research and impacE®&/RURALIS changes on European
landscape classification can be prepared. The ssitzation is also prepared for all 4
EURURALIS scenarios, with the same classificatioles as presented above. It enables
monitoring changes which will take place in diffieréime steps in different scenarios.

The new classification for year 2000 (combinatibtMemus and EURURALIS) defines
222 new classes (including water and urban areses;Map 5). The water, abandoned
land and urban areas have no division on landstgps. New landscape classes are
described by Memus cultural historic landscapesEUBURALIS land use names. The
largest classes for the territory of Europe areldi@ taiga with forest on hills (4.33 %),
northern taiga with forest on hills (10.53 %), medianean open land with forest in the
mountains (4.30 %), mountains with forest in theuntains (5.11 %) and mediterranean
open land with non irrigated land in the mountd.36 %). The changes between years
2030 and 2000 and well as between scenarios difjaificantly by means of areas.

5.1. Evaluation of Memus and EURURALIS

The Memus landscape classes with characteristicEWRURALIS study and the
changes it prognoses were calculated for all 4asten

The results are presented as changes to initial(gea Appendix 12). It can be seen that
some areas are changing very highly whereas thersotitay almost unchanged. It is
especially vital for flats, artificial land, wetlda and open spaces. The highest changes in
areas are present for forest, pastures, non iedgédnd and permanent crops (both
increase and decrease). They are consistent witRURALIS land use changes
mentioned in previous paragraphs (4.1 and 4.2).alf@mdoned land and urban areas are
always increasing. The amount of mentioned changedependent on scenario and
Memus class (changes are different for hills anddads).

The changes taking place between one landscapeatyp&and use type to the other one
are different and depend on scenario. In totaletlzee 97 landscapes and land use types
changing to another one (not included changes baruand abandoned land). In total
only in 17 cases (7 landscape types) the changasking place in all 4 scenarios. In the
rest the changes differs, as from change in only sgenario to changes in 3. Also the
amount of areas being changed is different and rdkge on scenario (ex.: coltura
promiscus in hills with non irrigated land changigforest, in scenario Al 120 kA2

23 knf, B1 701 knf and B2 1013 k). When the changes between land use types are
very small and take place in only one scenaric thitreated as an error, done during
calculations (23 changes).

The landscape changes in Nuts 2 regions are pegsentthe example of regions AT21
(Figure 17) and ES22 (Figure 18). The difference$ scenarios between years 2000 and
2030 are presented as well as transformations dreeniandscape type to the other.
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The analysis of landscape changes in the regi@usiadlicates that the landscape is not
changing significantly. The largest changes carsd®n in scenario Al, whereas in the
other the transitions to other landscape typesemesmall.

The changes in rare landscapes to other land ymes tyn selected Nuts 2, does not
provide information about significant changes. Oflyare landscapes are changing to
other land which is not urban or abandoned landufrtains in alpines with open spaces
changes to forest and northern taiga with hillshwapen spaces changes to shrubs).
However even mentioned changes in these 2 raresdapds are taking place in only 1
scenario, so they are treated as an error. Thefestanges in rare landscapes are due to
abandoned or urban change.

When analyzing changes which take place in rardsleapes, the highest differences in
values can be seen. The highest changes in areasdoeyear 2000 and 2030 are for
Mountains in alpines with open spaces (scenario, A2¢diterranean Open Fields
(decrease in all scenarios), Mediterranean Opelddi®@ mountains with permanent
crops (decrease in A scenarios), Mountains in mgiuntains with forest (the highest
decrease in scenario Al), Mediterranean Open Fieldsigh mountains with shrubs
(decrease in scenarios Al, A2 and B2, increaselinp Bediterranean Semi Bocage in
high mountains with shrubs (decrease in Al, A2 Biidincrease in B2), Mountains in
high mountains with shrubs (decrease in all scemaiihe highest in B1) and Semi
Bocage in high mountains with shrubs (changes inaAd B1). It is also visible that 8
rare landscape types do not change at all in arscefarios. Also in 6 landscapes the
prognoses changes take place in only 1 scenarichvaiso may be treated as an error
done during calculations.

5.2. Conclusions

Landscape changes, as observed in this researehnaarhigh. The amount differs
between landscape types and scenarios, but inglgéherchanges are not too big (as can
be seen in regions AT21 and ES22). It is not asebed after analyzing EURURALIS
results, where predicted land use changes were sjgihificant. The obtained results are
influenced by the reclassification rules presemtechapter 5. If EURURALIS class was
taken for new classification (new “shrubs” classgists of wetlands and static land use
types), it may result in monitoring small changéshés class which may be not true. On
the other hand when in a new classification thesda highly changing in EURURALIS
are taken, also the predicted results are changigly. In addition as EURURALIS
study does not provide information about changesigated, static and abandoned land,
also the results of this study are influenced ly. th

The analysis of the landscape changes on Nutse? éevable the observation of ongoing
processes. On this spatial level, landscape typese easily identified and located on a
map. Nuts 2 regions can be effectively used in ofagi®n of landscape changes.

The proposed methodology, in this research, camsbd in predicting landscape changes,
but the reclassification of initial datasets (EURAIRS) has to be prepared. This is
especially vital for classification of the CORIN& cover. To provide better results, the
reclassification of the CORINE dataset should bepared before using it in CLUE
model. Only after full modeling the results canused to identify landscape changes.
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6. Conclusion, discussion and recommendation

Cultural historic landscapes are difficult to idgntThere are a significant number of
landscape definitions, but most define it from laxader/ land use perspective. Cultural
historic landscapes are more than the current lsedtypes. The history of the area can
be seen there and is reflected in the structutenofscape (as described by 3 layer model,
Wascher 2004). Furthermore culture and history iamgortant elements enabling to
distinguish between different landscape types. 8led traditional landscapes are these
reflecting the culture and history of a place.

Present landscapes are the result of processeg falkice in the past. In Europe the main
determinant of landscape structure and its charatiteis agriculture. The changes are
the result of both natural processes and peopldigitg. Homogeneity, fragmentation,
intensification and size of agricultural areas iafeuencing the landscapes. Landscapes
as such do not exist, but they consist of many ls®ltypes. The composition of land use
classes is a factor making one landscape diffeferh the other. Monitoring the
undergoing processes in land use can serve aslaation of landscape changes. It can
also enable prevention of unwanted processes.

Conclusion and discussion:

What data is available about cultural historic lasdapes on European Union level?

On the European Union level there is a limited nemif available data about cultural
historic landscapes. This is mainly due to lackhetessary datasets and implementation
of different methods for landscape classificatianthe European countries. There are
different methods to classify landscapes which Itedn differences between existing
studies. The investigation of data showed that déeus classification is focused on
cultural historic landscapes on the European lef&klother studies are prepared from
more environmental (land use/ land cover) perspedi for the smaller areas.

What are the differences between Meeus and Miclaerdscape classifications?

Meeus classify landscapes, in the European Unaking into account many natural
conditions, as well as these which enable to djsish cultural landscapes (shape of
parcels, degree of enclosure, type of ownershigtohcal origins). The description of
landscape classes is general so the spatial lacatitand use types present in the given
landscape type is not possible. The classificasavailable only in analogue format and
only general description of one landscape claswaslable, which may limit the use of
this study. The classification was prepared in 1880 1995 so the size (borders) of
landscape classes has changed since that tingevital to prepare new cultural historic
landscape classification which would be spatiafig &emporal accurate.

Mucher landscape classification is prepared forténgtory of whole Europe. It defines
landscape classes on the basis bio- physical grepdike climate, topology, soil and
vegetation. It classifies landscapes from morerenwmental/ land cover perspective and
does not provide information about cultural histdandscapes. The study is available in
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digital format. It is temporally and spatially acate and provides very detailed
information on landscape classes.

The Meeus landscapes are lacking spatial locafi@agacultural classes (land use types)
whereas Micher, the cultural historic landscapspestive. As such the combination of
both may provide all necessary information neededéntification of cultural historic
landscape types in European Union.

New Memus classification provides all necessaryorimfation on cultural historic
landscapes in European Union. It consists of 388deape classes, where Meeus cultural
historic landscapes are characterized by land ysestpresent in them. Although the
number of classes seems to be too broad the mhose showed that this number is
correct to be use on Nuts 1 and Nuts 2 level.

The identification of rare landscapes is based fwn det of rules. The number of
occurrence of one landscape type in European Unis the main factor for selecting
rare landscapes. However the proposed procedurenaidy aimed at selecting training
Nuts 2 regions. The presence of rare landscapegsrthkem being the most interesting
for further analysis among all Nuts 2 regions indpean Union.

Analysis of cultural historic landscape structuem @rovide additional information on
ongoing processes. The detailed study of Meeushbtiand Memus landscape classes
provided information on landscape structure on Bl If classes are very fragmented
and present in many places (very patchy), theymayee likely to be changed. Also the
shape of patches is an important condition whem@bs are going to be analyzed.
Vulnerable landscapes should be further evaluatethes most important one could be
selected and monitored. Nevertheless ongoing psesds landscapes are also depended
on habitat types and species occupying the regibis. kind of information was not used
in this research. The landscapes classes, as hthgngmallest mapping unit of 1 by 1
km, are too big to enable in-depth studies. Th@@sed methodology for analyzing the
landscape structure is influenced by the classiinbamethod used for classifying the
landscapes. The number of classes influences ttaned results. In one classification
the same area might be defined as vulnerable, wbénehe other, as resistant.

The proposed methodology to prepare new landscégssification, as used in this
research, is simple and enables repetition in éurgiudies. Also the proposed landscape
analyses (rare landscapes selection and analyskesmdscape structure) are of help in
observing landscape changes.

How could the EURURALIS project been used to tackle assessment of changes of
EU cultural historic landscapes?

The EURURALIS project enables to predict futuredarse changes for 4 contrasting
scenarios. The main aim is to help policymakersclimosing the right policy for
European Union. The project is focused on the aljural changes and as such the
scenarios are based on the economic conditiongdedeléo agricultural domain.
EURURALIS helps to visualise results of policiedand use changes.
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The comparison of scenarios provides informationhayh differences between them.
Scenario Al predicts the highest land use changesngans of areas), whereas 3 other
scenarios much lower values. The aim of scenasids provide information on 4 future
directions in which European Union can change. i@ndountry level the implemented
assumptions for scenarios can be seen in the besag changed. Analyzing land use
changes and the results in one scenario requitededkknowledge about the scenario
conditions and assumptions. It makes EURURALIS ¢panvery complex and hard to
interpreted study, especially if one wants to amalthe results for the whole European
Union.

Land use changes on country level (Nuts 1), betwesrs 2000 and 2030, provides
information on area and percentage changes. Asitiars in areas are dependent on
country size, percentage of land use change pertigois unhampered measure of this
influence. The interesting result is that EURURALpBedicts the highest land use
changes in smaller countries, whereas in the langes these values are lower (when
analyzing from percentage point of view). It isesult of the land use types present in
these countries and rules applied to different ages.

