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Abstract

Context The reasons for recent landscape change in

the European countryside are complex and poorly

substantiated. Identification of drivers of landscape

transition and assessment of the effects on the

provision of landscape services are subject of recent

debate.

Objectives Aims of the paper are to explore what

implications rural landscape transitions (as identified

by land use and land cover changes) have for the

provision of landscape services, and whether these

changes can be related to specific drivers of change.

Methods The paper records gross landscape change

on the basis of land use and land cover changes in six

case study areas in five countries, and assesses the

impacts on the provision of landscape services in the

past 25 years.

Results In the past decades the observed land use and

land cover changes in the case studies are relatively

small, with a dominance of urbanisation and afforesta-

tion processes. However, the impacts of these changes

are clearly reflected in a change in landscape services.

Conclusions Although the landscape transitions do

affect the services, spatial data alone is insufficient to
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assess cause-effect relationships of landscape transi-

tions, landscape structure and pattern. Circumstantial

evidence points to substantial effects of EU and

national policies on landscape services through land-

scape transition. These—often unintentional—effects

can substantially affect biodiversity, cultural identity

and landscape character. More research is needed on

the exact cause-effect relationships between policies

and landscape service provision.

Keywords Landscape change � LULC � Cultural
services � Ecosystem services � Case studies �
Landscape governance � Multifunctionality � MRT

Introduction

The character of Europe’s countryside is changing

(Rounsevell et al. 2012; Primdahl 2014; Van Vliet

et al. 2015) as a result of urbanisation, changing

demographic patterns, climate change, changing soci-

etal demands and new economic functions (EEA

2015). This is reflected in landscape changes, the most

prominent of which are an increase in artificial

surfaces and forested areas and a decrease in arable

land and pastures. From 2000 to 2006 the net annual

change across 36 European countries was 1.3% (EEA

2010). Fuchs et al. (2015) compared different global

data sets and calculated the area of land affected by

changes during the period 1900–2010 and found a

gross change of 56% of the total area of all EU27 states

(plus Switzerland), i.e. on average a change of 0.5%

per annum. Moreover, projected land demands are

much higher than what is available, e.g. to satisfy all

land use needs in Denmark has been estimated to

require up to 140% of the territory by 2050 (Arler et al.

2017).

The diverse impacts of landscape change have been

described by many authors, such as changes in

landscape identity and landscape quality (Stobbelaar

and Pedroli 2011; Antrop et al. 2013), biodiversity and

connectivity (Rüter et al. 2014; EEA 2015; Cormont

et al. 2016). The impacts manifest themselves in a

changed composition of the associated ecosystem

services at landscape level (Huntsinger and Oviedo

2014). Landscape services have been coined as ‘goods

and services provided by a landscape to satisfy human

needs, directly and indirectly’ (Termorshuizen and

Opdam 2009). Landscape services are founded in the

Ecosystem Services concept, and these include provi-

sioning, regulating, cultural, and supporting services

(MA 2005). Although the exact difference between

landscape services and ecosystem services can be

debated (see e.g. the Special Issue on ecosystem

services in cultural landscapes compiled by Plieninger

et al. 2014), we consider the landscape services

concept as more appropriate for landscape studies

due to their explicit spatial connotation and more

obvious comprehension in terms of landscape patterns

and societal functions (Termorshuizen and Opdam

2009; Bastian et al. 2014; Bürgi et al. 2015; Opdam

et al. 2015). Where ecosystem services are criticised

for being dominated by market based values, and

being of an exploitative nature (Albert et al. 2014b),

Plieninger argues that landscape services relate more

to cultural services and can be used to complement the

biophysical andmarket based quantification of ecosys-

tem services (Plieninger et al. 2015). Main landscape

services include provisioning services (crops, feeds,

livestock and industrial production), regulatory ser-

vices (water retention, pollination, carbon storage),

cultural services (tourism, cultural heritage, housing,

inspiration, hobby farming) (Hornigold et al. 2016)

and supporting services & biodiversity (wildlife

habitat) (Brandt and Vejre 2003). The concept of

landscape services was developed further by linking

ecosystem services to specific services that are most

relevant for rural residents (Vallés-Planells et al.

2014). In this paper we will further use the concept of

landscape services in the analytical framework for the

assessment of landscapes transitions and their rele-

vance to society.

A better understanding of the dominant landscape

transition processes and their impact on the provision

of landscape services may be important to develop

better policies and regulations to guide in landscape

development, which can lead to a more optimal

allocation of land resources (Vallés-Planells et al.

2014).

However, as Stürck and Verburg (2016) indicate,

the indicators and scale which are used to assess

landscape services substantially affect the outcome of

the assessment, and they recommend that land use

policy be adapted to location specific impacts of land

use/land cover (LULC) change on landscape services.

Therefore this paper presents six case studies located

in five European countries, which illustrate a variety of
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local processes of change across the European coun-

tryside. These cases represent primarily those gradual

changes that are related to rural land use, rather than

impacts of infrastructural works, industrial develop-

ments or the energy transition. The study reported here

could be called a large-scale analysis (Bürgi et al.

