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1 ABSTRACT

The integration of new structural elements into @wironment contributes to ongoing changes indaape

and urban systems coming along with a loss of aht@sources and many heritage values, and dramatic
consequences for human livelihoods and biodiverBiyticularly pressing challenges of climate cleaagd
depletion of oil increase the pressure on the dgveént of renewable energy systems (RES). A good
understanding of the implications of a rapid exp@mef such infrastructures on the environmentdeded.
Effective goals and management plans for futurered and landscape development with RES, sectineg
provision of vital ecosystem goods and serviceshangever missing. As very diverse and interconrtecte
issues including the value of landscape and ecesyfinctions are impacted, a cross-sectoral exdimima
has to take place. We present a concept to takeantount this landscape multi-functionality toedgtine
regional potentials for a diverse mix of renewableergy schemes as basis for a pro-active regional
development.

2 INTRODUCTION

2.1 Renewable energy exploitation — a new challenge ftandscape development

Worldwide actions are taken by industrialized coestfor reducing greenhouse gas (GHG) emissioas to
average of 5 % against 1990 levels over the fivaa-period 2008-2012 according to the targets okiyato
Protocol (UNFCCC 2009). The Alpine countries coativer their energy needs by the use of renewable
energy with wind power schemes, photovoltaic systemydropower plants, as well as wood and biomass
energy production plants, and even exceed the Kgo#ds (Hahn and Rauzi 2008). According to the tRoa
Map Renewable Energies Switzerland’ - a study shatches the possible development of renewablegner
power capacity assuming that the technically amhemically usable resources are utilized - the wertde
energy supply could be doubled till 2050 in Switzed (Berg and Real 2006). However, the authoratpoi
out that the limitation is the implementation arftud the societal accepted potential that has to be
determined. Whilst the general technical-econonpoééntial for installing renewable energy syst¢RES)

in Switzerland is reasonably known (Berg and R&&I62, the environmentally sound and societal aetkpt
potential has not yet been identified leading tmtgsts and constraints when it comes to actual
implementation of the required infrastructure.

The pressure to use more renewable energies tgateitclimate change brings new challenges for ks
planning. A massive expansion of these new infuastres will modify landscape functions and thedgo
and services they provide to people. On one sideset landscape changes can be supportive of the
production of ecosystem goods and services andveimity. The management of agricultural areas for
biomass production, for example, can lead to arease in biodiversity and a more diverse rural eoon
These land-use changes can however on the otleealsiol cause negative impacts on habitats and ylarti
native species (Thornley 2006). Solar energy teldymes can affect the visual landscape aesthesoyiBos
2005). The use of water power changes the watentigpavith impacts on aquatic and terrestrial esteyns
and can also cause visual intrusion (Tsoutsos 2080if)Jd power plants have high impact on the vievaof
landscape (Wolsink 2007), triggering the fear didents with regard to effects of noise, leadindatbing
house prices (Szarka 2006).

A formulation of effective goals for future landpeadevelopment with the use of renewable energies i
required in order to ensure sustainable managemir@ multi-functional landscape that supports the
wellbeing of people (Kienast et al. 2009; Rodew20®8). However, a general difficulty in definingete
guidelines comes along with the heterogeneity nfisgapes with different forms of land use and djeat
requirements on the landscape services. Therd sneocultural landscape but there are traditioheisure-,

ProceedingREAL CORP 2009 Tagungsband ISBN:  978-39502139-6-6 (CD-ROM); ISBN: 978-39502188  (Print) E
22-25 April 2009, Sitges. http://www.corp.at Editors: Manfred SCHRENK, Vasily V. POPOVICH, DIBNGELKE, Pietro ELISEI



Advanced analysis of spatial multi-functionalitydetermine regional potentials for renewable emsrgi

transport-, industrial-, and city-landscapes to @amly a few. Thus, sustainable landscape developme
needs strategies and concepts that are regioritilyethtiated and in agreement with the landscdyzeacter
(Camenzind 2008). Due to the absence of concepdsnagthods to evaluate the impacts of the new
infrastructures on landscape functions and the g@aod services they provide, it is not known yew liloe

new energy systems can be integrated into the dapésin order to sustain the identification of fe®ple

with their cultural landscape, to preserve the gstesn processes, and at the same time to address
economical requirements related to energy prodag¢Beters and Graumann 2006).

