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Abstract 
 
Cultural historic landscapes are the result of human activities. They consist of abiotic, 
biotic and cultural elements, which were changed and adapted by people for many years. 
Land use types make one landscape being different from the other. Landscapes in the 
European Union are shaped by agricultural processes, which are a result of Common 
Agricultural Policy (CAP). Observation of changes which landscapes undergo can be 
used to evaluate and adapt the CAP.   
Meeus classification provides information about cultural historic landscapes in Europe. 
This is the only available classification which classifies landscapes from cultural historic 
perspective. Other study about landscapes, but prepared from more bio- physical 
perspective, is Mücher landscape classification. The combination of two studies is used to 
prepare new cultural historic landscape classification, so called Memus. It is further used 
to identify the future landscape changes.  
Landscape structure is important factor when analyzing undergoing landscape changes. It 
determines landscape vulnerability and resilience and can serve as an identification of 
predicted transformations.  
The EURURALIS project is focused on estimating land use changes in European Union 
during next 30 years. The results are dependent on scenarios and conditions ascribed to 
them. The project prognoses changes, mainly from non irrigated land, pasture and forest, 
to urban areas and abandoned land. The amount of changes is dependent on the land use 
type being present in the given country and region. The scope of this research is to state 
whether land use changes prognoses by EURURALIS scenarios can be used in assessing 
landscape changes. 
The identification of changes in cultural historic landscapes, as a result of land use 
changes, is prepared. The obtained results identify that land use transformations have 
limited impact on landscapes. Main changes are to urban areas and to abandoned land. 
However as the classification of original datasets (Mücher and EURURALIS) differs, it 
influences the analyzed results.  
As the EURURALIS results can not be fully used in predicting landscape changes, the 
use of other alternative projects is proposed. One of them is BIOPRESS, which is 
prepared for selected transects and windows in the territory of European Union. 
BIOPRESS analyses main land use changes between years 1950 and 2000. However the 
results are only available for transects in the Netherlands, so the usefulness in the 
landscape studies can not be fully stated. 
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1. Introduction:  
 
Landscapes are part of the environment in which we live. There are many definitions of 
cultural historic landscapes. The Council of Europe in the European Landscape 
Convention defines landscape as “an area, as perceived by people, whose character is the 
result of the action and interaction of natural and/ or human factors” (Council of Europe 
2000). As landscapes were created over years, first we could mention “natural” 
landscapes. They were changed by many factors, so called driving forces, which make 
them transform (Bürgi 2004). The ”natural” landscapes were shaped by forces like 
tectonic movement, erosion, sedimentation or weathering. As people started to put higher 
pressures on the environment, other type of landscape occurred, so called “cultural” 
landscapes. People influence landscape by activities like: forestry, agriculture and 
pasturing (Meeus 1995). Also other conditions (driving forces) started to predominate 
such as: socio- economy (market economy, globalization), policy (law, policy), 
technology (railroads, highways) and culture (Bürgi 2004). Although these processes are 
continuously taking place it is extremely important to know how landscapes are 
important in people’s life. Landscapes contribute to formation of local cultures, human 
well- being and consolidation of the European identity (European Landscape Convention- 
Council of Europe 2000). The knowledge of the role which landscape fulfills was a basis 
of establishing the European Landscape Convention in 2000. Also other initiatives are 
taking place, like World Commission on Protected Areas which classified protected 
landscapes as Category V. The commission defines it as “an area of land where the 
interaction between people and nature over time has produced an area of significant 
aesthetic, ecological and/ or cultural value, and often with high biological diversity”. The 
awareness of the landscape importance is continuously growing in European society. 
Above mentioned initiatives are an example of new steps which are aimed at protection 
and proper management of landscapes. 
  
The changes in land use are highly influencing cultural historic landscapes. In Europe it is 
very dependent on agriculture, which is seen as very important driving force of shaping 
the landscape character. Changes in agriculture by intensification, enlargement of farms, 
extensification, land abandonment and diversification all have its origin in Common 
Agricultural Policy (Klijn 2000). They have its expression in landscape which changes 
highly. Intensification of agriculture makes land being monofunctional and takes away 
biodiversity. The result is homogenization of land use and landscapes (Jongman 2002a). 
Farmer’s behaviors are driven by economic competition where yields are the most 
important condition. Moreover the landscape is threat by fragmentation. Building new 
highways, roads and railroads disconnect existing landscapes (Jongman 2001b). The 
small walls, hedgerows and trees, which divide fields, are removed. Antrop (2000) 
distinguishes several types of fragmentation: densification (increase of isolated and non 
connected elements), filling out space from build up centres, screening (building barriers 
in sets of similar elements), isolating (removing connections), sharpening (loss of smooth 
gradients along borders) and cutting (dissecting ensembles by infrastructures). Another 
driving force shaping the landscape is urban sprawl. As people tend to migrate from 
country to the city, more space is needed. Also another trend can be seen as some people 
want to move from town to more natural surrounding. It causes that towns are expanding, 
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but also more and more houses are build in the 
country. It happens especially in the areas close to 
valuable landscapes, like protected areas. 
Moreover people are keen to travel. It results in 
building new highways, railways and airports. 
Those features attract settlement and commercial 
initiatives, which can be well noticed close to the 
cross roads. 

 
Landscape changes which are taking place are 
different among the European Union. Since in 
2004 ten new countries became new members, it 
is vital to notice changes in agriculture and 
landscapes in these countries. In Eastern Europe 
agriculture is not as well developed and intensive 
as in western one. It is reflected in environment 
which is less polluted and threatened. Till 1989 in 
most eastern countries there were many huge 
collective farming systems, which now are 
undergoing changes. The privatisation is taking 
place, fields are divided and traditional big area 
farms are diminishing. On the other hand agriculture is becoming more efficient; more 
fertilizers are used so production is much higher than it used to be. It leads to 
abandonment of agriculture land, which will be transformed into forest or industrial/ 
settlement areas, resulting in changes in employment and societal structure of the rural 
population, as well as landscape and biological diversity (Mander, Kuuba 2004). As 
changes in agriculture are similar to those taking place in the Western Europe, processes 
influencing landscape are also similar. Moreover some landscape types are becoming 
extinct due to economical and societal reasons, like collective farming systems. 

 
Landscapes are changing due to many conditions. To support identification of processes 
taking place, the Driving Force- Pressure- State- Impact- Response (DPSIR) framework 
was developed. It aim is to help determine the character of landscape. As many processes 
influence landscape, its change is a response to that. Driving forces stimulate Pressures 
(intensification, compaction), which results in State (structure, diversity, quality). The 
State evolve Impact (soil erosion, land use abandonment), which results in Response 
(European Landscape Convention, CAP Agri- Environment). The Response influence 
Driving Forces, Pressures and States (Wascher 2004).   
Analyzing changes in landscape requires knowledge of its character and elements which 
it contains. Landscape structure consists of three main layers (Wascher 2004): bio- 
physical, vegetation and land use pattern and cultural elements (see Figure 1).  
 

Box 1. 
European Union- The economic 
association of 25 European countries 
which seek to create a unified, barrier-
free market for products and services 
throughout the continent, as well as a 
common currency with a unified 
authority over that currency. 
 
Europe- it is 6th largest continent. It is 
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 southeast; 
and by the Black Sea, the Bosporus, the 
Sea of Marmara, and the Dardanelles in 
the south. The Mediterranean Sea and 
the Strait of Gibraltar separate it from 
Africa. Europe is washed in the north by 
the Arctic Ocean and in the west by the 
Atlantic Ocean, with which the North 
Sea and the Baltic Sea are connected. 
http://www.answers.com/topic/europe 
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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 

 
 
 
 
 
 

Bio-physical main structure: 
�  Geology / soils 
�  Topography 
�  Hydrology 

 
Figure 1. Landscape character described by 3 layer model (Wascher 2004). 
 
 
As landscape is defined as an area perceived by people, only elements like topography, 
hydrology, vegetation and land use (defined as a result of people’s activity, so cultural 
element), has an influence on people’s perception. Landscapes are the product of both 
human activities and natural processes that are following the vectors of driving forces 
such as policies, demography, economy or climate change. The interaction from the past 
determines the current character of landscape (Wascher 2004). The landscape can be 
characterised from its structure, function and value. The structure of landscape show 
interaction and relationship between environmental features (flora, fauna), land use 
patterns and distributions (crop type), and man- made objects (hedges, farm buildings). 
Function which landscapes fulfil is to be a place of living, working, to enable agricultural 
production, for society to be a place to visit and enjoy, for environment to provide a 
biodiversity and ecosystems, and lastly to provide water supply. The value of landscapes 
is hard to define and depend on point of view. Some value it for cultural, historical, 
scenic and aesthetic conditions, while others for agricultural production, consumption, 
job satisfaction, or for ecology and biodiversity (Parris 2004). 
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As European cultural historic landscapes and its extinct classes cover relatively large 
areas, it is important to notice that many processes in one landscape type occurs. In one 
class of landscape many activities takes place, like agriculture, urban settlement, natural 
areas, protected areas as well as transportation network. So changes which are taking 
place are very complex and disperse. To define the overall changes the knowledge of 
landscape structure is extremely important. As natural features are not single, connections 
which exist in space are crucial. The landscape can be seen as a pattern, where a matrix is 
a surface in which all features are established. Due to landscape fragmentation and also 
habitats, the second one is defined as mainland and islands (Opdam, Verboom 2003). The 
species are moving from one habitat to another usually by eco- corridors. The threat is 
when habitats form islands which are further shrinking or corridors are diminishing. The 
bigger the mainland is and more species occupy it, the more persistent and less 
vulnerable it is. It is necessary to analyze landscapes from the perspective of spatial and 
temporal scale. The spatial scale concerns large regions, where there is higher likelihood 
that they will contain more habitat types. The networks established between regions may 
contain features, which at regional scale, have a low probability of persistence but which, 
across several regions, or within larger regions, may be expected to persist for much 
longer periods. Factors that threaten the persistence of natural features in a region change 
through time in extent, rate, intensity and type (Gaston, Pressey 2002).  
     
Cultural historic landscapes have been undergoing changes for many years. These 
processes are continuously taking place and will take place. The changes can be seen by 
everyone: when we think about surrounding we can notice a difference between now and 
what was 20 years earlier. However the changes are taking place during a limited number 
of short periods, which are separated by longer periods of rest or stabilization. During the 
consolidation periods, the environment gradually adapts and incorporates the innovations 
so that harmonization of the existing and the new, locally implemented elements is 
possible (Antrop 2000). What can be done is identification and monitoring of ongoing 
processes. It will let us predict future changes and enable correct management of space. 
The role of land use planning, spatial planning and landscape planning is of importance. 
Planners have a possibility to arrange space in such a way that cultural historic 
landscapes can sustain.  
 
 
1.1. Problem statement 
 
The European cultural historic landscapes are undergoing changes. Few studies were 
prepared to determine the size and place of ongoing processes. The research on 
transformation of agricultural landscapes was prepared by Meeus (1993). The 4 scenarios 
(optimizing agricultural production, the promotion of specific regions, optimizing 
landscape preservation and sustainable use of natural resources) of different agricultural 
policies and their impact on 13 agricultural landscapes were prepared. The study does not 
cover the whole Europe. Moreover, it is not outdated as the Common Agricultural Policy 
has evolved since that time.  
Another approach was used by Klijn and Vos (2000). In their research they tried to 
predict major trends of changes and likely landscape responses based on current changes 
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in land use. The major trends they identified were: agricultural intensification and up-
scaling, agricultural extensification, marginalisation and land abandonment, urban and 
infrastructural sprawl, the recreation and tourism paradox and water management. The 
research lacks spatial dimension. Bethe (1997) prepared a research on agricultural 
changes in Europe and its impact on nature and landscape. He used a soil suitability map 
for Europe and took economic conditions into account. The study is limited to few 
economic factors and does not include Eastern Europe.  
Although there are a number of studies about cultural historic landscapes, none of them 
fully covers the issue. Some are lacking spatial dimension, whereas others are outdated. 
All these researches do not take into account all driving forces which influence land use 
and landscape changes.   
 
In this research the EURURALIS project (Klijn 2005) will be used to determine the 
changes in cultural historic landscapes. The EURURALIS is predicting land use changes 
in Europe between years 2000 and 2030. The analysis of the EURURALIS results (in 4 
scenarios) will be prepared and its possibility to use it for landscape changes 
identification. The project results are based on 3 models: economic model (LEITAP, 
GTAP), global environmental model (IMAGE) and the allocation of land use changes 
model (CLUE). The research will be focused on the outcome of CLUE model as it 
presents the land use changes which influence the landscape. The CLUE model was 
developed to simulate land use change by using empirically quantified relations between 
land use and its driving factors in combination with dynamic modelling of competition 
between different land use types (Verburg 2004). The model is divided into two modules: 
non- spatial and spatial. In the non- spatial module land use requirements are calculated 
at aggregate level (for each country or group of countries: Baltic countries are combined 
as well as Belgium and Luxemburg) as part of scenario. In spatial model land use 
demands are allocated to locations within the countries. The land use change is modelled 
with the spatial resolution of 1×1 km. The EURURALIS provides results for land use 
allocations in 4 scenarios. The scenarios are Global Economy, Global Co- Operation, 
Continental Market and Regional Communities. The outputs of the project show an 
increase in urban areas and decrease in agricultural areas. 
In the EURURALIS project not all conditions influencing land use change were taken 
into account. To evaluate the project results and their fitness to use in identification of 
landscape changes, also other factors have to be taken into consideration. As Antrop 
(2004) states in his research, urbanisation does not only take place around existing cities 
but also among the country side. Another factor influencing both land use and landscape 
is transportation network and its accessibility. Road crossing, stations and halting places 
attract new developments. The new projects of the roads have to be taken into account, 
especially in the project which predicts changes in the scope of next 30 years. Also 
calamities directly change the landscapes although they are not easy to predict (Antrop 
2005). The situation in and around existing protected areas and ecological networks will 
be studied on the basis of EURURALIS results. The aim is to define if the project 
prognoses some changes in them. Ecological networks are important as they connect 
different landscapes and enable different species to commute (Jongman 2004). 
The EURURALIS project is based, by the CLUE model, on transition and allocation 
rules of land use changes. However it does not take all conditions and factors into 
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account. It may have an influence on the project results and projected land use changes. 
However in this research the project is assumed to be accurate for investigation if it is 
useful to assess landscape changes. 
 
The European cultural historic landscape classification was prepared by Meeus (Meeus 
1990) in 1989 for Western Europe and in 1995 for the Eastern and Northern part (Meeus 
1995). The conditions which Meeus took into account are: size and shape of parcels, 
layout of farm yards, type of crops, soil and topography, climate, existence of semi- 
cultivated crops and woodland, altitude and gradient, land ownership or lease, degree of 
enclosure, historical origins, EEC soil map, topographic maps and photographs, which 
were consulted. In total 30 landscape types across Europe are defined. Second landscape 
classification, which is temporal accurate, was prepared by Mücher (Mücher 2003). The 
division on landscape classes is done from biotic and abiotic point of view. The 
conditions which he took into account were: climate, geomorphology, soils, vegetation, 
fauna, land use and land cover data. To assess the land cover, Mücher used CORINE land 
cover database, which contains 44 classes, grouped in 3 level nomenclatures. All 
mentioned factors influence the shape and structure of landscape. The classification is 
very wide and contains almost 220 classes. Both classifications are different from each 
other so results based on them also will be different. The classification which is better to 
use in the study is Meeus as it provides clear distinction on cultural historic landscape 
classes. However the investigation of differences and similarities between them will be 
done based on cross table.         
 
Landscape change diversely and it depends on its vulnerability and resilience. Some 
landscapes are more valuable than the others. The problem is to define the most valuable 
landscapes among existing, to monitor their changes over years and to protect them 
whenever it is possible. The selection of rare landscapes on the European Union level is 
aimed at identification of the most important one. Furthermore the observation of 
landscape class patches, their spatial distribution and shape can provide information 
about resilience/ persistence and vulnerability of landscape classes. 
 
To identify landscape changes the number of alternative projects is proposed. As they are 
still ongoing projects they could not be used in this research. Worth to mention is the 
BIOPRESS project (Hazeu 2005), which is partly finished (February 2006). The project 
identifies land use changes over last 50 years in 75 training windows (30×30 km) and 59 
transects (2×15 km). Furthermore future land use changes will be identified. The results 
can be used to predict landscape changes.   
  
The main changes in landscapes are taking place throughout the whole European Union. 
They can be identified on the level smaller than one country, but higher than the 
municipality. Each country in Europe is divided in Nuts 2 regions, which are most often 
the provinces. On this administrative level there is an agency (or other governmental 
body) which is responsible for implementation and management of CAP. Farmers react 
on CAP and economy conditions by changing their farms, both in size as well as land use 
types. As landscape changes are mostly results of agricultural activities and land use 
changes (due to Common Agricultural Policy), the analysis on Nuts 2 level can be linked 
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with CAP policy. Also changes in landscape classes and ongoing processes can be 
observed on this level. Furthermore 
the Nuts regions can enable linking 
different project on the same spatial 
level. The division on Nuts regions is 
also accepted and used by 
EUROSTAT. Presenting results of the 
research on Nuts 2 level will serve as a 
guideline for politicians in establishing 
new rules and laws for agricultural 
policy. 
 
 
 
 
1.2. Objective 
 
The impact of the 4 EURURALIS scenarios on the European cultural historic 
landscapes will be assessed, on Nuts 2 level. 
 
 
 
Research questions: 
Q. 1. What data is available about cultural historic landscapes on European Union level?  
Q. 2. What are the differences between Meeus and Mücher landscape classifications? 
Q. 3. How could the EURURALIS project been used to tackle 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 assess the changes in cultural historic 
landscapes?  
 
 
 
1.3. Overview 
 
Chapter 2 discusses available landscape classifications, which are prepared for the 
territory of Europe. Chapter 3 compares Meeus and Mücher landscape classifications and 
outlines the limitations of both studies. It also describes and characterizes the classes 
which they contain. Furthermore the new landscape classification (Memus) is introduced 
and characterized. Also the patchiness, vulnerability and resilience of 3 landscape 
classifications are described. Chapter 4 concerns EURURALIS study and it analyses the 
project results on Nuts 1 and Nuts 2 level. Moreover it investigates future land use 
changes which are predicted by EURURALIS. Chapter 5 analyzes possibility to use 
EURURALIS outputs in the assessment of landscape changes. The chapter studies if 
predicted land use changes can be used in identification of transitions in cultural historic 
landscapes. Each chapter contains small conclusions with are further elaborated in 

Box 2. 
Common agricultural policy (CAP): A set of 
legislation and practices adopted by the European Union 
to provide a common, unified policy on agriculture. It 
aims to ensure that agriculture can be maintained over 
the long term at the heart of a living countryside. The 
formal aims of the common agricultural policy constitute 
legal obligations of the European Union. They are set 
out in Article 39 of the Treaty establishing the European 
Community. 
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Chapter 6. Chapter 6 also discusses the research results and gives further 
recommendations. In addition other projects which can be used in assessment of 
landscape changes are pointed out.  
 