2017), in which main trends and processes over large

areas are assessed. The goal of the paper is to explore

what implications rural landscape transitions (as

identified by land use and land cover changes) have

for the provision of landscape services, and whether

these changes can be related to specific drivers of

change. This leads to the following research questions:

• What are the landscape transitions which have

occurred in the European countryside over the past

three decades in the six cases studied?

• What are the associated changes in landscape

services provision?

• What can be concluded about the transformations

taking place in the European countryside?

Landscape transitions and drivers of change

Going beyond the directly observable landscape

change in its temporal and spatial dimensions (Tress

and Tress 2001), we define landscape transition as a

long term fundamental change in Land Use and Land

Cover which represents both the type of services

provided, and the physical properties of the landscape.

Transitions can take place as land cover change (e.g.

from forest to urban area, or from farmland to forest),

but also as land use change (e.g. from permanent

grassland to improved grassland). Such landscape

transitions can be considered the result of a changing

balance between societal consumption, conservation

and production (Holmes 2008; Pinto-Correia et al.

2016) and of changing modes of occupancy (use of

rural space) (Holmes 2008, p. 212) of land owners and

managers, where the socio-economic context defines

the outcome of the transition process (EEA 2017).

Various approaches have been reported to explain

landscape transitions, ranging from describing parallel

phenomena to cause-effect relationships, from linear

to multi-sectoral explanations.

In many cases, straightforward sectoral approaches

have successfully been used so far, such as for forests

(Oduro et al. 2015) or farmland (Van Doorn and

Bakker 2007). Paying tribute to the complexity of the

land system, Wilson (2007) proposes a multidisci-

plinary approach to explain agricultural landscape

transitions. Realising that many factors contribute to

rural landscape dynamics besides agricultural produc-

tion, Holmes (2008) introduces the concept of Mul-

tifunctional Rural Transition (MRT) and uses this

framework to explain rural changes under the influ-

ence of certain economic conditions, landscape gov-

ernance and environmental change, for parts of

Australia (Holmes 2012). Holmes’ framework has

also been applied to study change processes occurring

in Europe (Carvalho-Ribeiro et al. 2013; Pinto-Correia

et al. 2016), where conditions differ considerably from

region to region, especially regarding the available

land resources and spatial claims on land. Holmes’

framework balances production, consumption and

protection: from a ‘mono-functional’ landscape

(Fig. 1, top of the triangle, e.g. industrial farming)

towards a multifunctional landscape (centre, e.g.

mixed family farming); from production oriented

(top) towards provision of a wider array of landscape

services, such as housing, recreation (lower left),

habitat function (lower right), etc. (Fig. 1). The same

principle applies for changes in forest management,

which balances between production, conservation and

amenity values (Forest Europe 2015).

Holmes’ framework is of particular relevance for a

better understanding of regional processes, it tran-

scends the farm or plot level and incorporates other

aspects of drivers of landscape change such as

demography and socio-economic changes, which

makes the framework useful to explain landscape

transitions. Interestingly, there remains a gap—or at

least a time lag—between the gradual but fundamental

changes in landscape functions, and the associated

changes at field level. The former (landscape transi-

tions) and the latter (landscape changes) are much

connected, but are not identical: a shift towards higher

production and intensification will most likely have

impact on landscape pattern at field level (but not

always immediately), e.g. the land manager will

sooner or later adjust the pattern of his fields as

required for access by larger machines. Landscape

persistence could easily be misinterpreted as

stable land use (e.g. in terraced landscapes, Van der

Sluis et al. 2014a, b; cfr. Bürgi et al. 2017). This paper

adopts the landscape services approach described

above to explain this subtle differentiation in the cases
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studied, and relates the landscape transitions to the

change in services.

Explaining the complex landscape transitions

addressed above also requires better identification

and understanding of the drivers of change. Specific

direct and indirect driving forces can lead to landscape

transitions, while other forces result in landscape

persistence and stability (Klijn 2004). Understanding

these processes provides opportunities to develop

proper policy response. Bürgi et al. (2017) identified

as drivers for six case studies: access and infrastruc-

ture, labour market, calamities (Soviet occupation),

legal homogenisation (EU) and technological innova-

tions (Bürgi et al. 2017), referring to a time frame from

1850 to 2014. In this paper we focus on the landscape

transitions over the last 25 years, a period of special

interest for assessing the impact of European policies

on the landscape.

Data and methods

A case-study approach was adopted to assess the

landscape transitions and their impact on landscape

service provision. An approximation of landscape

transitions at EU scale can be derived from CORINE

data bases (Feranec et al. 2016). However, land cover

change does not necessarily reflect all changes in land

use intensity, and the changing landscape functions

may affect the provision of landscape services in

various ways when land cover changes. As an

example, afforestation may lead to decreased surface

run-off and improved infiltration, resulting in reduced

flood risk or climate resilience. Zooming in on the

specific land use change processes taking place in

selected landscapes in Europe provides a level of

detail lacking in large-scale European landscape

assessments because of the scale of observation and

the time lag in land cover change following gradual

land use transitions (Fuchs et al. 2016). Studying

location specific impacts of land use changes on

landscape services might be crucial to detect how land

Fig. 1 Use of rural space of

land managers, after Holmes

(2008) and Pinto-Correia

et al. (2016)
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managers may be implicated and what response this

may solicit from landscape governance (Stürck and

Verburg 2016). Therefore, six case study areas were

selected, in different regions and landscapes across

Europe: Roskilde (Denmark), Heerde (The Nether-

lands), Portofino (Italy), Lesvos (Greece), and Răteşti

and Stăncuţa (Romania) (Fig. 2). The case study areas

provide a kaleidoscope of landscape transitions in

Europe and exemplify the change processes observed.