Multiple analyses of the general spatial potenfil the individual RES have been carried out. Oaly
combination of various RES will however be sucadssf order to achieve a robust energy supply (Barg
Real 2006).

Furthermore, a tendency to top-down, technocradsiorpng approaches in the implementation of renésvab
energy technology can be noticed. This has beeeprrdgted as one major obstacle to successful
implementation, causing very slow development akveable production capacity in many countries. Bath
open, democratic decision-making is necessary,ték&s into account multiple views and thus allders
learning and creating perceived fairness (Higgslet2008, Szarka 2006, Wolsink 2007). Developing
normative scenarios (reflecting preferences ofedtalders) based on potential ecological, econosaicial,

or cultural effects that suggest new landscapespettas hypotheses for their functional potentigihbe
useful. Thus, societal values with regard to théirenment are translated into testable models afinbe
future landscapes that can be valuable instrunfentsiforming decision-making processes on landscap
development (Nassauer and Corry 2004).

2.2 Landscape multi-functionality and ecosystem service

Ecosystem services (ES) are defined as “the benafibple obtain from ecosystems” such as goods, e.g
food, water, or timber, as well as services, €lgnate regulation, pollination, nutrient cyclingy, recreation
options and aesthetic benefits (MEA 2005). Usingnthin an unsustainable way (e.g., clear-cutting of
forests) destroys these ES (e.g. water retentiotiiesexpense of human welfare (e.g. human livesarisk

of heavy flooding events). The undervaluation ohdfés from ES leads to external costs that mostly
overweigh the gains of market benefits from ecasystonversion. Accelerated changes in land use and
accompanied degradation and depletion of ES supplite the costs perceivable leading to increased
awareness; however, potentially too late to restbeerespective ES to its required condition. Tfueee
there is increased demand to integrate ES intalaéysis in ecological and economical terms assés lar
better informed, pro-active decisions on trade-tié¢sween different land use options that sustaimaru
well-being (Costanza et al. 1997; Daily 2000; dedbr2006; Farber et al. 2002; Grét-Regamey etQfl8P
Many landscapes provide multiple functions basethese ES and allow for different combinationsaofd
uses. For identifying possible threats on serviigespecific land use changes and capable tradésefigeen
various land use options (e.g., nature protectagriculture, settlement development) and ES gdhss,
benefits provided by ES should be weighted. Thigkteg of criteria is hard to define (Chan et2006; de
Groot 2006; Farber et al. 2002; Kienast et al. 2009

First, the flow of services is poorly characterizedlocal or regional scales so that there is k ¢tdaata on
many values of ES (Chan et al. 2006). Meyer et2808: 187) argue that “an ES approach does noireeq
economic valuation of all services supplied by ensgstem, rather it is critical that the wide ranfi@alues
is at least identified. Quantification can certgibé helpful but we argue is not a prerequisiteuing an ES
approach”. The integration of both quantitative auodlitative factors into multi-criteria decisionalysis is
required (Higgs et al. 2008).

Second, the needs of stakeholders influence thee\@fl ecosystem services (Chen et al. 2009). Chah e
(2006) call for an analysis that is based on denaamtsupply. Resulting spatial mismatches betwapplg
and demand help priorising ES goals suitable fignalg spatial explicit development goals. Thirthce
ecosystem processes are highly inter-linked thatifilzation of thresholds and the trade-offs of &®uld

be based on an analysis that is made under corapé¢am conditions (Boumans et al., 2002; de Gr6662
Ghazoul 2007). Integrating qualitative participgtdechniques with GIS-based models is useful for
incorporating the complexities of the spatial disiens involved (local, regional, national, globahd the
views of stakeholders.
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Fourth, it is known that stakeholders’ prefererfoe€S can change over time. A reasonable oveteliber

of criteria to be assessed by stakeholders hasg figbred out that should be included into the sasent
(Park et al. 2004), and the impact of temporal geaand changing framework conditions can be astesse
using spatial scenarios which help to think inralé¢ives (Chan et al. 2006; Farber et al. 2002;zGhia
2007).