The details about the datasets used in the study are described in Appendix 1. 
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2. Cultural historic landscape data 
 
  
Landscape consists of various components: abiotic, biotic and cultural ones. Some 
components are depended on each other while others are independent (independent 
abiotic phenomena determine presence and nature of relatively depended biotic 
phenomena). The phenomena can be ranked and ordered, showing increasing dependency 
at lower levels, which is presented on Figure 2 (Mücher 2003): 
 

 
Figure 2. Landscape character and structure. 
 
Landscape structure consists of all these components. They are hierarchical, as presented 
above, where lower ones are depended on upper ones. On the other hand the components, 
such as fauna or land use are a result of upper conditions, as they are influenced by these 
relations. Land use is an expression of all above mentioned conditions (except for 
landscape pattern), but sometimes it is highly influenced by humans. Landscape pattern 
reflects bio- physical conditions as well as spatial and temporal aspects of human land 
use. As landscape is defined as “area perceived by people”, changes in land use type and 
its structure are the most important factors influencing it. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Climate/ geology 

�  Geomorphology 

�  Vegetation 

�  Fauna 

�  Land use 

�  Landscape pattern 

Increasing 
dependency 

Cultural 

Biotic 

Abiotic 
�  Hydrology 

�  Soils 

Landscape character 
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Box 3. 
DEFINITIONS: 
 
Land cover corresponds to a (bio) physical description of the earth's surface. It is that which overlays 
or currently covers the ground. This description enables various biophysical categories to be 
distinguished - basically, areas of vegetation (trees, bushes, fields, lawns), bare soil, hard surfaces 
(rocks, buildings) and wet areas and bodies of water (watercourses, wetlands). 
http://glossary.eea.eu.int/EEAGlossary/ 
 
Land use corresponds to the socio-economic description (functional dimension) of areas used for 
residential, industrial or commercial purposes, for farming or forestry, for recreational or 
conservation purposes (…). 
http://glossary.eea.eu.int/EEAGlossary/ 
 
Landscape is defined as a zone or area as perceived by local people or visitors, whose visual features 
and character are the result of the action of natural and/or cultural (that is, human) factors. This 
definition reflects the idea that landscapes evolve through time, as a result of being acted upon by 
natural forces and human beings. It also underlines that a landscape forms a whole, whose natural and 
cultural components are taken together, not separately.  
Landscape Convention; Chapter I, Article 1, 38. 
 
Landscape refers to our perceivable environment and is considered a common cultural commodity. 
The term ‘landscape’ is used as an abstract concept, but also to refer to a particular example in 
reality. As an abstract concept, landscape has no borders and refers to concepts such as scenery, 
system and structure. In a concrete use, different landscapes are distinguished, each one referring to a 
more-or-less well-defined and bordered piece of land. 
Antrop 2000. 
 
Cultural landscapes can be defined as recognizable parts of the surface of the Earth, which have a 
characteristic composition, structure and scenery. Landscape types are distinguished by the degree of 
anthropogenic influence and are defined by a particular configuration of land form, soil, topography, 
climate, vegetation, land use, history and scenery.  
Meeus 1995. 
 
Traditional landscapes can be defined as those landscapes having a distinct and recognizable 
structure, which reflect clear relations between the composing elements and have significance for 
natural, cultural or aesthetical values. In most cases, such landscapes evolved slowly and took 
centuries to form the above values. Their long history allowed all changes to be integrated 
harmoniously with the natural conditions and with the previous cultural patterns. Consequently, a 
large variety of regional characteristic landscapes were created, each of them possessing a clear 
identity, which is clearly expressed by their proper names.  
Antrop 2000. 
(…) It contains the complex history of a place or region, which still can be read from its composition 
and structure. (…) Each traditional landscape expresses a unique sense or spirit of place (genius loci) 
that helps to define its identity. 
Antrop 2005. 
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2.1. Meeus cultural historic landscape classification 
On European level only one cultural historic landscape classification exists. It is Meeus 
classification prepared in 1990. The conditions which Meeus took into account are: size 
and shape of parcels, layout of farm yards, type of crops, soil and topography, climate, 
existence of semi- cultivated crops and woodland, altitude and gradient, land ownership 
or lease, degree of enclosure, historical origins, EEC soil map, topographic maps and 
photographs, which were consulted. The degree of openness and closeness as well as 
urbanisation pattern is reckoned to have high importance in classifying landscapes. The 
climate decides about division between mediterranean and marine conditions. The 
topography and derived slopes differentiate the mountains and valleys. Photographs used 
in the classification enabled to ascribe the degree of openness and closeness of landscape. 
Meeus distinguishes 30 cultural historic landscapes across Europe. In the European 
Union 23 cultural historic landscape classes are present (see Map1).  
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Map 1. Meeus cultural historic landscape classification for European Union. 
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The landscape types and their characteristics (after Meeus 1990 and 1995) present in the 
European Union are described in Appendix 2. 
Meeus presents his landscape classification only with short description (Meeus 1990, 
1995). On this basis it is hard to investigate what types of land use are present in each of 
the landscape classes. It is main limitation, of the study as land use classes can not be 
spatially located on a map. Changes in land use types present in the given landscape class 
have an influence on this landscape. Moreover, the classification is very general and does 
not present details on a map. In addition Meeus classification is not available in digital 
format, so it had to be scanned and geo- referenced.   
Nevertheless Meeus cultural historic landscape classification is the only study prepared 
for the territory of the whole Europe. The name of the classes it provides is clear and easy 
to understand. In addition the landscape classes are described as “open” or “closed”, 
fields are “surrounded by hedges or walls” and villages are “compact” or “sprawl” 
(Meeus 1990, 1995). The description provides important information about cultural 
aspect of classified landscapes.  Meeus classification is assumed to be the most suitable 
study to use in the further research. 
The landscape classes which are dominant in European Union are mediterranean open 
field (15 %), atlantic open fields (10.2 %), northern taiga (8.1%), semi- bocage (7.9 %), 
atlantic bocage (7.4 %), central collective open fields (7.2 %), mountains (6.7 %), 
continental open fields (6.4 %) and delta (6.2 %). The landscapes which are the smallest 
are eastern collective open field (0.2 %), aquitaine open fields (0.5 %) and huerta (0.7 %). 
 
2.2. Mücher landscape classification 
Other study concerning landscapes is Mücher landscape classification. Mücher based his 
research on biotic and abiotic components (see Figure 2). However not all data were 
available for the whole Europe, so the following ones were used in the study: 
- Topography (GTOPO30, resample to 1km resolution), 
- Parent material (ESDB 1:1M, resample to 1km resolution), 
- Land use (CORINE land cover database, resample to 1km resolution).  
The landscape typology is based on the attributes of the landscape mapping units. In 
Mücher classification the first capital letter is used for topographic class, second for 
parent material and third for the land use class. 
 
Table 1. The division of Mücher landscape classes. 

 
 
 
 
 
 
 
 
 
 
 
 

Topographic class Land use class Parent material 
0-100 m: lowland arable land river and marine alluvium 
100- 500 m: hills permanent crops glacio- fluvial deposits 
500- 1500 m: mountains pastures calcareous rocks 
1500-2500 m: high 
mountains 

heterogeneous 
agriculture 

hard clayey materials and siltstone 

2500 + m: alpine forest Sands 
shrubs Sandstone 
open spaces soft loam 
wetlands detrital formations 

crystalline rocks and magmatites 
organic materials 
volcanic rocks 

 

 

other rocks 



Chapter 2                                                                           Cultural historic landscape data 

Assessment of European cultural- historic landscapes in the scope of EURURALIS 
project  16 

 
Also 4 extra codes were added for: urban, inland water, estuaries and lagoons areas, and 
non- classified. As Mücher based his study on CORINE data, he reclassified land cover 
types and used them in this study (for description of land use types see Appendix 3). 
In total 2550 combinations of landscape types exist, but in reality only 202 classes are 
possible. The Map 2 presents the Mücher landscape classification: 
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Map 2.  Mücher landscape classification. 
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Mücher landscape classification provides very detailed information about landscape 
classes. It is presented in a vector format with polygons containing information about 
parent material (soils), topography and land use. One polygon is described by these 3 
characteristics, which make the resulting map hard to interpret on the European level.  
The contribution of Mücher landscape classes in Europe (limited to the area of Meeus 
classification, so only EU25) is: hills with forest (19.6 %), hills with arable land (19.2 %), 
lowlands with arable land (11.7 %) and mountains with forest (8.2 %). The smallest 
landscapes are: lowlands with open spaces or no vegetation (0.0012 %), mountains with 
artificial surfaces (0.0013 %), lowland with artificial surfaces (0.03 %), lowlands with 
water bodies (0.03 %) and mountains with wetlands (0.01 %).  
 
 
2.3. CORINE land cover database 
 
The CORINE land cover database is available for the territory of Europe. It consists of 44 
land use classes which can be aggregated to 3 
levels of details (Bossard, Feranec 2000). The 
database is publicly available and can be 
downloaded from European Environmental 
Agency webpage.  
CORINE database was used by Mücher in 
preparation of landscape classification. He 
aggregated 44 original land use/ land cover 
CORINE classes to 8 (see Appendix 3). 
 
 
2.4. Other landscape classifications 
The CORINE land cover database was used to prepare the Dominant Landscapes map. 
The map is a part of the report “Environment in the European Union at the turn of the 
Century”, prepared by European Environment Agency in 1999. The identified 7 
landscape types are based on the CORINE land cover from 1999. Other study prepared 
by the Agency is Dominant Landscape Types of Europe. This classification is presented 
as a map in the report “State of the Environment 2005”. The study identifies 7 landscape 
classes, based on the CORINE land cover, which are different from the ones in the study 
prepared in 1999. Both landscape classifications are publicly available and can be 
downloaded as maps from European Environmental Agency webpage. 
 
 
 
 
 
 
 
 
 

Box 4. 
CORINE- COoRdination of INformation on 
the Environment. A program proposed in 
1985 by the European Commission, aimed at 
gathering information relating to the 
environment on certain priority topics for the 
European Union (land cover, coastal erosion, 
biotopes, etc.). 
http://glossary.eea.eu.int/EEAGlossary/ 
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2.5. Conclusions 
There is significant lack of datasets about cultural historic landscapes, which would be 
prepared for the territory of Europe or European Union. The only available classification 
is Meeus study, but it is temporally and spatially inaccurate.  
 
 
 
 
 
 
 
 
 
 
Mücher landscape classification although prepared for the territory of Europe does not 
classify landscapes from cultural historic point of view. The emphasis is put on 
classifying the abiotic and biotic elements. The same is valid for CORINE classification 
which is temporal and spatially accurate, but provides information on land use/ land 
cover classes and not cultural historic landscapes. The advantage of CORINE is its 
availability, accessibility and spatial dimension covering the whole Europe. Landscape 
classifications based on the CORINE land cover are also focused on identifying classes 
from land use perspective. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Datasets 
Spatial resolution 

Meeus Mücher CORINE 
Europe    
European Union    
Nuts 1    
Nuts 2    

Black box indicates the level on which original datasets were 
prepared.  
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3. Meeus, Mücher and Memus landscape classifications 
 
Both Meeus and Mücher classify landscapes, but based on different datasets. Also time 
accuracy is different as Meeus classification is from 1989, whereas Mücher from 2003. 
To compare both classifications the data used in their preparation has to be identified as 
well as rules implemented to classify landscapes. 
 
To analyze changes in the landscapes the knowledge about the structure of landscape 
classes in needed. In this chapter rare landscapes will be selected as well as few 
landscape indexes will be calculated. The results can be further used in identification of 
future changes. 
 
When talking about landscape changes, we have to take into account that landscape is 
changing all the time. The notion of flexible landscape serves as an example of changing 
land use but not changing landscape. Flexibility means a capacity to assimilate land use 
changes without threat of ecological disaster or social unrest (Meeus 1990). However 
there is also a threat that high land use transitions will change the landscape. The problem 
is with identification of the border until which the landscape remains unchanged (or the 
amount of pressure which change the landscape). The knowledge landscape structure, its 
vulnerability and resilience can help in predicting the changes. Processes shaping the 
landscape are long and short term. Some landscapes can assimilate both whereas long 
term processes influence all types of landscapes. For example climate change, erosion as 
well as land use changes has an influence on all landscapes, but results are seen in 
different time periods.   
 
 
The analysis of datasets used in Meeus and Mücher landscape classifications: 

·  Meeus and Mücher use topography/ elevation and land use/ land cover datasets, 
as these are important elements of landscape assessment. They also study the 
parent material (soil), which is quite important factor, but it is rather constant and 
does not change so dynamically in time. Comparison based on parent material can 
be analyzed as the same in both classifications.  

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

·  Mücher’s land use classes are based on CORINE land cover which is temporal 
accurate assessment, providing 44 land use classes. In his research Mücher 
aggregated these classes to 8 land use types and gave also 4 extra codes. 

·  Mücher classification, as based on detailed data about European landscape (parent 
material, topography, land use), is used in further research as a basis for 
supplement of Meeus landscape classes characteristics. As mentioned above 
Meeus lacks spatial location of land use types, being a part of one landscape class. 
Mücher classification is very broad so only factors (data) highly influencing the 
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landscape and determining its character will be used: topography and land use. 
Soil data, although being a part of landscape structure, is aggregated and assumed 
to not have an influence in differentiating landscape classes (the land use type and 
vegetation is partly a result of soil type). Also climate is a factor influencing the 
landscape but it is aggregated and assumed to not have a high influence on 
landscape classes in the scope of 30 years. The result is 36 landscape classes 
instead of 220 in the original classification. The combined Mücher landscape 
classification will be used in further research. 

 
 
3.1. Combining Meeus and Mücher landscape classification 
 
There is a need of combining both landscape classifications, as if they would be use 
separately non of them would provide sufficient information. They are based on similar 
type of datasets (from different time periods), but they classify landscapes from different 
perspective. Mücher lacks cultural data and its classes are hard to interpret. On the other 
hand, Meeus provides information about cultural historic landscapes but it lacks 
characteristics and spatial locations of land use types being part of these landscapes. 
The combined landscape map is based on Meeus cultural historic landscape classification 
where all classes are characterized by Mücher land use classes. It enables characterization 
of all cultural historic landscapes by means of dominant land use type. In total there could 
be 828 combinations possible, but only 379 landscapes do really come forward. The 
water body and urban classes were aggregated into 2 groups so they are not treated as 
landscape type. The result is 339 landscape classes. 
In 23 Meeus classes there are 36 Mücher classes (with 3 classes from mask- urban, flats 
and water body). The number of landscape classes from Mücher in Meeus differs from 3 
in arctic tundra and eastern collective open fields, to 30 in mountains (see Appendix 4). 
The Mücher landscape classes which are present the most often in Meeus are: hills with 
forest (21), urban (20), water body (20) and lowland with arable land (19). The landscape 
classes present the less often are: alpine with open spaces (1), lowland with open spaces 
with little or no vegetation (2), mountains with permanent crops (2), mountains with 
wetlands (2), mountains with artificial surfaces (2) and hills with open spaces (3). When 
comparing the area in which the landscape class is present, the smallest is lowland with 
open spaces (48 km2, present in 2 Meeus landscape classes), mountains with artificial 
surfaces (51 km2, present in 2 landscapes), mountains with wetlands (778 km2, present in 
2 landscapes), lowlands with water bodies (1236 km2, present in 7 landscapes) and hills 
with artificial surfaces (1274 km2, present in 13 landscapes) (see Appendix 4). The 
Memus classification is presented on Map 3. 
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Map 3.  Memus landscape classification. 
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Table 2 presents Meeus cultural historic landscape classes with its characteristics of main 
Mücher landscapes (land use classes). Each new landscape class is characterized by land 
use and can be identified spatially on a map. New data will be named Memus 
(combination of MEeuS MUcher).  
  
Table 2. Characterization of Memus cultural historic landscape classes. 

Meeus class Characterization from Mücher 
Hills with forest 55 % Forest tundra 
Hills with shrubs and herbaceous vegetation 40 % 
Hills with forest 68 % Northern taiga 
Lowlands with forest 16 % 

Middle taiga Hills with forest 90 % 
Hills with forest 54 % 
Lowlands with forest 15 % 

Southern taiga 

Hills with heterogeneous agriculture areas 14 % 
Hills with arable land 33 % 
Lowlands with forest 32 % 
Lowlands with arable land 17 % 

Subtaiga 

Hills with forest 15 % 
Hills with shrubs and herbaceous vegetation 74 % Northern highlands 
Lowlands with shrubs and herbaceous vegetation 12 % 
Mountains with forest 30 % Mountains 
Hills with forest 16 % 
Hills with pastures 26 % 
Lowlands with pastures 16 % 
Lowlands with forest 13 % 
Lowlands with arable land 11 % 

Atlantic bocage 

Lowlands with heterogeneous agriculture 10 % 
Mountains with forest 25 % 
Hills with arable land 25 % 

Semi bocage 

Hills with pastures 12 % 
Mountains with forest 29 % 
Hills with arable land 16 % 
Hills with forest 14% 

Mediterranean semi 
bocage 

Mountains with shrubs and heterogeneous vegetation 13 % 
Lowlands with arable land 50 % Polder 
Lowlands with arable land 38 % 
Hills with arable land 33 % 
Lowlands with arable land 17 % 

Delta 

Hills with heterogeneous agriculture areas 13 % 
Hills with shrubs and herbaceous vegetation 19 % 
Lowlands with arable land 16 % 
Hills with heterogeneous agriculture areas 15 % 

Huerta 

Mountains with shrubs and herbaceous vegetation 12 % 
Kampen Lowlands with arable land 41 % 
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Lowlands with forest 20 % 
Lowlands with pastures 13 % 
Lowlands with heterogeneous agriculture 11 % 
Hills with arable land 76.8 % Poland’s strip fields 
Hills with forests 14 % 
Hills with arable land 23 % 
Hills with forest 19 % 
Mountains with forest 18 % 
 Mountains with heterogeneous agriculture 11 % 

Coltura promiscus 

Lowlands with arable land 10 % 
Lowlands with arable land 32 % 
Hills with forest 20 % 
Hills with arable land 17 % 

Atlantic open fields 

Lowlands with forest 12 % 
Hills with arable land 44 % Continental open 

fields Hills with forest 29 % 
Lowlands with arable land 28 % 
Hills with arable land 26 % 
Urban 20 % 

Aquitaine open fields 

Hills with pastures 15 % 
Hills with arable land 50 % 
Lowlands with arable land 22 % 

Central collective 
open fields 

Hills with forest 14 % 
Hills with arable land 89 % Eastern collective 

open fields Hills with forest 11 % 
Mountains with arable land 19 % 
Mountains with shrubs and herbaceous vegetation 16 % 
Mountains with forest 11 % 

Mediterranean open 
land 

Hills with arable land 10 % 
Hills with arable land 46 % Puszta 
Lowlands with arable land 45 % 

 
As indicated above some landscapes consists of few main land use types (coltura 
promiscus, atlantic bocage) whereas the others from only 2 (Eastern collective open 
fields, puszta, Poland’s strip fields, middle taiga and polder). On this basis changes in 
cultural historic landscapes can be assessed. Necessary information for Meeus 
classification is provided.  
Memus data is assumed to represent all cultural historic landscapes in Europe with their 
main land use types. The number of classes is rather high for the territory of European 
Union. However on Nuts 1 and Nuts 2 level the number of landscape classes present in 
the given country or region is much lower. As result the proposed number of landscape 
classes can be used in further research. 
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3.2. Identification of rare landscapes 
 
Cultural historic landscapes are continuously changing across Europe. It is vital to 
identify landscapes which are highly valued. Ongoing fragmentation and homogenization 
are main threats for landscapes (Jongman 2002). Fragmentation may lead to increased 
vulnerability and shrinkage of the given landscape type. As the result it may become 
extinct and rare. Selection of important 
landscapes is a very complex task. On the 
European level, as in this research, there are 
problems in identification of the most 
important (valuable, rare) landscapes. There 
are a number of policies aimed at protection of 
natural areas (concrete type of species and 
habitats), but they do not analyze landscapes 
from cultural historic perspective. It evolves a 
need in identification of rare landscape types 
on a basis of occurrence of landscape types in Europe (see Appendix 4).  
In this research the criteria for selecting the rarest landscapes are based on Gaston (2002) 
and the rules of thumb. The criteria are: 

- the smaller the area the landscape has, the rarer it is; small area is defined as 
smaller or equal to 5% of maximal area (less than 15390 km2); 

- the smaller the number of landscape type occurrence in the whole Europe, the 
rarer it is; the smaller number is smaller or equal to 1/4 of maximal number of 
occurrence (less than 5); 

- the smaller the average area per Meeus class in the whole Europe, the rarer it is; 
small average is defined as 5% of maximal average (less than 754 km2); 

- the occurrence of landscape type is more important than area; 
- the land use types determines the importance of landscapes (presented on a scale): 

forest, shrubs and herbaceous vegetation, wetlands, open spaces (1) �  pastures, 
heterogeneous agricultural areas, water bodies (2) �  arable land, permanent 
crops, urban, flats (3). 