Previous research that had been conducted ensured

background knowledge on land use dynamics in these

areas (Van der Sluis et al. 2014b). The smallest area,

Portofino, measures 18 km2 whereas the largest area,

Stăncuţa (RO), measures more than 257 km2. They

form a cross-section of European physical and cultural

landscapes and are situated in Atlantic, Mediter-

ranean, Continental and Pannonian zones (Table 1).

The two Mediterranean case studies are both predom-

inantly rural areas. The dominant land use on Lesvos

(GR) is olive growing which dates back for centuries.

Small-scale tourism, dispersed over the island, is

gradually increasing. Portofino (IT) was previously

intensively used for farm and forest products and then

turned into a protected area. Land is mostly state

owned, and the dominant land cover is macchia

(maquis) and olive yards. Dominant land use in the

Northern European case study, Roskilde (DK) is

arable farming. There is a strong urban pressure on this

area from nearby Copenhagen, which leads to con-

version of land and farms for non-agricultural pur-

poses (Kristensen et al. 2013). Land use is also mostly

arable in the two case studies located in Eastern

Europe, Stăncuţa and Răteşti (RO). In Romania the

land has been state owned for almost half a century,

but since 1989 at the dissolution of the USSR and fall

of the communist government land ownership has

mostly been reverted to smallholders again. The

impact of these major changes still affects current

processes of landscape change. In the central Atlantic

case study, Heerde (NL), land use is mostly dairy

farming, land ownership lies in most cases with

smallholders (Hauser et al. 2016). The area experi-

ences urban pressure from nearby cities.

Data acquisition and processing

A spatially explicit temporal analysis was carried out

of landscape transitions in the case study areas, based

on a comparison of land use/land cover maps over a

longer period (at least 10 years). Time series for at

least two periods were used. The first period for

comparison lies between 1972 (establishment of the

European Economic Community) and 1992, since

European Union (EU) legislation may be considered

one of the key policy drivers of landscape processes in

Europe in recent decades emphasising production and

Fig. 2 Location of the six

case studies in five countries
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productivity increase (Bürgi et al. 2004; Hersperger

and Bürgi 2009; Van Vliet et al. 2015), a key theme in

the analysis of this paper. The latter was chosen

because from 1992 onwards the MacSharry reform of

the EU Common Agricultural Policy (CAP) intro-

duced accompanying measures, as the first step

towards de-coupling of farmers’ agricultural support

from production (Primdahl 2014). However, a prag-

matic definition of the period had to be used based on

availability of digital data for each case study area.

Land use and land cover data originated from a

variety of sources, in raster and vector format. For

Lesvos (GR) and Portofino (IT) land cover maps were

prepared based on aerial photographs, for Stăncuţa

and Răteşti (RO), Roskilde (DK) and Heerde (NL)

maps were prepared based on satellite imagery. Maps

were at different spatial scales but mostly at 1 ha. The

number of land cover classes differed per country,

from 7 in Roskilde (DK) to 13 in Heerde (NL),

depending on the landscape diversity, quality of the

baseline data, environmental conditions etcetera. Land

cover classes were not the same for all areas, since in

some cases existing maps were used, but also due to

geographical differences. However, all land cover

classes were converted to the same categories (see

supplementary data). The data quality was checked in

most areas through field work, collecting additional

field data on landscape elements, e.g. for Răteşti and

Stăncuţa (RO) (Snoeijer 2014), Portofino (IT) (Pedroli

et al. 2013; Van der Sluis et al. 2014a), Heerde (Hauser

et al. 2016) and Roskilde (DK) (Vesterager, unpub-

lished). The land use and farming systems in each area

are presented in greater detail in Kristensen et al.

(2013, 2016). For calculations of landscape transitions

the maps were converted to raster data, grid size

10 9 10 m.

Landscape analysis

The landscape transitions were studied for the case

study areas. Any long term structural change in land

use or land cover into a different type (LULC change)

is defined as a landscape transition. A spatially explicit

temporal analysis was carried out of the landscape

change detectable on land cover maps. By distracting

the land cover grids for selected time steps for each

study area a land-change matrix was calculated. This

resulted in matrices with the gross LULC change,

which allows to see e.g. what land cover type changed

into forest (afforestation), but also what was converted

from forest into another land cover type. Benini et al.

(2010) labelled LULC change as transitions for a study

area in the Italian Alps, which was adapted for the

observed changes in the case study areas. The possible

transitions are shown in Table 2: they range from

abandonment and urbanisation to agricultural intensi-

fication or extensification. The transitions which took

place within the case study areas over the past decades

were recorded. Where the landscape had not changed

in the assessed period, it was classified as ‘persistent’.