Changing the spatial scale and zooming into changdsuts 2 level (regions), provides
similar results as on Nuts 1 level (countries). rehare differences in areas between
regions as well as in one region in different sc@sa although they are not so high.
Moreover observation of regions enables to idergdyne interesting patterns of changes
taking place. It occurs that transitions from cswed use type to the other takes place only
in areas undergoing changes. As only 5 land usestgpe really changing it limits the
possibilities of transitions (for example if pagsirhave elongated shape, the new land
use type will also has it). The assumed not changmeas (constant in time) are working
as a restriction sites where no growth is possileen they occupy relatively big part of
region, the estimated changes may be inaccurats. i¥respecially vital when urban
areas are surrounded by constant one, and onlgdrsite the changing land use type is
present. It causes that only in that directiondhange will take place. EURURALIS is
simulating changes especially visible in the urbegas. It can be seen that big cities are
changing (expanding) more than the smaller onesome regions small villages are
expanding while in the other they do not. The défeces are present between regions as
well as in one region but in different scenariokjah is the result of implementation the
economic model. As mentioned above scenarios aserdine the amount of change.
Other cause of differences between scenarios isemmgntation in EURURALIS the
restriction areas. It is important to not mix tlesult of changes close to the constant land
use types and restriction areas (mainly protectedsasuch as national parks, where no
change is possible).

Comparison of land use classes being changed tedithese, which are constant during
time. Wetlands, irrigated arable land and staticdlare assumed to not change during
simulations. As such there were no transition d¢ocation rules implemented in the
CLUE model. Urban areas, assumed to only grow irREBBALIS, may also become
extinct in some parts of Europe or at least charsgghape. Wetlands class is also able to
diminish or extend its size. The Ramsar converfoorexample, signed in 1971 in Iran is
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aimed at protecting the wetlands. The conventios wigned by 150 countries and
protects 1300 the most valuable and vulnerableandd from all over the world (857 in
Europe). However not all wetlands can be protectsdsome do not fulfill necessary
criteria. As such it is important to include in EURALIS an assumption that some
unprotected wetlands may undergo changes (especralithe scope of 30 years).
Irrigated arable land implemented as separate dass not provide any information on
changes which it may undergo. Currently there amggaificant number of irrigated
agricultural areas in Europe, especially in thetlsd&urope. Taking into account ongoing
climate changes (warming up of the Earth), thigtgpagriculture will probably grow, so
it should be modeled. Static land is a class whiclprobably not changing in time.
However as it consists of water bodies it is agrded the presence of class “open
spaces” works on the contrary. Another class wischot fully modeled is abandoned
land. This class is introduced during simulationtleé model, but it is not present in
initial year 2000. However abandoned land existsEurope and should not appear
suddenly during calculations. There are few typésabandoned land: set aside
agricultural land, abandoned farmlands and abardipneperties. The most often it is
present as set-aside agricultural land, which daégrovide any economic benefits. As
this land is not cultivated it is very importanorin biodiversity point of view. After few
years this land can become a nature area (for drafimest), a pasture or return to full
cultivation (Strijker 2004). The information aboptesent abandoned land (called set
aside land) can be also obtained from EUROSTAT déamtries in ha).

EURURALIS predict changes in agricultural domaiand use changes), which do not
include landscapes as a whole entity. Landscamea aombination of different land use
types, so knowledge about changes in land use tgpashelp to identify ongoing
processes. The time perspective of 30 years enaiddslling of land use changes. It is
important to know how changes in agriculture cdacfdifferent landscapes.

How “good” is the assessment?

The investigation of EURURALIS results and its impan cultural historic landscapes
was prepared. The obtained results provided infoomaabout landscape changes in 4
scenarios, in selected Nuts 2 regions. The pratllatrgdscape changes are not big and are
dependent on scenario conditions and land use tgpesent in the region. Analysis
showed that in selected Nuts 2 regions land usestypdifferent landscapes are changing
mainly to urban and abandoned land. Other trangftboms are small and do not
influence the current landscapes. Changes in selecdre landscapes are also very
limited and concerns only transitions to artifiaitdss.

Due to differences in classification of the orididatasets (in EURURALIS the CORINE
dataset and in Memus the Mucher dataset) the sesdtinfluenced by it. The same area
in two classifications may be assigned to differeand use classes which make it
impossible to compare and identify changes. To awee this limitation the
reclassification of EURURALIS and Memus datasets wlane. The most important
condition was to state if proposed methodology banused in monitoring landscape
changes. The results provided general informationpmcesses taking place, but the
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detailed analysis is not possible. Monitoring oaiiepes is based on few classifications,
which evolves problems with defining the classewal as ongoing processes.

Obtained results indicated that there are landsceych are changing highly (some in
all scenarios whereas others in only one) whileatiers remain constant. Furthermore
there are rare landscapes which do not change rsandgally during time. Few causes
are possible. Selected rare landscapes may consstd use types which are constant in
time (as result of reclassification). They are dedio undergo changes, but they may be
surrounded by constant land use types and as thsuitansition can not take place. The
last explanation is that there may be restrictiates implemented for areas where
protected nature is present (the landscape shbaldge and the surroundings seem to be
able to change also, but there is other superlerimplemented).

The proposed methodology for assessing the landsdamnges is still valid. However as
done in this research the reclassification of EURIURS results and combining them
with Memus does not provide correct information @btandscape changes. Also the
proposed names of landscape classes are complegh wh a result of combining
different studies. Better results would be obtainkdhe reclassification of initial
CORINE dataset was done. Furthermore the full nindedf EURURALIS should be
prepared. The obtained new results could be fudberbined with Memus classification
and the landscape changes could be identified.

Which other projects can be used to assess the geann cultural historic landscapes?

There are a limited number of alternative projéemg available. These are BIOPRESS,
LUMOCAP, GREENVEINS and PAIS.

The BIOPRESS project seems to be a very usefuly dimgrovide information about
landscape changes. As it analyses land cover chdrej@een years 1950 and 2000, they
can be linked (by the assessment of pressures wroement and biodiversity) with
landscape changes. BIOPRESS is a part of the GMbaltoring for the Environment
and Security (GMES) program. The main aim is tovge qualitative and quantitative
information on changes in land cover/ land use #sdeffect on biodiversity and
environment.

Via the BIOPRESS project data is analyzed in 75dews (30 km by 30 km) and 59
transects (2 km by 15 km), which are located in armind Natura2000 sites. It analyses
land use/ land cover transformations during lasyédrs and pressures which were put on
the biodiversity. It also studies how environmesgponds to these processes and how it
changes. Furthermore the past changes will be wsededict the future situation. The
advantage of this methodology is that on the wirgltevel the changes can be identified
with high accuracy (window size is 30 km by 30 kndahe scale is 1: 100 000). The
methodology used in BIOPRESS can be further useatadicting the cultural historic
landscape changes for the territory of Europe. Stuely prepared for more windows
(covering more landscape types) can provide blkttewledge on processes taking place.
The project has not been finished by now (Febri0§6). Phase | is about to end
(interpretation of windows and land cover changeapolation is not done yet), but the
components of Phase Il are not started or notheustill now. The results for the
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Netherlands are ready for Phase | (not all) angl #id be used in the further research
(Hazeu, Mucher 2005). For additional informatiomatithe project, see Appendix 13.

The LUMOCAP- Dynamic Land Use Change Modeling fékxFCImpact Assessment on
the Rural Landscape is a project under the SixtbeReh Framework Program of the
European Union on Sustainable Development, GlodanGe and Ecosystems. The
project aim is to asses the impact of the CAP enrtinal landscapes. It will be done by
land use model and policy scenario inputs, which simulate future land use/ land
cover and rural landscapes. On the EU level theeiedl provide results on the 1 Km
cell size, whereas on the country level with 1 élhsize. The user will be able to explore
different policy options under a specific set ofural and socio- economic conditions as
inherent driving forces, to formulate potentialdanse scenarios, and to estimate their
impact on the behavior and quality of rural lang&sa through the analysis and
comparison of selected landscape indicators (hMtww.riks.nl/projects/LUMOCAP.
The results can be of interest in indicating theeirfe land use changes. As this project
will study the CAP influence on rural landscapésnay be also of interest to use it in
assessing the changes in cultural historic langscap

The study of GREENVEINS- Vulnerability of Biodivetg in the Agro- ecosystem as
influenced by green veining and land use intenggems to be of interest in assessing
the changes. Although the study is focused ondhm/fregion level it can be helpful in
identification of processes taking place (http:/fwereenveins.n)/ It can also been used
to characterize the landscape structure in thengiegion.

The PAIS project- Proposal on Agri- Environmentadiitators- is aimed at establishing
the landscape indicators which can be used in¢eesament of changes taking place in
the landscapes on the European level. It is edpeaidal if new classification of
landscapes has to be prepared.

All mentioned projects are still ongoing, so theulés will be available in a few years
time

Nuts regions and Common Agricultural Policy:

Using Nuts nomenclature enables linking differentdees and help to analyze their
results on the same spatial level. In the Meeuschdij Memus classifications and
EURURALIS study both Nuts 1 and Nuts 2 levels carubed to observe the landscapes,
land use types and ongoing transformations. Howémre wants to know in details the
processes taking place, the Nuts 2 regions arerbettel to analyze them. Observation of
changes in cultural historic landscapes on Nuts/2llenables spatial location of ongoing
transformations. Also the number of landscape elms$s not too big so they are easy to
identify.

In addition on this administrative level the CAPlipp is implemented, which has high
impact on land use changes. Landscapes are thie oésgricultural processes and as
such knowledge of binding policies is very impottdflURURALIS results analyzed on
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Nuts 2 level can be used to observe the CAP impa&ind use types in the given region.
Land use changes in selected regions reflect theated processes.

Recommendations:

After preparation of this research few recommemaatiare important to mention. The
undergoing changes in land use types may have jpacinon the landscape classification
prepared by Meeus in 1990 and 1995. To enable sbesament of changes in cultural
historic landscapes new, temporal and spatiallyirate, landscape classification should
be prepared. The methodology used by Meeus is, valitl it should be based on the
available new datasets. The classification of calthistoric landscapes should identify
these which are rare. The methodology used instinidy can be used. Selection of rare
landscapes is important to set the right protecpohcy. On the European level, rare
landscapes are these which are occurring in thdlesmmaumber of places across the
Europe and are the most unique. As such the stadgoontry and region level can

provide necessary information.

The methodology proposed in this research to pespBmus cultural historic landscape
classification is accurate enough to analyze chargge European Union level. It is
recommended that this classification will be usedfurther studies. Due to limited
availability of other project to assess the langsc&hanges, the prepared Memus
landscape structure analysis indicates possiblaggsa However further studies should
be prepared which would take into account flora &atha types present in the given
landscape type.