2.3 Participatory landscape planning

Landscapes functions are valued differently by ouwsi stakeholders, e.g. planners, foresters, farmers
tourists, and those seeking for recreation, leatbngpnflicting interests and contrary opinionslandscape
values. Especially in the decision-making process tbe implementation of renewable energy,
misunderstandings of attitudes are the rule andemgkanning a complicated matter (Wolsink 2007).
Therefore, peoples’ knowledge, experience and wisfwuld be included in the planning of actionssth
raising the acceptability of measures, and stremmgthe collective responsibility for landscape depment
(Coaffee and Healey 2003; Luz 2000; v. Haaren 2002)

Comprehensive participative landscape developntenild be based on a broad, common understanding of
aesthetical, emotional, ecological, and econonmcallities of the landscape. For this purpose, dilaes,
perceptions, and preferences of stakeholders wiirrial, external, or intermediate views, e.g. efvn
residents, should be considered (Backhaus et 8I7;20uz 2000; Rodewald 2008; Selman 2004; Szarka
2006; Wolsink 2007). Expert knowledge should nonhbglected because otherwise aspects subordirmated t
local interests might be excluded (Rodewald 20@8). Groot (2006) states that a more effective and
structured communication of the outcomes of a nuwiiteria analysis to stakeholders is crucial for
collaborative planning.

In the context of participative landscape developnpanning, GIS-based virtual landscapes havequ o

be the media that support a common concept develop(hlehl-Lange and Lange 2005; Oppermann 2008;
Wissen 2009). Declining costs for hard- and sofewanhanced availability of GIS data, increasin@am

of people with technical expertise in 3D visualiaaj and increasing knowledge on the role of the 3D
visualization instruments in planning processesentak use of GIS-based 3D landscape visualizatrans
and more attractive (Lange and Hehl-Lange 2006).

For long time, research was dealing with the qoastif the necessary level of detail in the images their
resulting degree of creating the impression ofisgal Recently, a shift can be noticed to reseatssiipns
focusing on the adequate representation of therrdton in 3D visualizations corresponding to theget
audience, the task supported by 3D visualizati@ng. (scenic beauty assessment; acceptability jucigme
assessment of biodiversity etc.), and the planphgse they are used in. 3D visualizations as phgntoiols
with specific qualities, design styles, and cleatsfined potential fields of application are befogus of
investigations (Paar 2006; Williams et al. 2007;s¥¢in 2009). Particularly the need to integrateiapat
indicators into the visualization has been ackndgéel by several research groups (Brooks and Whalley
2008; Hehl-Lange 2001; Higgs et al. 2008; Sand. &0®8; Wissen et al. 2008).

2.4 Requirements for advanced analysis of spatial potdials for RES

Available planning instruments on national, cantara regional level are not effective enough teuse
concurrently an efficient and sustainable integratf RES into the landscape. Suitable locationg ha be
detected and communicated for implementation oftipal goals, e.g., the optimal integration of sola
energy systems into the designated building andcagiral zones (RPG, Art. 18c). Evaluation and
balancing costs and benefits of renewable energguation and of the provision of ecosystem and
landscape services needs a sound basis showilgniffecape’s resources and potentials. In this clagr
priorities for spatially differentiated landscapevdlopment paths can be identified. Thereby, thireen
energy policy has to be considered in order to ldgveather comprehensive solutions than sectoral
proposals for single RES (BFE 2007). Overall, thera lack of studies that show how a mix of RES loa
integrated into the landscape based on balanciegvéitues of ES and further relevant socio-economic
indicators thus demonstrating the limits within elha sustainable use of renewable energy is pessibl