Changes from farmland into forest were classified

as ‘Afforestation’, but if farmland converted e.g. into

shrubland or macchia, it was classified as ‘Abandon-

ment’. Where natural areas changed into farmland, it

was marked as ‘Agricultural reclamation’, however, if

farmland converted from a less intensive crop towards

an intensive crop (e.g. grassland into annual crops) it

was marked as ‘Conversion-intensive’. Examples of

Table 1 Characteristics of case study areas. Environmental

zone is based on (Metzger et al. 2005) and rural typology,

predominantly rural = rural population[ 50%,

intermediate = rural population 20–50%, predominantly

urban = rural population\ 20% (EuroGeographics Associa-

tion 2010)

Case study Lesvos, GR Roskilde,

DK

Heerde, NL Portofino, IT Stăncuţa,

RO

Răteşti, RO

Size area (ha) 10,800 21,200 8000 1800 25,670 7900

Environmental

zone

Mediterranean

South

Continental Atlantic central Mediterranean

Mountains

Pannonian Pannonian

Socio-economic

zone

Predominantly

rural

Intermediate Predominantly

rural

Predominantly

rural

Intermediate Predominantly

rural

Dominant land use Olive yards Cropland Grassland Forest Cropland Cropland

Dominant land use is based on land use statistics
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conversion-intensive can be: conversions of arable

land to permanently irrigated areas; permanent crops

(vineyards, orchards, olive groves) to irrigated and

non-irrigated arable land; and conversions of pasture

to arable land and permanent crops (EEA 2017).

Where it was unlikely that a conversion had taken

place, e.g. from urban area towards cropland, or forest

towards sea, it was labelled as ‘Exceptionality’. In

Răteşti (RO) the change of farmland into river might

be due to the flooding regime of the Danube.

The purpose of a landscape assessment should

ideally guide the approach and possibly the choice of

indicators (Wascher 2004). Several authors suggest

that the best indicators to describe and quantify

landscape transitions are land use and land cover

(Plieninger 2006; Benini et al. 2010), and landscape

structure (Van der Sluis et al. 2004; Levin and Jepsen

2010). The landscape structure refers to size, shape,

arrangement and distribution of individual landscape

elements (Walz 2011). These characteristics are likely

to be affected by a range of parameters, e.g. agricul-

tural policies, land ownership or farming technology.

Landscape elements and landscape structure affect the

life support functions of the landscape, in particular

biodiversity, landscape connectivity and the potential

to sustain wildlife populations (Van der Sluis et al.

2004). Given the limited availability of data, we used

the LULC analysis to deduct the impact on landscape

structure.

The LULC change was calculated relative to the

total size of the case study area in ArcGis 10.2 (ESRI

2011), and Google Maps and field investigations were

used to verify observed changes.

Land conversion matrices were prepared, and

analysed on the type of transition occurring. This

comparison allows us to draw conclusions regarding

the similarities and differences in change processes

and their impacts in different regions in Europe.

Assessment of landscape services

Landscape services can be assessed with different

approaches and methods, as demonstrated by an

increasing body of literature. Gulickx et al. (2013)

used combined sources to map services: map data,

point observations, and additional information from

databases. Van Berkel and Verburg (2014) engaged in

participatory mapping, and participants were asked to

value the landscape for recreation, aesthetic beauty,

cultural heritage, inspiration and spirituality. Crouzat

et al. (2015) combined field surveys and inventories

with map analysis. A detailed assessment of various

landscape services was done by Bastian et al. (2014),

testing the concept in five case studies in Germany. All

these studies were used as inspiration for the approach

followed in this paper: map analysis, field inventories,

and relating LULC change to services.

A semi-quantitative approach has been followed to

assess the change in landscape services based on the

analysis of LULC change. Selected landscape services

for this assessment are: food, feed, timber, habitat and

residential service (Table 3). A selection was made of

services that are easily identified based on a one-on-

one relationship with land cover or land use. The

diversity of maps for the case studies, the differences

in classification of land use or cover, some differences

in scale, and the general absence of features of

landscape structure limited the number of services that

could be mapped. Therefore additional landscape

surveys were done for Heerde (NL) and Stăncuţa and

Răteşti (RO) (Snoeijer 2014; Hauser et al. 2016) and

an updated map was prepared for Portofino (IT).

Table 2 Possible

landscape transitions in the

case study areas (adapted

from Benini et al. 2010)

Code Landscape transition Description

P Persistence Areas with no change in land use

A Abandonment Abandoned urban or farming areas

U Urbanisation Change into urban area

D Deforestation Forest converted into other land use

Af Afforestation Forest encroachment and plantation

Ra Agricultural reclamation Conversion non-farmland into agricultural use

Ci Conversion—intensive Agricultural area with conversion into more intensive use

Ce Conversion—extensive Agricultural area with conversion into more extensive use

E Exceptionality Unusual conversion
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Although the selected services might be challenged to

be subjective, this selection is relevant in the wider

European context and commonly used in other studies.

Also, the provision of these services have been

demonstrated to change in time as a result of landscape

transitions (Vallés-Planells et al. 2014; Bürgi et al.

2015).