 
On this basis the rarest landscapes across Europe were selected and grouped into 6 
classes, where the criteria for assigning to a class were: 

Class 1: the smallest occurrence, area and land use importance 1 or the smallest 
occurrence and land use importance 1 or 2; 
Class 2: the smallest occurrence, smallest area and land use importance 3; 
Class 3: the smallest occurrence, land use importance 1 or 2;  
Class 4: the smallest area, land use importance 1 or 2;  
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 Memus landscapes. They consist of Meeus 
and Mücher rare landscapes, which are:  

1. alpine open fields in mountains- occupies 0.1 % of Mücher area in Europe and 
1.96 % in Meeus class mountains; 

Box 5. 
Rare landscape type: The one present the 
less often (in the smaller number of places) 
in the European Union and occupying 
relatively small area. As present in limited 
places in EU it is the most unique and needs 
to be preserved. In this research selected for 
the Memus cultural historic landscape 
classes.  
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2. hills with open fields in northern taiga, mountains and mediterranean open land- 
they occupy 0.069 % of Mücher classes and following area in Meeus classes: in 
northern taiga 0.01 %, in the mountains 0.14 % and in the mediterranean open 
land 0.39 %; 

3. lowlands with open fields in polder and atlantic open fields- in total in Mücher 
they occupies 0.001 % of area, whereas in Meeus in polder 0.05 % and in atlantic 
open fields 0.01 %; 

4. mountains with wetlands in northern taiga and mountains- occupies 0.02 % of 
Mücher classes and in Meeus 0.15 % northern taiga and 0.11 % mountains; 

5. high mountains with open fields - in total it is 0.26 % of Mücher classes and in the 
following Meeus classes the percentages are as follows: in mountains (3.62 %), 
semi- bocage (0.07 %), mediterranean semi- bocage (0.27 %) and mediterranean 
open land (0.01 %); 

6. flats occupies 0.014 % of Mücher classes and in Meeus classes it is: in the atlantic 
bocage (0.06 %), semi- bocage (0.0045 %), polder (0.6 %), kampen (0.02 %) and 
atlantic open fields (0.01 %);  

7. mountains with permanent crops in Mücher classification occupies 0.26 %, 
whereas in Meeus in mediterranean open land (1.7 %) and huerta (0.76 %); 

8. mountains with artificial surfaces occupies 0.001% of Mücher landscapes whereas 
0.01 % of northern taiga and 0.01 % of semi- bocage from Meeus classification;  

9. high mountains with forest in the mountains, mediterranean semi- bocage, coltura 
promiscus and mediterranean open land; 

10. high mountains with shrubs occupy 0.6 % of Mücher and the following of Meeus: 
in the mountains (6.32 %), semi- bocage (0.19 %), mediterranean semi- bocage 
(1.8 %), atlantic open fields (0.01 %) and mediterranean open land (0.57 %).   

 
The selection of rare landscapes is one of the approaches which can be used to analyze 
the landscape changes. The proposed procedure is also aimed at selecting the most 
interesting Nuts 2 regions in European Union. 
 
3.3. Analyses of landscape classes 
 
Knowledge about the landscape structure provides additional information about it. When 
patches are small the landscape is more 
heterogeneous, whereas when they are 
larger, it is more homogeneous. On the 
other hand, small patches are vulnerable 
to change during time, as they are less 
persistent/ resistant. Average area of 
patch indicates the vulnerability to 
change- the greater the size of an 
individual area, the higher the likelihood 
that individual features will persist. 
Moreover larger areas are more likely to 
contain greater amounts of habitat types 
and different succession stages. As changes do not only take place in space but also time, 

Box 6. 
Persistence- means an ability to survive in 
changing (unsuitable) conditions. 
 (Gaston 2002) 
Resistance- means the ability of an organism to live 
in the presence of environmental stress, pathogens 
or pests.  
http://glossary.eea.eu.int/EEAGlossary/R 
Vulnerability - means the receptiveness on the 
exposure to changes in the conditions. Vulnerability 
is not only dependent on the area but also on the 
type of species occupying the region.  
Gaston (2002) 
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it is important to notice that factors threatening persistence of natural features are 
changing through time (Gaston 2002). Based on this definition the most persistent 
Memus landscapes across Europe are: hills with forest (average area 36 642 km2), hills 
with arable land (37 704 km2), lowlands with agricultural land (24 163 km2) and 
mountains with forest (23 012 km2). However the number of patches and its area do not 
determine straight forward the landscape class persistence and vulnerability. The shape of 
patches is also an important factor, which will be further studied. 
In long time periods, when changes are slow, the occurrence of eco corridors is 
important. Species can migrate from one area to the other, unless the habitat is shrinking 
continuously (Gaston 2002). As cultural historic landscape classification provides only 
general description of classes and its land use types, it is not possible to assess it in this 
research. However the detailed study on the presence of species types and eco corridors is 
of interest.  
 
To compare the patchiness of 3 landscape classifications (Meeus, Mücher and Memus), 
the FRAGSTATS software (McGarigal, Marks 1995) was used. It enables the analysis of 
both vector and raster datasets, and provides results for a number of landscape indexes. 
The indexes were calculated for landscape classes and for landscapes as a whole entity. 
Selected indexes were used by Eiden and Kayadjanian (2000) to provide information 
about heterogeneity and fragmentation of landscapes. The selected indexes are: number 
of classes, number of patches, Edge Density index, Shannon’s Diversity index and 
Interspersion Juxtaposition index.  
 
The indexes calculated for landscape classes in 3 landscape classifications are: 
 

1. Number of classes- the simplest index to derive the diversity of landscape. The 
more landscape classes are present the more diverse or rich the area is. However it 
does not provide any information about the number or shape of patches. 

·  Meeus landscape classification has 23 classes. 
·  Mücher classification has 40 classes. 
·  Memus classification has 341 classes.  

 
2. Number of patches- the index indicates in how many places one landscape type 

occurs. It can be used as an indication of fragmentation of landscape. However it 
is important to stress that this index does not provide any information about size, 
shape or density of patches. 

·  Meeus landscape classification consists of 23 landscape types present in 
EU. The number of patches is diversified from 118 for mediterranean open land to 
only one for forest tundra, middle taiga, Poland’s strip fields, aquitaine open 
fields, eastern collective open fields and puszta. 

·  The Mücher landscape classification consists of 40 classes. Each class 
consists of a number of patches which differs from 1 for lowlands with open 
spaces, 2 for mountains with artificial surfaces, 3 for hills with open spaces to 549 
for lowlands with arable land and 666 urban areas.  

·  Memus landscape classification consists of 341 classes. The number of 
patches vary from 1 present in 65 landscape classes ( for example: forest tundra in 
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high hills with shrubs, northern taiga in lowlands with shrubs, middle taiga in 
high mountains with arable land, polder in lowlands with open spaces), to 101 
patches in central collective open fields in hills with forest, 119 patches for 
northern taiga lowlands with forest, 97 patches in semi bocage in hills with arable 
land, 96 patches in mediterranean open land in the mountains with arable land and 
92 patches in mediterranean open land in hills with shrubs. 
 
The landscape types with the highest patch- index value are the most vulnerable 
to pressures. The mentioned 65 landscape types are the most resilient as being the 
less patchy. The measure taking into account not only the number of patches but 
also the area provides more detailed results. There are landscapes which are very 
patchy, but the area of each patch is relatively big. Other landscapes can be 
present in only one patch but it may have small area and as result be more 
vulnerable to pressures (northern taiga in hills with open spaces, atlantic open 
fields in mountains with pastures or Poland’s strip fields in the mountains with 
arable land). The analysis of landscape structure can not be based on only one 
landscape index, as it does not take into account other conditions and relations. 

 
3. Edge density index- it takes into account shape and the complexity of the patches. 

It is a function of edge length on a per unit area basis, which enable comparison 
of different patch sizes. The higher the index the more edges are present and there 
are more patches of one landscape class present. However as index takes into 
account length, higher values also means that the patches are more diversified in 
shape (more heterogeneous). 

·  Meeus- The highest values are for atlantic bocage (0.0388), atlantic open 
fields (0.0480), mediterranean open land and for semi- bocage (0.0378). 

·  Mücher- The index is the highest for hills with arable land (0.30) and hills 
with forest (0.28).  

·  Memus- The highest index values are for: northern taiga in hills with 
forest (0.07), atlantic open fields in lowlands with arable land (0.07) and in central 
collective open fields in hills with arable land (0.07).  
The comparison of index with the number of patches of the given landscape class 
indicated that higher index does reflect that there is higher number of patches. 
There are classes which are very patchy, but the index is low. The index is a 
measure of amount (length) of borders in the given landscape class (how 
heterogeneous it is), but not the number of patches of one class.   
The index indicates which landscape classes in 3 classifications have the most 
borders and are the most heterogeneous. 

 
The measure of landscape heterogeneity and fragmentation is dependent on the landscape 
classification that is compared. In 3 landscape classifications number of classes is 
different. Moreover, Mücher classes were aggregated and the influence of soils and 
climate was neglected. The patchiness of 3 classifications 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 classes which are divided in 

401 patches (the number of all landscape types). 
·  Mücher classification consists of 40 classes which are divided in 4351 

patches.  
·  Memus classification consists of 341 classes which are divided into 5944 
patches.  
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Figure 3. Comparison of Memus and Mücher classifications. 

 
2. Edge density index:  

·  Meeus classification has a value 0.3153. 
·  Mücher is 1.0530.  
·  Memus is 1.5077. 

The index shows which landscape classification have the patchiest classes. Memus has 
the highest number of classes, which results in relatively high number of patches being 
present. It also means that the given patches have many borders, which means that the 
landscape is more heterogeneous. 
 

3. Shannon’s Diversity Index- It quantifies the diversity of the landscape based on 
two components: the number of different patch types and the proportional area 
distribution among patch types. Commonly the two components are named 
richness and evenness. Richness refers to the number of patch types 
(compositional component) and evenness to the area distribution of classes 
(structural component). The index increases as the number of different path types 
(classes) increases and/ or the proportional distribution of the area among patch 
types becomes more equitable.  

·  For Meeus classification it is 2.7690.  
·  Mücher classification has index 2.5638.  
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·  Memus classification has index 4.5801.  
The highest value is for Memus as this classification consists of the higher number of 
landscape classes. Further more the classes might be also evenly distributed. The 
comparison of results for Meeus and Mücher classifications shows that although Mücher 
has higher number of classes, but they are not so evenly distributed as Meeus classes. 
 

4. The Interspersion Juxtaposition Index- It is based on patch adjacencies, not cell 
adjacencies (takes spatial configuration of patch types into account). Each patch is 
analyzed for adjacency with all other patch types and measures extend to which 
patch types are interspersed. Low values characterize landscapes in which patch 
types are distributed disproportional or are clumped (classes are bordering only a 
few other classes). High values results from landscape in which the patch types 
are equally adjacent to each other (each class has a common border with all 
others).  

·  Meeus classification has index 62.3603.  
·  Mücher classification is 67.7561.  
·  Memus classification is 56.2577.  

The index shows that in Mücher classification the landscape classes are the most adjacent 
to each other. It also indicates the complexity of this landscape classification. However it 
is important that number of classes in Mücher is much lower than in Memus. 
 
The selection of rare landscape types for Memus classification was based on the number 
of criteria. One of them was the amount of occurrence of one landscape type in European 
Union. The analysis of patchiness of selected rare landscapes indicated that some classes 
are very patchy and fragmented whereas the others are not. It is important to mention that 
the patchiness of landscape classes is also dependent on the area of the given landscape 
class. As such it is assumed that selection of rare landscapes on the basis of number of 
occurrence in EU is correct.  
 
The proposed two methods for analyzing landscape changes: rare landscape selection and 
landscape vulnerability and resilience, are an identification of studies which can be done. 
The proposed indexes provide a general overview about 3 landscape classifications and 
their structure. They can be also used to predict future processes which landscapes may 
undergo. To asses the impact of landscape fragmentation on habitat loss, further research 
should be done. This evaluation is more from landscape ecology 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 described above; rare for the territory of the whole 
European Union) can also be located on the level of Nuts 2 regions. The Nuts 2 regions 
contain different number of rare landscapes, differentiating from 1 to 6. The Nuts 2 which 
have the highest number of rare landscapes (classified as 1, 2 or 3 and consisting of 6, 5, 
4 or 3 landscapes- except for flats, which is not originate land use type) will be used as 
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training windows for further research. The selected Nuts 2 regions with their Meeus 
landscape types are described in Appendix 5.  
In total 53 Nuts 2 regions were selected, 
including ones used for studying BIOPRESS 
results. 
Selection of rare landscapes (from Memus 
landscape classification) is aimed to be a 
method for selecting training Nuts 2 regions. 
Further monitoring of land use changes in 
Europe is done only for selected regions. The 
assumption is made that selection procedure and 
methodology used in rare landscape 
identification is sufficiently accurate for this 
research. The location of selected Nuts 2 and 
rare landscapes is presented on Map 4 (see Appendix section). 
 
The Nuts 2 level is assumed to be the right level of details to analyze the landscape 
changes. The area of Nuts 2 differs however in sizes, which may result in problems with 
analyzing the results. Undergoing changes in landscapes are assumed to be visible and 
possible to identify. 
  
 
3.5. Conclusions 
As Meeus and Mücher classify European landscapes from different perspective, the 
Memus landscape classification is very important to prepare further research. The number 
of Memus classes, although large, is sufficient for analyzing landscapes on Nuts 1 and 
Nuts 2 level. Memus classes are well defined as they consist of Meeus cultural historic 
landscapes and Mücher land use classes. The analysis of land use changes can provide 
necessary information on processes taking place in landscapes. 
Identification of rare landscapes in European Union is important when the ongoing 
processes are going to be observed. 
They mainly lead to 
homogenization and fragmentation 
of existing landscapes. In this 
research two methods for 
landscape changes analyses were 
proposed: selection of rare 
landscapes and identification of the 
most vulnerable and resilient 
landscapes. The observation of 
processes in rare landscapes can 
enable identification of threats. It 
is important as rare landscapes may become extinct on the European level. Analysis of 
patchiness (landscape structure) of landscape classes (in 3 different landscape 
classifications) is important in identification of the most vulnerable landscapes. 
Nevertheless the analyzed classification has an influence on results. The areas are the 

Box 7. 
The Nomenclature of Territorial Units 
for Statistics (NUTS) was established by 
EUROSTAT more than 25 years ago in 
order to provide a single uniform 
breakdown of territorial units for the 
production of regional statistics for the 
European Union. NUTS subdivide each 
Member State into a whole number of 
NUTS 1 regions, each of which is in turn 
subdivided into a whole number of NUTS 
2 regions and so on. 
http://europa.eu.int/comm/eurostat/ramon/n
uts/introduction_regions_en.html 

Datasets 
Spatial resolution 

Meeus Mücher Memus 
Europe    
European Union X  X 
Nuts 1   X 
Nuts 2    
Selected Nuts 2   X 

Rare landscapes   X 

The black boxes indicate the level on which the original 
dataset was prepared whereas the “X” shows on which 
level of details the research was done in this study. 
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same, but the degree of vulnerability and resilience is a result of methodology used in 
preparation of the given classification. 
The proposed indicators for assessing landscape structure are examples of analysis which 
can be prepared for European landscapes. As Memus classification is assumed to be the 
most suitable to be used in further research, the knowledge about patchiness of its classes 
is important.   
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4.  Characterization of EURURALIS study 
 
To evaluate the EURURALIS study (Klijn, Vullings 2005), the methodology and data 
used in a project preparation are studied, based on one indicator: land use. 
The CLUE-s model consists of two distinct modules: spatial and non- spatial one. In the 
non- spatial module the total land use type requirements for a country or a group of 
countries are calculated on the aggregate level. These requirements are calculated 
independently from CLUE model and are taken from GTAP/IMAGE model to specify 
the demand for agricultural land use types. Demands for other land use types are based on 
this development and the scenario specifications. 
In the model 7 land use types are identified whereas during simulation one more occurs: 

1. build-up area- including urban/ residential area, industry, recreation, airports; 
2. non- irrigated arable land; 
3. permanent pastures; 
4. forest, nature and natural grasslands; 
5. inland wetlands; 
6. irrigated arable land- including rice fields; 
7. other land use types that are considered static during the simulations- including 

beaches, rock outcrops, glaciers, coastal wetlands; 
8. abandoned farmland. 