The EURURALIS study should predict changes in maral use types. In addition all
transition and allocation rules should be impleradntso more land use types would
change. In addition the influence of other cowdis on land use changes should be
implemented. As transportation network has an @rfae on agriculture, mainly by
accessibility to main resources, it is interestingdition to monitor in EURURALIS.

To use EURURALIS in the assessment of landscapaegasa as done in this research,
there is a need to reclassify the initial CORINEBdaover dataset, to be the same as in
Mucher (Memus) classification. Furthermore the wldton of changes should be
prepared and the obtained results might be funtsed in the assessment of landscape
changes.

The BIOPRESS project can be used as an alternatidy to assess the landscape
changes. The methodology used in BIOPRESS can tieefuused in predicting the
cultural historic landscape changes for the tawitof Europe. The study prepared for
more windows (covering more landscape classes)pramide better knowledge on
ongoing processes. They can be identified on thallemscale but in higher level of
details. This could be a starting point for estingtchanges in majority of landscape
types in Europe. It seems to be better solution #ggregating details to bigger units and
analyzing the results (as was done for EURURALIS).
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Knowledge of processes taking place in the pastsmame as an indicator of future
changes. Furthermore identification of pressuresrasponses of environment can help
in predicting future situation.

Other projects which can be used in the futureekiimating changes taking place in the
European landscapes are: LUMOCAP, GREENVEINS antSPAIlthough they are still
ongoing projects, they are of interest to be urdtie future.
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Appendices

1. The datasets used in the study and their charistics

Meeus cultural historic landscape classification:
The classification was not available in digitalf@t, so it was scanned (in this form
taken to the further research). The data was ctenvéo raster format with the grid cell
size of 1 k.
Projected coordinate system is WGS 1972 Alberts.
Geographic coordinate system is GCS WGS 1972.
Map projection is Alberts Conical Equal Area.

Micher landscape classification:
The data used in the research was lanmap2_vl_3. pftjected and geographic
coordinate systems were not defined, so they wssegya to be the same as in Meeus
classification.
The data is in raster format with x and y cell 526000 m (grid cell size 1 kin

EURURALIS data:
The datasets used in the study were for year 200@@30 for 4 scenarios. The data was
in raster format. The x and y distance was 100@nid gell size 1 krf).
The projected and geographic coordinate systeme nar defined, so they were assign
to be the same as in Meeus classification.

BIOPRESS data:
The projected coordinate system is Rijksdriehodsstdew.
Geographic coordinate system is GCS Amersfoort.
Map projection name is Double Stereographic.

Nuts:
Nuts 1 and Nuts 2 were available in vector format.
The projected coordinate system is WGS 1972 Alberts
The geographic coordinate system is GCS WGS 1972.
Map projection in Alberts Conical Equal Area.

Ratio indicator:

There are differences between the datasets by mearsreas. Meeus, Micher,
EURURALIS and Nuts data are used only in territofyEuropean Union, however the
differences remains.

The areas of Europe in the following datasets:

Meeus area of EU: 3897131 km

Muicher dataset of EU: 390150400 %(whole Europe: 10850641 Kin

EURURALIS: 3952123 krh

Nuts: 3895491 ki

On the Nuts 1 level (country level) comparison witie ESRI Data and Maps 2005
database available at Alterra, showed differeneeunties areas. Some countries have
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bigger areas in Nuts 1 datasets whereas the athéine ESRI datasets. The amount of
difference is from 51 kffor Luxemburg (bigger area in Nuts 1) to 6998°kmUnited
Kingdom (bigger area in Nuts 1). In ESRI datasetiSpas bigger area than in Nuts 1 by
5677 knf, whereas Latvia by 103 Km

The uncertainty is also an important issue. Thel leover classification classifies land
use/ land cover to different classes. However itmportant to remember that there are
differences in definition of the given land covéass. What is treated as a forest in one
country does not have to be forest in the othemefults in the differences when
analyzing different land cover classifications. Tihgortance of using one definition of
the given class is present here. Further more thneight be also problems with
identifying the borders of the given landscapeamdi cover class. The borders defined by
people, as in case of landscapes are called fiatdaries. They are depended on people’s
definitions and perception. The bona fiat boundadee all other boundaries and are in
depended of human fiat (Comber and Fisher 2005).

Influence of differences on the results:

The above mentioned differences in country areasaesult of using different datasets.
As the aim of the study is to investigate if EURURS project can be used to assess the
landscape changes, they do not have an impacteosttily results. Differences in the
areas are important when analyzing the EURURALI&nges per country/ region/
scenario. However the main role of them is to gigene indication of processes taking
place and not to give the real numbers.

Identification of rare landscape is based on teagirhowever this is one of few criteria
and not the most important one, so it does not havefluence on the results.

The notion of different classification of land cove important when comparing different
projects. The obtained results can not be takemgstiforvard and the knowledge of
applied classification rules is very important. thermore the borders between different
landscape classes are not as straight and clgaesesnted on a map. In reality they are
fuzzy and might be difficult to locate in a space.

2. Meeus cultural historic landscape classes

Landscape class Characterization

Forest tundra There are no dense forests, onlg backs. In river
valleys spares forest can be found. Only dwarflshiand
scattered trees can grow unprotected. Sedges,srasitk
mosses cover the waterlogged grounds of mires|and
swamps. Roads are scares, making area inaccessihle
transport. Forests are subject to cuttings, wheoh loe a
threat due to erosion.

Northern taiga The thickest forests are in therrivalleys and terraces.
The dominant trees are spruce, pine and birch righe
mosses and berry- bearing shrubs cover the grotimel
forest trees are cut to provide the local popuhatidth
wood. Reindeer pastures can be also found.
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Middle taiga

This is densely forested area withusp, fir and pine
trees. Due to climate conditions, the growing seasdoo
short to make arable cropping important. Extensattle
rising and dairying is the only agriculture actit

Southern taiga

Semi open forests are combined vathral fodder land
and fields. Also a growing agricultural area canfduend,
with mainly pastures and arable land. It requindsical
drainage and heavy fertilization.

Subtaiga

Due to climate condition significant n@mbf crops car
be grown as well as cattle. Many large collectigerfs
and compact villages have been created in the tapées

N

Northern highlands

Open area with hills and momstarhe trees and bush
have disappeared due to overgrazing by sheep.
ground vegetation and bare rocks left. The norenisive
agriculture is present. The erosion is a big thteahose
areas.

es
Only

Mountains

Wwild, rough, open versus cultivated. IAea land is
concentrated on gentle slopes in the valleys. Teet

slopes are wooded or covered with meadows. In some

areas the limited dairy and sheep farming is ptesen

Atlantic bacage

Gentle slopes. Plots are surradinmle walls or hedge
(enclosed landscape). The land is used intensi
Farmsteads are scattered and network of rural ra

dense. The animal and fodder production takes phage

large- scale plots.

[2)

vely.
ds

Semi bocage

Hills and middle mountains. It hasefeWwedges, mor

walls, more fallow land and larger forests. Compact

villages and solitary farms are found side by sidd the
density of roads is low. Land use is extensivethede are
many woods.

Mediterranean semi bocag

Hills and middle moustaiArable land, valleys,

pastures, orchards, vineyards and forests canurelfon
foothills and in valleys. In these areas people livsmall
villages. Deforestation and overgrazing of the ptdepes
make water erosion a severe problem.

Atlantic open fields

The farms are concentratedvilfages. Large holdings
intensive crop farming, high level of mechanizatiamd
large- scale use of fertilizers and pesticides hareated

large monocultures. Forests and woods are located i

valleys. Large scale openness.

Continental open fields

Forest and pastures areirdding, comparing to large

scale arable land. Forests are found on the tofisedfills.
The farms are dispersed along the roads. Mixedlgr
grass and permanent crops.

Aquitaine open fields

The intensive form of agliote is taking place. Farms
are not limited to villages only. In some part wdetopes
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are steep, meadows, orchards and forests are fouhd
valleys and crop farming is practiced on plateaus.

Central collective ope
fields

NA large scale, almost treeless landscape, intelysused
for arable crops, with a large- scale network eékuoads
and collective farms. Large scale, open and homamen

Eastern collective ope
fields

nTreeless, arable land divided into large plots lan o
undulating plains, creating an open and very
landscape.

Mediterranean open land

Cereals are grown onge lacale and olive trees coy
the hillsides. The mountains are used for exten
grazing, with drover’s roads between the lowlands
uplands.

Coltura promiscua

The landscape displays a classic “upright” pattdrinees,

between intensification and marginalization.

Delta (artificial forms)

These are open and flandscapes near rivers a

cultivation dominates land use (arable and hottical
crops). The fields are quite regular with the ginaline of
drainage ditches or irrigation canals.

Huerta

Areas with intensively cultivated agricoéuand orchards
usually intersected by irrigation ditches.

Polder

Flat and open landscape. Artificial dragaggular fields
scattered farmyards and relatively large farm ymtake
these landscapes very flexible. Areas along coast
rivers are important for flora and fauna.

Kampen

They are characterized with a patchwor&uapf woods,

heath, swamps, mixed crops, scattered farmsteads
roads. The agriculture is very intensive, with easing
number of animals. Woods grown on poor soils.

Poland’s strip fields

Agriculture is changing 2nt980s into market- oriente
and part- time farming. Mixed crops, horticultu
orchards and forests. The parcels are split upargattern
of strips, buildings are concentrated in compatages
and there is a small- scale network of roads.