The provisioning service of food and feed produc-

tion was defined based on the increase or decrease in

cropland and grazing land area (farmed land in relation

to land abandonment), as well as the change in

productivity, which can be assessed based on inten-

sification or extensification. Changes in timber pro-

vision are estimated based on forest cover change. The

habitat provision is assessed based on an interpreta-

tion of change in natural areas and abandoned land,

which over time transforms into forest again. The

residential service is derived from the ‘built-up’ area

in the case studies, which to a very limited extent

might include some other functions. For each study

area we calculated the LULC % change, and what

landscape transition takes place (Table 2, and supple-

mentary data).The landscape transition was then

linked to the change in service, so if 60 ha agricultural

land is converted into urban area, this would mean a

decrease in food and feed services but an increase in

residential services. The rate of change in service

provision was rated on the basis of the % change as

increase. strong increase, decrease, strong decrease or

negligible (Table 5).

Results

The observed landscape transitions are presented in

this section, followed by the estimated impact on the

provided landscape services, then the multiscale

drivers which cause these changes with emphasis on

changing policies and regulations regarding land use

and environmental quality. The transition matrices for

the case study areas are presented as supplementary

data available on the journal website.

Landscape transitions in the case study areas

The observed average annual change is 0.55% per

annum (p.a.), with lowest change on Lesvos (GR) and

in Roskilde (DK), and the highest for Heerde (NL) and

Portofino (IT). The change over time averaged for all

areas is 10% for the entire studied period (Table 4).

The high degree of change in Portofino, where 25% of

the landscape changed from 1974 to 2000 (or 0.96%

p.a.), is mostly the result of land abandonment and the

occurrence of the frequent wild fires in the area. In

Roskilde (DK) a relatively small long-term change of

0.21% p.a. was found, since in particular farmland was

very stable, and mostly other landscape use categories

changed over time (Kristensen et al. 2009). The

average annual change was lowest in Lesvos (GR)

with 0.11% p.a. The total annual change is on average

10.65%, with a particular high rate of change in

Portofino (24.9% change) and Stăncuţa (15.7%), but

except for Lesvos (2.4%) in all areas also considerable

change: 4.6% (Roskilde) or more (Heerde 7.8%,

Rătesţi 8.3%).

The urbanisation is the most dominant transition

in the form of urban sprawl, houses or sometimes

warehouses are constructed in the countryside or

expansion is more concentrated near towns and

villages. The increase of urban area (which includes

generally land take by infrastructure) does not exceed

2.8% (in Răteşti, RO). In Roskilde (DK), the most

urbanized area among the study areas, urbanisation

increased by 1.8% and in Heerde (NL) by 0.8%. On

Lesvos migration has occurred from rural villages into

the city of Mytilini and suburban locations, as well as

into satellite villages with accompanying roads, sports

and recreation facilities, expansion of ports, marinas,

etc. Conversion - intensification seems dominant in

Heerde (NL) due to conversion of grassland and maize

Table 3 Identified

landscape services and

service category

Landscape service Service category Specific land use

Food Provisioning services Arable, grassland

Feed Provisioning services Grassland

Timber Provisioning services Forested/natural area

Habitat Supporting services Natural/abandoned

Residential Cultural services Built-up area
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into other crops and orchards, while in Răteşti (RO) it

reflects a shift of grassland into cropland (7.5%). A

reverse shift towards agricultural extensification

occurs mostly in the same areas, albeit at a lower

level (2.2% and 1.6% respectively). Agricultural

reclamation (conversion from e.g. forest into farm-

land) is very limited, it involves only 1.3% in

Portofino, and lower rates were found for other areas.

At the same time land was abandoned in Portofino so

the net change is negligible. Land abandonment as a

category of change was observedmostly in the areas of

marginal farming like Portofino (IT) (5.4%), but was

also observed in some other study areas like Răteşti

(RO) (0.4%). The forested areas increase as afforesta-

tion exceeds the deforestation, in all areas except for

Portofino (IT). The afforestation is 2% on average, and

deforestation is negligible in most areas. In Portofino,

however, deforestation affects 271 ha (14.8%),

mostly caused by a change from macchia into

grassland (206 ha). Exceptionality, finally, explains

the unexpected or unlikely changes. The exception-

ality for Stăncuţa (RO) stands out, however, most

(560 ha) is due to cropland which was later classified

as ‘river’. This can be explained by the flooding of the

Danube in 2003 and timing of the aerial photography,

which resulted in an ‘increase’ of 550 ha of river.

Changing landscape services provision

The landscape transitions have an impact on the

landscape services in the case study areas, e.g. when in

Răteşti the decrease in livestock feed (grassland)

results in an increase in food production. Figure 3 and

Table 5 present how landscape services might have

changed, based on the observed landscape transitions

(Table 2). The expansion of built up areas and second

homes on Lesvos contributes to the increased resi-

dential services. Tourism increased as a result of

newly built second houses as well as tourist apart-

ments (Kizos et al. 2009).

Striking for Roskilde (DK) is the increased

residential service, driven by processes of urbanisation

of the peri-urban countryside. In 2001 the total length

of planted hedgerows was 331 km for more than 2200

elements, planted to improve public goods (e.g.

biodiversity, climate change mitigation) or fulfil

personal and family ambitions and values (Van der

Sluis et al. 2014b; Kristensen et al. 2016), and

hedgerows thus further increased habitat provision.