 
The EURURALIS study main objective is to model land use changes on the cell by cell 
basis. The results are analyzed with the focus put on the transition from one land use type 
present in a given cell to the other one. The study is not landscape oriented (does not 
include transitions rules in the scope of larger areas) and as such land use types can not 
be treated as landscape types. 
 
EURURALIS provide results in 4 contrasting scenarios: Global Economy A1, Global Co- 
Operation B1, Continental Market A2 and Regional Communities B2. The scenarios are 
based on two axes: one representing globalise versus regionalised world, whereas second 
representing world with low versus high governmental interventions. Main scenarios, 
their conditions, consequences as well as additional information about the study are 
presented in Appendix 6.  
The main objective of this research is to investigate whether the changes in land use types 
prognosis by EURURALIS can be used to indicate future changes in cultural historic 
landscapes.  
 
The EURURALIS results are analyzed on the 3 spatial levels: European Union, Nuts 1 
(countries) and Nuts 2 (regions) level. 
The project provides results in 4 scenarios in 3 time steps. In this research the changes 
between years 2010-2000, 2020-2010 and 2030-2020 are not monitored as they do not 
have an influence on the final assessment of total changes. The focus is put on changes 
between years 2000 and 2030, not including the analysis of processes happen in between. 
The results are presented per scenario, but underlying assumptions, politics and transition 
rules are not studied. 
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In scenario A1 the urbanization is largely extending through out the whole European 
Union. In total it is 18.9 % of all changes (compared the areas of changes and calculated 
as % of total area changes). Another land use type which is significantly increasing is 
abandoned land. These changes are for the cost of non irrigated arable land, which is 
extremely decreasing. This is due to population, industrial and economic growth. In 
scenario A2 pressure on agricultural land for building purposes can be also seen. The 
urban changes are even higher than in scenario A1. Abandoned land and pastures are also 
growing. All increases are on the cost of non irrigated land and forest. Scenario B1 
characterizes big change in non irrigated arable land. It is shrinking highly and consists of 
50 % of all changes. In this scenario also forest and urban areas are increasing. 
Abandoned land and pastures are changing slightly. Policies in this scenario are aimed at 
maintaining natural areas. Scenario B2 characterizes a significant decrease in non 
irrigated areas, which consists of 50 % of all changes. The rest of land use types are 
increasing, with the highest values for forest, abandoned land, urban areas and pastures. It 
is presented on Figure 4.  
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Figure 4. Land use changes in EU in 4 scenarios (% of EU area change). 
 
The irrigated land, static land and wetlands are not changing during time. 
 
From above mentioned results it can be seen that applying different policies to the 
scenarios condition, results in big diversity of land use changes. As scenarios A1 and A2 
are focused on urban growth, the B1 and B2 prognoses higher changes in forest. However 
the large shrinking of non irrigated land in Europe can be seen. 
 
The results of EURURALIS are studied on Nuts 1 and Nuts 2 level. They are analyzed 
per scenario, land use types, area change in km2 (per Nuts 1 and Nuts 2) and percentage 
of land use being changed (relatively to Nuts 1 or 2 areas). 
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4.1. EURURALIS and Nuts 1 
 
When analyzing the results on Nut 1 level (for each of 25 countries) it can be seen that 
changes over time are different among scenarios, land use types and countries. The 
changes in the areas by means of km2 are not comparable between countries, as they 
differ in sizes. Absolute values can not be compared, so the results are presented as 
relative values- the percentage of share of one land use type in the total area of country. 
The result of analyzing the changes is as follows: 
 
a) Land use changes in countries per scenario (see Appendix 7): 
 

1. Scenario A1: 
The highest values of changes +15 % are for urban land use in Malta, Belgium (+ 13.36), 
the Netherlands (+ 7.33 %) and Luxemburg (+ 6.45 %). Non- irrigated arable land is 
diminishing in all countries, whereas the highest values are in the Netherlands (- 13.96 
%), Luxemburg (- 19.9 %) and Hungary (- 13.44 %). Permanent pastures are not 
changing highly in Europe, except for Belgium (it decreases by 6.15 %) and in 
Luxemburg (decrease by 10.2 %). Abandoned land is increasing in most countries, except 
for Malta, Latvia and Lithuania. 
Static land use, inland water and irrigated arable land are not changing during time as no 
transition and allocation rules were implemented (they are assumed to be static). 
However after preparing the comparison it occurred that in Malta inland wetlands are 
increasing by 1.35 % and static land use is decreasing by 1.35 %.  
The most significant changes in 2 land use types in this scenario are presented, on Figure 
5: 

  
Figure 5. Land use changes per country in Scenario A1. 
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2. Scenario A2: 
The changes which are taking place in years 2000-2030 are as follows. Urban areas are 
growing in all countries, especially highly in Malta (10.81 %), Belgium (8.64 %) and the 
Netherlands (4.69 %). Non irrigated arable land is decreasing with the highest values in 
Malta (- 11.26 %) and Portugal (- 10.61 %), but in Lithuania (5.12 %) and Cyprus (2.02 
%) it increases. Permanent pastures are increasing and decreasing across Europe, 
however the highest increase is in Lithuania (12.52 %). Inland wetlands, static land use 
and irrigated arable land are not changing at all during 30 years. Abandoned land 
increases in all countries, with the highest values in Portugal (4.59 %). The highest 
changes in the scenario in different countries are presented on Figure 6, as the example 
for 2 land use types. 
 

  
 

Figure 6. Land use changes per country in Scenario A2. 
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3. Scenario B1: 
In this scenario urban areas are growing in all countries, but in Malta (9.01 %), Belgium 
(6.70 %) and Slovakia (4.62 %) those values are the highest. Non irrigated arable land, in 
general is decreasing among Europe, with the highest values in Luxembourg (- 17.3 %), 
the Netherlands (- 16.67 %), Italy (- 13.73 %) and Germany (- 11.77 %). It increases in 
Lithuania (9.22 %) and Estonia (0.06 %). Permanent pastures are not changing across 
Europe, except for Luxemburg where it increases by 10.58 %. Forest and nature are 
changing differently in all countries. The highest decrease is in Lithuania (-11.84 %), 
whereas the Netherlands (1.25 %) and Italy (11.7 %) have high increase. Inland wetlands, 
static land and irrigated arable land are not changing at all. Abandoned land is changing 
very slightly in all countries. The most significant changes in 2 land use types in this 
scenario are presented on Figure 7. 

 
 

Figure 7. Land use changes per country in Scenario B1. 
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4. Scenario B2: 
The urban areas are growing slightly in all countries with the highest values for Belgium 
(2.19 %) and Malta (5.41 %). Non irrigated arable land is generally decreasing especially 
highly in Italy (- 13.51 %), the Netherlands (- 13.87 %) and Portugal (- 15.31 %). The 
increase is in Hungary (1.02 %) and Lithuania (0.55 %). Permanent pastures are changing 
slightly, both increasing and decreasing, with the highest increase in the Netherlands 
(3.31 %). Forest in general is increasing in all countries, with the highest values in 
Portugal (11.79 %) and Italy (9.1 %). The biggest decrease is in Hungary (- 1.59 %) and 
Lithuania (- 2.25 %). Inland wetlands, static land use and irrigated arable land do not 
change at all. Abandoned land is increasing in all countries with the highest values in 
Italy (4.41 %) and the Netherlands (4.04 %). The most significant changes in 2 land use 
types in this scenario are presented on Figure 8. 
 

 
 
  
Figure 8. Land use changes per country in Scenario B2. 
 
 
 
The EURURALIS provides results for 7 land use types in 4 scenarios. There are 
differences between them as assumptions, allocations and transition rules differ. It is 
important to investigate changes in land use types not only in the separate countries, but 
also in general, by characterizing land use changes in countries. 
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b) Comparison of land use changes in different scenarios across the countries: 
 

1. Urban areas: 
In all 4 scenarios the highest changes are in Malta, Belgium and the Netherlands. In the 
rest of the countries the changes are not so high, but there is a difference between 
scenarios. The highest increase in urban areas is in scenarios A1 and A2 whereas the 
lowest in B2. 

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

3. Permanent pastures: 
It is changing both increasing and decreasing in all scenarios. The highest increase is in 
Luxemburg in scenarios A1, A2 and B1. Also the Netherlands show high increase in A2 
and B2.  
 

4. Forest 
In scenarios B1 and B2 there is a big increase in forested areas, especially in Italy, the 
Netherlands and Portugal. However in Lithuania the forest decreases highly. In scenarios 
A1 and A2 the changes are not so high, but they mainly take place in Portugal and 
Belgium. The Portugal is a country which is affected the most by changes in forest across 
Europe. The rest of changes are more diversified.  

5. Wetlands 
There is no change across Europe except for Malta, where it increases slightly. 

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

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

8. Abandoned land 
It increases slightly in all countries across Europe. The highest increase in all scenarios is 
in Italy and the smallest is in Luxemburg.  
 
EURURALIS prognoses changes from one land use type to the other. However, as 
mentioned above not all land use types are changing. This is presented below:  
 
Table 3. The change in land uses prognoses by EURURALIS. 

2030 
2000 Urban Non 

irrigated 
Pastures Forest Static Wetlands Irrigated Abandoned 

Urban         
Non irrigated X  X X    X 
Pastures X X  X    X 
Forest X X X      
Static         
Wetlands         
Irrigated         
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In Table 3 rows (for year 2000) indicates land use type which is changing to the land use 
type presented in columns (for year 2030). So non irrigated land is changing to urban, 
pastures, forest and abandoned land. 
The investigation of possible changes in protected areas (based on World Database on 
protected Areas 2005) reveled, that EURURALIS has implemented in CLUE model the 
restriction areas. No change in national parks was found. 
 
 
c) The highest changes in % per countries across the scenarios (see Appendix 8): 
 
The highest changes were calculated by summing the percentage of changes in all land 
use types (relative values, summary of increase and decrease- the result is positive value). 
It can be seen that there is a group of countries which are highly changing in 3 of 4 
scenarios. These are Luxemburg and the Netherlands. In two scenarios the highest 
changes in land use have Italy, Lithuania, Malta, Portugal and Belgium. The highest 
changes only in one scenario have Germany and Hungary. It can be seen that the highest 
changes are in the countries which have relatively small areas. 
 
 
d) The highest changes in areas (km2) per countries across the scenarios: 
 
The changes in areas are different in all 4 scenarios. When analyzing changes per country 
it has to be mentioned that the area being changed depends on scenario. In scenario A1 
508 843 km2 are changed, in A2 267 814 km2, B1 464 248 km2 and in B2 400704 km2. 
High differences between scenarios A1 and A2 can be seen. 
The biggest changes in areas in scenario A1 (presented as percentage of area which 
undergone change in the given country) are in Germany (13.51 %), Spain (10.11 %), 
France (12.59 %), Italy (12.56 %) and Poland (12.46 %). The smaller changes are in 
Malta (0.01 %), Luxemburg (0.09 %), Latvia (0.80%), Cyprus (0.13 %) and Slovenia 
(0.28 %) 
In scenario A2, although the area of change is different, the percentages are similar: 
France (13.64 %), Italy (15.26 %) and Germany (12.82 %). The smallest changes are in: 
Cyprus (0.20 %), Estonia (0.85 %), Luxemburg (0.31 %), Malta (0.02 %) and Slovenia 
(0.40 %). 
Scenario B1 presents changes in area as follows: the biggest changes are in Germany 
(18.05 %), France (13.64 %) and Italy (17.68 %), whereas the smallest in Estonia, 
Luxemburg (0.2 %), Belgium (0.90 %), Cyprus (0.06 %), Latvia (0.87 %), Malta (0.01 
%) and Slovenia (0.05 %).   
In scenario B2, which is similar to B1 the results are as follows: the biggest changes are 
in Germany (15.43 %), Spain (19.10 %), France (13.35 %) and Italy (20.45 %), whereas 
the smallest in Slovenia (0.10 %), Malta (0.01 %), Luxemburg (0.11 %) and Cyprus (0.12 
%).  
 
Comparison of all scenarios leads to the conclusion that the highest changes in areas are 
in the biggest countries. The more objective and reliable research is based on relative 
values: the average area of land use type per country and further changes of it. The 
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percentage approach indicates that in smaller countries more areas are undergoing 
changes than in the bigger ones, but these changes are both increase and decrease of the 
given land use type. 
 
 
4.2. EURURALIS and Nuts 2 
 
In Europe there are 287 Nuts 2 regions. To prepare the detailed investigation of changes 
which EURURALIS prognoses, the Nuts 2 were selected, on the basis of rare landscapes 
(mentioned in paragraph 3.4.).  
The selected Nuts 2 are assumed to be representative for the whole territory of European 
Union and being the most interesting for further monitoring in details. On their territory 
the rare landscape types are present as well as other land use types. 
The changes the project prognoses are the same on European Nuts 1 and Nuts 2 level, but 
changing the spatial dimension and scale provides more detailed information. Monitoring 
changes on the regional level, can serve as a tool to prepare a correct policy (CAP policy 
is adapted by each country to the Nuts 2 region). 
The total changes in areas per Nuts 2 region are different in 4 scenarios. The total change 
means that in year 2030 the land use types will change comparing to initial year 2000. 
The changes are both shrinking and expanding and include transformation from one land 
use type to the other (they are presented as a sum, so they are always positive values). 
Figure 9 presents the areas being changed (in km2) in selected Nuts 2 regions, where the 
changes are the most significant (see also Appendix 9). 
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Land use changes in selected Nuts 2
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Figure 9. Total area changes in km2 in selected Nuts 2 regions. 
 
The same values calculated as the % of area change are presented on Figure 10. 
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Figure 10. Total area changes in selected Nuts 2 in % of total changes. 
 
From the Figures 9 and 10 the significant change in the interpretation of EURURALIS 
results can be seen. The important is that Nuts 2 regions in European Union are different 
among each other in sizes. Nuts 2 in Sweden have similar area to the Netherlands (which 
is divided into several Nuts 2 regions). As result larger regions will have bigger area 
changes (although the land use types present in the region is also important factor). It can 
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be seen on Figure 9 that large Nuts 2 have higher area changes (ES 61 and FR81). 
However when analyzing the same numbers in % of area change (Figure 10), the results 
are different. The regions undergoing the highest changes are these which are the smallest 
(NL 13, NL 32, NL 42, PL 25 and IT 93). The more reliable and unhampered 
presentation of results in by % of area change.  
 
Comparison of changes in Nuts 2 for 4 scenarios shows significant variations. There are 
regions which have the highest area changes in scenario A1, whereas the others in A2, B1 
or B2. This is caused by presence of different land use types in the given regions and 
their changes. Furthermore the scenarios are also aimed at taking into account economic 
differences between countries and regions. It results in high variations between regions in 
one country. Furthermore there are regions where constant land use types are present as 
well as protected nature areas, which have also high impact on monitored changes. 
 
 
The comparison of changes in area in selected Nuts 2 in different scenarios shows high 
differences (see Appendix 9). In scenario A1 151 525 km2 are changing, in A2 91513 
km2, in B1 194292 km2 and in B2 165616 km2. It leads to the differences in the areas 
within regions which are changing. When comparing regions in different scenarios it can 
be seen that the highest changes in areas in 3 scenarios are in ES61 also ES42 and ES24. 
The smallest changes in areas are in IT12, UK33 (both are in 3 scenarios), AT34 and 
NL12 (both in 2 scenarios). When analyzing differences from percentage point of view, 
the highest changes are in NL42 (in 4 scenarios), IT93 (3 scenarios) and in NL13 (2 
scenarios). The smaller percentage of changes is in SE08 (3 scenarios), FI15 (3 
scenarios), UK33 and SL (2 scenarios). 
 
 
 
Few Nuts 2 regions are described in details with the indication of land use types 
undergoing changes. The focus is put on the observation of the places where the most 
interesting changes are undergoing (more Nuts 2 characteristics are in Appendix 10): 
 
AT 21: 
In this region there are big areas covered by forest. In scenario A1 urban areas are 
changing highly. In general in EURURALIS big urban areas change more than the 
smaller ones, but in these region even small villages are changing. The changes are 
especially from pastures to urban so the resulting new urban areas have elongated shape. 
The existing big urban areas are developing all around it. In this scenario there is also 
significant change from pastures to abandoned land. In B1 urban areas are changing very 
slightly (small units not at all). The high change from non irrigated land to forest is 
visible, whereas other changes are much smaller. In B2 urban is changing slightly (only 
bigger areas). Non irrigated land is changing quite significantly to pastures. 
 
AT 33: 
As in this region forest is a dominating land use type, there are no big urban areas and the 
changes are rather small. However it can be noticed that undergoing changes have 
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extended shape, as pasture which is turning into urban land has this shape (A1). Forest 
and static land are both dominating land use types. In B1 urban is not extending and 
mainly pastures are changing to forest. In B2 almost no change is present. Changes are 
presented on Figure 11 and the main city is Innsbruck. 
 
 

 
A1 
 

 
A2 
 

 
B1 
 

 
B2 

 

 
 
Figure 11. Land use changes in region AT 33 in 4 scenarios. 
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AT 34: 
In this region the forest is dominating land use type. In A1 urban areas are growing, 
because pastures are changing into it. Pastures are also changing to abandoned land and 
forest. When comparing with A2, where pastures are not changing, the big differences in 
land use types are noticed. Also urban areas are almost not growing at all. In B1 
relatively big area of pastures is changing into forest. In B2 non irrigated land is changing 
to forest as well as pastures. 
 
GR24: 
The region is covered mainly by forest. Urban areas are changing very slightly in all 
scenarios. In A1 there is a big change from non irrigated to abandoned land. In B1 there 
is high transformation from non irrigated land to forest, whereas in B2 from non irrigated 
land to abandoned land and forest. 
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ES61: 
Non irrigated land and forest are dominating land use types in this region. Also irrigated 
arable land is represented quite significantly, which is rather uncommon in Europe. In A1 
non irrigated land is changing highly to abandoned land, forest and urban. Urban areas 
are growing but it is possible only in places where irrigated land is not present. It results 
in the shape of new urban areas. In A2 forest is changing to non irrigated land and to 
urban areas. In B1 there is a very big change from non irrigated land to forest and non 
irrigated land to abandoned land. In B2 it is similar but with lower values. Changes are 
presented on Figure 12 and the main city is Seville. 
 

 
A1 

 
A2 
 

 
B1 

 
B2 

 
Figure 12. Land use changes in region ES 61 in 4 scenarios. 
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IT2: 
The region consists mainly of forest, non irrigated land and urban areas. Urban is 
growing significantly in A1 on the cost of pastures and forest, whereas in A2, B1 and B2 
on the cost of non irrigated land. In A2 non irrigated land is changing highly to 
abandoned land. In B1 non irrigated land and pastures are changing to forest. B2 
prognoses a high change from non irrigated to abandoned land. Changes are presented on 
Figure 13 with the city of Milan. 
 