Puszta

This is grassland area on salt- affecteld Tbere are
large plots of agricultural land. Farms are coneeatl
and sometimes collective. The livestock breedinke

place as well as grown of crops.
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bushes and ground cover. Scattered farmsteads €an b
found, and the population is concentrated in végg
These landscapes may disappear when the choice is
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3. CORINE land cover classes

The CORINE land use classes as aggregated by Micher

Mucher land use type Description
Arable land Non- irrigated arable land
Permanently irrigated land
Rice fields
Permanent crops Vineyards
Fruit trees and berry plantation olive groves
Pastures Pastures
Heterogeneous agricultural areas Annual crops associated with permanent crops

Complex cultivation patterns

Land principally occupied by agriculture wi
significant natural vegetation

Agro- forestry areas

>

Artificial surfaces Continuous urban fabric
Discontinuous urban fabric
Industrial and commercial units
Road and rail networks and associated land
Port areas

Airports

Mineral extraction sites

Dump sites

Construction sites

Green urban areas

Port and leisure facilities

Forest Broad- leaved forest
Coniferous forest
Mixed forest

Shrubs and herbaceous vegetation associations | Natural grasslands

Moors and heath lands
Sclerophyllous vegetation
Transitional woodland- scrub

Open spaces with little or no vegetation Beaches, sand, dunes

Bare rocks

Sparsely vegetated areas
Burnt areas

Glaciers and perpetual snow

Wetlands Inland marshes
Peat bogs

Salt marches
Salines
Intertidal flats

Water bodies Water courses
Water bodies
Coastal lagoons
Estuaries

Sea and ocean

4. Memus landscape classification

Assessment of European cultural- historic landseapehe scope of EURURALIS
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Mucher landscape classes >
Meeus a_op |h_af |h_fo h_sh h_al h_pa h_pc [|h_op |h_wa |h_we |h_ha I_af I_op [l_pc I_fo I_al I_sh [l_pa I_wa |l_we [I_ha O
forest tundra 10778 7847 -8
northern taiga 80| 219287 7152 533 241 28] 430] 5980 52418, 3457 275 258| 8_
middle taiga 85199 4203| 12 67| 2879 162] X
southern taiga 66| 51493 5143 168| 410 13595 14678, 8021 18 3 N
subtaiga 25426 94| 57238 2736 33 182] 1148 56442| 28915 50 56 132] 443 z
®
northern highlands 75| 31309 445 4893 2568 3
mountains 4127 29| 42213 1154 3912 9162 84 359 489 7977 3038 21 334 207 11263 40| 3007 107 %
atlantic bocage 12| 12448 26032 14832 76026 1338 7298 58 87| 36681 31976 47266 134 527 27921 —
semi bocage 40| 21219 1514 77211] 35815 220 27845 30 401 11014 193] 42| 4135 %
mediterranean 8—
semi bocage 2| 22852 938] 26396 5171 1876 247 10201 91 2297 560 1413] 130 498 O
polder 18 24 1479 24304] 325/ 18435 24| 111 1205 %
delta 17| 18873] 14690 80655 379] 5735 52| 31510 24 1204 5552 42002 11 145] 43| 867 857| M@
huerta 1799 5436 1717 1820 4087 2227 4504 39 71 672 &
kampen 4838 271 14] 1035 103] 13151 27323 8881 7445 §
poland's strip fields 11 9055 49566 320 1473 14 379 1722 55 106 g
coltura promiscus 15395 293| 18520 48| 959 6937 224 7871 679 g
atlantic openfields 78| 80252 2298] 70229 16104] 1441 358| 560 9653 98 24 962 49176| 127933] 157| 13300 635 39| 3520 8
continental
openfields 476 73793 45| 112445 10933 27 3796 52 3142 21680 192]
aquitaine
openfields 115 875 5974 3523 975 23 102] 6582 389
central collective
openfields 191] 40114 142108 399 51 65 2718 35 21155 61595 293 1547, 13
eastern collective
openfileds 872 7039
mediterranean
open land 157 35867| 43120 56521 24214] 2306 48405 74 6279 3296| 29632 1332 255 17264
puszta 1601 84| 19185 248 3 57 18823 892 51 102 41 106
sum nb 1 13 21 16 20 15| 11 3| [§ 10 17 12| 2| 8| 18 19 12| 13 7| 11 17|
sum area 4127] 1274] 769486] 146209| 754074] 161501] 36747 2693] 1545] 19690| 172696] 1552 48] 13560] 258675| 459101 8604 103952 1236] 5110] 65391
% in total area 0.105| 0.033] 19.630] 3.730] 19.237] 4.120] 0.937] 0.069] 0.039] 0.502] 4.406] 0.040| 0.001] 0.346] 6.599] 11.712] 0.219] 2.652] 0.032| 0.130| 1.668
average area 4127 98] 36642 9138] 37704 10767] 3341 89§ 258 1969] 10159] 129 24] 1695 14371 24163] 717 7996] 177| 465 3847
land type 1 3 1 1 3 2 3 1 2 1 2 3 1 3 1 3 1 2 2 1 2
importance 1 5 6 6 6 6 6 1 4 6 6 5 1 6 6 6 4 6 4 4 6
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Mucher landscape classes

Meeus m_fo m_sh m_ha |m_al m_af |m_op |m_pa |m_pc |m_we |n_fo n_op |n_sh |urban |waterbod |[flats Jsum nb Jsum area Jarea area
forest tundra 1072 3 19697 0.50] 6565.67
northern taiga 9782, 3341, 19| 1569| 5958 480 318 9122 20 320728 8.18] 16036.40
middle taiga 224 1748 g| 94494 2.41) 11811.75
southern taiga 237 2377 12 96237 2.46 8019.75
subtaiga 761 540 15 174196 4.44] 11613.07
northern highlands 3144 17| 7 42451 1.08] 6064.43]
mountains 78869 3516 107| 4379 13721| 22321 298| 23380 9568| 16681 409 3312 30} 264084 6.74] 8802.80
atlantic bocage 901 6201 2732 170 19 292640 7.47) 15402.11
semi bocage 76818] 7647 7450 12222] 32| 461 21829 203] 582 2594 711 14 25 310242 7.91] 12409.68
mediterranean
semi bocage 48940 21141 10263 3878 794 5019 44 453 3013 671 305| 25 167193] 4.27] 6687.72
polder 2592 69 292 12 48878 1.25 4073.17]
delta 4303] 12047 9005 12525 426 2345 580 24 243847 6.22] 10160.29
huerta 204 3481, 646 188 213 827 60| 17 27991 0.71] 1646.53
kampen 2948| 137 12| 12 66158] 1.69 5513.17]
poland's strip fields 215 62 1521 13| 64499 1.65 4961.46
coltura promiscus 14541 4581 8956) 1552 98 91 516 247 17 81508 2.08] 4794.59
atlantic openfields 4798 4 439 58 8| 45| 10409 10129 51 28 402758 10.27] 14384.2]]
continental
openfields 12637 1261 4131] 1| 5042 4774 10 18] 254437 6.49] 14135.39
aquitaine
openfields 183 4568 11 23309 0.59 2119.00§
central collective
openfields 3818 121 6359 503 3996 831 19 285912 7.29] 15048.00
eastern collective
openfileds 13| 3 7924 0.20] 2641.33
mediterranean
open land 67014] 95728] 27126| 109358 1646 451] 10017 15009 62| 3333] 3026 1280 26 589272 15.03) 22664.3]]
puszta 43 217 15 15 41468 1.06 2764.53
sum nb 14 11 10 11 2| 7| 10| 2| 2| 4 4 5] 20 20 5 379
sum area 322165| 155531| 65374 154712 51| 18290] 61781 10230 778| 25024| 10286 23654| 48943 35294 539 3919923
% in total area 8.219 3.968] 1.668 3.947] 0.001] 0.467| 1.576] 0.261] 0.020] 0.638] 0.262] 0.603| 1.249 0.900] 0.014 100.000
average area 23012 14139|] 6537 14065 26| 2613 6178] 5115 389 6256 2572 4731 2447 1765 108]
land type 1 1 2 3 3 1 2 3 1 1 1 1 3 2 3
importance 6 6 6 6 2 6 6 2 1 3 1 3 6 6 2
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5. Selected Nuts 2 regions

These are (with Meeus landscape type):

AT21 (mountains), AT22 (mountains), AT31 (mountaiasd semi- bocage), AT32

(mountains and semi-bocage), AT33 (mountains amai-sleocage), AT34 (mountains

and semi- bocage), DE21 (mountains and semi- bpc8Fe27 (mountains and semi-

bocage), DEF (polder), ES12 (semi- bocage and ereditean semi- bocage), ES22
(mountains and mediterranean semi- bocage), ES2urtains, mediterranean semi-
bocage and mediterranean open land), ES41 (medigan semi- bocage), ES42
(mediterranean open land), ES51 (mountains and teremtiean semi- bocage), ES52
(huerta and mediterranean open land), ES61 (mealitean open land), ES62

(mediterranean open land and huerta), FI12 (nortteega), FI15 (northern taiga), FR61
(mediterranean semi- bocage), FR62 (mountains,tereainean semi-bocage and atlantic
open fields), FR71 (mountains, semi- bocage), FR&luntains, atlantic open fields and
mediterranean open land), FR82 (mountains), GR2ddierranean open land), IE

(mountains), IT2 (mediterranean open land and naonsy, IT6 (coltura promiscus),

IT31 (mediterranean open land and mountains), ITi@dfterranean open land), IT11
(mountains and mediterranean open land), IT12 (nens), IT13 (mediterranean open
land), IT 32 (mountains), IT33 (mountains and meEd#nean semi- bocage), IT53
(coltura promiscus), IT71 (coltura promiscus andlitggranean open land), IT93 (huerta
and mediterranean open land), PL25 (semi- bocage naountains), SE06 (northern

taiga), SEOQ7 (northern taiga), SE08 (northern taigé mountains), SK012 (mountains),
SL (mediterranean semi- bocage), UK33 (atlantiodpeds).

Also regions which are covered in the BIOPRESSys{ddta only for the Netherlands is

available) will be further studied. The BIOPRES&n8ects are inside the following

regions: NL 42 (transect 3), BE33 (transect 3), Ni(#ansects 1 and 4), NL32 (transects
2 and 5), NL13 (transects 6 and 7), NL21 (tran8geind NL12 (transect 9).

6. The characteristic of EURURALIS scenarios

Non- spatial module:
The inputs used in the module are:

1. GTAP- growth of several agricultural and econongcters in each country in %
over the periods 2000-2010, 2010-2020, 2020-2030;

2. IMAGE- growth of GTAP agricultural sectors combinetth additional scenario
conditions is converted to required areas for adjuical land in general and
required areas for pasture and non- irrigated arksid more specific for years
2000, 2010, 2020, 2030 for all scenarios;

3. population change- population numbers for all EBeypcountries in 5-year time
steps from 1950 to 2050;

4. change in GDP per capita in % over the periods ZIiD, 2010-2020, 2020-
2030;

5. production values of several agricultural and ecoigosectors in 2001 for each
country.
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Spatial module:

In this module the requirements for land use alecaled. It is based on information
about:

- spatial policies and restrictions- they indicateeas where land use changes are
restricted. Those are land use conversions andig®lwhich stimulate or discourage
certain ways of land use conversions;

- land use type specific conversion settings- tetermine temporal dynamics of the
simulations. Two set of parameters are needed @avacterize the individual land use
type: the conversion elasticity (related to reuvwlisy of land use change) and the
conversion settings and their temporal characiesigthey are specified in conversion
matrix: what land use changes are possible and iwlaatime step);

- location characteristics: biophysical and soceczonomic factors- the land use
conversions are expected to take place in aredéishighest “suitability” of specific land
use type at that moment in time. The suitabilitiates both biophysical and socio-
economic factors. In the project a set of spata@hdvas used to calculate areas with
highest suitability;

- land use requirements- the non- spatial modulecisded.