Participatory approaches can help demonstrate reliffe alternatives of possible future landscape
development, thus raising awareness for the linsetoral views. Communication instruments sucBs
landscape visualizations are viable tools to entidinese participatory scenario studies and theiatrah of
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landscape aspects. However, it is not yet knoww, the ecosystem service values can be integratedtia
visualization of possible future landscapes ingigdienewable energy infrastructures in order tothese
instruments for more comprehensive assessmentst@arathieve more meaningful dialogues between
stakeholders.

Summing up, research on the analysis of spati@npiais for RES is required which (i) considers spatial
potential for a mix of the different RES, (ii) shewlifferent possible alternatives of exploiting theximum
capacity, (iii) specifically focuses on the quaatite analysis and balancing of the systems’
technicaleconomical requirements and values of(&pintegrates the relevant stakeholder knowledgé
values into the evaluation, and (v) provides meshamat instruments for utilizing the broad rangsptial

indicators on different spatial scales in partiti@spatial planning processes.

In this project, we present a concept for develg@iiand use model to assess spatial developmesnitjads
for a mix of RES. The assessment is based on @dtigithe integration of the mix of RES into the
landscape by considering economic, social, ecasysaed landscape serviégsotentially affected by the
renewable energy use. A combined modeling and Nrsu@n approach is proposed that offers the
possibility to integrate stakeholder valuationitite decision-making process.

3 CONCEPT FOR DETERMINING REGIONAL POTENTIALS FOR REN EWABLE ENERGIES

Fig. 1 presents an overview of the workflow. Theeaarch will be divided into 3 phases: (1) Developtu#
the RES-mix assessment model, (2) calculation adtlon potentials for RES, and (3) generalizatibthe
model, which are described in more details in tieding.

‘ Kick-off Workshop ‘

|

Mapping the general Lk : + |2
RES-potentials (region [7]) ARG —
Biomass 1 Landscape types
Alternatives of utilising - -
Phase 1 the RES-potentials \ RES-mix scenarios \
Development l
of the Identifying further
RES-mix regional potentials
assessment l
model Quantification and Mapping ES and Visualisation
valuation of ES socio-economic values +

Weighting of services

‘ Optimising the RES-mix scenarios ‘

Phase 2 Determining the
Calculation optimised potential

of location l
p?;:;tgs Evaluation of alternatives WorksTp Ne 3

(;I:’ha:.?‘et'3 Generalization Adaptation of the trade-off key to other scales
eneralization RN FTNNEYN

of the model

!

Model for future decision making processes
onh integrating RES into the landscape

Fig. 1: Overview of the workflow (RES = Renewable EyeSystems; ES = Ecosystem Services)

Phase 1: Development of a RES-mix assessment model

Yin the following, ,ecosystem services (ES)“ will beed for ,ecosystem and landscape services".

H
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This phase aims at developing an assessment masieti lon a set of physical and economic indicatats t
allow for analyzing costs and benefits of land obange scenarios with RES. The work process inslude
five steps: (1) Mapping the maximum spatial capafit renewable energy exploitation in the caselystu
area based on existing criteria and approacheshssvavailable analyses of spatial RES capaceesip
for Switzerland; (2) Developing regional RES depahent scenarios, which exploit the maximum regional
capacity for RE use; (3) Identifying relevant EQIaheir importance for the region in a workshophwit
stakeholders confronted with the RES-mix scenaiiosform of maps, 3D visualizations and basic
socioeconomic indicators; (4) Quantifying ES udii&-based process models. Exemplary ES reflectiag t

benefits and threats in the context of RE useistied in Tab. 1.