 
A1 
 

 
A2 
 

 
B1 
 

 
B2 

 
Figure 13. Land use changes in region IT 2 in 4 scenarios. 
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Pattern in land use changes: 
The investigation of land use changes taking place on Nuts 2 level showed some pattern 
in ongoing processes. The Map Comparison Kit software (Visser 2004) enables to 
compare 2 maps from different time periods. This is done for the territory of European 
Union. The resulting maps indicate areas where changes are taking place (from one land 
use type to the other) on the basis of cell by cell comparison and per category.  
EURURALIS provides results in land use changes for 5 land use types. There is 
significant pattern, which is a result of implemented transition rules (not changing land 
use types and protection rules). The areas undergoing changes are different and depend 
on the scenario specifications, but it can be seen that majority of land does not change. 
Figure 14 presents changes in land uses, with focus on forested areas in region AT33. 
The initial situation in year 2000 is presented as well as changes in year 2030 in scenario 
A1. New areas are expanding only in places where pastures or non irrigated land were 
present (urban, wetlands, irrigated land and static land 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 use changes (in forest areas). 
 
It can be seen that in this region main land use changes are to forest areas. The pastures 
from 2000 are changing mainly to forest, which results in the elongated shape of new 
forest areas.  
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The other example of changes is presented on Figure 15 in region ES61. In this region the 
changes are mainly taking place on the cost of non irrigated land. Below are presented 
areas where land use types are changing.  
 

 
Land use types in 2000. 
 

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

 
The changes in urban land use type. 
 

 
Figure 15. Identification of pattern in land use changes (in urban areas). 
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The land use type to which main changes are taking place is urban land. It can be seen 
that this land use type grows significantly in the region, but only in places where non 
irrigated land was present. 
 
 
4.3. Conclusions: 
 
The EURURALIS study is prepared to provide information on land use changes, based 
on simulation of economic and demographic processes. The division on 4 contrasting 
scenarios serves as an indication of processes which may take place and which are 
dependent on assumptions ascribed to them. Assumptions and conditions of scenarios 
determine the areas where land use changes are taking place (changing land use types) as 
well as the size of changes (ascribed to scenario, countries and Nut 2 regions). They also 
determine which transitions are possible and which are not (constant land use types and 
protected areas). EURURALIS is a very helpful study when agricultural processes are 
going to be studied. It is due to the use of economic model which is studying detailed 
conditions in agricultural sector. However it is also a limitation of the project as it does 
not study land use changes from landscape perspective. 
When analyzing the 
land use changes, it 
become visible that 
there are further 
limitations of 
EURURALIS (some 
land use types are not 
changing). It influences 
analyzed results, both in 
areas of change as well 
as in observed patterns. 
Constant land use types 
are working as restriction areas. Analyzes of land use changes on different spatial levels 
(European Union, Nuts 1 and Nuts 2) provide results which can be differently interpreted. 
Land use change varies between countries and regions, which are the result of 
implemented rules. 
Important condition in EURURALIS is classification to the given land use class. As the 
cell size is 1 km2, it means that the land use type is a mixture of other types, which are 
present in the cell (the given area).  
Analyzing EURURALIS results on Nuts 1 and 2 levels can provide additional 
information (on the smaller scale more details can be identified). There can be seen a 
pattern in land use changes taking place, which depends on land use types being 
transformed. As one land use type turns into the other, it takes the shape of the changed 
land use type.  
 
 
 

Datasets 
Spatial resolution 

Meeus Mücher Memus Eururalis 
Europe     
European Union X  X  
Nuts 1   X X 
Nuts 2    X 
Selected Nuts 2   X X 

Rare landscapes   X X 

The black boxes indicate the level on which the original dataset was 
prepared whereas the “X” shows on which level of details the research 
was done in this study. 
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5. EURURALIS scenario’s impact on landscapes 
 
The possibility to use the EURURALIS results in identification of changes in Memus 
landscapes will be prepared for selected Nuts 2 regions. EURURALIS study provides 
information about changes in 7 land use types, whereas Memus has 339 landscape 
classes. The methodology used to identify the landscape changes is presented on Figure 
16. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16. The methodology used for assessing landscape changes.  
 
To identify changes which will take place and have an influence on landscapes it is 
important to compare initial situation in year 2000. Both EURURALIS and Memus 
(combination of Mücher and Meeus landscape classification) are based on CORINE data. 
However the land use classes are different in both classifications (the applied 
classification rules were different) which results in problems when comparing and 
analyzing the data (some areas are classified differently). This is due to interpretation of 
CORINE data and its classes both in Memus (Mücher landscape classification) and in 
EURURALIS (Mücher 2003 and Verburg 2006).  
In EURURALIS the land use map of year 2000 was based on the CORINE land cover 
map from 1990. As CORINE provides classes which could not be implemented in the 
economic (IMAGE/GTAP) model, the aggregation and reclassification of data was done. 
The result was 6 new classes instead of 44. The classification for artificial surfaces is the 
same in EURURALIS and CORINE studies; the other classes are different. A new class 
called irrigated arable land was introduced. Also areas classified as forest in 
EURURALIS consists of forest, shrubs and agro- forestry areas from CORINE dataset. 

EURURALIS 

Analysis of 
EURURALIS results 

NUTS regions Memus landscape 
classification 

Mücher 
landscape 

classification 

Meeus 
landscape 

classification 

Identification of 
landscape changes 

Selection of rare landscapes 
and Nuts 2 regions 
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Areas classified as complex classes (in heterogeneous agriculture class) were reclassified 
on the basis of national statistics (FAOSTAT). Furthermore new class static land was 
implemented (based on background document of EURURALIS). 
 
The comparison of EURURALIS and Memus studies is as follows: 
- Urban areas in Memus and EURURALIS are the same. Big cities have similar shape 
and areas, however smaller villages are not present in the Memus classification, as 
EURURALIS provides more accurate data on this class; 
- Pastures- they are similar; the areas classified in EURURALIS have more detailed 
shape (they are patchier), but the total area is smaller then in Memus. There are areas 
which in Memus are classified as pastures, but in EURURALIS they are forest or non 
irrigated land. The same is also for some areas which in EURURALIS are defined as 
pastures but in Memus they are not. Larger areas seem to be classified correctly in both 
studies; however the borders are usually different; 
- Arable land- in EURURALIS there is a division on non irrigated arable land and 
irrigated arable land, whereas in Memus classification there is not such distinction (only 
one arable land). The classification is similar in areas where the arable land is big. When 
it is patchier and areas are smaller, the classes are not similar to these provided by 
Memus (it is due to the size of given landscape type in Memus- based on Mücher);   
- Water bodies- they are the same, but in EURURALIS the shape seem to be more 
detailed and they are classified as static land; 
- Static land in EURURALIS is classified as open spaces or shrubs in Memus; 
- Forest- it is almost the same; 
- Artificial surface- it is class from Memus, not present in EURURALIS. It is related with 
urban land in Memus, but in the areas where it is not too compact and mixed with other 
land use types; 
- Permanent pastures from Memus classification are classified as non irrigated land in 
EURURALIS; 
- Shrubs in Memus are forest in EURURALIS; 
- Heterogeneous agriculture is present only in Memus, not in EURURALIS, where these 
areas are a mixture of non irrigated land and pastures; 
- Wetlands from Memus are classified as wetlands and static land in EURURALIS. 
 
The above mentioned differences are also presented in the Table 4 (how different Memus 
land use types are classified in Eururalis):  
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Table 4. Comparison of land use classifications in Memus and EURURALIS studies. 
EURURALIS 

Memus Urban Non 
irrigated 

Pastures Forest Static Wetlands Irrigated Abandoned 
land 

Urban X        
Artificial 
surfaces 

X        

Shrubs    X     
Wetlands     X X   
Arable land  X X    X  
Water bodies     X    
Forest    X     
Open spaces     X    
Pastures  X X X     
Permanent 
crops 

 X       

Heterogeneous 
agriculture 

 X X      

 
To enable the assessment of impact of EURURALIS on Memus landscape classification, 
the reclassification of the data has to be prepared. The EURURALIS results for years 
2000 and 2030 in 4 scenarios are combined with Memus landscapes (in selected Nuts 2). 
Furthermore the datasets are reclassified on the basis of rules presented below. As a result 
the calculation of changes between years 2000 and 2030 in different landscape types can 
be prepared.  
 
The criteria for reclassification are as follows (rules of thumb): 
- The Memus classification (based on Mücher and Meeus landscape classifications) is 
more accurate than EURURALIS- the classification rules are known (rules for 
classification of CORINE data are known- Mücher 2003) so when the classes are 
incompatible the class from Memus is assigned, however some exceptions are made 
(irrigated- non irrigated land); 
- Whenever areas in both classifications have the same names, it remains (urban- urban; 
forest- forest), but additional information from Memus is taken (about landscape type: 
mountains, alpine etc.); 
- The new classification is presented in the Appendix 11. 
 
The main assumption is that classification to different classes is less important than 
monitoring changes. Even if one land use type will be classify wrongly, the overall 
assessment of EURURALIS results can still be done. As classification rules for 
EURURALIS for initial year 2000 are not described in details, the assumption is made 
that classes from Memus (based on Mücher) landscape classification will be assigned. 
The classes are given when there is a difference between compared areas. The overall 
scope of the research is to evaluate what kind of changes in landscapes can be identified 
(as changes between years 2000 and 2030) on the basis of EURURALIS study. It can be 
still done although some classes may be wrongly assigned.   
 
The reclassification of initial situation in year 2000 resulted in aggregation of Memus and 
EURURALIS classes from 4081 to 222. The new landscape classes consist of Memus 
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cultural historic landscapes and EURURALIS land use classes. It means that landscape 
classes are characterized by land use classes being present in these areas. Some classes 
are disappearing and changing to the other class: “arable land” to “non irrigated” or 
”irrigated” land. The further research and impact of EURURALIS changes on European 
landscape classification can be prepared. The reclassification is also prepared for all 4 
EURURALIS scenarios, with the same classification rules as presented above. It enables 
monitoring changes which will take place in different time steps in different scenarios.  
 
The new classification for year 2000 (combination of Memus and EURURALIS) defines 
222 new classes (including water and urban areas; see Map 5). The water, abandoned 
land and urban areas have no division on landscape types. New landscape classes are 
described by Memus cultural historic landscapes and EURURALIS land use names. The 
largest classes for the territory of Europe are: middle taiga with forest on hills (4.33 %), 
northern taiga with forest on hills (10.53 %), mediterranean open land with forest in the 
mountains (4.30 %), mountains with forest in the mountains (5.11 %) and mediterranean 
open land with non irrigated land in the mountains (6.76 %). The changes between years 
2030 and 2000 and well as between scenarios differ significantly by means of areas.  
 
5.1. Evaluation of Memus and EURURALIS 
  
The Memus landscape classes with characteristics of EURURALIS study and the 
changes it prognoses were calculated for all 4 scenarios.  
The results are presented as changes to initial year (see Appendix 12). It can be seen that 
some areas are changing very highly whereas the others stay almost unchanged. It is 
especially vital for flats, artificial land, wetlands and open spaces. The highest changes in 
areas are present for forest, pastures, non irrigated land and permanent crops (both 
increase and decrease). They are consistent with EURURALIS land use changes 
mentioned in previous paragraphs (4.1 and 4.2). The abandoned land and urban areas are 
always increasing. The amount of mentioned changes is dependent on scenario and 
Memus class (changes are different for hills and lowlands). 
The changes taking place between one landscape type and land use type to the other one 
are different and depend on scenario. In total there are 97 landscapes and land use types 
changing to another one (not included changes to urban and abandoned land). In total 
only in 17 cases (7 landscape types) the changes are taking place in all 4 scenarios. In the 
rest the changes differs, as from change in only one scenario to changes in 3. Also the 
amount of areas being changed is different and dependent on scenario (ex.: coltura 
promiscus in hills with non irrigated land changing to forest, in scenario A1 120 km2, A2 
23 km2, B1 701 km2 and B2 1013 km2). When the changes between land use types are 
very small and take place in only one scenario, this is treated as an error, done during 
calculations (23 changes).  
 
The landscape changes in Nuts 2 regions are presented on the example of regions AT21 
(Figure 17) and ES22 (Figure 18). The differences in 4 scenarios between years 2000 and 
2030 are presented as well as transformations from one landscape type to the other. 
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The analysis of landscape changes in the regions also indicates that the landscape is not 
changing significantly. The largest changes can be seen in scenario A1, whereas in the 
other the transitions to other landscape types are very small. 
  
The changes in rare landscapes to other land use types in selected Nuts 2, does not 
provide information about significant changes. Only 2 rare landscapes are changing to 
other land which is not urban or abandoned land (mountains in alpines with open spaces 
changes to forest and northern taiga with hills with open spaces changes to shrubs). 
However even mentioned changes in these 2 rare landscapes are taking place in only 1 
scenario, so they are treated as an error. The rest of changes in rare landscapes are due to 
abandoned or urban change. 
When analyzing changes which take place in rare landscapes, the highest differences in 
values can be seen. The highest changes in areas between year 2000 and 2030 are for 
Mountains in alpines with open spaces (scenario A2), Mediterranean Open Fields 
(decrease in all scenarios), Mediterranean Open Fields in mountains with permanent 
crops (decrease in A scenarios), Mountains in high mountains with forest (the highest 
decrease in scenario A1), Mediterranean Open Fields in high mountains with shrubs 
(decrease in scenarios A1, A2 and B2, increase in B1), Mediterranean Semi Bocage in 
high mountains with shrubs (decrease in A1, A2 and B1, increase in B2), Mountains in 
high mountains with shrubs (decrease in all scenarios, the highest in B1) and Semi 
Bocage in high mountains with shrubs (changes in A1 and B1). It is also visible that 8 
rare landscape types do not change at all in any of scenarios. Also in 6 landscapes the 
prognoses changes take place in only 1 scenario, which also may be treated as an error 
done during calculations. 
 
5.2. Conclusions 
 
Landscape changes, as observed in this research, are not high. The amount differs 
between landscape types and scenarios, but in general the changes are not too big (as can 
be seen in regions AT21 and ES22). It is not as expected after analyzing EURURALIS 
results, where predicted land use changes were quite significant. The obtained results are 
influenced by the reclassification rules presented in chapter 5. If EURURALIS class was 
taken for new classification (new “shrubs” class consists of wetlands and static land use 
types), it may result in monitoring small changes of this class which may be not true. On 
the other hand when in a new classification the classes highly changing in EURURALIS 
are taken, also the predicted results are changing highly. In addition as EURURALIS 
study does not provide information about changes in irrigated, static and abandoned land, 
also the results of this study are influenced by this. 
The analysis of the landscape changes on Nuts 2 level enable the observation of ongoing 
processes. On this spatial level, landscape types can be easily identified and located on a 
map. Nuts 2 regions can be effectively used in observation of landscape changes. 
The proposed methodology, in this research, can be used in predicting landscape changes, 
but the reclassification of initial datasets (EURURALIS) has to be prepared. This is 
especially vital for classification of the CORINE land cover. To provide better results, the 
reclassification of the CORINE dataset should be prepared before using it in CLUE 
model. Only after full modeling the results can be used to identify landscape changes. 
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6. Conclusion, discussion and recommendation 
 
Cultural historic landscapes are difficult to identify. There are a significant number of 
landscape definitions, but most define it from land cover/ land use perspective. Cultural 
historic landscapes are more than the current land use types. The history of the area can 
be seen there and is reflected in the structure of landscape (as described by 3 layer model, 
Wascher 2004). Furthermore culture and history are important elements enabling to 
distinguish between different landscape types. So called traditional landscapes are these 
reflecting the culture and history of a place.  
Present landscapes are the result of processes taking place in the past. In Europe the main 
determinant of landscape structure and its characteristic is agriculture. The changes are 
the result of both natural processes and people’s activity. Homogeneity, fragmentation, 
intensification and size of agricultural areas are influencing the landscapes. Landscapes 
as such do not exist, but they consist of many land use types. The composition of land use 
classes is a factor making one landscape different from the other. Monitoring the 
undergoing processes in land use can serve as an indication of landscape changes. It can 
also enable prevention of unwanted processes. 
 
Conclusion and discussion: 
 
What data is available about cultural historic landscapes on European Union level?  
 
On the European Union level there is a limited number of available data about cultural 
historic landscapes. This is mainly due to lack of necessary datasets and implementation 
of different methods for landscape classification in the European countries. There are 
different methods to classify landscapes which results in differences between existing 
studies. The investigation of data showed that only Meeus classification is focused on 
cultural historic landscapes on the European level. All other studies are prepared from 
more environmental (land use/ land cover) perspective or for the smaller areas.  
 
What are the differences between Meeus and Mücher landscape classifications? 
 
Meeus classify landscapes, in the European Union, taking into account many natural 
conditions, as well as these which enable to distinguish cultural landscapes (shape of 
parcels, degree of enclosure, type of ownership, historical origins). The description of 
landscape classes is general so the spatial location of land use types present in the given 
landscape type is not possible. The classification is available only in analogue format and 
only general description of one landscape class is available, which may limit the use of 
this study. The classification was prepared in 1990 and 1995 so the size (borders) of 
landscape classes has changed since that time. It is vital to prepare new cultural historic 
landscape classification which would be spatially and temporal accurate. 
 
Mücher landscape classification is prepared for the territory of whole Europe. It defines 
landscape classes on the basis bio- physical properties like climate, topology, soil and 
vegetation. It classifies landscapes from more environmental/ land cover perspective and 
does not provide information about cultural historic landscapes. The study is available in 
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digital format. It is temporally and spatially accurate and provides very detailed 
information on landscape classes. 
The Meeus landscapes are lacking spatial location of agricultural classes (land use types) 
whereas Mücher, the cultural historic landscape perspective. As such the combination of 
both may provide all necessary information needed in identification of cultural historic 
landscape types in European Union. 
 
New Memus classification provides all necessary information on cultural historic 
landscapes in European Union. It consists of 339 landscape classes, where Meeus cultural 
historic landscapes are characterized by land use types present in them. Although the 
number of classes seems to be too broad the practical use showed that this number is 
correct to be use on Nuts 1 and Nuts 2 level. 
 
The identification of rare landscapes is based on the set of rules. The number of 
occurrence of one landscape type in European Union was the main factor for selecting 
rare landscapes. However the proposed procedure was mainly aimed at selecting training 
Nuts 2 regions. The presence of rare landscapes makes them being the most interesting 
for further analysis among all Nuts 2 regions in European Union.  
Analysis of cultural historic landscape structure can provide additional information on 
ongoing processes. The detailed study of Meeus, Mücher and Memus landscape classes 
provided information on landscape structure on EU level. If classes are very fragmented 
and present in many places (very patchy), they are more likely to be changed. Also the 
shape of patches is an important condition when changes are going to be analyzed. 
Vulnerable landscapes should be further evaluated so the most important one could be 
selected and monitored. Nevertheless ongoing processes in landscapes are also depended 
on habitat types and species occupying the region. This kind of information was not used 
in this research. The landscapes classes, as having the smallest mapping unit of 1 by 1 
km, are too big to enable in-depth studies. The proposed methodology for analyzing the 
landscape structure is influenced by the classification method used for classifying the 
landscapes. The number of classes influences the obtained results. In one classification 
the same area might be defined as vulnerable, whereas in the other, as resistant. 
 