Allocation procedure:

When all inputs are provided the CLUE model caltadawith discrete time steps, the
most likely changes in land use given the befosedieed restrictions and suitability. It is
expressed as probability of a grid cell for theuwsoence of the considered land use type.
The drivers used in the project are:

- constant drivers- elevation, parent material,| gsuitability, texture, moisture),
infrastructure (roads, railways, flight infrastruat), income, climate (temperature,
precipitation);

- drivers changing in time- population (rural, umbaoverall density, labor density,
housing density), accessibility;

- restrictions- natural parks, other restrictechare

Global market Al:

- government intervention is limited as possible,

- strong commitment to market- based solutions,

- international co-operation is focused on remmfdtade barriers,

- low taxes,

- global warming considered as a fact of life,

- the rule that polluter pays, wherever possibieniglemented,

- environment pollution regulations are relativedyaxed to avoid that competitiveness is
affected.

Continental Market A2:

- self- sufficiency is a key factor to steady deyehent,

- low taxes, but higher than in A1,

- government intervention should be limited to cagponsibilities,

- the rule that polluter pays, wherever possibieniglemented,

- the use of bio- energy is supported in ordemptares fossil reserves within the region and
to relieve dependence on imports from third coestri
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- maintenance of natural and cultural heritageosanpriority at EU level; the result is
strongly fragmented network of nature reserves.

Global Co- Operation B1:

- sustainable development by well- coordinatedrégfat regional and global level

- high taxes,

- governmental intervention relatively strong, adlret internalising environmental and
social costs in order to channel market forces,orengy their bias on short- time
economic gains,

- increasing energy prices leads to new resear@iténnative energy; in some parts of
Europe production of bio- fuels become an issue,

- maintenance of natural and cultural heritage ipgablicly funded,

- nature development engages to in the creati@xteinsive international networks,

- restrictions on land use/ production,

- urban sprawl controlled by restrictive and honmemes spatial planning.

Regional Co- Operation B2:

- sustainable development should be geared to ttycamics,

- self- reliance, ecological stewardship and eqarg/the keys to sustainability,

- maintenance of natural and cultural heritagepsi@rity,

- hotspots of biodiversity protected by EU regulas,

- nature and agriculture areas receive supporttermaintenance of landscapes; the
biodiversity is strictly protected,

- urban sprawl in small and medium cities, restrecaind heterogeneous spatial planning.

Assessment of European cultural- historic landseapehe scope of EURURALIS
project 86



Chapter 8 Appendices
7. Land use changes in percentage in Nuts 1
Urban Non- irrigated arable land Pastures Forest

AL | A2 [ BL]| B2[| AL A2 B1 B2 | AL|] A2 | BL | B2 | AL | A2 Bl B2
AT 1,23| 0,67] 0,55] 0,16] -2,44] -2,33] 5728 -3,83] -2,35] 1,83 0,13] -0,08] 1,13] -0,77] 3,59] 2,06
BE | 1336] 864] 6,70 2,19] -465] -354] -544] -503| -6,15] 0,03] -096] 0,16] -275] -528] -0,40] 1,45
CY 1,66 098] 0,88] 0,05] -458] 2,02 -191] -316] 0,18] -0,01] 0,04] 0,00 0,79] -3,73] -0,03] 1,29
CZ 4,92] 2,08[ 3,65 0,82 -7,98] -0,18] -1,49] -1,55] -0,05] -0,17] -0,03] 0,00] 2,11] -2.47] -2,19] 0,06
DE 421 272 1,.92] 0,69] -842] -a01] -11,77] -868| -1,23] 1,35] 0,07] 0,04] 2,88] -081] 891] 5,03
DK 4,18| 2,87 2,00 0,93] -899] -400] -851] -311] -0,88] 0,01] 0,02] -0,06] 339] -044] 6,10 1,67
ES 1,04] 0,61] 0,44] 0,16] -5,17] -0,54] -7,33[ -7,59| -0,03] 0,21] 0,00] -0,14] 1,95] -0,84] 592 5,50
Ew | 254] o64] 1,17] 0,17] -398] -0,59] 0,06] -2,62| -2,06] -1,50] -0,14] -0,07] 1.95] -057] -1,08] 1,30
FL 0,15] 0,06 0,02] 0,00] -0,81] -0,82] -1,37] -1,16] -0,01] -0,01] -0,01] -0,09] 0,10] 0,02] 0,77] 0,93
FR 2,95] 1,92] 1,37 054] -458] -0,10] -7,73] -4,90| -1,28] 1,30 0,05] 0,29 226] -3,25] 534 2,27
GR 0,81] 0,49] 0,30] 0,13] -7,55] -2,44] -7,68] -3,58] -0,01] 0,10 -0,01] 0,21] 2,05] o0,88] 6,29 2,35
HU 4,73] 1,75] 3,58] 0,48] -13,44] -0,33] -1,29] 1,02 1,08] -0,72] 0,06] 0,00] 308] -2,26] -2,61] -1,59
[ 2,18] 1,16] 0,80] 0,20] -9,93] -6,84] -13,73] -13,51] -0,76] 1,05] 0,09 -0,20] 3,44] 1,86] 11,70] 9,10
IRL 1,11] 0,77[ 0,75] 0,34 -3.17] -1,34] -3,45] 0,90 -1,63] 2,65] 0,18 0,15] -0,11] -2.21] 1.49] -0,15
LT 253] 1.42[286] 036] -2,60] 512 922 o055 1,45] -1,41] -0.25] -0,02] -1,38] -7,30] -11,84] -2,25
LU 6,45] 3,15 1,59 0,15] -15,90] -3,45] -17,30] -8,54] 10,20] 12,52| 10,58 0,91 -0,83] -12,22] 512 7,32
Y 1,96] 093] 1,61] 043] 2,72 -2.47] 1,38 -474] 1.20] -1.86] 0,13] -0,07] -0.44] 0,69] -3,13] 1,66
M 15,32| 10,81] 9,01 5,41] -15,32] -11,26] -9,01] -6,76] 0,45] 0,00] 0,00] 0,00] -0,45] 0,00 0,00] 0,90
NL 7,33] 4,69] 4,42] 1,97] -13,96] -3,20] -16,67| -13,87] -2,70] 5,45 -0,01] 3,31] 3,02] -7,02] 11,25] 4,55
P 0,60] 0,45] 0,23] 0,15] -10,48] -10,61] -9,66| -15,31] o0,68] 0,42 068] 053] 456] 515 859] 11,79
PL 332] 151 2,85] 0,60] -10,18] -0,21] -1,87] -2,22] 1,30] -1,01] 0,08] 0,02] 19] -2,04] -1,61] 037
SE 0,56] 0,33] 0,22] 0,06] -0,45] -0,67] -1,14] -1,38] -1,50] 0,40 0,01] -0,06] 035] -0,24] 0,64] 0,82
SK 513 2,25] 4,62] 0,90] -822] -1,03] -1,79] -0,94] 0,75] -0,43] 0,06] 0,07] 1,70] -1,34] -2,93] -0,16
SL 1,32[ 0,63] 0,46] 0,10 -2,10] -0,83] -0,81] -0,95] -0,35] -1,86] 0,05] 0,10] -1,03] 0,49] 0,14] 0,53
UK 399 2,77[ 2.21] 1,09] -3,68] -1,51] -495] -2.83| -2,90] 1,88 -0,05] 0,18] 1,20] -3.21] 41,72| 0,38

Inland wetlands Static land use Irrigated arable Abandoned

A1 | A2 [ B1|B2| A1 A2 B1 B2 | ar | A2 | B1 | B2 A1 | A2 B1 B2
AT 0,00] 0,00] 0,00] 0,00 0,00] 0,00 0,00] o0,00] 0,00] 0,00 0,00] 000] 243] o060] 1,02] 1,66
BE 0,00] 0,00] 0,00] 0,00 0,00] o0,00] 0,00 0,00 0,00 000 000] 000] 019] o0,26] 0,211 1,4
cY 0,00] 0,00] 0,00] 0,00] 0,00] 0,00 0,00 o0,00] 0,00] 0,00 0,00 o000 19| o074 103 182
Cz 0,00] 0,00] 0,00] 0,00 0,00 o0,00] 0,00 o000 000 000 000] 000] 1,00] 0,73 0,06] 068
DE 0,00] 0,00] 0,00] 0,00 0,00] o0,00] 0,00 o0,00] 0,00 000 o000] 000] 256] 0,76] 087] 291
DK 0,00] 0,00] 0,00] 0,00 0,00] o0,00] 0,00 o0,00] 0,00 0,00 o000] 000] 230] 1,56 0,30 056
ES 0,00] 0,00[ 0,00] 0,00 0,00 0,00] 0,00 0,00 0,00] 000 000] 000 221] o055 098] 207
Ew | o0,00] 0,00 0,00] 0,00 o000 o000 000 o000 000 000[ 000] 000] 154] 201 o000 122
FL 0,00] 0,00] 0,00] 0,00 0,00] o0,00] 0,00 o0,00] 0,00 0,00 o000] 000] 057] 0,74 059 0,333
FR 0,00] 0,00[ 0,00] 0,00 0,00 0,00] 0,00 0,00 0,00] 0,00 000] 000 065] 0,13 097 1,9
GR 0,00] 0,00] 0,00] 0,00 0,00] o0,00] 0,00 0,00 0,00 000 000] 000] 470] 097] 1,09 0,89
HU 0,00] 0,00] 0,00] 0,00 0,00] o0,00] 0,00 o0,00] 0,00 000 o000] o00] 455 155 0,227] 0,08
[ 0,00] 0,00[ 0,00] 0,00 0,00 0,00] 0,00 0,00 0,00] 000] o000] 000 507] 277 115 441
IRL | 0,00 0,00] 0,00] 0,00 000] o000 000] o000 000 000] 000] 000] 38| 013 104 056
LT 0,00] 0,00] 0,00] 0,00 0,00] o0,00] 0,00 0,00 0,00 0,00 000] 000] 000] 217] o000 1,37
LU 0,00] 0,00[ 0,00] 0,00] 0,00 0,00] 0,00] 0,00 0,00] 0,00] 0,00] 0,00] 0,08] 0,00 0,00] 0,5
LV 0,00] 0,00] 0,00] 0,00 0,00 o0,00] 0,00 o000 0,00] 000 000] 000] 000] 271 o000 272
M 1,35] 0,00] 0,00] 0,00 -1,35] 0,00] 0,00 0,00 0,00 000 0,00 000] 000 045 000 045
NL 0,00] 0,00] 0,00] 0,00 0,00] o0,00] 0,00 o0,00] 0,00 0,00 000] 000] 630] o009 101 404
P 0,00] 0,00[ 0,00] 0,00 0,00 0,00 0,00] 0,00 0,00] 0,00 000] 000 465] 459 o0,216] 2,84
PL 0,00] 0,00] 0,00] 0,00 0,00] o0,00] 0,00 o000 0,00 000 o000] 000] 366] 1,75 054 1,22
SE 0,00] 0,00] 0,00] 0,00 0,00] 0,00 0,00 o0,00] 0,00 000 o000] o00] 103 0,19 027 057
SK 0,00] 0,00[ 0,00] 0,00 0,00 0,00] 0,00 0,00 0,00] 0,00 000] 000 065] 055 0,05 0,14
SL 0,00] 0,00] 0,00] 0,00 0,00] o0,00] 0,00 o0,00] 0,00 000 o000] 000] 216] 157] 0,16] 0,22
UK 0,00] 0,00[ 0,00 0,00] 0,00/ 0,00] 0,00] 0,00] 0,00] 0,00 0,00] 0,00 139] 0,08] 1,07] 1,17
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8. Land use change in Nuts 1 in percentage perssiten
Total change in countries based on % change ofdaadype per country.
area %