ES Categories ES Benefits and their valuation
Provisioning Forest products Timber value of living trees which has a potential market value. The
functions (timber, energy wood) value depends on the density of dominant forest species of an area and
their relevant market price.
Agricultural products Value of food produced in the area which has a potential market value.
Regulation Erosion regulation Possibility of an area to maintain the soil quality and reduce the risk of
functions soil erosion. The value reflects the erosion mitigation contribution of
vegetation.
Water regulation Hydrologic services of an area such as mitigation of flood damage,
measurable by water quantity (Brauman et al. 2007).
Supporting Habitat Ability of an area to support biodiversity. The value is identified by
functions habitat quality indicators, e.g., fragmentation index (Jaeger et al. 2007),
Shannon’s diversity index (Béné and Doyen 2008), etc.
Cultural and Recreation and tourism Amount of natural and semi-natural habitat as well as accessibility of the
amenity functions area; proximity to population centers.

Potential of an area for enjoyment of recreational and cultural amenities
like wildlife and bird watching, water sports, aesthetic appreciation and
spiritual and social services.

Tab. 1: Exemplary ES relevant in the context of RE, their benefits and possible valuation. The tleSaasigned to four categories
according to the Millennium Ecosystem AssessmeriEAN005)

For the valuation, food, timber and wood for eneaigy directly assessed in monetary units accortdinige
market price for these goods. The quantificatiors@fvices such as landscape aesthetics and ingpjrat
cultural heritage and others require different apphes such as discrete choice experiments using 3D
visualizations.

The final step of the first phase is (5) Presentirggresults of the quantification and valuatiore& to the
stakeholders in a workshop, where they are askedeight the services based on their value systetim wi
regard to the environment. GIS-based 3D landscepbhizations will be used to support the commutimece
process.

Phase 2: Optimized calculation of potentials

The second phase aims at identifying optimal locatifor RES based on ecological, economic, andalsoci
services of the case study area. A trade-off kaleigloped that integrates the stakeholder prefeseimto
the simulation and thus allows for modelling optin@cation potentials for RES using a multi-criteri
optimization approach. The weighting of ES is im&d into the optimization model to enable the user
obtain several optimized trade-offs. The resultthidf analysis are spatially explicit maps of larsé change
combinations that differ by the amount and allaratf RES according to the balancing of values.

In a workshop, the societal accepted regional padefor RES is assessed by showing stakeholders
alternative landscape development paths with RES.

Phase 3: Generalization of the model

In order to make the model applicable to otherex;ahe trade-off key is adapted to the requestaie ©f
analysis. A selection of criteria is carried owttban be analyzed in a coarser raster than thenaddevel,
and the optimization model is adapted to the netasdd. The adapted trade-off key is tested at ragitinal
and national levels in order to detect “hot” or 6€cspots for RE exploitation in Switzerland.
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4 CONCLUSION

The project deals with the challenge of identifymgimal locations for new infrastructures sSuctR&S in
order to minimize impact on ES. It is basic groundwwith respect to approaches for multi-criteria
assessments of spatial potentials for various lessd utilizing an iterative modeling process. Irtipalar,

we seek to strengthen the consideration of demaddsapply of ecosystem services in the negotiation
process on land use change due to infrastructurela®Ement in order to provide a better, more
comprehensible decision basis. It offers an intagranethod in landscape assessment and spatizrice
building by linking spatially explicit multi-critéa assessment with optimization modeling technigUsng

the capacity of GIS-based 3D landscape visualizatias tools for qualitative assessment of landscape
change and linking them with quantitative indicat@rovides new powerful means for integrated spatia
scenario assessments.

On the international level the results might cdmité to implementations of the European Landscape
Convention, the Europe-wide concept centering @ gbhality of landscape protection, management and
planning. Our proposed framework to quantify thadfgs of natural resources as basis for developimd
evaluating strategies is consistent with the aimthe Council of Europe (2000): Applying approaches
observing and interpreting landscapes, which viee territory as a whole, include and combine sévera
approaches, and incorporate social and economecesyt aims at enhancing methods and instrunfents
participative processes on sustainable landscapelagement in which the indirect costs are no longer
neglected (Szarka 2006).
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