The proposed methodology to prepare new landscape classification, as used in this 
research, is simple and enables repetition in further studies. Also the proposed landscape 
analyses (rare landscapes selection and analyses of landscape structure) are of help in 
observing landscape changes. 
 
How could the EURURALIS project been used to tackle the assessment of changes of 
EU cultural historic landscapes? 
 
The EURURALIS project enables to predict future land use changes for 4 contrasting 
scenarios. The main aim is to help policymakers in choosing the right policy for 
European Union. The project is focused on the agricultural changes and as such the 
scenarios are based on the economic conditions related to agricultural domain. 
EURURALIS helps to visualise results of policies in land use changes.  
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The comparison of scenarios provides information on high differences between them. 
Scenario A1 predicts the highest land use changes (by means of areas), whereas 3 other 
scenarios much lower values. The aim of scenarios is to provide information on 4 future 
directions in which European Union can change. On the country level the implemented 
assumptions for scenarios can be seen in the areas being changed. Analyzing land use 
changes and the results in one scenario requires detailed knowledge about the scenario 
conditions and assumptions. It makes EURURALIS being a very complex and hard to 
interpreted study, especially if one wants to analyze the results for the whole European 
Union. 
 
Land use changes on country level (Nuts 1), between years 2000 and 2030, provides 
information on area and percentage changes. As transitions in areas are dependent on 
country size, percentage of land use change per country is unhampered measure of this 
influence. The interesting result is that EURURALIS predicts the highest land use 
changes in smaller countries, whereas in the larger ones these values are lower (when 
analyzing from percentage point of view). It is a result of the land use types present in 
these countries and rules applied to different scenarios. 
 
Changing the spatial scale and zooming into changes on Nuts 2 level (regions), provides 
similar results as on Nuts 1 level (countries). There are differences in areas between 
regions as well as in one region in different scenarios, although they are not so high. 
Moreover observation of regions enables to identify some interesting patterns of changes 
taking place. It occurs that transitions from one land use type to the other takes place only 
in areas undergoing changes. As only 5 land use types are really changing it limits the 
possibilities of transitions (for example if pastures have elongated shape, the new land 
use type will also has it). The assumed not changing areas (constant in time) are working 
as a restriction sites where no growth is possible. When they occupy relatively big part of 
region, the estimated changes may be inaccurate. This is especially vital when urban 
areas are surrounded by constant one, and only in one site the changing land use type is 
present. It causes that only in that direction the change will take place. EURURALIS is 
simulating changes especially visible in the urban areas. It can be seen that big cities are 
changing (expanding) more than the smaller ones. In some regions small villages are 
expanding while in the other they do not. The differences are present between regions as 
well as in one region but in different scenarios, which is the result of implementation the 
economic model. As mentioned above scenarios also determine the amount of change. 
Other cause of differences between scenarios is implementation in EURURALIS the 
restriction areas. It is important to not mix the result of changes close to the constant land 
use types and restriction areas (mainly protected areas such as national parks, where no 
change is possible). 
 
Comparison of land use classes being changed indicated these, which are constant during 
time. Wetlands, irrigated arable land and static land are assumed to not change during 
simulations. As such there were no transition or allocation rules implemented in the 
CLUE model. Urban areas, assumed to only grow in EURURALIS, may also become 
extinct in some parts of Europe or at least change its shape. Wetlands class is also able to 
diminish or extend its size. The Ramsar convention for example, signed in 1971 in Iran is 
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aimed at protecting the wetlands. The convention was signed by 150 countries and 
protects 1300 the most valuable and vulnerable wetlands from all over the world (857 in 
Europe). However not all wetlands can be protected, as some do not fulfill necessary 
criteria. As such it is important to include in EURURALIS an assumption that some 
unprotected wetlands may undergo changes (especially in the scope of 30 years). 
Irrigated arable land implemented as separate class does not provide any information on 
changes which it may undergo. Currently there are a significant number of irrigated 
agricultural areas in Europe, especially in the south Europe. Taking into account ongoing 
climate changes (warming up of the Earth), this type of agriculture will probably grow, so 
it should be modeled. Static land is a class which is probably not changing in time. 
However as it consists of water bodies it is agreed, but the presence of class “open 
spaces” works on the contrary. Another class which is not fully modeled is abandoned 
land. This class is introduced during simulation of the model, but it is not present in 
initial year 2000. However abandoned land exists in Europe and should not appear 
suddenly during calculations. There are few types of abandoned land: set aside 
agricultural land, abandoned farmlands and abandoned properties. The most often it is 
present as set-aside agricultural land, which does not provide any economic benefits. As 
this land is not cultivated it is very important from biodiversity point of view. After few 
years this land can become a nature area (for example forest), a pasture or return to full 
cultivation (Strijker 2004). The information about present abandoned land (called set 
aside land) can be also obtained from EUROSTAT (for countries in ha).  
 
EURURALIS predict changes in agricultural domain (land use changes), which do not 
include landscapes as a whole entity. Landscapes are a combination of different land use 
types, so knowledge about changes in land use types can help to identify ongoing 
processes. The time perspective of 30 years enables modelling of land use changes. It is 
important to know how changes in agriculture can affect different landscapes.  
 
How “good” is the assessment? 
 
The investigation of EURURALIS results and its impact on cultural historic landscapes 
was prepared. The obtained results provided information about landscape changes in 4 
scenarios, in selected Nuts 2 regions. The predicted landscape changes are not big and are 
dependent on scenario conditions and land use types present in the region. Analysis 
showed that in selected Nuts 2 regions land use types in different landscapes are changing 
mainly to urban and abandoned land. Other transformations are small and do not 
influence the current landscapes. Changes in selected rare landscapes are also very 
limited and concerns only transitions to artificial class.  
 
Due to differences in classification of the original datasets (in EURURALIS the CORINE 
dataset and in Memus the Mücher dataset) the results are influenced by it.  The same area 
in two classifications may be assigned to different land use classes which make it 
impossible to compare and identify changes. To overcome this limitation the 
reclassification of EURURALIS and Memus datasets was done. The most important 
condition was to state if proposed methodology can be used in monitoring landscape 
changes. The results provided general information on processes taking place, but the 
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detailed analysis is not possible. Monitoring of changes is based on few classifications, 
which evolves problems with defining the classes as well as ongoing processes.  
Obtained results indicated that there are landscapes which are changing highly (some in 
all scenarios whereas others in only one) while the others remain constant. Furthermore 
there are rare landscapes which do not change so dynamically during time. Few causes 
are possible. Selected rare landscapes may consist of land use types which are constant in 
time (as result of reclassification). They are enabled to undergo changes, but they may be 
surrounded by constant land use types and as result the transition can not take place. The 
last explanation is that there may be restriction rules implemented for areas where 
protected nature is present (the landscape should change and the surroundings seem to be 
able to change also, but there is other superior rule implemented). 
 
The proposed methodology for assessing the landscape changes is still valid. However as 
done in this research the reclassification of EURURALIS results and combining them 
with Memus does not provide correct information about landscape changes. Also the 
proposed names of landscape classes are complex, which is a result of combining 
different studies. Better results would be obtained if the reclassification of initial 
CORINE dataset was done. Furthermore the full modeling of EURURALIS should be 
prepared. The obtained new results could be further combined with Memus classification 
and the landscape changes could be identified.  
 
Which other projects can be used to assess the changes in cultural historic landscapes? 
 
There are a limited number of alternative projects being available. These are BIOPRESS, 
LUMOCAP, GREENVEINS and PAIS.  
The BIOPRESS project seems to be a very useful study to provide information about 
landscape changes. As it analyses land cover changes between years 1950 and 2000, they 
can be linked (by the assessment of pressures on environment and biodiversity) with 
landscape changes. BIOPRESS is a part of the Global Monitoring for the Environment 
and Security (GMES) program. The main aim is to provide qualitative and quantitative 
information on changes in land cover/ land use and its effect on biodiversity and 
environment.  
Via the BIOPRESS project data is analyzed in 75 windows (30 km by 30 km) and 59 
transects (2 km by 15 km), which are located in and around Natura2000 sites. It analyses 
land use/ land cover transformations during last 50 years and pressures which were put on 
the biodiversity. It also studies how environment responds to these processes and how it 
changes. Furthermore the past changes will be used to predict the future situation. The 
advantage of this methodology is that on the windows level the changes can be identified 
with high accuracy (window size is 30 km by 30 km and the scale is 1: 100 000). The 
methodology used in BIOPRESS can be further used in predicting the cultural historic 
landscape changes for the territory of Europe. The study prepared for more windows 
(covering more landscape types) can provide better knowledge on processes taking place.  
The project has not been finished by now (February 2006). Phase I is about to end 
(interpretation of windows and land cover change extrapolation is not done yet), but the 
components of Phase II are not started or not finished till now. The results for the 
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Netherlands are ready for Phase I (not all) and they will be used in the further research 
(Hazeu, Mücher 2005). For additional information about the project, see Appendix 13. 
 
The LUMOCAP- Dynamic Land Use Change Modeling for CAP Impact Assessment on 
the Rural Landscape is a project under the Sixth Research Framework Program of the 
European Union on Sustainable Development, Global Change and Ecosystems. The 
project aim is to asses the impact of the CAP on the rural landscapes. It will be done by 
land use model and policy scenario inputs, which will simulate future land use/ land 
cover and rural landscapes. On the EU level the model will provide results on the 1 km2 
cell size, whereas on the country level with 1 ha cell size. The user will be able to explore 
different policy options under a specific set of natural and socio- economic conditions as 
inherent driving forces, to formulate potential land use scenarios, and to estimate their 
impact on the behavior and quality of rural landscapes through the analysis and 
comparison of selected landscape indicators (http://www.riks.nl/projects/LUMOCAP). 
The results can be of interest in indicating the future land use changes. As this project 
will study the CAP influence on rural landscapes, it may be also of interest to use it in 
assessing the changes in cultural historic landscapes. 
 
The study of GREENVEINS- Vulnerability of Biodiversity in the Agro- ecosystem as 
influenced by green veining and land use intensity- seems to be of interest in assessing 
the changes. Although the study is focused on the farm/ region level it can be helpful in 
identification of processes taking place (http://www.greenveins.nl/). It can also been used 
to characterize the landscape structure in the given region. 
 
The PAIS project- Proposal on Agri- Environmental Indicators- is aimed at establishing 
the landscape indicators which can be used in the assessment of changes taking place in 
the landscapes on the European level. It is especially vital if new classification of 
landscapes has to be prepared. 
 
All mentioned projects are still ongoing, so the results will be available in a few years 
time 
 
 
Nuts regions and Common Agricultural Policy: 
 
Using Nuts nomenclature enables linking different studies and help to analyze their 
results on the same spatial level. In the Meeus, Mücher, Memus classifications and 
EURURALIS study both Nuts 1 and Nuts 2 levels can be used to observe the landscapes, 
land use types and ongoing transformations. However if one wants to know in details the  
processes taking place, the Nuts 2 regions are better level to analyze them. Observation of 
changes in cultural historic landscapes on Nuts 2 level enables spatial location of ongoing 
transformations. Also the number of landscape classes is not too big so they are easy to 
identify. 
In addition on this administrative level the CAP policy is implemented, which has high 
impact on land use changes. Landscapes are the result of agricultural processes and as 
such knowledge of binding policies is very important. EURURALIS results analyzed on 
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Nuts 2 level can be used to observe the CAP impact on land use types in the given region. 
Land use changes in selected regions reflect the expected processes.  
 
Recommendations: 
After preparation of this research few recommendations are important to mention. The 
undergoing changes in land use types may have an impact on the landscape classification 
prepared by Meeus in 1990 and 1995. To enable the assessment of changes in cultural 
historic landscapes new, temporal and spatially accurate, landscape classification should 
be prepared. The methodology used by Meeus is valid, but it should be based on the 
available new datasets. The classification of cultural historic landscapes should identify 
these which are rare. The methodology used in this study can be used. Selection of rare 
landscapes is important to set the right protection policy. On the European level, rare 
landscapes are these which are occurring in the smaller number of places across the 
Europe and are the most unique. As such the study on country and region level can 
provide necessary information. 
 
The methodology proposed in this research to prepare Memus cultural historic landscape 
classification is accurate enough to analyze changes on European Union level. It is 
recommended that this classification will be used in further studies. Due to limited 
availability of other project to assess the landscape changes, the prepared Memus 
landscape structure analysis indicates possible changes. However further studies should 
be prepared which would take into account flora and fauna types present in the given 
landscape type. 
 
The EURURALIS study should predict changes in more land use types. In addition all 
transition and allocation rules should be implemented, so more land use types would 
change.  In addition the influence of other conditions on land use changes should be 
implemented. As transportation network has an influence on agriculture, mainly by 
accessibility to main resources, it is interesting condition to monitor in EURURALIS. 
 
To use EURURALIS in the assessment of landscape changes, as done in this research, 
there is a need to reclassify the initial CORINE land cover dataset, to be the same as in 
Mücher (Memus) classification. Furthermore the calculation of changes should be 
prepared and the obtained results might be further used in the assessment of landscape 
changes. 
 
The BIOPRESS project can be used as an alternative study to assess the landscape 
changes. The methodology used in BIOPRESS can be further used in predicting the 
cultural historic landscape changes for the territory of Europe. The study prepared for 
more windows (covering more landscape classes) can provide better knowledge on 
ongoing processes. They can be identified on the smaller scale but in higher level of 
details. This could be a starting point for estimating changes in majority of landscape 
types in Europe. It seems to be better solution than aggregating details to bigger units and 
analyzing the results (as was done for EURURALIS). 
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Knowledge of processes taking place in the past can serve as an indicator of future 
changes. Furthermore identification of pressures and responses of environment can help 
in predicting future situation. 
Other projects which can be used in the future for estimating changes taking place in the 
European landscapes are: LUMOCAP, GREENVEINS and PAIS. Although they are still 
ongoing projects, they are of interest to be used in the future. 
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Appendices 
 
1. The datasets used in the study and their characteristics 
 

·  Meeus cultural historic landscape classification: 
The classification was not available in digital format, so it was scanned (in this form 
taken to the further research). The data was converted to raster format with the grid cell 
size of 1 km2. 
Projected coordinate system is WGS 1972 Alberts. 
Geographic coordinate system is GCS WGS 1972. 
Map projection is Alberts Conical Equal Area. 
 

·  Mücher landscape classification: 
The data used in the research was lanmap2_v1_3. The projected and geographic 
coordinate systems were not defined, so they were assign to be the same as in Meeus 
classification. 
The data is in raster format with x and y cell size of 1000 m (grid cell size 1 km2). 
  

·  EURURALIS data: 
The datasets used in the study were for year 2000 and 2030 for 4 scenarios. The data was 
in raster format. The x and y distance was 1000 m (grid cell size 1 km2). 
The projected and geographic coordinate systems were not defined, so they were assign 
to be the same as in Meeus classification. 
 

·  BIOPRESS data: 
The projected coordinate system is Rijksdriehoekstelsel New. 
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 means of areas. Meeus, Mücher, 
EURURALIS and Nuts data are used only in territory of European Union, however the 
differences remains.  
The areas of Europe in the following datasets: 
Meeus area of EU: 3897131 km2. 
Mücher dataset of EU: 390150400 km2 (whole Europe: 10850641 km2).  
EURURALIS: 3952123 km2. 
Nuts: 3895491 km2. 
On the Nuts 1 level (country level) comparison with the ESRI Data and Maps 2005 
database available at Alterra, showed differences in counties areas. Some countries have 
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bigger areas in Nuts 1 datasets whereas the others in the ESRI datasets. The amount of 
difference is from 51 km2 for Luxemburg (bigger area in Nuts 1) to 6998 km2 in United 
Kingdom (bigger area in Nuts 1). In ESRI dataset Spain has bigger area than in Nuts 1 by 
5677 km2, whereas Latvia by 103 km2.  
 
The uncertainty is also an important issue. The land cover classification classifies land 
use/ land cover to different classes. However it is important to remember that there are 
differences in definition of the given land cover class. What is treated as a forest in one 
country does not have to be forest in the other. It results in the differences when 
analyzing different land cover classifications. The importance of using one definition of 
the given class is present here. Further more there might be also problems with 
identifying the borders of the given landscape or land cover class. The borders defined by 
people, as in case of landscapes are called fiat boundaries. They are depended on people’s 
definitions and perception. The bona fiat boundaries are 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 areas are a result of using different datasets. 
As the aim of the study is to investigate if EURURALIS project can be used to assess the 
landscape changes, they do not have an impact on the study results. Differences in the 
areas are important when analyzing the EURURALIS changes per country/ region/ 
scenario. However the main role of them is to give some indication of processes taking 
place and not to give the real numbers.  
Identification of rare landscape is based on the areas; however this is one of few criteria 
and not the most important one, so it does not have an influence on the results.  
The notion of different classification of land cover is important when comparing different 
projects. The obtained results can not be taken straightforward and the knowledge of 
applied classification rules is very important. Furthermore the borders between different 
landscape classes are not as straight and clear as presented 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, only bare rocks. In river 

valleys spares forest can be found. Only dwarf shrubs and 
scattered trees can grow unprotected. Sedges, rushes and 
mosses cover the waterlogged grounds of mires and 
swamps. Roads are scares, making area inaccessible for 
transport. Forests are subject to cuttings, which can be a 
threat due to erosion. 

Northern taiga  The thickest forests are in the river valleys and terraces. 
The dominant trees are spruce, pine and birch lichens, 
mosses and berry- bearing shrubs cover the ground. The 
forest trees are cut to provide the local population with 
wood. Reindeer pastures can be also found.  
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Middle taiga  This is densely forested area with spruce, fir and pine 
trees. Due to climate conditions, the growing season is too 
short to make arable cropping important. Extensive cattle 
rising and dairying is the only agriculture activity. 

Southern taiga  Semi open forests are combined with natural fodder lands 
and fields. Also a growing agricultural area can be found, 
with mainly pastures and arable land. It requires artificial 
drainage and heavy fertilization. 

Subtaiga  Due to climate condition significant number of crops can 
be grown as well as cattle. Many large collective farms 
and compact villages have been created in the landscape. 

Northern highlands  Open area with hills and mountains. The trees and bushes 
have disappeared due to overgrazing by sheep. Only 
ground vegetation and bare rocks left. The non- intensive 
agriculture is present. The erosion is a big threat to those 
areas. 

Mountains  Wild, rough, open versus cultivated. Arable land is 
concentrated on gentle slopes in the valleys. The lower 
slopes are wooded or covered with meadows. In some 
areas the limited dairy and sheep farming is present. 