Al A2 B1 B2 Al A2 B1 B2
AT 1,58 1,94 1,91 1,63 9,59 6,20 10,56 7,77
BE 1,63 2,01 0,90 0,77 27,09 17,65 13,61 10,07
CcY 0,13 0,20 0,06 0,12 9,16 7,50 3,88 6,32
CZ 2,49 1,66 1,26 0,61 16,07 5,63 7,42 3,11
DE 13,51 12,82 18,05 15,43 19,30 9,64 23,54 17,36
DK 1,59 1,36 1,50 0,65 19,73 8,90 17,02 6,33
ES 10,11 5,08 7,83 19,10 10,39 2,75 14,66 15,46
EW 1,02 0,85 0,23 0,58 8,58 5,30 2,44 5,36
FL 1,08 2,05 1,97 2,09 1,65 1,66 2,76 2,51
FR 12,59 13,64 18,18 13,35 11,73 6,69 15,46 9,80
GR 3,83 2,35 4,26 2,30 15,12 4,88 15,38 7,16
HU 4,90 2,29 1,56 0,74 26,88 6,61 7,80 3,18
[ 12,56 15,26 17,68 20,45 21,39 13,68 27,47 27,43
IRL 1,32 1,81 1,02 0,36 9,82 7,09 6,91 2,10
LT 1,01 4,20 3,36 0,73 7,96 17,43 24,17 4,55
LU 0,09 0,31 0,20 0,11 33,46 31,34 34,60 17,07
LV 0,80 2,08 0,87 1,54 6,33 8,67 6,26 9,61
M 0,01 0,02 0,01 0,01 34,23 22,52 18,02 13,51
NL 2,27 2,65 2,49 2,40 33,32 11,80 33,36 27,73
P 3,62 6,96 3,66 6,72 20,96 21,22 19,33 30,63
PL 12,46 7,59 4,66 3,44 20,36 6,53 6,96 4,43
SE 3,34 2,97 2,15 3,14 3,89 1,82 2,29 2,88
SK 1,58 1,02 1,00 0,27 16,45 5,60 9,45 2,20
SL 0,28 0,40 0,05 0,10 6,96 5,38 1,63 1,91
UK 6,21 8,46 5,16 3,39 13,17 9,45 9,99 5,28
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9. Land use changes in kand percentage in Nuts 2 per scenario
area km %
Al A2 Bl B2 Al A2 Bl B2

AT21 1384 766 1758 1140 14.48 8.02 18.39 11.93
AT22 762 1284 2300 1592 4.64 7.82 14.01 9.70
AT31 884 1710 2118 1788 7.38 14.28 17.69 14.93
AT32 1434 78 696 552 20.00 1.09 9.71 7.70
AT33 1792 56 906 706 14.22 0.44 7.19 5.60
AT34 498 54 220 122 19.58 2.12 8.65 4.80
BE33 512 462 322 362 13.35 12.05 8.40 9.44
DE21 2828 5358 4872 5970 16.14 30.57 27.80 34.07
DE27 303 1548 1422 1574 4.51 15.45 14.19 15.71
DEF 1510 1838 2420 2644 9.82 11.96 15.74 17.20
ES12 1008 748 1064 481 9.83 7.29 10.38 8.78
ES22 240 244 298 1054 2.30 2.34 2.85 10.10
ES24 8728 4920 11354 11660 21.17 18.88 23.85 24.56
ES41 4930 1585 12530 10102 5.24 2.20 13.32 10.74
ES42 4990 2144 13602 11746 6.29 2.70 17.16 14.81
ES51 1944 1892 3896 5562 6.10 5.94 12.22 17.45
ES52 4568 1600 2330 3394 19.75 6.92 5.24 14.68
ES61 15176 2328 16476 16978 17.40 2.67 18.89 19.47
ES62 3050 882 2276 2342 27.04 7.82 20.18 20.76
F112 1290 1302 700 2138 2.29 2.31 1.24 3.79
FI115 2856 934 2582 1378 2.12 0.69 1.91 1.02
FR61 2724 4114 6094 2576 6.57 9.92 14.69 6.21
FR62 5462 2440 7242 5230 12.07 5.39 16.01 11.56
FR71 6944 4154 13524 9916 15.56 9.31 30.31 22.22
FR81 6308 1608 8316 3914 22.93 5.85 30.23 14.23
FR82 8910 2470 11216 5462 28.33 7.85 35.66 17.37
GR24 2044 986 2696 1560 13.53 6.53 17.85 10.33
IE 6710 4842 4720 1434 9.82 7.09 6.91 2.10
IT11 1346 6140 4624 8164 531 24.21 18.23 32.19
1T12 492 32 116 66 15.10 0.98 3.56 2.03
IT13 516 398 766 421 9.91 7.65 14.71 11.26
T2 2420 3938 3844 4134 10.10 16.43 16.04 17.25
IT31 4410 1220 2620 1850 32.56 9.01 19.35 13.66
IT53 648 5394 2794 2564 6.68 55.62 28.81 26.44
IT6 2126 2150 4354 4944 12.37 12.51 25.33 28.76
IT71 2654 1554 2384 2328 24,70 14.46 22.19 21.67
IT8 3196 2640 6904 5530 23.72 19.59 51.24 41.04
1T93 6930 3326 9910 8602 46.28 22.21 66.19 57.45
NL12 824 108 180 138 24.15 3.87 5.28 4.04
NL13 1358 802 1436 1308 50.11 29.59 52.99 48.27
NL21 1306 1220 1276 1292 38.05 35.55 37.18 37.65
NL32 1206 460 1214 792 43.63 16.64 43.92 29.09
NL41 998 1714 1518 1316 20.06 34.46 30.52 26.46
NL42 1402 1036 1450 1328 63.35 46.81 65.52 60.01
PL25 1798 1274 3964 1688 31.27 22.16 65.99 29.36
SEO06 2270 732 2718 1934 3.15 1.01 3.77 2.68
SEQ7 3134 1630 1024 1596 4.06 2.11 1.33 2.07
SEO08 8652 922 500 1378 5.31 0.68 0.31 0.85
SK012 2532 1148 2320 456 15.99 7.25 14.65 2.88
SL 1402 1084 300 384 6.96 5.38 1.63 1.91
UK33 116 244 126 26 1.96 4.13 2.13 0.44
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10. The characteristics of main changes in selekshaid 2

AT 22:

This region characterizes big proportion of fordst.A1 bigger urban areas are not
expanding so much (they are surrounded by foredtramm irrigated land). However
villages (small urban areas) are expanding whewn #ne surrounded by pastures. Non
irrigated land is changing to forest when it sundsiit, but it is not changing when non
irrigated land is surrounded by pastures. In Blanraéreas are almost not changing at all.
High changes are present in non irrigated land kvliansforms to pastures, forest and
abandoned land. In B2 urban areas are also alnodshcreasing, whereas the highest
changes are in non irrigated land which turns @&itandoned land.

DE 21.

Forest and pastures are main land use types. $nréigion there is a city Minchen.
Scenario Al prognoses big increase in city sizpassures, forest and non irrigated land
are changing to it. In A2 non irrigated land is hiag highly to all other land use types,
especially to urban and forest. In B1 urban areasadso increasing, but mainly non
irrigated land and pastures are changing to folesB2 urban areas are almost not
expanding whereas non irrigated land changes highlyabandoned land. They are
presented on Figure 19.
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Al Bl

A2 B2

Figure 19. Land use changes in region DE21 in Aaies.

ES 22:

Mainly forest and non irrigated land are presenthis region. There is one small town
and few villages. In Al very small changes are gmesScenario A2 prognoses big
change from forest to non irrigated land, wherea31i forest will change to non irrigated
and vice versa. In B2 big change from non irrigdéed to abandoned land is prognoses.

Assessment of European cultural- historic landseapehe scope of EURURALIS
project 91



Chapter 8 Appendices

SEO08:

This region consists of mainly forest, wetlandsitistand pasture land use types. In
scenario Al pastures are changing highly to urlfarest and abandoned land (in

scenarios A2 and B2- no change). Scenario A2 preegsmemall changes, mainly from

non irrigated land to pastures and from forestastyres. In B1 forest and pastures and
changing from one to the other, whereas in B2 migakture to forest.

SK12:

The region consists mainly of forest and non itegdand use types. In Al there is high

increase in urban areas, especially from non iedydgand. However the surprising is that

in a city on the left side of below picture, thisange is very big, whereas in the city on

the bottom the change is very small. Also pastaresforest are changing to urban areas.
In A2 there are changes but they are not too Imid31 there is surprisingly big change

from forest to urban area, from forest to non ateyl land and from non irrigated land to

urban land use type. In B2 there is no big changsemt. Changes are presented on
Figure 20.
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Al Bl

A2 B2

Figure 20. Land use changes in region SK 12 ineA&gos.
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11. The rules for reclassification of Memus and EMRALIS data

Eururalis Memus New class

Urban Urban Urban

Urban Other Urban

Other Urban Urban

Static Open spaces Open spaces
Forest Forest Forest

Other Atrtificial Artificial

Urban Atrtificial Urban

Non irrigated Open spaces Open spaces
Pastures Open spaces Open spaces
Forest Open spaces Open spaces
Non irrigated Flats Flats

Pastures Flats Flats

Static Flats Flats

Non irrigated Arable land Non irrigated
Pastures Arable land Non irrigated
Forest Arable land Non irrigated
Wetlands Arable land Non irrigated
Static Arable land Non irrigated
Irrigated Arable land Non irrigated
Non irrigated Forest Forest
Pastures Forest Forest
Wetlands Forest Forest

Static Forest Forest

Irrigated Forest Forest

Non irrigated Heterogeneous agriculture  Non ireglat
Pastures Heterogeneous agricultyre  Non irrigated
Forest Heterogeneous agriculture  Non irrigated
Wetlands Heterogeneous agriculture  Non irrigated
Static Heterogeneous agriculture  Non irrigated
Irrigated Heterogeneous agriculture  Non irrigated
Wetlands Open spaces Open spaces
Irrigated Open spaces Open spaces
Non irrigated Pastures Pastures
Pastures Pastures Pastures
Forest Pastures Pastures
Wetlands Pastures Pastures
Static Pastures Pastures
Irrigated Pastures Pastures