The timber potential and habitat provision increased as

a result of public afforestation, nature restoration or

measures to improve water quality. There is limited

change of service provision in Heerde (NL), which

may be due to the relatively short period for compar-

ison, 1995–2004. The food production capacity

increased, due to intensification of land use, mostly a

shift from grass and maize towards more intensive

crops. Dominant changes in service provision in

Portofino (IT) due to the landscape transitions from

1974 to 2000 are: a strong decrease in timber potential,

an increase in residential function and in habitat

provision (Table 5). The decrease in potential timber

provision is likely to be related to the frequent wild

fires occurring, resulting in the forest vegetation being

set back to sparse vegetation and macchia. Portofino is

attractive for second house owners, and increased

residential function and tourism in the buffer zone of

the Nature Park were observed. The poor profitability

of agricultural production leads to negligence and land

abandonment of farms and terraces: olive groves have

disappeared and chestnut plantations declined, result-

ing in development of macchia and forest. Abandon-

ment followed by succession may have positive effect

on habitat provision (Pedroli et al. 2013).

Changes in landscape services have been very

limited in Stăncuţa, and slightly higher in Răteşti

(RO). In both Stăncuţa and Răteşti there was a slight

Table 4 LULC change in

case study areas in recent

decades

Case study area Period Years Change (% of area) Annual change (% of area)

Lesvos (GR) 1981–2004 23 2.6 0.11

Roskilde (DK) 1990–2011 21 4.6 0.21

Heerde (NL) 1996–2004 8 7.8 0.98

Portofino (IT) 1974–2000 26 24.9 0.96

Stăncuţa (RO) 1980–2003 23 15.7 0.68

Răteşti (RO) 1980–2003 23 8.3 0.36
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increase in residential services, and a decrease in feed

production. Grassland was converted into cropland,

forest and some built up-up area. The food production

capacity though showed a large increase in Răteşti, as

almost 600 ha of grassland was converted into crop-

land. Also the potential timber production service

increased. The overall observed landscape transitions

indicate a dominant trend of intensification. The

afforestation outweighs the deforestation, afforesta-

tion schemes have been supported by EU since 1989

and are now part of the Rural Development

Programme.

All study areas show an urbanisation trend, with

land take ranging from 0.8 to 2.8% (Fig. 3, and

supplementary data). This results in an expansion of

houses, so increased residential services. The extent of

this urban transition depends particularly on spatial

planning, which is guided mostly by national or

regional policies. In particular in Răteşti (2.8%

increase) and Lesvos (2.0%) the urban expansion is

concentrated or clustered around existing built-up

areas and this seems not so much an intentional effect,

but rather the consequence of lack of or ineffective

policy (Vesterager et al. 2016). In Roskilde (1.8%) the

built-up areas are partly scattered in the countryside.

Fig. 3 Landscape transitions in the case study areas (annual % change)

Table 5 Change in landscape service provision in study areas: ? increase (1 B 4%), ?? strong increase (C 4%), - decrease

(-1 B -4%), -- strong decrease (\-4%), negligible (-1\ 1% change)

Service provision Case study

Lesvos, GR Roskilde, DK Heerde, NL Portofino, IT Răteşti, RO Stăncuţa, RO

Food (area potential) � � � � � �
Food (productive capacity) � � ?? � ?? �
Feed � Æ � � - �
Timber potential � ? � -- ? �
Habitat � ? � ?? Æ �
Residential ? ? � ? ? ?
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Discussion

Trends in landscape transition

The large-scale trends affecting local landscape tran-

sitions lead to a diversity of outcomes and impacts on

landscape services. This diversity was explored by

studying cases in various regions of Europe. The

results show three important processes (Fig. 3). (1):

urbanisation occurs in almost all case studies, with an

increase of built-up area exceeding 0.03%/year, the

highest rates occur in Răteşti (0.12%/year) and Lesvos

(0.09%/year). (2): Land conversion is apparent in the

Netherlands and Romania, with intensification taking

place in Heerde (0.19%/year), and Romania: Stăncuţa

(0.09%/year) and Răteşti (0.33%/year), and extensi-

fication—to a lesser extent—in the same cases,

indicating high volatility in land use. (3): Afforestation

is observed over considerable areas (up to 0.07%/year

in Roskilde, 0.09%/year in Portofino and 0.10% in

Răteşti) and exceeds deforestation in all areas, except

for Portofino (IT) where wildfires have resulted in a

net decrease in forest area. A further important trend of

landscape transition is land abandonment as observed

to a limited extent in Roskilde (DK) and Răteşti (RO),

and as an important transition especially in Portofino

(IT).

Comparable trends have been observed for Europe

as a whole by Fuchs et al. (2013) and Fuchs et al.

(2015), assessing land cover change on the basis of

detailed map and remote sensing data. They observe

that urbanisation (all settlement gains), re-/afforesta-

tion (forest gains on basis of cropland and grassland

areas), and cropland/grassland dynamics are the major

land change processes in Europe in the past century

(Fuchs et al. 2015).