Atlantic bacage  Gentle slopes. Plots are surrounded by walls or hedges 
(enclosed landscape). The land is used intensively. 
Farmsteads are scattered and network of rural roads is 
dense. The animal and fodder production takes place on 
large- scale plots. 

Semi bocage  Hills and middle mountains. It has fewer hedges, more 
walls, more fallow land and larger forests. Compact 
villages and solitary farms are found side by side and the 
density of roads is low. Land use is extensive and there are 
many woods. 

Mediterranean semi bocage  Hills and middle mountains. Arable land, valleys, 
pastures, orchards, vineyards and forests can be found on 
foothills and in valleys. In these areas people live in small 
villages. Deforestation and overgrazing of the steep slopes 
make water erosion a severe problem. 

Atlantic open fields  The farms are concentrated in villages. Large holdings, 
intensive crop farming, high level of mechanization and 
large- scale use of fertilizers and pesticides have created 
large monocultures. Forests and woods are located in 
valleys. Large scale openness. 

Continental open fields  Forest and pastures are dominating, comparing to large- 
scale arable land. Forests are found on the tops of the hills. 
The farms are dispersed along the roads. Mixed arable, 
grass and permanent crops. 

Aquitaine open fields  The intensive form of agriculture is taking place. Farms 
are not limited to villages only. In some part where slopes 
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are steep, meadows, orchards and forests are found in the 
valleys and crop farming is practiced on plateaus. 

Central collective open 
fields  

A large scale, almost treeless landscape, intensively used 
for arable crops, with a large- scale network of rural roads 
and collective farms. Large scale, open and homogeneous. 

Eastern collective open 
fields  

Treeless, arable land divided into large plots on flat to 
undulating plains, creating an open and very dry 
landscape. 

Mediterranean open land  Cereals are grown on a large scale and olive trees cover 
the hillsides. The mountains are used for extensive 
grazing, with drover’s roads between the lowlands and 
uplands. 

Coltura promiscua  It is characterized by intensive traditional mixed farming. 
The landscape displays a classic “upright” pattern of trees, 
bushes and ground cover. Scattered farmsteads can be 
found, and the population is concentrated in villages. 
These landscapes may disappear when the choice is 
between intensification and marginalization. 

Delta (artificial forms)  These are open and flat landscapes near rivers and 
outwash plains of mountainous areas. These are areas of 
urban and agricultural concentrations. Intensive 
cultivation dominates land use (arable and horticultural 
crops). The fields are quite regular with the straight line of 
drainage ditches or irrigation canals. 

Huerta  Areas with intensively cultivated agriculture and orchards, 
usually intersected by irrigation ditches. 

Polder  Flat and open landscape. Artificial drainage, regular fields, 
scattered farmyards and relatively large farm units, make 
these landscapes very flexible. Areas along coast and 
rivers are important for flora and fauna. 

Kampen  They are characterized with a patchwork layout of woods, 
heath, swamps, mixed crops, scattered farmsteads and 
roads. The agriculture is very intensive, with increasing 
number of animals. Woods grown on poor soils. 

Poland’s strip fields  Agriculture is changing since 1980s into market- oriented 
and part- time farming. Mixed crops, horticulture, 
orchards and forests. The parcels are split up into a pattern 
of strips, buildings are concentrated in compact villages 
and there is a small- scale network of roads. 

Puszta This is grassland area on salt- affected soil. There are 
large plots of agricultural land. Farms are concentrated 
and sometimes collective. The livestock breeding take 
place as well as grown of crops. 
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3. CORINE land cover classes 
 
The CORINE land use classes as aggregated by Mücher. 
 
Mücher land use type Description 

Non- irrigated arable land 
Permanently irrigated land 

Arable land 

Rice fields 
Vineyards Permanent crops 
Fruit trees and berry plantation olive groves 

Pastures Pastures 
Annual crops associated with permanent crops 
Complex cultivation patterns 
Land principally occupied by agriculture with 
significant natural vegetation 

Heterogeneous agricultural areas 

Agro- forestry areas 
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 

Artificial surfaces 

Port and leisure facilities 
Broad- leaved forest 
Coniferous forest 

Forest 

Mixed forest 
Natural grasslands 
Moors and heath lands 
Sclerophyllous vegetation 

Shrubs and herbaceous vegetation associations 

Transitional woodland- scrub 
Beaches, sand, dunes 
Bare rocks 
Sparsely vegetated areas 
Burnt areas 

Open spaces with little or no vegetation 

Glaciers and perpetual snow 
Inland marshes 
Peat bogs 
Salt marches 
Salines 

Wetlands 

Intertidal flats 
Water courses 
Water bodies 
Coastal lagoons 
Estuaries 

Water bodies 

Sea and ocean 
    
4. Memus landscape classification 
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Meeus a_op h_af h_fo h_sh h_al h_pa h_pc h_op h_wa h_we h_ha l_af l_op l_pc l_fo l_al l_sh l_pa l_wa l_we l_ha

forest tundra 10778 7847

northern taiga 80 219287 7152 533 241 28 430 5980 52418 3457 275 258

middle taiga 85199 4203 12 67 2879 162

southern taiga 66 51493 5143 168 410 13595 14678 8021 18 31

subtaiga 25426 94 57238 2736 33 182 1148 56442 28915 50 56 132 443

northern highlands 75 31309 445 4893 2568

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 
semi bocage 2 22852 938 26396 5171 1876 247 10201 91 2297 560 1413 130 498

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

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

coltura promiscus 15395 293 18520 48 959 6937 224 7871 679

atlantic openfields 78 80252 2298 70229 16104 1441 358 560 9653 98 24 962 49176 127933 157 13300 635 39 3520

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 6 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 898 258 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

Mucher landscape classes A
ppendix 4: M

em
us landscape classification 
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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 sum nb sum area
% in total 
area

average 
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 8 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 14384.21

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 1509 62 3333 3026 1280 26 589272 15.03 22664.31

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

Mucher landscape classes
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5. Selected Nuts 2 regions 
 
These are (with Meeus landscape type): 
AT21 (mountains), AT22 (mountains), AT31 (mountains and semi- bocage), AT32 
(mountains and semi-bocage), AT33 (mountains and semi- bocage), AT34 (mountains 
and semi- bocage), DE21 (mountains and semi- bocage), DE27 (mountains and semi- 
bocage), DEF (polder), ES12 (semi- bocage and mediterranean semi- bocage), ES22 
(mountains and mediterranean semi- bocage), ES24 (mountains, mediterranean semi-
bocage and mediterranean open land), ES41 (mediterranean semi- bocage), ES42 
(mediterranean open land), ES51 (mountains and mediterranean semi- bocage), ES52 
(huerta and mediterranean open land), ES61 (mediterranean open land), ES62 
(mediterranean open land and huerta), FI12 (northern taiga), FI15 (northern taiga), FR61 
(mediterranean semi- bocage), FR62 (mountains, mediterranean semi-bocage and atlantic 
open fields), FR71 (mountains, semi- bocage), FR81 (mountains, atlantic open fields and 
mediterranean open land), FR82 (mountains), GR24 (mediterranean open land), IE 
(mountains), IT2 (mediterranean open land and mountains), IT6 (coltura promiscus), 
IT31 (mediterranean open land and mountains), IT8 (mediterranean open land), IT11 
(mountains and mediterranean open land), IT12 (mountains), IT13 (mediterranean open 
land), IT 32 (mountains), IT33 (mountains and mediterranean semi- bocage), IT53 
(coltura promiscus), IT71 (coltura promiscus and mediterranean open land), IT93 (huerta 
and mediterranean open land), PL25 (semi- bocage and mountains), SE06 (northern 
taiga), SE07 (northern taiga), SE08 (northern taiga and mountains), SK012 (mountains), 
SL (mediterranean semi- bocage), UK33 (atlantic open fields).  
Also regions which are covered in the BIOPRESS study (data only for the Netherlands is 
available) will be further studied. The BIOPRESS transects are inside the following 
regions: NL 42 (transect 3), BE33 (transect 3), NL41 (transects 1 and 4), NL32 (transects 
2 and 5), NL13 (transects 6 and 7), NL21 (transect 8) and 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 economic sectors in each country in % 
over the periods 2000-2010, 2010-2020, 2020-2030; 

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

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

4. change in GDP per capita in % over the periods 2000-2010, 2010-2020, 2020-
2030; 

5. production values of several agricultural and economic sectors in 2001 for each 
country. 
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Spatial module: 
In this module the requirements for land use are allocated. It is based on information 
about: 
- spatial policies and restrictions- they indicate areas where land use changes are 
restricted. Those are land use conversions and policies which stimulate or discourage 
certain ways of land use conversions; 
- land use type specific conversion settings- they determine temporal dynamics of the 
simulations. Two set of parameters are needed to characterize the individual land use 
type: the conversion elasticity (related to reversibility of land use change) and the 
conversion settings and their temporal characteristics (they are specified in conversion 
matrix: what land use changes are possible and what is a time step); 
- location characteristics: biophysical and socio- economic factors- the land use 
conversions are expected to take place in areas with highest “suitability” of specific land 
use type at that moment in time. The suitability relates both biophysical and socio- 
economic factors. In the project a set of spatial data was used to calculate areas with 
highest suitability; 
- land use requirements- the non- spatial module is included. 
 
Allocation procedure: 
When all inputs are provided the CLUE model calculates, with discrete time steps, the 
most likely changes in land use given the before described restrictions and suitability. It is 
expressed as probability of a grid cell for the occurrence of the considered land use type. 
The drivers used in the project are: 
- constant drivers- elevation, parent material, soil (suitability, texture, moisture), 
infrastructure (roads, railways, flight infrastructure), income, climate (temperature, 
precipitation); 
- drivers changing in time- population (rural, urban, overall density, labor density, 
housing density), accessibility; 
- restrictions- natural parks, other restricted areas. 
Global market A1: 
- government intervention is limited as possible, 
- strong commitment to market- based solutions, 
- international co-operation is focused on removal of trade barriers, 
- low taxes, 
- global warming considered as a fact of life, 
- the rule that polluter pays, wherever possible is implemented, 
- environment pollution regulations are relatively relaxed to avoid that competitiveness is 
affected. 
Continental Market A2: 
- self- sufficiency is a key factor to steady development, 
- low taxes, but higher than in A1, 
- government intervention should be limited to core responsibilities, 
- the rule that polluter pays, wherever possible is implemented, 
- the use of bio- energy is supported in order to spare fossil reserves within the region and 
to relieve dependence on imports from third countries, 
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- maintenance of natural and cultural heritage is not a priority at EU level; the result is 
strongly fragmented network of nature reserves. 
Global Co- Operation B1: 
- sustainable development by well- coordinated efforts at regional and global level 
- high taxes, 
- governmental intervention relatively strong, aimed at internalising environmental and 
social costs in order to channel market forces, removing their bias on short- time 
economic gains, 
- increasing energy prices leads to new research in alternative energy; in some parts of 
Europe production of bio- fuels become an issue, 
- maintenance of natural and cultural heritage mainly publicly funded, 
- nature development engages to in the creation of extensive international networks, 
- restrictions on land use/ production, 
- urban sprawl controlled by restrictive and homogenous spatial planning. 
 Regional Co- Operation B2: 
- sustainable development should be geared to local dynamics, 
- self- reliance, ecological stewardship and equity are the keys to sustainability, 
- maintenance of natural and cultural heritage is a priority, 
- hotspots of biodiversity protected by EU regulations, 
- nature and agriculture areas receive support for the maintenance of landscapes; the 
biodiversity is strictly protected, 
- urban sprawl in small and medium cities, restrictive and heterogeneous spatial planning. 
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7. Land use changes in percentage in Nuts 1 

A1 A2 B1 B2 A1 A2 B1 B2 A1 A2 B1 B2 A1 A2 B1 B2

AT 1,23 0,67 0,55 0,16 -2,44 -2,33 -5,28 -3,83 -2,35 1,83 0,13 -0,06 1,13 -0,77 3,59 2,06
BE 13,36 8,64 6,70 2,19 -4,65 -3,54 -5,44 -5,03 -6,15 0,03 -0,96 0,16 -2,75 -5,28 -0,40 1,45
CY 1,66 0,98 0,88 0,05 -4,58 2,02 -1,91 -3,16 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 4,21 2,72 1,92 0,69 -8,42 -4,01 -11,77 -8,68 -1,23 1,35 0,07 0,04 2,88 -0,81 8,91 5,03
DK 4,18 2,87 2,09 0,93 -8,99 -4,00 -8,51 -3,11 -0,88 0,01 0,02 -0,06 3,39 -0,44 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 5,92 5,50
EW 2,54 0,64 1,17 0,17 -3,98 -0,59 0,06 -2,62 -2,06 -1,50 -0,14 -0,07 1,95 -0,57 -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 0,54 -4,58 -0,10 -7,73 -4,90 -1,28 1,30 0,05 0,19 2,26 -3,25 5,34 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 0,88 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 3,08 -2,26 -2,61 -1,59
I 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 2,53 1,42 2,86 0,36 -2,60 5,12 9,22 0,55 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 5,12 7,32
LV 1,96 0,93 1,61 0,43 -2,72 -2,47 1,38 -4,74 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 0,68 0,42 0,68 0,53 4,56 5,15 8,59 11,79
PL 3,32 1,51 2,85 0,60 -10,18 -0,21 -1,87 -2,22 1,30 -1,01 0,08 0,02 1,90 -2,04 -1,61 0,37
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 0,35 -0,24 0,64 0,82
SK 5,13 2,25 4,62 0,90 -8,22 -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 3,99 2,77 2,21 1,09 -3,68 -1,51 -4,95 -2,83 -2,90 1,88 -0,05 0,18 1,20 -3,21 1,72 0,38

A1 A2 B1 B2 A1 A2 B1 B2 A1 A2 B1 B2 A1 A2 B1 B2

AT 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,43 0,60 1,02 1,66
BE 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,19 0,16 0,11 1,24
CY 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,96 0,74 1,03 1,82
CZ 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,00 0,73 0,06 0,68
DE 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,56 0,76 0,87 2,91
DK 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,30 1,56 0,30 0,56
ES 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,21 0,55 0,98 2,07
EW 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,54 2,01 0,00 1,22
FL 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,57 0,74 0,59 0,33
FR 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,65 0,13 0,97 1,90
GR 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,70 0,97 1,09 0,89
HU 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,55 1,55 0,27 0,08
I 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,07 2,77 1,15 4,41
IRL 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,80 0,13 1,04 0,56
LT 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,17 0,00 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 0,15
LV 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,71 0,00 2,72
M 1,35 0,00 0,00 0,00 -1,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,45 0,00 0,45
NL 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,30 0,09 1,01 4,04
P 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,65 4,59 0,16 2,84
PL 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,66 1,75 0,54 1,22
SE 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,03 0,19 0,27 0,57
SK 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,65 0,55 0,05 0,14
SL 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,16 1,57 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 1,39 0,08 1,07 1,17

AbandonedIrrigated arableStatic land useInland wetlands

ForestPasturesNon- irrigated arable landUrban

 



Chapter 8               Appendices 
 

Assessment of European cultural- historic landscapes in the scope of EURURALIS 
project  88 

8. Land use change in Nuts 1 in percentage per scenario 
Total change in countries based on % change of land use type per country. 

A1 A2 B1 B2 A1 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
CY 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
I 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

area %
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9. Land use changes in km2 and percentage in Nuts 2 per scenario 
 

A1 A2 B1 B2 A1 A2 B1 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
FI12 1290 1302 700 2138 2.29 2.31 1.24 3.79
FI15 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 5.31 24.21 18.23 32.19
IT12 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
IT2 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
IT93 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
SE06 2270 732 2718 1934 3.15 1.01 3.77 2.68
SE07 3134 1630 1024 1596 4.06 2.11 1.33 2.07
SE08 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

area km2 %
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10. The characteristics of main changes in selected Nuts 2 
 
AT 22: 
This region characterizes big proportion of forest. In A1 bigger urban areas are not 
expanding so much (they are surrounded by forest and non irrigated land). However 
villages (small urban areas) are expanding when they are surrounded by pastures. Non 
irrigated land is changing to forest when it surrounds it, but it is not changing when non 
irrigated land is surrounded by pastures. In B1 urban areas are almost not changing at all. 
High changes are present in non irrigated land which transforms to pastures, forest and 
abandoned land.  In B2 urban areas are also almost not increasing, whereas the highest 
changes are in non irrigated land which turns into abandoned land. 
 
DE 21: 
Forest and pastures are main land use types. In this region there is a city München. 
Scenario A1 prognoses big increase in city size as pastures, forest and non irrigated land 
are changing to it. In A2 non irrigated land is changing highly to all other land use types, 
especially to urban and forest. In B1 urban areas are also increasing, but mainly non 
irrigated land and pastures are changing to forest. In B2 urban areas are almost not 
expanding whereas non irrigated land changes highly to abandoned land. They are 
presented on Figure 19. 
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A2 
 

 
B1 
 

 
B2 

 

 
Figure 19. Land use changes in region DE21 in 4 scenarios. 
 
 
ES 22: 
Mainly forest and non irrigated land are present in this region. There is one small town 
and few villages. In A1 very small changes are present. Scenario A2 prognoses big 
change from forest to non irrigated land, whereas in B1 forest will change to non irrigated 
and vice versa. In B2 big change from non irrigated land to abandoned land is prognoses. 
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SE08: 
This region consists of mainly forest, wetlands, static and pasture land use types. In 
scenario A1 pastures are changing highly to urban, forest and abandoned land (in 
scenarios A2 and B2- no change). Scenario A2 prognoses small changes, mainly from 
non irrigated land to pastures and from forest to pastures. In B1 forest and pastures and 
changing from one to the other, whereas in B2 mainly pasture to forest. 
 
