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Summary

Ecosystem services play an essential role in human well-being. Landscapes in the

European Union (EU) are shaped and converted to increase particular services, such

as provisioning services (e.g. timber or crop production). In a complex system, in-

terferences such as land conversions, or even supposedly subtle changes in land

management, can have detrimental efects, be it the depletion of other services, or

the increase of demands for particular services, on site or elsewhere. Another factor

to consider is the efect of land use change on biodiversity. To better understand this

complex system, it is necessary to gain insights into the current state of a wide range

of ecosystem services that are relevant for human well-being. Therefore, ecosystem

services need to be deined, categorized, and quantiied. A key challenge in the

quantiication of ecosystem services is the complexity of the underlying processes

that deine ecosystem service supply. To account for this underlying complexity,

ecosystem service assessments often rely on process-based models. Particularly on

continental scales, comprehensive and harmonized data to process in these models

is often scarce. When past or projected states of ecosystem services are of inter-

est, modelled input data become indispensable. Therefore, a main requirement for

spatio-temporal ecosystem service assessments that operate on a continental level

is to integrate detailed ecosystem service models and available data.

To detect and react to potential threats, it is important to assess the state of a

wide range of ecosystem services and changes therein. This is particularly important

in a territory such as the EU, where a multitude of man-made land use changes have

taken place throughout the past centuries. Demands for ecosystem services, along

with other societal preferences, are constantly changing and afect the location, size,

functions and appearance of settlements and land use. Localizing and quantifying

demands for ecosystem services can contribute to better prioritize landscapes for

land use planning.

Sustainable, long-term land use planning can potentially contribute to restore

ecosystem services that were depleted in the past, or to enhance ecosystem services

at sites that are projected to become more important in the future. Multifunctional
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landscapes are of particular interest because they provide a wide range of services

and even hold out the prospect to reconcile biodiversity and economic goals. To

compare landscapes on the basis of the ecosystem services they provide, meaningful

multifunctionality indicators are required.

Land use data used throughout this thesis is largely based on work conducted in

the VOLANTE project funded by the 7th Framework Programme of the European

Commission. A main objective of the VOLANTE project was to explore scenarios

of future land use change to identify prospective key challenges in land use planning.

To this end, ine-scale land use changes, including management changes, between

the years 2000 to 2040 were modelled and mapped for the EU territory. The base

scenarios studied in this context explore four distinct storylines that combine global

and continental drivers of land use change, including demographic developments,

socio-economic shifts and environmental decision-making. The resulting land use

maps served as a basis of the analyses performed in this thesis. In addition, land

use reconstructions of the past century developed for the European scale were used

to investigate ecosystem service dynamics related to past land use conditions in the

EU.

One goal of this thesis was to contribute a new, process-based model for the

ecosystem service lood regulation that is applicable on a continental scale (Chap-

ter 2) and that can be adapted for time series analyses (Chapter 3). Because ecosys-

tem services, in many cases, rely on various factors beyond land cover, additional

aspects, such as land use management and landscape coniguration, were incorpo-

rated in the modelling approach.

An exploration of lood regulation demands (Chapter 3) showed that high de-

mand levels rarely correspond to accordingly high levels of supply. By demonstrat-

ing this, prioritization areas for land use planning could be highlighted to better

match demand and supply. By contrasting current, past, and projected states of

two regulating ecosystem services, it could be shown that mismatches between de-

mands and supply cannot be resolved without interventions to regulate both supply

and demand.

In Chapter 4, the focus lies on projected land use changes that are driven by

varied scenario storylines. It was possible to deine a range of land change trajecto-

ries that are deined by speciic land use and land management changes on site and

within the surroundings of a given landscape unit. By delineating these land change

trajectories, land use changes in the EU could be analyzed in great detail. By using

visualization techniques such as hotspot mapping, key areas for land use change

could be brought to the fore. It was possible to identify European regions that

are particularly prone to speciic land use changes. Another interesting inding was
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that some regions in the EU show diverse forms of land use change in response to

the various scenario storylines, while other regions show more uniform development

pathways in all scenarios.

In Chapter 5, several approaches to deine landscape multifunctionality are pre-

sented. They were used to map the current state of multifunctionality and projected

changes therein in the scenarios under consideration. Changes in ecosystem service

supply in areas afected by land change trajectories (Chapter 4) were of particular

interest. It was possible to show that landscapes that are afected by speciic land

change trajectories experience marked changes in their ecosystem service compo-

sition. These changes, however, were sometimes poorly relected by the employed

multifunctionality indicators, in particular when depleted services were compensated

for by other services under the new land use regime.

While process-based meta-models as presented in Chapter 2 are an improvement

to widely used land use based ecosystem service supply models, many challenges

remain when modelling ecosystem services. Landscapes, and the ecosystem services

they provide, do not exist isolated from each other – they interact. While many of

the processes are well understood, integrated modelling of ecosystem services is still

one of the key challenges in ecosystem service research.

This thesis quantiied efects of potential land use change on ecosystem services

in the EU. Given the potentially great role of a landscape’s land use history for its

ecosystem services, future research should further investigate how alternative land

change trajectories lead to diferent results in ecosystem service models. Feedbacks

between land use change and ecosystem service supply have to be better understood

and incorporated in the models to gain greater insights from explorative scenario

analyses and to further advance our knowledge base to inform land use management

and societal choices towards ecosystem service supply and demand.
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