A study of hotspots of land use change across

Europe at detailed level revealed that most widespread

land use change between 1990 and 2006 was cropland

decline, followed by forest area expansion and pasture

increase (Kuemmerle et al. 2016). Although Stürck

and Verburg (2016) warn that the selection of scale

and used indicators very much influence the findings

of land use transition studies, this trend is confirmed at

the smaller spatial scale in this study, where we found

that in most cases also the food production potential

decreased and timber production increased. Kuem-

merle et al. (2016) found that overall changes were

moderate, ranging from- 13.4% for permanent crops

to ? 6.5% for meadows and pastures, and ? 21% for

urban areas between 1990 and 2006, which is similar

to our findings (Table 4).

Timeframe of landscape transitions

While the observed rates of LULC change per year

may not seem very large, the proportion of the

landscape affected by LULC change may cumulate

to considerable areas. For example, the LULC tran-

sitions to urbanized area on Lesvos (GR) imply an

expansion of built-up area from 424 ha to 648 ha

within 23 years, which is an increase of 53% (see also

supplementary data). Also the timeframe investigated

influences the findings. In the present paper the use of

a timeframe of almost 25 years may conceal that large

changes and in fact opposite changes have occurred in

the preceding period. Reconstructing the change

during the entire 20th century based on global data

sets, Fuchs et al. (2015) found that the overall gross

change was as much as 56%. In this context especially

the Mediterranean region can be considered a hotspot

for landscape transitions in the past century (Fuchs

et al. 2013). Bürgi et al. (2017) came to a change rate

of 35.61 ha/year in Lesvos, this would result in 819 ha

change, which is much higher than the 282 ha change

we found. The case study was however in a more arid

part of Lesvos, with less olive growing and more

grazing.

Shifts in the orientation of land use

towards production, consumption or protection

Positioning the observed landscape transitions in

Holmes’ conceptual framework for the use of the

rural space, the main trends observed in each case area

can better be interpreted in their landscape conse-

quences. A general trend is observed from production

towards consumption for Lesvos (GR) and Roskilde

(DK), a slight shift from multifunctional towards

protection for Stăncuţa and more prominently for

Portofino, and a shift towards intensification and

increased production for Heerde (NL) and Răteşti

(Fig. 4).

This shift towards intensification in Răteşti concurs

with the existence of large-scale but not very intensive

farming in Romania before the political changes of

1989. The ample available land at relatively low cost

allowed farmers to intensify and reduce the yield gap
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compared to other EU member states. In Heerde,

farmland of ceased farms is taken over by neighbour-

ing (large) farms. The strong market pressure in

Heerde results in frequently changing crops or chang-

ing landscape elements, which was also found by

Hauser et al. (2016).

The land use orientation towards protection has

increased in Portofino, but since farm houses are

sometimes taken over by non-farmers, the landscape

transition has also a certain consumption aspect. Some

multifunctional farming continues here but production

is very limited (Van der Sluis et al. 2014a).

The trend of land use orientation towards con-

sumption has a rather different expression on Lesvos

(GR) than in Roskilde (DK). In Roskilde the increase

in residential functions is driven by processes of

urbanisation. The impact has not led to very significant

changes north of Roskilde, as it has mostly occurred as

‘‘hidden’’ urbanisation, where former farms have been

converted to residential or other economic uses than

agriculture (Busck et al. 2006; Præstholm et al. 2006).

A strict zoning policy has prevented large-scale urban

sprawl (Busck et al. 2008), but east of Roskilde still

considerable urban development took place. An

important consequence of land take by urbanisation

is the fragmentation of the landscape which results in a

decrease of the habitat service. A decrease in land-

scape services provision is one of the negative aspects

of urban land take, as highlighted in EEA (2015). Also

an increase in timber is noted. Afforestation con-

tributes to timber or firewood production, but forest

can also be planted for amenity reasons—in Roskilde,

like in other areas, the afforestation areas were realised

in or near urban areas for recreational purposes and for

Fig. 4 Observed changes in use of rural space, following Holmes, and changes in ES

123

318 Landscape Ecol (2019) 34:307–323



drinking water protection (see arrows along the edges

of the triangle in Fig. 4). We hypothesize that cultural

services are most likely associated with multifunc-

tional land use, and thus cultural services generally

decline with a shift towards production, protection or

consumption. Only dedicated management of con-

sumption or protection landscapes may safeguard

sustainable provision of cultural services (such as

heritage tourism and ecotourism respectively); the

absence of production functions, however, may make

the sustainable management difficult.

On Lesvos farming has not been very prof-

itable since olive subsidies were reduced or abolished

in the 1990s, but at the same time living standards

increased and funds became available to develop

(second) houses in the countryside, and an increasing

orientation towards consumption is here the most

important transition in the studied period.

Multifunctional land use (combining production,

consumption and protection) can be a means to meet

the many demands that are at stake in our landscapes,

but this also calls for political prioritisation and a more

rational use of land resources. In most cases studied

here, a trend away from production towards consump-

tion or protection is dominant, however, in Heerde

(NL) and Răteşti (RO) intensification is prevalent,

well beyond multifunctionality, while in typical

cultural landscapes like Portofino or Lesvos land

abandonment also leads away frommultifunctionality.

The 25% overall LULC change in Portofino from

1974 till 2000 resulted from natural hazards such as

wildfire, as well as (successful) environmental policies

and legislation which led to landscape protection and

guided tourism development (Pedroli et al. 2013).