SK12: 
The region consists mainly of forest and non irrigated land use types. In A1 there is high 
increase in urban areas, especially from non irrigated land. However the surprising is that 
in a city on the left side of below picture, this change is very big, whereas in the city on 
the bottom the change is very small. Also pastures and forest are changing to urban areas. 
In A2 there are changes but they are not too big. In B1 there is surprisingly big change 
from forest to urban area, from forest to non irrigated land and from non irrigated land to 
urban land use type. In B2 there is no big change present. Changes are presented on 
Figure 20. 
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B1 
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Figure 20. Land use changes in region SK 12 in 4 scenarios. 
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11. The rules for reclassification of Memus and EURURALIS data 
 
Eururalis Memus New class 
Urban Urban Urban 
Urban Other Urban 
Other Urban Urban 
Static Open spaces Open spaces 
Forest Forest Forest 
Other Artificial Artificial 
Urban Artificial 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 irrigated 
Pastures Heterogeneous agriculture 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 
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Static Permanent crops Permanent crops 
Irrigated Permanent crops Permanent crops 
Non irrigated Shrubs Shrubs 
Pastures Shrubs Shrubs 
Forest Shrubs Shrubs 
Wetlands Shrubs Shrubs 
Static Shrubs Shrubs 
Irrigated  Shrubs Shrubs 
Non irrigated Water Water 
pastures Water Water 
Forest Water Water 
Wetlands Water Water 
Static Water Water 
Non irrigated Wetlands Non irrigated 
Pastures Wetlands Pastures 
Forest Wetlands Forest 
Wetlands Wetlands Wetlands 
Static Wetlands Wetlands 
Irrigated Wetlands Irrigated 
Forest Flats Flats 
Abandoned Other Abandoned 
Abandoned Urban Urban 
Abandoned Water Water 
 
 
 
 
12. The impact of EURURALIS results on Memus landscape classes 
 
In bold are rare landscapes: 
 
 
    A1 A2 B1 B2 
aquitaine openfields h_artificial -7 -3 -3 -1 
aquitaine openfields h_forest -32 -43 17 -1 
aquitaine openfields h_non irrigated -241 -92 -157 -170 
aquitaine openfields l_artificial -3 -3 -3 -1 
aquitaine openfields l_forest 17 -66 146 11092 
aquitaine openfields l_non irrigated -262 -95 -253 -275 
aquitaine openfields m_forest -2 -1 0 0 
atlantic bocage flats 0 0 0 0 
atlantic bocage h_artificial 0 0 -1 -1 
atlantic bocage h_forest -6 -23 -23 10543 
atlantic bocage h_non irrigated 0 0 -16 -6 
atlantic bocage h_pastures -190 -70 -161 -77 
atlantic bocage h_shrubs -37 -6 -10 -15 
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atlantic bocage h_wetlands 0 0 5 0 
atlantic bocage l_forest -59 -152 -52 -24 
atlantic bocage l_non irrigated -26 -86 -83 -41 
atlantic bocage l_pastures -358 -268 -382 9809 
atlantic bocage l_wetlands 0 25 0 0 
atlantic openfields flats 0 0 -1 0 
atlantic openfields h_artificial 0 0 -1 0 
atlantic openfields h_forest 196 -286 524 296 
atlantic openfields h_non irrigated -724 228 -757 -382 
atlantic openfields h_pastures -8 -67 -1 0 
atlantic openfields h_pernament crops -34 -16 -13 -30 
atlantic openfields h_shrubs -1 -1 39 0 
atlantic openfields h_wetlands 0 0 0 0 
atlantic openfields l_artificial -3 -3 -1 0 
atlantic openfields l_forest -123 -296 -46 190 
atlantic openfields l_non irrigated -454 1 -257 -492 
atlantic openfields l_open spaces -1 -1 -1 0 
atlantic openfields l_pastures 0 0 0 0 
atlantic openfields l_pernament crops -11 -13 -13 -3 
atlantic openfields l_wetlands 0 0 0 0 
atlantic openfields m_forest 4 -6 39 30 
atlantic openfields m_non irrigated -39 0 -43 -33 
atlantic openfields m_pastures 0 0 0 0 
atlantic openfields m_shrubs 0 0 0 0 
atlantic openfields n_shrubs 0 0 -39 0 
central collective openf h_forest -85 -90 -112 -33 
central collective openf h_non irrigated -94 -189 -303 -436 
central collective openf l_forest 0 0 0 7 
central collective openf m_forest 0 -1 -1 0 
central collective openf m_pastures -8 -4 -3 0 
coltura promiscus h_forest 6 -47 633 854 
coltura promiscus h_non irrigated -347 -143 -734 -1203 
coltura promiscus h_pernament crops -10 -15 -14 -16 
coltura promiscus l_forest 0 0 39 157 
coltura promiscus l_non irrigated -9 -14 -46 -159 
coltura promiscus m_forest 142 105 157 78 
coltura promiscus m_non irrigated -156 -112 -160 -170 
coltura promiscus m_shrubs -1 -1 0 -22 
coltura promiscus n_forest 0 0 0 0 
continental openfields h_artificial -2 -1 0 0 
continental openfields h_forest 196 -90 1458 822 
continental openfields h_non irrigated -745 -1312 -2260 -2568 
continental openfields h_pastures -30 -78 -56 -104 
continental openfields h_pernament crops 0 109 0 1081 
continental openfields m_forest -13 -16 66 49 
continental openfields m_non irrigated -55 -27 -94 -92 
continental openfields m_pastures -26 -41 -34 -69 
delta (artificial forms) h_artificial 0 0 0 0 
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delta (artificial forms) h_forest 32 -650 1045 555 
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 -643 -542 -369 
delta (artificial forms) h_shrubs -242 -179 -132 -356 
delta (artificial forms) l_artificial -4 -2 -1 0 
delta (artificial forms) l_forest -123 -330 482 326 
delta (artificial forms) l_non irrigated -949 -416 -852 -866 
delta (artificial forms) l_pastures -2 0 -17 0 
delta (artificial forms) l_pernament crops -158 -78 -47 -27 
delta (artificial forms) l_wetlands 14 73 14 14 
delta (artificial forms) m_forest -53 -188 250 350 
delta (artificial forms) m_irrigated -14 -14 -14 -14 
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 -57 
delta (artificial forms) n_shrubs 0 0 951 0 
forest tundra h_forest 0 0 0 -10561 
forest tundra h_shrubs 0 0 0 0 
huerta h_forest -180 -165 -8 -186 
huerta h_non irrigated -340 -208 1589 -262 
huerta h_pernament crops -154 -140 -23 -148 
huerta h_shrubs -78 -21 -23 -22 
huerta l_forest -49 -17 1147 1558 
huerta l_non irrigated -337 -307 -235 -283 
huerta l_pernament crops -392 -313 -1704 -303 
huerta l_shrubs -3 -2 -33 -2 
huerta m_forest -1 0 0 -2 
huerta m_non irrigated -69 -27 -12 -24 
huerta m_pernament crops -24 -2 -16 -3 
huerta m_shrubs -9 -5 -16 -9 
huerta n_shrubs 0 0 16 0 
kampen flats 0 0 0 0 
kampen h_forest -6 -122 -28 8 
kampen h_non irrigated -8 74 -1963 -67 
kampen h_pastures -2 -12 -5 -11 
kampen l_artificial -3 -1 -1 -2 
kampen l_forest -10201 -169 362 102 
kampen l_non irrigated -493 -312 -524 -456 
kampen l_pastures -298 -42 -32 -60 
kampen l_pernament crops -1 0 0 0 
mediterranean open land h_artificial -24 -17 -14 -17 
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 -27 -20 
mediterranean open land h_pernament crops -1346 -898 -49 -891 
mediterranean open land h_shrubs -423 -133 2586 -344 
mediterranean open land l_artificial -5 -5 -3 -2 
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mediterranean open land l_forest -124 -75 31 4609 
mediterranean open land l_non irrigated -463 -757 -540 -1605 
mediterranean open land l_pernament crops -249 -83 -85 -111 
mediterranean open land l_shrubs -4 -5 0 -11 
mediterranean open land l_wetlands 10 10 10 10 
mediterranean open land m_forest 1460 -1710 7036 5171 
mediterranean open land m_irrigated -10 -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 -112 -899 -336 
mediterranean open land m_shrubs -1276 -577 -5088 -828 
mediterranean open land n_forest -17 -3 0 -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 -1108 -250 -178 
mediterranean semi-bocag h_non irrigated -435 151 -888 -1376 
mediterranean semi-bocag h_pastures -118 -92 -87 -73 
mediterranean semi-bocag h_pernament crops -117 -194 -89 -306 
mediterranean semi-bocag h_shrubs -17 -33 2389 -42 
mediterranean semi-bocag l_artificial -6 -11 -9 -3 
mediterranean semi-bocag l_forest 0 -2 315 297 
mediterranean semi-bocag l_non irrigated -60 -130 -347 -296 
mediterranean semi-bocag l_pernament crops -234 -235 -142 -81 
mediterranean semi-bocag l_shrubs 0 0 0 0 
mediterranean semi-bocag m_forest -762 -557 330 -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 0 0 0 
mediterranean semi-bocag n_open spaces 0 0 0 0 
mediterranean semi-bocag n_shrubs -7 -1 -2272 3281 
middle taiga h_forest -87 -65 -13 -29998 
middle taiga h_pastures -13 0 0 -2 
middle taiga h_shrubs 0 0 0 0 
middle taiga h_wetlands 0 0 0 0 
middle taiga l_forest -1 0 0 0 
middle taiga m_pastures -45 0 0 0 
mountains a_open spaces -14 395 0 -1 
mountains h_artificial -7 -3 -6 -3 
mountains h_forest -1110 -24 385 521 
mountains h_non irrigated -774 -1682 -1094 -2354 
mountains h_open spaces -4 0 0 0 
mountains h_pastures -1154 -67 -340 -217 
mountains h_pernament crops -53 -49 -42 -55 
mountains h_shrubs -56 0 12783 -8 
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mountains h_wetlands 0 0 0 0 
mountains l_forest -14 -459 18 7374 
mountains l_non irrigated -95 -26 -104 -26 
mountains l_pastures -1424 -9 -251 -86 
mountains l_shrubs -32 -1 -1 0 
mountains l_wetlands 0 0 0 0 
mountains m_forest -1782 -316 500 268 
mountains m_non irrigated -1025 -241 -1305 -891 
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 0 0 
mountains n_forest -741 -21 -11 -75 
mountains n_open spaces -17 0 0 -3 
mountains n_shrubs -110 -10 -12797 -37 
northern taiga h_artificial -1 0 0 0 
northern taiga h_forest -855 -155 -177 11 
northern taiga h_non irrigated -6 -47 -54 -37 
northern taiga h_open spaces 0 0 0 -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 l_forest -829 -360 -257 -25790 
northern taiga l_non irrigated -137 -189 -241 -347 
northern taiga l_shrubs -8 -1 -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 -1 0 0 0 
northern taiga m_wetlands 0 0 0 0 
poland's strip fields h_forest 0 -2 -10 0 
poland's strip fields h_non irrigated 111 105 104 106 
poland's strip fields l_forest 0 0 0 46 
poland's strip fields m_forest 93 0 -1 0 
polder flats 0 0 -1 0 
polder l_forest 9748 -210 553 442 
polder l_non irrigated -509 -16 -958 -788 
polder l_open spaces 0 0 0 0 
polder l_pastures -563 -112 -98 -135 
polder l_shrubs -2 0 0 -2 
polder l_wetlands 101 0 0 0 
puszta h_forest -22 -31 -22 -5 
puszta h_non irrigated 971 996 990 972 
puszta l_forest 0 0 0 55 
semi-bocage h_forest -164 -385 -82 -45 
semi-bocage h_non irrigated -1870 -1923 -2157 -2077 
semi-bocage h_pastures -21 -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 l_forest 3 0 17 627 
semi-bocage l_non irrigated -3 -3 -21 -12 
semi-bocage l_pastures 0 0 0 0 
semi-bocage l_pernament crops -64 -73 -45 -53 
semi-bocage m_artificial -14 -13 -7 -7 
semi-bocage m_forest -192 -476 -67 -37 
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 0 -548 0 
  abandoned 23993 11088 10413 24992 
  urban 18529 12339 10017 2973 
  water -103 -86 -85 -80 

 
 
 
 
 
13. The characteristic of BIOPRESS project 
 
The project is divided into two phases:  
Phase I: the selection of windows containing Natura2000 sites and transects was done; 
furthermore land cover change matrices were produced by backdating CORINE 1990 
land cover layer with aerial photographs of 1950; the land cover change matrices were 
extrapolated using CORINE 1990 land cover layer. 
Phase II: is aimed at the description, prediction and investigation of causes and 
consequences of the observed land cover changes. Also land cover changes and its 
pressure on biodiversity will be prepared (intensification, urbanization, abandonment and 
afforestation). 
To assess the pressure on biodiversity the state model called MIRABEL (Models for 
Integrated Review and Assessment of Biodiversity in European Landscapes) is used in 
the BIOPRESS project.  
The 5 sampled windows cover all major landscape types in the Netherlands and a 
maximum of Natura2000 habitat sites. The window regions are: Noord- Brabant (NL7), 
Drenthe (NL 14), Terschelling (NL_Y), Overijssel (NL120) and Noord- Holland 
(NL139). 
 
Transects were selected mostly within the defined windows. Transects were located in 
such a way that they follow a pressure gradient in the local environment (the lowest 
inside Natura200 sites and the highest in the immediate surrounding 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 cover database.  
 
The windows are interpreted to identify the CORINE level 3 land cover and land use 
classes to a minimum mapping unit of 25 ha. Transects are located inside windows and 
interpreted to minimum mapping unit of 0.5 ha. A subset of transects are also interpreted 
for linear and point features such as hedges, small streams and cluster of houses 
(http://www.creaf.uab.es/biopress/summary.htm). 
 
BIOPRESS results in the Netherlands 
 
In the Netherlands the sample sites consist of 5 windows and 9 detailed transects. The 
changes in the windows have been measured from 1950 to 1990 at a scale of 1: 100 000 
and in transects at a scale of 1: 20 000. Transects have been selected in a way to be a part 
of Natura2000 sites and neighbor area.  
Results for selected windows show high changes from agricultural land to artificial 
surfaces, ranging for different windows from 50 % to 165 % (when comparing to initial 
situation in 1950). They are mainly taking place in highly urbanized areas, whereas 
windows with significant proportion of natural areas, shows smaller changes. Results for 
transects are similar to these for windows, although the level of details is higher. When 
analyzing land cover transitions inside versus outside Natura2000 sites it can be seen that 
majority of changes took place outside the Natura2000 (74 % outside and 26 % inside). 
The amount and dynamic of land cover transitions between years 1950- 1990- 2000 
shows different rate of changes. It seems that changes between 1950 and 1990 are the 
highest, but it is not truth. Taking into account that the time period is 4 times longer than 
between the years 1990- 2000, changes during the last 10 years are showing the highest 
dynamics in land cover changes. 
The trend analysis prepared for the windows can indicate the nature of processes taking 
place. It is an example of study which can be done for windows (only data in km2 for 
years 1950 and 1990 is available). The number of available data and the type of used 
function (table with areas and trend analysis) influences the results. The trend is 
calculated for Window 7 as an example of processes which may take place. The result 
indicates that there are areas which increase twice in size (between years 1990- 2030) 
and, on the other hand, areas which are shrinking. The highest increase is in 
discontinuous urban fabric, industrial and commercial units, port and leisure facilities and 
pastures. The shrinking areas are mainly construction sites and complex cultivation 
patterns. The more detail research should be done on the spatial data, by use of other 
modeling techniques.  
 
The BIOPRESS is very interesting study which might be helpful in identifying landscape 
changes. As it will define main pressures on biodiversity, the future processes can be 
assessed.  
 
 
The results for selected windows and transects: 
Land cover changes observed in windows for period 1950- 1990 range from 3 % to more 
than 20 % of their total area. Most changes occurred in the agricultural domain (changes 
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from pastures to arable land and vice versa) and in the CORINE nomenclature Level 1 
they are considered as internal changes. The change is from agricultural land to artificial 
land is very significant, ranging for different windows from 50 % to 165 % (when 
comparing to initial situation in 1950). It has major impact on biodiversity as those 
changes are irreversible. They are mainly taking place in the highly urbanized areas, 
whereas windows with significant proportion of natural areas, shows smaller changes. 
 
Transects are at the scale of 1: 20 000 and present slightly different results than for 
windows. Land cover changes as a percentage of the total transect area ranged from 24 % 
to 63 % for the period of 1950- 2000. Some transects are characterized by big proportion 
of internal changes, meaning changes within the same class at the level 1 of the CORINE 
nomenclature (mainly changes within the agricultural domain). Focusing on changes 
which are not internal results in land cover changes between 12 and 41 % for transects. 
Here the most important change is conversion of agricultural land into artificial areas. 
Transect 9 is the only exception with the main land cover type changing from beaches 
and dunes into salt marches.  
Major changes inside Natura2000 sites were internal ones, mainly into forest and semi 
natural areas and into wetlands. Outside Natura2000 the main types of changes were 
these between agricultural classes and farmland, changes into artificial areas and internal 
changes. 
The example results for windows and transects are present below. For further details 
please refer to Hazeu and Mücher 2005.   
 
 
Window 7: “Noord- Brabant” 
Window is dominated by pastures and complex cultivation patterns, which cover together 
60 % of window. Other important classes are coniferous forest, arable land and 
discontinuous urban fabric. During 1950- 1990 21 % (190 km2) of the window has 
changed. Most changes occurred in agricultural classes (118 km2). The conversion of 
agricultural classes into artificial areas concerned 5.7 % of the region (51 km2). The 
internal changes at CORINE level 1 (agricultural areas) are considered to be less 
important since most of these changes have small impact on biodiversity. 
Transect 1 and 4 are located within windows 7: 
Transect 1: “Loonse & Drunense Duinen” 
The transect is covered by 57.8 % of Natura2000 sites. It is mainly agricultural area with 
a significant amount of forest and semi- natural areas. Coniferous forest covers 22.2 % 
and dunes 6.4 % of the area. It is relatively stable transect with only 23.6 % of changes 
between years 1950-2000. 
When analyzing changes to initial situation in 1950, the high increase in road and railway 
network and in green urban areas can be seen. The inland marshes are significantly 
changing (mainly flooded areas) into broad- leaved forest. 
Transect 4: “Kampina” 
Almost 40% of transect is covered by Natura2000 sites. The transect is covered by forest 
and semi natural areas in 40 %, more than 30 % by agricultural land (pastures and arable 
land) and 25 % by artificial areas. The changes are overestimated as half of the land cover 
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changes are changes between pastures/ arable land and farmed land. The most important 
change is conversion of agricultural land into artificial areas (11.5 %). 
The most significant change is to port and leisure facilities areas, which is changing by 
almost 3891 % compared to initial 1950 year. 
 
Window 120: “Overijssel” 
The window has the highest percentage of agricultural areas, more than 70 % (pastures 50 
% and more than 5 % coniferous forest, arable land, complex cultivation patterns and 
land principally occupied by agriculture with significant amounts of natural vegetation). 
Artificial classes occupy 6 % of window. Only 12.1 % of the surface area has changed 
during 1950- 1990 period. The largest change is conversion of pastures into complex 
cultivation patterns. Also artificial areas double during that time.   
In this window transect 8 is located: 
Transect 8: “Overijsselse Vecht” 
Almost half of transect is located inside Natura2000. The transect is approximately half 
covered by agricultural areas and 1/3 by forest and semi natural areas. The largest land 
cover classes are coniferous forest (23.3 %) and arable land (22.2 %). More than 60 % of 
the transect area changed into other land cover type. This is transect with the highest 
percentage of land use changes. Most of them are internal ones, between farmed land and 
other agricultural areas. Other important changes are conversion of moors and heatland 
into artificial areas and forest.  
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Map 4: 

 
Map 4. Rare landscapes in selected Nuts 2 regions. 
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Map 5: 

 
Map 5. Memus and EURURALIS landscapes in selected Nuts 2.  