Non irrigated Permanent crops Permanent crops
Pastures Permanent crops Permanent crops
Forest Permanent crops Permanent crops
Wetlands Permanent crops Permanent crops

Assessment of European cultural- historic landseapehe scope of EURURALIS

project



12. The impact of EURURALIS results on Memus |lapgsclasses

In bold are rare landscapes:

Chapter 8 Appendices
Static Permanent crops Permanent crpps
Irrigated Permanent crops Permanent crpps
Non irrigated Shrubs Shrubs

Pastures Shrubs Shrubs

Forest Shrubs Shrubs

Wetlands Shrubs Shrubs

Static Shrubs

Irrigated Shrubs

Non irrigated Water

pastures Water

Forest Water

Wetlands Water

Static Water

Non irrigated Wetlands Non irrigated
Pastures Wetlands Pastures

Forest Wetlands Forest

Wetlands Wetlands Wetlands

Static Wetlands Wetlands

Irrigated Wetlands Irrigated

Forest Flats

Abandoned Abandoned
Abandoned Urban
Abandoned Water

Al A2 Bl B2
aquitaine openfields h_artificial -7 3 13 1
aguitaine openfields h_forest -32 -43 7 -1
aquitaine openfields h_non irrigated -241 192 -157 -170
aquitaine openfields |_artificial -B -B 3 11
aquitaine openfields |_forest 17 -66 146 11092
aquitaine openfields |_non irrigated -262 -05 -253 -275
aquitaine openfields m_forest 2 1l 0 0
atlantic bocage flats 0 0 0 ¢
atlantic bocage h_artificial D 0 -1 11
atlantic bocage h_forest 16 -23 -23 10543
atlantic bocage h_non irrigated 0 0 -L6 -6
atlantic bocage h_pastures -190 170 -161 =77
atlantic bocage h_shrubs -37 -6 -10 115
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atlantic bocage h_wetlands 0 0 5 0
atlantic bocage |_forest -59 -152 -52 -p4
atlantic bocage |_non irrigated -26 -86 -B3 41
atlantic bocage |_pastures -3b8 -268 -382 9B09
atlantic bocage |_wetlands 0 25 0 0
atlantic openfields flats 0 0 -1 0
atlantic openfields h_artificial D D -l 0
atlantic openfields h_forest 196 -286 5p4 496
atlantic openfields h_non irrigated -724 2P8 -157 382
atlantic openfields h_pastures -8 -B7 -1 0
atlantic openfields h_pernament crops 34 +16 -13  30|-
atlantic openfields h_shrubs 1 1 B9 0
atlantic openfields h_wetlands 0 0 0 0
atlantic openfields |_artificial -3 -8 -1 D
atlantic openfields |_forest -123 -296 -46 100
atlantic openfields |_non irrigated -454 1 -2p7 249
atlantic openfields |_open spaces -1 -1 11 0
atlantic openfields |_pastures 0 0 0 0
atlantic openfields |_pernament crops 111 13 r13 3] -
atlantic openfields |_wetlands 0 0 0 0
atlantic openfields m_forest 4 16 39 BO
atlantic openfields m_non irrigated -39 0 -43 133
atlantic openfields m_pastures 0 0 0 0
atlantic openfields m_shrubs 0 0 0 0
atlantic openfields n_shrubs 0 0 -39 (
central collective openf h_forest -85 -90 -112 33
central collective openf h_non irrigated -94 -189 303 -436
central collective openf |_forest 0 0 0 7
central collective openf m_forest 0 t1 t1 0
central collective openf m_pastures -8 -4 -3 0
coltura promiscus h_forest 6 -47 683 854
coltura promiscus h_non irrigated -347 -143 -134 203
coltura promiscus h_pernament crops 10 -15 -14 -16
coltura promiscus |_forest 9 0 39 157
coltura promiscus |_non irrigated 19 -14 -46 -159
coltura promiscus m_forest 142 105 157 78
coltura promiscus m_non irrigated -156 -112 -160 701
coltura promiscus m_shrubs +1 2 0 2
coltura promiscus n_forest 0 0 0 q
continental openfields h_artificial - 11 0 0
continental openfields h_forest 196 -90 1458 B22
continental openfields h_non irrigated -745 -1312 2260 -2568
continental openfields h_pastures 30 78 56 -[L04
continental openfields h_pernament crops 0 109 0 8110
continental openfields m_forest -13 -16 66 49
continental openfields m_non irrigated -65 27 94 -92
continental openfields m_pastures 26 41 +34 -69
delta (artificial forms) h_artificial a @ D D
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delta (artificial forms) h_forest 3P -650 1045 5b65
delta (artificial forms) h_non irrigated -1822 -954  -2496 -3092
delta (artificial forms) h_pastures 0 0 0 0
delta (artificial forms) h_pernament crops -987 364 -542 -369
delta (artificial forms) h_shrubs -242 -179 -132 563
delta (artificial forms) |_artificial -4 -2 -1 0
delta (artificial forms) | forest -1238 -330 482 3P6
delta (artificial forms) |_non irrigated -949 -416 -852 -866
delta (artificial forms) |_pastures 2 0 -17 0
delta (artificial forms) |_pernament crops -168 {78 -47 -27
delta (artificial forms) |_wetlands 1 73 14 14
delta (artificial forms) m_forest -58 -188 250 3p0
delta (artificial forms) m_irrigated -14 -14 -14 41
delta (artificial forms) m_non irrigated -299 113 411 -646
delta (artificial forms) m_pastures 0 0 0 0
delta (artificial forms) m_shrubs -219 6 -984 -b7
delta (artificial forms) n_shrubs 0 0 951 0
forest tundra h_forest D 0 0 -105p1
forest tundra h_shrubs 0 0 0 0
huerta h_forest -180 -1656 18 -186
huerta h_non irrigated -340 -208 1589 -462
huerta h_pernament crops -164 -140 +23 -[L48
huerta h_shrubs -78 -21 -23 -p2
huerta |_forest -44 -17 1147 15%8
huerta |_non irrigated -33) -307 -285 -2B3
huerta |_pernament crops -392 -3113 -1704 -B03
huerta |_shrubs -3 -p -33 2
huerta m_forest -1 D D -2
huerta m_non irrigated -69 -7 -12 -p4
huerta m_pernament crops -24 -2 -16 -
huerta m_shrubs -9 -5 -16 9
huerta n_shrubs D 0 16 0
kampen flats 0 0 0 0
kampen h_forest -6 -12p -28 8
kampen h_non irrigated B 74 -1963 -b7
kampen h_pastures 12 -12 5 -1
kampen |_artificial -3 -1 -1 -4
kampen |_forest -10201L -169 362 1p2
kampen |_non irrigated -493 -312 -524 -456
kampen |_pastures -298 -42 -82 -60
kampen |_pernament crops F1 0 0 0
mediterranean open land h_artificial -4 17 14 71
mediterranean open land h_forest -202 -275 1502 997
mediterranean open land h_non irrigated -3179 -2746 -3339 -4491
mediterranean open land h_open spaces -86 -17 -p7 20
mediterranean open land h_pernament crops -1346 8 |-89 -49 -891
mediterranean open land h_shrubs -423 -133 2586 4134
mediterranean open land |_artificial t5 -5 -3 -2
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mediterranean open land |_forest -124 75 31 4609
mediterranean open land |_non irrigated -463 -57 5404 -1605
mediterranean open land |_pernament crops 1249 -83 -85 -111
mediterranean open land |_shrubs -4 -5 0 -11
mediterranean open land |_wetlands 10 10 10 10
mediterranean open land m_forest 1460 -1j710 1036 71pb1
mediterranean open land m_irrigated 110 +10 -10 -10
mediterranean open land m_non irrigated -6553 412 9145 -7682
mediterranean open land m_open spaces -32 -4 -11 -2
mediterranean open land m_pastures -7 0 -15 -5
mediterranean open land m_pernament crops -1191 -21 -899 -336
mediterranean open land m_shrubs -1276 577 -5088 828 |-
mediterranean open land n_forest -17 -3 ( -4
mediterranean open land n_open spaces 0 0 0 0
mediterranean open land n_shrubs -81 -40 1917 -3284
mediterranean semi-bocag h_artificial 0 0 0 0
mediterranean semi-bocag h_forest -444 -1[108 1250 178}
mediterranean semi-bocag h_non irrigated -435 151 8881 -1376
mediterranean semi-bocag h_pastures 4118 -92 -87 3| -7
mediterranean semi-bocag h_pernament crops +117 4 |-19 -89 -306
mediterranean semi-bocag h_shrubs -17 -33 2389 -42
mediterranean semi-bocag |_artificial -6 -11 -9 -3
mediterranean semi-bocag | forest 0 -2 315 P97
mediterranean semi-bocag |_non irrigated +60 -130 3474 -296
mediterranean semi-bocag |_pernament crops 234 5123 -142 -81
mediterranean semi-bocag |_shrubs 0 0 0 0
mediterranean semi-bocag m_forest -162 -6557 330 -20
mediterranean semi-bocag m_non irrigated -348 -54 612 -550
mediterranean semi-bocag m_open spaces -1 -7 0 0
mediterranean semi-bocag m_pastures -45 -8 -16 -25
mediterranean semi-bocag m_shrubs -36 -66 145 -4
mediterranean semi-bocag| n_forest -1 D D D
mediterranean semi-bocag| n_open spaces 0 0 0 0
mediterranean semi-bocag| n_shrubs -7 -1 -2272 3281
middle taiga h_forest -8Y -6b -13  -299p8
middle taiga h_pastures -13 0 0 -2
middle taiga h_shrubs 9 0 0 0
middle taiga h_wetlands 0 0 0 0
middle taiga |_forest -1 D D D
middle taiga m_pastures -45 0 0 0
mountains a_open spaces -14 395 0 -1
mountains h_artificial -1 -3 -6 -B
mountains h_forest -1110 -24 385 5p1
mountains h_non irrigated -774 -1682 -1094 -2854
mountains h_open spaces -4 D 0 0
mountains h_pastures -115%54 -67 -340 -217
mountains h_pernament crops -63 149 +42 -55
mountains h_shrubs -56 0 12783 -8