Tourism increased, while agricultural production

declined. Similar change processes (though at a much

smaller scale) take place on Lesvos (GR), but without

considerable change in landscape, since the terraced

landscape can be seemingly quite ‘inert’: initially the

decay is not very conspicuous (Vos and Stortelder

1992; Van der Sluis et al. 2014a). Terres et al. (2015)

identify Italy and Greece as countries at risk for land

abandonment. Abandonment is a consequence of the

high labour demand for maintenance of the traditional

slope terraces in the Mediterranean (Van der Sluis

et al. 2014a, b). For part of the terraces in Portofino and

Lesvos the decline is still invisible, but it will

eventually lead to erosion, collapse of dry-stone

terrace walls and further decline of landscape services

such as those based on the scenic quality, i.e.

inspiration and tourism.

The role of policy in landscape transitions

As Bürgi et al. (2015) wrote, ‘‘The recognized ES and

the driving forces are interlinked, as only recognized

ES can trigger innovations, can lead to debates on

wanted adaption of legal frameworks or put pressure

on policy making.’’ The role of policy, as they point

out, is therefore crucial in managing landscape

services. Policymakers respond to the landscape

transitions and may attempt to guide landscape

changes in a certain direction through directives and

policies. At the same time, the link between policy and

landscape change (and thus landscape transitions) is

indirect, and hard to prove (see e.g. Pinto-Correia et al.

2018 p. 198 and further).

Implementing the services concept into planning

requires a good assessment of the context, objectives

and capacities (Albert et al. 2014a). From the Roskilde

(DK) and Heerde (NL) case studies it is known that

zoning has a big influence on the location of residential

areas, and spatial planning decreases the land use

change options (Van den Brink et al. 2006; Primdahl

et al. 2009). Most of the changes observed in Roskilde

(DK) were conversion of cropland into forest or

settlements. The combined drivers affect in particular

the choice of crops, intensity and scale of farming and

agricultural production system, but also to some extent

demography, e.g. migration within the European

Union (Swaffield and Primdahl 2010; Primdahl et al.

2013). This subsequently affects labour availability,

particularly pronounced in Romania or on Lesvos

(GR), where outmigration resulted in shortages in

farm labour (Van Vliet et al. 2015), in particular for

skilled, laborious work such as terrace maintenance

(Van der Sluis et al. 2014a; Kristensen et al. 2016).

Summarising, it appears to be very difficult from

our case studies to deduce how far policies acted as a

direct driver of the change processes observed,

although they likely influenced the transitions

indirectly.

Conclusions

The goal of this paper is to assess what implications

landscape transitions have for the provision of
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landscape services, and whether these changes can be

related to specific drivers of change. Landscape

transitions are reported for six case studies which

represent a range of various European rural land-

scapes. We demonstrate that different types of

services, i.e. provisioning, cultural or supporting

services, are affected in different ways. For this

purpose Holmes’ conceptual framework for the use of

the rural space, appeared to be convenient to explain

the observed landscape transitions and resulting shifts

in landscape services (Holmes 2008). Although the

changes in landscape elements do affect the services—

in this assessment in particular the cultural services—

spatial data alone is insufficient to assess the impacts

of landscape transition on landscape structure and

pattern. The landscape pattern is probably most

diverse in the ‘multifunctional’ mode of land use in

the centre of Holmes’ triangle. Many policies however

drive towards either production, protection or con-

sumption, tending towards less diverse landscape

patterns, which can presumably be related to a

decrease in cultural services.

Some specific conclusions are:

• Conversion of farms for residential purposes

results in an increasing share of the population

that has no real attachment to the farming sector

(Verhoeve et al. 2012, 2015; Ruoso 2018). This is

confirmed in our case studies in Heerde (NL) and

Roskilde (DK).

• The LULC change (on average some 10% over

25 years) is surprisingly small considering the time

period if compared to other studies (e.g. Fuchs

et al. 2013, 2016), still, in some areas it is almost

1% per annum. This ‘limited‘change conceals that

some transitions may have a relatively large impact

on landscape services in the countryside.

• Most land abandonment is observed in case studies

in depopulating farming areas in Europe, particu-

larly in mountainous regions and southern Europe.

Portofino (IT) and Lesvos (GR) exemplify tradi-

tional land use systems (low intensity perennial

crops and livestock raising), which experience an

increase in natural habitat and tourism services,

and a decline in agricultural production. Tourism

may provide options to preserve traditional farm-

ing, and increase aesthetic values.

• The cultural services considered (residential func-

tion) are generally governed by the regional and

national spatial planning framework, and in the

current era of strong decentralisation tendencies all

over Europe, they are definitely less well secured

by national or regional policies. Habitat services

are mostly vested in the EU-Biodiversity Direc-

tives and national forest policies. These directives

and regional environmental zoning plans do limit

the possibilities for landscape transitions to a

certain extent, but the impact of these Directives

has not been very large for the studied period in the

cases described.

Concluding, although circumstantial evidence

points to substantial effects of EU and national

policies on landscape services, often unintentionally

but negatively influencing cultural identity and land-

scape character, more research is needed on the exact

cause-effect relationships between policies and per-

ceived landscape values.
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