Assessment of European cultural- historic landseapehe scope of EURURALIS

project 98



Chapter 8 Appendices
mountains h_wetlands 0 0 0 0
mountains | forest -14 -450 18 7374
mountains |_non irrigated -9b -26 -104 -P6
mountains |_pastures -1424 -9 -2b1 {86
mountains |_shrubs -3p -1 1 0
mountains |_wetlands D 0 0 0
mountains m_forest -178p -316 500 268
mountains m_non irrigated -1025 -241 -1305 -8391
mountains m_open spaces -10 0 0 0
mountains m_pastures -845 -44 -12 15
mountains m_shrubs -41 0 4 1
mountains m_wetlands 0 0 Q ¢
mountains n_forest -741 -21 -11 -7%
mountains Nn_open spaces -1y 0 0 3
mountains n_shrubs -110 -1Q -1279y7 -37
northern taiga h_artificial -1 D 0 0
northern taiga h_forest -8595 -15%5 -177 11
northern taiga h_non irrigated 16 -47 -54 37
northern taiga h_open spaces ( D D -11
northern taiga h_pastures -203 4 -3 -8
northern taiga h_shrubs -52 3 -3 11
northern taiga h_wetlands 0 0 0 0
northern taiga | forest -829 -360 -257  -25790
northern taiga |_non irrigated -137 -189 -241 -347
northern taiga |_shrubs -8 11 8 0
northern taiga m_artificial 0 0 0 -1
northern taiga m_forest -200 0 0 0
northern taiga m_open spaces 0 0 0 0
northern taiga m_pastures -62 0 0 0
northern taiga m_shrubs 11 0 0 0
northern taiga m_wetlands 0 0 0 0
poland's strip fields h_forest 0 12 -10 0
poland's strip fields h_non irrigated 111 105 104 061
poland's strip fields |_forest D 0 0 46
poland's strip fields m_forest 93 0 1 0
polder flats 0 0 -1 0
polder |_forest 9744 -210 553 442
polder |_non irrigated -509 -1p -958 -788
polder |_open spaces @ D D D
polder |_pastures -5683 -112 -98 -1B5
polder |_shrubs -2 0 D -P
polder |_wetlands 101 D 0 0
puszta h_forest -22 -3 -22 5
puszta h_non irrigated 971 996 990 q72
puszta | forest ( 0 D 5b
semi-bocage h_forest -164 -385 -B2 145
semi-bocage h_non irrigated -18Y0 -1923 -2157 -2077
semi-bocage h_pastures -p1 -6 -8 -2
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semi-bocage h_pernament crops 16 -9 -3 -8
semi-bocage h_shrubs -20 -12 543 12
semi-bocage | forest 3 0 17 627
semi-bocage |_non irrigated 13 3 -21 -L2
semi-bocage |_pastures 0 0 0 0
semi-bocage |_pernament crops 164 73 -45 -53
semi-bocage m_artificial -14 -13 -1 -1
semi-bocage m_forest -192 -476 -67 137
semi-bocage m_non irrigated -624 -199 -611 -566
semi-bocage m_open spaces 0 -1 0 0
semi-bocage m_pastures -90 -59 93 39
semi-bocage m_shrubs 6 -12 -1 -1
semi-bocage n_open spaces 0 0 0 0
semi-bocage n_shrubs -2 D -548 0
abandoned 23998 11088 10413 24992
urban 18529 12339 10017 2913
water -103 -84 -85 -80

13. The characteristic of BIOPRESS project

The project is divided into two phases:

Phase I: the selection of windows containing N&0@® sites and transects was done;
furthermore land cover change matrices were pratiune backdating CORINE 1990
land cover layer with aerial photographs of 19%@ knd cover change matrices were
extrapolated using CORINE 1990 land cover layer.

Phase Il: is aimed at the description, predictiord anvestigation of causes and
consequences of the observed land cover changes. |lAhd cover changes and its
pressure on biodiversity will be prepared (intanation, urbanization, abandonment and
afforestation).

To assess the pressure on biodiversity the statelmealled MIRABEL (Models for
Integrated Review and Assessment of Biodiversitfimopean Landscapes) is used in
the BIOPRESS project.

The 5 sampled windows cover all major landscapedym the Netherlands and a
maximum of Natura2000 habitat sites. The windowaeg are: Noord- Brabant (NL7),
Drenthe (NL 14), Terschelling (NL_Y), Overijssel I(N20) and Noord- Holland
(NL139).

Transects were selected mostly within the defin@udaws. Transects were located in
such a way that they follow a pressure gradientha local environment (the lowest
inside Natura200 sites and the highest in the imatedurrounding of urban areas). The
final criteria for selection of transects were:

the location of the sampling windows,

the location of Natura2000 sites within the windows
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the land use patterns within the CORINE land calatabase.

The windows are interpreted to identify the CORINEel 3 land cover and land use
classes to a minimum mapping unit of 25 ha. Trassae located inside windows and
interpreted to minimum mapping unit of 0.5 ha. Aset of transects are also interpreted
for linear and point features such as hedges, sstedlams and cluster of houses
(http://www.creaf.uab.es/biopress/summary atm

BIOPRESS results in the Netherlands

In the Netherlands the sample sites consist of fidews and 9 detailed transects. The
changes in the windows have been measured from ttO5990 at a scale of 1. 100 000
and in transects at a scale of 1: 20 000. Trandests been selected in a way to be a part
of Natura2000 sites and neighbor area.

Results for selected windows show high changes fegmcultural land to artificial
surfaces, ranging for different windows from 50 86165 % (when comparing to initial
situation in 1950). They are mainly taking placehighly urbanized areas, whereas
windows with significant proportion of natural aseghows smaller changes. Results for
transects are similar to these for windows, alttmotige level of details is higher. When
analyzing land cover transitions inside versusidatdlatura2000 sites it can be seen that
majority of changes took place outside the Natud@2@4 % outside and 26 % inside).
The amount and dynamic of land cover transitionsveen years 1950- 1990- 2000
shows different rate of changes. It seems that ggmbetween 1950 and 1990 are the
highest, but it is not truth. Taking into accoumattthe time period is 4 times longer than
between the years 1990- 2000, changes during shé @ayears are showing the highest
dynamics in land cover changes.

The trend analysis prepared for the windows caicatd the nature of processes taking
place. It is an example of study which can be dimmevindows (only data in kifor
years 1950 and 1990 is available). The number eflahe data and the type of used
function (table with areas and trend analysis)uirfices the results. The trend is
calculated for Window 7 as an example of procesgdsh may take place. The result
indicates that there are areas which increase timigize (between years 1990- 2030)
and, on the other hand, areas which are shrinkifitge highest increase is in
discontinuous urban fabric, industrial and comnadnenits, port and leisure facilities and
pastures. The shrinking areas are mainly constmucsites and complex cultivation
patterns. The more detail research should be danthe spatial data, by use of other
modeling techniques.

The BIOPRESS is very interesting study which migéthelpful in identifying landscape
changes. As it will define main pressures on biediity, the future processes can be
assessed.

The results for selected windows and transects:
Land cover changes observed in windows for per@&D1 1990 range from 3 % to more
than 20 % of their total area. Most changes ocduimehe agricultural domain (changes
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from pastures to arable land and vice versa) artlenCORINE nomenclature Level 1
they are considered as internal changes. The charigan agricultural land to artificial
land is very significant, ranging for different wows from 50 % to 165 % (when
comparing to initial situation in 1950). It has majmpact on biodiversity as those
changes are irreversible. They are mainly takiracelin the highly urbanized areas,
whereas windows with significant proportion of naftareas, shows smaller changes.

Transects are at the scale of 1: 20 000 and presightly different results than for
windows. Land cover changes as a percentage obthltransect area ranged from 24 %
to 63 % for the period of 1950- 2000. Some trarssant characterized by big proportion
of internal changes, meaning changes within theesalass at the level 1 of the CORINE
nomenclature (mainly changes within the agricultidamain). Focusing on changes
which are not internal results in land cover chanigetween 12 and 41 % for transects.
Here the most important change is conversion oicalgural land into artificial areas.
Transect 9 is the only exception with the main laoger type changing from beaches
and dunes into salt marches.

Major changes inside Natura2000 sites were intesnak, mainly into forest and semi
natural areas and into wetlands. Outside Natura2B80main types of changes were
these between agricultural classes and farmlarahgds into artificial areas and internal
changes.

The example results for windows and transects aegept below. For further details
please refer to Hazeu and Micher 2005.

Window 7: “Noord- Brabant”

Window is dominated by pastures and complex culbwapatterns, which cover together
60 % of window. Other important classes are coaifsr forest, arable land and
discontinuous urban fabric. During 1950- 1990 21(290 knf) of the window has
changed. Most changes occurred in agriculturalseg118 kif). The conversion of
agricultural classes into artificial areas concdrise? % of the region (51 K The
internal changes at CORINE level 1 (agriculturataa) are considered to be less
important since most of these changes have smp#dton biodiversity.

Transect 1 and 4 are located within windows 7:

Transect 1: “Loonse & Drunense Duinen”

The transect is covered by 57.8 % of Natura20@3 slt is mainly agricultural area with
a significant amount of forest and semi- naturakar Coniferous forest covers 22.2 %
and dunes 6.4 % of the area. It is relatively stdatdnsect with only 23.6 % of changes
between years 1950-2000.

When analyzing changes to initial situation in 19%@ high increase in road and railway
network and in green urban areas can be seen. ffaedi marshes are significantly
changing (mainly flooded areas) into broad- leaioedst.

Transect 4: “Kampina”

Almost 40% of transect is covered by Natura2008ssiThe transect is covered by forest
and semi natural areas in 40 %, more than 30 %ghygudtural land (pastures and arable
land) and 25 % by artificial areas. The change®waesestimated as half of the land cover
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changes are changes between pastures/ arablendrfdrened land. The most important
change is conversion of agricultural land intofeitil areas (11.5 %).

The most significant change is to port and leidasdlities areas, which is changing by
almost 3891 % compared to initial 1950 year.

Window 120: “Overijssel”

The window has the highest percentage of agriallaneas, more than 70 % (pastures 50
% and more than 5 % coniferous forest, arable landjplex cultivation patterns and
land principally occupied by agriculture with sifioant amounts of natural vegetation).
Artificial classes occupy 6 % of window. Only 124 of the surface area has changed
during 1950- 1990 period. The largest change isvexmion of pastures into complex
cultivation patterns. Also artificial areas doubleing that time.

In this window transect 8 is located:

Transect 8: “Overijsselse Vecht”

Almost half of transect is located inside Naturg200he transect is approximately half
covered by agricultural areas and 1/3 by forest serdi natural areas. The largest land
cover classes are coniferous forest (23.3 %) aaol@tand (22.2 %). More than 60 % of
the transect area changed into other land coves. typis is transect with the highest
percentage of land use changes. Most of them temal ones, between farmed land and
other agricultural areas. Other important changescanversion of moors and heatland
into artificial areas and forest.
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Map 4:

Map 4. Rare landscapes in selected Nuts 2 regions.

Assessment of European cultural- historic landseapéhe scope of EURURALIS
project 105



Chapter 8 Appendices

Assessment of European cultural- historic landseapéhe scope of EURURALIS
project 106



Chapter 8 Appendices

Map 5:

Map 5. Memus and EURURALIS landscapes in selectad R.
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